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A b str a c t .

The n u c le ic  a c id -b a se d  te s t s  c u r re n t ly  used fo r  the  d e te ctio n  

o f  in h e r ite d  and in fe c t io u s  d ise a se  a re  s e n s it iv e  and s p e c if ic ,  b u t 

not a lw ays re p ro d u c ib le , because o f  p roce d u ra l c o m p le x itie s; t h is  in  

tu rn  means th a t  th ey a re  no t amenable to  autom ation. Such t e s t s  a re  

n o t c o s t -e ffe c t iv e ,  are  lim ite d  in  the  number o f  sam ples w hich can be 

processed  a t  once, and m ost commonly r e ly  on u n sta b le  is o t o p ic a lly  

la b e lle d  probes, w hich a re  hazardous to  hand le  and d isp o se  o f.

A  n u c le ic  a c id  sandw ich h y b r id iz a t io n  a ssa y  h a s  been developed, 

i n i t i a l l y  u s in g  c loned  human p a p illo m a v iru s  (HPV) sequences a s a model, 

and sub sequently  fo r  the  d e te c tio n  and ty p in g  o f  HPV in fe c t io n  in  

c e r v ic a l scrap e s. The im p lic a t io n s  o f  c e r v ic a l HPV in fe c t io n  are  o f  

c l in ic a l  s ig n if ic a n c e ,  because o f  the  r e la t iv e ly  recen t accum ulation  o f  

evidence lin k in g  s p e c if ic  HPV typ e s w ith  the a e t io lo g y  o f  c e r v ic a l 

cancer. C o n sid e rin g  th a t v i r a l  type  co u ld  have a  g re a t in flu e n c e  on the  

p ro g n o s is  o f  in fe c t io n , and th a t im m unological a s sa y s  a re  no t capab le  

o f  d if fe r e n t ia t in g  between type s, the  sandw ich h y b r id iz a t io n  techn ique, 

w hich co u ld  hand le  la rg e  numbers o f  sam ples, would be an in v a lu a b le  

to o l fo r  im prov ing the  e ff ic a c y  o f  the  c e r v ic a l sc re e n in g  programme.

The a ssa y  re q u ire s two d is t in c t ,  n o n -ove rlap p in g  ENA fragm ents, 

de rived  from  ad jace n t p o s it io n s  on the v i r a l  genome. One fragm ent (A) 

i s  c o v a le n tly  attach ed  to  a Sephacry l S-1000 bead, and the  o the r 

fragm ent (B) i s  s u ita b ly  la b e lle d . On h y b r id iz a t io n  o f  A  and B w ith  

t o t a l DNA e x tracte d  from  a c l in ic a l  sam ple, fo llow ed  b y  s tr in g e n t  

w ash ing, th e re  a re  tvvo p o s s ib le  outcom es: ( i )  HPV DNA in  th e  sam ple 

(the  T a rge t ENA) h y b r id iz e s  w ith  bo th  A  and B, fo rm ing the  A -T a rge t-B  

complex. Lab e l i s  e f fe c t iv e ly  im m obilized  on the bead, ( i i )  Absence o f  

HPV ta r g e t  in  th e  sam ple p reven ts fo rm ation  o f  the A -T a rge t-B  com plex, 

and the Seph acry l bead i s  no t la b e lle d .  The use o f  p robes la b e lle d
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w ith  P a llo w s s ig n a l q u a n t if ic a t io n  t o  be ach ieved r a p id ly  and .

sim p ly / u s in g  th e  Cerenkov method. R e su lts  are  ob ta in e d  in  an e a s i ly

in te rp re te d  num erica l form . The a p p lic a t io n  o f  n o n -ra d io a c tiv e  probes

to  ta r g e t  d e te c tio n  h a s been o n ly  m oderately su c c e ss fu l. The advantages

o f  t h is  a ssa y  over more co n ve n tio n a l h y b r id iz a t io n  form ats a re : ( i )  the

techn ique  i s  r e lia b le  and sim p le ; ( i i )  r e s u lt s  can be ob ta in e d  in  under

24 h ou rs; ( i i i )  the  te ch n o logy  e x is t s  to  autom ate the  e n tire  procedure.

-17
In  t h is  form, th e  sandw ich a ssa y  i s  capab le  o f  r e l ia b ly  d e te c tin g  10

m oles (6 x 10 m o lecu les) o f  HPV DNA. Polym erase ch a in  re a c tio n

(PCR)-m ediated a m p lif ic a t io n  o f  the  number o f  ta rg e t  sequences p r io r  to

h y b r id iz a t io n  in c re a se s  the  s e n s it iv it y  o f  the t e s t  co n sid e rab ly . The

c h a r a c te r is t ic s  o f  a  system  in v o lv in g  PCR fo llow e d  b y  sandw ich a ssa y

have been in v e s t ig a te d ; the  procedure, w hich i s  com plete in  under 24

-21
h ou rs, can d e te ct a s l i t t l e  a s  8 .3  x 10 m oles (5,000 m o lecu les) o f  

ta rg e t  DNA.. T h is  re p re se n ts a  s ig n if ic a n t  improvement over con ven tion a l 

n u c le ic  a c id  h y b r id iz a t io n  te chn iques, and w i l l  a llo w  la rg e  numbers o f  

sa irp le s to  be screened e f fe c t iv e ly  fo r  the  presence o f  HPV in fe c t io n .

32
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T o Mun a n d  D ad, w ith  a l l  n y  lo v e .
-Thanks fo r  m aking t h is  p o s s ib le -
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The kncwn i s  f in it e ,  the  unknown in f in it e ;  in t e l le c t u a lly  

we stan d  on an i s l e t  in  the  m id st o f  an i l l im it a b le  ocean 

o f  in e x p lic a b ilit y .  Our b u s in e ss  in  every ge n e ra tio n  i s  to  

re c la im  a l i t t l e  more lan d .

T .H . H u x le y , 1 8 8 7 .
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A Adenine.

AAF N -ace toxy-N -2 -ace ty lam in o flu o re n e .

Ad A d e n o v iru s.

AP A lk a lin e  phosphatase.

APTE A m incpheny lth ioe ther.

ASAC A n p lif ie d  s ig n a l a f f in i t y  capture  a ssa y .

ASO A lle le - s p e c if ic  o lig o n u c le o t id e  probe.

N T P Adenosine r ib o n u c le o s id e  tr ip h o sp h a te .

tP Base  p a ir s .

BEV Bovine p a p illo m a v iru s.

BSA Bovine serum album in.

C C y to s in e .

°c Degrees C e ls iu s .

C arbcriiim ide l-c y c lo h e x y l-3 -  (2-m o rp h o lin o e th y l) carbod iim ide  
m etho-p-to luene su lfo n a te .

C i,  n C i# u C i C u rie , m illi-C u r ie ,  m icro -C u rie .

C IN C e rv ic a l in t r a e p it h e lia l n e q p la sia .

C IP C a lf  in t e s t in a l a lk a lin e  phosphatase.

cm C yto m e ga lov iru s.

CFG C o n tro lle d  pore  g la s s .

cjxn Counts per m inute.

CREV C o tto n ta il r a b b it  p a p illo m a v iru s.

dKH> 2 ' -deoxyadenosine 5 ' -tr ip h o sp h a te .

DEM D iazobenzyloxym ethyl.

d C F P 2 1 -d e o x ycy tid in e  5 ' -tr ip h o sp h a te .

cKJTP 2 '-deoxyguanosine  5 '-tr ip h o sp h a te .

D IG -d tm * D ig o x ig e n in -la b e lle d  2 '-de o xyu rid in e  
5 '-tr ip h o sp h a te .

EMF Dim ethylform am ide.
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EM30 D im e th y lsu lp h o x id e .

ENA D e oxyribon u c le ic  a c id .

ENAse D eoxyribon u clease .

E N A -re s in DNA c o v a le n tly  coupled to  a  re s in .

dpn D is in te g r a t io n s  p e r m inute.

DPTE D iazcp h e n y lth io e th e r.

EOT D it h io t h r e it o l.

dTTP 2 ' -deoxythym idine 5 ' -tr ip h o sp h a te .

dUTP 2 '-d e o xyu rid in e  5 '-tr ip h o sp h a te .

E . c o l i E sc h e r ic h ia  c o l i.

E3JEA E th y le n e d ia m in o te tra -a ce tic  a c id .

E tB r E th id ium  brcm ide.

g , mg, ug, ng, p g Gram, m illig ra m , m icrogram , nanogram, picogram .

G G uanine.

9 av
Average g r a v it a t io n a l fo rce .

GANTS Genanic a m p lif ic a t io n  w ith  t r a n s c r ip t  sequencing.

HH»ES N -2 -hydroxye thy l p ip e ra z in e  N '-2 -e th a n e  su lp h o n ic  
a c id .

H IV Human im m unodeficiency v ir u s .

HPV Human p a p illo m a v iru s.

HRP H orse  ra d ish  pe rox idase .

IPTG Iso p ro p y l-b e ta -D -th io -g a la c to p y ra n o s id e .

kb K ilo b a se  p a ir s .

1, m l, n l L it r e ,  m i l l i l i t r e ,  m ic ro lit r e .

LMP Lew m e ltin g  p o in t  (a g a ro se ).

m, mn, um, nm M etre, m illim e tre , m icrom etre, nancxnetre.

M, nM, tM , nM M o lar, m illi-m o la r ,  m icro -m olar, nano-m olar.

MES 2 (N -m orpholino)ethane s u lfo n ic  a c id .

mRNA M essenger ENA

N H S -L C -b io tin S u lfo su c c in im id y l 6 -(b io tin a m id o ) hexanoate.
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O .D. O p t ic a l d e n sity .

QLB O lig o la b e llin g  b u ffe r .

OPC O lig o n u c le o tid e  p u r if ic a t io n  c a r tr id g e .

G P D 0 -phe nyl enediam ine.

OR O ligom er r e s t r ic t io n .

ORF Open re ad in g  fram e.

PBS Phosphate b u ffe re d  s a lin e .

PCR Polym erase ch a in  re a c tio n .

p [dN ]6 H exadeoxyribonucleotide  p rim e r.

P IP E S P ip e ra z in e -N ,N ' - b i s (2-ethane s u lfo n ic  a c id ).

PV P a p illo m a v iru s .

RETP R e s tr ic t io n  fragm ent le n g th  polym orphism .

R IA Radioim nunoassay.

KNA R ib o n u c le ic  a c id .

ENAse R ibonuclease .

rpm R e vo lu tio n s p e r m inute.

SDS Sodium  dodecyl su lp h a te .

SPR S o lid -p h a se  re ce p tac le .

SSC S a lin e  sodium  c it r a te .

T Thymine.

TAE b u ffe r T r is -a c e ta te  e le c tro p h o re s is  b u ffe r .

THE b u ffe r T r is -b o ra te  e le c tro p h o re s is  b u ffe r .

TEMED N #N ,N ' /N* -te tram e th y le th y le n e  d iam in e .

T r is T r is  (hydroxym ethyl) amino methane.

u .v . U lt r a v io le t .

V V o lt s .

v / v Volume per volum e.

w /v W eight per volume.

X -g a l 5 -b ro m o -4 -c h lo ro -3 -in d o ly l-b e ta -D -ga la c to s id e .
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1 . HffRODOCTICN.
One o f  the  m ost s ig n if ic a n t  achievem ents o f  the  b io ch e m ist 

d u rin g  th e  p a s t  two decades i s  the  use  t o  w hich im m u n o lo g ica lly  based  

a ssa y s  have been p u t in  c l in ic a l  d ia g n o s is  (Stew ard, 1985). The problem  

face d  and surmounted b y  im n u n o lo g ists in  e ffe c t in g  th e  t r a n s it io n  from  

re se arch  to o l to  ro u tin e  c l in ic a l  a ssa y  b e ars a  rem arkable s im ila r it y  

to  th a t  co n fro n tin g  th e  m o lecu lar b io lo g is t  today; th a t  i s ,  how can  

n u c le ic  a c id  h y b r id iz a t io n , a  techn ique  o f  tremendous p o te n t ia l 

(M e inkoth  & W ahl, 1984; Syvanen, 1986; Matthews & K r ic k a , 1988), be 

m od ifie d  in  o rder to  s a t i s f y  a l l  o f  the  p ro p e rt ie s  re q u ire d  o f  a  

ro u tin e  d ia g n o s t ic  t e s t ?  There a re  se v e ra l such requ irem ents, and the  

im portance p lace d  on each depends on th e  o b je c tiv e s  o f  the  a ssa y : the  

techn ique  m ust be se n s it iv e ,  s p e c if ic  and re p ro d u c ib le . O ther 

advantages would be c o s t-e ffe c t iv e n e ss , ease  o f  m an ip u la tion  and 

a m e n a b ility  to  autom ation. Id e a lly ,  the  s ig n a l d e te c tio n  ste p  shou ld  be

based  on a  n o n -ra d io a c tiv e  system , because o f  the  in s t a b i l i t y  o f  probes

32 . . .
la b e lle d  w ith  iso to p e s  l ik e  P, and the  p o te n t ia l h azard s in vo lve d  m

th e ir  h a n d lin g  and d isp o sa l.

Sandw ich h y b r id iz a t io n  fo r  the a n a ly s is  o f  n u c le ic  a c id  

sequences was f i r s t  used over a  decade ago (Dunn & H a sse l, 1977), bu t 

i t s  p o te n t ia l a s  a d ia g n o s t ic  a ssa y  was no t re a liz e d  u n t i l  1983, when 

i t  was a p p lie d  to  th e  d e te c tio n  o f  adenov iru s DNA. in  nasopharyngeal 

a sp ir a te s  from  c h ild re n  w ith  acute  re sp ira to ry  in fe c t io n  (Rariki e t a l ., 

1983 a , b ) . I t  h a s s in c e  been m od ified  and used not o n ly  fo r  the  

d e te c tio n  o f  m ic ro b ia l in fe c t io n  (P a lv a  & Rariki, 1985), b u t a ls o  fo r  

th e  a n a ly s is  o f  n u c le o tid e  sequence v a r ia t io n s  (Langdale  & Malcolm ,

1985).

The developm ent o f  the  sandw ich h y b r id iz a t io n  a ssa y  h as re su lte d  

in  a d a p ta tio n s w hich make i t  f a r  more su ita b le  than co n ve n tio n a l
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techn iques fo r  use  in  ro u tin e  d ia g n o s is  (N id h o lls  & M alcolm , 1989). 

D e sp ite  th ese  advantages, i t  s t i l l  rem ains re le ga te d  to  the  re search  

la b o ra to ry ; t h is  r e f le c t s  the fa c t  th a t  fu rth e r improvements are  

n ecessa ry  b e fo re  th e  sandw ich a ssa y  i s  w id e ly  accepted fo r  c l in ic a l  

use. In  o rder to  id e n t if y  the improvements w hich need to  be made, i t  

i s  h e lp fu l to  co n sid e r in  more d e t a il th e  advantages and d isad van tage s  

o f  the  n u c le ic  a c id  h y b r id iz a t io n  techn iques c u rre n tly  in  u se  in  

re se a rch  la b o ra to r ie s .

1 .1  C o n v e n tio n a l M ethods O f G ene D e te c t io n .
The a ssa y s  used in  th e  la b o ra to ry  fo r  n u c le ic  a c id  a n a ly s is  s u it  

the  needs o f  the  re search  s c ie n t is t  in  term s o f  s e n s it iv it y ,  

s p e c if ic it y  and re p ro d u c ib ility .  I t  w ould not, however, be r e a l i s t ic  to  

d e sc rib e  them a s  id e a l fo r  use in  ro u tin e  d ia g n o s is ,  because th ey are  

la b o u r-in te n s iv e , n o t e a s i ly  autom ated, and are  lim ite d  in  the  number 

o f  san p le s th a t  can be processed  a t  once. The m ost commonly used  

methods fo r  d e te c tin g  s p e c if ic  sequences w ith in  a complex, nan - 

hom ologous n u c le ic  a c id  m ixture  a re  the  Southern b lo t  ( fo r  ENA) 

(Southern, 1975) and the Northern b lo t  ( fo r  RNA) (A lw ine e t a l ., 1977).

1 - 1 .1  Southern  B lo t t in g .

The Southern techn ique  in v o lv e s  se v e ra l s ta g e s, seme o f  w hich  

re q u ire  complex m an ip u la tio n s; th e  f i r s t  ste p  must a lw ays be  

p u r if ic a t io n  o f  DNA from  the sairp le  o f  in te r e s t .  The m ost cannon means 

o f  a c h ie v in g  t h is  i s  to  incubate  the  san p le  w ith  a p ro te ase  ( in  o rder 

to  b reak down c e l l  menbranes, and re le a se  the  c e l l  co n te n ts), fo llow ed  

b y  e x tra c tio n  w ith  p h e n o l/ch lo ro form  (to  remove con tam in ating  

p r o t e in s ) . T races o f  phenol are  removed w ith  w ater sa tu ra te d  ether; 

t h is  i s  p a r t ic u la r ly  im portant i f  the  p u r if ie d  DNA i s  to  be d ige ste d



25

w ith  a r e s t r ic t io n  enzyme. C le a r ly ,  i f  the  number o f  sam ples to  be 

ana lyzed  i s  la rg e , th e  tim e-ccnsum ing nature  o f  t h is  p u r if ic a t io n  ste p  

makes the  Southern techn ique  u n a ttra c t iv e  fo r  use  in  a  ro u tin e  c l in ic a l  

s e t t in g .  The second s ta g e  in  the  b lo t t in g  procedure in v o lv e s  enzym atic 

cle avage  o f  the  n u c le ic  a c id  sam ple in to  s p e c if ic  r e s t r ic t io n  

fragm ents, w hich a re  then s iz e -fra c t io n a te d  by  e le c tro p h o re s is  th rough  

an agaro se  g e l.  The fragm ents a re  tra n sfe rre d  to  a  s u ita b le  s o lid  

su p port (u su a lly  a  c e llu lo s e  n it r a te  o r  n y lon  membrane) and denatured, 

th e ir  p o s it io n s  r e la t iv e  to  each o th e r b e in g  m ain ta ined. There a re  two 

problem s ccximonly encountered a t  t h is  sta g e  in  the  procedure: f i r s t l y ,  

ENA fragm ents la r g e r  than  10 kb in  s iz e  do not t r a n s fe r  e f f ic ie n t ly  o u t 

o f  agaro se  g e ls .  Second ly, sm a ll DNA fragm ents le s s  than  around 300 bp  

do n o t b in d  e f fe c t iv e ly  to  n it r o c e llu lo s e  (a lth o u gh  t h is  becomes le s s  

pronounced when a n y lon  membrane i s  b e in g  u se d ). The f i r s t  problem  can 

be overcome b y  d e p u rin a tio n  o f  the  DNA by treatm ent w ith  a c id ;  

d e p u rin a tio n  r e s u lt s  in  a  la r g e  DNA fragm ent b e in g  broken up in to  

se v e ra l sm a lle r fragm ents, and le a d s  to  inproved t r a n s fe r  ou t o f  the  

g e l.  The exten t o f  c leavage  can be d i f f i c u l t  to  c o n tro l, and i f  

d e p u rin a tio n  i s  to o  e x te n sive , th e  fragm ents produced may be to o  sm a ll 

to  b in d  to  th e  membrane (Wahl e t a l . , 1979). The f in a l  ste p s in  

Southern b lo t t in g  in v o lv e  h y b r id iz a t io n  w ith  a s u it a b ly  la b e lle d  

s p e c if ic  probe, w ash ing o f f  o f  exce ss la b e l in  a  lo w  s a l t  b u ffe r , and 

s ig n a l d e te c tio n  b y  au torad iography. That the  Southern techn ique i s  

in v a lu a b le  in  re se a rch  la b o ra to r ie s  i s  p la in ,  s in c e  i t  re ta in s  today  

e s s e n t ia lly  unm odified  s in c e  a r r iv in g  on the scene in  1975. There have  

been attem pts to  make the p ro ce ss le s s  la b o r io u s; m ost o f  these  

m o d ific a tio n s  a re  designed  to  reduce the  tim e taken  fo r  t r a n s fe r  o f  DNA 

ou t o f  the  g e l.  Exam ples are : ( i)  e le c t r o -b lo t t in g ,  w hich reduces the  

t r a n s fe r  tim e from  around 24 h ou rs to  2 hours (B it tn e r  e t a l . ,  1980);
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( i i )  c e n tr ifu g a t io n  a t  40 x ga v / w hich a llo w s t r a n s fe r  in  20 m inutes 

(W ilk in s  & S n e ll,  1987); ( i i i )  b i-d ir e c t io n a l b lo t t in g ,  w hich r e s u lt s  

in  the  p ro d u ctio n  o f  two id e n t ic a l b lo t s  from  a s in g le  agaro se  g e l in  1 

hour (Sm ith  & Summers, 1980). A ttem pts have been made to  combine 

e le c tro p h o re s is  and b lo t t in g  ste p s b y  run n in g DNA fragm ents o f f  o f  the  

end o f  the  g e l,  d ir e c t ly  onto  a  h y b r id iz a t ic n  membrane, u s in g  a  

procedure kncwn a s d ir e c t  b lo t t in g  e le c tro p h o re s is  (Beck & Poh l, 1984). 

The membrane i s  attached  to  a r o ta t in g  drum, so  the  s p a t ia l se p a ra tio n  

o f  fragm ents i s  m ain tained  a s th ey e lu te  from  the g e l.  The procedure  

h as a ls o  been used fo r  DNA sequencing, the  band p a tte rn  b e in g  

v is u a liz e d  w ith  h ig h  s e n s it iv it y  u s in g  a n c n -ra d io a c tiv e  d e te ctio n  

system  (Beck, 1987).

In  some c ircu m stances, t r a n s fe r  o f  DNA o u t o f  the g e l i s  no t 

re q u ire d  (P u re llo  & B a la z s, 1983). A fte r  e le c tro p h o re s is , the  ENA i s  

denatured, and the  g e l i s  n e u tra liz e d  th o rou gh ly , p r io r  to  d ry in g  down 

under vacuum. G e l d ry in g  apparatus de sign ed  s p e c if ic a l ly  fo r  t h is  

purpose are  com m ercia lly  a v a ila b le ,  because the procedure i s  used in  

both  o f  the  ro u t in e ly  used DNA sequencing techn iques (Sanger e t a l ., 

1977; Maxam & G ilb e r t ,  1977). Once d rie d , the g e l can be tre a te d  in  

th e  same way a s a  membrane; i t  can be h y b rid iz e d  se q u e n t ia lly  w ith  more 

than  one probe, because h y b rid iz e d  sequences can be washed o f f  under 

ap p ro p ria te  c o n d itio n s  (u su a lly  low  s a l t  co n ce n tra tio n  an d /or h ig h  

te n p e ra tu re ). A lthou gh  there  i s  some lo s s  o f  sm a ll fragm ents d u rin g  

d ry in g  (th o se  below  around 300 bp in  le n g th ), d ir e c t  h y b r id iz a t io n  to  a  

g e l does have advantages; fo r  in sta n c e , when the  probe b e in g  used i s  a  

sy n th e tic  o lig o n u c le o t id e  the  s e n s it iv it y  ach ieved  i s  approx im ate ly  

5-10 tim es g re a te r  than  th a t  ob ta ine d  b y  h y b r id iz a t io n  to  DNA w hich h as  

been tra n s fe rre d  to  a membrane b y  Southern b lo t t in g  (Studenck i & 

W allace , 1984).
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D e sp ite  the fa c t  th a t  co n sid e rab le  e f fo r t  h as been p u t in to  

s im p lify in g  th e  Southern techn ique, there  i s  no doubt th a t i t  i s  n o t a  

p ra c t ic a b le  way o f  scre e n in g  la r g e  numbers o f  sam ples. T h is  h as le d  to  

th e  developm ent o f  a lte rn a t iv e s  s p e c if ic a l ly  de sign ed  w ith  mass 

sc re e n in g  in  m ind; th e se  are  considered  in  more d e t a il below .

1 .1 .2  R a p id  B lo t t in g  T e c h n iq u e s .
In  many circu m stances, i t  i s  not n e ce ssa ry  to  knew the s iz e  o f  a  

n u c le ic  a c id  sequence, bu t o n ly  whether i t  i s  p re se n t in , o r  ab sent 

from , a  sam ple. T h is  h as le d  to  the  developm ent o f  more ra p id  

h y b r id iz a t io n  techn iques, W hich do n o t re q u ire  th e  s iz e - fr a c t io n a t io n  

o f  the sam ple n u c le ic  a c id , th u s e lim in a t in g  th e  need fo r  run n in g  

agaro se  g e ls ,  and the  subsequent t r a n s fe r  o f  DNA onto  a  membrane. 

In ste a d , n u c le ic  a c id  i s  p u r if ie d  from  the san p le  o f  in te r e s t ,  and 

in m o b ilize d  d ir e c t ly  onto  the  s o l id  support. N orm ally, d e p ro te in a tic n  

i s  n e ce ssa ry  p r io r  to  iim b b iliz a t io n ,  because p ro te in s  ccnpete w ith  DNA. 

fo r  b in d in g  s it e s  on the membrane. Depending on the  nature  o f  the  

sequence o f  in te r e s t ,  i t  i s  p o s s ib le  to  s e le c t iv e ly  irm o b iliz e  DNA o r  

m essenger RNA (mRNA), u s in g  the  ch ao tro p ic  s a lt ,  sodium  io d id e  (B re sse r  

e t a l . , 1983). A fte r  h y b r id iz a t io n  w ith  a la b e lle d  probe, the membrane 

i s  washed, and the presence o f  r a d io a c t iv it y  can be detected  b y  

au torad iograp hy . R e su lts  are  q u a n tita te d  b y  d e n sitc m e tr ic  scan n in g  o f  

the  r e s u lt in g  exposure. V a r ia t io n s  on t h is  theme in c lu d e  d o t -b lo t t in g  

(K a fa to s e t a l . , 1979), s p o t -b lo t t in g  (Cunningham, 1983) and s lo t -  

b lo t t in g  (Bow les e t a l . ,  1986); th e  la t t e r  g iv e s  the  m ost e a s i ly  

q u a n t it a t iv e  r e s u lt ,  a s the s ig n a l can be m ost r e a d ily  scanned in  a  

de n sitom e te r. T h is  i s  because sa irp le s are  a p p lie d  to  the  membrane u s in g  

a  c a rm e rc ia lly  a v a ila b le  vacuum m an ifo ld , and a re  lim ite d  to  a  w e ll

de fin e d  area.
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A lthou gh  these  'r a p id ' techn iques have advantages over Southern  

b lo t t in g ,  th ey a re  s t i l l  no t id e a lly  su ite d  fo r  ro u tin e  c l in ic a l  

a n a ly s is :  the p u r if ic a t io n  and iim io b iliz a t io n  o f  the  sam ple n u c le ic  

a c id  p r io r  to  h y b r id iz a t io n  i s  tim e-consum ing, and more im p o rtan tly , 

au to rad iograp h y  i s  used a s a  means o f  s ig n a l d e te c tio n . A u to rad iograp hy  

i s  no t an e f f ic ie n t  way o f  m easuring a ra d io a c t iv e  s ig n a l;  when th ere  

are  sm a ll amounts o f  the sequence o f  in te r e s t  in  a  sam ple (a s may be 

the  case  in  the  d e te c tio n  o f  s in g le -c o p y  ge n es), au to rad iograp h y  tim es 

can be in co n v e n ie n tly  lo n g.

1 .1 .3  I n  s i t u  H y b r id iz a t io n .
The b lo t t in g  p rocedures d e scrib e d  so  fa r  in v o lv e  the  

p u r if ic a t io n  o f  DNA o r  RNA from  the san p le  o f  in te r e s t .  By c o n tra st,  

in  s i t u  h y b r id iz a t io n  i s  a  techn ique w hich does no t in v o lv e  any  

p u r if ic a t io n  ste p , b u t ra th e r a llo w s the  d e te c tio n  and lo c a liz a t io n  o f  

n u c le ic  a c id  sequences w ith in  c e l l  o r  t is s u e  p re p a ra tio n s. In  

circu m stances where i t  i s  n ecessary  to  d e te ct a  s p e c if ic  sequence 

p re se n t in  o n ly  a ve ry  sm a ll su b se t o f  c e l ls  ( fo r  example, in  th e  case  

o f  an in fe c t io u s  agent w hich p r e fe r e n t ia lly  in vad es a w e ll-d e fin e d  

c e l l  ty p e ), in  s i t u  h y b r id iz a t io n  can be more s e n s it iv e  than  b lo t t in g .  

T h is  i s  because the la t t e r  in v o lv e s  e x tra c tio n  o f  t o t a l n u c le ic  a c id  

from  a l l  c e l l  type s p re se n t in  the  sam ple, re g a rd le ss  o f  whether o r not 

they a re  l i k e ly  to  co n ta in  the  sequence o f  in te r e s t .

There i s  no doubt th a t, a s a  re search  to o l,  in  s i t u  

h y b r id iz a t io n  i s  o f  g re a t im portance; t h is  i s  re f le c te d  by  th e  fa c t  

th a t  the  number o f  s tu d ie s  in c o rp o ra tin g  in  s it u  r e s u lt s  h as in cre a se d  

d ra m a tic a lly  over the p a s t  f iv e  ye ars. The techn ique h as been used to  

id e n t if y  s i t e s  o f  gene e x p re ssio n  (Pardue, 1985), and to  an a lyze  the  

t is s u e  d is t r ib u t io n  o f  s p e c if ic  RNA t r a n s c r ip t s  (S ie g e l & S c o tt  Young,
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1986); i t  h a s a ls o  allow ed s p e c if ic  sequences to  be mapped in  condensed 

chromosomes (H arper, 1986). N e ve rth e le ss, the  procedure i s  f a r  from  

su ita b le  fo r  ro u tin e  d ia g n o s t ic  use, because i t  i s  com plex and 

te c h n ic a lly  dem anding; r e s u lt s  a re  ccmrionly ob ta in e d  se v e ra l days, o r  

even weeks a f te r  the  end o f  an experim ent. A lthou gh  n o n -ra d io a c tiv e  

probes have been used su c c e s s fu lly ,  g iv in g  r e s u lt s  q u ic k ly  and w ith  

e x c e lle n t re so lu t io n , s e n s it iv it ie s  a re  lew  in  com parison w ith  ra d io 

a c t iv e  methods (Szabo & Ward, 1982). F u rthe r d isad van tage s are  th a t  the  

type  o f  sam ple and the method o f  t is s u e  f ix a t io n  and p e rm e a b iliz a tio n  

have a  profound e ffe c t  on the  su cce ss o f  the  procedure; d e sp ite  

attem pts a t  s ta n d a rd iz a tio n , methods v a ry  co n sid e ra b ly , and th e re  i s ,  

a s  ye t, no consensus a s  to  the  b e s t  p ro to c o l. T h is  e f fe c t iv e ly  means 

th a t each tim e in  s it u  i s  a p p lie d  to  a  d if fe re n t  t is s u e  type, o r  fo r  

the  d e te c tio n  o f  a  d if fe re n t  ta rg e t  sequence, the  c o n d itio n s  need to  be  

optim ized  once a g a in . A s the number o f  ch a rac te rize d  ge n e tic  d iso rd e rs  

in c re a se s, and more probes become a v a ila b le  fo r  c l in ic a l ly  o r  commer

c i a l l y  im portan t in fe c t io u s  age n ts, the  d ia g n o s t ic  use  o f  n u c le ic  a c id  

based a ssa y s  w i l l  in c re a se  e x te n s iv e ly . T h is  i s  l ik e ly  to  occur much 

more r a p id ly  i f  the  same a ssa y  form at can be a p p lie d  in  each case , 

re g a rd le ss  o f  th e  nature  o f  th e  sam ple, and the o r ig in  o f  the  p robes 

b e in g  used.

How can the drawbacks in h e re n t in  co n ve n tio n a l "h y b rid iz a tio n  

techn iques be im proved upon, in  o rde r to  produce the  m ost su ita b le  

form at fo r  a cc u ra te ly , e a s ily ,  and ch eap ly  h a n d lin g  la rg e  numbers o f  

sa n p le s?  F ir s t ly ,  there  shou ld  be no requirem ent fo r  e le c tro p h o re tic  

se p a ra tio n , o r  the  in m o b iliz a tio n  o f  the  sam ple m a te r ia l. R e su lts  

shou ld  be  o b ta in e d  ra p id ly , in  num erica l form, w ith ou t the  need fo r  

e x te n sive  sam ple p re -p ro c e ss in g . F in a lly ,  the  q u a n tita t io n  o f  s ig n a l
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shou ld  id e a lly  be based on a  n o n -ra d io a c tiv e  method, and the  same a ssa y  

form at shou ld  be a p p lic a b le , re g a rd le ss  o f  the natu re  o f  th e  sam ple and 

source  o f  the  p robes b e in g  used. The u ltim a te  aim  sh ou ld  be the  

developm ent o f  a  t o t a l ly  autom ated system  (Landegren e t a l . , 1988). O f 

the  n u c le ic  a c id  h y b r id iz a t io n  a ssa y s  d e scrib e d  to  date , sandw ich  

h y b r id iz a t io n  appears to  be one o f  th o se  w hich cou ld  be m ost e a s i ly  

m od ifie d  to  s a t i s f y  a l l  o f  the  c r i t e r ia  o u tlin e d  above. The p ro p e rt ie s  

w hich make the  techn ique  a su ita b le  can d idate , to ge th e r w ith  the  

m o d ific a tio n s  w hich w i l l  need to  be made, are  d isc u sse d  in  se c t io n  1.3.

1 .2  N u c le ic  A c id  L a b e l l in g .
An a b so lu te  requirem ent o f  a ssa y s  designed  to  use  n u c le ic  a c id  

pretoes fo r  the  d e te c tio n  o f  s p e c if ic  DNA o r RNA sequences i s  th a t  the  

probe shou ld  be la b e lle d  in  such a  manner th a t i t  can be e a s i ly  

detected  a fte r  h y b r id iz a t io n . Se v e ra l methods fo r  a c h ie v in g  t h is  have  

been d e sc rib e d , and th e se  can be separated  in to  two c a te go r ie s,  

depending on whether the la b e lle d  probe i s  ra d io a c t iv e  o r  non- 

ra d io a c t iv e .

1 .2 .1  R a d io a c tiv e  N u c le ic  A d d  P ro b e s .
The m ost fre q u e n tly  used methods fo r  la b e ll in g  n u c le ic  a c id

probes in v o lv e  th e  in co rp o ra tio n  o f  a  ra d io a c t iv e  ta g  in to  the  DNA o r

RNA stra n d . The iso to p e  m ost commonly used fo r  t h is  purpose  i s  32p ,

125 35 3
a lth ou gh  I ,  S  and H (tr it iu m ) are  su ita b le  in  c e r ta in  

c ircu m stan ce s.

D ou b le -stran de d  DNA can be la b e lle d  to  a s p e c if ic  a c t iv it y  o f

Q
around 5 x 10°  dpm/ug by  a method known a s n ick  t r a n s la t io n  (R igb y

. 39
e t a l . , 1977). Deoxyribonucleosn.de P ]-tr ip h o sp h a te s  a re  in co rp o ra te d  

in to  th e  DNA stra n d  b y  the combined a c t iv it y  o f  DNAse I  and ENA
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polym erase I .  Random n ic k s  are  in trodu ced  in to  the DNA b y  DNAse I # and 

n u c le o tid e s are  removed frcm  the 5 1 -p h o sp h o ry l term inus o f  th e  n ic k  by  

the  exonuclease  a c t iv it y  o f  DNA polym erase I .  In  th e  p resence  o f  a l l  

fo u r  d e oxyrib on u cle o side  tr ip h o sp h a te s [dNTPs] (one o r  more o f  w hich i s  

la b e lle d  w ith  32p ),  th e  polym erase m ediates the  a d d it io n  o f  n u c le o tid e s

to  the  3 *-h y d ro x y l te rm inus. N ick  t r a n s la t io n  can u t i l iz e  any deoxy-

32 125
rib o n u c le o tid e  la b e lle d  w ith  P in  th e  a lp h a  p o s it io n ,  a lth o u gh  I - ,

3
H - and b io t in - la b e l le d  n u c le o tid e s can a ls o  be in co rp o ra te d . The

method i s  p a r t ic u la r ly  su ita b le  fo r  the  p rod u ctio n  o f  la r g e  q u a n t it ie s

o f  probe fo r  use  in  m u lt ip le  h y b r id iz a t io n  re a c tio n s, and in  s itu a t io n s

re q u ir in g  a  h ig h  probe co n ce n tra tio n , because around 1 ug o f  DNA can be

la b e lle d  in  a s in g le  re a c tio n  (Cunningham & Mundy, 1987). The m ain

d isad van tage  o f  n ic k  t r a n s la t io n  i s  th a t  r e s u lt s  can be u n p re d ic tab le

w ith  in pu re  DNA su b stra te s, p a r t ic u la r ly  th o se  contam inated w ith

agaro se , because th e re  are  ccrcmonly p o te n t in h ib it o r s  o f  DNAse I  in

ccn m ercia l agaro se  p re p a ra tio n s (Fe iriberg & V o g e ls te in , 1983).

A  second method o f  la b e llin g  double  stranded  DNA i s  re p la c in g

n ic k  t r a n s la t io n ,  because i t  i s  extrem ely sim p le , and r e s u lt s  in  p robes

9w ith  a  h ig h e r s p e c if ic  a c t iv it y  ( t y p ic a l ly  around 2 x 10 dpm /ug). The

techn ique, known as random hexadeoxyribcnucleotide  p rim in g  (o r

'o l ig o la b e l l in g ' fo r  sh o r t),  in v o lv e s  the  de novo sy n th e s is  o f  a

ra d io la b e lle d  DNA stra n d , b y  p rim in g  a  denatured DNA te n p la te  w ith  a

random m ixture  o f  h e xan u c le o tid e s (Fe inberg & V o g e ls te in , 1983; 1984).

A fte r  p rim er a n n e a lin g  in  the  presence o f  th e  la rg e  su b u n it o f  E . c o li

DNA polym erase I  (the  Klenow fragm e n t), to ge th e r w ith  a  m ixture  o f  a l l

32
fo u r dNTPs (aga in , one o r more o f  w hich may be la b e lle d  w ith  P ) , a  

r a d io - la b e lle d  DNA stra n d  i s  syn th e size d  by  the  a d d it io n  o f  n u c le o tid e s  

to  the  3 '-end o f  the  p rim ers. The e ff ic ie n c y  o f  the  re a c tio n  i s  

u n a ffe c te d  by  the presence o f  agaro se , so  DNA fragm ents can be la b e lle d



32

iin n e d ia te ly  a fte r  e le c tro p h o re s is , w ith o u t the need fo r  fu rth e r  

p u r if ic a t io n .  The method i s  p a r t ic u la r ly  su ita b le  fo r  la b e ll in g  sm a ll 

amounts o f  r e la t iv e ly  im pure DNA ( t y p ic a lly  around 50 ng) t o  a h ig h  

s p e c if ic  a c t iv it y .  The q u a n tity  o f  probe produced i s  g e n e ra lly  

s u f f ic ie n t  fo r  o i l y  a s in g le  h y b r id iz a t io n , and the  average le n g th  o f  

new ly syn th e size d  DNA stra n d s i s  v a r ia b le .  However, s in c e  i t  i s  known 

th a t  th e  s iz e  o f  la b e lle d  stra n d s produced i s  an in v e rse  fu n c tio n  o f  

p rim er co n ce n tra tio n , i t  i s  p o s s ib le  to  a d ju st the  re a c tio n  c o n d itio n s  

to  produce a probe o f  the  d e sire d  le n g th  (Hodgson & F isk , 1987).

A  d isad van tage  o f  both  techn iques d e sc rib e d  above i s  th a t fo r  

every la b e lle d  DNA stra n d  produced, th e re  i s  a com plem entary stra n d ; on 

h y b r id iz a t io n  w ith  a  san p le , there  i s  a  tendency fo r  th e se  stra n d s  to  

reanneal, ra th e r than  h y b rid iz e  to  th e  ta rg e t  sequence, th u s r e s u lt in g  

in  a  decrease  in  the  amount o f  a v a ila b le  probe. T h is  problem  may be  

surm ounted by  u s in g  s in g le -s tra n d e d  p robes, w hich may take  the  form  o f  

DNA, RNA o r sy n th e tic  d e o x y rib cn u c le o tid e s.

S in g le -s tra n d e d  probes o f  h ig h  s p e c if ic  a c t iv it y  a re  produced 

u s in g  th e  M l3 b acte riop h age  u n iv e rsa l probe p rim er (Hu & M essin g,

1982). The p rim er i s  complementary to  the  5 ' s id e  o f  the  m u lt ip le  

d o l in g  s it e  o f  the  M l3 fa m ily  o f  v e c to rs, and i s  used to  in i t ia t e  the  

sy n th e s is  o f  a  [ - ]  stra n d  from  the [+ ] te n p la te  stra n d . T h is  i s  

ach ieved  b y  the  a d d it io n  o f  the  Klenow fragm ent o f  DNA polym erase I ,  

la r g e ly  a s d e scrib e d  fo r  o l ig o la b e ll in g . To avo id  read -th rou gh  in to  the  

t a r g e t - s p e c if ic  sequence, the  re a c tio n  i s  lim ite d  by  a lew  

co n ce n tra tio n  o f  la b e lle d  n u c le o tid e , and term inated  by  the  a d d it io n  o f  

a  c h e la t in g  agent (EDTA); th u s, the  in se rte d  probe sequence rem ains 

s in g le -s tra n d e d . The in c o rp o ra tio n  o f  la b e lle d  d e oxyrib on u c le o tid e s  

d u rin g  e lo n ga tio n  o f  the  prim er r e s u lt s  in  a  s p e c if ic  a c t iv it y  o f  

around 5 x 10 dpm/ug, and the probe does no t need to  be denatured
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p r io r  to  u se . V a r ia t io n s  on t h is  theme have been reported , in c lu d in g  

the  use o f  a  s in g le -s tra n d e d , u n la b e lle d , t a r g e t -s p e c if ic  probe w hich  

i s  h y b rid iz e d  to  sam ples im m obilized on a  membrane. A fte r  w ash ing, the  

extent o f  h y b r id iz a t io n  i s  determ ined b y  an n e a lin g  la b e lle d  M l3 v e c to r  

DNA to  th e  fre e  M13 re g io n  o f  the ta r g e t - s p e c if ic  c lo n e  (W o lf e t a l ., 

1986; Z o lg  e t a l . ,  1987). T h is  techn ique i s  con sidered  in  more d e t a il 

in  se c t io n  1 .3 .6 .

The RNA polym erases from  a  number o f  b a c te r io p h a ge s- th o se  o f  

Sa lm o n e lla  phage SP6, and co lip h a ge s T3, T5 and T7 -p o sse ss  a  h ig h  

degree o f  s p e c if ic it y  fo r  th e ir  own prom oters in  v i t r o , so  

t r a n s c r ip t io n  can be lim ite d  to  sequences cloned downstream o f  an 

ap p ro p ria te  prom oter ( L it t le  & Jackson, 1987). RNA t r a n s c r ip t s  s p e c if ic  

fo r  the  cloned DNA are  prepared u s in g  lin e a r iz e d  te n p la te , the  fo u r  

r ib o n u c le o t id e s  (one o r  more o f  w hich may be la b e lle d ) , and the  

ap p ro p ria te  RNA polym erase (depending on w hich prom oter i s  b e in g  

u se d ). Many t r a n s c r ip t s  are  produced from  each te n p la te  stra n d . P r io r  

to  use  in  h y b r id iz a t io n , the  te n p la te  i s  removed from  th e  probe by  

treatm ent w ith  DNAse I .  There are  se v e ra l advantages to  u s in g  RNA 

probes: f i r s t l y ,  they are  s in g le -s tra n d e d , so  th ere  i s  no conplem entary 

stra n d  c a rp e tin g  w ith  ta rg e t  m o lecu les fo r  h y b r id iz a t io n  to  the  probe. 

RNA-DNA h y b rid s  have been shewn to  be more s ta b le  than  th ose  formed 

between two DNA s tra n d s  (Casey & D av id son , 1977), so  h y b r id iz a t io n  and 

w ash ing can be perform ed under more s tr in g e n t  c o n d itio n s, th u s redu cin g  

the  n o n -sp e c ific  background s ig n a l.  F in a lly ,  excess probe can be 

removed by  treatm ent w ith  RNAse, because RNA in  a duplex w ith  ENA i s  

r e s is t a n t  to  RNAse d e grad ation ; t h is  a ls o  co n trib u te s to  a  decrease  in  

th e  background s ig n a l.  The m ost s ig n if ic a n t  d isadvan tage  o f  an RNA 

probe i s  th a t i t  i s  su sc e p tib le  to  de grad ation  b y  n a tu r a lly  o ccu rin g  

RNAse. T h is  can r e s u lt  in  u n c e rta in ty  in  the  in te rp re ta t io n  o f  a
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n e ga tiv e  r e s u lt ,  so  i t  i s  e s s e n t ia l to  d e stro y  a l l  con tam in atin g KNAse 

in  a  sam ple p r io r  to  a d d it io n  o f  th e  probe.

Non-enzym atic methods fo r  r a d io - la b e llin g  ENA. have been 

d e sc rib e d ; fo r  example, p o ly n u c le o tid e s can be io d in a te d  by  h e a tin g  in  

an aqueous s o lu t io n  o f  io d in e  o r  p h a ll ic  t r ic h lo r id e ,  in  th e  presence  

o f  io d id e  io n s , a t  pH 5 (Cornier fo rd , 1971). Io d in e  i s  in co rp o rate d  in to  

c y to s in e  re sid u e s v ia  a  s ta b le  co va le n t bond. The io d in e  atom occu p ie s 

a  p o s it io n  s t e r ic a l ly  e q u iva le n t to  th a t  o f  the  m ethyl group in  

thym id ine, so  even e x te n siv e  io d in a t io n  shou ld  n o t a f fe c t  the  

h y b r id iz a t io n  p ro p e rt ie s  o f  a  la b e lle d  DNA stra n d . In e x p lic a b ly , in  

p ra c t ic e  t h is  i s  no t the  case , and s in c e  th e  exten t o f  re a c tio n  i s  

d i f f i c u l t  to  c o n tro l, probes la b e lle d  b y  t h is  method have n o t been 

w id e ly  used in  m o lecu lar b io lo g y , a lth ou gh  th e ir  a p p lic a t io n  to  

sandw ich h y b r id iz a t io n  a ssa y s  h a s been reported  (Fariki e t a l . , 1983 

a , b ) .

There a re  se v e ra l methods a v a ila b le  fo r  la b e ll in g  e ith e r  the  3 ' 

o r  5 ' ends o f lin e a r  DNA o r KNA. For example, DNA ( s in g le -  o r  dou b le - 

stranded ) can be la b e lle d  a t  the  3 ' end u s in g  the enzyme te rm in a l 

d e ox yn u c le o tid y l tra n sfe ra se , and s in g le  and dou b le -stran ded  form s o f  

both  ENA and KNA can be la b e lle d  a t  the 5 ' end u s in g  T4 p o ly n u c le o tid e  

k in a se . U su a lly  o n ly  a  s in g le  la b e l i s  in troduced, so  th a t the  

s p e c if ic  a c t iv it y  o f  the  re s u lt in g  probe i s  s ig n if ic a n t ly  low er than  

th a t  ach ieved u s in g  th e  techn iques p re v io u s ly  d e scrib e d . For t h is  

reason, e n d -la b e llin g  i s  not cctim only used fo r  p rod u cin g p robes from  

cloned  sequences, a lth o u gh  such methods are  used fo r  la b e llin g  

sy n th e tic  o lig o n u c le o t id e s .

There are  se v e ra l d isad van tage s in h e re n t in  th e  use  o f  r a d io -  

a c t iv e ly  la b e lle d  probes fo r  c l in ic a l  d ia g n o s is .  These in c lu d e  h ig h  

c o st, h e a lth  h azard s, inconven ience in  h a n d lin g  and d isp o sa l,  and the
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need fo r  probe m anufacture on a  re g u la r  b a s is ;  t h is  i s  p a r t ic u la r ly

32in p o rt a n t in  th e  case  o f  P -la b e lle d  probes, because t h is  iso to p e  h as 

a  h a l f - l i f e  o f  o n ly  14.3 days, so  the  s p e c if ic  a c t iv it y  o f  p robes 

decays ra p id ly .  C o n sid e rab le  e f fo r t  h as been p u t in to  th e  developm ent 

o f  a lte rn a t iv e  n u c le ic  a c id  la b e ll in g  methods, w hich do n o t in v o lv e  the  

use  o f  ra d io a c t iv e  iso to p e s.

1 .2 .2  N o n - r a d io a c tiv e  N u c le ic  A c id  P ro b e s .
The m ost com ronly used methods fo r  d e te c tin g  n o n -ra d io a c tiv e  

n u c le ic  a c id  p robes f a l l  in to  one o f  the  fo llo w in g  c a te g o r ie s : i )  

b io t in y la te d  n u c le o tid e  ana logues in co rp o rate d  in to  the  probe are  

detected  u s in g  enzym e-conjugated a v id in  o r  s t re p ta v id in  (Leary  e t a l ., 

1983); i i )  haptens in co rpo rate d  in to  the  probe can be detected  

im m in o lo g ic a lly  (Landegent e t a l . ,  1984; Tchen e t a l . ,  1984); i i i )  

p ro te in s  ( fo r  example, enzymes) d ir e c t ly  c ro s s - lin k e d  to  the  n u c le ic  

a c id  can be detected  b y  means o f  t h e ir  a c t iv it y  on su b sta te s  (Renz & 

Kurz, 1984). The m ost e sta b lish e d  o f  th e se  techn iques in v o lv e s  the  use  

o f  an a logues o f  dUTP and UTP, c o n ta in in g  a  b io t in  m olecu le  bound to  

the  C-5 p o s it io n  o f  the  p yrim id in e  r in g  th rough  an a lly la m in e  lin k e r  

arm (Langer e t a l . , 1981). These an a logues have been in co rp o ra te d  in to  

DNA. by  n ic k -t r a n s la t io n ,  o lig o la b e llin g ,  o r  more re c e n tly , u s in g  the  

polym erase ch a in  re a c tio n  (Lo e t a l . , 1988; see se c t io n  1 .7 ); p o ly 

n u c le o tid e s c o n ta in in g  low  le v e ls  o f  b io t in  su b s t itu t io n  (n o t more than  

f i f t y  m olecu les p e r k ilo b a se ) e x h ib it  h y b r id iz a t io n  c h a r a c te r is t ic s

id e n t ic a l to  th o se  o f  unm odified DNA, and can be de tected  by  means o f

15 -1
the  extrem ely h ig h  a f f in i t y  (Kd = 10 M ) between b io t in  and the  

g ly c o p ro te in  a v id in  (Green, 1975). R ecen tly , the  b a c te r ia l p ro te in  

s tre p ta v id in  h as beccme w id e ly  used because, u n lik e  a v id in ,  i t  

p o sse sse s  a  near n e u tra l is o e le c t r ic  p o in t;  t h is  le a d s  to  a re d u ctio n
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in  n o n -sp e c if ic  b in d in g  to  ENA, and a  consequent decrease  in  background  

s ig n a l.  In  p ra c t ic e , the  b io t in y la te d  probe i s  detected  b y  re a c tio n  

w ith  a  pre-form ed com plex o f  s t re p ta v id in  and b io t in y la te d  enzyme; 

s in c e  each s te p ta v id in  m olecule p o sse sse s  fo u r b in d in g  s it e s  fo r  

b io t in ,  a  s in g le  m od ified  n u c le o tid e  in  the  probe can r e s u lt  in  the  

attachm ent o f  many enzyme m olecu les (Leary  e t a l . , 1983). The enzymes 

m ost conm only used a re  a lk a lin e  phosphatase  (AP) and h o rse  ra d ish  

p e ro x id a se  (H EP); th e se  may be de tected  by  th e ir  a b i l i t y  to  convert a  

so lu b le , c o lo u r le s s  su b stra te  in to  a  co lou red  p roduct (G illa m , 1987), 

o r b y  the  enzyme-mediated breakdown o f  the  product th ey  produce, w ith  

the  e m issio n  o f  v i s ib le  l i g h t  (Hauber & G e ige r, 1988). An a lte rn a t iv e  

to  the enzym atic in c o rp o ra tio n  o f  b io t in  i s  to  use  a p h o to -a c tiv a ta b le  

analogue, p h o to b io tin , w hich form s s ta b le  lin k a g e s  w ith  s in g le -  and 

dou b le -stran d ed  n u c le ic  a c id s  on ir r a d ia t io n  w ith  v i s ib le  l i g h t  

(F o rste r  e t a l . ,  1985). One o f  the  problem s a sso c ia te d  w ith  t h is  k in d  

o f  approach i s  th a t i t  i s  d i f f i c u l t  to  re g u la te  the  frequency w ith  

w hich b io t in  m o lecu les a tta ch  to  the  n u c le ic  a c id ; i f  m o d ific a tio n  i s  

to o  e x te n sive , the  probe produced may have s ig n if ic a n t ly  a lte re d  

h y b r id iz a t io n  p ro p e rt ie s. A lte rn a t iv e ly ,  in s u f f ic ie n t  m o d ific a tio n  w i l l  

r e s u lt  in  a probe w ith  unacceptab ly  lew  s e n s it iv it y .  These problem s may 

be surmounted b y  u s in g  a techn ique w hich does not r e s u lt  in  a  d ire c t  

lin k a g e  between b io t in  and n u c le ic  a c id . For example, many b io t in  

m olecu les can be lin k e d  ch e m ica lly  to  a b a s ic  m acrom olecule l ik e  

po lye th y len e im in e ; th e  m od ified  m acrcm olecule may in  tu rn  be c o v a le n tly  

attach ed  to  n u c le ic  a c id  by  means o f  a b ifu n c t io n a l c r o s s - lin k in g  

reagen t (g lu ta ra ld e h y d e ). The r e s u lt  i s  th a t  fo r  the  m o d ific a tio n  o f  a  

s in g le  n u c le ic  a c id  re sid u e , many b io t in  m olecu les a re  in co rp o rate d  

in to  the probe (A l-H akim  & H u ll,  1986). A lte rn a t iv e ly ,  sim u ltaneous 

b io t in y la t io n  and io d in a t io n  o f  lo n g -c h a in  diam ino compounds, ( fo r
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exam ple, diam inohexane),  produces con ju gate s th a t  can be lin k e d  to  DNA 

w ith o u t the  use  o f  a  c r o s s - lin k in g  re age n t (A1-Hakim  & H u ll,  1988). The 

same r e s u lt  can be ach ieved b y  u s in g  b io t in y la te d  n u c le ic  a c id  b in d in g  

p ro te in s  l ik e  h is to n e  H I p ro te in  (Renz, 1983), o r  the  s in g le -s tra n d  

b in d in g  p ro te in  o f  E . c o li  (Syvanen e t a l ., 1985). The n u c le ic  a c id -  

p ro te in  corrplex i s  s t a b iliz e d  b y  c r o s s - lin k in g  w ith  g lu ta ra ld e h yd e , 

w ith o u t s ig n if ic a n t ly  a f fe c t in g  th e  h y b r id iz a t io n  p ro p e rt ie s  o f  the  

m o d ifie d  n u c le ic  a c id .

I t  i s  p o s s ib le  to  la b e l a n u c le ic  a c id  m olecu le w ith  a  m arker 

group  w hich may be detected  iin n u n o lo g ic a lly . An example o f  such a  group  

i s  a  guan ine re sid u e  m od ified  in  v it r o  by  treatm ent w ith  N -ace toxy-N -2 - 

ace ty lam in o flu o re n e  (AAF) (Tchen e t a l ., 1984). A fte r  h y b r id iz a t io n ,  

th e  probe i s  bound w ith  an an tib od y  (A b l) d ire c te d  a g a in s t  

ace ty la m in o flu re n e -m o d ifie d  guan ine; s ig n a l d e te c tio n  i s  ach ieved by  

a d d it io n  o f  a  flu o ro ch rcm e -la b e lle d  second an tib o d y  (Ab2), d ire c te d  

a g a in s t  A b l (Landegent e t a l . , 1984). A lte rn a t iv e ly ,  Ab2 may be  

la b e lle d  w ith  europium, and the exte n t o f  h y b r id iz a t io n  determ ined b y  a  

techn ique  kncwn a s  tim e -re so lve d  flu o rcm e try  ( see se c t io n  1 .3 .7 ). The 

m ain d isadvan tage  o f  m o d ify in g  n u c le ic  a c id s  w ith  AAF i s  th a t  the  

re age n t i s  a  p o te n t carcinogen , th u s co m p lic a tin g  probe h a n d lin g  and 

d is p o s a l.

P ro te in s  l ik e  AP o r  HRP may be c ro s s - lin k e d  d ir e c t ly  to  n u c le ic  

a c id s  b y  means o f  a  glu tara ldeh yde -m ed iate d  lin k a g e , to  produce probes 

w hich may be v is u a liz e d  d ir e c t ly ,  b y  a d d it io n  o f  the  ap p ro p ria te  

su b stra te  (Renz & Kurz, 1984). The m ain problem  a sso c ia te d  w ith  t h is  

approach i s  th a t  the  h y b r id iz a t io n  c o n d itio n s  must be c o n tro lle d  

extrem ely c a r e fu lly ,  in  o rder to  p reven t d e n atu ra tion  o f  the  enzyme.

W ith  the in cre a se d  in te r e s t  in  th e  a p p lic a t io n  o f  sy n th e tic  

o lig o d e o x y r ib c n u c le o tid e s to  gene d e te ct!cn , se v e ra l techn iques have
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been d e sc rib e d  fo r  la b e llin g  o lig o n u c le o t id e s  w ith  n o n -ra d io a c tiv e  

groups. The m ost common means by  w hich t h is  i s  ach ieved  i s  to  a tta ch  an  

a lip h a t ic  am ino group a t  the  5* term inus o f  the o lig o n u c le o t id e  (Sm ith  

e t a l . , 1985). Reagents are  new a v a ila b le  fo r  the  in c o rp o ra tio n  o f  such  

a  group a s the  f in a l  ste p  in  th e  sy n th e s is  procedure on a  c a rm e rc ia lly  

a v a ila b le  DNA sy n th e siz e r (Agraw al e t a l . , 1986). The amino group w i l l  

re a c t s p e c if ic a l ly  w ith  a  v a r ie ty  o f  e le c tro p h ile s , thereby a llo w in g  

othe r chem ical sp e c ie s to  be attached  to  the o lig o .  L a b e llin g  a t  the  5 ' 

end h as been shewn to  have l i t t l e  e ffe c t  on the s t a b i l i t y  o f  the  h y b rid  

formed between the  o lig o  and i t s  ta r g e t  sequence, and i t  le a v e s the  3' 

term inus fre e  to  a c t a s a  p rim er in  enzyme-mediated ex te n sion  

re a c tio n s; t h is  h a s been shewn to  be p a r t ic u la r ly  u se fu l in  DNA 

sequencing techn iques w hich use  o lig o s  la b e lle d  a t  the  5 ' end w ith  

flu o re sc e n t m arkers (Sm ith  e t a l ., 1986).

The h y b r id iz a t io n  p ro p e rt ie s  o f  o lig o s  5 ' e n d -la b e lle d  w ith  

flu o re sc e n t m arkers, enzymes (AP o r HRP) and chem ilum inescent m olecu les 

(iso lu m in o l) have been ccnpared (Urdea e t a l . , 1988). L a b e llin g  w ith  

HRP, in  co n ju n ctio n  w ith  an enhanced chem ilum inescence d e te c tio n  system

7
(Matthews e t a l . , 1985) was shown to  be capab le  o f  d e te c tin g  3 x 10 

-17m olecu les (5 x 10 m ales) o f  ta rg e t  ENA; t h is  compares fa v o u ra b ly

32
w ith  the s e n s it iv it y  ach ieved u s in g  p robes la b e lle d  w ith  P, and i s  

fa r  b e tte r  than  th a t ob ta in e d  u s in g  o lig o s  la b e lle d  d ir e c t ly  w ith  a  

flu o re sc e n t m arker.

An a lte rn a t iv e  to  e n d -la b e llin g  i s  the in c o rp o ra tio n  o f  b a se - 

m od ified  n u c le o sid e s d u rin g  sy n th e sis , f a c i l i t a t in g  the  p re p a ra tio n  o f  

o lig o n u c le o t id e s  c a r ry in g  one o r more in te r n a l a lip h a t ic  am ino group  

(H ara lam b id is e t a l . ,  1987). I t  i s  a ls o  p o s s ib le  to  in co rp o ra te  

b io t in y la te d  n u c le o tid e s in to  an o l ig o  in te r n a lly ,  b y  po lym erase - 

m ediated e lo n ga tio n  o f  a  s p e c if ic  o c tan u c le o tid e  prim er (Langer e t a l .,
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R ecen tly , n o n -ra d io a c tiv e  probes have been s u c c e s s fu lly  used  

w ith  g re a t s e n s it iv it y ,  a lth o u gh  i t  i s  f a i r  to  conclude th a t  the  

improvement i s  due to  the  a p p lic a t io n  o f  techn iques l ik e  th e  polym erase  

ch a in  re a c tio n  ( S a ik i e t  a l ., 1985 a ; see se c t io n  1 .7) o r  o lig o 

nuc leo tide -m ed iated  s ig n a l a m p lif ic a t io n  (Urdea e t a l . , 1987 a; see  

se c t io n  1 .3 .7 ), ra th e r than to  b e tte r  methods o f  n u c le ic  a c id  

la b e llin g .  N e ve rth e le ss, once such techn iques a re  f u l ly  developed, so  

th a t  th ey a re  t o t a l ly  r e lia b le  and ro u tin e , th e re  w i l l  no lo n ge r be  a  

p la c e  fo r  ra d io iso to p e s  in  n u c le ic  a c id -b a se d  c l in ic a l  d ia g n o s is .

1981).

1 .3  T he S an d w ich  H y b r id iz a t io n  A ssa y .

1 .3 .1  P r i n c i p l e  A nd F i r s t  U se .
The p r in c ip le  o f  the  sandw ich h y b r id iz a t io n  a ssa y  i s  q u ite  

sim p le , and i s  i l lu s t r a t e d  in  f ig u re  1. I t  in v o lv e s  the  use o f  two 

n u c le ic  a c id  fragm ents, p re fe ra b ly  from  ad jacen t p o s it io n s  on the  

genome, w hich do n o t h y b r id iz e  to  each o th e r to  any extent. One o f  the  

two fragm ents i s  im n o b ilize d  on to  a  s o l id  support (Dunn & H a sse l,

1977), o r  la b e lle d  in  such a  way th a t  i t  can be captured b y  th e  support 

a fte r  undergo ing h y b r id iz a t io n  (Syvanen e t a l . , 1986 a ) ; t h i s  w i l l  be 

re fe rre d  to  a s f r a gment A. The o th e r i s  s u it a b ly  la b e lle d  fo r  use  a s  

a  h y b r id iz a t io n  probe (f r agment B ) . When both  A  and B are  m ixed w ith  a  

sa itp le  c o n ta in in g  the  ta rg e t  sequence, they h y b r id iz e  w ith  i t ,  fo rm ing  

an A -ta rg e t -B  complex, and the  la b e lle d  probe becomes attached  to  the  

s o l id  support v ia  the  lin k in g  b r id ge  formed by  th e  ta rg e t. In  the  

absence o f  ta rg e t , the support i s  not la b e lle d . The advantages in h e re n t 

in  t h is  are  im m ediately apparent; the  san p le  n u c le ic  a c id  does n o t 

need to  be im n o b ilize d , and the  ch o ice  o f  s o lid  support fo r  the
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S O L ID
S U P P O R T

FIGURE 1

THE PRINCIPLE OF NUCLEIC ACID SANDWICH HYBRIDIZATION.
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attachm ent o f  fragm ent A  i s  no t lim ite d  to  a  membrane, because th e re  i s  

no requirem ent fo r  t r a n s fe r  ou t o f  a  g e l.  The number o f  m an ip u la tion s  

n e ce ssa ry  to  ach ie ve  a  r e s u lt  i s  s ig n if ic a n t ly  fewer than  fo r  more 

co n ve n tio n a l h y b r id iz a t io n  fo rm ats.

A lth ou gh  sandw ich h y b r id iz a t io n  appears to  be an obv iou s

can d idate  fo r  use  in  n u c le ic  a c id  based  c l in ic a l  a ssa y , i t  was no t

design ed  w ith  t h is  in  m ind. The techn ique  was f i r s t  d e sc rib e d  a s  a

tv*> -stage  p ro c e ss b y  W hich RNA t r a n s c r ip t s  co u ld  be mapped to  th e ir

o r ig in s  on th e  v i r a l  gencme (Dunn & H a sse l, 1977; Dunn & Sambrodk,

1980). A denoviru s type  2 (Ad2) DNA was r e s t r ic t io n  enzyme d ige ste d ,

s iz e -fra c t io n a te d  on an agaro se  g e l,  and su b se q u en tly  Southern b lo tte d

onto n it r o c e llu lo s e ;  th e  im n o b iliz e d  Ad2 sequences were to  form  the 'A '

component o f  th e  sandw ich. The b lo t  was h y b rid iz e d  w ith  p o ly -(A ) RNA

is o la te d  from  c e l ls  20 hours a f t e r  in fe c t io n  w ith  an Ad2-Sim ian  v ir u s

40 (SV40) h y b r id  v ir u s ,  Ad2+ND1 (Lew is e t a l,  1969). T h is  is o la t e

co n ta in s a  0.94 kb in s e r t io n  o f  SV40 DNA, W hich re p la c e s 1.9 kb o f  th e

Ad2 gencme, lo ca te d  between p o s it io n s  80.6 and 86.0 on the  co n ve n tio n a l

p h y s ic a l map o f  Ad2. The SV40 in s e r t io n  c o n s is t s  o f  the  re g io n  lo ca te d

between c o -o rd in a te s  11 and 28 on th e  c ir c u la r  map o f  SV40 DNA ( f ig u r e

2 A ). The m olecu les a c t in g  a s  't a r g e t s ' in  the  p o ly -(A )  RNA were the

ch im eric  ones d e rive d  from  the ju n c tio n  between th e  Ad2 and SV40 DNA

sequences in  th e  h y b rid . The re g io n  o f  each ta r g e t  m olecu le

complementary to  s p e c if ic  Ad2 ENA sequences h y b rid iz e d  to  the

ap p ro p ria te  band (o r bands) on the  n it r o c e llu lo s e  membrane. The b lo t

32
was then washed, and probed w ith  P -la b e lle d  SV40 DNA (the  'B ' 

com ponent); th e  fre e  t a i l s  o f  ch im eric  RNA m o lecu les a lre a d y  h y b rid iz e d  

to  M 2  sequences on the  n it r o c e llu lo s e  underwent a  second round o f  

h y b r id iz a t io n . W ashing and au to rad iograp h y  e s ta b lish e d  Which Ad2 

fragm ent the  ch im eric  RNA d e rive d  from  ( f ig u re  2 B ). The r e s u lt s
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FIGURE 2

MAPPING VIRAL TRANSCRIPTS BY NUCLEIC ACID SANDWICH 
HYBRIDIZATION.
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obta in e d  dem onstrated th a t the  Ad2-SV40 RNA m olecu les h yb rid iz e d  n o t 

o n ly  to  gencm ic sequences ad jacen t to  th e  SV40 in s e r t io n  s it e  in  the  

h y b r id  v ir u s  (a s  p re d ic te d ), b u t a ls o  to  o the r m u lt ip le  d isc re te  

re g io n s  o f  the  Ad2 genome. T h is  was in te rp re te d  in  term s o f  KNA 

sequences d e rive d  from  m u ltip le  n cn -con tigu ou s a re as o f  the  v i r a l  

genome becom ing c o v a le n tly  lin k e d  d u rin g , o r  a fte r  t r a n s c r ip t io n . 

P o s s ib le  mechanisms were p o stu la te d  b y  w hich such ch im eric  RN A 's cou ld  

be de rived , th e  s im p le st in v o lv in g  p o s t - t r a n s c r ip t io n a l s p lic in g  o f  

independent KNA ch a in s b y  RNA lig a s e .  In i t ia t io n  o f  t r a n sc r ip t io n  

o ccu rs w ith in  Ad2 sequences, and n o t w ith in  the  SV40 sequence 

in te g ra te d  in  th e  gencme o f  Ad2+ND1. D u rin g the  course  o f  l y t ic  

in fe c t io n  w ith  Ad2+ND1, a  ch im eric  v i r a l  RNA i s  produced, whose 5 ' end 

in co rp o ra te s th e  s t a r t  o f  the  Ad2 f ib r e  gene and whose 3 ' end l i e s  in  

th e  in se rte d  SV40 sequence. Two form s o f  t h is  RNA e x is t  in  c e l ls  a t  

la t e  tim es o f  in fe c t io n  w ith  the  h y b rid  v ir u s ;  these  were id e n t if ie d  

by  e le c tro n  m icroscope heteroduplex a n a ly s is ,  and a ls o  by  sandw ich  

h y b r id iz a t io n  (Dunn e t a l ., 1978). Both  form s co n ta in  the co n ve n tio n a l 

t r ip a r t it e  le ad e r p re se n t on 'la t e ' Ad2 mRNA's, b u t th ey  d if f e r  in  the  

presence o r  absence o f  a fo u rth  le ad e r sequence c o n s is t in g  o f  180 bp o f  

Ad2 sequences lo ca te d  2 kb  upstream  from  the gene. In  a  c e ll- f r e e  

t r a n s la t io n  system  d e rive d  from  ra b b it  re t ic u lo c y te s , the  fo u rth  le ad e r  

sequence was shewn to  have no in flu e n c e  on the  a b i l i t y  o f  the  ch im eric  

m essenger to  d ir e c t  the  sy n th e s is  o f  the  p ro te in  i t  encodes. L a te r, in  

1981, sandw ich h y b r id iz a t io n  was u t iliz e d  in  s tu d ie s  to  dem onstrate  

th a t  t r a n s c r ip t io n a l events are  p r im a r ily  re sp o n sib le  fo r  the  t is s u e -  

s p e c if ic  sy n th e s is  o f  l iv e r  mRNA, no t produced in  b ra in  o r  hepatoma 

c e l ls  (Derman e t a l ., 1981).

D e sp ite  t h is  i n i t i a l  su cce ss fo r  mapping the  chrcm oscmal 

lo c a t io n  o f  RNA t r a n s c r ip t s ,  the  sandw ich h y b r id iz a t io n  techn ique was
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never w id e ly  used fo r  t h is  purpose. I t  rem ained in  th e  form  de scrib e d  

above fo r  se v e ra l ye ars, u n t il  i t s  p o te n t ia l fo r  use  in  c l in ic a l  a ssa y  

was recogn ized .

1 .3 .2  A  D ia g n o s t ic  U se  O f Sandw ich H y b r id iz a t io n .

The f i r s t  re p o rt o f  a  d ia g n o s t ic  a p p lic a t io n  o f  the  sandw ich  

a ssa y  was in  1983, and d e scrib e d  th e  d e te c tio n  o f  ad en ov iru s DNA in  

crude sam ples (Rariki e t  a l . , 1983 a ) . Two n o n -ove rlap p in g  BamHI  

r e s t r ic t io n  fragm ents o f  the ad e n ov iru s type 2 (Ad2) genane were cloned  

in to  two d if fe r e n t  v e c to rs; one fragm ent was in se rte d  in to  the  dou b le - 

stranded  p la sm id  pBR322 (B o liv a r  e t a l ., 1977), and th e  o th e r fragm ent 

was cloned  in to  a  DNA phage, M13 (Hu & M essing, 1982). The advantage o f  

u s in g  two d if fe r e n t  v e c to rs, w ith  no e x te n sive  hom ology a t  the  n u c le ic  

a c id  le v e l,  i s  th a t  i t  e lim in a te s  th e  need fo r  is o la t io n  o f  the  

fragm ents from  v e c to r sequences p r io r  to  in x n o b iliz a tio n , o r  la b e llin g .  

I f  bo th  fragm ents A  and B were c loned  in to  the  same ve c to r, th ere  would 

be a  r i s k  o f  o b ta in in g  a  f a ls e  p o s it iv e  re s u lt ,  due to  h y b r id iz a t io n  o f  

con tam in atin g v e c to r sequences in  th e  im n o b ilize d  and la b e lle d  Ad2 

gencm ic fragm ents. T h is  i s  a  h ig h ly  s ig n if ic a n t  problem  in  sandw ich  

a ssa y s, because th e  probe i s  used in  a  la rg e  excess over ta rg e t, in  

o rder to  im prove the  k in e t ic s  o f  the  h y b r id iz a t io n  re a c tio n  (see  

se c t io n  4 .6 .1 ).  A  f i f t y - f o ld  excess o f  probe over ta r g e t  w ould mean 

th a t a s l i t t l e  a s  2% contam ination  o f  the  Ad2 probe w ith  v e c to r  

sequences w ould r e s u lt  in  a fa ls e  p o s it iv e  r e s u lt .  T h is  can be  avo ided  

b y  d e a lin g  fragm ents A  and B in to  d if fe r e n t  v e c to rs, o r  by  ta k in g  g re a t  

care  to  th o ro u gh ly  p u r ify  th e  in s e r t  from  v e c to r sequences. For th e  

f i r s t  d ia g n o s t ic  sandw ich a ssay , pBR322 c o n ta in in g  an Ad2 in s e r t  was 

denatured and in m o b ilize d  on to  a n it r o c e llu lo s e  f i l t e r  by  b a k in g  a t  

80°C fo r  2 h ou rs. Each f i l t e r  was then used to  produce d is k s ,  each 10
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mn in  d iam eter/ fo r  use  in  th e  a ssa y . Recom binant phage ENA c o n ta in in g

125
fragm ent B was ch e m ica lly  lo d in a te d  w ith  I ,  to  a  s p e c if ic  a c t iv it y  

7 8o f  10 -10 dpn/ug (Connerford, 1971). Such s in g le -s tra n d e d  probes have  

a d is t in c t  advantage over th e ir  dou b le -stran ded  co u n te rp a rts- th o se  

produced b y  n ic k  t r a n s la t io n  (R igb y  e t a l . , 1977), o r  randean 

h exan u c le o tid e  p rim in g  (Fe inberg & V o g e ls te in , 1983,1984) -because  

th ere  i s  no complementary sequence to  compete w ith  the  

ta rg e t  DNA fo r  h y b r id iz a t io n  to  the  la b e lle d  stra n d . T h is  r e s u lt s  in  

im proved h y b r id iz a t io n  k in e t ic s ,  because a  la rg e  excess o f  probe can be 

used to  push the  re a c tio n  to  com pletion , w ith ou t the  danger o f  probe  

s e lf - r e a s s o c ia t io n ,  and e ffe c t iv e  w ithdraw al from  the  h y b r id iz a t io n  

e q u ilib riu m . The a ssa y  fo r  the  d e te c tio n  o f  Ad2 sequences was perform ed 

b y  m ix in g  the denatured sam ple w ith  im m obilized and la b e lle d  probes, 

h y b r id iz in g , and w ash ing o f f  the  excess la b e l.  The g re a t advantage o f  

u s in g  a  se p arate  d is k  fo r  each sam ple was th a t  s ig n a ls  cou ld  be 

in d iv id u a lly  q u a n tita te d  b y  gam m a-counting, p rod u cin g  r e s u lt s  in  an  

e a s i ly  in te rp re te d  num erical form , much more r a p id ly  than  b y  au to 

rad io grap h y. The number o f  counts attached  to  each f i l t e r  was used to  

d e riv e  the  amount o f  M 2  DNA in  a sam ple by  com parison w ith  a  stan dard

curve. O ve rn igh t h y b r id iz a t io n  re su lte d  in  a  s e n s it iv it y  capab le  o f  

6 —18
d e te c tin g  5 x 10 m olecu les (8 x 10 m oles) o f  Ad2 DNA in  a  crude

2 .
sam ple; t h is  i s  e q u iva le n t to  the  d e te c tio n  o f  le s s  than  10 in fe c te d  

c e l ls .  Crude sam ples cannot be r e a d ily  ana lyzed  in  procedures 

in v o lv in g  sam ple im m o b iliza tio n , because con tam in ating m acrom olecules 

can cause h ig h  le v e ls  o f  n o n -sp e c ific  b in d in g  o f  probe to  s o l id  support 

(R an k i e t a l ., 1983 a ) .

In  summary, the  advantages o f  t h is  sandw ich a ssa y  form at, the  

f i r s t  w ith  a  d ia g n o s t ic  a p p lic a t ic n ,  make i t  a t t r a c t iv e  because i t  i s  

ra p id  and sim p le  to  perform , p re se n ts r e s u lt s  in  an e a s i ly  in te rp re te d
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num erical form , and can be used fo r  a n a ly z in g  crude sam ples w ith  a 

minimum o f  sarrple p re -p ro c e ss in g . I t  does have im portan t d isad van tage s  

however: f i r s t l y ,  the  s e n s it iv it y  ach ieved i s  a t  le a s t  te n  tim es le s s  

than  th a t  a tta in e d  b y  Southern b lo t t in g .  Second ly, because o f  

p roce d u ra l co m p le x itie s, i t  w ould prove d i f f i c u l t  to  autom ate the  a ssa y  

u s in g  a v a ila b le  te chn o logy. A lthou gh  i t  i s  f a r  frcm  id e a l fo r  ro u tin e  

d ia g n o s t ic  a n a ly s is ,  t h is  sandw ich p ro to c o l has been used fo r  the  

d e te c tio n  o f  v iru se s ,  b a c te r ia  and o th e r in fe c t io u s  o rgan ism s, in  crude  

b io lo g ic a l sam ples. N e ve rth e le ss, a lth ou gh  the sandw ich techn ique  h as  

d is t in c t  advantages over more caim on ly used n u c le ic  a c id  d e te c tio n  

system s, i t  h a s no t y e t been w id e ly  accepted a s  a  su cce sso r to  them. To 

overcome t h is  problem , i t  w i l l  be n e ce ssa ry  to  re -d e s ig n  the p ro to c o l,  

in  o rde r to  e lim in a te  the  in h e re n t d isad van tage s. The s tre n g th s  and 

w eaknesses o f  th e  sandw ich a ssa y  are  considered  in  more d e t a il below .

1 .3 .3  S an d w ich  H y b r id iz a t io n  F a r  D e te c tin g  V i r a l  I n f e c t i o n .
N u c le ic  a c id  based  d e te c tio n  system s are  p a r t ic u la r ly  su ita b le  

fo r  id e n t ify in g  v i r a l  in fe c t io n , because v iru se s  can p e r s is t  in  the  

c e l l  a s  ENA o r  DNA, in  ep iscm al form , o r  in te g ra te d  w ith in  the  c e llu la r  

genome; th e re  need be no p ro te in  e xp re ssion , so  the  o n ly  means o f  

d e te c tin g  in fe c t io n  i s  by  re c o gn iz in g  ab n o rm a litie s in  the  in fe c te d  

c e l l  (assum ing the  v ir u s  d is ru p ts  norm al c e l l  fu n c tio n , w hich i s  not 

alw ays th e  c a se ), o r  by id e n t ify in g  n u c le ic  a c id s  unique to  the  

in fe c t in g  organ ism . For example, p o ta to  sp in d le  tu be r v ir o id  can o n ly  

be id e n t if ie d  in  in fe c te d  p o ta to e s by  n u c le ic  a c id  h y b r id iz a t io n  

(Owens & D iener, 1981). V ir a l  p e rs iste n c e  w ith ou t p ro te in  e x p re ssion  

renders iirm unoassay pow erle ss a s a  to o l fo r  id e n t ify in g  in fe c te d  

t is s u e s  (K u ls k i Sc N o rva l, 1 9 8 5 ).

Sandw ich h y b r id iz a t io n  a ssa y s  have been a p p lie d  w ith  moderate
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su cce ss to  the d e te c tio n  o f  adenoviru s in fe c t io n  in  nasopharyngeal 

a sp ir a te s  frcm  c h ild re n  (Rariki e t a l  1983 a ,b ) and young a d u lts  

(Lehtcm aki e t a l . , 1986) w ith  acute re sp ira to ry  in fe c t io n , and a ls o  to  

the  d e te c tio n  o f  cy tom e ga lov iru s (CMV) in  u r in e  sam ples (V irtan e n  

e t a l . , 1984). The f in a l  reported  use  o f  sandw ich h y b r id iz a t io n  fo r  

id e n t ify in g  v i r a l  in fe c t io n  i s  fo r  the  d e te c tio n  o f  human p a p illo m a 

v ir u s  n u c le ic  a c id  in  c e r v ic a l scrap e s and b ic p s ie s  (Pafkk inen  e t a l . , 

1986; P afkk in en , 1988; Parkkinen  e t a l . ,  1988). A lthough  th e  a ssa y  

system s m entioned above a re  ve ry  s im ila r  to  th a t  used fo r  the  f i r s t  

d ia g n o s t ic  a p p lic a t io n  o f  sandw ich h y b r id iz a t io n  (se c t io n  1 .3 .2 ), i t  i s  

u se fu l to  co n sid e r each in  more d e ta il,  in  o rder to  h ig h lig h t  the  

requ irem ents o f  n u c le ic  a c id -b a se d  t e s t s  fo r  d e te c tin g  v i r a l  in fe c t io n .  

I t  a ls o  a id s  the  id e n t if ic a t io n  o f  p o te n t ia l improvements w hich may 

b r in g  sandw ich h y b r id iz a t io n  w ith in  the realm  o f  ro u tin e  d ia g n o s is .

1 .3 .3 .1  A denovirus (A d ).

The adenov iru ses are  d iv id e d  in to  s ix  groups on the  b a s is  o f  

n u c le ic  a c id  hom ology (G in sb e rg  e t a l . ,  1987); merrfoers o f  a  g iv e n  

se ro type  have an 80%-90% sequence hom ology w ith  o th e rs in  th e  same 

group, b u t o n ly  10%-15% hom ology w ith  th ose  o f  o th e r groups (Green 

e t a l . , 1979). C e r ta in  se ro typ e s are  a sso c ia te d  w ith  epidem ics o f  

pneumonia, and o th e r re sp ira to ry  t r a c t  in fe c t io n s  (G in sbe rg e t a l . ,

1987). D ia g n o s is  o f  adenov iru s in fe c t io n  was t r a d it io n a lly  based on 

se ro lo g y  and v ir u s  is o la t io n ,  b u t more re c e n tly , itnrunoassays d ire c te d  

a g a in s t  v i r a l  a n tige n s have been used (Halcnen e t a l . ,  1980; Sark inn en  

e t a l . , 1981). Such methods are  the m ost s e n s it iv e  c u rre n tly  a v a ila b le  

fo r  the  ra p id  d ia g n o s is  o f  re sp ira to ry  v ir u s  in fe c t io n .

The sandw ich a ssa y  de sign ed  fo r  adenov iru s d e te c tio n  re q u ire s  

two p a ir s  o f  n cn -o ve rla p p in g  genom ic probes, one p a ir  frcm  the  gencme
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o f  Ad2, and the  o th e r from  M 3 .  These v i r a l  type s were chosen because

th ey are  menbers o f  adenov iru s se rogroups C and B re sp e c t iv e ly , and i t

i s  th e se  se rogrou ps w hich cause m ost re sp ira to ry  in fe c t io n s  among

c h ild re n . One fragm ent o f  each probe p a ir  (A) was cloned in to  pBR322,

and th e  o the r (B) in to  phage M13mp7 (V irtan e n  e t a l . , 1983; Ranki

e t a l . , 1983 b ) . N asopharyngeal mucus a sp ir a te s  were c o lle c te d  w ith  a

mucus e x tra c to r  th rough  the  n o s t r i ls  o f  c h ild re n  adm itted to  h o s p ita l

w ith  re sp ira to ry  in fe c t io n . Specim ens were screened fo r  seven

re sp ira to ry  v iru se s  b y  radioim m unoassay (R IA ) and a ls o  b y  v ir u s

is o la t io n ,  p r io r  to  treatm ent w ith  SDS and p ro te in a se -K . Sam ples were

then heated and r a p id ly  coo led, in  o rde r to  denature the ENA, p r io r  to

m ix in g w ith  fragm ent A  (im m obilized  on to  in d iv id u a l 10 mm diam eter

125
n it r o c e llu lo s e  d is k s ) ,  and fragm ent B (ra d io la b e lle d  w ith  I  to  a

0
s p e c if ic  a c t iv it y  o f  approx im ate ly  10 dpm/ug [Connerford, 1971]).

A fte r  h y b r id iz a t io n , s t r in g e n t  w ash ing and s ig n a l measurement, r e s u lt s  

were compared w ith  th o se  obta ined  from  an immunoassay de sign ed  fo r  the  

d e te c tio n  o f  Ad hexcn a n tige n . Two c o n tro l h y b r id iz a t io n s  were 

perform ed, by w hich the  s p e c if ic it y  o f  the  a ssa y  was confirm ed: 

f i r s t l y ,  the A d -s p e c if ic  fragm ent A  was rep laced  w ith  so n ica te d  c a lf  

thymus DNA, and se co n d ly  im m obilized ENA was om itted  e n t ir e ly .  An 

e x c e lle n t c o r re la t io n  was observed between r e s u lt s  ob ta in e d  b y  R IA  and 

sandw ich a ssay , both  techn iques r e s u lt in g  in  a s im ila r  s e n s it iv it y .
g

Sandw ich h y b r id iz a t io n  a llow ed the  d e te c tio n  o f  approx im ate ly  4 .8  x 10 

—18
m olecu les (8 x 10 m oles) o f  ta rg e t  ENA; t h is  re p re se n ts a  

s e n s it iv it y  s ig n if ic a n t ly  low er than  th a t ach ieved by v ir u s  is o la t io n .  

I t  i s ,  however, im portan t to  remember th a t  h y b r id iz a t io n  and R IA  

p rov id e d  r e s u lt s  in  under 24 h ou rs, whereas up to  th ree  weeks were 

re q u ire d  fo r  a l l  p o s it iv e  sam ples to  be id e n t if ie d  by  v ir u s  is o la t io n .

The m ain stre n g th  o f  the  sandw ich h y b r id iz a t io n  a ssa y  de scrib e d
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above i s  th a t  i t  i s  u n a ffected  b y  the crude nature  o f  the  sam ple (Ranki 

e t a l ., 1983 a ) . Techniques w hich re q u ire  sam ple im m o b iliz a tio n  are  

a ffe c te d  by  the  presence o f b io lo g ic a l contam inants, fo r  two re ason s: 

f i r s t l y ,  p ro te in s  can carpete  w ith  n u c le ic  a c id s  fo r  the  a v a ila b le  

b in d in g  s it e s  on th e  s o l id  support, and second ly, m acrcm olecules w hich  

become bound to  the  membrane can r e s u lt  in  unacceptab ly  h ig h  le v e ls  o f  

n o n -sp e c if ic  background h y b r id iz a t io n . T h is  r e s u lt s  in  a  dram atic  

decrease  in  the  s e n s it iv it y  o f  the  te s t .  The d isad van tage s o f  the  

sandw ich a ssa y  fo r  the  d e te c tio n  o f  adenov iru s in fe c t io n  a re  th a t  i t  

r e l ie s  on the use o f  a  ra d io a c t iv e  probe, and c e r ta in  sta g e s  in  the  

procedure in v o lv e  m an ip u la tion s complex enough to  p reven t autom ation  

u s in g  c u rre n tly  a v a ila b le  techn o logy.

1 .3 .3 .2  Human Cytom egaloviru s (CMV).

Human cytom e ga lov iru s (CMV) h as a  complex genome, 230 kb  in  

s iz e , w hich codes fo r  250 d if fe r e n t  p ro te in s . S e r o lo g ic a l evidence o f  

p re v io u s in fe c t io n  w ith  the v ir u s  i s  dem onstrable in  between 30% and 

100% o f  the  in d iv id u a ls  in  a d u lt  p o p u la tio n s  (W e lle r, 1971). M ost 

in fe c t io n s  are  sym ptcm less, bu t in  p a t ie n ts  undergo ing immuno

su p p re ssiv e  therapy, and p a r t ic u la r ly  in  th o se  re c e iv in g  o rgan  tr a n s 

p la n ts ,  CMV in fe c t io n  can have se r io u s  consequences (G lenn, 1981).

The p re se n t ly  used methods fo r  d ia gn o z in g  in fe c t io n s  in c lu d e  

s e r o lo g ic a l a n a ly s is ,  and v ir u s  is o la t io n ,  bu t n e ith e r i s  id e a l because  

o f  the  d e lay  in  a r r iv in g  a t  a  r e s u lt .  M onoclonal a n t ib o d ie s  to  demon

s t r a te  th e  presence o f  v i r a l  a n tige n s a re  a v a ila b le  (V o lp i e t a l ., 

1983), b u t a  ra p id  n u c le ic  a c id  based a ssa y  would be an in v a lu a b le  

a s se t  in  m o n ito rin g  the  p ro g re ss io n  o f  CMV in fe c t io n .

There a re  two fa c to r s  w hich need to  be considered  when ch oo sin g  

the  n u c le ic  a c id  probe sequence fo r  the  d e te c tio n  o f  CMV: f i r s t l y ,  

ge n e tic  v a r ia t io n  and a n t ig e n ic  h e te ro ge n e ity  i s  common am ongst
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n a tu r a lly  o ccu rin g  CMV s t r a in s  (Waner & W e lle r, 1978), so  i t  i s  

im portan t to  s e le c t  ENA. pretoes frem  re g io n s  no t su b je c t to  e x te n sive  

v a r ia t io n .  A  second c o irp lic a t in g  fa c to r  i s  th a t la rg e  v i r a l  genanes 

have been shewn to  co n ta in  repeated sequences carmen to  a l l  e u k aryo tic  

ENA (H e lle r  e t a l . , 1982; Peden e t a l ., 1982). These m ust o b v io u s ly  be 

avoided, o r  background problem s w i l l  r e s u lt  from  pretoes h y b r id iz in g  to  

human ENA, a s w e ll a s  to  CMV sequences. The sandw ich h y b r id iz a t io n  

a ssa y  de sign ed  fo r  the  d e te ctio n  o f  CMV in  u rin e  u t i l iz e s  two ad jacen t 

BamHI  r e s t r ic t io n  fragm ents de rived  from  the lo n g  unique re g io n  o f  the  

CMV genome (V irtan e n  e t a l . , 1984). One o f  the  fragm ents (A ), 4 .2  kb  in  

s iz e ,  was cloned  in to  pBR322, and the  o the r, 2.5 kb fragm ent was 

in se rte d  in to  phage M13mp7. The a ssa y  was perform ed e s s e n t ia lly  a s  

d e scrib e d  in  se c t io n  1 .3 .3 .1 , r e s u lt in g  in  a  s e n s it iv it y  capab le  o f
g

d e te c tin g  5 x 10 v ir u s  p a r t ic le s  in  an 18 hour h y b r id iz a t io n  p ro to c o l;  

t h is  i s  low er than th e  s e n s it iv it y  o f  d ire c t  do t h y b r id iz a t io n , in  

w hich the  sam ple i s  irrm obilized  on to  a  mentorane. However, one o f  the  

d isad van tage s o f  th e  d ire c t  a ssa y  i s  th a t  the  method i s  s e n s it iv e  to  

the  presence o f  e n te ro b ac te ria  in  u rin e  sam ples; such  b a c te r ia  may 

harbour p la sm id s o r  phages re la te d  to  th e  cemnonly used c lo n in g  

v e c to rs, so  i t  i s  e s s e n t ia l to  p u r ify  th e  probe frem  the  v e c to r  

th o rou gh ly  b e fo re  use  (Chou & M erigan , 1983). In  sandw ich h y b r id iz a t io n  

t h is  problem  i s  circum vented, because th e  sam ple i s  no t im n o b ilize d  

(V irtan e n  e t a l ., 1984).

1 .3 .3 .3  Human P a p illc m a v iru s  (H PV).

The human p a p illo m a v iru se s a re  dou b le -stran ded  ENA v iru se s  

(genome s iz e  around 8,000 b p ), o f  the  fa m ily  P a p o v a v ir id a e . There are  

c u rre n tly  over 50 recogn ized  type s o f th e  v iru s ,  w hich are  

d is t in g u ish e d  on the  b a s is  o f  n u c le ic  a c id  hom ology and h o st  

s p e c if ic it y .  The re p lic a t io n  o f  p a p illo m a v iru se s  i s  h ig h ly  dependent on
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the  d if fe r e n t ia t io n  o f  k e ra tin o c y te s , and i t  i s  no t y e t ro u t in e ly  

p o s s ib le  to  p ropagate  v ir u s  p a r t ic le s  in  v i t r o . T h is  makes i t  

p a r t ic u la r ly  d i f f i c u l t  to  generate  a n t ib o d ie s  d ire c te d  s p e c if ic a l ly  

a g a in s t  HPV su rfa ce  a n tig e n s  (O strcw  & F a ra s, 1987), so  irrm unoassays 

fo r  id e n t ify in g  HPV in fe c t io n  a re  no t r e a d ily  a v a ila b le .  The c l in ic a l  

s ig n if ic a n c e  o f  g e n it a l in fe c t io n , to ge th e r w ith  a  d e ta ile d  a n a ly s is  o f  

the  m o le cu lar b io lo g y  o f  t h is  group o f  v iru se s ,  i s  g iv e n  in  se c t io n

1 .4 . The n u c le ic  a c id -b a se d  a ssa y s  c u r re n t ly  used fo r  the  d e te c tio n  o f  

H P V -sp e c ific  n u c le ic  a c id s , in c lu d in g  Southern b lo t t in g  (Choo e t a l . , 

1987), s lo t  b lo t t in g  (Wickenden e t a l ., 1985) and sandw ich  

h y b r id iz a t io n  (Parkk inen  e t a l . ,  1986; Parkkinen, 1988; Parkk inen  

e t a l . ,  1988), are  d isc u sse d  f u l ly  in  se c t io n  1 .5 .4 , and in  chapter 5.

1 .3 .4  D e te c tio n  O f O th e r  I n f e c t io u s  O rg a n ism s.
N u c le ic  a c id  h y b r id iz a t io n  can be used to  dem onstrate the  

presence  o f  b a c te r ia l in fe c t io n , by  id e n t if ic a t io n  o f  sp e c ie s o r grou p - 

s p e c if ic  genes, w ith ou t the  need fo r  c u lt iv a t io n  o r  b a c te r ia l ty p in g .  

There a re  c ircu m stances where the  lim it a t io n s  o f  co n ve n tio n a l ty p in g  

t e s t s  make n u c le ic  a c id -b a se d  d e te c tio n  system s p a r t ic u la r ly  

a t t r a c t iv e .  The f i r s t  th e ra p e u tic  response  to  b a c te r ia l in fe c t io n  i s  

ccm nonly a d m in is tra tio n  o f  a n t ib io t ic s ,  w hich then in te r fe re  w ith  

b a c te r ia l grow th in  c e l l  c u ltu re . T h is  can render co n ve n tio n a l 

s t r a in - ty p in g  u se le ss ,  thu s c o n fu sin g  the  ch o ice  o f  cptiirum  treatm ent.

A  ra p id  n u c le ic  a c id -b a se d  a ssa y  w ould be u n a ffe c te d  b y  p re v io u s ly  

ad m in iste re d  a n t ib io t ic s ,  and co u ld  f a c i l i t a t e  th e  id e n t if ic a t io n  o f  

v iru le n ce -d e te rm in in g  genes, th u s d is t in g u is h in g  between p ath oge n ic  and 

apath ogen ic  s t r a in s  o f  a  bacterium . I t  w ould a ls o  a llo w  the  id e n t if 

ic a t io n  o f  genes encoding p ro te in s  re sp o n sib le  fo r  a n t ib io t ic  

re s is ta n c e  (M ose ly  e t a l ., 1982).
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A  n u c le ic  a c id  sandw ich a ssa y  fo r  the  d e te c tio n  o f

E n te rob acte riace ae  in  crude sam ples h a s been developed, u s in g  two

co n se cu tive  fragm ents de rived  from  the CmpA gene o f  E sc h e r ic h ia  c o l i

K-12 (P a lva , 1983). An im portant c o n s id e ra tio n  in  ad a p tin g  th e  sandw ich

techn ique  fo r  b a c te r ia l d e te c tio n  i s  th a t, in  ge n e ra l, the b a c te r ia l

genome i s  much la r g e r  than th a t  o f  a  v ir u s ;  the  use  o f  an in ta c t

b a c te r ia l gencme a s the  ta rg e t  was found to  have a n e ga tiv e  in flu e n c e

on the  e ff ic ie n c y  o f  h y b rid  fo rm ation . Fragm entation  o f  th e  sam ple DNA

b y  m echan ical sh e a rin g  was found to  in c re a se  the le v e l o f  h y b r id iz a t io n

b y  around 50%; t h is  may be because the  s t a b i l i t y  o f  a  lo n g  DNA

fragm ent h y b rid iz e d  to  a  sh o rt probe i s  le s s  than  th a t  o f  the  h y b rid

formed by  re a n n e a lin g  o f  the  ta rg e t  to  i t s  conplem entary stra n d . T arge t

re a n n e a lin g  may a c t u a lly  r e s u lt  in  the  probe b e in g  d isp la c e d  from  the

p ro b e -ta rge t h y b rid s  a lre a d y  formed; such stran d -d isp lace m e n t h a s been

used a s the b a s is  fo r  n u c le ic  a c id  d e te c tio n  system s (E llw ood e t a l . ,

1986; V ary, 1987). The a ssa y  fo r  d e te c tin g  En te rob acte riace ae  was

perform ed la r g e ly  a s de scrib e d  in  se c t io n  1 .3 .2 . The s e n s it iv it y  o f  the

6 —18t e s t  was such th a t  3 x 10 m olecu les (5 x 10 m oles) o f  E . c o li  DNA

9
cou ld  be detected  a f t e r  o ve rn igh t h y b r id iz a t io n . The presence o f  10 

u n re la te d  b a c te r ia l c e l ls  had no d e trim e n ta l e ffe c t  on the  s e n s it iv it y ,  

and o f  s ix  members o f  the  En te rob acte riace a  te ste d , a l l  were id e n t if ie d  

w ith  the probes d e rive d  frcm  E . c o li  K -12. A s p re d ic te d , the  d is t a n t ly  

re la te d  mentoers o f  the  fa m ily  ( fo r  example, P roteus m ir a b i l is ) g iv e  

s ig n if ic a n t ly  low er s ig n a ls  than more c lo s e ly  re la te d  members, such as 

Sa lm on e lla  typhim urium . A  s im ila r  a ssa y  fo r  the d e te c tio n  o f  the  

o b lig a te  in t r a c e llu la r  p a ra s ite  Chlam ydia trach om atis h a s been

d e sc rib e d  (P a lv a  e t a l . , 1984), w hich i s  capab le  o f  d e te c tin g  10^

—18
m olecu les (1 .7  x 10 m oles) o f  ta rg e t  DNA, in  a  p ro to c o l la s t in g  12

h ou rs. T h is  i s  ten  tim es le s s  s e n s it iv e  than  a n u c le ic  a c id  d o t -b lo t
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a ssa y  u s in g  the  same probes (P a lva , 1985), b u t bo th  methods are  capab le  

o f  d is t in g u is h in g  between C .trach o m atis type s A, C, E, G, H, I  and L2, 

w hich re p re se n t the  more d is t in c t  groups am ongst the  15 p ath ogen ic  

se ro typ e s. Thus, b y  c a re fu l se le c t io n  o f  h y b r id iz a t io n  c o n d itio n s  and 

probe sequence, i t  i s  p o s s ib le  to  d e sign  a ssa y s  fo r  th e  d e te ctio n  o f  

e ith e r  a s in g le  organism , o r  a l l  o f  the  menbers o f  a  re la te d  group o f  

organ ism s.

The m ost common method fo r  id e n t ify in g  in fe c t io n  w ith  

Plasm odium  fa lc ip a ru m , the p a ra s ite  w hich causes human m a la ria , i s  the  

dem onstration  o f  c ir c u la t in g  o rgan ism s in  p e r ip h e ra l b loo d , u s in g  l i g h t  

m icroscopy. T h is  method i s  s e n s it iv e  and r e lia b le ,  b u t i s  o f  lim ite d  

use i f  la r g e  numbers o f  sam ples a re  in vo lve d , because i t  i s  tim e - 

consum ing (Bruce-Chw att, 1984). Im m unological techn iques are  no t an 

id e a l a lte rn a t iv e ,  because they are  unable to  d is t in g u is h  between 

a c t iv e  and p re v io u s in fe c t io n s  (Avraham e t a l ., 1982). A  n u c le ic  a c id  

sandw ich h y b r id iz a t io n  p ro to c o l h a s been developed, u s in g  re p e t it iv e  

sequences o f  P .fa lc ip a ru m  a s  p robes (Z o lg  e t a l . , 1987). Sample DNA i s  

im m obilized  on to  a n it r o c e llu lo s e  membrane, and h y b rid iz e d  w ith  an 

u n la b e lle d  probe c o n s is t in g  o f  a  t a r g e t - s p e c if ic  in s e r t  in  phage M13. A  

second probe, M l3 DNA la b e lle d  b y  n ic k  t r a n s la t io n  w ith  32p , i s  

sub se quently  h y b rid iz e d  w ith  the fre e  re g io n  o f  the  f i r s t  probe. The 

s ig n a l ob ta in e d  i s  independent o f  the  s iz e  o f  the  s p e c if ic  in s e r t ,  and 

th e  a ssa y  i s  a t  le a s t  a s  s e n s it iv e  a s l i g h t  m icroscopy.

1 .3 .5  D e te c t io n  O f R e s t r i c t i o n  F ra g m e n t L e n g th  P o ly m o rp h ism s.
An im portan t m o d ific a tio n  o f  the  sandw ich techn ique, fo r  the  

d e te c tio n  o f  r e s t r ic t io n  fragm ent le n g th  polym orphism s (R F L P 's), was 

f i r s t  d e sc rib e d  in  1985 (Langdale  & M alcolm , 1985). P r io r  to  t h is  the  

method had o n ly  been used to  d e te ct the  presence o r absence o f  s p e c if ic
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n u c le ic  a c id s  and n o t to  de te ct v a r ia t io n s  w ith in  th e  n u c le o tid e  

sequence. R F L P 's r e s u lt  When a  genom ic m utation  c re a te s o r  d e stro y s  a  

s p e c if ic  sequence o f  n u c le o tid e s recogn ized  b y  a r e s t r ic t io n  enzyme.

On b in d in g  to  t h is  re c o g n it io n  s it e ,  the  enzyme h y d ro ly se s  bo th  DNA 

stra n d s, so  the  number and p o s it io n  o f  such s i t e s  w ith in  the  genome 

determ ines th e  p a tte rn  o f  bands when the enzyme d ige ste d  ENA. i s  

s iz e -fra c t io n a te d  b y  g e l e le c tro p h o re s is .

S ic k le - c e ll  anaem ia i s  a  w e ll ch a rac te rize d  ge n e tic  d iso rd e r,

caused b y  a  s in g le  adenine to  thym ine n u ta tio n  in  th e  s ix t h  codon o f

the  b e ta -g lo b in  gene; the  m utation  r e s u lt s  in  the  su b s t itu t io n  o f  a

g lu tam ic  a c id  re sid u e  fo r  a  v a lin e ,  on t r a n s la t io n  o f  the b e ta -g lo b in

mPNA. The p r in c ip le  o f  the  sandw ich a ssa y  fo r  the  d e te c tio n  o f  t h is

m utation  i s  shown in  f ig u re  3. A  341 fcp b e ta -g lo b in  gene r e s t r ic t io n

fragm ent from  the 5 ' s id e  o f  the  s ic k le  m utation  s i t e  was is o la te d ,

and irrm ob ilized  v ia  the  base s on to  Sep h acry l S-500, u s in g  a

d ia z o t iz a t io n  re a c tio n  (Bunemann e t a l . ,  1982; Seed, 1982). A  second

fragm ent, 201 bp lo n g , irrm ed iate ly  ad jace n t and 3 ' to  the  f i r s t ,  was 

32 . . .la b e lle d  w ith  P b y  random h exan u cleo tide  p rim in g . Sam ple genom ic DNA 

was d ige ste d  w ith  D d e l, denatured, and h y b rid iz e d  w ith  the  im m obilized  

and la b e lle d  probes. The DNA from  an in d iv id u a l homozygous fo r  the  

s ic k le  m utation  i s  n o t h yd ro lyse d  a t  the  m utation  s it e ,  and the  in t a c t  

g lo b in  ta rg e t  sequence form s a lin k in g  b r id ge  between the  iirm ob ilize d  

and la b e lle d  ENA, r e s u lt in g  in  la b e lle d  m olecu les becom ing attach ed  to  

the Sephacry l S-500. C onverse ly, the  M IA  from  a  norm al in d iv id u a l i s  

severed a t  the  m utation  s it e ,  and i s  th u s n o t a b le  to  form  the  b r id g e ;  

the s o l id  support i s  not la b e lle d .  The advantages in h e re n t in  u s in g  a  

bead a s  th e  h y b r id iz a t io n  s o l id  support a re  d isc u sse d  f u l ly  in  se c t io n  

1 .6 .1 . The s e n s it iv it y  i s  such th a t  3 x 10° m o lecu les (5 x 10 

m oles) o f  ta rg e t  DNA can be de tected  in  a  12 hour a ssa y , and
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d if fe r e n t ia t io n  between sam ples from  norm al and s ic k le  c e l l  anaemia 

p a t ie n t s  (hcm ozygotes) a s  w e ll a s  th o se  from  in d iv id u a ls  w ith  s ic k le  

c e l l  t r a i t  (h e te rozygo te s) can be r e a d ily  ach ieved. However, p a r t ic u la r  

a tte n t io n  shou ld  be p a id  to  two p o in ts :  f i r s t l y ,  i f  the  r e s t r ic t io n  

enzyme d ig e s t io n  i s  incom plete, ta r g e t  sequences in  norm al sam ples 

w i l l  rem ain in ta c t ,  g iv in g  r is e  to  a  f a ls e -p o s it iv e  s ig n a l.  Second ly, 

n o n -sp e c if ic  d e grad a tio n  o f  a san p le  co u ld  r e s u lt  in  ta r g e t  sequences 

b e in g  severed re g a rd le ss  o f  the  natu re  o f  t h e ir  r e s t r ic t io n  s it e s ,  

g iv in g  r i s e  to  a  f a ls e  n e ga tive  s ig n a l.  E r ro r s  such a s th e se  are  no t 

n o rm a lly  encountered in  techn iques in v o lv in g  s iz e -fr a c t io n a t io n ,  

because the p h y s ic a l s ta te  o f  the  san p le  DNA can be a sce rta in e d  from  

th e  p o s it io n s  o f  th e  bands, r e la t iv e  to  m arkers, on a  g e l.  Another 

im portan t c o n s id e ra tio n  i s  th a t  cx ily  a  m in o rity  o f  p o in t  n u ta tio n s  

a c t u a lly  r e s u lt  in  th e  d is ru p tio n  o r  fo rm ation  o f  a  r e s t r ic t io n  s it e .

A s the  number o f  recogn ized  r e s t r ic t io n  enzymes in c re a se s, so  i t  

becomes more l ik e ly  th a t  an ap p ro p ria te  one w i l l  be a v a ila b le  fo r  a  

g iv e n  m utation, b u t th e re  w i l l  s t i l l  undoubtedly be ca se s where t h is  i s  

n o t so . T h is  problem  can be surm ounted by  u t i l i z in g  th e  d if fe r e n t ia l  

m e ltin g  p ro p e rt ie s  o f  matched and m is-m atched sy n th e tic  o l ig o 

n u c le o tid e s (see  se c t io n  1 .7 .2  fo r  the  p r in c ip le  o f  t h is  m ethod). The 

advantages o f  u s in g  sy n th e tic  p robes a re  obv iou s; th e y  can be made 

ch eap ly  and in  h ig h  y ie ld  on ccm n e rc ia lly  a v a ila b le  equipment. 

O lig o n u c le o tid e s  can be la b e lle d  w ith  ra d io -iso to p e s  (Studenck i & 

W allace , 1984; C o ll in s  & Hunsaker, 1985), o r  w ith  n o n -ra d io a c tiv e  

m arker groups (Cook e t a l . , 1988; Urdea e t a l . , 1988), and are  s in g le -  

stran ded ; t h is  means th a t  the  k in e t ic s  o f  a  h y b r id iz a t io n  re a c tio n  can  

be im proved by  in c re a s in g  the co n ce n tra tio n  o f  probe, w ith ou t the  

danger o f  probe r e -a s s o c ia t ic n ,  and rem oval from  the  h y b r id iz a t io n  

e q u ilib riu m . S tu d ie s  are  c u rre n t ly  in  p ro g re ss  to  op tim ize  the
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im m o b iliz a tio n  o f  o lig o n u c le o tid e s  to  beaded s o l id  su p p o rts (Ghosh & 

M usso, 1987; V o ss & M alcolm , 1988 a ,b ),  and to  use  la b e lle d  o lig o s  a s  

probes in  d if f e r e n t ia l m e ltin g  sandw ich h y b r id iz a t io n  a ssa y s  fo r  the  

d e te c tio n  o f  th e  p o in t  m utations r e s u lt in g  in  s ic k le  c e l l  anaemia and 

a lp h a ^ -a n t it ry p s in  d e fic ie n c y  (U ta V o ss, p e rso n a l com m unication).

1 .3 .6  V a r ia t io n s  On T he S andw ich  Them e.
A s the spectrum  o f  n u c le ic  a c id  based a ssa y s  expands, the  

nurrber o f  d if fe r e n t  probes re q u ire d  w i l l  in cre a se , r e s u lt in g  in  

lo g i s t ic a l  problem s o f  m anufacture and sto ra ge . A  techn ique  h as been 

developed fo r  surm ounting t h is  d i f f ic u lt y ,  u s in g  sandw ich h y b r id iz a t io n  

in  con ju n ction  w ith  a  u n iv e r s a lly  a p p lic a b le  probe (W blf e t a l . , 1986). 

An u n la b e lle d  M l3 co n stru c t (term ed ‘X ')  c o n ta in in g  a 3 kb  in s e r t  

s p e c if ic  fo r  cy tom ega lov iru s (CMV) A D I 69 DNA was h y b rid iz e d  to  a 

sam ple im m obilized  on a  n it r o c e llu lo s e  membrane. The presence o f  CMV 

ta rg e t  in  a  sam ple r e s u lt s  in  h y b r id iz a t io n  w ith  the C M V -sp e c ific  

in s e r t  o f  X, le a v in g  the  rem ain ing M13 sequence s in g le -s tra n d e d .  

Subsequently, a la b e lle d  M l3 probe i s  a p p lie d , w hich h y b r id iz e s  w ith  

th e  fre e  M l3 p a r t  o f  X ; o n ly  i f  th e  f i r s t ,  C M V -sp e c ific , h y b r id iz a t io n  

i s  su c c e ssfu l w i l l  the  n it r o c e llu lo s e  become la b e lle d .  The s ig n a l 

ob ta in e d  from  such an a ssa y  w i l l  c le a r ly  be re la te d  to  th e  number o f  

ta r g e t  m o lecu les p re se n t, b u t no t to  th e  s iz e  o f  the  se q u e n ce -sp e c ific  

in s e r t ,  so  i t  shou ld  a llo w  fo r  s ta n d a rd iz a tio n  between t e s t s  fo r  

d if fe r e n t  o rgan ism s. The main d isad van tage  o f  t h is  system  i s  th a t i t  

re q u ire s  the  im m o b iliz a tio n  o f  th e  sam ple n u c le ic  a c id ; when a  la rg e  

number o f  a ssa y s  a re  n ecessary, t h is  ste p  can be ve ry  tim e-consum ing.

I t  i s  p o s s ib le  th a t  t h is  problem  co u ld  be overcome b y  u s in g  a 'd o u b le ' 

sandw ich h y b r id iz a t io n , in  w hich a  s u ita b le  fragm ent A  i s  im m obilized, 

to  a c t  a s  a capture  reagen t. On h y b r id iz in g  A, X  and ta rg e t , th e  f i r s t
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sandw ich would form , r e s u lt in g  in  th e  attachm ent o f  X  t o  th e  s o lid  

support v ia  the  ta r g e t  m olecu le. L a b e lle d  M l3 co u ld  then be d ire c te d  

a g a in s t  the  s in g le -s tra n d e d  M13 p a r t  o f  X, th u s p rod u c in g  the  s ig n a l.  

The m ain problem  l ik e ly  to  be encountered w ith  t h is  approach i s  th a t  a  

la rg e  excess o f  la b e lle d  probe v o u ld  be requ ire d  in  o rde r to  push  the  

h y b r id iz a t io n  e q u ilib r iu m  in  fav o u r o f  the  'd o u b le ' sandw ich? t h is  may 

r e s u lt  in  an un accep tab ly  h ig h  background s ig n a l,  and un favourab le  

h y b r id iz a t io n  k in e t ic s .

Sandw ich h y b r id iz a t io n  a ssa y s  fo r  the de te rm in ation  o f  p la sm id  

copy number in  B a c il lu s  s u b t i l i s  (Nyberg e t a l ., 1985), and a ls o  fo r  

the  q u a n tita t io n  o f  a lp h a-am ylase  mRNA in  t h is  o rgan ism  (P a lv a  e t a l . ,

1988), have been developed. Both techn iques (w hich are  id e n t ic a l in  

p r in c ip le  to  th a t  reported  b y  Rariki e t  a l.  in  1985 [se c t io n  1 .3 .2 ]) 

may e v e n tu a lly  p la y  an im portant r o le  in  the  fe rm entation  in d u stry , 

where the  o p tim iz a tio n  o f  the  param eters a f fe c t in g  gene e x p re ssion  i s  

o f  co n sid e ra b le  f in a n c ia l s ig n if ic a n c e .

The ra te  a t  w hich two complementary ENA s tra n d s  h y b r id iz e  to  

each o th e r i s  dependent, am ongst o th e r th in g s , on th e ir  co n ce n tra tio n s  

(Wetmur & D av id son , 1968? see se c t io n  1 .6 .3 ). In  co n ve n tio n a l a ssa y s  

in v o lv in g  the  irn n o b iliz a t io n  o f  th e  sa itp le , th e  h y b r id iz a t io n  ra te  o f  a  

s in g le -s tra n d e d  probe can be enhanced by  u s in g  i t  in  a  v a s t  excess 

over th e  ta rg e t . The a lte rn a t iv e  i s  to  use rate -en h an cers l ik e  de xtran  

su lp h a te  (Wetmur, 1975? frfahl e t a l ., 1979) o r, more e ffe c t iv e ly ,  

p o lye th y le n e  g ly c o l (Am asino, 1986). These fu n c tio n  b y  e f fe c t iv e ly  

in c re a s in g  the  co n ce n tra tio n  o f  n u c le ic  a c id  in  s o lu t io n ,  due to  the  

e x c lu sio n  o f  probe m o lecu les frcm  the volume occup ied b y  the  hydrated  

polym er. T h is  e ffe c t  can be v a r ia b le  when d ou b le -stran d ed  probes a re  

b e in g  used, because the polym er can in c re a se  probe s e lf - r e a s s o c ia t io n  

(p o te n t ia lly  d e c re a sin g  the s ig n a l ) , b u t can a ls o  enhance the  fo rm ation
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o f  netw orks o f  la b e lle d  m olecu les a t  the  p o in t  o f  h y b r id iz a t io n  to  the  

ta rg e t  n u c le ic  a c id  stra n d  (p o te n t ia lly  in c re a s in g  th e  s ig n a l)  (Wahl 

e t a l ., 1979). N e ith e r dextran  su lp h a te  nor p o lye th y le n e  g ly c o l a re  

e ffe c t iv e  a t  in c re a s in g  the ra te  o f  h y b rid  fo rm ation  in  sandw ich a ssa y s  

where th e  ta rg e t  i s  doub le -stranded , because they have th e  g re a te st  

e ffe c t  cxi the  s e lf - r e a s s o c ia t io n  o f  denatured ta rg e t  (Rariki e t a l. ,

1983 a ; Langdale  & M alcolm , 1985); t h is  problem  w i l l  be encountered in  

any a ssa y  where the ta rg e t  i s  dou b le -stran d e d  and fre e  in  so lu t io n ,  

ra th e r than  inxnob ilized  in  s in g le -s tra n d e d  form  on th e  s o l id  support.

The ra te  a t  w hich m ixed-phase h y b r id iz a t io n s  occur (th a t i s ,

th o se  in  w hich one stra n d  i s  im m o b iliz e d  and the o th e r i s  fre e  in

s o lu t io n ) , i s  s ig n if ic a n t ly  low er than  the  ra te  o f  an id e n t ic a l

re a c t io n  perform ed e n t ir e ly  in  s o lu t io n  (Wetmur & D av id scn , 1968). The

advantages o f  both  s o lu t io n  h y b r id iz a t io n  and a sandw ich re a c tio n  have

been combined in  a  re c e n tly  developed techn ique known a s a f f in i t y -

based h y b r id  c o lle c t io n  (Syvanen e t a l . , 1986 a ) . I t  h a s been a p p lie d

to  the  d e te c tio n  o f  re s is ta n c e  genes in  uropathogen ic s t r a in s  o f  E . c o li

(Syvanen & K orpe la, 1986). The id e n t if ic a t io n  o f  re s is ta n c e  genes, and

th ose  encoding p a th o g e n ic ity  fa c to r s  and to x in s, can be v i t a l  in

in flu e n c in g  the  ch o ice  o f  an o p tim a l course  o f  m ed ica l treatm ent. The

p r in c ip le  o f  a f f in it y -b a s e d  h y b rid  c o lle c t io n  i s  shewn in  f ig u re  4 ; the

techn ique in v o lv e s  h y b r id iz in g  the  denatured sam ple n u c le ic  a c id  w ith

two se q u e n ce -sp e c ific  probes, one o f  w hich i s  ch e m ica lly  io d in a te d  

125
w ith  I  (Cormierford, 1971), and th e  o the r la b e lle d  w ith  b io t in .  The 

h y b r id iz a t io n  re a c tio n  i s  a llow ed  to  procede to  com pletion  in  so lu t io n ,  

and the  h y b rid  complex i s  c o lle c te d  b y  m ix in g  w ith  a  s t re p ta v id in -  

agaro se  support. The a f f in it y  between b io t in  and s tre p ta v id in  i s  

extrem ely h ig h ; th e  a s so c ia t io n  co n stan t fo r  the in te ra c t io n  i s
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1015 M \  and i s  approx im ate ly  10^ tim es g re a te r than  th e  t y p ic a l 

a f f in i t y  o f  an an tib od y  fo r  an a n tige n  (Green, 1975). T h is  ensures 

th a t  th e  c o lle c t io n  o f  the conp lex i s  q u a n tita t iv e . A fte r  w ash ing  

s t r in g e n t ly ,  the  r e s u lt s  are  determ ined by  gairm a-counting. In  o rder to  

t e s t  the  accuracy  o f  the  a ssay , DNA from  s in g le  c o lo n ie s  o f  tw enty 

d if fe r e n t  E . c o l i  s t r a in s  was ana lyzed  w ith ou t p u r if ic a t io n ;  in  a l l  

ca se s, th e  re le v e n t re s is ta n c e  genes were c o r re c t ly  id e n t if ie d  in  

around th re e  h ou rs.

An autom ated sandw ich h y b r id iz a t io n  procedure fo r  the  d e te ctio n

o f  Sa lm on e lla  DNA in  b io lo g ic a l sam ples was f i r s t  d e sc rib e d  by

P o lsk y -C y rik in  e t a l , in  1985. Two co n se cu tive  r e s t r ic t io n  fragm ents

d e rive d  from  th e  gencme o f  S . typhim urium  were is o la te d ,  and one o f

th e se  fragm ents (A) was iirm ob ilize d  on to  the  in n e r su rfa c e  o f  a

p o lyp rop y len e  so lid -p h a se  re c e p ta c le  (SP R ), by  w e ll ch a rac te rize d

p ro te in -E N A  ccm plexing procedures (W elsh & Cantor, 1984). The second

32
DNA fragm ent (B) was la b e lle d  w ith  P; denatured sam ple was mixed w ith  

A  and B sim u lta n e o u sly , and h y b r id iz a t io n  and w ash ing were perform ed  

in  a  com m ercia lly  a v a ila b le  autom ated inm unoassay system  (Parsons 

e t a l . , 1983). C y c le s  o f  p re ssu re  v a r ia t io n  fo rce  re age n ts in  and ou t 

o f  each SPR, r e s u lt in g  in  a  30% in c re a se  in  h y b r id iz a t io n  ra te . R e su lts  

were q u a n tita te d  by  s c in t i l la t io n  o r  gam m a-counting, and in  a  4 hour 

p ro to c o l, 8 .4  x 10 m olecu les (1 .4  x 10 m oles) o f  ta r g e t  DNA cou ld  

r e a d ily  be de tected  in  a  non-hcm ologous m ixture o f  c e l lu la r  n u c le ic  

a c id . In v e s t ig a t io n  h as shown th a t  the  im m obilized ENA i s  s ta b le  d u rin g  

the  p re ssu re  c y c lin g ,  and does n o t le ach  o f f  o f  th e  SPR su rfa ce ; i t  i s  

p a r t ic u la r ly  im portan t in  sandw ich a ssa y s  th a t  t h is  i s  the  case, 

because v a s t  exce sses o f  im m obilized probe over ta rg e t  a re  used, and 

lo s s  o f  even a  sm a ll percentage o f  the  bound ENA would le a d  to  a  

so lu tic n -p h a se  com petition , r e s u lt in g  in  a  s e n s it iv i t y  decrease.
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1 .3 .7  S an d w ich  H y b r id iz a t io n  W ith  N a n - r a d io a c tiv e  D e te c tio n  S y s te m s .
A l l  o f  th e  h y b r id iz a t io n  system s d e sc rib e d  so  f a r  r e ly  on

n u c le ic  a c id  p robes la b e lle d  w ith  r a d io - iso tc p e s  in  o rder to  ach ieve

35 125
the  n e ce ssa ry  le v e ls  o f  s e n s it iv it y .  Iso to p e s  l ik e  S , I  and

p a r t ic u la r ly  32p  a re  f a r  frcm  id e a l,  because th ey  r e s u lt  in  probe

in s t a b i l i t y ;  th e re  are  a t  le a s t  th ree  mechanisms b y  w hich th e  decay o f

an iso to p e  can d e stro y  a la b e lle d  n u c le ic  a c id  stra n d . F ir s t ly ,  stra n d

s c is s io n  r e s u lt s  from  decay o f  an atom in te g r a l to  th e  n u c le ic  a c id

backbone ( t h is  i s  p a r t ic u la r ly  im portan t in  th e  case  o f  P ) . Second ly,

r a d io ly s is  o f  n e igh b ou rin g stra n d s  can r e s u lt  due to  bombardment o f

so lu te s  w ith  b e ta -p a r t ic le s .  F in a lly ,  th e  k in e t ic  energy re le a se d  on 

32 125
decay o f  P o r  I  can cause  a  r e c o il s u f f ic ie n t  to  break up the  

n u c le ic  a c id  m olecu le  ( 'N u c le ic  A c id  L a b e llin g ' b o o k le t, Amersham 

In te rn a t io n a l p i c ) . One o f  the  m ost s ig n if ic a n t  b a r r ie r s  p re ve n tin g  

h y b r id iz a tio n -b a se d  a ssa y s  frcm  b e in g  accepted fo r  ro u tin e  d ia g n o s t ic  

use  i s  th a t  s p e c ia l la b o ra to ry  f a c i l i t i e s  a re  re q u ire d  fo r  the  sa fe  

h a n d lin g  and d isp o sa l o f  ra d io -iso to p e s . N ot s u r p r is in g ly , t h is  h a s  

generated co n sid e ra b le  in te r e s t  in  the  developm ent o f  a lte rn a t iv e s  to  

is o to p ic  la b e ll in g  (G illa m , 1987). A  n c n -ra d io a c tiv e  probe shou ld  have  

h ig h  s t a b i l it y ,  a  lo n g  s h e lf - l i f e ,  be p e r fe c t ly  sa fe  to  use, and 

p re fe ra b ly  be  easy  and econom ical to  m anufacture.

A m o d ific a tio n  o f  a f f in it y -b a s e d  h y b rid  c o lle c t io n ,  fo r  the  

n c n -ra d io a c tiv e  d e te c tio n  o f  h y b r id s  bound to  m ic ro t itre  p la te  w e lls ,  

h as been re c e n tly  d e scrib e d  (Syvanen e t a l . ,1986 a ) . The model method 

was developed fo r  the  d e te c tio n  o f  pBR322; one p la sm id  r e s t r ic t io n  

fragm ent was m od ifie d  by  a su lfo n a t io n  re a c tio n  (V e rd io v  e t a l . , 1974), 

and a d if fe r e n t  fragm ent la b e lle d  b y  n ic k - t r a n s la t io n  w ith  b io t in -1 1 -  

dUTP. Denatured ta rg e t  m a te r ia l was h y b rid iz e d  w ith  A  and B, and the
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hybrid ccnplex was captured on to the surface of a microtitre plate
w e ll p recoated  w ith  a  com m ercially  a v a ila b le  m onoclonal an tib od y

directed against sulfcne-modified ENA. After washing, the hybrid

complex was detected by addition of a horseradish peroxidase (HRP)-
s tre p ta v id in  con jugate , w ash ing a g a in , and f in a l ly  add ing a  su b stra te

for HRP which produces a coloured product (in this case, o-phenylene-
diam ine w ith  hydrogen p e ro x id e ). The absorbance o f  the  co lou red  product

i s  measured w ith  a spectrophotom eter a t  492 nm. The v a lu e s ob ta in e d  can

be compared w ith  a  stan dard  curve, in  o rder to  determ ine th e  amount o f

7
ta rg e t  ENA p re se n t in  th e  sam ple. The a ssa y  can d e te ct 10 m olecu les 

-17
(1 .7  x 10 m oles) o f  ta rg e t, in  a  1 .5  hour h y b r id iz a t io n  re a c tio n ; 

a lth o u gh  t h is  re p re se n ts a  s e n s it iv it y  c o n sid e ra b ly  low er than  th a t  

ach ieved b y  co n ve n tio n a l b lo t t in g ,  th e re  a re  a number o f  

c h a r a c te r is t ic s  in co rp o ra te d  in to  th e  a ssa y  w hich w arran t fu rth e r  

a tte n tio n . F ir s t ly ,  r e s u lt s  a re  determ ined u s in g  a  c a rm e rc ia lly  

a v a ila b le  spectrqphotam etric  m ic ro t it r a t io n  p la te  reader, w hich  

p re se n ts them d ir e c t ly  in  num erical form . A  9 6 -w e ll p la te  can be 

scanned in  a  m atter o f  seconds, and the  r e s u lt s  can be fed  d ir e c t ly  

in to  a  computer fo r  im nediate  a n a ly s is .  Hardware and so ftw are  id e a l fo r  

t h is  purpose i s  a lre a d y  ro u t in e ly  used in  d ia g n o s t ic  immunoassay; nove l 

n u c le ic  a c id  based  te s t s  u s in g  in stru m en ts a lre a d y  fa m ilia r  in  the  

c l in ic a l  la b o ra to ry  w i l l  be f a r  more e a s i ly  in te g ra te d  fo r  everyday use  

than  th o se  r e ly in g  on new, u n fa m ilia r  te ch n o logy  (Hansen, 1985).

I t  i s  becom ing obv iou s th a t in  th e  developm ent o f  n u c le ic  a c id  

based a ssa y s  fo r  th e  d e te c tio n  o f  g e n e tic  o r  in fe c t io u s  d iso rd e rs , we 

can le a rn  a  g re a t d e a l frcm  im nunoassay form ats w hich have proven  

su c c e ssfu l in  a  c l in ic a l  s e t t in g .  An e x c e lle n t example i s  th a t  o f  a  

techn ique  kncwn a s  tim e -re so lv e d  flu orom etry, w hich h as been 

s u c c e s s fu lly  a p p lie d  to  inm unochem ical a ssa y s  (S o in i & K b jo la , 1983),
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and has new been adapted for use with DNA probes (Syvanen et al.,
1986 b ) . The s ig n a l d e te c tio n  p r in c ip le  re v o lv e s around the  p ro p e rt ie s  

o f  the  elem ent europium  w hich, when e x c ite d  w ith  u lt r a v io le t  ra d ia t io n ,  

re le a se s  energy a t  a  lo n ge r w avelength, in  th e  form  o f  v i s ib le  l ig h t .  

T h is  i s  a  c h a r a c te r is t ic  o f  a l l  members o f  the  lan th an id e  group  o f  

elem ents. There i s  a  d e la y  o f  a s  lo n g  a s a  m illise c o n d  between 

e x c ita t io n  and e m issio n ; t h is  i s  extrem ely in p o rt an t, because i t  a llo w s  

a  s ig n a l to  be measured a fte r  the  i n i t i a l  b u rs t  o f  s h o r t - liv e d  

background flu o re sce n ce  h as decayed. T h is  background h as p re v io u s ly  

im posed se r io u s  lim it a t io n s  on the s e n s it iv it y  o f  a ssa y s  u s in g  

flu o rcm e try  fo r  measurements on b io lo g ic a l sam ples. The p r in c ip le  o f  

tim e -re so lv e d  flu o rcm e try  fo r  the  d e te c tio n  o f  n u c le ic  a c id s  i s  shewn 

in  f ig u re  5; th e  techn ique re q u ire s  two con secu tive , n cn -o ve rlap p in g  

sequences d e rive d  from  th e  genome o f  the  o rgan ism  o f  in te r e s t .  One o f  

the  fragm ents (A) i s  im m obilized  on to  a  n it r o c e llu lo s e  f i l t e r ,  and the  

othe r (B) i s  m od ifie d  w ith  immunogenic flu o re n e , o r  su lfo n e . On 

h y b r id iz a t io n  o f  A  and B w ith  denatured san p le  n u c le ic  a c id , the  

m od ifie d  probe becomes attach ed  to  th e  f i l t e r  o n ly  in  the  presence o f  

the  c o rre c t ta rg e t  sequence. A fte r  w ash ing, an an tib o d y  (A b l) d ire c te d  

a g a in s t  h ap ten -m od ified  DNA i s  a llow ed  to  b in d  to  the  captured probe; 

fu r th e r  w ash ing, and in cu b a tio n  w ith  a  europium  la b e lle d  an tib o d y  (Ab2) 

d ire c te d  a g a in s t  A b l r e s u lt s  in  attachm ent o f  europium  to  th e  f i l t e r .  

A fte r  a  f in a l  s t r in g e n t  w ash ing step , bound europium  i s  re le a se d  in to  

so lu t io n , and ch e la te d  to  d ike ton es p r io r  to  q u a n tita t io n  o f  

flu o re sce n ce  in  an autom atic tim e -re so lve d  fluorem eter. The s e n s it iv it y  

o f  the techn ique  i s  such th a t  10 m o lecu les (1 .7  x 10 m oles) o f  

ad en ov iru s type  2 DNA cou ld  be  detected  in  an a ssa y  la s t in g  4 h ou rs, by  

com parison w ith  a stan dard  curve. The a ssa y  may be s im p lif ie d  by  the  

use o f  a  DNA probe la b e lle d  d ir e c t ly  w ith  the m etal io n  ch e la to r
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FLUOROMETRY

FIGURE 5
THE PRINCIPLE OF TIME-RESOLVED FLUOROMETRY, APPLIED 
TO NUCLEIC ACID SANDWICH HYBRIDIZATION.
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d ie i± iy le n tria in in e  p e n ta -a ce ta te  (DTPA) (O ser e t a l ., 1988). Such probes 

have been used fo r  the  d e te c tio n  o f  ta rg e t  DNA im m obilized  in  

p o ly sty re n e  m ic ro t itre  p la te  w e lls  (O ser & V a le t, 1988). A fte r  

a f f in it y -b a s e d  h y b rid  c o lle c t io n  u s in g  a probe (B) la b e lle d  w ith  DTPA, 

europium  io n s  cou ld  be ch e lated  d ir e c t ly  by  the h ybrid -bou nd  DTPA 

lig a n d s ,  th u s t o t a l ly  a v o id in g  the  need fo r  u s in g  a n t ib o d ie s  a s p a r t  o f  

the  s ig n a l d e te c tio n  system . An a lte rn a t iv e  means o f  a c h ie v in g  t h is ,  

la b e ll in g  probe B w ith  b io t in ,  fo llow e d  b y  d e te c tio n  w ith  europium  

la b e lle d  s tre p ta v id in , proved to  be le s s  s e n s it iv e  th an  th e  

irrrn u n o logica lly  based  d e te c tio n  system  (Dahlen, 1987).

A  n o ve l n c n -ra d io a c tiv e  a p p lic a t io n  o f  a sandw ich -type  a ssay , 

fo r  the  ra p id  d e te c tio n  o f  s p e c if ic  n u c le ic  a c id  sequences in  crude  

b io lo g ic a l sam ples, h as re c e n tly  been reported  (Urdea e t a l . , 1987 

a , b ) . I t  does n o t r e ly  on e le c tro p h o re s is  o r  b lo t t in g ,  b u t u ses 

o lig o n u c le o t id e  h y b r id iz a t io n , to ge th e r w ith  s ig n a l a m p lif ic a t io n  ste p s  

and a  h o rse ra d ish  p e ro x idase  la b e ll in g  scheme, to  ach ieve  a  s e n s it iv it y  

com parable to  th a t  o f  Southern b lo t t in g .  The techn ique  h as been a p p lie d  

to  th e  de tect!cx i o f  h e p a t it is  B v ir u s  (HBV) in  human serum, and the  

p r in c ip le  i s  shown in  f ig u re  6. The system  u t i l iz e s  f iv e  se ts  o f  

o lig o n u c le o t id e s : merrbers o f  se t  A  (12 d if fe re n t  o lig o s )  and se t  B (36 

d if fe r e n t  o lig o s )  bo th  have re g io n s  ccnplem entary to  d if fe r e n t  p a r ts  o f  

the  HBV genome. Se t A  o lig o s  a ls o  have a  re g io n  complementary to  

members o f  se t  C, and se t  B o lig o s  have a re g io n  complementary to  

members o f  se t  D. Se t C o lig o s  a re  b io t in y la te d  and bound 

q u a n t ita t iv e ly  to  a v id in -c o n ta in in g  p o ly sty re n e  beads (Urdea e t a l ., 

1988), whereas members o f  se t D are  ch e m ica lly  c ro s s - lin k e d  to ge th e r to  

form  a  com plex. I f  th e re  i s  HBV DNA p re se n t in  a  sam ple, A  and B o lig o s  

w i l l  h y b r id iz e  to  i t ;  a d d it io n  o f  C, coupled to  th e  p o ly sty re n e  bead , 

a llo w s the  cap tu re  o f  the  A-B-HBV complex on to  the  s o l id  support, v ia
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STEP 2
A

IT * ^
Hybridize

FIGURE 6

NON-ENZYMATIC AMPLIFICATION OF SIGNAL, USING MULTIPLE 
OLIGONUCLEOTIDE SANDWICH HYBRIDIZATION.
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the  h y b r id iz a t io n  between C and th e  fre e  re g io n  o f  A. Subsequent 

a d d it io n  o f  the  D c a rp i ex r e s u lt s  in  i t s  h y b r id iz a t io n  to  th e  fre e  

re g io n s  o f  B. In  e ffe c t,  the  D complex becomes attached  to  the  bead. 

S tr in g e n t  w ash ing s te p s, and a  f in a l  h y b r id iz a t io n  w ith  E, a  

h o rse ra d ish  p e ro x id a se  (H R P )-la b e lle d  o l ig o  complementary to  D, a llo w s  

the  r e s u lt  to  be q u a n tita te d  b y  a  m o d ific a tio n  o f  the  enhanced 

chem ilum inescence method (Matthews e t a l . , 1985). There a re  se v e ra l 

im portan t fe a tu re s w hich co n trib u te  to  th e  su cce ss o f  t h is  form at? the  

m ost s ig n if ic a n t  i s  th a t  th e re  a re  th re e  b u i l t  in  s ig n a l a m p lif ic a t io n  

ste p s, in v o lv in g  o l ig o  s e ts  B, D and E . F o r each HBV ta rg e t  m olecu le, 

th ere  a re  36 b in d in g  s i t e s  fo r  o lig o s  o f  se t  B. Each o f  th e se  B o lig o s  

can h y b r id iz e  to  a  D com plex, and each D complex can capture  se v e ra l 

H R P -la b e lle d  o lig o s .  The e ffe c t  o f  th e se  s ig n a l-e n h a n c in g  ste p s  i s  th a t  

a s  l i t t l e  a s  6 x 10 m o lecu les (10 m oles) o f  HBV DNA can be detected  

in  4 h o u rs; t h is  re p re se n ts a  50 - to  1 0 0 -fo ld  s ig n a l enhancement 

compared to  u s in g  one la b e lle d  probe, and i s  com parable to  the  m ost 

s e n s it iv e  d o t -b lo t  te chn iq u e s. R e su lts  a re  b e s t  expressed a s a  

s ig n a l/n o is e  r a t io  (S /N ); o f  the  sa n p le s i n i t i a l l y  te ste d , no n e ga tive  

had an S/N  va lu e  g re a te r than  1.7, whereas the  low e st p o s it iv e  (0 .2  pg, 

o r  about 0.1  amole o f  HBV DNA) had an S/N  o f  4 .1 . A p p lic a t io n  o f  the  

m ethodology to  the  d e te c tio n  o f  o th e r ta rg e t  sequences would o n ly  

re q u ire  the  sy n th e s is  o f  new o lig o n u c le o tid e  se ts  A  and B, because se ts  

C, D and E are  u n iv e r s a lly  a p p lic a b le  and are  n o t ta r g e t -s p e c if ic .

1 .4  T he P a p il lo m a v iru s e s  (P V s).
The p a p illo m a v iru se s  were o r ig in a l ly  c la s s i f ie d  a s a  genus o f  

the  P ap o vav irid ae  fa m ily , because o f  the  rough s im ila r it ie s  between 

th e ir  v i r a l  genome and c a p s id  and th o se  o f  the polyom a v ir u s e s ; the  

la t t e r  form  the o n ly  o th e r genus o f  the  P a p o v a v ir id a e . Both genera are
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ch a rac te rize d  by  a  c o v a le n tly  c lo se d , c ir c u la r ,  dou b le -stran d e d  genane, 

enclo sed  w ith in  an ic o sa h e d ra l c a p sid ; the  ca p sid  c o n s is t s  o f  seven ty  

two capscm eres, in  a  skew arrangem ent. The m ain d iffe re n c e s  between the  

genera l i e  in  th e  s iz e  o f  the  gencme ( r e la t iv e  m o lecu lar m ass 5 x 10 

in  the  case  o f  p a p illo m a v iru se s [app rox im ate ly  8 kb in  le n g th ], and 3 x 

10 in  po lycm av iru se s [app rox im ate ly  4 .8  kb in  le n g th ]),  and a ls o  in  

ca p sid  s iz e  (50-55 nm diam eter in  p a p illo m a v iru se s , b u t o n ly  40-45 nm 

in  p o ly o m a v iru se s). A lthou gh  both  genera p o sse ss  a  dou b le -stran d e d  

genane, o n ly  the  po lycm av iru se s have open re a d in g  fram es 

(OEFs) on bo th  stra n d s  (Broker, 1987), su g g e stin g  th a t  the  genom ic 

o rg a n iz a tio n  o f  the  p a p illo m a v iru se s  d if f e r s  s ig n if ic a n t ly  from  th a t  o f  

the  p o ly a ra  v ir u s e s . T h is  has been v e r if ie d  by  n u c le o tid e  sequence and 

t r a n s c r ip t  a n a ly s is  (see  se c tio n  1 .4 .1 ).

The p a p illo m a v iru se s  share  g e n u s -sp e c ific  a n tige n s, w hich can be 

detected  by  a n t is e r a  d ire c te d  a g a in s t  d e te rgen t d isru p te d  v i r a l  

p a r t ic le s  (Jensen e t a l . , 1980). On th e  n u c le ic  a c id  le v e l,  DNA 

is o la te d  from  d if fe r e n t  p a p illo m a v iru s  type s c ro s s -h y b r id iz e s  under 

c o n d itio n s  o f  lew  str in g e n c y  (Law e t a l . , 1979), in d ic a t in g  re g io n s  

w ith  more than  70% hom ology; under the  same c o n d itio n s, no c r o s s -  

h y b r id iz a t io n  i s  observed w ith  DNA is o la te d  from  sim ian  v ir u s  40 

(SV 40 ),

The f i r s t  p a p illo m a v iru s  to  be d e scrib e d  was th a t  in fe c t in g  the  

c o t to n ta il r a b b it  (Shcpe, 1933), and subsequent s tu d ie s  have  

ch a rac te rize d  p a p illo m a v iru se s  from  a w ide range o f  ve rte b ra te  h o sts .  

There are  c u rre n tly  over f i f t y  d if fe r e n t  recogn ized  typ e s o f  human 

p a p illo m a v iru s, and a t  le a s t  s ix  recogn ized  type s th a t  in fe c t  c a t t le .  

The c r i t e r ia  used to  d if fe r e n t ia te  between d if fe re n t  type s o f  the  

v ir u s  a re  d isc u sse d  in  se c t io n  1 .4 .1 . Each new v ir u s  is o la te d  i s  named 

a fte r  i t s  n a tu ra l h o s t;  t h is  i s  u s u a lly  unequ ivoca l, because m ost
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p a p illo m a v iru se s  have a ve ry  r e s t r ic te d  h o s t  range (P f is t e r  e t a l .,

1986) .

The re p lic a t io n  o f  p a p illo m a v iru se s  i s  h ig h ly  dependent on the  

d if fe r e n t ia t io n  o f  k e ra tin o c y te s  (B roker, 1987), and i t  i s  s t i l l  no t 

r o u t in e ly  p o s s ib le  to  p ropagate  v i r a l  p a r t ic le s  in  v i t r o . Consequently, 

b io lo g ic a l  sam ples are  the o n ly  source  o f  v i r a l  m a te r ia l.  The 

e ff ic ie n c y  o f  v ir io n  p rod u ctio n  in  v iv o  i s  dependent on v ir u s  type, and 

in  c ircu m stances Where the  amount o f  c l in ic a l  m a te r ia l a v a ila b le  i s  

lim ite d , i t  may no t be p o s s ib le  to  is o la t e  s u f f ic ie n t  v i r a l  p a r t ic le s  

fo r  p ro te in  a n a ly s is  o r  s e r o lo g ic a l stu d y . For t h is  reason , i t  i s  n o t 

p ra c t ic a b le  to  d is t in g u is h  between v ir u s  type s on th e  b a s is  o f  

im m unological d iffe re n c e , and a t  p re se n t d if fe r e n t ia t io n  i s  ach ieved by  

s tu d ie s  o f  n u c le ic  a c id  hom ology and h o s t s p e c if ic it y .

The p a p illo m a v iru se s  are  oncogen ic v iru se s  in  th e ir  n a tu ra l 

h o s ts ,  w hich induce h y p e rp ro life ra t io n  in  e p it h e lia l c e l l s  o f  the  sk in  

o r  mucosa; c e r ta in  typ e s can a ls o  in fe c t  f ib r o b la s t s .  The p r o life r a t io n  

o f  in fe c te d  c e l ls  le a d s  to  the  fo rm ation  o f  be n ign  tum ours, p a p illo m as  

o r w a rts. In  seme ca se s, environm ental an d /or ge n e tic  fa c to r s  can  

stim u la te  a be n ign  p r o life r a t io n  to  p ro g re ss  tow ards m alignancy. One 

o f  the  m ost w e ll ch a rac te rize d  exanples i s  th a t o f  c a t t le  in  the  

W estern H igh la n d s o f  Sco tlan d , w hich are  a ffe c te d  by  p a p illo m a to s is  o f  

th e  upper a lim e n tary  can a l; i t  h a s been dem onstrated th a t  such an im a ls  

are  a t  much h ig h e r r i s k  than  th e ir  low land cou n te rp arts fo r  the  

developm ent o f  squamous c e l l  carcinom as. In g e s t io n  o f  bracken  fe rn , a  

p la n t  commonly found in  h igh la n d , b u t n o t in  low land  a re as, h as been 

id e n t if ie d  a s a  c r i t i c a l  fa c to r  in  the  m a lign an t co n ve rsio n  o f  the  

p a p illo m a s (J a r re t t  e t a l ., 1978), and a l l  o f  the in te rm e d ia te  sta g e s  

between p a p illc m a  and carcinom a have been id e n t if ie d  (Campo & J a r re tt ,

1987) . B rack e n -gra z in g  c a t t le  have been shewn to  be h ig h ly  iitmuno-
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suppressed, and bov in e  p a p illo m a v iru s  type  4 (BPV 4) has been is o la te d  

from  p a p illo m a s o f  th e  upper a lim e n ta ry  can a l. A  com prehensive stu d y  

h as re su lte d  in  a  h yp o th e sis to  e x p la in  the  sequence o f  events d u rin g  

c a rc in o ge n e sis  (Campo e t a l , 1985), and experim ental r e s u lt  h as  

re c e n tly  confirm ed th a t  BPV 4 in fe c t io n  le a d s  to  th e  in i t ia t io n  o f  the  

c e l l  tra n sfo rm a tio n  p ro ce ss, a lth ou gh  continued presence o f  the  v ir u s  

i s  no t re q u ire d  fo r  m a lign an t p ro g re ss io n  (Sm ith  & Campo, 1988). T h is  

i s  co rroborate d  b y  the  fa c t  th a t  BPV DNA i s  absent from  th e  m a jo rity  o f  

can ce r-d e rive d  t is s u e .  Q uercetin , a  chem ical p re se n t in  bracken  fe rn , 

causes im m unosuppression and a l lo t s  the  spread and p e rs is te n c e  o f  

p a p illo m a s, th u s in c re a s in g  the ta r g e t  s iz e  fo r  subsequent (undefined) 

n e o p la s t ic  events.

It is clear that the papillomaviruses provide us with an 
excellent opportunity to study the molecular mechanism of viral 

carcinogenesis, particularly in the case of those viruses which infect 
animals, because there are no ethical limitations in studying the 
progression of deliberately induced infection.

1 .4 .1  M o le c u la r  B io lo g y  O f P a p il lo m a v ir u s e s .
M ost o f  the  p a p illc m a v iru s  typ e s c u rre n t ly  under in v e s t ig a t io n  

were is o la te d  by  c lo n in g  d ir e c t ly  from  b io p sy  m a te ria l, ra th e r than  

from  p u r if ie d  v ir u s  p a r t ic le s .  In  o rde r to  be c la s s i f ie d  a s a  member o f  

the  p a p illo m a v iru s  genus, an is o la t e  m ust s a t is f y  th e  fo llo w in g  

c r it e r ia :  f i r s t ly ,  th e  genome m ast be in  th e  order o f  7 -8  kb  in  le n g th , 

and m ust p e r s is t  in  the  source  tumour a s extrachrcm oscm al c o v a le n tly  

c lo se d  e l orients. The is o la te d  n u c le ic  a c id  must have a  degree o f  

sequence hom ology w ith  DNA ex tracte d  from  p re v io u s ly  ch a ra c te rize d  

p a p illo m a v iru s  typ e s, and share  a s im ila r  genom ic o rg a n iz a tio n  

(G issm ann e t a l . ,  1984). I f  v i r a l  n u c le ic  a c id  is o la te d  from  two
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d if fe r e n t  sou rces e x h ib its  le s s  than  50% hom ology, the  two is o la t e s  are  

con sid e red  to  be  d if fe re n t  p a p illo m a v iru s  ' ty p e s ';  i f  th e  hom ology i s  

g re a te r  than  50%, b u t i s  incom plete th e  is o la t e s  a re  con sidered  to  be 

' su b typ e s',  and i f  th e  two d if f e r  o n ly  in  the  presence o r  absence o f  

s p e c if ic  r e s t r ic t io n  enzyme re c o g n it io n  s it e s ,  th ey  are  re fe rre d  to  a s  

'v a r ia n t s ' o f  the  same v ir u s  type  (C o gg in  & zur Hausen, 1979). I t  i s  

im portan t to  p o in t  o u t th a t  hom ologies a re  determ ined by  a llo w in g  the  

u ndharacterized  n u c le ic  a c id  stra n d  to  re a sso c ia te  in  s o lu t io n  w ith  the  

s in g le -s tra n d e d  genome o f  a  known v i r a l  type ; t h is  i s  fo llow e d  by  

rem oval o f  s in g le -s tra n d e d  (n cn -h yb rid ize d ) re g io n s  e ith e r  b y  d ig e s t io n  

w ith  S I  n uc lease , o r  by  h y d ro x y la p a tite  chrom atography. T h is  a llo w s  

the  p ro p o rtio n  o f  h y b rid iz e d  (and th e re fo re  hom ologous) ENA to  be  

expressed a s a  percentage  o f  the  t o t a l  o r ig in a l ly  p re se n t. However, an 

accu rate  re p re se n ta tio n  o f  hom ology on the  n u c le ic  a c id  le v e l i s  no t 

obta ined , because c e r ta in  a re as o f  the  genome may p o sse ss  a  degree o f  

s im ila r it y ,  a lb e it  in s u f f ic ie n t  fo r  them to  form  a  duplex under the  

c o n d itio n s  o f  the  so lu t io n  h y b r id iz a t io n . V iru s  type s th a t  shew no 

c ro s s -h y b r id iz a t io n  a t  a l l  under s t r in g e n t  c o n d itio n s  may s t i l l  p o sse ss  

conserved re g io n s  w ith  more than  50% n u c le o tid e  hom ology, a s determ ined  

b y  sequence a n a ly s is .  HPV 6b and HPV 11, fo r  example, are  c la s s i f ie d  a s  

d if fe r e n t  v ir u s  'ty p e s ' even though hom ology a t  the  n u c le ic  a c id  le v e l 

determ ined b y  d ire c t  com parison o f  t h e ir  n u c le o tid e  sequences i s  82% 

(Dartmann e t a l . , 1986). T h ir ty  one o f  the  recogn ized  HPV typ e s have  

been separated  in to  groups on the b a s is  o f  DNA sequence hom ology, a s  

shewn in  ta b le  1 (P f is t e r  e t a l . , 1986). V iru s  type s w hich shew no 

ap p re c iab le  hom ology w ith  any o th e r is o la t e  are  a ss ign e d  th e ir  own 

group ( fo r  example, HPV 18 i s  the  o n ly  member o f  group V I I ) .  HPV 16 and 

HPV 31 share  seme hom ology w ith  each o the r, b u t no t w ith  any o the r 

type, so  they are  a ss ign e d  a  sep arate  group (V I). The rem ain in g tw enty
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fo u r typ e s f a l l  in to  fo u r groups, w hich are  in  tu rn  separated  in to  sub

grou p s; the  mentoers o f  a  g iv e n  sub -grou p  share  more sequence hom ology 

w ith  each o the r, than  th ey  do w ith  members o f  ad jace n t su b -grou ps. I t  

i s  in te r e s t in g  to  note  th a t  a l l  mentoers o f  group IV  were is o la te d  

fr a n  p a t ie n ts  w ith  th e  ra re  sk in  d ise a se  ep ide rm odysp lasia  

v e rru c ifo rm is  (see  se c t io n  1 .4 .2 ). The ra p id ly  expanding nuntoer o f  

recogn ized  HPV typ e s h as le d  to  the  p ro p o sa l th a t  th e  c r it e r ia  used  

fo r  type  assignm ent are  u n su ita b le . However, the  su g g e stio n  th a t  HPV

TABLE 1 : H unan p a p il lo m a v ir u s  ty p e s  g ro u p e d  a c c o rd in g  t o  ENA
s e q u e n c e  h o m o lo g y .

I I l a l i b I I I IV a IV b rvc V V I V I I V I I I

1 2 6 4 5 9 24 7 16 18 30
3 11 8 15 15 31

10 13 12 17
26 14
27 19

28 20
29 21

22
23
25

typ e s w ith  g re a te r than  80% hom ology (a s determ ined b y  n u c le o tid e  

sequence a n a ly s is )  sh o u ld  be merged a s  a s in g le  type  i s  u n r e a lis t ic ,  

because hom ologies are  n o t eve n ly  d is t r ib u te d  over th e  genome, and 

s ig n if ic a n t  d iffe re n c e s  in  c e r ta in  a re as may r e f le c t  im portan t 

v a r ia t io n s  in  b io lo g ic a l a c t iv it y  (P f is t e r  e t a l . , 1986). D e sp ite  the  

e x tra o rd in a ry  h e te ro ge n e ity  o f  p a p illo m a v iru se s, in d iv id u a l typ e s do 

n o t appear to  be su b je c t to  a  ra p id  ge n e tic  d r i f t .  F o r example, the  

sequences o f  two BPV 1 is o la t e s  cloned  se p a ra te ly  in  th e  USA and in  

Sweden re ve a le d  ju s t  f iv e  n u c le o tid e  v a r ia t io n s  (A h o la  e t a l . ,  1983).
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Thus, a lth ou gh  a  g iv e n  v ir u s  type  e x h ib its  a  co n sid e ra b le  ge n e tic  

s t a b i l it y ,  a  la r g e  number o f  d if fe r e n t  type s have emerged, p o s s ib ly  b y  

d ive rge n t e v o lu tio n  and in t e r v ir a l DNA recom bination  (P f is t e r  e t a l . , 

1986)

A lthou gh  i t  i s  not y e t ro u t in e ly  p o s s ib le  to  c u ltu re  the  v ir u s e s  

in  v i t r o , the  developm ent o f  m o lecu lar c lcx iin g  techn iques h as enabled  

th e  m o lecu lar b io lo g y  o f  the p a p illo m a v iru se s  to  be stu d ie d  in  g re a t  

d e ta il.  T h is  h a s no doubt been f a c il i t a t e d  by  the fa c t  th a t  th e  gencme 

i s  sm a ll, and th e re fo re  e a s i ly  m an ipu lated. The com plete n u c le o tid e  

sequence o f  th e  genome o f  a t  le a s t  13 p a p illo m a v iru s  type s h as been  

determ ined, and w ith  the exception  o f  BPV type  2, a l l  have been 

p u b lish e d . The a v a ila b le  sequences are  those  o f:  HPV type s la  (Danos 

e t a l . , 1982), 5 (Zadhcw e t a l . ,  1987), 6b (Schwarz e t a l . ,  1983), 8 

(Fuchs e t a l . , 1986), 11 (Dartmann e t a l . , 1986), 16 (Seed orf e t a l . , 

1985 a ),  18 (C o le  & Danos, 1987) and 33 (C o le  & S tre e ck , 1986); BPV 

type s 1 (Chen e t a l . , 1982) and 4 (P a te l e t a l . , 1987); c o t to n ta il 

ra b b it  (o r Shape) p a p illo m a v iru s  (G ir i  e t  a l . , 1985) and deer fibrom a  

v ir u s  (G ro ff & L a n a cste r, 1985). S in ce  the  sequence o f  BPV 1 was 

obta ined  f i r s t ,  much o f  the in fo rm atio n  c u r re n t ly  a v a ila b le  re ga rd in g  

the  m o lecu lar b io lo g y  o f  p a p illo m a v iru se s  was determ ined b y  stu d y in g  

t h is  v ir u s  type . I f  th e  sequences o f  th e  p a p illo m a v iru s  genomes l i s t e d  

above are  a lig n e d  w ith  th a t o f  BPV 1 ( lin e a r iz e d  a t  the  unique H pal 

s i t e ) , s im ila r  genom ic o rga n iz a tio n  i s  observed in  each case . 

A pprox im ate ly  90% o f  the  p a p illo m a v iru s  gencme can be a ss ign e d  to  one 

o f  the  se v e ra l open re a d in g  fram es (ORFs); the  m ajor ORFs a re  lo ca te d  

on one stra n d , w ith  a l l  th ree  p o s s ib le  t r a n s la t io n a l fram es b e in g  

represen ted. The rem ain in g 10% o f  the  gencme c o n s is t s  o f  a  non -cod in g  

re g io n  (a lte r n a t iv e ly  known a s the  upstream  re g u la to ry  re g io n  [URR], o r  

lo n g  c o n tro l re g io n  [LCR]) o f  about 800 bp, w hich h arb ou rs th e  o r ig in  o f
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re p lic a t io n ,  and t r a n s c r ip t io n a l c o n tro l s ig n a ls ;  sequences su gg e stiv e  

o f  enhancers, prom oters and p o ly a d e n y la tio n  s it e s  a re  a ls o  p re sen t in  

t h is  re g io n . F o r m ost DNA v iru se s ,  i t  i s  p o s s ib le  to  su b 

d iv id e  the  ORFs in to  two fu n c tio n a l grou p s: the 'e a r ly ' genes, w hich  

are  expressed b e fo re  the  onset o f  v i r a l  ENA re p lic a t io n ,  and the 'la t e ' 

genes, w hich a re  expressed a fte r  ENA r e p lic a t io n  h as ccxrmenced 

(P e tte rssc n  e t a l . , 1986). S in ce  i t  i s  n o t y e t p o s s ib le  to  p ropagate  

p a p illo m a v iru se s  in  t is s u e  cu ltu re , i t  i s  not r e a l i s t ic  to  make the  

d is t in c t io n  between e a r ly  and la t e  genes cn the b a s is  o f  experim ental 

r e s u lt ;  n e v e rth e le ss, b y  an a logy  w ith  o the r p ap ovav iru se s, i t  h as been 

assumed th a t  th e  e a r ly  genes a re  th o se  w hich are  expressed  in  

transform ed c e l ls .  In  the  case  o f  BPV 1, d e le tio n  s tu d ie s  have a llow ed  

th e  tra n sfo rm in g  re g io n  to  be lo c a liz e d  to  a fragm ent re p re se n tin g  69% 

o f  the  t o t a l genome s iz e  (Lcwy e t a l ., 1980). E ig h t  ORFs o f  s ig n if ic a n t  

s iz e  have been id e n t if ie d  w ith in  t h is  sub-genom ic fragm ent, and these  

have been d e sign a te d  E l  to  E8 (B roker, 1987). C o u n te rp arts o f  f iv e  o f  

th e se , namely E l,  E2, E4, E6 and E7, have been id e n t if ie d  in  a l l  o f  the  

p a p illo m a v iru s  genomes so  fa r  sequenced, so  i t  i s  l i k e ly  th a t  th ey code 

fo r  fu n c t io n a l p o ly p e p tid e s. The la t e  re g io n  c o n s is t s  o f  two ORFs, 

termed L I  and 12, w hich re sp e c t iv e ly  code fo r  the m ajor and m inor v i r a l  

ca p sid  p ro te in s . In  an attem pt to  a s s ig n  a fu n c tio n  to  each o f  the  

p u ta t iv e  v i r a l  p ro te in s , the p re d ic te d  am ino a c id  sequences were 

compared w ith  a p ro te in  sequence database . The carb o xy-te rm in a l m oiety  

o f  the  E l p ro te in  was found to  p o sse ss  s ig n if ic a n t  hom ology w ith  the  

la r g e  T a n tige n s o f  p o lyom aviru ses, and a  number o f  o th e r enzymes w ith  

ATPase and n u c le ic  a c id  b in d in g  p ro p e rt ie s  (C le rta n t & S e if ,  1984). 

S in ce  the  la rg e  T p ro te in  i s  re q u ire d  fo r  v i r a l  ENA re p lic a t io n ,  t h is  

d a ta  f i t s  the h yp o th e sis  th a t the E l gene p roduct i s  in v o lv e d  in
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m a in ta in in g  the  BPV 1 genane a s  an episcm e in  transform ed c e l ls  

(N akabayash i e t a l . , 1983). A  d is ta n t  r e la t io n s h ip  between the  

carboxy-te rm in us o f  the  E2 p ro te in  and a  sequence in  th e  p ro te in s  

encoded b y  v i r a l  and c e llu la r  mos oncogenes has been observed (G ir i  

e t a l . ,  1985). S im ila r  s tu d ie s  on o th e r p a p illo m a v iru s  typ e s have been 

undertaken; fo r  exairple, the  p u ta t iv e  E4 p ro te in  o f HPV 8 h as seme 

hom ology w ith  the EBNA-2 p ro te in  o f  E p ste in -B a rr  v ir u s  (P f is t e r  e t a l . , 

1986), and the E6 p ro te in  o f  CRPV resem bles the  b e ta -c h a in  o f  ATP 

syn th a se  ( G ir i  e t a l . , 1985).

The m ain body o f  the  experim ental s tu d ie s  to  e lu c id a te  p o s s ib le  

tra n sfo rm in g  fu n c tio n s  o f  the  e a r ly  ORFs have in v o lv e d  d is ru p t in g  the  

ORF co d in g  sequence in  a  predeterm ined p o s it io n ,  by one o f  th ree  

methods (Howley e t a l . , 1986): i )  b y  d e le t io n  o f  a  s p e c if ic  v i r a l  

sequence; i i )  by  in s e r t io n  o f  a  lin k e r  a t  a  r e s t r ic t io n  s i t e  ( in  order 

to  threw  t r a n s la t io n  o f  iriRNA 'o u t o f  fra m e '); i i i )  b y  o lig o n u c le o t id e -  

d ire c te d  m utagenesis. The e xp re ssion  o f  the  m od ified  sequence i s  then  

p la ce d  under the  re g u la t io n  o f  a  c o n tro l re g io n  l ik e  th e  H arvey v i r a l  

lo n g  te rm in a l rep eat (L T R ). T h is  i s  p re fe rre d  to  u s in g  BPV d e rive d  

c o n tro l elem ents, because tra n sfo rm in g  a c t iv it y  i s  le s s  l i k e ly  to  be  

a ffe c te d  by  m utation  in  v i r a l  genes whose p rod u cts a re  n o t a c t iv e ly  

in v o lv e d  in  tran sfo rm atio n , bu t W hich p o s it iv e ly  re g u la te  the  

e x p re ssio n  o f  the  tran sfo rm in g  gene. T h is  i s  fo llow e d  by  de term ination  

o f  th e  a b i l i t y  o f  the  m od ifie d  sequence to  induce n o n -p rodu ctive  fo c a l 

tra n sfo rm a tio n  in ,  fo r  example, N IH  3T3 mouse f ib r o b la s t  c e l ls .  The 

in fe c te d  c e l ls  are  con sidered  f u l ly  transform ed i f  th ey are  capab le  o f  

anchorage independent grow th, and form  tum ours in  nude m ice 

(N akabayash i e t a l . , 1983). S tu d ie s  on th e  e ffe c t  o f  ORF d is ru p t io n  

have re ve a le d  the fu n c tio n  o f  se v e ra l BPV type  1 ORFs: E l i s  in vo lve d  

in  m aintenance o f  the  v i r a l  episcm e (Sa rv e r e t a l . , 1984); E2 i s
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a sso c ia te d  w ith  t r a n s -a c t iv a t io n  o f  t r a n s c r ip t io n  (S p a lh o lz  e t a l . ,

1985), and a ls o  encodes a  p ro te in  w hich i s  in v o lv e d  e ith e r  d ir e c t ly  o r  

in d ir e c t ly  in  tra n sfo rm a tio n , and m aintenance o f v i r a l  DNA a s  an  

episcm e in  transform ed  c e l ls  (D iM a io , 1986); E5 ( S c h il le r  e t a l . ,  1986; 

Yang e t a l . , 1985 a) and E6 (Yang e t a l . , 1985 b) c o n s t itu te  the  

tra n sfo rm in g  re g io n  o f  the  gencme ( S c h il le r  e t a l ., 1984); E7 i s  

in v o lv e d  in  m aintenance o f  h ig h  extrachrcm oscm al copy number (Lusky & 

Botchan , 1985). F u rth e r evidence im p lic a t in g  the p rodu ct o f  th e  E5 ORF 

in  c e l l  tra n sfo rm a tio n  h as ccme frcm  a fa s c in a t in g  stu d y  in  w hich  

m ic ro in je c tio n  o f  a  sy n th e tic  BPV 1 E5 p ro te in  induces c e llu la r  DNA 

sy n th e s is  in  grow th a rre ste d  c e l ls  (Green & Loew enstein, 1987). I t  h as  

been p o stu la te d  th a t  t h is  in d u c tio n  i s  th e  u n d e rly in g  b a s is  fo r  

c e llu la r  tran sfo rm atio n . By p rod u cin g a  s e r ie s  o f  d e le tio n  m utants, i t  

h as been dem onstrated th a t the  p ro te in  can be  broken down in to  two 

fu n c t io n a lly  d is t in g u is h a b le  dom ains: th e  f i r s t ,  co m p risin g  13 amino 

a c id s  from  the  C -te rm in a l, i s  a lon e  s u f f ic ie n t  to  induce  c e llu la r  DNA 

sy n th e sis . The second domain com prises the  hydrophobic m idd le  re g io n  o f  

the  p ro te in , w hich b y  i t s e l f  f a i l s  t o  induce DNA sy n th e s is , bu t 

in c re a se s the a c t iv it y  o f  the  f i r s t  domain 1 ,00 0 -fo ld .  In v e s t ig a t io n s  

such  a s t h is  r e ly  d ir e c t ly  on p rim ary  sequence data, so  th e re  i s  no 

reason  why s im ila r  s tu d ie s  shou ld  n o t be perform ed on o th e r p a p illo m a 

v ir u s  typ e s.

A lthough  the  m a jo rity  o f  d a ta  concern in g ORF fu n c tio n  h as been 

o b ta in e d  fo r  BPV typ e  1, s tu d ie s  are  c u rre n tly  in  p ro g re ss  to  a s s ig n  

fu n c tio n s  to  the  p ro te in s  p o t e n t ia lly  encoded by PV typ e s in fe c t in g  

humans, p a r t ic u la r ly  those  w hich are  thought to  p la y  a  r o le  in  the  

a e t io lo g y  o f  g e n it a l cancer. For exarrple, tr a n s fe c t io n  o f  th e  cloned  

in ta c t  HPV 16 gencme in to  mouse N IH  3T3 c e l ls  le a d s to  th e ir  

m o rp h o log ica l tra n sfo rm a tio n  a t  low  frequency (Yasumoto e t a l . , 1986).
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I t  h a s a ls o  been reported  th a t  a  genom ic DNA sam ple frcm  c e r v ic a l 

cancer t is s u e  c o n ta in in g  HPV 16 was ab le  to  induce m a lign an t t r a n s 

fo rm ation  in  N IH  3T3 c e l ls  (Tsundkawa e t a l . , 1986). S im ila r ly ,  a  

cloned  in t a c t  HPV 18 gencme h as been shewn to  cause tra n sfo rm a tio n  o f  

N IH  3T3 and ra t -1  c e l l  lin e s ;  th e  tran sfo rm in g  re g io n  h as sub sequently  

been lo c a liz e d  to  th e  E6/E7 ORFs (B e d e ll e t a l ., 1987)

Over the  p a s t  f iv e  y e a rs, a  co n sid e rab le  amount o f  e f fo r t  h as  

been p u t in to  s tu d ie s  de sign ed  to  e lu c id a te  the mechanism by w hich  

p a p illo m a v iru se s  induce c e llu la r  tran sfo rm atio n ; th e  c l in ic a l  a sp e c ts  

o f  t h is  work, to ge th e r w ith  the  evidence im p lic a t in g  s p e c if ic  HPV typ e s  

in  the  a e t io lo g y  o f  c e r v ic a l cancer, a re  w orth c o n s id e r in g  in  more 

d e ta il.

1 .4 .2  C l i n i c a l  A s p e c ts  O f PV I n f e c t i o n .
1 .4 .2 .1  V iru se s  And C an cer.

Cancer i s  a  m u ltista ge  p ro ce ss, and i t  i s  b e lie v e d  th a t  se v e ra l 

d isc re te  events are  re q u ire d  to  tran sfo rm  a  norm al c e l l  in to  a  

m align an t one; th e  c lc n a l p r o life r a t io n  and expansion  o f  the  

transform ed c e l l  r e s u lt s  in  carcinom a. D iffe re n t  form s o f  human cancer 

shew marked ge ograp h ic  v a r ia t io n s  in  in c id e n ce ; t h is  p redom inantly  

r e f le c t s  s o c ia l ra th e r than ge n e tic  d iffe re n c e s  in  the  p o p u la tio n s a t  

r is k .  T h is  h as le a d  to  the  c o n c lu sio n  th a t  v a r ia b le  environm ental 

fa c to r s  p la y  an im portan t r o le  in  th e  a e t io lo g y  o f  cancer. These 

environm ental r i s k  fa c to r s  com prise th ree  c a te g o r ie s : i )  p h y s ic a l 

age n ts ( fo r  exam ple, X -ra y s, o r  u .v . l i g h t ) ;  i i )  chem ical agen ts  

(e ith e r  d ir e c t ly  ca rc in o ge n ic , o r  m etabolized  to  produce a  ca rc in o ge n ); 

i i i )  in fe c t io u s  age n ts. O f th e  in fe c t io u s  age n ts, v iru se s  have rece ived  

m ost a tte n t io n  a s  r i s k  fa c to r s  a sso c ia te d  w ith  n e o p la s ia  in  

v e rte b ra te s. Se v e ra l human cancers have been lin k e d  to  v i r a l  in fe c t io n :
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fo r  example, B u r k it t ' s  lymphoma and nasopharyngeal cancer a re  

fre q u e n tly  concurren t w ith  the presence o f  E p ste in -B a rr  v ir u s  DNA, and 

se ro e p id e m io lo g ica l s tu d ie s  support the  h y p o th e sis  th a t  the  v ir u s  h as a  

c a u sa l r o le  ( G r if f in  e t a l ., 1985); h e p a t it is  B v ir u s  in fe c t io n  i s  

in e x tr ic a b ly  lin k e d  w ith  p rim ary  l iv e r  c e l l  carcinom as (Zuckerman, 

1985); a d u lt  T - c e ll  leukaem ias, endemic in  sou thern  Japan and in  the  

Caribbean  Is la n d s  a re  c le a r ly  re la te d  to  a  re tro v iru s ,  human T -c e ll  

leukaem ia v ir u s  type  1 (HTLV-1) (Ratner e t a l . , 1985). E x is t in g  d a ta  

have reve a le d  th re e  im portant c h a r a c te r is t ic s  w hich a l l  cancers 

a sso c ia te d  w ith  v i r a l  in fe c t io n  e x h ib it :  f i r s t l y ,  o n ly  a  sm a ll 

p ro p o rtio n  o f  in d iv id u a ls  c a r ry in g  the  v ir u s  e v e n tu a lly  develop  a  

m align an t tumour. Second ly, the  la te n c y  p e rio d  between i n i t i a l  

in fe c t io n  and developm ent o f  cancer in d ic a te s  th a t  th e  p ro ce ss re q u ire s  

ye a rs o f  con tinuous h o s t  c e ll/ v ir u s  in te ra c t io n , and f in a l ly ,  the  

re su lta n t  tum ours o r ig in a te  from  a s in g le  c e l l  (th a t i s ,  th ey  are  

m onoclonal) (zu r Hausen, 1986).

1 .4 .2 .2  A  V ir a l  A e t io lo g y  For C e rv ic a l Cancer?

In v a s iv e  squamous c e l l  carcinom a o f  the  u te rin e  c e rv ix  i s  one o f  

the  m ost commonly found cancers o f  th e  fem ale g e n it a l t r a c t .  I t  i s  m ost 

frequent in  women between the  ages o f  50 and 60, a lth o u gh  i t  may appear 

a t  any age a f te r  puberty . A  re ce n t o b se rva tio n  th a t  th e  in c id e n ce  o f  

c e r v ic a l cancer i s  in c re a s in g  among younger women h as le n t  a  new 

im petus to  re se a rch  aimed a t  in c re a s in g  our u nderstan d ing o f  t h is  

d ise a se  (Craw ford, 1984). C e r v ic a l cancer i s ,  p o te n t ia lly ,  one o f  th e  

m ost e a s i ly  prevented cancers because, u n lik e  many o th e r form s o f  th e  

d ise a se , th e re  i s  an e a s i ly  d e te c tab le  and n o rm a lly  p ro longe d  p re -  

m i  ign a n t sta ge . N e ve rth e le ss, app rox im ate ly  2,000 women d ie  o f  

c e r v ic a l cancer each ye ar in  England  and W ales, a t te s t in g  to  the  poor  

record  o f  B r i t a in 's  c e r v ic a l sc re e n in g  programme ( B r it is h  M e d ica l
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A s so c ia t io n  Report, 1986). There a re  two p r in c ip a l form s o f  c e r v ic a l 

cancer: adenocarcinom a and squamous c e l l  carcinom a (S C C ). The la t t e r  

c o n s t itu te s  95% o f  a l l  c e r v ic a l can cers, and i s  ch a ra c te rize d  b y  a  

' p re can ce rou s' phase known a s c e r v ic a l in t r a e p it h e lia l n e o p la s ia  (C IN ) . 

D u rin g  t h i s  sta ge , m o rp h o log ica l changes are  r e s t r ic te d  to  the  

e p ith e liu m , and the  c o n d itio n  i s  graded frcm  CIN1 (m ild  d y s p la s ia ) , 

th rough  CIN2 (moderate d y sp la s ia )  to  CIN3 (severe  d y sp la s ia ,  sometimes 

re fe rre d  to  a s c a rc in c m a -in -s itu ).  Beyond C IN 3 , abnorm al c e l ls  invade  

th e  u n d e rly in g  t is s u e ,  and cancer deve lops.

The involvem ent o f  an in fe c t io u s  agent in  the  developm ent o f  

human cancer o f  the  u te rin e  c e rv ix  h as been im p lic a te d  fo r  many ye a rs. 

S tu d ie s  undertaken in  1842 shewed th a t the  in c id e n ce  o f  c e r v ic a l cancer 

in  p r o s t it u te s  was v a s t ly  h ig h e r  than  th a t  observed in  nuns, 

in m e d ia te ly  im p lic a t in g  a  se x u a lly  tra n sm itte d  agent in  th e  a e t io lo g y  

o f  the  d ise a se  (R ig o n i-S te m , 1842). S in ce , th e re  have been many 

s tu d ie s  on the  b e h a v io u ra l c h a r a c te r is t ic s  o f  women w ith  c e r v ic a l 

cancer, and bo th  se xu a l and n on -se xu a l fa c to r s  have been shewn to  be 

s ig n if ic a n t  (S in g e r  & French, 1984). For exanple, e a r ly  age o f  f i r s t  

in te rc o u rse , m u ltip le  se xu a l p a rtn e rs, u n stab le  m a r ita l s ta tu s , e a r ly  

age o f  m arriage  and p re v io u s g e n it a l h e rp e tic  in fe c t io n  have been 

im p lic a te d  a s  s e x u a lly -re la te d  fa c to r s  w hich in c re a se  the  r i s k  o f  a  

woman c o n tra c tin g  c e r v ic a l n e o p la s ia ; sm oking, use o f  o r a l 

co n tra ce p tive  s te ro id s ,  race  and e th n ic ity  are  o the r c o n tr ib u tin g  

fa c to r s  (S in g e r  & French, 1984). A gents tra n sm itte d  b y  in te rc o u rse  

w hich have been im p lic a te d  in  th e  n e o p la st ic  p ro ce ss in c lu d e  smegma, 

sperm atozoa, Herpes sim plex  v ir u s  type 2 (HSV 2) and s p e c if ic  HPV 

type s. However, th e re  i s  no doubt th a t  the  p a p illo m a v iru se s  are  

c u rre n t ly  considered  to  be the  m ost l ik e ly  age n ts to  p la y  a r o le  in  the  

developm ent o f  c e r v ic a l carcinom a. A lthough  th e re  a re  s t i l l  re p o rts  o f
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an a s so c ia t io n  between HSV 2 in fe c t io n  and c e r v ic a l n e o p la s ia  

(K itch e n e r, 1988), many w orkers favou r the  h yp o th e sis  im p lic a t in g  the  

HPVs (zu r Hausen, 1987).

In  o rde r to  be u n e q u iv o ca lly  im p lic a te d  a s  the  cause  o f  a  g iv e n  

d ise a se , an in fe c t io u s  agent m ust s a t i s f y  fo u r  c r it e r ia :  f i r s t l y ,  i t  

shou ld  be p o s s ib le  to  is o la t e  the  organ ism  from  every ca se  o f  the  

d ise a se , and once is o la te d , the  o rgan ism  shou ld  grew in  an a r t i f i c i a l  

medium. In o c u la t io n  in to  a s u ita b le  h o s t shou ld  generate  a  d ise a se  

s ta te  w ith  the  p re d ic te d  p ath o lo gy , and i t  shou ld  be p o s s ib le  to  re 

is o la t e  th e  in fe c t io u s  agent from  the le s io n  produced on in o c u la t io n .  

S in ce  i t  i s  n o t p o s s ib le  to  grow p a p illo m a v iru se s  in  a r t i f i c i a l  m edia, 

and i t  i s  n o t e th ic a l to  induce d e lib e ra te  c e r v ic a l in fe c t io n  in  

humans, th e  a s so c ia t io n  between s p e c if ic  HPV type s and c e r v ic a l cancer 

cannot be proven  on the  b a s is  o f  th e se  p o s tu la te s  (Craw ford, 1986). 

However, typ e s o f  evidence w hich would in d ic a te  th a t a  v ir u s  i s  

tu m orige n ic  in  humans in c lu d e  an a s so c ia t io n  between th e  v ir u s  and the  

tumour in  th e  form  o f  v ir u s  p a r t ic le s ,  v i r a l  ENA. o r KNA, o r  the  

presence o f  a n t iv ir a l  a n tib o d ie s. T h is, to ge th e r w ith  the  a b i l i t y  o f  

the  v ir u s  t o  induce  tum ours in  an im a ls, and to  tran sfo rm  c e l ls  in  v it r o  

i s  good c irc u m sta n t ia l evidence th a t  the  v ir u s  i s  tu m orige n ic. The d a ta  

w hich im p lic a te s  s p e c if ic  HPV type s in  the  a e t io lo g y  o f  c e r v ic a l cancer 

i s  d isc u sse d  in  d e t a il below .

1 .4 .2 .3  HPVs And C e rv ic a l C an cer.

There a re  se v e ra l reason s why HPVs have been p o stu la te d  a s  

can d id ate s p la y in g  an oncogen ic r o le  in  the  c e rv ix  (G issm ann & Schwarz,

1986). In  1976, i t  was recogn ized  th a t  th e  m o rp h o log ica l fe a tu re s  

p re v io u s ly  in te rp re te d  on P ap an ico lau  sm ears and b io p s ie s  a s  

c o n s t itu t in g  d y sp la s ia  were m a n ife sta tio n s  o f  a p a p il 1 cm avirus 

in fe c t io n  o f  the  c e rv ix ; i t  had a lre a d y  been n o tice d  th a t  such  le s io n s
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may e v e n tu a lly  p ro g re ss  to  in v a s iv e  cancer (M e ise ls  & F o r t in , 1976). 

M a lign a n t co n ve rsio n  o f  v i r a l l y  induced human p ap illo m a s, in c lu d in g  

g e n it a l w arts, la ry n g e a l p a p illo m a s and le s io n s  a sso c ia te d  w ith  

ep ide rm odysp lasia  v e rru c ifo rm is , have been fre q u e n tly  reported  (zu r  

Hausen, 1987). These o b se rv a tio n s spurred  th e  m o lecu lar a n a ly s is  o f  

g e n it a l w art le s io n s  and c e r v ic a l carcinom as fo r  a sso c ia te d  HPV typ e s. 

HPV 6 DNA was cloned  from  a  condylom a acuninatum  (de V i l l i e r s  e t a l . ,

1981), and u s in g  an HPV 6 d e rive d  probe in  con ju n c tio n  w ith  one d e rive d  

from  the  gencme o f  the  c lo s e ly  re la te d  HPV type  11, an a s so c ia t io n  

between these  v ir u s  type s and g e n it a l w arts (o r m ild  d y sp la s ia )  was 

dem onstrated. U sin g  n a n -s tr in g e n t h y b r id iz a t io n  te chn iq u e s, zu r Hausen 

and h is  co lle a g u e s  were ab le  to  c lon e  HPV 16 and HPV 18 DNA d ir e c t ly  

from  c e r v ic a l carcinom as, and o th e r HPV typ e s a sso c ia te d  w ith  g e n it a l 

le s io n s  have s in c e  been cloned u s in g  the  same techn ique (Gissm ann & 

Schwarz, 1986).

Recent e p id e m io lo g ic a l and m o lecu lar s tu d ie s  (review ed in  

Wickenden e t a l . , 1987 c ) have dem onstrated th a t a  d is t in c t  su b -se t o f  

HPV typ e s can be id e n t if ie d  in  more than  90% o f  c e r v ic a l tum ours. HPV 

16 i s  found m ost fre q u e n tly , h a v in g  been detected  in  approx im ate ly  50% 

o f  c e r v ic a l tum ours h arb ou rin g  HPV DNA. HPV typ e s 6, 11 (G issm ann  

e t a l . , 1983; Rando e t a l ., 1986), 18 (B o sh art e t a l ., 1984), 31 

(L o rin cz  e t a l ., 1986), 33 (Beaudenon e t a l . ,  1986), 35 (McCance,

1986), and 39 (Beaudencn e t a l . ,  1987), to ge th e r w ith  a s y e t  

un characte rized  typ e s, are  p re se n t in  the  rem ainder. I t  i s  im portan t to  

p o in t  ou t th a t  HPV typ e s 6 and 11 are  r a r e ly  a sso c ia te d  w ith  g e n it a l 

cancer, b u t a re  frequent in  condylcm ata acu n in ata  (Gissm ann e t a l . , 

1983). In  a d d it io n , HPV 16 h a s been found a sso c ia te d  w ith  verrucous 

carcinom a o f  the  la ry n x  (Brandsm a e t a l . , 1986), squamous c e l l  

carcinom a o f  th e  tongue (L o o k in g b ill e t  a l . ,  1987), and carcinom a o f
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the  lu n g  (Strem lau  e t a l . ,  1985). In  ge n e ra l, HPV DNA i s  found  

in te g ra te d  in to  the c e llu la r  genome in  c e r v ic a l carcinom a t is su e ,  

whereas i t  i s  extrachrom oscm al in  be n ign  o r  p re -m a lign a n t le s io n s  

(G issn an n  & Schwarz, 1986). M ost in v e s t ig a to r s  have found th a t v i r a l  

DNA i s  a c t iv e ly  tra n sc r ib e d  in  tumour c e l ls ,  and th a t  the  expressed  

re g io n  corresponds to  the ORFs w hich have been a sso c ia te d  w ith  

tra n sfo rm a tio n ; th u s, i t  i s  p o s s ib le  th a t  v i r a l  gene p rod u cts nay be 

in v o lv e d  in  th e  e stab lish m e n t o f  th e  m a lign an t ch arac te r o f  tumour 

c e l l s  (Gissm ann & Schwarz, 1986).

Another o b se rva tio n  w hich in d ic a te s  a  connection  between HPV 

in fe c t io n  and g e n it a l cancer i s  th a t  v ir a lly -d e r iv e d  sequences have  

been found to  p e r s is t  in  c e l l  l in e s  e sta b lish e d  from  c e r v ic a l 

carcinom as. F o r example, HPV 18 ENA i s  p re se n t in  an in te g ra te d  s ta te  

w ith in  the  chromosomal ENA o f  HeLa, 756 and C4-1 c e l l  l in e s  (Schwarz 

e t a l . , 1985), and HPV 16 DNA i s  p re se n t in  S iH a  and C a S k i c e l l  l in e s , 

a s  w e ll a s  in  fo u r o th e rs more re c e n tly  ch a ra c te rize d  (Spence e t a l ., 

1988). In  a l l  case s, th e  in te g ra te d  v i r a l  DNA h as been shewn to  be  

t r a n s c r ip t io n a lly  a c t iv e , and d e ta ile d  s tu d ie s  to  c la r i f y  the s tru c tu re  

and e x p re ssio n  o f  th e  in te g ra te d  sequences are  p re se n t ly  in  p ro g re ss  

(Lazo, 1987). In v e s t ig a t io n  h as shown th a t  a  conmon open ing p o in t  o f  

the  v i r a l  genome p r io r  to  in te g ra t io n  l i e s  w ith in  the  e a r ly  re g io n  

com p risin g  the  E1/E2 ORFs; a s  a  consequence, o n ly  the  E6 and E7 ORFs, 

to ge th e r w ith  p a r t  o f  E l  and ad jace n t c e llu la r  sequences, can be 

tra n sc r ib e d  from  the e a r ly  v i r a l  prom oter. V ir a l  in te g ra t io n  may p la y  

an im portan t r o le  in  ca rc in o ge n e sis, because v i r a l  sequences cou ld  

become re gu la te d  b y  th e  h o st, o r  the  norm al re g u la t io n  o f  h o st genes 

may be a lte re d  by  v i r a l  re g u la to ry  elem ents.

The proposed c a rc in o ge n ic  p o te n t ia l o f  s p e c if ic  HPV type s i s  

supported by  evidence o f  the r o le  o f  the p a p illo m a v iru s  in  the
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developm ent o f  can cers in  mammals. In  the  presence o f  a  c o -fa c to r  

(m ethy lco lan th ren e , fo r  e x an p le ), th e  Shcpe p a p illo m a v iru s  induces the  

m align an t p ro g re ss io n  o f  p a p illo m a s to  s k in  carcinom as in  about 25% o f  

in fe c te d  c o t to n ta il r a b b it s  (the  n a tu ra l h o s t ) , and in  around 70% o f  

in fe c te d  dom estic r a b b its  (Rous & Beard, 1935). L ike w ise , in  the  

presence o f  BFV type 4 and a c o -fa c to r  contained  in  bracken  fe rn , 

bovine  p a p illo m a s o f  th e  oesophagus and in te s t in e  p ro g re ss  to  carcinom a  

(J a r re tt  e t a l ., 1978; see se c t io n  1 .4 ). Recent s tu d ie s  o f  the  ra re  

s k in  le s io n  e p ide rm odysp lasia  v e rru c ifo rm is  (E V ), a  c o n d itio n  in  W hich 

p a p illo m a s undergo m a lign an t co n ve rsion  a lm ost e x c lu s iv e ly  in  su n - 

exposed s it e s ,  have c la r if ie d  the ro le  o f  s p e c if ic  HPV typ e s in  th e  

p ro g re ss io n  o f  the  d ise a se . EV i s  a  m u lt ifa c t o r ia l c o n d itio n  in v o lv in g  

ge n e tic , im n u n o lo g ica l and e x t r in s ic  fa c to r s ,  in  a d d it io n  to  HPV 

in fe c t io n .  A t  le a s t  18 recogn ized  HPV type s have been ch a ra c te rize d  in  

be n ign  EV le s io n s ,  a lth ou gh  o n ly  HPV typ e s 5, 8 and 17 a re  a sso c ia te d  

w ith  p ro g re ss io n  to  m alignancy (O rth , 1986). I t  i s  in te r e s t in g  to  note  

th a t, even in  m a lign an t le s io n s ,  th e  HPV DNA rem ains extrachrcm oscm al, 

and does n o t become in te g ra te d  in to  c e l lu la r  DNA. The average  d e la y  

between o n se t o f  EV and developm ent o f  cancer i s  app rox im ate ly  25 

ye a rs; t h is  p o in ts  to  a  m u ltista ge  p ro ce ss, in v o lv in g  a d d it io n a l c o - 

ca rc in o ge n ic  fa c to rs .  The p re fe r e n t ia l lo c a t io n  o f  can cers in  l i g h t -  

exposed s it e s  su g g e sts  th a t  u lt r a v io le t  ra d ia t io n  p la y s  a  v i t a l  r o le  in  

th e  m a lign an t co n ve rsion  o f  EV le s io n s ,  and the d ise a se  p ro v id e s an  

e x c e lle n t o p p o rtu n ity  fo r  stu d y in g  th e  in te ra c t io n  between p o t e n t ia lly  

oncogen ic HPV type s and ge n e tic , im n u n o lo g ica l and e x t r in s ic  fa c to r s  in  

the  p rod u ctio n  o f  human cancers (O rth , 1986).

I t  i s  in p o rt an t to  remember th a t  in  the  th ree  exam ples g iv e n  

above, a  c o -fa c to r  i s  re q u ire d  in  a d d it io n  to  the v ir u s  b e fo re  f u l l  

m align an t co n ve rsion  i s  ach ieved.
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1 .4 .2 .4  Mechanism s O f V iru s  Induced N e c p la s ia .

A lthou gh  th ere  appears to  be no p re c ise  chromosomal s i t e  fo r  

v ir u s  in te g ra t io n , th e re  i s  evidence th a t  a s p e c if ic  domain i s  

in v o lv e d . R e su lts  from  a  stu d y  o f  the  chromosomal lo c a t io n  o f  c e llu la r  

sequences f la n k in g  in te g ra te d  p a p illo m a v iru s  DNA in  c e l l  l in e s ,  and in  

prim ary  c e r v ic a l carcinom as su gge st th a t, in  a t  le a s t  seme g e n it a l 

tum ours, c is - a c t iv a t io n  o f  c e llu la r  oncogenes b y  the  v ir u s  may be 

in v o lv e d  in  m a lign an t tra n sfo rm a tio n  o f  c e r v ic a l c e l l s  (D u rst e t  a l .,

1987). Another stu d y  h as shown th a t  in  approx im ate ly  35% o f  c e r v ic a l 

tum ours, the  c-m yc proto-cncogene i s  over-exp ressed , and th a t  p a t ie n ts  

whose tum ours shew c-myc o ve r-e x p re ssio n  have an e ig h t - fo ld  g re a te r  

in c id e n ce  o f  e a r ly  re la p se  than  o th e r p a t ie n ts  (R iou  e t a l .,  1987). I t  

h as been su gge sted  th a t  the  c-myc proto-oncogene i s  a sso c ia te d  w ith  

c e llu la r  p r o life r a t io n  and th a t i t s  in a p p ro p ria te  e x p re ssion  may be  

in vo lve d  in  ca rc in o ge n e sis  and tumour p ro g re ss io n .

R ece n tly , i t  h a s been preposed th a t the  developm ent o f  c e r v ic a l 

cancer i s  a sso c ia te d  w ith  f a i l in g  h o s t c e l l  c o n tro l o f  p e r s is t in g  v i r a l  

genes (zu r Hausen, 1987); t h is  breakdown o f  c e llu la r  c o n tro l cou ld  be  

due to  a c o -fa c to r  w hich m o d ifie s a c e llu la r  gene ( fo r  example, a  

carc in ogen  a sso c ia te d  w ith  sm oking), re n d e rin g  i t  n o n -fu n c t io n a l. T h is  

cou ld  e x p la in  lo n g  la te n cy  p e rio d s  between p rim ary  in fe c t io n s  o f  

c a n ce r-lin k e d  v iru se s  and tumour appearance. I t  a ls o  p ro v id e s an 

e x p lan a tio n  fo r  the  fa c t  th a t  o n ly  a  r e la t iv e ly  sm a ll nunber o f  

in fe c te d  in d iv id u a ls  develop  a  carcinom a.

The ro le  o f  the  p a p illo m a v iru se s  in  the  p ro g re ss io n  o f  c e r v ic a l 

cancer i s  s t i l l  u n ce rta in ; i t  i s  p o s s ib le  th a t  they a c t  w ith  c o -fa c to r s  

in  prom oting in v a s iv e  cancer, o r  th ey may be p a s s iv e  'p a sse n ge rs ' in  

the  c e rv ix , a lth ou gh  the  la t t e r  seems in c re a s in g ly  u n lik e ly  in  view  o f  

the  c o n siste n cy  w ith  w hich HPV ENA can be dem onstrated in  in v a s iv e
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le s io n s .  In v e s t ig a t io n  o f  the  tran sfo rm in g  p ro p e rt ie s  o f  the  v ir u s  are  

in  p ro g re ss , a s  are  e x te n sive  p ro sp e c tiv e  s tu d ie s  de sign ed  to  c la r i f y  

the  p a r t  p laye d  by  p a p illo m a v iru se s  in  the  p ro g re ss io n  o f  a  m ild  

c e r v ic a l le s io n  to  m alignancy. O ther are as re q u ir in g  more stu d y  in c lu d e  

mode o f  v ir u s  spread, involvem ent o f  the  iirrnune system , and the  

m ole cu lar mechanism o f  c e llu la r  tra n sfo rm a tio n , in c lu d in g  the  ro le  o f  

c o -fa c to r s .  The im p lic a t io n s  o f  in te g ra t io n  o f  v i r a l  DNA in to  the  

chromosome m ust be determ ined; i t  co u ld  be th a t  in te g ra te d  v i r a l  genes 

w hich a re  c o n s is te n t ly  tra n sc r ib e d  in  c e r v ic a l carcinom a-derived  c e l l  

l in e s ,  and in  seme g e n it a l tum ours, code fo r  t r a n s -a c t in g  fa c to r s  w hich  

a c t iv a te  c e l lu la r  genes o r  pathw ays th a t  le a d  d ir e c t ly  o r  in d ir e c t ly  to  

th e  m a lign an t phenotype. A lte r n a t iv e ly  (o r a d d it io n a lly ) , v i r a l  

sequences cou ld  a c t a s  in s e r t ic n a l c is - a c t in g  prom oter/enhancer 

m utagens th a t a c t iv a te  nearby c e llu la r  p roto-oncogenes.

C le a r ly ,  the  in c re a s in g  body o f  evidence im p lic a t in g  p ap illo m a 

v iru se s  in  th e  a e t io lo g y  o f  c e r v ic a l cancer su gg e sts  th a t  an e f f ic ie n t  

means o f  d e te c tin g  c e r v ic a l HPV in fe c t io n  cou ld  be an in v a lu a b le  to o l 

fo r  id e n t ify in g  the  p re -can cerou s sta ge  o f  the  d ise a se . The techn iques 

used fo r  d e te c tin g  c e r v ic a l HPV in fe c t io n  are  c r i t i c a l l y  d isc u sse d  in  

th e  fo llo w in g  se c tio n .

1 .5  M ethods O f HPV D e te c tio n .

U n t il r e la t iv e ly  re c e n tly , g e n it a l HPV in fe c t io n  was a  n eg lected  

se x u a lly  tra n sm itte d  d ise a se  in  term s o f  c l in ic a l  concern, la r g e ly  

because o f  the  w idespread b e lie f  th a t  in fe c t io n  re su lte d  in  cx ily  m ild  

e p it h e lia l changes. The recen t evidence to  su gg e st th a t  t h is  i s  an 

in c o rre c t  assum ption h as le d  m ed ical in v e s t ig a to r s  to  develop  a v a r ie ty  

o f  methods to  a llo w  the  d e te c tio n  o f  m a c ro sco p ic a lly  in v is ib le  

p a p illo m a v iru s  in fe c t io n s ;  s in c e  i t  i s  n o t y e t p o s s ib le  to  r e l ia b ly
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propagate  the  v ir u s  in  t is s u e  c u ltu re , a lte rn a t iv e  methods fo r  

a c c o n p lish in g  t h is  have been de v ised .

1 -5 .1  Im u m o lo g ic a l D e te c tio n .

The p a p illo m a v iru se s  share  g e n u s -sp e c ific  a n tige n s, w hich can be 

detected  by  a n t is e r a  d ire c te d  a g a in s t  de te rgen t d isru p te d  v i r a l  

p a r t ic le s  (Jenson e t a l . ,  1980). Inm incperox idase  d e te c tio n  system s 

have been a p p lie d  s u c c e s s fu lly  to  the  id e n t if ic a t io n  o f  HPV in fe c t io n  

in  c e r v ic a l and o th e r g e n it a l t is s u e s  (Kurman e t a l . , 1981). One o f  the  

problem s a sso c ia te d  w ith  t h is  techn ique  i s  th a t a n t ib o d ie s  produced  

from  a  d isru p te d  v ir u s  are  no t capab le  o f  d is t in g u is h in g  between 

d if fe r e n t  p a p illo m a v iru s  type s; fo r  in sta n c e , an an tib od y  prepared  from  

BPV type  1 p a r t ic le s  i s  b ro a d ly  re a c t iv e  a g a in s t  the  ccrrmon a n tig e n s o f  

a l l  HPV type s (L an ca ste r & Jensen, 1987). S in ce  th e re  i s  s tro n g  

evidence to  su gge st th a t  v i r a l  type  sh ou ld  be an irrportan t co n sid e r

a t io n  in  the  p ro g n o s is  o f  g e n it a l HPV in fe c t io n , i t  i s  no lo n ge r  

s u f f ic ie n t  m erely to  dem onstrate the  presence o r absence o f  the  v iru s .

A  second problem  a sso c ia te d  w ith  immunoassays de sign ed  to  d e te c t v ir u s  

s tru c tu r a l p ro te in s  i s  th a t  the  la t e  ORFs are  o n ly  t r a n s c r ip t io n a lly  

a c t iv e  in  w e ll d iffe re n t ia te d  c e l ls  o f  the  ep ith e liu m , and s t ru c tu r a l 

p ro te in s  are  commonly no t produced a t  a l l  in  h ig h e r  grades o f  neo

p la s ia .  D e sp ite  su c c e ssfu l attem pts to  produce e a r ly  ORF fu s io n  

p ro te in s  in  b a c te r ia l e xp re ssion  system s, and the subsequent p rod u ction  

o f v ir u s  ty p e -s p e c if ic  m onoclonal a n tib o d ie s  d ire c te d  a g a in s t  these  

fu s io n  p ro te in s  (Seedorf e t a l . , 1985 b ; Tcm ita e t a l ., 1987; Thompson 

& Renan. 1987), n u c le ic  a c id  h y b r id iz a t io n  rem ains a fa r  more se n s it iv e  

and r e lia b le  t o o l fo r  r a p id ly  and s irrp ly  d is t in g u is h in g  between HPV 

typ e s (se c tio n  1 .5 .4 ). N e ve rth e le ss, i t  i s  im portan t to  remember th a t  

a n tib o d ie s  d ire c te d  a g a in s t  a  s in g le  p ro te in  o f  a  s p e c if ic  HPV type
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w i l l  be in v a lu a b le  t o o ls  in  e f fo r t s  to  determ ine th e  ro le  o f  the  v ir u s  

in  th e  mechanism o f  c e l l  tra n sfo rm a tio n  (Androphy e t a l . , 1987; Banks 

e t a l . , 1987). A  com plete a n a ly s is  o f  the  p a p illo m a v iru s  l i f e  c y c le  

w i l l  re q u ire  a n t ib o d ie s  fo r  th e  id e n t if ic a t io n  o f  the  v a r io u s  v i r a l  

p ro te in s  in  k e ra tin o c y te s  a t  d if fe re n t  s ta g e s  o f  d if fe r e n t ia t io n  

(Thorpson & Roman, 1987).

1 .5 .2  L ig h t  A nd E le c tr o n  M ic ro sc o p y .
1 .5 .2 .1  H is t o lo g ic a l And C y to lo g ic a l D ia g n o s is .

In fe c t io n  may r e s u lt  in  changes in  c e l lu la r  m orphology w hich are  

c h a r a c te r is t ic  o f  a  p a r t ic u la r  v ir u s  type ; such  changes are  ccnm only 

detected  b y  l i g h t  m icroscopy, in  P a p a n ic o la u -sta in e d  sm ears. H is to lo g y  

and c y to lo g y  have been used a s the  g o ld  stan d ard s fo r  d ia g n o s in g  HPV 

in fe c t io n  in  many s tu d ie s ; th e  methods depend on th e  d e te c tio n  o f  

k o ilo c y te s  (squamous c e l ls  w ith  a t y p ic a l h a lo  appearance around an  

en larged , ir r e g u la r ,  hyperchrcm atic n u c le u s), d y sk e ra to s is  

( in t r a c e llu la r  k e r a t in is a t ic n ) , b a s a l- c e ll  h y p e rp la s ia  and m ild  n u c le ar  

a ty p ia  (M e ise ls  & F o r tin , 1976). Exoph ytic  HPV-induced w arts are  

c h a ra c te r ise d  b y  marked p r o life r a t io n  in  the  c e l ls  o f  the  ep ith e liu m , 

w hich consequen tly  becomes e x te n s iv e ly  fo ld e d , p rod u cin g upward 

p a p illo m ato u s le s io n s  and downward e x te n sio n s o f  th e  derm al p a p illa e .

In circumstances where all of these abnormalities occur in a clinical 
specimen, diagnosis is generally unequivocal. However, there are many 

lesions in which these changes are less pronounced, or are associated 

with other significant nuclear atypia, so diagnosis is ccnplicated 
considerably. Unusual mitoses, abnormalities in the basal cell layer, 
grading of nuclear atypia and determination of ploidy are a few 

exanples of criteria helpful in establishing whether a lesion is 
HPV-induced cervical intraepithelial neoplasia, or just a benign HPV
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in fe c t io n .  The ro le  o f  h is t o lo g ic a l  exam ination  in  th e  d ia g n o s is  o f  HPV 

in fe c t io n  i s  becom ing c le a re r  w ith  the in cre a se d  use o f  new 

im n u n o cy to lo g ica l s t a in in g  te chn ique s; n e v e rth e le ss, th e  id e n t if ic a t io n  

o f  HPV n u c le ic  a c id  in  d y s p la s t ic  le s io n s  w hich do n o t e x h ib it  the  

t y p ic a l m orphology a sso c ia te d  w ith  HPV in fe c t io n  su gg e sts  th a t  

h is to lo g y  i s  o f  lim ite d  use a s  a  d ia g n o s t ic  method.

1 .5 .2 .2  D ia g n o s is  By E le c tro n  M ic ro sco p y .

A  p re re q u is ite  to  the  exam ination  o f  c l in ic a l  specim ens b y  

e le c tro n  m icroscopy i s  th a t  the  sam ple m ust be fix e d , and embedded in  

an epoxy r e s in  m atrix . S e c tio n s  are  then cu t w ith  an u ltram icro tcm e, 

and mounted in  an evacuated chamber, p r io r  to  exam ination  w ith  the  

m icroscope. T h is  techn ique  h as been used to  id e n t ify  c h a r a c te r is t ic  

ic o sa h e d ra l HPV p a r t ic le s  in  b io p sy  specim ens, and o c c a s io n a lly  in  

sm ears w ith  changes su g g e stiv e  o f HPV in fe c t io n  (R e id  e t a l . , 1980). 

However, th e  su cce ss o f  such s tu d ie s  h as proved to  be lim ite d  (Morse  

e t a l . ,  1988), and th e  inconven ience and expense o f  e le c tro n  m icroscopy  

su gge st th a t  the  techn ique  w i l l  p la y  a  ve ry  m inor ro le  in  th e  d ia g n o s is  

o f HPV in fe c t io n ,  p a r t ic u la r ly  a s v i r a l  p a r t ic le s  are  produced o n ly  in  

m ature, d if fe re n t ia te d  e p it h e lia l c e l ls .

1 .5 .3  C o lp o s c q p ic  D ia g n o s is .
C o lp o sccp ic  id e n t if ic a t io n  o f  c e r v ic a l HPV in fe c t io n  in v o lv e s  

exam ination  o f  the  m agn ifie d  su rfa ce  e p ith e liu m  o f  the  c e rv ix  and 

su rrou n d in g t is s u e s ,  a fte r  the  a p p lic a t io n  o f  d ilu t e  a c e t ic  a c id . A reas 

o f  the  c e rv ix  w hich have undergone e p it h e lia l changes c h a r a c te r is t ic  o f  

C IN  appear w h ite ; o th e r fa c to r s  in d ic a t iv e  o f  t h is  c o n d itio n  a re  

v a r ia t io n s  in  the  su rfa c e  contour and m ild  v a sc u la r  a lt e r a t io n s .

V a g in a l m a n ife sta tio n s  o f  HPV in fe c t io n  a re  le s s  w e ll d e sc rib e d , bu t 

in c lu d e  v a sc u la r  ab n orm a lity  and w h ite  e p ith e liu m  a fte r  a c id  s ta in in g
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(Cqppleson, 1987). The m ain advantage o f  co lpo scopy i s  th a t, u n lik e  the  

te chn iq u e s d e scrib e d  so  fa r ,  i t  a llo w s a  la r g e  area  o f  e p ith e liu m  to  be  

examined, p o t e n t ia lly  in c re a s in g  the chance o f  d e te c tin g  abn orm ality . 

However, in  com parison w ith  a lte rn a t iv e  techn iques, th e  s e n s it iv it y  

and s p e c if ic it y  o f  co lpo scopy  fo r  d e te c tin g  HPV in fe c t io n  i s  u n ce rta in , 

and co n fu sin g  te rm in o lgy  h as re su lte d  in  s ig n if ic a n t  v a r ia t io n  in  

r e s u lt s  fra n  group to  group. S in ce  the p o in t  in  i t s  n a tu ra l h is t o r y  a t  

w hich HPV in fe c t io n  can f i r s t  be id e n t if ie d  c o lp o sc o p ic a lly  i s  unknown, 

i t  i s  u n lik e ly  th a t  th e  techn ique w i l l  e x c lu s iv e ly  be used fo r  the  

id e n t if ic a t io n  o f  in fe c t io n  (M cD ougall e t a l . , 1986).

1 .5 .4  N u c le ic  A c id  H y b r id i r a t io n .
There are  se v e ra l advantages in h e re n t in  the  use  o f  n u c le ic  a c id  

h y b r id iz a t io n  fo r  th e  d e te c tio n  o f  c l in ic a l  HPV in fe c t io n : f i r s t l y ,  and 

m ost im p ortan tly , i t  i s  p o s s ib le  to  id e n t if y  the  v ir u s  in  c ircum stances 

where th e re  i s  no t r a n s c r ip t io n a l o r  t r a n s la t io n a l a c t iv it y .  Secondly, 

n u c le ic  a c id  h y b r id iz a t io n  i s  the  o n ly  r e lia b le  method fo r  

d is t in g u is h in g  between d if fe re n t  type s o f  the  v ir u s  (W ickenden e t a l . , 

1987 a ) . The s e n s it iv it y  and s p e c if ic it y  o f  the  techn ique, to ge th e r  

w ith  th e  speed w ith  w hich r e s u lt s  may be ob ta ine d  makes i t  p a r t ic u la r ly  

a t t r a c t iv e .  A  v a r ie ty  o f  sam ple type s may be examined, in c lu d in g  

b io p s ie s  (Gissm ann e t a l . , 1983), c e r v ic a l scrap e s (W ickenden e t a l . , 

1985) and even fo rm a lin -fix e d , paraffin -em bedded specim ens (Mark 

e t a l . , 1987). Depending on the  in fo rm a tio n  w hich i s  re q u ire d , the  

ap p ro p ria te  h y b r id iz a t io n  techn ique may be a p p lie d ; fo r  exanple, 

Southern  b lo t t in g  can determ ine whether o r  no t the  in fe c t in g  v ir u s  i s  

p re se n t a s  extrachrcm oscm al elem ents, o r  in te g ra te d  w ith in  th e  h o st  

genane (Choo e t a l . , 1987; D u rst e t a l . , 1987). The h ig h  s e n s it iv it y  

a sso c ia te d  w ith  polym erase ch a in  re action -m e d iate d  ta rg e t
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a m p lif ic a t io n  a llo w s d e te c tio n  o f  th e  v ir u s  in  specim ens where th ere  

are  to o  few in v a d in g  genomes to  be id e n t if ie d  by any o th e r method 

(S h ib a ta  e t a l . , 1988; Young e t a l . , 1989). In  s i t u  h y b r id iz a t io n  

p re se rve s c e llu la r  d e t a il and t is s u e  a rc h ite c tu re , and th u s p ro v id e s  

in fo rm atio n  re g a rd in g  the  in t r a c e llu la r  lo c a liz a t io n  o f  v i r a l  DNA (Crum  

e t a l . , 1986; W e lls  e t a l ., 1987). Sandw ich h y b r id iz a t io n  a llo w s  

r e la t iv e ly  crude sam ples to  be ana lyzed  w ith ou t the  tim e-consum ing 

iirm o b iliz a tio n  o f  the  e x tracte d  n u c le ic  a c id , and p re se n ts r e s u lt s  in  

an e a s i ly  in te rp re te d  num erical form  (Parkk inen  e t a l . , 1986; M alco lm  

e t a l . , 1987; P arkk in en , 1988; Parkk inen  e t a l . ,  1988). A  fu rth e r  

advantage o f  n u c le ic  a c id  h y b r id iz a t io n  i s  th a t, under c o n d itio n s  o f  

reduced str in g e n c y , a s  y e t u n ch aracte rized  v ir u s  type s can be  

id e n t if ie d  u s in g  a  probe de rived  from  a known HPV type  (O strcw  e t a l . , 

1987).

A lthough  th e se  techn iques are  a l l  o f  use in  th e  re search  

la b o ra to ry , they have n o t y e t been a p p lie d  to  la rg e  s c a le  sc re e n in g  fo r  

th e  id e n t if ic a t io n  o f  c e r v ic a l HPV in fe c t io n , p ro b ab ly  because none o f  

them f u l ly  s a t is f y  a l l  o f  the  requ irem ents o f  a ro u tin e  d ia g n o s t ic  

a ssa y  ( see se c t io n  1 .1 ). A  re p o rt p u b lish e d  by the  B r i t i s h  M e d ica l 

A sso c ia t io n  in  1986 concluded th a t  'a t  p re se n t i t  i s  n e ith e r  

p ra c t ic a b le  nor economic to  t e s t  a l l  sm ears and c e r v ic a l b io p s ie s  fo r  

in fe c t io n  w ith  th e se  [human p a p illo m a ] v ir u s e s ',  even though i t  i s  

accepted th a t 'th e re  i s  grow ing evidence lin k in g  in fe c t io n  b y  a  

p a p illo m a v iru s  w ith  c e r v ic a l can cer' ( B r it is h  M e d ica l A s so c ia t io n  

Report, 1986). The developm ent o f  a n u c le ic  a c id -b a se d  t e s t  amenable to  

ro u tin e  d ia g n o s t ic  use would undoubtedly im prove the e f f ic a c y  o f  the  

c e r v ic a l scre e n in g  se rv ic e , and t h is  h a s been a  m ajor aim  th roughout 

th e  course  o f  t h is  stu d y.
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1 .6  I m n b b i l iz a t ic n  O f N u c le ic  A d d s .
A s d isc u sse d  in  se c t io n  1.1, the  m a jo rity  o f  th e  b lo t t in g  

techn iques w hich have been a p p lie d  to  the  id e n t if ic a t io n  o f  a  s p e c if ic  

n u c le ic  a c id  sequence in v o lv e  the  use  o f  a  n it r o c e llu lo s e  o r  n y lon  

membrane a s the  s o l id  support. The use  o f  such su p p o rts r e s u lt s  in  

p roce d u ra l c o m p le x itie s, w hich in  tu rn  p reven t b lo t t in g  a ssa y s  from  

s a t is f y in g  a l l  o f  the  requirem ents o f  a  ro u tin e  d ia g n o s t ic  a ssay . How 

co u ld  t h is  problem  be circum vented, in  o rder to  produce a  procedure  

w hich w ould be more su ite d  fo r  ro u tin e  d ia g n o s t ic  u se ? I f  a  bead, 

ra th e r than  a  membrane, were to  be used a s a  support in  a  sandw ich  

h y b r id iz a t io n  a ssay , many o f  the  complex m an ip u la tion s a sso c ia te d  w ith  

membranes ( fo r  in sta n c e , sam ple in m o b iliz a t ic n  and p o s t -h y b r id iz a t ic n  

w ash ing) cou ld  be e lim in a te d , o r  c o n sid e ra b ly  s im p lif ie d .  In  o rder to  

deve lop  such  an a ssa y , the  fo llo w in g  q u e stio n s m ust be  answered: ( i )  

What i s  the  m ost su ita b le  type  o f  bead to  use a s the  su pport; ( i i )

What i s  the  m ost s u ita b le  mechanism by  w hich n u c le ic  a c id  can be 

im m obilized  on to  the  support; ( i i i )  What are  the h y b r id iz a t io n  

c h a r a c te r is t ic s  o f  th e  im m obilized DNA. These q u e stio n s a re  considered  

in  d e t a il in  th e  fo llo w in g  se c t io n s .

1 .6 .1  C h o ic e  O f  S o l id  S u p p o rt F a r  Im m o b iliz a tio n .
A  co n sid e rab le  amount o f  re se arch  h as been d ire c te d  a t  

id e n t ify in g  the  m ost su ita b le  beaded s o l id  supports (o r  r e s in s )  fo r  use  

in  a f f in i t y  chrcm atography and g e l f i l t r a t io n .  In  fa c t ,  n u c le ic  a c id s  

were f i r s t  c o v a le n tly  im m obilized onto  su pports l ik e  powdered 

c e llu lo s e  in  o rde r to  be used fo r  the  p u r if ic a t io n  o f  n u c le ic  a c id  

b in d in g  p ro te in s , ra th e r than to  p a r t ic ip a te  in  n u c le ic  a c id  

h y b r id iz a t io n  a ssa y s . N e ve rth e le ss, a  g re a t d e a l o f  u se fu l in fo rm atio n  

re g a rd in g  the id e a l support and c o u p lin g  chem istry  can be de rived  from
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th e se  attem pts a t  a f f in i t y  chrom atography. In  o rde r to  be s u ita b le ,  a  

r e s in  p a r t ic le  sh ou ld  c o n s is t  o f  an cpen, porous network, and be  

un iform  in  s iz e  and p o ro s ity . Chem ical and b io lo g ic a l in e rtn e ss  a re  

e s se n t ia l,  a lth o u gh  s ta b le  d e r iv a t iv e s  p o sse ss in g  re a c t iv e  groups 

s u ita b le  fo r  lig a n d  co u p lin g  shou ld  be e asy  to  produce. O ther u se fu l 

p ro p e rt ie s  would be p h y s ic a l s t a b i l i t y  in  extrem es o f  p re ssu re , 

tem perature and pH, and in e rtn e ss  in  o rga n ic  so lv e n ts .

The m a jo r ity  o f  the r e s in s  w hich have been found to  be su ita b le  

fo r  a f f in i t y  chrom atography and g e l f i l t r a t io n  a re  porous p o ly 

sa cch a rid e s. Am ongst the  m ost ccm nonly used are  Sephadex, Sepharose, 

Sepharose CL and Seph acry l, a l l  o f  w hich are  m anufactured b y  Pharm acia. 

In  o rder to  a sc e r ta in  whether any o f  these  su p p o rts would be su ita b le  

fo r  n u c le ic  a c id -b a se d  h y b r id iz a t io n  a ssa y s, i t  i s  u se fu l to  co n sid e r  

the  p h y s ic a l and chem ical p ro p e rt ie s  o f  each r e s in  in  more d e ta il.

Sephadex i s  a  bead-form ed g e l,  prepared by  c r o s s - lin k in g  dextran  

w ith  e p ich lo ro h y d rin . The m echanical s tre n g th  o f  the  p a r t ic le s  

(d iam eter 40-120 urn) depends on the  degree o f  c r o s s - lin k in g ;  th e  h ig h ly  

c ro s s - lin k e d  Sephadexes G-10 and G-15 are  p a r t ic u la r ly  r ig id .  Sephadex 

i s  s ta b le  in  a lk a lin e  and w eakly a c id ic  c o n d itio n s, a lth ou gh  h y d r o ly s is  

o f  the  g ly c o s id ic  lin k a g e s  may occur in  s tro n g  a c id s .

Sepharose i s  a  bead-form ed g e l,  prepared from  agaro se . The g e l 

s tru c tu re  i s  s t a b iliz e d  b y  hydrogen bending ra th e r than  co va le n t 

c r o s s - lin k in g ,  so  i t  i s  o n ly  s ta b le  in  b u ffe r s  in  the  pH range 4 -9 , 

in  the  absence o f  o x id iz in g  age n ts. The m echanical s tre n g th  o f  the  

p a r t ic le s  depends on the agaro se  co n ce n tra tio n ; Sepaharose 6B 

(approx im ate ly  6% agaro se ) i s  c o n sid e ra b ly  stro n ge r than Sepharose 2B 

(2% a g a ro se ).

Sepharose CL i s  prepared b y  the  re a c tio n  o f  2 ,3-d ibrom cprcpanol 

w ith  Sepharose, under a lk a lin e  c o n d it io n s; t h is  c r o s s - lin k in g  r e s u lt s
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FIGURE 7

THE CHEMICAL STRUCTURE OF THE CROSS-LINKS IN SEPHAROSE CL4B. 
(Reproduced with permission from HGel Filtration- Theory And PracticeM, Pharmacia 
Laboratory Separation Division).
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CH2-----O------

FIGURE 8

THE HYPOTHETICAL PARTIAL STRUCTURE OF SEPHACRYL.
(Reproduced with permission from "Gel Rltration- Theory And Practice", 
Pharmacia Laboratory Separation Division).



96

in  enhanced s t a b i l i t y ,  so  u n lik e  Sepharose, Sepharose  CL i s  s ta b le  in  

b u ffe r s  in  the  pH range 3-14. The chem ical s tru c tu re  o f  Sepharose CL i s  

shewn in  f ig u re  7. O ld e r o x id iz in g  c o n d itio n s, lim ite d  h y d r o ly s is  o f  

th e  p o ly sa cch a rid e  ch a in s may occur. Sepharose CL co n ta in s  an  

extrem ely lew  conten t o f  charged groups.

Sephacry l i s  prepared b y  c o v a le n tly  c r o s s - lin k in g  a l l y l  dextran  

w ith  N, N ' -m ethylene b isa c ry la m id e , th u s p rod u cin g an extrem ely r i g id  

g e l w ith  a c a r e fu lly  c o n tro lle d  range o f  pore  s iz e s .  The p a r t ia l  

s tru c tu re  o f  Se p h acry l i s  shewn in  f ig u r e  8. The wet bead diam eter i s  

40-105 urn, and th e  average  bead diam eter i s  70 urn. The Se p h acry ls are  

s ta b le  in  b u ffe r s  in  th e  pH range 2-11, a lthou gh  a t  low er pH, lim ite d  

h y d r o ly s is  o f  th e  de xtran  ch a in s may occur. Seph acry l S-1000 h as an  

extrem ely la rg e  pore  s iz e ;  p a r t ic le s  g re a te r than  300-400 nm in  

diam eter are  excluded.

Sephadex, Sepharose  CL and Se p h acry l a re  a l l  s ta b le  in  o rga n ic  

so lv e n ts  ( fo r  exanple, acetone, DMSO and form am ide), and may be  

au toc lave d  a t  120°C. The p h y s ic a l and chem ical s t a b i l i t y  o f  these  

su p p o rts su g g e sts  th a t  th ey  may be id e a l fo r  the  developm ent o f  a  

n o ve l n u c le ic  a c id  h y b r id iz a t io n  a ssa y . However, Sepharose  m e lts on 

h e a tin g  above 40°C, and i s  c le a r ly  u n su ita b le  fo r  t h is  purpose.

Exam ples o f  o th e r su p po rts w hich have been used in  b io lo g ic a l  

p u r if ic a t io n  p ro ce sse s in c lu d e  c o n tro lle d  pore  g la s s  (CPG), 

p a r t ic u la te  alum ina, powdered c e llu lo s e  (n e n -p o ro u s), n y len , paper, 

sodium  a lg in a te ,  m agnetic p a r t ic le s  (D ynal Dynospheres, fo r  example) 

and in s o lu b iliz e d  p ro te in s ; these  may a ls o  be w orth c o n s id e rin g  a s  

su p p o rts fo r  n u c le ic  a c id  h y b r id iz a t io n .

1 .6 .2  M ethods O f N u c le ic  A c id  I n m o b i l iz a t ic n .
In  o rder to  be su ita b le  fo r  the  co va le n t in m o b iliz a t io n  o f  a
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n u c le ic  a c id  fragm ent, a  chem ical procedure shou ld  r e s u lt  in  

ir r e v e r s ib le  b in d in g , and a llo w  the  coupled m olecu le  to  re ta in  

b io lo g ic a l a c t iv it y ;  in  th e  case  o f  DNA, t h is  means th a t  the  

im m obilized  s tra n d  shou ld  be a v a ila b le  fo r  h y b r id iz a t io n  w ith  a  

com plem entary sequence. T h is  i s  c le a r ly  an ab so lu te  requirem ent i f  

th e  D N A -re sin  i s  to  be used in  h y b r id iz a t io n  experim ents.

There a re  th re e  methods b y  w hich n u c le ic  a c id s  can be p h y s ic a lly  

(ra th e r than  ch e m ica lly ) im m obilized. The f i r s t  o f  th e se  in v o lv e s  

a d so rp tio n  o f  ENA. (e ith e r  s in g le -  o r  dou b le -stran ded ) on to  powdered 

c e llu lo s e .  A fte r  ad d in g the n u c le ic  a c id  to  a p a ste  o f  c e llu lo s e ,  the  

m ixture i s  a i r  d rie d , p r io r  to  ly c p h iliz a t io n  (A lb e rts  & H e rrick ,

1971). However, D N A -ce llu lo se  prepared b y  t h is  method i s  o n ly  

m oderate ly s ta b le  to  de so rb in g c o n d it io n s  such a s extrem es in  

te irperature , o r  lew  io n ic  stre n g th , so  i t  i s  n o t s u ita b le  fo r  use in  

h y b r id iz a tio n -b a se d  a ssa y s. A  second method o f  in m o b iliz a tio n , the  

p re c ise  mechanism o f  w hich i s  unknown, in v o lv e s  u .v . ir r a d ia t io n  o f  

c e llu lo s e  in  th e  presence o f  s in g le -s tra n d e d  DNA (L itiran , 1968). The 

D N A -ce llu lo se  produced h as been reported  to  be u n a ffe c te d  by  stro n g  

d e so rb in g  c o n d it io n s  and e levated  tenperatu re , a lth o u gh  the  

h y b r id iz a t io n  p ro p e rt ie s  o f  the  im m obilized DNA have n o t been 

in v e s t ig a te d . The f in a l  non-chem ical method o f  n u c le ic  a c id  

im m o b iliz a tio n  in v o lv e s  entrapm ent o f  h ig h  m o lecu lar w e igh t, s in g le -  

stranded  DNA w ith in  c e llu lo s e  ace ta te  o r agaro se  g e ls  (B o lto n  & 

M cCarthy, 1962; P u r re llo  & B a la z s , 1983), o r w ith in  acry lam ide  beads 

(C a v a lie r i & C a r r o ll,  1970). The pore  s iz e  o f  the  beads i s  such th a t  

th e  la r g e  DNA m olecu le cannot escape, a lthou gh  sm a ll n u c le ic  a c id  

b in d in g  p ro te in s  nay r e a d ily  move in  and ou t o f  the  p o re s. S tu d ie s  

de sign ed  to  determ ine the h y b r id iz a t io n  e ff ic ie n c y  o f  entrapped DNA 

g iv e  v a r ia b le  r e s u lt s ,  presum ably because o f  the  in a b i l i t y  to  r e l ia b ly
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re g u la te  the s iz e  o f  the  p ore s.

There a re  se v e ra l chem ical methods w hich have been reported  fo r  

th e  co va le n t in m o b iliz a tio n  o f  p o ly n u c le o tid e s; th e se  can be separated  

in to  two groups, depending on whether the n u c le ic  a c id  m olecu le i s  

iit in o b ilize d  a t  m u lt ip le  p o in ts , o r  ju s t  a t  one p o in t  (the  5 ' o r  3 ' 

e n d ).

The f i r s t  o f  the m u ltip le -a ttach m e n t methods in v o lv e s  

conden sation  o f  s in g le -s tra n d e d  DNA, RNA o r p o ly r ib o n u c le o tid e s  w ith  a  

cyanogen brom ide (CNBr) a c t iv a te d  p o ly sa cch a rid e  support ( l ik e  

Sepharose 4B, fo r  e xa irp le ). A c t iv a t io n  o f  the r e s in  r e s u lt s  in  the  

fo rm ation  o f  a  re a c t iv e  im idocarbonate, w hich in  tu rn  coup le s w ith  the  

n u c le o tid e  base  m oiety a t  m ild ly  a lk a lin e  pH. Consequently, each 

n u c le ic  a c id  stra n d  i s  c ro s s -lin k e d  w ith  the support in  many p o s it io n s ,  

ra th e r th a t  s p e c if ic a l ly  a t  the  5 ' o r  3 ' end (Poonian e t a l . , 1971). A  

more recen t in v e s t ig a t io n  was de sign ed  to  determ ine the  h y b r id iz a t io n  

p ro p e rt ie s  o f  DNA in m o b ilize d  by  the  CNBr method (Bunemann & W esthoff, 

1983); th e  r e s u lt s  su gge st th a t  c o u p lin g  e f f ic ie n c ie s  o f  around 50%,

75% and 80% are  ach ieved w ith  a c t iv a te d  Sephadex, Sepharose CL and 

Se p h acry l re sp e c t iv e ly . The a v a i la b i l i t y  o f  in m o b ilize d  DNA fo r  

h y b r id iz a t io n  was estim ated  a t  60% and around 30% fo r  m a te ria l 

in m o b ilize d  on Sep h acry l S-500 and Seph acry l S-1000 re sp e c t iv e ly . The 

m ain d isad v an tage s o f  u s in g  t h is  method are  th a t CNBr i s  extrem ely  

to x ic , and CNBr a c t iv a te d  m a te r ia l h as been reported  to  be s e n s it iv e  to  

im p u r it ie s  in  the  ENA to  be iirm ob ilize d  (A m d t-J o v in  e t a l . , 1975).

In  o rde r to  avo id  the  use  o f  h ig h ly  to x ic  re age n ts, a  number o f  

a lte rn a t iv e  in n D b iliz a t ic n  ch e m istr ie s have been developed. For  

example, cyan u ric  c h lo r id e  h as been used to  c o v a le n tly  coup le  DNA to  

c e llu lo s e  beads, v ia  the  amino groups p re se n t cn th e  b a se s (B ia g io n i 

e t a l . , 1978). A c tiv a te d  d ic h lo r o t r ia z in y l c e llu lo s e  i s  prepared by
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so a k in g  c e llu lo s e  powder in  3 M sodium  h ydrox ide  fo r  15 m inutes; th e  

powder i s  then added to  a 5% so lu t io n  o f  cyan u ric  c h lo r id e , in  a  

m ixture  o f  d ioxane and xylene (1:1  w /w ). A fte r  w ash ing in  su ita b le  

so lv e n ts , DNA c o u p lin g  i s  ach ieved s im p ly  b y  m ix in g th e  a c t iv a te d  

c e llu lo s e  w ith  an unbuffered  DNA so lu t io n ; th e  m ost l i k e ly  re a c tio n  

mechanism in v o lv e s  a tta c k  o f  d ic h lo r o t r ia z in y l c e llu lo s e  by  the  

n u c le c p h ilic  am ino groups o f  adenine, guan ine  and c y to s in e . An 

im m o b iliz a tio n  e f f ic ie n c y  o f  80% h a s been reported , and 85% o f  t h is  DNA 

i s  dou b le -stran d ed . D N A -ce llu lo se  prepared b y  t h is  method i s  extrem ely  

s ta b le , p a r t ic u la r ly  in  extrem es o f  pH (B ia g io n i e t a l . , 1978).

N u c le ic  a c id s  can a ls o  be bound to  p o ly sa cch a rid e  supports 

a c t iv a te d  b y  re a c tio n  w ith  a  b ifu n c t io n a l o x iran e , l ik e  1 ,4 -b u tan e d io l 

d ig ly c id y l e ther (Potuzak & Dean, 1978). Such b iso x ira n e s  have been 

used p re v io u s ly  fo r  th e  in tro d u c tio n  o f  re a c tiv e  o x ira n e  groups in to  

agaro se , fo r  the  subsequent c o u p lin g  o f  p ro te in s , p e p tid e s, and 

a lip h a t ic  o r  arom atic  am ines (Sundberg & Porath , 1974). S tu d ie s  u s in g  

n u c le o tid e  homcpolym ers in d ic a te  th a t  the  o rder o f  b in d in g  e ff ic ie n c y  

i s  p o ly (d T ) > p o ly (d C ) = p o ly (d A ) > p o ly (d G ). B in d in g  e f f ic ie n c ie s  in  

excess o f  90% have been observed w ith  s in g le -s tra n d e d  DNA (a lth ou gh  

ju s t  16% o f  dou b le -stran d ed  DNA i s  co u p le d ), and approx im ate ly  90% o f  

th e  im m obilized m o lecu les a re  a v a ila b le  fo r  h y b r id iz a t io n  w ith  

complementary RNA (M oss e t a l ., 1981). The s iz e  o f  th e  n u c le ic  a c id  

fragm ents, w ith in  th e  range 600 bp up to  48 kb, h as no s ig n if ic a n t  

e ffe c t  on c o u p lin g  e ff ic ie n c y ,  w hich i s  optimum a t  around 50°C, and pH 

11-11.5 (Nagasawa e t a l ., 1985 a ).  A  com parison o f  co u p lin g  

e f f ic ie n c ie s  a tta in e d  w ith  the m ost commonly encountered procedures, 

in c lu d in g  b is o x ir a n e -, CNBr-, ca rb o d iim id e -, and d ia z o -a c t iv a t ic n ,  

in d ic a te  th a t  o x iran e  a c t iv a t io n  i s  the m ost e f f ic ie n t  method (Nagasawa 

e t a l . , 1985 b ) . D ou b le -stran de d  DNA im m obilized b y  t h is  procedure onto
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e p o x y -c e llu lo se  i s  a c c e s s ib le  to  r e s t r ic t io n  endonucleases (Lazo,

1984). The lo s s  o f  some re c o g n it io n  s it e s  i s  c o n s is te n t w ith  a 3% 

m o d ific a tio n  o f  n u c le o tid e s. The h yp o th e sis  th a t  A  and T re s id u e s are  

more l ik e ly  to  be in v o lv e d  in  co va le n t lin k a g e  than  G o r C re s id u e s i s  

supported by  th e  fa c t  th a t  enzyme re c o g n it io n  s it e s  w ith  a  h ig h  GC 

conten t are  le s s  a ffe c te d  by  iirm o b iliz a tio n  than  th ose  w ith  a  h ig h  AT 

conten t (Lazo, 1984).

The m ost ccranonly used method fo r  c o v a le n tly  im n o b iliz in g  a  

n u c le ic  a c id  stra n d  a t  m u lt ip le  p o s it io n s  in v o lv e s  the  use  o f  

d ia z o t iz a b le  arom atic  am ines. DNA h as been coupled to  d iazob en zy loxy - 

m ethyl (DBM) c e llu lo s e  (Noyes & S ta rk , 1975), and a ls o  to  d iaz cp h e n y l- 

th io e th e r (DPTE) c e llu lo s e  (Seed, 1982). The f i r s t  ste p  in  bo th  o f  

these  procedures in v o lv e s  the  co va le n t attachm ent o f  an arom atic  amine 

to  the s o l id  su p po rt; th e  amine group i s  su b se q u en tly  d ia z o tiz e d  b y  

re a c tio n  w ith  n itro u s  a c id , and the  r e s u lt in g  d iazonium  io n  re a c ts  w ith  

s in g le  stranded  n u c le ic  a c id s , v ia  the  base s. For example, the  

m anufacture o f  D P T E -c e llu lo se  f i r s t  in v o lv e s  the  p rod u ctio n  o f  the  

am incphenylth ioether (APTE) d e r iv a t iv e , by  m o d ific a tio n  o f  c e llu lo s e  

w ith  1 ,4 -b u ta n e d io l d ig ly c id y l e ther (Sundberg & P orath , 1974); a fte r  

re a c tio n  w ith  the s t r o n g ly  n u c le c p h ilic  th iqphenoxide  an ion  o f  the  

arom atic  amine 2-am inoth icphenol (Seed, 1982), the  r e s u lt in g  APTE- 

c e llu lo s e  i s  converted to  D P T E -c e llu lo se  b y  treatm ent w ith  n itro u s  

a c id . The ch em istry  o f  t h is  re a c tio n  scheme i s  shewn in  f ig u r e  9. The 

p r in c ip le  u se  o f  DBM- and D P T E -c e llu lo se s  i s  to  se rve  a s  the  s o l id  

support fo r  the N orthern  b lo t t in g  techn ique (B it tn e r  e t a l ., 1980); 

n it r o c e llu lo s e  i s  n o t ap p ro p ria te  fo r  t h is  procedure, because b in d in g  

between ENA and c e llu lo s e  i s  poor (A lw ine e t a l ., 1977). D B M -ce llu lo se  

h as a ls o  been used fo r  the p rod u ctio n  o f  s in g le -s tra n d e d  h y b r id iz a t io n  

probes (A sh le y  & MacDonald, 1984; Hansen e t a l . ,  1987). S in g le -s tra n d e d
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recarib inant M13 phage ENA i s  bound to  the  D B M -ce llu lo se , such th a t  

sy n th e s is  o f  the  complementary stra n d  i s  p o s s ib le .  T h is  i s  ach ieved by  

ad d in g re ve rse  t r a n sc r ip ta se  (A sh le y  & MacDonald, 1984), o r  DNA 

polym erase (Hansen e t a L ., 1987), in  the  presence o f  e ith e r  o lig o (d T ),  

o r  M l3 p rim er. A fte r  sy n th e sis , un incorporated  la b e lle d  n u c le o tid e s are  

washed away, and the  la b e lle d  s in g le -s t r a n d  i s  e lu te d  w ith  formamide.

S e v e ra l re ce n t in v e s t ig a t io n s  have dem onstrated th a t  n u c le ic  

a c id s  can be e f f ic ie n t ly  im n o b ilize d  by  the  d ia z o t iz a t ia n  procedure to  

a lte rn a t iv e  s o l id  su p p o rts, l ik e  Se p h acry l, Sephadex and Sepharose CL 

(Bunemann e t a l . ,  1982? N ic h o lls  e t a l . ,  1987). For exanple, Bunemann 

reported  c o u p lin g  e f f ic ie n c ie s  o f  app rox im ate ly  70% w ith  DBM-Sepharos e 

CL, DBM -Sephacryl S-500, DPTE-Sepharose CL and D P T E-Sephacry l, and 25% 

w ith  DBM-Sephadex and DBM -Sephacryl S-1000 (Bunemann e t a l . ,  1982). 

C o u p lin g  e f f ic ie n c ie s  o f  between 60% and 74% have been reported  fo r  

D PT E-Sephacryls S-200, S-400 and S-500, a lthou gh  82% o f  the  DNA 

attached  to  DPTE-Sephadex G-50 was bound n o n -c o v a le n tly  (Langdale  & 

M alcolm , 1985). A  m o d ific a tio n  o f  t h is  method, de sign ed  fo r  the  a tta ch 

ment o f  ENA to  uniform , m agnetic beads (DPTE-Dynospheres M450), was 

u n su cce ssfu l (Lund e t a l . , 1988).

An a lte rn a t iv e  method fo r  c o v a le n tly  a tta c h in g  dou b le -stran ded  

DNA to  a d ia z o tiz e d  support in v o lv e s  a lk y la t io n  o f  the  ENA w ith  

4 -b i s -  (2 -c h lo ro e th y l) am ino-Lr-phenylalan ine; th e  p rim ary  am ino group o f  

th e  p h e n y la lan in e  u n it  sub sequently  re a c ts  w ith  the d ia z o tiz e d  s o l id  

support, w ith  a c o u p lin g  y ie ld  o f  around 75% (M acdouga ll e t a l . , 1980). 

The advantage o f  a tta c h in g  a  lig a n d  to  th e  ENA p r io r  to  c o u p lin g  to  the  

s o l id  support i s  th a t  the  number o f  attachm ent p o in ts  can be c a r e fu lly  

c o n tro lle d . A lthough  the  s t a b i l i t y  o f  the  D N A -re sin  i s  h ig h ,  

h y b r id iz a t io n  d a ta  are  no t a v a ila b le ,  because o f  the dou b le -stran d ed  

nature  o f  the  in m o b ilize d  m olecu les.
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O f the  methods designed  fo r  the  end-attachm ent o f  n u c le ic  a c id s  

to  s o l id  su p p o rts, l-c y c lo h e x y l-3 - (2 -m o rp h o lin oe th y l) carbod iim ide  

me th o -p -to lu e n e  su lfo n a te  (ca rb o d iim id e ) -m ediated attachm ent v ia  th e  5 ' 

phosphate group i s  p ro b ab ly  the m ost fre q u e n tly  encountered. T h is  

method i n i t i a l l y  in v o lv e d  the  condensation  o f  sy n th e tic  p o ly n u c le o tid e s  

w ith  c e llu lo s e ,  under anhydrous c o n d it io n s  (G ilham , 1964), b u t more 

re ce n t m o d ific a tio n s  a llo w  sy n th e tic  o r  n a tu ra l p o ly n u c le o tid e s  to  be 

im m obilized  in  aqueous so lu t io n  (G ilham , 1968; Rickwood, 1972). The 

ch e m istry  o f  the  re a c tio n  ( i l lu s t r a t e d  in  f ig u r e 3 0 ' se c t io n  4 .4 .1 ) 

in v o lv e s  th e  fo rm ation  o f  a  phosphodi e ste r  bond between th e  5 ' 

phosphate group  on th e  n u c le ic  a c id , and th e  h yd roxy l group  on the  

su p po rt. A lthou gh  i t  h as been reported  th a t  a d d it io n a l lin k a g e s  between 

the  su pport and the  b a se s T and G som etimes occur a t  a  pH g re a te r than  

8 .0 , th e se  adducts are  e a s i ly  de stroyed  by  exposure to  m ild  a lk a l i  

(A s t e ll & Sm ith, 1972). The tem perature a t  w hich the  re a c tio n  occu rs  

h as a p rofound e ffe c t  on the extent o f  im m o b iliza tio n , and dou b le - 

stranded  DNA i s  im m obilized  w ith  a  g re a te r e ff ic ie n c y  th an  s in g le -  

stran ded  DNA (M y k o n ia tis , 1985); n e v e rth e le ss, sy n th e tic  o lig o 

n u c le o tid e s have been su c c e s s fu lly  coupled to  AH -Sepharose 4B u s in g  

t h is  procedure (V oss & M alcolm , 1988 a ) . The advantage o f  im m o b iliz in g  

an o lig o n u c le o t id e  v ia  the  te rm in a l re sid u e , ra th e r th an  a t  an in te r n a l 

p o s it io n  i s  o b v io u s; a  co va le n t lin k a g e  between an in te r n a l re sid u e  and 

the  support w ould se v e re ly  a f fe c t  the  a b i l i t y  o f  the  o lig o n u c le o t id e  to  

h y b r id iz e  w ith  a complementary n u c le ic  a c id  stra n d . The e ff ic ie n c y  w ith  

w hich n u c le ic  a c id  fragm ents are  im m obilized  by the  carbod iim id e  method 

de crease s w ith  in c re a s in g  fragm ent s iz e . For example, m ononucleotides 

can be coupled to  c e llu lo s e  w ith  an e ff ic ie n c y  o f  60%-70% (G ilham , 

1968), w hereas o n ly  30%-45% o f  SV40 DNA (5,243 bp) i s  c o v a le n tly  

attach ed  to  the  same support (Sh ih  & M a rtin , 1974). ENA fragm ents o f
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s iz e s  2,700, 879, 341 and 201 bp have been coupled u s in g  carbod iim id e  

to  Seph acry l S-500 w ith  re sp e c tiv e  e f f ic ie n c ie s  o f  25%, 43%, 41% and 

39% (Langdale  & M alcolm , 1985). Lambda DNA d ige ste d  w ith  the  

r e s t r ic t io n  enzyme H in f l (fragm ent s iz e s  in  the range 400-500 bp) and 

o lig o n u c le o t id e s  (36 re s id u e s) can be a ttach ed  to  m agnetic Dynospheres 

(c a r ry in g  an amino group a t  the te rm in i o f  p o lye th y le n e  g ly c o l lin k e r s )  

w ith  e f f ic ie n c ie s  o f  65% and 60% re sp e c t iv e ly  (Lund e t a l . , 1988), 

a lth o u gh  the amount o f  n o n -s p e c if ic a lly  bound m a te ria l appears to  be 

h ig h  in  the  case  o f  the  o lig o n u c le o tid e  (40%). A pprox im ate ly  65% o f  the  

im m obilized DNA i s  a v a ila b le  fo r  h y b r id iz a t io n . O lig o n u c le o tid e s  w ith  a  

5 ' phosphate group have been coupled to  amine coated c o n tro lle d  pore  

g la s s  (CFG) su p p o rts, in  the  presence o f  w ater so lu b le  carbod iim id e , 

w ith  an e ff ic ie n c y  o f  around 75%; 94% o f the im tD b iliz e d  m a te r ia l i s  

attach ed  v ia  the  5 ' end (Ghosh & M usso, 1987), and around 75% i s  

a v a ila b le  fo r  h y b r id iz a t io n  (G in ge ras e t a l . , 1987).

A  nove l method fo r  the  attachm ent o f  o lig o n u c le o t id e s  to  

c e llu lo s e  v ia  the  3 ' h yd roxy l group h as been reported  (Panet & Khorana, 

1974). The f i r s t  ste p  in  the procedure in v o lv e s  condensation  o f  

p o ly (d T ) (approx im ate ly  80 re sid u e s in  le n gth , and p o sse ss in g  3 ' 

phosphate and 5 ' h yd roxy l groups) w ith  c e llu lo se ,  u s in g  w ater so lu b le  

ca rb o d iim id e ; the  5 ' end o f  the im n o b iliz e d  p o ly n u c le o tid e  i s  then  

p hosph ory la ted  w ith  p o ly n u c le o tid e  k in a se . T h is  ensures th a t  

im m o b iliz a tio n  occu rs o n ly  v ia  the  3 ' end. The o lig o n u c le o tid e  o f  

in te r e s t  i s  then t a ile d  a t  the 3 ' end w ith  dT, u s in g  the enzyme 

d e o x y p o ly n u c le o tid y l-tra n sfe ra se ; th e  te rm in a l re sid u e  o f  t h is  t a i l  i s  

c o v a le n tly  coupled to  the  5 ' end o f  the  im m obilized p o ly (d T ) ch a in , 

u s in g  p o ly n u c le o tid e  lig a s e ,  and a p o ly (d A ) te n p la te . The e ff ic ie n c y  o f  

c o u p lin g  i s  approx im ate ly  50%, b u t the  tim e-consum ing nature  o f  t h is  

method h as h indered  i t s  w idespread use .
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A  number o f  o the r methods have been developed fo r  iim n o b iliz in g  

n u c le ic  a c id s  u s in g  enzymes. For example, a  techn ique  fo r  a tta c h in g  

s in g le -s tra n d e d  ENA v ia  the  5 ' end to  o lig o (d T ) c e llu lo s e ,  u s in g  T4 ENA 

l ig a s e  was re c e n tly  reported  (G o ldkom  & Prockcp, 1986). A  3 ' p o ly (d A ) 

t a i l  i s  added to  a  dou b le -stran d ed  ENA fragm ent, u s in g  te rm in a l 

tra n s fe ra se , and t h is  t a i l  i s  sub se quently  h y b rid iz e d  w ith  the  

o lig o (d T ) ch a in s  on th e  c e llu lo s e .  A  co va le n t l in k  between the  

n o n -ta ile d  stra n d  o f  the  DNA fragm ent and the  o lig o (d T ) i s  con stru cted , 

b y  extend ing th e  rece sse d  end o f  th e  fragm ent w ith  Klencw  polym erase, 

and subsequent l ig a t io n  w ith  T4 ENA lig a s e .  The ncn -coup led  stra n d  i s  

removed b y  h e a t de n atu ra tion , c e n tr ifu g a t io n  and s tr in g e n t  w ash ing. An 

o v e r a ll in m o b iliz a t io n  e ff ic ie n c y  o f  85% was ach ieved, and the method 

h as s in c e  been adapted fo r  the  im m o b iliz a tio n  o f  sy n th e tic  o lig o 

n u c le o tid e s  (V oss & M alcolm , 1988 b ) .

A  th ir d  enzym atic method fo r  the  im m o b iliza tio n  o f  s in g le -  

stran ded  DNA in v o lv e s  the  c o u p lin g  o f  a  sy n th e tic  o lig o n u c le o t id e  (a 

16-m er), m od ified  a t  the  5 ' end w ith  an e le c t r o p h ilic  aldehyde o r  

carb o xy l group, to  n u c le o p h ilic  h yd raz in e  re s id u e s on the  su rfa ce  o f  

la te x  m icrospheres (Kremsky e t a l . , 1987). The s in g le  stranded  DNA 

fragm ent o f  in te r e s t  (e ith e r  a  c loned  sequence recovered from  M l3, o r  a  

sy n th e tic  o lig o n u c le o t id e ) i s  a ttach ed  to  the  3 ' end o f  th e  im m obilized  

16-mer by  T4 p o ly n u c le o tid e  lig a s e ,  u s in g  an o lig o n u c le o t id e  's p lin t *

(a  20-mer, w ith  re g io n s  complementary to  the  3' end o f  th e  16-mer, and 

the  5 ' end o f  th e  fragm ent o f  in t e r e s t ) . Im m o b iliz a tio n  e f f ic ie n c ie s  o f  

around 60% have been ach ieved u s in g  t h is  techn ique.

O ther methods w hich have been used fo r  th e  im m o b iliz a tio n  o f  

n u c le ic  a c id s  in c lu d e  la b e ll in g  a  cloned  sequence (Syvanen e t a l . ,

1986 a) o r  o lig o n u c le o tid e  (Urdea e t a l . , 1987 a; 1988) w ith  b io t in ,  

fo llow e d  b y  cap tu re  onto  a s tre p ta v id in -c o n ta in in g  so lid -su p p o r t  (see
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se c t io n  1 .3 .6 ), co va le n t attachm ent o f  a lky lam in o  o lig o n u c le o t id e s  to  

p a s s iv e ly  adsorbed p ro te in s  cn m ic ro t ite r  d ish  w e lls  (Urdea e t a l ., 

1988), and attachm ent o f  heat-denatu red  DNA to  m ic ro t ite r  w e lls  by  u .v  

c r o s s - lin k in g  (N agata e t a l . , 1985).

1 .6 .3  H y b r id iz a t io n  P ro p e rt ie s  O f Im m obilized  DMA.

The m a jo r ity  o f  the  data  a v a ila b le  concern in g the  h y b r id iz a t io n  

p ro p e rt ie s  o f  DNA c o v a le n tly  in m o b ilize d  on beads was ob ta ined  fo r  

the  carbod iim ide , CNBr and d ia z o t iz a t io n  c o u p lin g  procedures (Bunemann, 

1982; Langdale  & M alcolm , 1985; Lund e t a l . , 1988). A  lim ite d  amount o f  

in fo rm atio n  i s  a ls o  a v a ila b le  concern in g n u c le ic  a c id s  im m obilized by  

enzym atic methods (G o ldkom  & Prockcp, 1986; W o lf e t a l . , 1987). The 

r e s u lt s  can be summarized a s  fo llo w s:

(a) Three param eters shou ld  be con sidered  in  th e  ch o ice  o f  th e  m ost 

s u ita b le  su p p o rt: e ff ic ie n c y  o f  co u p lin g , s t a b i l i t y  and 

a c c e s s ib il i t y  o f  coupled DNA and the  degree o f  m ism atch on 

h y b r id iz a t io n  r e s u lt in g  from  th e  im m o b iliz a tio n  procedure.

(b) DNA o r RNA coupled to  m acrcporous su pports ( fo r  example, Sepharose  

CL o r  Se p h acry l) h y b r id iz e s  more e f f ic ie n t ly  than  th a t  attach ed  to  

non-porous su p po rts ( fo r  example, powdered c e llu lo s e ) , re g a rd le ss  

o f  the  im m o b iliz a tio n  ch em istry  (Bunemann, 1982). No s u b s ta n t ia l 

d iffe re n c e  in  h y b r id iz a t io n  ra te  o f  DNA im n o b ilize d  on the  two 

type s o f  support i s  apparent; in  ge n e ra l, such heterogeneous 

h y b r id iz a t io n s  proceed an o rder o f  m agnitude slow er than  an 

id e n t ic a l re a c tio n  perform ed in  homogeneous s o lu t io n  (Bunemann & 

W esthoff, 1983).

(c) An extrem ely h ig h  c o u p lin g  e ff ic ie n c y  i s  n o t a lw ays advantageous; 

reduced c o u p lin g  y ie ld s  may be outw eighed by  e x c e lle n t a v a i la b i l i t y  

o f  im m obilized  sequences fo r  h y b r id iz a t io n  (Bunemann & W esthoff,
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(d) The CNBr c o u p lin g  method i s  n o t id e a l,  because o f the  p o ison ou s  

natu re  o f  CNBr, and the  fa c t  th a t  the  ch em istry  r e s u lt s  in  a  

re s id u a l p o s it iv e  charge on the  support, p o t e n t ia lly  ge n e ra tin g  

background s ig n a ls  due to  io n ic  in te ra c t io n s  w ith  a  n e g a t iv e ly  

charged n u c le ic  a c id  probe. In  a d d it io n , v a r ia b le  c o u p lin g  

e f f ic ie n c ie s  w ith  t h is  method may be obta ined, due to  p a r t ia l  

re a sso c ia t io n  o f  ENA stra n d s  p r io r  to  im m o b iliz a tio n  (A m d t-J o v in  

e t a l ., 1975).

(e) The a c c e s s ib il i t y  o f  im m obilized  DNA depends on the method o f  

im m o b iliza tio n , ra th e r than  on the type o f  su p p o rt. P ro v id in g  

o v e r -a c t iv a t io n  o f  the s o l id  support i s  s t r i c t l y  avo ided, 90%-100% 

o f  the  n u c le ic  a c id  im m obilized  by  CNBr and d ia z o t iz a t io n  methods 

shou ld  be a v a ila b le  fo r  h y b r id iz a t io n  (Bunemann & W esth off, 1983).

( f )  DPTE-Sephacryl S-500, DBM -Sephacryl S-500 and C N B r-a c tiva te d  

Seph acry l S-500 have a l l  been recommended a s su p p o rts fo r  the  

im m o b iliz a tio n , and subsequent h y b r id iz a t io n , o f  DNA o r RNA 

(Bunemann, 1982; Langdale  & M alcolm , 1985); background caused by  

n o n -sp e c if ic  ad so rp tio n  o f  probe i s  e s p e c ia lly  lew  fo r  t h is  

su pport. On average, 50% o f  the  DNA im m obilized on IB M -a c tiv a te d  

su p p o rts, and 60% o f  th a t  cn D P T E -activa ted  su p p o rts, i s  a v a ila b le  

fo r  h y b r id iz a t io n ; the  re sp e c tiv e  f ig u re s  u s in g  Seph acry l S-500 are  

95% and 100%.

(g) A  1°C decrease  in  h yb rid  m e ltin g  tem perature r e s u lt s  fo r  each 1% 

o f  re sid u e s in  the  im m obilized  stra n d  attached  to  the  support; 

coupled ENA may be t o t a l ly  in a c c e s s ib le  when ju s t  3% o f i t s  ba se s  

are  in v o lv e d  in  co u p lin g . H yb rid s in c o rp o ra tin g  ENA im m obilized  v ia  

lo n g  sp ace rs ( l ik e  1 ,4 -b u tan e d io l d ig ly c id y l e ther) have been 

reported  to  shew no ap p re c iab le  decrease in  s t a b i l i t y  (Bunemann,

1983).
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In  summary, the  d ia z o t iz a t io n  and carbod iim id e  co u p lin g  

procedures appear to  be  the  m ost su ita b le  fo r  the  co va le n t 

irrmobi l iz a t io n  o f  DNA, because th e y  r e s u lt  in  re ason ab le  co u p lin g  

y ie ld ,  and subsequent a v a i la b i l i t y  o f  irtm ob ilized  DNA fo r  

h y b r id iz a t io n . The chem ical re age n ts in vo lve d  a re  n o t a s  to x ic  a s  CNBr, 

and no expensive  (and p o t e n t ia lly  f r a g i le )  enzymes a re  in vo lve d . The 

m ost su ita b le  s o l id  su p po rts appear to  be o f  m acrcporous stru c tu re ; th e  

Se p h acry ls a re  m ost fre q u e n tly  found to  be e ffe c t iv e .

1982).

A s d isc u sse d  in  se c t io n  1 .3 , m ost o f  the  sandw ich h y b r id iz a t io n  

a ssa y s  d e sc rib e d  to  date  s a t i s f y  a l l  o f  the requ irem ents o f  a ro u tin e  

c l in ic a l  a ssa y , except th a t th ey are  n o t p a r t ic u la r ly  su ite d  to  

autom ation, and are  no t a s s e n s it iv e  a s c e r ta in  co n ve n tio n a l techn iques 

(Southern  b lo t t in g ,  fo r  e x a n p le ). In  seme circu m stan ces, s e n s it iv it y  

i s  no t the  m ain p r io r it y  when ch oo sin g  a  su ita b le  a ssa y  form at; i t  may 

be more im portan t to  use  a method w hich i s  autom ated and fa s t ,  and 

th e re fo re  capab le  o f  h a n d lin g  la r g e  numbers o f  sam ples. An example o f  

such  a system  i s  the  sandw ich h y b r id iz a t io n  perform ed on Sephacry l 

beads, d e sc rib e d  in  se c t io n  1 .3 .5  (Langdale  & M alcolm , 1985). The 

r e la t iv e  in s e n s it iv it y  o f  th e  t e s t  -th e  low er l im it  o f  d e te ctio n  i s  3 

x 10^ ta rg e t  m o lecu les, compared to  around 3 x 10^ in  the  case  o f  

Southern b lo t t in g -  i s  outw eighed b y  the  advantages o f  speed and 

a m e n a b ility  to  autom ation. In  such circu m stances, where the  o b je c tiv e  

i s  to  d e te c t the  presence o r  absence o f  a  p a r t ic u la r  genom ic d e fe ct, 

the o v e r a ll s e n s it iv it y  can be im proved b y  in c re a s in g  the  amount o f  

sa itp le  added to  each a ssay , assum ing th a t  t h is  does n o t r e s u lt  in  a
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s ig n if ic a n t  in c re a se  in  th e  background s ig n a l.  S in ce  i t  i s  p o s s ib le  to  

is o la t e  app rox im ate ly  40 ug o f  genom ic DNA from  ju s t  1 ml o f  human 

b loo d  (Kunkel e t a l . , 1977), a v a i la b i l i t y  o f  sam ple does n o t tend to  be 

th e  lim it in g  fa c to r  in  the  case  o f  a ssa y s  Where Whole b lo o d  i s  a  

s u ita b le  san p le  sou rce. However, in  c ircu m stances W hich re q u ire  th e  

d e te c tio n  o f  an in fe c t io u s  agent in  a  c l in ic a l  sa irp le  o f  lim ite d  s iz e  

( fo r  example, a  c e r v ic a l scrape  o r b io p sy ), th e  amount o f  n u c le ic  a c id  

a v a ila b le  fo r  a s sa y  may be sm a ll, so  i t  i s  n o t p ra c t ic a b le  to  in c re a se  

s e n s it iv it y  b y  s irrp ly  in c re a s in g  the  amount o f  sam ple used. In  th e  case  

o f  human p a p illo m a v iru s  in fe c t io n  o f  the  c e rv ix , i t  h as been shown th a t  

a  de te rm in ation  o f  the  number o f  v i r a l  genomes p e r in fe c te d  c e l l  i s  not 

alw ays o f  p ro g n o st ic  va lu e  (Wickenden e t a l . , 1987 b ) ; HPV in fe c t io n s  

W hich le a d  to  carcinom a have been a sso c ia te d  w ith  v i r a l  in te g ra t io n ,  

ra th e r than  w ith  ep iscm al p e rs iste n c e  (see  se c t io n  1 .4 .2 ), even though  

v i r a l  copy numbers may be much h ig h e r in  the  la t t e r  case . In  essence, 

t h is  means th a t  i t  would be more u se fu l to  id e n t if y  p o s it iv e  sa n p le s  

r e lia b ly ,  re g a rd le ss  o f  hew l i t t l e  HPV n u c le ic  a c id  i s  p re se n t, th an  

i t  would be  to  q u a n tita te  le v e ls  o f v i r a l  DNA a c c u ra te ly . I f  necessary, 

the  in te g r a t io n a l s ta tu s  o f  the  v ir u s  in  in fe c te d  sam ples cou ld  be 

su b se q u en tly  determ ined b y  Southern b lo t t in g .

Any procedure W hich r e s u lt s  in  an in c re a se  in  th e  s ig n a l to  

n o ise  (s/N) r a t io  w i l l  r e s u lt  in  h ig h e r  s e n s it iv it y .  There are  two 

b a s ic  mechanism s by w hich t h is  cou ld  be ach ieved: f i r s t ly ,  i f  the  t o t a l  

amount o f  la b e l attached  to  each ta rg e t  m olecu le  a f te r  h y b r id iz a t io n  

were to  be in cre a se d , the  s ig n a l generated w ould in c re a se  

p ro p o r t io n a lly .  T h is  id e a  was used to  g re a t e ffe c t  in  a re c e n tly  

d e scrib e d  techn ique  in  W hich m u ltip le  sandw ich h y b r id iz a t io n  o f  

o lig o n u c le o t id e s , to ge th e r w ith  a n o n -ra d io a c tiv e  d e te c tio n  system , was 

used fo r  th e  d ia g n o s is  o f  h e p a t it is  B v ir u s  in fe c t io n  in  human serum
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(se c tio n  1 .3 .7 ) (Urdea e t  a l . , 1987 a ).  The second method o f  in c re a s in g  

s e n s it iv it y  w ould be to  in c re a se  the  nunber o f  ta r g e t  sequences in  a  

sam ple. The m ost obv iou s means o f  a ch ie v in g  t h is  i s  to  u t i l iz e  the  

polym erase ch a in  re a c tio n  (PC R ), w hich was f i r s t  d e sc rib e d  in  1985 

( S a ik i e t a l . , 1985 a ) ; th e  techn ique  r e s u lt s  in  a  s p e c if ic  

a m p lif ic a t io n  o f  a  pre-determ ined dou b le -stran d ed  DNA sequence ( S a ik i  

e t a l . ,  1986), and i s  w orth c o n s id e rin g  in  more d e ta il.

1 -7  The Polym erase C h a in  R e action  (PC R ).

1 .7 .1  P r i n c i p l e  O f PCR.
The p r in c ip le  o f  th e  PCR techn ique i s  shewn in  f ig u re  10. Each  

c y c le  o f  the  ’ch a in ' in v o lv e s  de n atu ra tion  o f  the  ta r g e t  sequence 

(u s u a lly  b y  h e a tin g  to  around 95°C fo r  2 -4  m inutes) fo llow e d  by  

a n n e a lin g  o f  a p a ir  o f  o lig o n u c le o t id e  p rim e rs; one o f  the  p rim e rs i s  

com plem entary to  the  3 ' end o f  the  ta rg e t  re g io n  on the  sense  DNA 

stra n d , and the o the r com plem entary to  the  3 ' end o f  the  ta rg e t  re g io n  

cxi the  a n t i-se n se  stra n d . The th ird ,  and f in a l,  sta g e  in v o lv e s  DNA 

polym erase-m ediated e lo n ga tio n  o f  the  h yb rid iz e d  o lig o n u c le o tid e  

prim ers. The a d d it io n  o f  n u c le o tid e s o ccu rs a t  the  3 ' end o f  each 

prim er, so  i t  i s  v i t a l  to  d e sign  the re a c tio n  scheme such th a t  

e lo n ga tio n  o ccu rs in  th e  c o rre c t d ire c t io n . The c y c le  i s  then repeated, 

s t a r t in g  a t  the  d e n atu ra tion  sta ge , and the r e s u lt  o f  a m p lif ic a t io n  i s  

an e xp on e n tia l in c re a se  in  th e  amount o f  ta rg e t  sequence p re se n t in  a  

san p le . A lth ou gh  the th e o re t ic a l in c re a se  in  the  number o f  ta rg e t  

sequences i s  2n , where n i s  the  number o f  PCR c y c le s , in  p ra c t ic e ,  

maximum e ff ic ie n c y  i s  never ach ieved, p o s s ib ly  because o f  re a n n e a lin g  

o f  a m p lifie d  sequences to  each o the r, ra th e r than  to  the  p rim e rs; a fte r  

20 c y c le s  o f  a m p lif ic a t io n  o f  a  110 bp b e ta -g lo b in  sequence, a 220,000- 

fo ld  in c re a se  in  ta rg e t  was observed, a s opposed to  a  th e o re t ic a l 

maximum o f  around 1 ,0 5 0 ,0 0 0 -fo ld  ( S a ik i e t a l . ,  1985 a ).  T h is
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re p re se n ts an e f f ic ie n c y  o f  around 85% a t  each c y c le . The m ost sim p le  

means o f  d e te c tin g  th e  a m p lifie d  sequence i s  by  agaro se  o r  p o ly 

acry lam id e  g e l e le c trc p h o re s is , o r  by  h y b r id iz a t io n  w ith  a s u it a b ly  

la b e lle d  probe, u s in g  any o f  the  a v a ila b le  h y b r id iz a t io n  fo rm ats.

The PCR techn ique  was i n i t i a l l y  developed u s in g  th e  Klenow  

fragm ent o f  DNA polym erase I  fo r  p rim er e lo n ga tio n  (M u llis  e t  a l . , 

1986); th e  m ain d isad van tage  o f  u s in g  t h is  enzyme i s  th a t  polym erase  

a c t iv it y  i s  de stroyed  a f te r  each cy c le , due to  the  h ig h  tem perature  

e s s e n t ia l fo r  the d e n atu ra tion  step . T h is  in  tu rn  means th a t  fre sh  

enzyme needs to  be added a f te r  every c y c le , in c re a s in g  th e  expense and 

com p lex ity  o f  the procedure. An o bv iou s means o f  a v o id in g  t h is  problem  

was to  u se  a  therm ostab le  DNA polym erase, such a s th a t is o la t e d  from  

the  th e rm o p h ilic  bacteriu m  Thermus a q u a ticu s (Ch ien e t  a l . , 1976). The 

s ta b le  polym erase im proves the  PCR techn ique  in  two w ays: f i r s t l y ,  i t  

a llo w s th e  procedure to  be autom ated. T h is  was i n i t i a l l y  ach ieved u s in g  

a  s e r ie s  o f  w ater b a th s (R o llo  e t a l ., 1988) and su b se qu en tly  u s in g  a  

m icro ch ip  c o n tro lle d  h e a tin g  b lo ck , w hich a u to m a tic a lly  c o n tro ls  the  

tem perature o f  the  con ten ts o f  the  PCR re a c tio n  v e s se l ( S a ik i e t  a l . , 

1988 b ) . The second advantageous p ro p e rty  c h a r a c te r is t ic  o f  the 'T aq ' 

polym erase  i s  th a t i t  r e s u lt s  in  a  s u b s t a n t ia lly  in cre a se d  s p e c if ic it y  

o f  the re a c tio n  (Kogan e t a l . , 1987). KLencw -cata lysed PCR was found to  

y ie ld  a v a r ie ty  o f  re a c tio n  p rod u cts, o n ly  seme o f  w hich were the  

re q u ire d  fragm ent. The n o n -sp e c ific  p rod u cts p rob ab ly  r e s u lt  because  

a n n e a lin g  and e lo n ga tio n  o f  o lig o n u c le o t id e  p rim ers i s  perform ed a t  

around 30°C, w e ll below  the optimum h y b r id iz a t io n  te irperatu re ; t h is  

cou ld  r e s u lt  in  p rim ers h y b r id iz in g  to  an in c o rre c t sequence, so  the  

stra n d  produced on e lo n ga tio n  need no t have the same n u c le o tid e  

sequence a s the p re d ic te d  product. T h is  problem  may be m in im ised  by  

s iz e - fr a c t io n a t io n  o f  r e s t r ic t io n  enzym e-digested te n p la te  genon ic DNA,
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p r io r  to  a m p lif ic a t io n  (Beck & Ho, 1988), a lth ou gh  t h is  i s  tim e - 

consum ing, and im p o ss ib le  i f  the s iz e  o f  the  r e s t r ic t io n  fragm ent 

c a r ry in g  the  gene o f  in te r e s t  i s  unknown. The op tim al w ork ing  

tem perature range fo r  Taq polym erase i s  70-75°C, so  p rim e rs can be 

allow ed  to  anneal a t  a  more su ita b le  tem perature (u su a lly  around 55°C 

fo r  a  20 -m er), th u s re d u c in g  the p r o b a b ilit y  o f  in c o rre c t  a n n e a lin g . 

E lo n ga tio n  a t  around 70°C ensures th a t  the  re a c tio n  i s  s p e c if ic  (E r lic h  

e t a l . , 1988). S tu d ie s  on th e  f id e l i t y  o f  DNA sy n th e sis  by  Taq  

polym erase su gge st th a t  s in g le -b a se  s u b s t itu t io n  e rro rs  are  produced a t  

a  ra te  o f  1 fo r  each 9,000 n u c le o tid e s po lym erized  (T in d a ll & Kurikel, 

1988). S in c e  the  ta rg e t  sequence i s  a m p lifie d  e x p o n e n tia lly  d u rin g  PCR, 

in d iv id u a l sequences c o n ta in in g  e rro rs  may re p re se n t a  s ig n if ic a n t  

p ro p o rtio n  o f  the  re a c tio n  product, depending on hew e a r ly  in  the  

a m p lif ic a t io n  p ro ce ss th e  e rro r  o ccu rs. In  s p ite  o f  t h is  p o te n t ia l 

lim ita t io n ,  experim ental c o n d itio n s  can be de sign ed  to  l im it  the  

ge n e ra tio n  o f  m u tation s o ccu rin g  d u rin g  PCR, r e s u lt in g  in  a  f in a l  

m utation  ra te  th a t  i s  o n ly  tw ice  th a t  observed in  a  s in g le  round o f  DNA 

sy n th e s is  ( S a ik i e t a l . , 1988 b ) . M u ta tio n s r e s u lt in g  d u rin g  PCR are  

o n ly  s ig n if ic a n t  i f  i t  i s  n e ce ssa ry  to  c lcn e  a s in g le  a m p lifie d  

sequence, and may r e s u lt  in  unacceptab le  a lt e r a t io n s  w ith in  the  

is o la t e d  c lone .

The e ff ic ie n c y  o f  a m p lif ic a t io n  i s  no t s ig n if ic a n t ly  a ffe c te d  by  

the  presence o f  n u c le o tid e s o r  la b e l m o lecu les a t  the 5 ' end o f  the  

p rim ers, even i f  t h is  r e s u lt s  in  an are a  o f  m ism atch w ith  the  o r ig in a l  

te n p la te  DNA. T h is  a llo w s  th e  in c o rp o ra tio n  o f  a d d it io n a l sequence 

in fo rm atio n  in to  the  PCR p roduct th rough  the o lig o n u c le o tid e  p rim ers  

(M u llis  e t a l , 1986); exairp les o f  a d d it io n s  v h ic h  may be u se fu l in c lu d e  

r e s t r ic t io n  s it e  lin k e r s  to  a llo w  d ire c t  c lo n in g  and sequencing o f  

a n p lif ie d  genom ic sequeneces (S c h a rf e t a l . , 1986), n u c le o tid e
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su b s t itu t io n s ,  in se r t io n s ,  d e le tio n s  o r  re g u la to ry  elem ents.

1 .7 .2  A p p lic a t io n s  O f FCR.
The f i r s t  reported  d ia g n o s t ic  u se  o f  the  PCR techn ique  was fo r  

the  ra p id  p re n a ta l d ia g n o s is  o f  s ic k le - c e l l  anaemia ( S a ik i e t a l . , 1985 

a ).  A s d isc u sse d  in  se c t io n  1 .3 .5 , th e  s ix t h  codon o f  the  gene cod ing  

fo r  b e ta -g lo b in  p o sse sse s  a  re c o g n it io n  s it e  fo r  the  r e s t r ic t io n  enzyme 

D d e l; th e  m utation  w hich r e s u lt s  in  s ic k le - c e l l  anaem ia d e stro y s  t h is  

s it e .  A fte r  PCR a irp lif ic a ti.c n , one o f  two techn iques was used fo r  

d is c r im in a t in g  between norm al and s ic k le  a lle le s .  The f i r s t  o f  these,

termed o ligcm e r r e s t r ic t io n  (OR) ( S a ik i e t a l . , 1985 b ) ,  in v o lv e s

32 . .stringently hybridizing a P end-labelled normal allele-specific
o lig o n u c le o t id e  in  s o lu t io n  to  the  PCR p rod u ct; the  la b e lle d  

o lig o n u c le o t id e  (a  40-m er) spans the  in fo rm a tiv e  r e s t r ic t io n  s it e ,  and 

an e xact match w i l l  r e s u lt  o n ly  i f  the  p roduct d e r iv e s  from  an  

in d iv id u a l p o s se s s in g  a t  le a s t  one norm al a lle le ,  th u s ge n e ra tin g  a  

dou b le -stran d e d  re g io n  c o n ta in in g  a  re c o g n it io n  s it e  fo r  the  

r e s t r ic t io n  enzyme D d e l. I f  the  match i s  no t exact, c le avage  w ith  Dde l 

i s  in h ib ite d . A fte r  d ig e s t io n  w ith  t h is  enzyme, p o lyacry lam id e  g e l 

e le c tro p h o re s is  and au torad iograp hy  can be used to  e s ta b lis h  the s iz e  

o f  th e  d ig e s t io n  p rod u cts, and th e re fo re  the  nature  o f  th e  a l le le s  

p re se n t in  th e  o r ig in a l sam ple. ENA from  norm al in d iv id u a ls ,  s ic k le 

c e l l  anaem ia p a t ie n ts  and s ic k le - c e ll  c a r r ie r s  (h e te ro zygo te s) can be  

r e a d ily  d is t in g u ish e d  by  the  PCR-OR method in  under 10 h ou rs, and the  

in c o rp o ra tio n  o f  s u ita b le  c o n tro ls  con firm s conp le te  endonuclease  

d ig e s t io n  and m ethodologic accuracy (Embury e t a l . , 1987). F o llo w in g  

the  i n i t i a l  re p o rt, the  PCR-OR techn ique  was used fo r  the  

id e n t if ic a t io n  o f  human im m unodeficiency v ir u s  (H IV) in  human sam ples 

(Kvrak e t a l . ,  1987).
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The second method used fo r  d is t in g u is h in g  norm al and abnorm al

a l le le s ,  u s in g  a l le le - s p e c if ic  o lig o n u c le o tid e  probes (ASO ), i s

ap p ro p ria te  re g a rd le ss  o f  whether o r n o t the  m utation  c re a te s o r

d e stro y s  a  r e s t r ic t io n  enzyme re c o g n it io n  s it e .  O lig o n u c le o tid e s  can be

used fo r  the  id e n t if ic a t io n  o f  s in g le  base  n u ta tio n s  in  n u c le ic  a c id s ,

because th e  h y b rid  formed between an o lig o n u c le o t id e  and i t s  e x a c tly

com plem entary ta rg e t  sequence i s  more s ta b le  than  th a t  formed between

th e  same o lig o  and a  ta rg e t  sequence w hich c o n ta in s a  s in g le  m utation

(Stu d en ck i & W a llace , 1984). A  s in g le  base  m ism atch o u t o f  a  t o t a l o f

le s s  than  tw enty (the  u su a l le n g th  o f  an o lig o n u c le o tid e  probe) r e s u lt s

in  a h y b r id  m e ltin g  tem perature between 5°C and 10°C low er than  th a t

o f  the  p e r fe c t ly  matched p a ir  o f  sequences. By c a re fu l arrangem ent o f

the h y b r id iz a t io n  c o n d itio n s, i t  i s  p o s s ib le  to  d is t in g u is h  between

norm al and m utant ta rg e t  a l le le s .  A fte r  PCR a m p lif ic a t io n  o f  the re g io n

o f  the  b e ta -g lc fo in  gene su rrou n d in g the  s ic k le - c e l l  anaem ia m utation

s it e ,  an a liq u o t  o f  each sam ple was sp o tte d  cn to  a  n y lo n  h y b r id iz a t io n

. . .  . 3 2
membrane. A fte r  s t r in g e n t  h y b r id iz a t io n  w ith  P -la b e lle d  ASO probes a s  

d e sc rib e d  above, genotypes cou ld  be r e a d ily  d is t in g u ish e d  fo llo w in g  

au to rad iograp h y  ( S a ik i e t a l . , 1986). S in ce  t h is  i n i t i a l  re p o rt o f  PCR 

in  co n ju n ctio n  w ith  an ASO probe d e te c tio n  system , th e  techn ique  has 

been a p p lie d  to  the  id e n t if ic a t io n  o f  the  m u tations a sso c ia te d  w ith  

h aem oph ilia  A  (Kogan e t a l . , 1987), p h e n y lke ton u ria  (D iL e lla  e t a l ., 

1988), and a lp h a ^ -a n t it ry p s in  d e fic ie n c y  (Bruun Pe te rsen  e t a l ., 1988). 

I t  h a s a ls o  been a p p lie d  to  th e  d e te c tio n  o f  som atic  ra s  m u tations in  

p e r ip h e ra l b lo o d  c e l ls  from  p a tie n ts  w ith  acute  m yelogenous leukaem ia 

(F a r r  e t a l ., 1988), and in  th e  stu d y  o f  c o lo re c ta l tum ours (Bos 

e t a l . , 1987)• S in ce  PCR r e s u lt s  in  a la rg e  in c re a se  in  th e  amount o f  

ta rg e t  sequence p re se n t in  a  san p le , i t  h as been p o s s ib le  to  use ASO 

probes la b e lle d  w ith  h o rse ra d ish  p e rox idase , ra th e r than  w ith  a
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ra d io -iso tc p e , fo r  the  id e n t if ic a t io n  o f  the  m utations a sso c ia te d  w ith  

s ic k le - c e l l  anaem ia and b e ta -th a la ssa e m ia  (S a ik i e t a l . , 1988 a ) . The 

m ost sim p le  means o f  d e te c tin g  m u tation s w hich cre a te  o r  d is ru p t  a  

r e s t r ic t io n  enzyme re c o g n it io n  s it e  does n o t in v o lv e  h y b r id iz a t io n  o f  a  

la b e lle d  probe; in ste a d , the  sam ple i s  f i r s t  sub jected  to  PCR 

a m p lif ic a t io n ,  and th e  PCR p roduct i s  d ige ste d  w ith  th e  ap p ro p ria te  

enzyme. A fte r  aga ro se  o r p o lyacry lam ide  g e l e le c tro p h o re s is , the  

c o rre c t genotype may be a sce rta in e d  by  a n a ly s is  o f  the  s iz e  o f  th e  DNA 

fragm ents produced. T h is  approach h as been used fo r  the  id e n t if ic a t io n  

o f  the  m u tation s a sso c ia te d  w ith  a lp h a ^ -a n t it ry p s in  d e fic ie n c y  (Abbott 

e t a l . , 1988), s ic k le - c e l l  anaem ia and a lp h a -th a la ssa e m ia  (Chehab 

e t a l . , 1987).

Se v e ra l groups have used PCR fo r  the  id e n t if ic a t io n  o f  

in fe c t io u s  a ge n ts; t h is  i s  much more s in p le  than  the  case s d e scrib e d  

above, because i t  i s  no t n ecessary  to  u se  the  d if fe r e n t ia l m e ltin g  

p ro p e rt ie s  o f  matched and mismatched o lig o n u c le o tid e  probes to  

d is t in g u is h  between a l le le s .  A  s in g le  probe (e ith e r  a  sy n th e tic  

o lig o n u c le o tid e , o r cloned  sequence, s p e c if ic  fo r  the  o rgan ism  o f  

in te r e s t )  i s  used to  determ ine whether o r n o t the  sam ple i s  in fe c te d . 

T h is  procedure h as been used fo r  th e  id e n t if ic a t io n  o f  H IV -in fe c te d  

in d iv id u a ls  (Loche e t a l . , 1988; Ou e t a l . , 1988), and a ls o  fo r  the  

d e te c tio n  o f  to x ig e n ic  E . c o li  u s in g  b io t in - la b e lle d  probes (O liv e  

e t a l . , 1988). A  re c e n tly  d e scrib e d  techn ique  fo r  d e te c tin g  c lo s e ly  

re la te d  HPV typ e s in  DNA recovered from  c e r v ic a l sm ears does n o t r e ly  

on h y b r id iz a t io n  o f  a  probe; in ste a d , HPV ty p e -s p e c if ic  p rim er p a ir s  

are  chosen so  th a t  the  s iz e  o f  the PCR p roduct i s  d if fe re n t  depending 

on w hich v ir u s  type  i s  p re se n t. Thus, the  natu re  o f  the in fe c t in g  v ir u s  

can be determ ined d ir e c t ly  by  e le c tro p h o re s is  o f  the  PCR p rod u ct (Young 

e t a l ., 1989).
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I t  i s  c le a r  th a t  the  PCR techn ique  i s  a  pow erfu l means o f  

in c re a s in g  the  s e n s it iv it y  o f  n u c le ic  a c id -b a se d  d ia g n o s t ic  a ssa y s, n o t 

le a s t  because i t  i s  f le x ib le ,  and i s  e ffe c t iv e  on many typ e s o f  sam ple. 

F or exairple, i t  h a s been used fo r  th e  a n a ly s is  o f  ENA e x tracte d  frcm  

fo rm a lin -fix e d , paraffin -em bedded t is s u e s  (Im praim  e t a l . , 1987;

Lai-G oldm an e t a l ., 1988), and fo r  the  d e te c tio n  o f  human p ap illo m a

v ir u s  in  paraffin -em bedded specim ens, w ith ou t ENA e x tra c tio n  (Sh ib a ta  

e t a l . ,  1988). There a re  se v e ra l advantages in h e re n t in  th e  a b i l i t y  to  

use  such  sam ples fo r  n u c le ic  a c id  a n a ly s is :  fo r  example, fo rm a lin  

f ix a t io n  and paraffin -e n toedd in g render th e  t is s u e  n o n -in fe c t io u s , so  

ro u t in e ly  ob ta ine d  b io p sy  and post-m ortem  m a te r ia l may be stu d ie d . O f 

p a r t ic u la r  in te r e s t  in  the case  o f  in fe c t io u s  agen ts (H IV  o r  the HPVs, 

fo r  exam ple) i s  the  fa c t  th a t PCR perform ed on a r c h iv a l t is s u e  sarrp les 

ob ta in e d  p r io r  to  th e  id e n t if ic a t io n  and is o la t io n  o f  the  v ir u s  w i l l  

a llo w  a  more d e ta ile d  a n a ly s is  o f  v i r a l  ep idem io logy (Lai-G oldm an  

e t a l ., 1988). PCR a m p lif ic a t io n  o f  DNA re le a se d  frcm  a  crude ly s a te  o f  

a sm a ll number o f  c e l ls  o ccu rs w ith  an e ff ic ie n c y  o n ly  tw o- to  th ree 

fo ld  le s s  than th a t ob ta in e d  w ith  an e q u iva le n t amount o f  p u r if ie d  ENA.

3However, a s the  number o f  c e l ls  in c re a se s beyond around 5 x 10 , th e re  

i s  a  marked re d u ctio n  in  e ff ic ie n c y ,  p ro b ab ly  due to  in h ib it io n  o f  the  

a m p lif ic a t io n  p ro ce ss by  c e llu la r  d e b r is  ( S a ik i e t a l . , 1986). T h is  

does n o t re p re se n t a  s ig n if ic a n t  problem  in  the case  o f  a n a ly s is  o f  

genom ic sequences, because each c e l l  i s  c e r ta in  to  co n ta in  the  re g io n  

o f  in te r e s t ;  fo r  exanple, the  use o f  u n fra c tio n a te d  ly s a te s  fo r  the  

d e te c tio n  o f  the  m utation  a sso c ia te d  w ith  s ic k le - c e l l  anaem ia reduces 

th e  t o t a l tim e re q u ire d  fo r  the  a ssa y  to  le s s  than  8 h ou rs. However, i t  

would n o t be r e a l is t ic  to  use  a  crude c e l l  ly s a te  fo r  the  d e te c tio n  o f  

in fe c t io u s  age n ts, because the nunber o f  in fe c te d  c e l ls  may be sm a ll, 

am ongst a la rg e  background o f  u n in fe cte d  ones. The se le c t io n  o f  a  sm a ll
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number o f  c e l ls  fo r  a m p lif ic a t io n  may not be re p re se n ta tiv e  o f  the  c e l l  

p o p u la tio n  a s a  w hole. Hence, i t  i s  n o t p o s s ib le  a t  p re se n t to  a v o id  

p u r if ic a t io n  o f  DNA from  a sam ple in  th e  case  o f  PCR-based d ia g n o s is  o f  

in fe c t io u s  d ise a se .

I t  i s  p o s s ib le  to  PCR a m p lify  a  s in g le  m olecu le o f  DNA (S a ik i  

e t a l . , 1988 b ) , so  a  s in g le  h a ir  c o n ta in s  more than  enough n u c le ic  

a c id  fo r  a m p lif ic a t io n  o f  gencm ic sequences (the  ro o t end o f  a  f r e s h ly  

p lucked  h a ir  may co n ta in  a s much a s 0 .5  ug o f  DNA). Thus, i t  h as been 

p o s s ib le  to  d e te ct g e n e t ic a lly  v a r ia b le  m ito ch o n d ria l and n u c le a r DNA 

sequences frcxn the  ro o t re g io n  o f  shed, a s w e ll a s  fre sh ly -p lu c k e d  

s in g le  h a ir s  (H igu ch i e t a l . , 1988); t h is  may be o f  g re a t  use  in  

fo re n s ic  sc ie n ce , because i t  w i l l  a llo w  v ic t im s  and su sp e cts to  be  

p o s it iv e ly  id e n t if ie d  b y  h a ir s  shed a t  the  scene o f  a crim e.

In  the  re se a rch  la b o ra to ry , the  PCR techn ique  i s  becom ing a  

u se fu l to o l fo r  in p ro v in g  seme o f  the  methods used b y  th e  m o lecu lar 

b io lo g is t .  For example, i t  h as been used fo r  the ra p id  p rod u ctio n  o f  

p la sm id  in s e r t ,  w ith ou t the  need fo r  la r g e -s c a le  p la sm id  p re p a ra tio n , 

r e s t r ic t io n  enzyme d ig e s t io n  and in s e r t  is o la t io n  (L ia n g  & Johnson, 

1988); a  s im ila r  procedure can be used to  produce v e c to r -fre e  

b io t in y la te d  probes b y  re p la c in g  dTTP w ith  b io t in y la te d  dUTP in  the  

re a c tio n  b u ffe r  (Lo e t a l . , 1988).

The developm ent o f  ra p id  and r e lia b le  te chn iqu e s fo r  the  d ire c t  

sequencing o f  e n z ym a tica lly  a m p lifie d  DNA (Enge lke  e t a l . , 1988) w i l l  

byp ass the  need fo r  gene c lc n in g , l ib r a r y  c o n stru c tio n  and scre e n in g, 

th u s d ra m a tic a lly  irrp rov in g procedures de sign ed  fo r  the  d e te c tio n  o f  

m u tation s and polym orphism s in  in d iv id u a l su b je c ts. For exanple, d ir e c t  

gencm ic sequencing o f  PCR a n p lif ie d  DNA h as been used fo r  the  

c h a ra c te r iz a tio n  o f  new m u tation s r e s u lt in g  in  b e ta -th a la ssa e m ia  

(Wong e t a l . , 1987). An a lte rn a t iv e  sequencing method based cn PCR
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a irrp lific a tio n  h as been re c e n tly  d e sc rib e d ; th e  techn ique, known as  

gencm ic a m p lif ic a t io n  w ith  t r a n s c r ip t  sequencing (G A M S) in v o lv e s  the  

attachm ent o f  a  17 phage prom oter on to  a t  le a s t  one o f  th e  FCR p rim ers  

( S t o f le t  e t a l ., 1988). The segm ents a m p lifie d  b y  PCR a re  tra n sc r ib e d  

w ith  T7 RNA polym erase to  fu rth e r in c re a se  the  s ig n a l,  and to  p ro v id e  

an abundance o f  s in g le -s tra n d e d  te irp la te  fo r  re ve rse  t r a n s c r ip ta s e -  

m ediated d ideoxy sequencing. An e n d -la b e lle d  re v e rse  t r a n sc r ip ta se  

prim er com plem entary to  the  d e sire d  sequence ge n erate s th e  a d d it io n a l 

s p e c if ic it y  re q u ire d  to  generate  unambiguous sequence d a ta . The method 

i s  capab le  o f  p rod u cin g r e s u lt s  a t  le a s t  f iv e  tim es a s  f a s t  a s  

co n ve n tio n a l sequencing, and s in c e  GAM'S i s  amenable to  autom ation, 

fu r th e r  in c re a se s  in  the ra te  o f  sequence a q u is it ic n  are  l ik e ly .  The 

techn ique  h a s re c e n tly  been m od ifie d  fo r  d ir e c t ly  o b ta in in g  sequence 

d a ta  from  RNA (Sa rk a r & Sommer, 1988).

A lth o u gh  in  i t s  o r ig in a l form  PCR a llo w s the  a m p lif ic a t io n  o f  

segm ents o f  DNA between two re g io n s  o f  known sequence, i t  i s  p o s s ib le  

to  a m p lify  segm ents th a t  l i e  o u ts id e  the  boundarie s o f  known sequences 

( T r ig l ia  e t a l . , 1988). The approach s im p ly  re q u ire s  in v e rs io n  o f  th e  

r e s t r ic t io n  fragm ent o f  in te r e s t  b y  c ir c u la r iz a t io n  w ith  DNA l ig a s e  

and re -cp e n in g  a t  a d if fe r e n t  r e s t r ic t io n  enzyme re c o g n it io n  s it e .  T h is  

may be p a r t ic u la r ly  u se fu l fo r  sequencing the gencm ic DNA f la n k in g  a  

v i r a l  in te g ra t io n  s it e .  An in ge n io u s PCR-based a ssa y  fo r  d e te c tin g  the  

ta rg e tte d  m o d ific a tio n  o f  chromosomal genes by  hom ologous recom bination  

between exogenous DNA and a ta rg e t  lo c u s h as been reported  (Kim  & 

Sm ith ie s, 1988); th e  procedure i s  no t dependent on th e  phenotype o f  the  

ta rg e t  gene, o r  on i t s  e x p re ssion  in  ta rg e t  c e l ls ,  so  i t  h a s overcame 

one o f  the  m ajor c o n s tra in ts  p re ve n tin g  the  w idespread u se  o f  gene 

t a r g e t t in g .

In  summary, the  polym erase ch a in  re a c tio n  r e s u lt s  in  a dram atic
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in c re a se  in  th e  amount o f  ta rg e t  sequence p re se n t in  a  sam ple; t h is  

means th a t  the  m ain p r io r it y  in  ch o sin g  the a ssa y  fo r  subsequent san p le  

a n a ly s is  need n o t be h ig h  s e n s it iv it y .  In  fa c t ,  am e n ab ility  to  

autom ation and the  c a p a b ilit y  o f  h a n d lin g  la r g e  nurrtoers o f  sam ples a re  

more im portan t; th e re  would be l i t t l e  advantage in  u s in g  PCR i f  

subsequent procedures fo r  a n a ly s is  o f  a m p lifie d  sequences were tim e - 

consum ing and te c h n ic a lly  demanding. There i s  no doubt th a t  sane k in d  

o f  s ig n a l a n p lif ic a t io n  ste p  w i l l  be used i f  n u c le ic  a c id -b a se d  a ssa y s  

are  to  take  th e ir  p la c e  a s in v a lu a b le  t e s t s  in  th e  c l in ic a l  la b o ra to ry .  

I t  w i l l  n o t be acce p tab le  to  compromise on s e n s it iv it y ,  because  

techn iques l ik e  PCR o r  o ligo n u c le o tid e -co m p le x  based a n p lif ic a t io n  

system s (Urdea e t a l ., 1987 a ; see se c t io n  1 .3 .7 ) n o t o n ly  d ra m a tic a lly  

im prove the d e te c tio n  l im it s  w ith in  w hich an a ssa y  can operate, b u t 

a ls o  r e s u lt  in  a  more ra p id  r e s u lt .  In  the  case  o f  d e te c tio n  o f  g e n e tic  

d e fe c ts, s u f f ic ie n t  human ENA fo r  PCR a n p lif ic a t io n  can be is o la te d  

from  b u cca l e p it h e lia l c e l ls  ob ta ine d  b y  mouthwash (Lench e t a l . ,

1988). T h is  g r e a t ly  s in p l i f ie s  the ease w ith  w hich a  la rg e  number o f  

sam ples co u ld  be ob ta ined , because the need fo r  m ed ical su p e rv is io n  o f  

sam ple c o lle c t io n ,  and the concom itant r i s k  o f  in fe c t io n  are  

e lim in a te d . For these  re a so n s, PCR a n p lif ic a t io n  fo llow e d  by  sandw ich  

h y b r id iz a t io n  appears to  be an obv iou s can d idate  fo r  developm ent o f  a  

techn ique  w hich w ould s a t is f y  a l l  o f  the  requ irem ents o f  a  ro u tin e  

d ia g n o s t ic  t e s t ;  th e  developm ent o f  such an a ssa y  h as been a m ajor 

o b je c tiv e  o f  t h is  stu d y.
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2. ADS.
The methods o f  gene d e te c tio n  m ost commonly used in  re search  

la b o ra to r ie s  can be p re c ise  and se n s it iv e ,  b u t are  no t su ita b le  fo r  

ro u tin e  d ia g n o s t ic  use, because th ey  are  lab o u r in te n s iv e  and tim e  

consum ing. They a re  a ls o  lim ite d  in  the  number o f  sam ples w hich can be  

p rocesse d  a t  once, a re  im p o ssib le  to  t o t a l ly  autom ate, and r e ly  on 

le n g th y  a u to ra d io g ra p h ic  procedures as a  means o f  s ig n a l d e te c tio n . 

A lthou gh  th ere  are  c ircum stances in  w hich in  s it u  h y b r id iz a t io n  can  

p ro v id e  u se fu l in fo rm atio n  re ga rd in g  the  in t r a c e llu la r  lo c a t io n  o f  

s p e c if ic  n u c le ic  a c id  sequences, the  techn ique  i s  not su ita b le  fo r  

la r g e -s c a le  d ia g n o s t ic  use  fo r  the  reason s o u tlin e d  above.

N u c le ic  a c id  sandw ich h y b r id iz a t io n  appears to  be an id e a l 

can d idate  fo r  the  developm ent o f  a  s u ita b le  a lte rn a t iv e  to  con ve n tion a l 

te chn iqu e s, because i t  e lim in a te s the  need fo r  e le c tro p h o re s is  and 

sam ple im m o b iliz a tio n , and i s  th e re fo re  amenable to  autom ation  

(p o s s ib ly  u s in g  equipment o r ig in a l ly  de sign ed  fo r  sandw ich  

im m unoassay). There i s  no requirem ent fo r  s ig n a l d e te c tio n  by  

au torad iography, so  r e s u lt s  can be ob ta ine d  in  an e a s i ly  in te rp re te d  

num erica l form . A lthou gh  sandw ich h y b r id iz a t io n  techn iques have been 

reported  fo r  the  d e te c tio n  o f  in fe c t io u s  age n ts, and a ls o  fo r  the  

id e n t if ic a t io n  o f  n u c le o tid e  sequence v a r ia t io n s  (review ed in  N ic h o lls  

& M alcolm , 1989), none o f  th e se  methods have y e t made an im pact on the  

realm  o f  ro u tin e  d ia g n o s t i i s .  P rob ab ly  the  m ain reason  fo r  t h is  i s  

th a t, even u s in g  p robes la b e lle d  w ith  ra d io a c t iv e  iso to p e s, the  

s e n s it iv it y  o f  the  sandw ich a ssa y  i s  around ten  tim es le s s  than th a t  o f  

Southern b lo t t in g .  However, w ith  the  recen t advent o f  s ig n a l 

a m p lif ic a t io n  procedures l ik e  the polym erase ch a in  re a c tio n  (PCR)

(Saiki et al., 1985 a), lack of sensitivity becomes relatively

insigni f icant when compared with the advantages inherent in sandwich
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h y b r id iz a t io n .

An e x c e lle n t example o f  a  c o n d itio n  w hich i s  m ost e f fe c t iv e ly  

d iagn osed  b y  n u c le ic  a c id  a n a ly s is  i s  human p a p illo m a v iru s  (HFV) 

in fe c t io n  o f  the  u te rin e  c e rv ix . The HPVs have been f ir m ly  im p lic a te d  

in  th e  a e t io lo g y  o f  c e r v ic a l cancer, a lthou gh  the p re c ise  mechanism fo r  

t h is  in te ra c t io n  i s  a s y e t p o o r ly  understood (P f is t e r ,  1987). S in ce  

v i r a l  n u c le ic  a c id  can p e r s is t  w ith in  an in fe c te d  c e l l  w ith ou t 

t r a n s c r ip t io n a l o r t r a n s la t io n a l a c t iv it y ,  immunoassay i s  not an 

e ffe c t iv e  means o f  scre e n in g  fo r  in fe c t io n  (P f is t e r ,  1987). A  recent 

re p o rt b y  the  B r i t i s h  M e d ica l A s so c ia t io n  conceded th a t  'th e re  i s  

grow ing evidence lin k in g  in fe c t io n  b y  a p a p illo m a v iru s  w ith  c e r v ic a l 

can ce r1, a lth ou gh  i t  was concluded th a t  1 a t  p re se n t i t  i s  n e ith e r  

p ra c t ic a b le  nor eccncm ic to  t e s t  a l l  sm ears and c e r v ic a l b io p s ie s  fo r  

th e se  [human p a p illo m a ] v ir u s e s ' ( B r it is h  M e d ica l A s so c ia t io n  Report, 

1986).

W ith  th e se  fa c t s  in  mind, the  m ajor aim  o f  t h is  stu d y  was to  

deve lop  a sandw ich h y b r id iz a t io n  a ssa y  su ita b le  fo r  d e te c t in g  human 

p a p illo m a v iru s  in fe c t io n  o f  the c e rv ix . The fo llo w in g  p o in ts  re ga rd in g  

th e  developm ent o f  the  a ssa y  were con sidered  im portan t:

(1 ) A lth ou gh  th e re  i s  evidence to  su gge st th a t  in te g ra t io n  o f  v i r a l  

n u c le ic  a c id  in to  the  h o s t  c e l l  chromosome may in i t ia t e  the  

n e o p la s t ic  p ro ce ss, the evidence i s  no t c o n c lu s iv e . For t h is  

reason , the  a ssa y  shou ld  be capab le  o f  d e te c tin g  v i r a l  DNA, 

re g a rd le ss  o f  i t s  in te g ra t io n a l s ta tu s  and abundance.

(2) In  o rde r to  be su ita b le  fo r  w idespread use, the  method o f  o b ta in in g  

a  sam ple shou ld  be sim p le  and n o n -in v a s iv e . The c e r v ic a l scrape  

would be id e a l,  because i t  i s  an accepted n o n -in v a s iv e  procedure, 

and th e re  are  no e th ic a l lim it a t io n s  in  o b ta in in g  c o n tro l m a te ria l
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from  norm al in d iv id u a ls .  Scrape s have been used p re v io u s ly  fo r  the  

su c c e ssfu l id e n t if ic a t io n  o f  HPV in fe c t io n  (W ickenden e t a l .,

1985).

(3) S p e c if ic  HPV typ e s have been a sso c ia te d  w ith  c e r v ic a l tum ours, 

whereas o th e r d is t in c t  type s a re  more fre q u e n tly  a sso c ia te d  w ith  

low er grade  c e r v ic a l a b n o rm a lit ie s . I t  i s  e s s e n t ia l th a t  the  a ssa y  

shou ld  be capab le  o f  d isc r im in a t in g  between 'h ig h  r i s k ' and 'le w  

r i s k ' type s o f  the  v ir u s .  In  o rde r to  ach ieve  t h is ,  i t  i s  n ecessary  

to  is o la t e  a p a ir  o f  ncn-hcm ologous n u c le ic  a c id  p robes fo r  each  

im portan t v ir u s  type, and a t  le a s t  one probe o f  the  p a ir  must 

h y b r id iz e  ju s t  to  i t s  source v ir u s ,  and not to  any o th e r v ir u s  

type .

(4) To produce a  form at w hich would len d  i t s e l f  m ost r e a d ily  to  

autom ation u s in g  c u rre n tly  a v a ila b le  techn o logy, the  a ssa y  shou ld  

be developed u s in g  ENA. probes c o v a le n tly  im m obilized  to  

p a r t ic u la te  re s in s ,  ra th e r than  to  n it r o c e llu lo s e  o r  n y lon  f i l t e r s .  

A  p r in c ip a l aim  was th e re fo re  to  id e n t ify  the  m ost su ita b le  re s in ,  

in  term s o f  th e  e ff ic ie n c y  w ith  w hich DNA cou ld  be ir r e v e r s ib ly  

bound, and th e  a v a ila b i lt y  o f  bound n u c le ic  a c id  fo r  subsequent 

h y b r id iz a t io n  (w ith  a  low  n o n -sp e c if ic  background s ig n a l ) . Chem ical 

methods w hich have been reported  a s b e in g  the m ost c o n s is te n t ly  

su c c e ssfu l fo r  c o v a le n tly  in m o b iliz in g  DNA by  the 5 ' end, o r  v ia  

the base  m o ie tie s, m ust be considered .

(5 ) In  o rder to  ach ieve  h ig h  s e n s it iv it y ,  the  p o s s ib i l i t y  o f  in c lu d in g  

a FCR-m ediated s ig n a l a m p lif ic a t io n  ste p  p r io r  to  sandw ich a ssa y  

shou ld  be considered . An a lte rn a t iv e  procedure in v o lv in g  the  

a f f in i t y  cap tu re  o f  b io t in y la te d  PCR p rod u cts on s t re p ta v id in -  

agaro se , fo llow e d  b y  d e te ctio n  o f  the  a m p lifie d  re g io n  w ith  a  probe  

in  a 'o n e -ste p ' a ssay , may prove  su c c e ssfu l.
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(6 ) The s ig n a l a m p lif ic a t io n  a sso c ia te d  w ith  PCR shou ld  a llo w  the  

a p p lic a t io n  o f  n o n -ra d io a c tiv e  d e te c tio n  system s to  be  stu d ie d .

The o v e r a ll aim  o f  t h is  in v e s t ig a t io n  was to  produce a  ra p id , 

r e lia b le ,  sa fe , s e n s it iv e  and s in p le  techn ique fo r  econ om ica lly  

id e n t ify in g  HPV in fe c t io n  in  la rg e  numbers o f  c e r v ic a l scrap e  sam ples. 

The procedure shou ld  be capab le  o f  d is t in g u is h in g  between the v ir u s  

type s a sso c ia te d  w ith  c e r v ic a l a b n o rm a lit ie s , and a ls o  be amenable to  

autom ation. Once developed, i t  shou ld  be s in p le  to  adapt the  procedure  

fo r  the  d e te c tio n  o f  o ther in fe c t io u s  o rgan ism s.
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3 . MATERIALS AND MEPCDS.

3 .1  M a te r i a l s .
C h e m ica ls.

W ith  the exception  o f  the  reagen ts m entioned below , a l l  

chem ica ls were A n a la r  grade, su p p lie d  by  B r it is h  D rug Houses L td .

(BDH), Poo le , D o rse t, England.

The fo llo w in g  were ob ta in e d  frcm  the Sigm a Chem ical C o ., S t .  

L o u is , M I, U .S.A : bov in e  serum album in (BSA) fr a c t io n  V ; d it h io t h r e it o l  

(DTT); e th id ium  brom ide (E tB r ) ; N -2 -hydroxye thy l p ip e ra z in e  N '-2 -ethane  

su lp h o n ic  a c id  (HEPES); 2-m ercaptoethanol; 2 (N -m orpholino) ethane 

s u lfo n ic  a c id  (M ES); p ip e ra z in e -N ,N '-b is (2 -e th a n e -su lfo n ic  a c id )  

(P IP E S ); Sigm acote; sodium  c h lo r id e  (N aC l); T ris(h yd roxym e th y l) am ino 

methane h yd ro ch lo r id e  (T r is -H C l);  T r is  (hydroxym ethyl) am ino methane 

(T r is -b a s e ) .

Caesium  c h lo r id e  (C sC l) and F ic o l l  were ob ta in e d  from  Pharm acia  

B io te ch n o lo gy  In te rn a t io n a l AB, U ppsa la, Sweden.

Is o to p e s .

32
The iso to p e  phosphorous-32 ( P) was su p p lie d  b y  New England  

N u cle ar (N EN ), DuPont (U .K .) L td .,  Southanptcn, Ham pshire, England, a t  

an a c t iv it y  o f  >3,000 C i/irm ole (10 m Ci/m l, in  10 irM t r ic in e ) .

Enzym es.

a ) R e s t r ic t io n  Enzymes.

BamHI ,  D d e l, EcoRI ,  H a e lll,  H in d iI I ,  P s t I and T a q I were su p p lie d  

(w ith  a p p ro p ria te  xlO  re a c tio n  b u ffe r s )  by  Bethesda Research  

L a b o ra to r ie s  (G ibco-BR L), R o c k v ille ,  MD, U .S.A .

b ) O ther Enzymes.

DNA polym erase I  'K lencw  fra gm e n t', s t r e p ta v id in -a lk a lin e  

phosphatase  (AP) and s tre p ta v id in -h o rse  ra d ish  p e ro x id a se  (HRP)
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con ju gate s, T4 p o ly n u c le o tid e  k in a se , and T4 DNA l ig a s e  were ob ta in e d  

fr a n  G ibco-BRL. C a lf  in t e s t in a l a lk a lin e  phosphatase  (C IP ) was from  

Pharm acia. Lysozyme and RNAse A  were su p p lie d  by  Sigm a, and both  

m icro co cca l n u c le ase  (fra n  Staph ylococcu s au re u s) and p ro te in a se  K were 

from  the B oe h rin ge r G o rp ., Mannheim, W. Germany. F in a lly ,  ENA 

polym erase frcm  Thermus aq u a ticu s YT1 was purchased fra n  P e rk in  Elm er 

Cetus, Norw alk, CT, U .S.A .

N u c le ic  A c id s .

Salm on sperm ENA and c a l f  thymus DNA were ob ta in e d  from  Sigm a.

2 1 -deoxyadenosine 5 1 -tr ip h o sp h a te  (dATP), 2 1 -d e o x ycy tid in e  

5 ' -tr ip h o sp h a te  (dCTP), 2 ' -deoxyguanosine  5 ' -tr ip h o sp h a te  (dGTP),

2 '-deoxythym id ine 5 1 -tr ip h o sp h a te  (dT IP ) and hexadeoxyribcn u cleo tide  

prim er (p[dN ]^) were frcm  Pharm acia. B acteriophage  lambda M IA  and  

phiX174 ENA were su p p lie d  by  G ibco-BRL. P lasm id  pUC8 was fra n  Amersham 

In te rn a t io n a l P ic . ,  Amersham, Buckingham shire, England . Reagents fo r  

o lig o n u c le o t id e  sy n th e s is  ( in c lu d in g  b e ta -cyan o e th y l p h o sph oram id ite s, 

and A m in o lin k -2  reagent) were obta ined  frcm  A p p lie d  B iosystem s, 

W arrington , C h esh ire , England. T o ta l human ENA was the  k in d  g i f t  o f  a  

co lle a gu e , U ta  V o ss.

Chrom atography And E le c tro p h o re s is .

Sephadex G-50 (medium grade) was ob ta in e d  from  Pharm acia. Normal 

and low  m e ltin g  p o in t  (LMP) aga ro se s were from  G ibco-BRL. NuSieve GTG 

agaro se  was su p p lie d  b y  BMC B io P ro d u cts, Rockland, ME, U .S.A . Nensorb  

20 a f f in i t y  chrom atography colum ns were from  NEN.

B lo t t in g  And H y b r id iz a t io n .

Whatman chrom atography 3MM paper was fr a n  Whatman L td .,

M aidstone, Kent, England . N it r o c e llu lo s e  b lo t t in g  membranes were 

su p p lie d  b y  S c h le ic h e r  and S c h u e ll GmbH, D a sse l, W. Germany. Hybond-N  

was from  Amersham In te r n a t io n a l.
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A u torad iograp hy  And Photography.

FP4 f ilm ,  P h e n iso l and Autophen deve loper, and Hypam f ix e r  were 

su p p lie d  by  I l f o r d ,  B a s ild c n , E ssex , England. X-OMAT XAR-5 X -ra y  f i lm  

was from  Eastm an Kodak, Rochester, NY, U .S .A . Okamoto f i lm  c a sse tte s  

and scre e n s were fra n  X-O graph L td .,  Malm esbury, W ilt s h ir e ,  England.

Reagents For B a c te r ia l C u ltu re .

A gar, y e a st e x tra c t and tryp ton e  were su p p lie d  b y  D ifc o  

L a b o ra to r ie s, D e tro it,  M I, U .S .A . A m p ic illin  was fra n  Sigm a, and 

5 -b rc m o -4 -c h lo ro -3 -in d o ly l-b e ta -g a la c to s id e  (X -g a l)  and is c p ro p y l-b e ta -  

D -th io -g a la c to p y ra n o s id e  (IPTG ) were obta ined  frcm  Northum bria  

B io lo g ic a ls  L td . (N BL), C ram lin gtcn , N orthunberland, England . S t e r i le  

90 run P e t r i d ish e s  were purchased frcm  S t e r i l in  L t d . , Teddington, 

G lo u c e ste rsh ire , England.

M a te r ia ls  For N u c le ic  A c id  Im n o b iliz a t io n .

Se p h acry ls S-500 and S-1000, Sepharose CL4B and epoxy-Sepharose  

6B were fr a n  Pharm acia. Dynospheres M450 were th e  k in d  g i f t  o f  Dyno 

In d u s t r ie r  A .S .,  O slo , Norway. S tre p ta v id in -a g a ro se  was fra n  

G ibco-BRL. 1 ,4 -b u tan e d io l d ig ly c id y l e ther (95%), 2 -am inoth icpheno l and 

l-c y c lb h e x y l-3 -  (2 -m o rp h o lin oe th y l) carbod iim ide  m etho -p -to luene - 

su lfc n a te  (95%) were purchased fra n  the A ld r ic h  Chem ical Co. L td .,  

G illin gh a m , D o rse t, England.

L a b e llin g  And D e te ctio n  O f N o n -ra d io a c tiv e  DNA P ro b e s.

S u lfo su c c in im id y l 6 -(b io tin a m id o ) hexanoate (N H S -L C -b io tin ) was 

obta in e d  fra n  the P ie rce  Chem ical C o ., O u d -B e ije rlan d , The N etherlands. 

B io tin -1 1 -d U T P , and a Blu-GENE n c n -ra d io a c tiv e  d e te c tio n  k i t  were 

purchased fra n  G ibco-BRL. A  n a n -ra d io a c tiv e  DNA la b e ll in g  and d e te c tio n  

k i t  was a  g i f t  to  the  la b o ra to ry  fra n  B oehringer. 0-phenylenediam ine  

d ih y d ro ch lo r id e  was ob ta ine d  fra n  Sigm a.
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3 .2  B a c t e r i a l  S to c k s : S t r a in s  A nd S to r a g e -
A l l  p la sm id s were propagated in  E sh e r ic h ia  c o l i  (E . c o l i ) K-12  

s t r a in s  HB101 (Boyer & R o u lla n d -D u sso ix , 1969), JM101 o r  JM103 (M e ssin g  

e t a l ., 1981).

The genotypes fo r  th e se  s t r a in s  a re  a s  fo llc w s :

HB101 F , hsdS20, rB  , mB , recA , supE44, a ra -1 4 , g a l  K -2 , la c Y l,

prcA2, rp s  L20, s t r  , x y l-5 , rn tl-1 .

JM101 ( la c p ro ),  t h i,  F 'tra D 3 6 , proAB, supE, la d q Z  M15.

JM103 ( la c p ro ),  t h i,  s trA , endA, sbcB15, hsdR4, F 'traD 3 6 , prcAB, supE,

la c l^ i  M15.

A l l  b a c te r ia l s to c k s  were sto re d  a s  e xp on e n tia l c u ltu re s , bo th  

in  50% v /v  g ly c e ro l a t  -20°C, and in  15% v /v  g ly c e ro l,  a t  -70°C. The 

la t t e r  were n o t used ro u t in e ly  a s a source  o f  v ia b le  c e l ls ,  b u t were 

re ta in e d  a s  replacem ents, shou ld  sto c k s  sto re d  a t  -20°C d ie , o r  become 

contam inated.

3 .3  P la sm id s .

C loned DNA from  HPV typ e s 6b, 11, 16 and 18 were th e  k in d  g i f t  

o f  a  co lle a gu e , C o lin  W ickenden; the c lo n e s were o r ig in a l ly  ob ta in e d  

from  P ro fe sso r  H. zu r Hausen, In s t i t u t  Fur V ir o lo g ie ,  H e id e lb e rg , W. 

Germany. W ith  the  exception  o f  type 6b, HPV DNA was su p p lie d  a s  the  

com plete genome, cloned  in to  the BamHI  s i t e  (HPVs 11 [7,931 bp] and 16 

[7 ,904 b p ]),  o r  EcoRI  s i t e  (HPV 18 [7,857 b p ]) o f  pBR322 (B o liv a r  

e t a l . ,  1977). HPV 6b (7,902 bp) was su p p lie d  a s a  5,368 bp BamHI /EcoR I  

sub-genom ic fragm ent, cloned  in to  pBR322. A l l  c o n stru c ts  were 

propagated  in  E . c o li  K-12 s t r a in  HB101.

P lasm id  b e ta  f5 .5  i s  a  pUC8 (V ie ra  & M e ssin g , 1982) d e rive d  

c o n stru c t, w hich co n ta in s  a  1.9 Kb BamHI  r e s t r ic t io n  fragm ent from  the  

5 ' end o f  the  human b e ta -g lo b in  gene (M aingcn, 1982). P la sm id s KJ7
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(Johnson, 1985) and JL1 (Langdale  & M alcolm , 1985) a re  pUC d e rive d  

re carib in an ts, c o n ta in in g  a 341 bp  H in f l b e ta -g lo b in  gene fragm ent, and 

a  201 bp  M s t ll  b e ta -g lo b in  gene fragm ent re sp e c t iv e ly . Both  pKJ7 and 

p J L l were th e  k in d  g i f t  o f  a  co lle a gu e , Herm ia F igu e ire d o .

P la sm id s c o n ta in in g  in s e r t s  d e rive d  fra n  the gencmes o f  human 

p a p illo m a v iru s  type s 6b, 11, 16 and 18 ( a l l  co n stru cte d  u s in g  pUC8) 

were a s fo llo w s ; f ig u r e s  in  b rack e ts re fe r  to  the  ge n an ic  n u c le o tid e  

p o s it io n s  o f  each HPV fragm ent:

pJN l co n ta in s  a  1,776 bp  HPV 16 P s t I  fragm ent (7 ,003 -875 ). 

pJN2 c o n ta in s  a  483 bp HPV 16 P s t I fragm ent (4 ,75 5 -5 ,238 ).

pJN3 c o n ta in s  a  216 bp HPV 16 P s t I  fragm ent (6 ,78 7 -7 ,003 ).

pJN4 c o n ta in s  a  555 fcp HPV 18 P s t I  fragm ent (5 ,77 0 -6 ,325 ).

pJN5 c o n ta in s  a  441 bp HPV 18 P s t I  fragm ent (6 ,32 5 -6 ,766 ).

pJN7 c o n ta in s  a 1,042 bp HPV 11 P s t I  fragm ent (5 ,43 2 -6 ,474 ). 

pJN8 c o n ta in s  a  435 bp HPV 11 P s t I  fragm ent (6 ,47 4 -6 ,909 ). 

pJN9 c o n ta in s  a  3,601 bp HPV 6b P s t l/E c o R I fragm ent (6,489-2,188) 

pJNlO co n ta in s a  1,081 bp HPV 6b P s t I  fragm ent (5 ,40 8 -6 ,489 ). 

p J N ll co n ta in s  the  fu l l- le n g t h  HPV 11 genome (7,931 b p ), cloned  

in to  the  BamHI  s it e .

pJN12 co n ta in s  a  686 bp  HPV 6b Pstl/Bam H I  fragm ent (4 ,72 2 -5 ,408 ). 

pJN16 c o n ta in s  th e  fu l l- le n g t h  HPV 16 genome (7,904 b p ), cloned  

in to  the BamHI  s it e .

A l l  pJN p la sm id s were co n stru cte d  d u rin g  the  course  o f  t h is  

in v e s t ig a t io n .

3 .4  G e n e ra l M e th o d s.

Many o f  the  methods used in  t h is  stu d y  were adapted from  th ose  

d e sc rib e d  in  'M o le cu la r C lo n in g : A  L ab o ra to ry  M anual' (M a n ia tis  e t a l.



130

3 .4 .1  E x tr a c t io n  A nd P r e c i p i t a t i o n  O f ENA.
The m ost common e x tra c tio n  procedure perform ed on DNA sam ples

was fo r  the  rem oval o f  con tam in atin g p ro te in ; t h is  p ro te in  can d e riv e

from  th e  c e l ls  w hich were th e  source  o f  th e  n u c le ic  a c id  ( in  the  case

o f  p la sm id s p ropagated  in  E . c o l i , o r  DNA. e x tracte d  from  c l in ic a l

s a n p le s ) . A lte rn a t iv e ly ,  i t  may be n e ce ssa ry  to  remove enzymes w hich

have been used to modify DNA, prior to subsequent procedures (for

exanple, rem oval o f  a  r e s t r ic t io n  enzyme from  a DNA d ig e s t  p r io r  to

l i g a t io n ) . Many o f  the  enzymes w hich use  n u c le ic  a c id  a s su b stra te  are

in h ib ite d  b y  con tam in atin g  p ro te in s , p a r t ic u la r ly  th o se  w hich b in d  to

the  ENA m olecu le. D e p ro te in a tio n  was perform ed b y  e x tra c tio n  w ith

p he n o l/ch lo ro form . P r io r  to  use, phenol was sa tu ra te d  w ith  TE b u ffe r ,

pH 8 .0  (10 mM T ris(h yd roxym e th y l) am ino methane h yd ro ch lo rid e

[T r is -H C l] ,  1 irM e thy lene  diam ine te t r a -a c e t ic  a c id  [ED TA]), and was

added in  equal volume to  the  DNA sam ple. A fte r  thorough  m ix in g (w ithou t

v o rte x in g ), the  sam ple was ce n trifu ge d  fo r  5 m inutes, e ith e r  in  a

m ic ro -c e n tr ifu ge  (MSE M icrocen tau r, 13,000 rpm [13,400 x g  ] ) ,  o r  in  aav

S o r v a ll RC5B superspeed c e n tr ifu g e  (HB-4 ro to r , 10,000 rpm [10,815 x 

ga v ] ), depending on th e  volume o f  the  sam ple. The upper (aqueous) la y e r  

was tra n s fe rre d  to  a  c le a n  tube, and e x tracte d  tw ice  in  an id e n t ic a l 

manner w ith  ch lo ro fo rm /iso a iry l a lc o h o l (2 4 :1 ). A  f in a l  p u r if ic a t io n  

ste p , e x tra c tio n  tw ice  w ith  w ater sa tu ra te d  d ie th y l e ther, was 

perform ed in  the  same fa sh io n , except th a t  the  upper la y e r  (e th e r) was 

d isca rd e d  in ste a d  o f  the  low er (aqueous) la y e r. T race s o f  e ther were 

removed frcm  the sam ple by  lo o se n in g  th e  cap o f  the  tube, and 

in c u b a tin g  a t  65°C fo r  5 m inutes.

P re c ip ita t io n  o f  ENA was ach ieved b y  a d d it io n  o f  0.1 volum es o f

1982).
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3 M sodium  ace ta te  (NaOAc), pH 4 .5 , 0.1  volum es o f  0.1  M M gCl^ and 2.5

volum es o f  ic e -c o ld  a b so lu te  e th an o l. The m ixture  was incubate d  e ith e r

a t  -20°C o v e rn igh t, o r  a t  -70°C fo r  1 hour, p r io r  to  p e lle t in g  th e  DNA

by  c e n tr ifu g a t io n  fo r  10 m inutes. T h is  was perform ed a t  4°C, e ith e r  in

a  m ic ro -c e n tr ifu ge  (MSE M icrocen tau r, 13,000 rpm [13,400 x g  ] ) ,  o r
av

in  th e  S o r v a ll RC5B (HB-4 ro to r , 10,000 rpm [10,815 x g  ] ) .  Theav
supernatan t was d isca rd e d , and the  p e lle t  washed by v igo ro u s  

re su sp e n sion  in  c o ld  70% e th an o l. A fte r  re -c e n tr ifu g a t io n , the  

supernatan t was once a g a in  d isca rd e d , and the  p e lle t  d r ie d  e ith e r  in  a  

vacuum d e s ic c a to r , o r  in  a  Speed Vac con ce n tra to r (Savan t In stru m e n ts  

In c . ,  H ic k s v ille ,  NY, U .S .A .).  D ry  p e lle t s  were resuspended in  an  

ap p ro p ria te  volume o f  TE b u ffe r , pH 8 .0 , o n ly  im n e d ia te ly  p r io r  to  

use. For lo n g  term  sto ra ge , p e lle t s  were ke p t dry, o r  under 70% 

e than o l, a t  -20°C u n t i l  req u ire d .

3 .4 .2  R an d an  S h e a r in g  O f H ig h  M o le c u la r  W e ig h t ENA.
Salm on sperm o r  c a l f  thymus DNA was d is so lv e d  in  d e ion ize d  

d i s t i l le d  w ater to  a  co n ce n tra tio n  o f  5 mg/ml, by  g e n tle  s t i r r in g  

o v e rn igh t a t  4°C. Randan sh e a rin g  o f  the  ENA was ach ieved b y  sa n ic a t io n  

in  an MSE Son ip re p  150; t h is  was c a r r ie d  ou t on ic e , u s in g  10 x 30 

second p u lse s , w ith  a t  le a s t  60 seconds between each p u lse . An a liq u o t  

o f  the  so n ica te d  ENA was e le c trcp h ore se d  on a  1% agaro se  g e l,  

a lo n g s id e  known m o le cu lar w e igh t stan d ard s, in  o rde r to  determ ine the  

exten t o f  so n ic a tio n . T h is  e n t ire  procedure was repeated u n t i l  the  

average s iz e  o f  the  fragm ents was around 500 bp. Once so n ic a t io n  was 

com plete, 1 ml a liq u o t s  o f  the  ENA s o lu t io n  were d ispe nsed  in to  1.5 ml 

screw -cap  Eppendorf tubes, and denatured b y  h e a tin g  in  a  b o i l in g  w ater 

b a th  fo r  10 m inutes. The a liq u o ts  were ra p id ly  froze n  in  a  d ry  

ic e /e th a n o l bath , and sto re d  a t  -20°C u n t i l  re q u ire d .
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3 .4 .3  R e s t r i c t i o n  E n d o n u c le a se  D ig e s t io n .
D ig e s ts  were perform ed in  p r e - s te r iliz e d  1.5 m l po lyp rop y len e  

Eppendorf tu bes. The components o f  th e  re a c tio n  were added in  the  

fo llo w in g  o rde r: DNA (d is so lv e d  in  TE b u ffe r , 01 8 .0 );  0.1 volum es o f  

xlO  r e s t r ic t io n  enzyme b u ffe r ; n u c le a se -fre e  BSA (to  a  f in a l  

co n ce n tra tio n  o f  100 u g /m l); d i s t i l le d ,  d e io n ise d  w ater (to  make up the  

re a c tio n  vo lum e); r e s t r ic t io n  enzyme (1-5  u n its /u g  o f  DN A). Care  was 

taken  to  ensure th a t  th e  f in a l  DNA co n ce n tra tio n  was between 0.1  and 

0 .2  m g/m l, and th a t  the  volume o f  enzyme added d id  n o t exceed one te n th  

o f  th e  t o t a l re a c tio n  volum e. Ih e  la t t e r  i s  p a r t ic u la r ly  im portant, 

because  enzyme sto ra ge  b u ffe r s  c o n ta in  g ly c e ro l,  w hich can in h ib it  

enzyme a c t iv it y .  Maximum a c t iv it ie s  are  o n ly  o b ta in e d  i f  the  g ly c e ro l 

i s  s u f f ic ie n t ly  d ilu te d  in  the  re a c tio n  m ix. The tem perature and 

b u ffe r  com position  fo r  each d ig e s t  was a s recommended b y  th e  enzyme 

m anufacturer. A fte r  in cu b a tio n  (1-16 h ou rs, depending on the  natu re  o f  

th e  DNA sam p le ), an a liq u o t  was removed from  each d ig e s t ,  and the  

rem ainder was le f t  on ic e .  The a liq u o t  was sub jected  to  aga ro se  g e l 

e le c tro p h o re s is , in  o rde r bo con firm  th a t  the  d ig e s t  was com plete. 

Sam ples were then e ith e r  e le c trcp h ore se d  im m ediately, o r  sto re d  a t  

-20°C u n t i l  re q u ire d .

3 .4 .4  G e l E le c t r o p h o r e s i s .
3 .4 .4 .1  A garose  g e ls .

A l l  a garo se  g e l e le c tro p h o re s is  was perform ed in  h o r iz o n ta l 

submerged g e l apparatus (e ith e r  model H4, o r  model H6) su p p lie d  by  

Bethesda Research L a b o ra to r ie s, MD, U .S .A . 0.5%-2.0%  agaro se  g e ls  were 

made b y  d is s o lv in g  the  a p p ro p ria te  m ass o f  s o l id  agaro se  powder in  

T r is -a c e ta te  e le c tro p h o re s is  (TAE) b u ffe r  (40 mM T r is -H C l,  pH 8 .0 , 20
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mM NaOac, 2 mM EDTA). H igh e r percentage g e ls  (2.5% -4.0% ) were made by- 

d is s o lv in g  N uSieve GTG agaro se  in  T r is -b o ra te  e le c tro p h o re s is  (TBE) 

b u ffe r  (89 irM T r is -H C l,  pH 8 .0 , 89 irM sodium  b o rate , 2 mM EDTA). Care  

was taken  to  ensure th a t  s o l id  agaro se  was f u l ly  d is so lv e d  b y  

th o ro u gh ly  b o i l in g  the  s o lu t io n  in  a m icrowave oven. P r io r  to  p ou rin g , 

the  s o lu t io n  was coo led  to  approx im ate ly  45°C, in  o rde r to  p reven t 

damage to  the  ap p aratu s. The g e l was poured, a  s lo t  fo rm ing cctib was 

p lace d  in  p o s it io n ,  and th e  agaro se  was a llow ed  to  s o l id i f y  a t  roan  

tem perature (o r  a t  4°C fo r  lew  m e ltin g  p o in t  a g a ro se ). The caiib was 

c a r e fu lly  removed, and the e le c tro p h o re s is  tank was f i l l e d  w ith  b u ffe r  

to  a  le v e l 0 .5  cm above the  su rfa ce  o f  the  g e l.  TAE was used fo r  

ru n n in g  norm al agaro se  g e ls ,  and TBE was used fo r  N uSieve GTG agaro se  

g e ls .  E th id ium  brom ide so lu t io n  (5 mg/ml) was added to  the  b u ffe r , to  

a  f in a l  co n ce n tra tio n  o f  0 .5  ug/m l. P r io r  to  lo a d in g , 0.1 volum es o f  

's t e p ' b u ffe r  (0.5% w/v sodium  dodecyl su lp h a te  [SD S], 0.025% w/v 

brcm cphenol b lu e , 0.025% w /v xylene  cyan o l, 5 mM EDTA, 10% w /v F ic o l l )  

was added to  each sam ple. A fte r  lo a d in g , sam ples were e lectrcp h ore se d  

in  a  f ie ld  o f  2-10 V /on  (40-170 mA), u n t i l  the re q u ire d  se p a ra tio n  o f  

fragm ents was observed, on exposure o f  the  g e l to  sh o rt wave u .v . 

l i g h t  (generated  by  a  Fotodyne model 3-3002 tr a n s illu m in a to r ,  Fotodyne, 

W I, U .S .A .).  An in d ic a t io n  o f  the  exten t o f  se p a ra tio n  cou ld  be 

o b ta in e d  from  the  p o s it io n  o f  the  tra c k in g  dyes in c lu d e d  in  th e  ste p  

b u ffe r . G e ls  were photographed on I l f o r d  FP4 n e ga tive  f ilm , u s in g  a  

P la n  P o la ro id  MP-4 Land camera.

3 .4 .4 .2  P o lyacry lam ide  G e ls .

32
P o lyacry lam ide  g e l e le c tro p h o re s is  fo r  the  a n a ly s is  o f  P 

la b e lle d  o lig o n u c le o t id e s  was perform ed in  a v e r t ic a l s la b  g e l 

apparatu s (model V I6 -2 ), su p p lie d  by  BEL. The g la s s  g e l p la te s  were 

cleaned w ith  e than o l, and th o ro u gh ly  d r ie d  b e fo re  the  apparatu s was
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assem bled, a s d e sc rib e d  by  the  m anufacturer. The fo llo w in g  sto ck  

s o lu t io n s  fo r  m aking g e ls  were prepared: 40% w /v acry lam id e ; 2% w /v  

N ,N ' -m e th y le n e -b isacry lam id e ; 0.9  M T r is -b o ra te , pH 8 .3 , 25 irM EDTA;

N, N,N' ,N'-te tram e th y le th y le n e -d iam in e  (TEMED). The p ro to c o l d e scrib e d  

below  i s  fo r  a 20% w /v p o lyacry lam id e  g e l,  c o n ta in in g  7 M urea; fo r  

g e ls  o f  a  d if fe r e n t  percentage, the  volum es o f  acry lam id e  and

b isa c ry la m id e  added were v a r ie d  a c c o rd in g ly . 50 ml o f  sto ck  acrylam ide  

so lu t io n  and 33 ml o f  b isa c ry la m id e  were added to  10 ml o f  sto c k  

T r is -b o ra te / EDTA b u ffe r , and the m ixture  was degassed  u s in g  a  vacuum  

pump; t h is  was done in  o rde r to  remove oxygen, w hich in h ib it s  the  

p o lym e riza tio n  re a c tio n . 42 g  o f  urea was d is so lv e d  in  th e  degassed  

so lu t io n , w hich was then made up to  a volume o f  99 m l w ith  d e ion ize d  

d i s t i l le d  w ater. F in a lly ,  50 u l o f  TEMED and 1 m l o f  f r e s h ly  prepared  

10% anrnonium p e rsu lp h a te  s o lu t io n  were added, and a f t e r  m ix in g, the  

so lu t io n  was poured between the g e l p la te s .  A  s lo t  fo rm ing cento was 

p lace d  in  p o s it io n ,  and the  g e l was a llow ed  to  po lym erize  fo r  60 

m inutes. A fte r  t h is  tim e, th e  comb and base  spacer were removed, and 

the  tank  re se r v o ir s  were f i l l e d  w ith  TBE b u ffe r . A  P a ste u r p ip e tte  was 

used to  f lu s h  o u t each w e ll w ith  b u ffe r ; t h i s  was done in  o rde r to  

remove accum ulated urea, w hich can preven t a  san p le  from  e n te rin g  the  

w e ll. 0.1 volum es o f  's t e p ' b u ffe r  (0.025% w/v brcm cphenol b lu e ,

O. 025% w /v xylene  cyano l, 0 .5  M EDTA, 30% w /v F ic o l l )  was added to  each 

san p le , p r io r  to  lo a d in g  on to  the g e l w ith  a  G ilso n  m ic rc p ip e tte . 

E le c trc p h o re s is  was perform ed a t  200 mA, u n t i l  the  t r a c k in g  dyes had  

t r a v e lle d  the  re q u ire d  d ista n c e . The g e l was removed frem  between the  

g la s s  p la te s ,  and covered w ith  Saran  Wrap. R e su lts  were determ ined by  

au torad iography, a s d e sc rib e d  in  se c t io n  3 .4 .9 .



135

3 .4 .5  G e l F i l t r a t i o n .
The methods used fo r  la b e llin g  n u c le ic  a c id s  w ith  a  ra d io iso to p e  

in v o lv e  u s in g  an excess o f  th e  la b e lle d  n u c le o tid e . G e l f i l t r a t io n  was 

used to  remove n u c le o tid e s w hich had n o t been in co rp o ra te d  in to  th e  DNA 

m olecu le  b e in g  la b e lle d .  A  s ilic o n iz e d  g la s s  P aste u r p ip e tte  was 

p lu gge d  w ith  s ilic o n iz e d  g la s s  w ool, and th e  p ip e tte  was f i l l e d  to  

w ith in  1 cm o f  the  to p  w ith  medium grade  Sephadex G-50 (p re -sw o lle n  in  

3 x SSC; 1 x SSC i s  0.15 M N aC l, 0.015 M sodium  c it r a te ,  pH 7 .6 ). 

Sa irp le s were a p p lie d  to  th e  top  o f  the  column, in  a  volume o f  

ap p rox im ate ly  50 u l,  and allow ed  to  soak in to  the  g e l m a trix . 100 u l 

a liq u o ts  o f  3 x SSC, 0.1% w /v SDS were a p p lie d  se q u e n t ia lly  to  th e  top  

o f  the  column, and fr a c t io n s  o f  the  same volume were c o lle c te d  in  1.5  

ml Eppendorf tubes a s  they emerged from  the  bottom . F ra c t io n s  were 

c o n sta n t ly  m onitored fo r  the presence o f  r a d io a c t iv it y  u s in g  a  s e r ie s  

900 m in i-m on ito r (M in i-In stru m e n ts  L td .,  Bum ham -cn-Croach, E ssex , 

E n g la n d ). The c o lle c te d  fr a c t io n s  were counted by  th e  Cerenkov method, 

in  an LKB model 1214 Rackbeta l iq u id  s c in t i l la t io n  counter (Berger & 

Krug, 1985). F ra c t io n s  c o n ta in in g  the  peak o f  excluded ra d io la b e lle d  

DNA were poo led, and the  s p e c if ic  a c t iv it y  o f  the  probe was ca lc u la te d .

3 .4 .6  S p in  C o lim n  C h ro m a to g rap h y .
In  c ircu m stances where se v e ra l d if fe r e n t  DNA p robes were 

la b e lle d  a t  once, the  g e l f i l t r a t io n  procedure d e sc rib e d  above became 

to o  tim e-consum ing. S p in  column chrom atography i s  an a lte rn a t iv e  method 

fo r  se p a ra tin g  un incorporated  n u c le o tid e s from  la b e lle d  DNA, w hich can 

be a p p lie d  to  se v e ra l sam ples a t  once. The t ip  o f  a  d isp o sa b le  2 m l 

sy r in g e  was p lu gge d  w ith  s ilic o n iz e d  g la s s  w ool, and th e  sy r in g e  was 

f i l l e d  t o  the  top  w ith  Sephadex G-50, p re -sw o lle n  in  3 x SSC. The 

sy r in g e  was then p lace d  in  a  15 ml tube, and ce n tr ifu ge d  fo r  4 m inutes
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in  a  S o r v a ll RC5B superspeed c e n tr ifu g e  (GSA ro to r , 4,000 rpn  [1,638 x

g  ] ) .  The a d d it io n  o f  Sephadex G-50, fo llow e d  by  c e n tr ifu g a t io n , was 
av

repeated  u n t i l  th e  g e l m atrix  was packed t o  w ith in  0.5  cm o f  th e  top  o f  

th e  sy r in g e . 100 u l o f  3 x SSC, 0.1% w /v SDS was added to  th e  top  o f  

th e  column, and the  c e n tr ifu g a t io n  procedure was repeated. A  1.5 ml 

Eppendorf tube was p la ce d  in  the  bottom  o f  the  c e n tr ifu g e  tube, 

beneath the  t ip  o f  th e  sy r in g e . Sa irp les were made up to  a  volume o f  100 

u l w ith  3 x SSC, 0.1% w /v SDS, and a p p lie d  to  the  top  o f  th e  column. 

A fte r  a  f in a l  c e n tr ifu g a t io n  ste p , th e  Eppendorf tube was removed, and 

the  con ten ts m ixed b y  v o rte x in g  th o rou gh ly . 10 u l o f  the  e ff lu e n t  was 

tra n s fe rre d  to  a  c le a n  1.5 ml tube, and made up to  100 u l w ith  3 x SSC, 

0.1% w /v SDS. A fte r  co u n tin g  by  the  Cerenkov method in  an LKB model 

1214 Rackbeta l iq u id  s c in t i l la t io n  counter (Berger & K rug, 1985), the  

s p e c if ic  a c t iv it y  o f  the  la b e lle d  probe was c a lc u la te d .

3 .4 .7  A f f i n i t y  C h ro m a to g rap h y .
Nensorb 20 c a r tr id g e s  were used to  sep arate  ENA from  p ro te in , 

s a lt s ,  u n incorporated  ra d io a c t iv e  n u c le o tid e s and o th e r lew  m o lecu lar 

w eigh t contam inants, in  c ircum stances where h ig h  p u r ity  o f  the  DNA 

san p le  was e s s e n t ia l.  The c a r tr id g e s  fu n c tio n  by  r e v e r s ib ly  b in d in g  

n u c le ic  a c id , and ir r e v e r s ib ly  b in d in g  p ro te in ; a l l  o th e r contam inants 

are  flu sh e d  ou t by  w ash ing w ith  the  a p p ro p ria te  b u ffe r . Pure DNA may 

then be e lu te d  in  50% m ethanol. Nensorb 20 c a r tr id g e s  were used  

a cc o rd in g  to  the  in s t r u c t io n s  o f  the  m anufacturer.

3 .4 .8  Q u a n t i ta t io n  O f R a d io a c t iv i ty .
The r a d io a c t iv it y  em itted b y  th e  iso to p e  p was q u a n tita te d  by  

Cerenkov cou n tin g, a t  an e ff ic ie n c y  o f  approx im ate ly  30%, in  an LKB 

model 1214 Rackbeta l iq u id  s c in t i l la t io n  counter (Berger & Krug, 1985).
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In  the  c a lc u la t io n  o f  s p e c if ic  a c t iv it y  o f  a ra d io la b e lle d  n u c le ic  a c id  

probe, r e s u lt s  were expressed  in  u n it s  o f  d is in te g r a t io n s  p e r m inute 

(dpm) p e r fm ole o f  DMA.

3 .4 .9  A u to rad io grap h y .

A l l  au to rad iograp h y  was perform ed a t  -70°C, u s in g  in te n s ify in g

scre e n s, and p re -fla sh e d  X -ra y  f ilm . P re - f la s h in g  was ach ieved  u s in g  a

f i lt e r e d  e le c tro n ic  f la s h  gun, to  an o f  0 .1 -0 .2 .
3 540 nm

3 .5  S p e c i f i c  M eth o d s.

3 .5 .1  L a r g e - s c a le  P r e p a r a t io n  O f R eo cn to in an t P la s m id  ENA.
P la sm id  ENA was prepared b y  d e n s ity  g ra d ie n t c e n tr ifu g a t io n ,  

u s in g  a  m o d ific a tio n  o f  the  method used by  Ish -H o ro w icz  and Burke 

(1981). A l l  m an ip u la tio n s in v o lv in g  l iv e  b a c te r ia l c u ltu re s  were 

perform ed u s in g  sa fe  m ic ro b io lo g ic a l procedures.

F re sh  c o lo n ie s  o f  E . c o l i  c o n ta in in g  the re q u ire d  p la sm id  were 

grown im m ediate ly p r io r  to  each p re p a ra t io n . These were produced by  

d ip p in g  a p la tin u m  lo op  in to  a thawed b a c te r ia l g ly c e r o l sto ck , and 

s tre a k in g  on to  L -a g a r /a m p ic illin  p la te s  (50 ug/m l a m p ic illin ,  5 g / l i t r e  

y e a st e x tra c t, 10 g / l i t r e  tryp ton e , 5 g / l i t r e  N aC l, 15 g / l i t r e  aga r, pH 

7 .2 ).  A f te r  in cu b a tio n  a t  37°C fo r  24 h ours, a  s in g le  co lo n y  was p icke d  

u s in g  a  s t e r i le  p la tin u m  loop , and in o c u la te d  in to  10 ml o f  

L -b ro th /a m p ic illin  (50 ug/m l a m p ic illin ,  5 g / l i t r e  y e a st e x tra c t, 10 

g / l i t r e  tryp ton e , 5 g / l i t r e  N aC l, pH 7 .2 ).  T h is  s t a r te r  c u ltu re  was 

in cubate d  a t  37°C, w ith  sh ak in g, u n t i l  an O . D . ^ q Qf  o .4  was reached; 

1 ml was then  used to  in o c u la te  500 ml o f  fre sh  L -b ro th /a m p ic illin .  The 

t o t a l  volume o f  c u ltu re  grown v a r ie d  from  1 to  4 l i t r e s ,  depending on 

th e  y ie ld  o f  p la sm id  re q u ire d ; a l l  volum es quoted be low  re fe r  to  an
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i n i t i a l  c u ltu re  volum e o f  1 l i t r e .  A fte r  in cu b a tio n  a t  37°C o ve rn igh t,

w ith  sh ak in g, b a c te r ia l c e l ls  were p e lle te d  in  250 ml GSA b o t t le s  by-

c e n tr ifu g a t io n  in  th e  S o r v a ll RC5B (GSA ro to r , 5,000 rpm [2,560 x g  ])

fo r  10 m inutes a t  4°C. The supernatan t was d isca rd e d  in to  a  su ita b le

a n t i-b a c te r ia l de te rge n t, and each p e lle t  was resuspended in  4 ml o f

so lu t io n  I  (50 mM g lu c o se , 10 irM EDTA, 25 irM T r is -H C l,  pH 8 .0 ).

Resuspended c e l l s  h a rb o u rin g  the same p la sm id  were poo led  in to  a s in g le

GSA b o t t le ,  g iv in g  a  t o t a l volume o f  16 m l, and lysozym e was added to  a

co n ce n tra tio n  o f  5 m g/m l. A fte r  a  10 m inute in cu b a tio n  a t  roan

tem perature, 40 ml o f  f r e sh ly  prepared so lu t io n  I I  (0 .2  M NaOH, 1% w/v

SDS) was added, and a f t e r  g e n tle  sh a k in g, the  con ten ts o f  th e  GSA

b o t t le  were coo led  on ic e  fo r  10 m inutes. A t t h is  sta ge , the  c e l ls  were

f u l ly  ly se d ; c e l lu la r  p ro te in , and "high m o lecu lar w e igh t n u c le ic  a c id

(bu t no t p la sm id ) were p re c ip ita te d  b y  a d d it io n  o f  20 m l o f  so lu t io n

I I I  (3 M p o tassiu m  ace ta te  [KQAc], pH 4 .8 ) .  A fte r  v o rte x in g  v ig o ro u s ly ,

and in cu b a tio n  fo r  30 m inutes on ic e ,  the  unwanted c e l l  d e b r is  was

p e lle te d  b y  c e n tr ifu g a t io n  (GSA ro to r , 10,000 rpm [10,240 x 9av3) fo r

10 m inutes a t  4°C. The supernatan t was decanted in to  a  c le a n  GSA

b o tt le ,  and 0.6  volum es o f  p ropan -2- o l  were added in  o rde r to

p r e c ip ita te  the  rem ain in g n u c le ic  a c id . A fte r  10 m inutes a t  room

tem perature, th e  p re c ip ita te  was p e lle te d  by  c e n tr ifu g a t io n  (GSA ro to r,

10,000 rpm [10,240 x g  ] ) fo r  10 m inutes a t  4°C. A fte r  rem oving theav

supernatan t, the  p e lle t  was resuspended in  20 ml o f  TE b u ffe r , pH 8 .0 , 

b y  ge n tle  sh a k in g  fo r  30 m inutes. The DNA so lu t io n  was tra n sfe rre d  to  

a  po lyp ropy len e  30 m l c e n tr ifu g e  tube, and 21.5 g  o f  s o l id  caesium  

c h lo r id e  was added, to ge th e r w ith  e th id ium  b ron ide  (to  a  co n ce n tra tio n  

o f  0.5 m g/m l). D e b ris  was c le a re d  by  c e n tr ifu g a t io n  (HB-4 ro to r , 12,000 

rpm [15,570 x g  ] ) fo r  30 m inutes a t  19°C. The s p e c if ic  g r a v it y  o f  the  

supernatan t was ad ju ste d  to  1.56 b y  a d d it io n  o f  s o l id  caesium  c h lo r id e ,
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w hich was d is so lv e d  b y  ge n tle  m ix in g. The s o lu t io n  was tra n sfe rre d  to  

a  35 ml S o r v a ll U ltra c rim p  c e n tr ifu g e  tube, w hich was sub sequently  

se a le d  a cc o rd in g  to  th e  in s t r u c t io n s  o f  the  m anufacturer. Tubes were 

spun in  a  S o r v a ll OTD 65B u lt ra c e n tr ifu g e  (TFT 50.38 ro to r , 42,000 rpm 

[159,600 x g  ] ) fo r  36 hours a t  19°C. The p la sm id  band was v is u a liz e d  

b y  illu m in a t io n  w ith  lo n g  wave u .v .  l i g h t  (generated b y  a  model 

UVSL-58 M in e ra lig h t  Lamp, su p p lie d  b y  U lt r a -V io le t  P rod u cts, In c . ,  CA, 

U .S .A . ) ,  and h arve ste d  u s in g  a  5 m l sy r in g e  and needle. E th id ium  

brom ide was e x tracte d  from  the p re p a ra tio n  w ith  TE/caesium  c h lo r id e  

sa tu ra te d  p rc p a n -2 -o l. DMA was d ia ly se d  fo r  2 h ou rs a t  4°C a g a in s t  2 

l i t r e s  o f  TE b u ffe r , pH 8.0, and a g a in  o ve rn igh t w ith  fre sh  b u ffe r . The 

DNA, new fre e  o f  e th id ium  brom ide and caesium  c h lo r id e , was ex tracte d  

tw ice  w ith  p he no l/ch lo ro form , tw ice  w ith  w ater sa tu ra te d  e ther, and  

e th an o l p re c ip ita te d . The p e lle t  was resuspended in  an ap p ro p ria te  

volume o f  TE b u ffe r , pH 8.0, im m ediate ly p r io r  to  use.

3 .5 .2  S m a ll - s c a le  P r e p a r a t io n  O f R eco n to in an t P la s m id  ENA..
In  c ircu m stances where se v e ra l d if fe re n t  p la sm id s needed to  be  

prepared a t  one tim e, and h ig h  y ie ld  was not e s s e n t ia l ( fo r  exam ple, in  

th e  a n a ly s is  o f  recom binants produced a fte r  'sh o t-g u n ' s u b -c lo n in g ), an  

a lk a lin e  l y s i s  'm in ip re p ' techn ique  was used, r e s u lt in g  in  the  

p ro d u ctio n  o f  1 to  5 ug o f  ENA (B im b o im  & D o ly , 1979).

5 m l o f  L -b ro th  c o n ta in in g  a m p ic illin  (50 ug/m l) was in o c u la te d

w ith  a s in g le  b a c te r ia l co lony, and incubated  a t  37°C o ve rn igh t, w ith

v igo ro u s  sh a k in g. 1.2 ml o f  the  o v e rn igh t c u ltu re  was tra n s fe rre d  to  a

s t e r i le  1 .5  m l Eppendorf tube, and th e  rem ainder was sto re d  a t  4°C

u n t il  re q u ire d . The c e l ls  were p e lle te d  by  c e n tr ifu g a t io n  (MSE

M icroce n tau r, 13,000 rpm [13,400 x g  ]) fo r  1 m inute a t  room
av

tem perature. The supernatan t was removed b y  a sp ir a t io n ,  and the  p e lle t
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was resuspended by  v o rte x in g  in  100 u l o f  ic e -c o ld  s o lu t io n  I  (50 irM

g lu co se , 10 nM EDTA, 25 mM T r is -H C l,  pH 8 .0 ).  A fte r  in cu b a tio n  fo r  5

m inutes a t  room tem perature, 200 u l o f  f r e s h ly  prepared s o lu t io n  I I

(0 .2  M NaOH, 1% w /v SDS) was added to  th e  tube. The con te n ts were m ixed

b y  g e n t ly  in v e r t in g ,  p r io r  to  in cu b a tio n  on ic e  fo r  5 m inutes. 150 u l

o f  ic e -c o ld  s o lu t io n  I I I  (3 M KOAc, pH 4 .8 ) was added, and th e  tube was

vortexed fo r  10 seconds. A fte r  a  fu rth e r  5 m inutes on ic e ,  the

b a c te r ia l c e l l  d e b r is  was p e lle te d  by  c e n tr ifu g a t io n  (MSE M icrocen tau r,

13,000 rpm [13,400 x g  ]) fo r  5 m inutes a t  4°C. The su pernatan t was
av

tra n sfe rre d  to  a  c le a n  Eppendorf tube, and e x tracte d  once w ith

p he n o l/ch lo ro form , p r io r  to  p r e c ip it a t io n  o f  th e  n u c le ic  a c id  w ith

e than o l. A fte r  p e lle t in g  the p re c ip it a te  b y  c e n tr ifu g a t io n  (MSE

M icroce n tau r, 13,000 rpm [13,400 x g  ] )  fo r  5 m inutes a t  roan
av

tem perature, th e  supernatan t was d isca rd e d , and the p e lle t  washed by  

v o rte x in g  in  1 m l o f  70% e th an o l. A fte r  re -c e n tr ifu g a t io n , and rem oval 

o f  the  e th an o l, the  p e lle t  was b r ie f ly  d r ie d  in  a  Speed Vac  

con cen trato r,an d  resuspended in  an ap p ro p ria te  volume o f  TE b u ffe r , pH 

8.0, c o n ta in in g  D N Ase-free p a n c re a tic  RNAse (20 u g /m l). P la sm id  DNA 

was then an a lyse d  by  r e s t r ic t io n  enzyme d ig e s t io n , and agaro se  g e l 

e le c tro p h o re s is .

3 .5 .3  P u r i f i r a t i o n  O f R e s t r i c t i o n  F ra g m e n ts .
R e s t r ic t io n  fragm ents were p u r if ie d  from  con tam in ating v e c to r  

sequences u s in g  one o f  th ree  methods, depending on the amount o f  

m a te r ia l a v a ila b le ,  and the  y ie ld  re q u ire d .

3 .5 .3 .1  E le c tro e lu t io n .

In  c ircu m stances re q u ir in g  the  p u r if ic a t io n  o f  r e la t iv e ly  la rg e  

amounts o f  a  p a r t ic u la r  r e s t r ic t io n  fragm ent (more than  10 u g ) , 

e le c tro e lu t io n  was the p re fe rre d  techn ique. R e s t r ic t io n  enzyme d ige ste d
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recom binant p la sm id s were sub jected  to  aga ro se  g e l e le c trc p h o re s is  (see

se c t io n  3 .4 .4 .1 ),  in  o rde r to  s iz e  fr a c t io n a te  th e  DNA fragm ents. The

re q u ire d  band was id e n t if ie d  b y  b r ie f ly  t r a n s illu m in a t in g  th e  g e l w ith

sh o rt wave u .v .  l ig h t ,  and a  s l ic e  o f  agaro se  c o n ta in in g  the  DNA.

fragm ent o f  in te r e s t  was c u t from  the  g e l,  u s in g  a  s c a lp e l b lad e . Care

was taken  to  keep the  m ass o f  agaro se  to  a  minimum, w ith ou t le a v in g  any

ENA beh ind  in  th e  g e l.  The g e l s l i c e  was p la ce d  in to  a  p ie c e  o f

d ia ly s i s  tu b in g , w hich had been t ie d  a t  one end, and f i l l e d  w ith  TAE

b u ffe r . The m a jo r ity  o f  the  b u ffe r  was then removed w ith  a  P aste u r

p ip e tte , le a v in g  the  minimum volume to  cover th e  g e l s l ic e ,  and exclude

any a i r  bu bb le s. The tu b in g  was se a le d  w ith  a  d ia ly s i s  c l ip ,  and

returned  to  th e  e le c trc p h o re s is  tank, such th a t  th e  lo n g itu d in a l a x is

o f  the  g e l s l ic e  was p a r a lle l t o  the  e le c tro d e s. 140 V  (170 mA) was

a p p lie d  to  th e  tank fo r  1 hour, a llo w in g  the  DNA to  m igra te  ou t o f  th e

agaro se , in to  the  TAE b u ffe r  f i l l i n g  th e  tu b in g . The cu rre n t was

reve rsed  fo r  2 m inutes to  fre e  any DNA w hich had attached  to  the  w a ll

o f  the  d ia ly s i s  mentorane, and the  b u ffe r  su rro u n d in g  th e  g e l s l i c e  was

tra n s fe rre d  to  a c le a n  tube. The membrane was washed o u t th o rou gh ly

w ith  a  sm a ll volume o f  TAE b u ffe r , w hich was su b se qu en tly  poo led  w ith

the  fr a c t io n  a lre a d y  c o lle c te d . The e lu te d  ENA was e x tracte d  th ree

tim es w ith  w ater sa tu ra te d  b u ta n - l-o l ( in  o rde r to  remove eth id ium

brom ide), tw ice  w ith  p he no l/ch lo ro form , tw ice  w ith  w ater sa tu ra te d

d ie th y l e ther, and f in a l ly  e th an o l p re c ip ita te d  b y  c e n tr ifu g a t io n  in

the S o r v a ll RC5B c e n tr ifu g e  (HB-4 ro to r , 10,000 rpm [10,815 x g  ] )  fo r
av

30 m inutes a t  room terrperature. The DNA p e lle t  was d r ie d  b r ie f ly  in  a

vacuum d e s ic c a to r , and resuspended in  an ap p ro p ria te  volume o f  TE

b u ffe r , pH 8 .0 . The p u r ity  o f  the  recovered ENA was a sce rta in e d  b y  an

O .D ._ _  -O .D .oor, scan  on a  Pye Unicam SP8-400 IJV /V IS sp e ctrcp h o to - 
320 nm 220 nm

m eter. In  ca se s where in p u r it ie s  were id e n t if ie d ,  an a d d it io n a l
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p u r if ic a t io n  ste p  on a Nensorb 20 a f f in i t y  chrom atography column was 

perform ed (se c t io n  3 .4 .7 ).

3 .5 .3 .2  E x tra c t io n  From Lew M e lt in g  P o in t (LMP) A ga ro se .

In  c ircu m stances re q u ir in g  the  p u r if ic a t io n  o f  sm a lle r  amounts

o f  DNA (between 1 ug and 10 u g ) , e x tra c tio n  from  LMP agaro se  was the

p re fe rre d  techn ique. S iz e - fr a c t io n a t io n  b y  e le c tro p h o re s is  in  IM P

agaro se  was perform ed e x a c t ly  a s fo r  norm al agaro se , except th a t  g e ls

were poured and e lectreph ore se d  a t  4°C. The re q u ire d  band was

id e n t if ie d ,  and cu t o u t a s d e sc rib e d  above (se c t io n  3 .5 .3 .1 ).  The

volume o f  the  g e l s l ic e  was estim ated, and an equal volume o f

e x tra c tio n  b u ffe r  (0.1 M T r is -a c e ta te , pH 7.5, 5 mM EDTA, 0 .5  M N aC l)

was added. The g e l s l i c e  was m acerated w ith  a  c le a n  g la s s  rod, and the

s lu r r y  was heated a t  65°C fo r  10 m inutes, w ith  o c c a s io n a l sh a k in g, in

o rde r to  m elt the  agaro se . An equal volume o f  TE sa tu ra te d  phenol (a t

room tem perature) was added, and the  con ten ts o f  the  tube were mixed

g e n t ly  by  in v e rs io n  fo r  10 m inutes. The p h e n o lic  and aqueous phases

were separated  b y  c e n tr ifu g a t io n  in  a  m ic ro ce n trifu ge  (MSE

M icroce n tau r, 13,000 rpm [13,400 x g  ] ) fo r  10 m inutes a t  room
av

tem perature. The upper, aqueous la y e r  was tra n sfe rre d  to  a  c le a n  1.5 ml 

Eppendorf tube, and an equal volume o f  fre sh  e x tra c tio n  b u ffe r  was 

added to  th e  low er, p h e n o lic  la y e r. A fte r  m ix in g  and c e n tr ifu g a t io n  a s  

d e sc rib e d  above, the  aqueous la y e r  was a g a in  removed, and poo led  w ith  

th e  f r a c t io n  a lre a d y  c o lle c te d . T h is  aqueous phase  was e x trac te d  once 

more w ith  phenol, tw ice  w ith  ch lo ro fo rm /isoam yl a lc o h o l (24 :1 ), and 

f in a l ly  once w ith  w ater sa tu ra te d  d ie th y l e ther. A fte r  e than o l 

p re c ip ita t io n ,  the  recovered DNA was resuspended in  TE b u ffe r , pH 8.0, 

and the p u r it y  determ ined b y  spectrophotom etry (see  se c t io n  3 .5 .3 .1 ).

3 .5 .3 .3  E x tra c tio n  From A garose  W ith  Nensorb 20 Colum ns.

For the  p u r if ic a t io n  o f  le s s  than  1 ug o f  a  p a r t ic u la r
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r e s t r ic t io n  fragm ent, e x tra c tio n  from  agaro se  g e ls  u s in g  Nensorb 20 

a f f in i t y  colum ns was th e  p re fe rre d  techn ique . The re q u ire d  fragm ent was 

id e n t if ie d  b y  s iz e - fr a c t io n a t io n  on a  norm al m e ltin g  p o in t  agaro se  g e l;  

th e  se c t io n  c o n ta in in g  the  DNA o f  in te r e s t  was e x c ise d  a s  p re v io u s ly  

d e sc rib e d , and p lace d  in  an Eppendorf tube. The agaro se  s l i c e  was 

m acerated u s in g  a  c le a n  g la s s  rod, and th e  s lu r r y  was d is so lv e d  in  

sa tu ra te d  sodium  io d id e  so lu t io n  (2 m l pe r gram o f  s lu r r y )  by  

in cu b a tio n  fo r  1 hour a t  37°C, w ith  o c c a s io n a l g e n tle  v o rte x in g . An 

equal volume o f  Nensorb lo a d in g  b u ffe r  (0.1 M T r is -H C l,  pH 7.7, 10 nM 

tr ie th y la m in e  [TEA], 1 itM EDTA) was m ixed g e n t ly  w ith  th e  sam ple. A  

Nensorb 20 column was p r e s e t t e d  w ith  2 ml o f  100% m ethanol, and the  

sam ple was loaded, e x a c tly  a s d e scrib e d  by  the m anufacturer. A fte r  

w ash ing w ith  3 ml o f  lo a d in g  b u ffe r , fo llow e d  by  5 ml o f  de ion ized  

d i s t i l le d  w ater, pure ENA was e lu te d  in  500 u l o f  50% m ethanol. The 

san p le  was d r ie d  in  a  Speed vac con ce n tra to r, and the p e lle t  resuspended  

in  an ap p ro p ria te  volume o f  TE b u ffe r , pH 8.0.

3 .5 .4  S u b -c lo n in g  O f H m an  P a p i l lg n a v i r u s  H e s t r i c t i a i  Fragm ents.

3 .5 .4 .1  L ig a t io n  O f HPV Fragm ents In to  P lasm id  V e c to r .

In d iv id u a l fragm ents d e rive d  from  the  genome o f  th e  HPV type o f  

in te r e s t  were p u r if ie d  fo r  su b -c lo n in g  b y  e x tra c tio n  from  agaro se  g e ls ;  

t h is  was ach ieved b y  one o f  the  th ree  methods d e sc rib e d  in  se c t io n  

3.5 .3 . In  c e r ta in  c ircu m stances, i t  was no t n e ce ssa ry  to  is o la t e  

in d iv id u a l fragm ents p r io r  to  su b -c lo n in g . In ste a d , th e  p rod u cts o f  a  

d ig e s t  were p u r if ie d  on a  Nensorb 20 a f f in i t y  chrom atography column 

(see  se c t io n  3 .4 .7 ),  and lig a te d  b y  a  'sh o t-g u n ' procedure in to  the  

v e c to r, pUC8.

V e c to r ENA was prepared from  a  g ly c e ro l sto ck  o f  E . c o l i  JM101 

h a rb o u rin g  the p la sm id , b y  d e n s ity  g ra d ie n t c e n tr ifu g a t io n  (se c tio n
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3 .5 .1 ).  1 ug o f  pure  v e c to r DNA was c c n p le te ly  d ige ste d  w ith  the  

a p p ro p ria te  r e s t r ic t io n  enzyme, and th e  te rm in a l 5 ' phosphate groups 

were removed b y  treatm ent w ith  c a l f  in t e s t in a l a lk a lin e  phosphatase  

( C IP ) . T h is  was ach ieved  b y  a d d it io n  o f  1 u n it  o f  C IP , and in cu b a tio n  

fo r  30 m inutes a t  37°C; a  fu rth e r u n it  o f  C IP  was then  added, and the  

in c u b a tio n  was rep eated . The purpose o f  rem oving th e  5 ' phosphate  

groups was tw o -fo ld : f i r s t ly ,  i t  e f fe c t iv e ly  reduces the  number o f  

tran sfo rm an ts r e s u lt in g  from  r e -c ir c u la r iz a t io n  o f  a  s in g le  v e c to r  

m olecu le . More im p o rtan tly , i t  reduces the  frequency w ith  W hich two 

(o r  more) v e c to r m o lecu les lig a t e  to ge th e r; i f  t h i s  were to  occur, the  

co n stru c t formed w ould be in d is t in g u is h a b le  from  th o se  c o n ta in in g  the  

re q u ire d  HPV in s e r t ,  up u n t i l  the  s ta g e  where recom binants are  

ch a ra c te rize d  by  r e s t r ic t io n  enzyme a n a ly s is .  D ige ste d , phosphatased  

v e c to r DNA was p u r if ie d  b y  a f f in i t y  chrom atography on a  Nensorb 20 

column, and resuspended in  s t e r i le  TE b u ffe r , pH 8.0, to  a  

co n ce n tra tio n  o f  100 n g /u l.

An a liq u o t  o f  bo th  lin e a r ,  phosphatased v e c to r, and th e  ENA to  

be su b -c lon e d  was re ta in e d  fo r  a n a ly s is  b y  agaro se  g e l e le c tro p h o re s is .  

L ig a t io n  re a c tio n s  were se t  up in  s t e r i le  Eppendorf tu bes, u s in g  a  3:1  

m olar exce ss o f  in s e r t  (L e ge rsk i & Robberscn, 1985), in  l ig a t io n  b u ffe r  

(66 m  T r is -H C l,  pH 7.5, 5 itM  M gCl2 , 5 mM DTT, 2 m  A T P ). A fte r  the  

a d d it io n  o f  10 u n it s  o f  T4 DNA lig a s e ,  the  con ten ts o f  th e  tube were 

m ixed b y  v o rte x in g  g e n tly , and th e  sam ple was incubated  a t  19°C fo r  16 

h ou rs. Two a d d it io n a l c o n tro l l ig a t io n s  were alw ays in c lu d e d : the  

f i r s t ,  c o n ta in in g  ncn-phosphatased v e c to r o ily ,  was to  t e s t  the  

e ff ic ie n c y  o f  l ig a t io n .  The second c o n tro l, in c lu d in g  phosphatased  

ve c to r o n ly , was to  con firm  th a t  rem oval o f  the 5 ' phosphate groups had  

occurred  su c c e s s fu lly .  A fte r  lig a t io n ,  a liq u o ts  were removed from  each 

tube, and sub jected  to  agaro se  g e l e le c tro p h o re s is .
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3 .5 .4 .2  C e ll  T ran sfo rm ation  W ith  recom binant P la sm id s .

Canpetent c e l l s  were prepared fr a n  E . c o li  K-12 s t r a in s  JM101 o r

JM103, u s in g  the ca lc iu m  c h lo r id e  method o f  Mandel & H ig a  (1970). 10 m l

o f  L -b ro th  (w ithou t a m p ic illin )  was in o c u la te d  w ith  a  s in g le  co lcn y  o f

JM101 o r  JM103, and incubated, w ith  v ig o ro u s  sh ak in g, o v e rn igh t a t

37°C. 1 m l o f  the  r e s u lt in g  c u ltu re  was used to  in o c u la te  100 m l o f

L -b ro th , and the  c e l l s  were a llcw e d  to  grew  a t  37°C t o  an O .D ._cn __o fu  bbu nm

0.4 . A fte r  c h i l l in g  on ic e  fo r  10 m inutes, the c e l ls  were p e lle te d  by- 

c e n tr ifu g a t io n  in  a  S o r v a ll RC5B superspeed c e n tr ifu g e  (HB-4 ro to r ,  

5,000 rpm [2,705 x g  ^J) fo r  5 m inutes a t  4°C. The su p ern atan t was 

d isca rd e d  in to  a  su ita b le  de tergen t, and the c e l ls  were gently- 

resuspended in  50 ml o f  an ic e -c o ld ,  s t e r i le  s o lu t io n  o f  50 mM C a C ^ /

10 mM T r is -H C l,  pH 8 .0 . A fte r  15 m inutes on ic e ,  the  c e l l s  were 

p e lle te d  once a g a in  b y  c e n tr ifu g a t io n , a s  de scrib e d  above. The 

supernatan t was d isca rd e d , and the c e l l s  were resuspended in  3.3  ml o f  

50 mM C aC l2 , 10 mM T r is -H C l,  pH 8.0, p r io r  to  d isp e n s in g  in  200 u l  

a liq u o ts  in to  p r e -c h ille d ,  s t e r i le  Eppendorf tubes. A fte r  in cu b a tio n  a t  

4°C fo r  4 hours, the  c e l ls  were ready to  use  fo r  tra n sfo rm atio n .

A  maximum o f  40 ng o f  DNA (e ith e r  in ta c t  p la sm id , o r  p o s t

l ig a t io n  sam ple) was added to  each a liq u o t  o f  c e l ls ,  and a f t e r  g e n t ly  

m ix in g  b y  in v e rs io n , the  c e l ls  were incubated  on ic e  fo r  30 m inutes. 

A fte r  t h is  tim e, the  c e l ls  were h eat-shocked  a t  42°C fo r  2 m inutes, and 

1 m l o f  L -b ro th  was added to  each tube.

In cu b a tio n  fo r  1 hour a t  37°C, w ith o u t sh ak in g, a llow ed  the  

b a c te r ia  to  recover, and express a n t ib io t ic  re s is ta n c e . 200 u l a liq u o ts  

from  each tube were p la te d  by  sp re ad in g  on to  L -a g a r /a m p ic illin  m edia, 

c o n ta in in g  0.004% w /v X -g a l and 0.0008% w /v IPTG. A fte r  a llo w in g  the  

l iq u id  to  soak in to  th e  agar, the  p la te s  were in ve rte d , and incubated  

a t  37°C o ve rn igh t. C o n tro ls  in c lu d e d  in  th e  procedure were: ( i )  nen-
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phosphatased and phosphatased l ig a t io n  c o n tro ls , ( i i )  a  tran sfo rm atio n  

c o n tro l, in  w hich competent c e l ls  were transform ed w ith  in t a c t  pUC8.

3 .5 .4 .3  C h a ra c te r iz a tio n  O f Recom binant P la sm id s .

P la sm id  from  w h ite  c o lo n ie s  (th o se  c o n ta in in g  a  recom binant 

m olecu le ) was p u r if ie d  u s in g  the  1 m in ip re p ' techn ique d e sc rib e d  in  

se c t io n  3 .5 .2 . A fte r  d ig e s t io n  w ith  th e  ap p ro p ria te  r e s t r ic t io n  enzyme, 

recom binants were an a ly se d  b y  agaro se  g e l e le c tro p h o re s is . The id e n t it y  

o f  th e  in s e r t  was confirm ed by  th ree  m ethods: ( i )  de te rm in a tion  o f  the  

s iz e  o f  the  fragm ent, b y  com parison w ith  m o lecu lar w e igh t m arkers, ( i i )  

r e s t r ic t io n  m apping o f  the  in s e r t ,  fo llow e d  b y  com parison w ith  the  

a v a ila b le  n u c le o tid e  sequence, ( i i i )  Southern b lo t t in g  (see  se c t io n  

3 .5 .9 ).

3 .5 .5  C o l le c t io n ,  In d e x in g  A nd S to ra g e  O f C l i n i c a l  S p e c im e n s .
C l in ic a l  specim ens in  the  form  o f  c e r v ic a l sc ra p e s were se le c te d  

from  th o se  obta ined  from  a  la rg e  cohort o f  women e n ro lle d  fo r  a stu d y  

o f  the  r i s k  a sso c ia te d  w ith  HPV in fe c t io n  o f  the  u te r in e  c e rv ix . The 

su b je c ts  were a l l  w e ll women, a tte n d in g  fo r  ro u tin e  c e r v ic a l scre e n in g  

a t  G P 's  su rg e r ie s  o r  lo c a l a u th o r ity  c l in ic s  in  the  M anchester area. A t  

th e  tim e o f  th e ir  i n i t i a l  attendance a t  the c l in ic ,  a  c e r v ic a l scrape  

was taken  w ith  an A yres sp a tu la , fo r  p re p a ra tio n  o f  a  ro u tin e  

P ap an ico lau  smear. A fte r  p re p a rin g  th e  smear, the  t ip  o f  the  sp a tu la  

was broken o f f  in to  10 ml o f  f i l t e r  s t e r il iz e d  phosphate b u ffe re d  

s a lin e  (PB S), pH 7 .2 , 0.5% SDS, in  a  s t e r i le  20 ml U n iv e rsa l co n ta in e r. 

The two sa n p le s were se n t to  the  Departm ent o f  C y to lo gy , a t  the  

C h r is t ie  H o sp ita l,  M anchester, where th ey  were a ss ign e d  an id e n t if ic a 

t io n  nurtber. The sam ple in  PBS/SDS was then  se n t to  th e  Departm ent o f  

C y to lo gy  a t  S t .  M a ry 's  H o sp ita l M e d ica l Sch oo l, London. U n iv e rsa l 

c o n ta in e rs  were vortexed v ig o ro u s ly  to  d is lo d g e  c e l l s  from  the sp a tu la ,
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w hich was su b se q u en tly  removed and d isca rd e d . Sam ples were sto re d  a t

-70°C, fo r  fu tu re  a n a ly s is .  A t  in te r v a ls ,  th e  M anchester la b o ra to ry

p rov id e d  the  r e s u lt s  o f  the  smear t e s t s ;  each san p le  was a ss ign e d  the

ap p ro p ria te  c y to lo g ic a l c o d e (s): 1, specim en u n sa t is fa c to ry ;  2, norm al

c e l ls  o n ly ; 3, a ty p ic a l c e l ls ;  4, Trichom onas v a g in a lis  p re se n t; 5,

m o n ilia  p re se n t; 6, herpes/w art v ir u s  p re se n t; 7, actincrnyces p re se n t.

The sto re d  sa irp le s o f  46 women, th e  m a jo r ity  o f  w hich shewed s ig n s  o f

k o ilo c y t o s is  (a  c o n d itio n  in d ic a t iv e  o f  w art v ir u s  [HFV] in fe c t io n )

were re tr ie v e d  fo r  a n a ly s is .  C e lls  were p e lle te d  b y  c e n tr ifu g a t io n  in  a

S o r v a ll RC5B (HB4 ro to r , 4,000 rpm [1,730 x g  ] ) fo r  2 m inutes, and
av

th e  supernatan t was removed b y  a sp ir a t io n .  A fte r  re su sp e n sio n  by  

v o rte x in g  in  500 u l o f  s t e r i le  PBS, 0.5% SDS, the  c e l l  su sp en sion  was 

tra n sfe rre d  to  a  1 .5  m l Eppendorf tube, and sto re d  a t  -70°C u n t il  

re q u ire d . DNA was e x tracte d  fra n  th e  sam ple a s d e sc rib e d  in  se c t io n  

3 .5 .6 .

3 .5 .6  P r e p a r a t io n  O f EMA From  H unan S a m p le s .
Frozen sam ples c o n s is t in g  o f  c e r v ic a l c e l l s  suspended in  500 u l

o f  PBS were thawed to  room tem perature, and the c e l ls  were p e lle te d  by

c e n tr ifu g a t io n  (MSE M icrocen tau r, 13,000 rpm [13,400 x g  ]) fo r  5
a v

m inutes. The supernatan t was removed w ith  a p ip e tte , and the c e l ls  were 

resuspended by  v o rte x in g  g e n t ly  in  500 u l o f  c e l l  d ig e s t io n  b u ffe r  (50 

mM T r is -H C l,  pH 7 .5 , 50 nM N aC l, 10 iiM  EDTA, 0.2% w /v SD S ). P ro te in a se  

K was then added to  a  f in a l  co n ce n tra tio n  o f  0.1 m g/m l, and the  

sa irp le s were incubate d  a t  37°C o v e rn igh t. F o llo w in g  d ig e s t io n ,  sam ples 

were p h e n o l/ch lo ro fo rm  ex tracte d  tw ice , and e than o l p re c ip ita te d  a s  

d e sc rib e d  in  se c t io n  3 .4 .1 , p r io r  to  re su sp e n sion  in  50 u l o f  TE 

b u ffe r , pH 8 .0 .
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3 .5 .7  R a d io ia b e l l in g  O f ENA..
3 .5 .7 .1  Random H exanucleotide  P rim in g .

DNA was la b e lle d  b y  random p rim in g  e s s e n t ia lly  a s  d e sc rib e d  by  

F e in be rg & V o g e ls te in  (1983,1984). P r io r  to  la b e llin g ,  DNA fragm ents 

were e ith e r  p u r if ie d  b y  one o f  the  methods d e sc rib e d  in  se c t io n  3 .5 .3 , 

o r were prepared a s d e sc rib e d  below .

The recom binant p la sm id  c o n ta in in g  the  in s e r t  o f  in te r e s t  was 

d ige ste d  w ith  an ap p ro p ria te  r e s t r ic t io n  enzyme, and the  r e s u lt in g  

fragm ents were separated  b y  e le c tro p h o re s is  th rough  a  1% w /v IM P  

agaro se  g e l.  The re g io n  o f  agaro se  c o n ta in in g  the  re q u ire d  DNA fragm ent 

was e x c ise d  a s  d e scrib e d  in  se c t io n  3 .5 .3 .2 , and p la ce d  in  a 1.5  m l 

Eppendorf tube. D i s t i l le d  w ater was added to  the  g e l s l ic e  (3 ml 

H^o/gram  o f  wet g e l ) , and the  sam ple was heated in  a  b o i l in g  w ater b a th  

fo r  10 m inutes, in  o rde r to  m elt th e  agaro se , and denature  the  DNA. 

A fte r  rem oving an a liq u o t  fo r  la b e llin g ,  the  rem ainder o f  the  sam ple 

was sto re d  a t  -20°C, u n t il  re q u ire d . P r io r  to  subsequent use, frozen  

sam ples were p la ce d  in  a b o ilin g  w ater ba th  fo r  3 m inutes, and then  

incubated  a t  37°C fo r  a  fu rth e r  10 m inutes. Pure ENA san p le s fre e  o f  

LMP agaro se  were denatured b y  h e a tin g  in  a  b o il in g  w ater b a th  fo r  10 

m inutes, coo led  on ic e  fo r  5 m inutes, and used in m e d ia te ly .

For la b e llin g ,  10-40 ng o f  DNA in  a  volume o f  20-30 u l was 

tra n sfe rre d  to  a 1.5  ml Eppendorf tube, and the  fo llo w in g  were added in  

the  g iv e n  o rd e r: 10 u l o f  o lig o la b e ll in g  b u ffe r  (OLB) (200 mM HEPES, pH 

6.6, 50 mM T r is -H C l,  5 rrM M gCl^, 10 mM 2-m ercaptoethanol, 20 mM each o f  

dATP, dGTP, dTTP, 150 ug/m l hexadeoxribonucleotide  p rim er, p (dN )^ , 400 

ug/m l B SA ); 20 u C i a lp h a  ^ P -d C T P  (>3,000 C i/n m o le ); d i s t i l le d  w ater 

(to  make the volume up to  49 u l) ;  1 u l o f  Klenow polym erase (2 

u n it s / u l ) . The m ixture  was incubated  a t  19°C o v e rn igh t, and the  

la b e lle d  ENA was separated  from  un incorporated  n u c le o tid e s  by  e ith e r
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g e l f i l t r a t io n  (se c tio n  3 .4 .5 ), sp in  column chrom atography (se c t io n  

3 .4 .6 ) o r  a f f in i t y  chrom atography (se c t io n  3 .4 .7 ).

3 .5 .7 .2  5 ‘ E n d -L a b e llin g  W ith  T4 P o lyn u c le o tid e  K in a se .

Both  r e s t r ic t io n  fragm ents and sy n th e tic  o lig o n u c le o t id e s  were 

5 ' e n d -la b e lle d  u s in g  T4 p o ly n u c le o tid e  k in a se . T h is  enzyme c a ta ly z e s  

th e  t r a n s fe r  o f  th e  ganm a-phosphate o f  a  r ib c n u c le o s id e  5 '-tr ip h o sp h a te  

donor to  the  5 ' h yd roxy l group o f  th e  'a cce p to r ' n u c le ic  a c id  

fragm ent. O lig o n u c le o tid e s  can be la b e lle d  d ir e c t ly  b y  t h is  method, 

because they p o sse ss  a  5 ' h yd roxy l group; r e s t r ic t io n  fragm ents have a  

phosphate group a t  th e ir  5 ' te rm inus, w hich m ust be removed b e fo re  they  

can be used a s  su b stra te s  fo r  la b e ll in g  w ith  p o ly n u c le o tid e  k in a se .

T h is  was ach ieved  b y  e than o l p r e c ip it a t in g  1 ug o f  DNA, and 

re su spend ing in  100 u l o f  de ph osp ho ry la tion  b u ffe r  (50 mM T r is -H C l,  pH 

9.0 , 1 mM M gCl^, 100 uM ZnCl^/ 1 mM sp e rm id in e ). A fte r  the  a d d it io n  o f  

1 u n it  o f  C IP , th e  m ixture  was incubated  a t  37°C fo r  30 m inutes. A  

second u n it  o f  C IP  was then added, and in cu b a tio n  was continued fo r  a  

fu rth e r 30 m inutes, a f te r  w hich tim e the  dephosphorylated  DNA was 

p u r if ie d  b y  a f f in i t y  chrom atography (se c t io n  3 .4 .7 ), and d r ie d  down in  

an Eppendorf tu b e .

For la b e llin g ,  5 pm ole o f  DNA was resuspended in  50 u l o f  k in a se

b u ffe r  (50 mM T r is -H C l,  pH 7.5, 10 mM M gC ^ / 10 mM 2 -m e rcap toe th an o l).

32
20-40 uC i o f  ganma P-ATP (>3,000 C i/n m o le ), and 2 u n its  o f  T4 

p o ly n u c le o tid e  k in a se  were added, p r io r  to  in cu b a tio n  a t  37°C fo r  15 

m inutes. A fte r  t h is  tim e, the re a c tio n  was chased by  a d d it io n  o f  1 u l  

o f  n o n -la b e l le d  ATP so lu t io n  (1 mM), and in cu b a tio n  a t  37°C was 

continued  fo r  a  fu rth e r 15 m inutes. L a b e lle d  DNA was separated  from  

un incorporated  n u c le o tid e s by  one o f  the  methods d e sc rib e d  p re v io u s ly  

(se c tio n s  3 .4 .5 , 3 .4 .6 , 3 .4 .7 ).
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3 .5 .7 .3  P re p a ra tio n  O f L a b e lle d  DNA M arke rs.

M arkers fo r  g e l e le c tro p h o re s is  were prepared by  e n d -la b e llin g  

w ith  T4 p o ly n u c le o tid e  k in a se  (a s d e sc rib e d  in  se c t io n  3 .5 .7 .2 ), o r  by- 

e n d -re p a ir  w ith  Klenow polym erase; in  th e  presence o f  su ita b le  

de oxyn u cleo tide s, th e  5 '- 3 ' polym erase a c t iv it y  o f  the  Klencw  fragm ent 

can be used t o  f i l l  in  from  a  recesse d  3 ' end produced b y  r e s t r ic t io n  

endonuclease c le avage , u s in g  th e  co rre spon d in g 5 1 e x te n sio n  a s  

te m p la te .

1 ug o f  lambda o r  phiX174 DMA. was d ige ste d  in  a  volume o f  10 u l

w ith  an a p p ro p ria te  r e s t r ic t io n  enzyme, a s d e sc rib e d  in  se c t io n  3 .4 .3 .

10 u l o f  u n la b e lle d  n u c le o tid e  b u ffe r  (0 .1  mM each dATP, dGTP, dTTP)

32
was added to  th e  d ige ste d  DNA, fo llow e d  b y  20 u C i o f  a lp h a  P-dCTP 

(>3,000 C i/rrn o le ). The volume o f  th e  m ixture  was made up to  29 u l w ith  

d e io n ize d  d i s t i l le d  w ater, and 2 u n it s  o f  Klencw  polym erase (2 

u n it s /u l)  were added, p r io r  to  in cu b a tio n  a t  room ten pe ratu re  fo r  15 

m inutes. U n incorporated  n u c le o tid e s were removed by  g e l f i l t r a t io n  

(se c tio n  3 .4 .5 ).  M arkers carm only used were laitibda/H in d ll l  (fragm ent 

s iz e s :  23,130, 9,416, 6,557, 4,361, 2,322, 2,027, 564 and 125 base  

p a ir s ) ,  and phiX174/T a q I (fragm ent s iz e s :  2,914, 1,175, 404, 327, 234, 

141, 87, 54, 33, and 20 ba se  p a ir s ) .

3 .5 .8  P r e p a r a t io n  And D e te c tio n  O f N c n - r a d io a c tiv e  IMA. P ro b e s .
3 .5 .8 .1  N o n -ra d io a c tiv e  L a b e llin g  O f R e s t r ic t io n  Fragm ents.

C loned r e s t r ic t io n  fragm ents were la b e lle d  u s in g  one o f  two 

com m ercia lly  a v a ila b le  k i t s .  BluGENE (G ibco-BRL) u se s a  b io t in y la te d  

probe, w hich i s  sub se quently  de tected  by  a d d it io n  o f  a  s t re p ta v id in -  

a lk a lin e  phosphatase  con jugate . The s ig n a l i s  developed b y  a d d it io n  o f  

a  s u ita b le  su b stra te . The n o n -ra d io a c tiv e  DNA la b e ll in g  and d e te c tio n  

k i t  (Boehringer-Mannheim ) u se s a  probe in c o rp o ra t in g  d ig o x ig e n in -
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la b e lle d  de oxyu rid in e  tr ip h o sp h a te  (D ig -d U IP ); a f t e r  h y b r id iz a t io n  o f  

the  probe to  th e  ta r g e t  sequence, h y b r id s  are  detected  b y  a d d it io n  o f  

p o ly c lo n a l sheep a n t i-d ig o x ig e n in  F ab -fragm en ts, conjugated  to  a lk a lin e  

phosphatase  ( <Dig> A P -c c n ju g a te ). The s ig n a l i s  developed by  a d d it io n  

o f  a  s u ita b le  su b stra te . R e s t r ic t io n  fragm ents were la b e lle d  u s in g  one 

o r o th e r o f  th e se  k i t s ,  e x a c tly  a s d e sc rib e d  by  the  m anufacturer.

3 .5 .8 .2  N o n -ra d io a c tiv e  L a b e llin g  O f O lig o n u c le o t id e s . 

O lig o n u c le o tid e s  in c o rp o ra t in g  a  5 ' p rim ary  amine group  were

syn th e size d  a s  d e sc rib e d  in  se c t io n  3 .5 .18 . 40 ug o f  p u r if ie d  

o lig o n u c le o t id e  was d is so lv e d  in  100 u l o f  0.1 M sodium  phosphate, pH

7.5 . A fte r  the  a d d it io n  o f  100 u l o f  dim ethylform am ide (DMF) c o n ta in in g  

1 mg o f  su lfo su c c in im id y l 6 -(b io tin a m id o ) hexanoate (N H S -L C -b io tin ), 

the  m ixtu re  was incubated  a t  rocm tem perature fo r  18 hours. 

U n incorporated  b io t in  m o lecu les were separated  fra n  the  b io t in y la te d  

o lig o n u c le o t id e  by  g e l f i l t r a t io n ,  a s d e scrib e d  in  se c t io n  3 .4 .5 .

3 .5 .8 .3  D e te ctio n  O f N o n -ra d io a c tiv e ly  L a b e lle d  P ro b e s.

A fte r  h y b r id iz a t io n , a s d e scrib e d  in  se c t io n  3 .5 .14, b io t in

la b e lle d  probes were detected  b y  re a c tio n  w ith  s tre p ta v id in -h o rse

ra d ish  p e ro x id a se  (HRP) o r  s t r e p ta v id in -a lk a lin e  phosphatase  (A P ).

F o llo w in g  w ash ing a s d e sc rib e d  in  se c t io n  3 .5 .14, sa n p le s were

re-w ashed in  a  s im ila r  manner in  1 m l o f  PBS (0 .1  M sodium  phosphate,

pH 7.5, 0.15 M N a C l), be fo re  in c u b a tin g  a t  55°C fo r  20 m inutes in  1 ml

o f  PBS, 3% w /v BSA. The r e s in  was p e lle te d  by  c e n tr ifu g a t io n  (MSE

M icroce n tau r, 13,000 rpm [13,400 x g  ] )  fo r  2 m inutes, and theav

su p ern atan t was d isca rd e d . The p e lle t  was resuspended in  100 u l o f  

stre p tav id in -e n zym e  con jugate/PBS, 3% w/v BSA (1 :7 5 ), and the  m ixture  

was incubate d  fo r  45 m inutes a t  rocm tem perature cn a  r o ta t in g  V o ss  

wheel. Excess con jugate  was removed by  3 x 10 m inute w ashes in  1 m l o f  

PBS, a t  rocm tem perature. Sam ples were assayed  fo r  HRP o r  AP a c t iv it y
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a s d e sc rib e d  below :

( i )  For a s sa y in g  HRP a c t iv it y  o n ly , 400 u l o f  o-pheny 1 ene-

diam ine (OPD) b u ffe r  (0.025 M c i t r i c  a c id , pH 5 .0 , 0.05 M Na^HPO^, 

0.045% w /v OPD, 0.012% w/v ^ 2 ^ 2 ^  was ac^ e<* to  sam ple. A fte r

in cu b a tio n  a t  37°C fo r  10 m inutes, the  c o lo u r de ve lop in g  re a c tio n  was 

term inated  by  a d d it io n  o f  200 u l o f  2 M su lp h u r ic  a c id . The r e s in  was 

p e lle te d  b y  c e n tr ifu g a t io n , and th e  O .D .^ ^  ^  o f  the  supernatan t was 

determ ined on the  spectrophotom eter.

( i i )  For a s sa y in g  AP a c t iv it y  o n ly , 400 u l o f  n itro b lu e  

te tra z o liu m /5 -b rc n o -4 -c h lo ro -3 -in d o ly l phosphate (NBT/BCIP) b u ffe r  

(0.33 mg/ml NBT, 0.17 mg/ml BC IP , 0.1  M T r is -H C l,  pH 9 .5, 0 .1  M N aC l,

50 mM M gCl^) was added to  each sam ple, and the  m ixture  was incubated  

fo r  1 hour a t  room terrperature, b y  ro ta t io n  on a  V o ss Wheel. The re s in  

was p e lle te d  b y  c e n tr ifu g a t io n , a s d e sc rib e d  in  th e  p receed ing  

paragraph, and th e  sam ple was resuspended in  400 u l o f  e th an o l. A fte r  

a  second 1 hour in cu b a tio n , the  O .D .^cr, o f  the  supernatan t was 

determ ined on th e  spectrophotom eter.

3 .5 .9  S o u th e rn  T r a n s f e r  A nd H y b r id iz a t io n .
Southern  t r a n s fe r  was perform ed u s in g  a m o d ific a tio n  o f  the  

techn ique  d e scrib e d  by  Southern (1975). IM A fragm ents were s iz e -  

fra c tio n a te d  by  e le c tro p h o re s is  th rough  l% -2%  w /v agaro se  g e ls  (see  

se c t io n  3 .4 .4 .1 ). IM A  m arkers (H in d i 11 d ige ste d  lambda IM A, and T aq I 

d ige ste d  phiX174) were e n d -la b e lle d  (a s d e sc rib e d  in  se c t io n  3 .5 .7 .3 ),  

and e le c trcp h ore se d  a lo n g s id e  experim ental sa n p le s. The r e s u lt in g  g e l 

was photographed, and the  DNA was denatured by  so a k in g  fo r  2 hours in  

0.5 M NaOH, 1 .5  M N aC l. A fte r  r in s in g  in  2 x SSC fo r  5 m inutes, 

thorough  n e u tra liz a t io n  was ach ieved by  so a k in g  the  g e l in  1 M 

T r is -H C l,  pH 8 .0 , 1.5  M N aC l fo r  1 hour. IM A fragm ents were tra n sfe rre d
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to  Hybond-N (a  n y lon  b lo t t in g  membrane obta ined  from  Amersham 

In te r n a t io n a l) by  c a p il la r y  a c tio n , u s in g  th e  apparatu s d e sc rib e d  by  

Southern  (1975). A fte r  tr a n s fe r ,  the  g e l was sta in e d  fo r  30 m inutes in  

TAE b u ffe r  c o n ta in in g  E tB r a t  a  co n ce n tra tio n  o f  0 .5  ug/m l, in  o rde r to  

con firm  th a t  t r a n s fe r  o f  DNA from  g e l to  membrane was com plete. The 

membrane was then washed fo r  5 m inutes in  2 x SSC, to  remove any  

ad h e rin g  agaro se , and a llow ed  to  d ry  p a r t ia l ly  a t  room tem perature fo r  

10 m inutes. The membrane was then covered w ith  Saran  Wrap, and DNA. was 

c o v a le n t ly  in m b b ilize d  b y  exposure fo r  5 m inutes to  sh o rt wave u .v . 

l i g h t  (generated b y  a  Fotodyne model 3-3002 t r a n s illu m in a to r ) . Ih e  

r e s u lt in g  r e p lic a  o f  the  fragm ent p a tte rn  produced b y  e le c tro p h o re s is  

was e ith e r  h y b rid iz e d  in m e d ia te ly , o r  sto re d  in  a  m o ist chamber a t  4°C, 

fo r  up to  5 days.

Membranes b e a rin g  in m o b ilize d  DNA were p re -h y b r id iz e d  in

sandw ich boxes fo r  1-2 h ou rs a t  65°C, w ith  sh ak in g, in  6 x SSC, 0.5%

w /v SDS, 100 ug/m l so n ica te d , denatured salm on sperm ENA, 5 x

D erihardt' s  so lu t io n  (1 x D enhard t1 s  s o lu t io n  i s  0.02% w /v F ic o l l ,  0.02%

w /v p o ly v in y l p y rro lid o n e , 0.02% w /v BSA [Derihardt, 1966]). M o is t

membranes were then p lace d  in  p la s t ic  b a gs, w hich were f i l l e d  w ith

2
p re -h y b r id iz a t io n  b u ffe r  (approx im ate ly  5 m l pe r 100 cm o f  mentorane),

32to ge th e r w ith  s in g le -s tra n d e d , P -la b e lle d  DNA probe. The b ags were 

se a le d , ta k in g  care  to  exclude a i r  bu bb le s, and incubated  a t  65°C, w ith  

sh ak in g, o ve rn igh t in  a  sandw ich box f i l l e d  w ith  w ate r. F o llo w in g  

h y b r id iz a t io n , exce ss probe was removed b y  w ash ing fo r  3 x 1  hour a t  

65°C, in  0.1 x SSC, 0.1% w /v SDS; t h is  procedure was m onitored u s in g  a  

M in i-In stru m e n ts  s e r ie s  900 m in i-m o n ito r. Membranes were a llow ed  to  d ry  

a t  room terrperature, and were covered in  Saran  Wrap, p r io r  to  

au to rad iograp h y  a s d e sc rib e d  in  se c t io n  3 .4 .9 .
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3 .5 .1 0  S l o t - b l o t t i n g  A nd H y b r id iz a t io n .
S lo t - b lo t s  were prepared by  a  m o d ific a tio n  o f  the  method 

d e scrib e d  by  W ickenden e t  a l . (1987 a ),  u s in g  a 72 w e ll su c t io n  

m an ifo ld  su p p lie d  b y  S c h le ic h e r & S c h u e ll GnbH, D a sse l, W. Germany. A  

Hybond-N n y lon  h y b r id iz a t io n  merrforane was m oistened w ith  0.5  x SSC, and 

p lace d  in  p o s it io n  in  th e  m an ifo ld , e x a c tly  a s reconmended by  the  

m anufacturer. A fte r  a p p lic a t io n  o f  vacuum su c tio n , each o f  th e  72 s lo t s  

was washed w ith  200 u l o f  0.5  x SSC, p r io r  to  lo a d in g  o f  sam ples (made 

up to  a  volume o f  200 u l in  0.5  x S S C ). A s the  l iq u id  i s  drawn b y  the  

vacuum th rough  th e  Hybond-N, any DNA p re se n t i s  d e p o site d  on the  

su rfa ce  o f  the  membrane in  a lim ite d  are a  d e fin e d  b y  the  w e ll.  Once 

the  l iq u id  had d isappeared  fra n  each w e ll,  the  membrane was removed 

fra n  the  m an ifo ld , and the  captured DNA was denatured by  im m ersion fo r  

30 seconds in  0.5  M NaOH, 1.5 M N aC l. A fte r  r in s in g  fo r  30 seconds in  

0.5  x SSC, n e u tra liz a t io n  was ach ieved b y  im m ersion fo r  30 seconds in  

0.5  M T r is -H C l,  pH 7 .5 , 1 M N aC l. A fte r  a  f in a l  r in s e  fo r  30 seconds in  

2 x SSC, the  membrane was covered w ith  Saran  Wrap, and the  DNA was 

c o v a le n tly  im m obilized  onto  the su rfa c e  by  ir r a d ia t io n  w ith  sh o rt wave 

u .v . l i g h t  (generated  by  a tr a n s illu m in a to r )  fo r  5 m inutes. Membranes 

were then p re -h y b r id iz e d  and h y b rid iz e d  e x a c tly  a s d e sc rib e d  in  se c t io n  

3 .5 .9 , except th a t  the  b u ffe r  used c o n s is te d  o f  0.08 M T r is -H C l,  pH 

7.8 , 0.75 M N aC l, 0.05% w /v SDS, 0.004 M EDTA, 5 x D e n h a rd t's  so lu t io n ,  

100 ug/m l denatured, so n ica te d  salm on sperm DNA.

3 .5 .1 1  Im m o b iliz a tio n  O f ENA O n to  D ia z o tiz e d  R e s in s .
The im m o b iliz a tio n  o f  DNA to  d ia z o tiz e d  re s in s ,  d e sc rib e d  by  

Bunemann e t a l . (1982) c o n s is t s  o f  two s ta g e s : f i r s t l y ,  the  co va le n t  

attachm ent o f  an arom atic  am ino compound (2 -am inoth icpheno l) t o  the  

re s in , fo rm ing a  2 -am inophenylth ioether (APTE) d e r iv a t iv e . T h is  i s
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fo llow e d  b y  d ia z o t iz a t io n  o f  the  amino fu n c tio n , form ing a  d iazcp h e n y l- 

th io e th e r  (DPTE) d e r iv a t iv e . T h is  can c o v a le n tly  bond to  denatured DNA, 

v ia  the  b a se s. The ch em istry  o f  t h is  procedure i s  i l lu s t r a t e d  in  f ig u re  

9.

3 .5 .1 1 .1  P re p a ra tio n  O f 2 -am inophenylth ioether (APTE) D e r iv a t iv e  

O f R e s in .

A l l  m an ip u la tio n s in v o lv in g  1 ,4 -b u tan e d io l d ig ly c id y l e ther and

2-am inoth icpheno l were perform ed in  a  fume hood. 20 g  ba tch es o f  r e s in  

were washed w ith  d i s t i l le d  w ater, and tra n sfe rre d  to  a  50 ml s t e r i le  

F a lco n  tube. 20 m l o f  1 M NaOH and 1.7 ml o f  1 ,4 -b u ta n e d io l d ig ly c id y l  

ether were added, and the  con ten ts o f  the  tube were m ixed by  o ve rn igh t  

ro ta t io n  on a  V o ss wheel, a t  roan  tenperatu re . The s lu r r y  was 

tra n sfe rre d  to  a Buchner fu n n e l, and the  liq u id  was removed a s  

th o ro u gh ly  a s p o s s ib le ,  w ith ou t a llo w in g  the re s in  to  d ry  com plete ly. 

The m o ist cake was p lace d  in  a c le a n  50 ml F a lcon  tube. 23 m l o f  

acetone and 2.86 ml o f  2 -am inoth icphenol were added, and th e  con ten ts  

o f  the tube were mixed once a g a in  b y  ro ta t io n  o v e rn igh t a t  room 

ten pe ratu re . F in a lly ,  the  d e r iv a tiz e d  r e s in  was tra n s fe rre d  to  a  

Buchner fu n n e l, and washed su c c e ss iv e ly  w ith  200 ml each o f  acetone,

0.1 M HC1, w ater, 0.1 M HC1, and w ater a ga in . T h is  2 -am in cph en y lth io - 

ether (APTE) d e r iv a t iv e  was suspended in  s t e r i le  d i s t i l le d  w ater, and 

sto re d  a t  4°C u n t il  req u ire d , o r  fo r  a maximum o f  one ye ar.

3 .5 .1 1 .2  P re p a ra tio n  O f D iazop h e n y lth ioe th e r (DPTE) D e r iv a tiv e  

O f R e s in .

1 g  o f  A P T E -re sin  was washed in  a  s in te re d  g la s s  fu n n e l w ith  30 

ml o f  d i s t i l le d  w ater, and resuspended in  1 ml o f  w ater. 3.33 ml o f  1.8  

M HC1 were added, and the  m ixture  was incubated  on ic e  fo r  30 m inutes.

A  fre sh  s o lu t io n  o f  10 mg/ml sodium  n i t r i t e  was prepared, and a 33 u l 

a liq u o t  was added to  the  A P T E -re sin  once every seven m inutes. A fte r
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each a d d it io n , the  m ixture  was g e n t ly  shaken, and re turned  to  the  ic e  

b a th . The p ro g re ss  o f  th e  re a c tio n  was m onitored by  rem oving 50 u l 

from  the F a lcon  tube, and p ip e t t in g  on to  sta rc h  io d id e  paper. A d d itio n  

o f  sodium  n i t r i t e  was continued u n t i l  th e  sta rc h  io d id e  paper t e s t  

became p o s it iv e  (the  paper changed from  w h ite  to  dark  b lu e ) . The s lu r r y  

was then q u ic k ly  tra n s fe rre d  to  an ic e -c o ld  s in te re d  g la s s  f i l t e r ,  and 

washed in m e d ia te ly  w ith  50 ml o f  ic e -c o ld  d i s t i l le d  w ater, fo llow e d  by  

5 m l o f  an ic e -c o ld  m ixture  o f  25 mM sodium  phosphate, pH 6.0  and 

d im ethy l su lp h ox ide  (DMSO) (20:80 v / v ) . The m a jo rity  o f  the  m o istu re  

was removed from  th e  D P T E -re sin  (w ithou t a llo w in g  i t  to  d ry  

co m p le te ly ), and 500 mg was tra n sfe rre d  to  a  1.5  m l Eppendorf tu b e .

3 .5 .1 1 .3  C o u p lin g  O f DNA To DPTE D e r iv a tiv e  O f R e s in .

The ENA to  be im n o b ilize d  was d is so lv e d  in  50 u l o f  25 uM sodium  

phosphate, pH 8 .0 . Im m ediately p r io r  to  irrm o b iliz a tic n , 200 u l o f  DMSO 

was added to  the  ENA so lu t io n , w hich was then added to  the  D P T E -re sin . 

DNA d e n atu ra tion  o ccu rs in sta n ta n e o u sly  on a d d it io n  o f  EMSO, so  i t  i s  

n o t n e ce ssa ry  to  b o i l  the  DNA sam ple p r io r  to  in m o b iliz a tio n . The 

re a c tio n  m ixture  was incubated  a t  room tem perature fo r  48 h ou rs, w ith  

co n stan t ro ta t io n  on a  V o ss wheel. The D N A -re sin  was washed in  a  

s in te re d  g la s s  fu n n e l w ith  50 ml o f  d i s t i l le d  w ater, fo llow e d  b y  50 ml 

o f  0 .4  M NaOH, a t  40°C. F o llo w in g  a  f in a l  wash w ith  100 ml o f  TE b u ffe r  

a t  room tem perature, the  D N A -resin  was tra n sfe rre d  t o  a 1.5 ml 

Eppendorf tube, and sto re d  a t  4°C u n t il  requ ire d , o r  fo r  a maximum o f  

th re e  months.

3 .5 .1 2  Inm rihi 1 i z a t i c n  O f ENA O n to  C a r to d iim id e  A c tiv a te d  R e s in s .
DNA was im m obilized  v ia  the  5 ' end u s in g  l-c y c lb h e x y l-3 -  

(2 -m orpho lin oethy l) carbod iim ide  m etho-p-to luene su lfo n a te  

( c a rb o d iim id e ). The ch em istry  o f  t h is  procedure i s  i l lu s t r a t e d  in
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f ig u r e  30* The DNA to  be dem obilized was resuspended in  100 u l o f

40 mM sodium  MES b u ffe r , pH 6 .0 , and denatured b y  h e a tin g  in  a  b o i l in g

w ater b a th  fo r  10 m inutes. 100 mg a liq u o ts  o f  r e s in  were washed in  40

mM MES, pH 6 .0 , and p e lle te d  b y  c e n tr ifu g a t io n  (MSE M icrocen tau r,

13,000 rpm [13,400 x g  ] ) fo r  2 m inutes. ENA sam ples were then added
av

to  the  r e s in  in  1.5 m l screw  cap Eppendorf tubes, and th e  m ixture  was 

d r ie d  fo r  2 h ou rs in  a  Speed Vac con ce n tra to r, p r io r  to  a c t iv a t io n  w ith  

ca rb o d iim id e . 28 u l o f  f r e sh ly  prepared  carbod iim ide  s o lu t io n  (80 mg/ml 

o f  w ater) was added to  the  d rie d  re s in ,  and th e  m ixture  was heated in  a  

b o ilin g  w ater b a th  fo r  7 m inutes, p r io r  to  c o o lin g  fo r  5 m inutes in  a  

d ry  ic e /e th a n o l b a th . A  fu rth e r 28 u l o f  80 mg/ml carbo d iim id e  s o lu t io n  

( t h is  tim e d is so lv e d  in  40 mM MES, pH 6 .0 ) was added, and the  

h e a tin g /ra p id  c o o lin g  procedure was repeated. F in a lly ,  140 u l o f  

sw e llin g  b u ffe r  (10 mM sodium  phosphate, pH 7 .0 , 1 mM EDTA, 0.1 M N aC l) 

was added to  the  sam ple, w hich was incubated  a t  4°C fo r  16 hours. 

F o llo w in g  in c u b a tic n , the  su sp e n sion  was tra n s fe rre d  to  a  15 ml 

po lyp rop y le n e  c e n tr ifu g e  tube, and the  re s in  was p e lle te d  by  

c e n tr ifu g a t io n  in  th e  S o r v a ll RC5B (GSA ro to r , 10,000 rpm [10,240 x 

g a v ])  fo r  5 m inutes. The supernatan t was d isca rd e d , and the  p e lle t  was 

resuspended in  4 m l o f  0.2  M NaHCO^, pH 10.2. F o llo w in g  m ix in g  b y  

r o ta t io n  on a  V o ss wheel fo r  16 h ou rs, the r e s in  was p e lle te d  a s  

d e sc rib e d  above, and washed b y  ro ta t io n  fo r  3 x 1  hour in  1 m l o f  

sw e llin g  b u ffe r . D N A -re sin  was sto re d  in  TE, pH 8 .0  a t  4°C, fo r  up to  

6 months.

3 -5 .1 3  Q u a n t i ta t io n  O f Im m o b iliz e d  ENA.
The amount o f  DNA c o v a le n tly  coupled to  the  r e s in  was determ ined  

b y  two methods.

3 .5 .13 .1  R a d io la b e lle d  T racer.
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P r io r  t o  lim o b iliz a t io n ,  a  sam ple o f  ENA was P e n d -la b e lle d  

w ith  T4 p o ly n u c le o tid e  k in a se , a s d e sc rib e d  in  se c t io n  3 .5 .7 .2 , to  an  

a c t iv it y  o f  around 5 x 10 dpm /fm ole. A t the  tim e o f  s e t t in g  up the  

in m o b iliz a t io n  re a c tio n , a  c o n tro l tube was in c lu d e d  w hich in vo lve d  

a d d it io n  o f  1-2  fm ole o f  ra d io la b e lle d  tra c e r . The r a d io a c t iv it y  o f  the  

c o n tro l sa irp le  was a sce rta in e d  b y  Cerenkov co u n tin g  (B erger & Krug, 

1985), p r io r  to  w ash ing a s d e scrib e d  in  se c t io n  3 .5 .1 1 .3 . A fte r  

unbound DNA had been removed, the  san p le  was recounted, and the  

percentage o f  th e  in p u t ENA m o lecu les in m o b ilize d  was determ ined.

3 .5 .1 3 .2  M ic ro co cca l N uclease  A s sa y .

N ucle ase  a ssa y s  were c a r r ie d  o u t e s s e n t ia lly  a s  d e scrib e d  b y

Bunemann e t a l . (1982), u s in g  m icro co cca l n u c lease  is o la te d  frcm

Staph y lococcu s au re u s. 50 mg a liq u o ts  o f  D N A -re sin  were washed in  a

s in te re d  g la s s  fu n n e l w ith  20 ml o f  0.1 M sodium  bo ra te , pH 8 .8 , and

tra n sfe rre d  to  1.5  m l Eppendorf tu bes. Each a liq u o t  was resuspended in

400 u l o f  0.05 M sodium  bo rate , pH 8 .8 , and 15 u l o f  0.1  M C a C ^ .

S .au re u s n u c le ase  was added to  a  co n ce n tra tio n  o f  300 u n its/m l, and the

m ixture  was incubated  a t  37°C o v e rn igh t. A fte r  c e n tr ifu g a t io n  (MSE

M icroce n tau r, 13,000 rpm [13,400 x g  ]) fo r  5 m inutes, the  amount o fav

im m obilized  ENA was c a lc u la te d  frcm  the  absorbance o f  the  supernatan t 

a t  260 nm. N u cle ase  d ige ste d  ENA h as an absorbance a t  t h is  w avelength  

approx im ate ly  1.6  tim es th a t o f  in ta c t  ENA (Bunemann e t a l . ,  1982); 

r e s u lt s  were a d ju ste d  a c c o rd in g ly .

3 .5 .1 4  H y b r id iz a t io n  O f In m o b iliz e d  ENA.
Two typ e s o f  h y b r id iz a t io n  a ssa y  were ro u t in e ly  perform ed: the  

o n e -step  a ssa y , fo r  de term in ing th e  a v a i la b i l i t y  o f  im m obilized  DNA fo r  

h y b r id iz a t io n , and the  tw o -step  (o r sandw ich) a ssa y , fo r  d e te c tin g  the  

presence o r  absence o f  the  't a r g e t ' n u c le ic  a c id . The c o n d itio n s

32
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d e scrib e d  a re  fo r  the  u se  o f  la b e lle d  r e s t r ic t io n  fragm ents a s p robes; 

m o d ific a tio n s  fo r  the  use  o f  o lig o n u c le o tid e  probes are  l i s t e d  a t  th e  

end o f  each se c tio n .

3 .5 .1 4 .1  O ne-step  A ssa y .

O ne-step  h y b r id iz a t io n s  were c a rr ie d  o u t in  1 .5  m l screw  cap  

Eppendorf tu bes, w hich were c o n sta n t ly  ro ta te d  on a V o ss wheel, in  a  

fix e d  tem perature fan  c o n tro lle d  Gallerikam p in cu b a to r. D N A -re sin  

co rre sp on d in g to  0 .1 -0 .5  pinole o f  im n o b ilize d  DNA was a liq u o te d  in to  

Eppendorf tu bes, u s in g  a  G ilso n  p ip e tte . M ost re p ro d u c ib le  m an ip u la tion  

o f  sm a ll volum es o f  r e s in  was ach ieved  u s in g  y e llc w  G ils c n  t ip s ,  w hich  

had ap p rox im ate ly  3 nm c u t frcm  the  narrow  end w ith  a  sharp  s c a lp e l 

b lad e . D N A -re sin  was p re -h y b r id iz e d  fo r  2 h ou rs a t  65°C, in  1 m l o f  a  

b u ffe r  c o n s is t in g  o f  40 mM P IP ES pH 6.5, 0 .6  M N aC l, 1 mM EDTA, 0.1%  

w /v SDS and 250 ug/m l denatured, so n ica te d  salm on sperm  DNA. The r e s in  

was then p e lle te d  b y  c e n tr ifu g a t io n  (MSE M icro ce n tau r, 13,000 rpm 

[13,400 x g  ] ) fo r  2 m inutes, and th e  supernatan t was removed by  

a s p ir a t io n .  L a b e lle d  probe ENA was denatured by  h e a tin g  in  a  b o il in g  

w ater b a th  fo r  10 m inutes, and coo le d  on ic e  fo r  a  fu r th e r  10 m inutes. 

5-50 fm ole o f  probe was then added to  each Eppendorf tube, to ge th e r  

w ith  50 u l o f  p re -h y b r id iz a t io n  b u ffe r . A fte r  in cu b a tio n  a t  65°C fo r  1 

hour, the  r e s in  was p e lle te d  a s d e sc rib e d  above, and washed fo r  3 x 10 

m inutes a t  65°C in  1 m l o f  p re -h y b r id iz a t io n  b u ffe r  (w ithou t so n ica te d , 

denatured salm on sperm DNA). A l l  w ashes were changed b y  p e lle t in g  the  

re s in  b y  c e n tr ifu g a t io n , and rem oving the  supernatan t by  a sp ir a t io n .

The r a d io a c t iv it y  o f  sa irp le s was determ ined, u s in g  th e  Cerenkov method, 

in  an LKB model 1214 Rackbeta l iq u id  s c in t i l la t io n  counter (Berger & 

Krug, 1985). Two c o n tro ls  were a lw ays in c lu d e d  in  each batch  o f  a ssa y s :  

( i )  a  c o n tro l in  w hich D N A -re sin  i s  rep laced  w ith  D P T E -re sin ; ( i i )  a  

c o n tro l in  w hich the  la b e lle d  probe i s  n c n -sp e c if ic  (so n ica te d  c a lf
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thymus DNA, fo r  exam ple).

O ne-step  a ssa y s  w ith  o lig o n u c le o t id e s  were perform ed in  a  

s im ila r  manner, except fo r  th e  fo llo w in g  m o d ific a tio n s : ( i )  p re 

h y b r id iz a t io n  and h y b r id iz a t io n  were perform ed a t  65°C, in  a b u ffe r  

c o n s is t in g  o f  6 x SSC, 0.1% w /v SDS, 250 ug/m l denatured, so n ica te d  

salm on sperm DNA.; ( i i )  d e n atu ra tion  o f  probe p r io r  to  h y b r id iz a t io n  was 

not n e ce ssa ry ; ( i i i )  sam ples were washed a t  65°C in  6 x SSC, 0.1% w /v 

SDS.

3 .5 .1 4 .2  Tw o-step A s sa y .

Tw o-step h y b r id iz a t io n s  were perform ed a s  d e sc rib e d  fo r  o n e -ste p  

a ssa y s , except fo r  the  fo llo w in g  m o d ific a tio n s : ( i )  th e  amount o f  

D N A -re sin  used p e r a ssa y  corresponded to  0 .1 -0 .2  pinole o f  im m obilized  

DNA; ( i i )  denatured 't a r g e t ' (o r san p le ) ENA was added im m ediate ly  

p r io r  to  a d d it io n  o f  the  la b e lle d  probe; ( i i i )  h y b r id iz a t io n s  were 

c a r r ie d  ou t fo r  12-16 h ou rs ( fo r  la b e lle d  r e s t r ic t io n  fragm ent p ro b e s), 

o f  fo r  8 hours (o lig o n u c le o t id e  p ro b e s ).

3 .5 .1 5  O lig o n u c le o tid e  S y n th e s is .
O lig o n u c le o tid e s  were m anufactured on an A p p lie d  B iosystem s 

Model 381A ENA syn th e siz e r, on a  0 .2  m icrom ole sc a le ,  u s in g  b e ta -  

cyanoethyl phosphoram id ites. The ch em istry  o f  th e  procedure i s  shown in  

f ig u re  11. A t the  end o f  each sy n th e s is , the  d im e th o x y tr ity l group was 

l e f t  in  p la c e  a t  the  5 ' end o f  the  o lig o n u c le o tid e .

3 .5 .1 6  O lig o n u c le o t id e  P u r i f i c a t i o n .
M anual o lig o n u c le o t id e  d e p ro te ction , and c le avage  from  the

l
c o n tro lle d  pore  g la s s  (CPG) su p port was ach ieved b y  treatm ent w ith  a  

fre sh  s o lu t io n  o f  concentrated  ammonium h yd rox ide . The c a r tr id g e  

c o n ta in in g  th e  CPG r e s in  and com pleted o lig o n u c le o tid e  was removed from
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removed by treatment with tri
chloroacetic acid (TCA). This 
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THE PRINCIPLE OF PHOSPHORAMIDITE CHEMISTRY FOR THE 
SYNTHESIS OF OLIGONUCLEOTIDES.
(Reproduced with permission from Applied Biosystems Ltd., Cheshire, U.K.).
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the  DNA sy n th e siz e r. A  5 m l sy r in g e  (A) was f i l l e d  w ith  2 m l o f  

ammonium hydrox ide, and th e  t ip  was in se rte d  in to  the  tcp  o f  the  

c a r tr id g e . A  second sy r in g e  (B ), w ith  th e  p lu n ge r f u l ly  depressed , was 

p la ce d  in  a  s im ila r  p o s it io n ,  a t  the  bottom  o f  th e  c a r tr id g e . Over the  

cou rse  o f  1 hour, the  p lu n ge r o f  sy r in g e  'A ' was ve ry  s lc w ly  depressed, 

w h ile  th e  p lu n ge r o f  sy r in g e  'B ' was w ithdraw n a t  the  same ra te . The 

slow  stream  o f  fre sh  ammonium hydrox ide  r e s u lt s  in  c le avage  o f  th e  

b a s e - la b ile  e ste r  lin k a g e  between th e  CPG support and the  3 ' h yd roxy l 

group  o f  the  i n i t i a l  n u c le o sid e ; i t  a ls o  r e s u lt s  in  rem oval o f  b e ta -  

cyanoeth yl phosphate p ro te c t in g  groups. The e lu te d  DNA was c o lle c te d  in  

sy r in g e  B, and tra n sfe rre d  to  a  g la s s  v i a l  w ith  a  T e f lo n -lin e d  cap, 

p r io r  to  in cu b a tio n  a t  55°C fo r  15 h ou rs. T h is  f in a l  in cu b a tio n  r e s u lt s  

in  rem oval o f  p ro te c t in g  groups from  the e x o c y c lic  am ines o f  

n u c le o tid e s A, G and C.

A fte r  d e p ro te c tion  and c leavage  was com plete, the  ammonium 

h ydrox ide  s o lu t io n  c o n ta in in g  the o lig o n u c le o tid e  was coo le d  to  roam  

tem perature, and f u l l  le n g th  sy n th e tic  DNA s tra n d s  were p u r if ie d  and 

d e sa lte d , a s d e scrib e d  b y  th e  m anufacturer, on an A p p lie d  B io system s  

o lig o n u c le o t id e  p u r if ic a t io n  c a r tr id g e  (O PC). 20 ug fr a c t io n s  o f  pure  

o lig o n u c le o t id e  in  20% a c e to n it r ile  s o lu t io n  were a liq u o te d  in to  1.5 ml 

Eppendorf tu bes, evaporated to  d ryn ess, and sto re d  a t  -20°C u n t il  

re q u ire d .

3 .5 .1 7  T h e P o ly m e ra se  C h a in  R e a c tio n  (FC R ).
S p e c if ic  ta rg e t  sequences were e n z ym a tica lly  a m p lifie d  u s in g  a  

m o d ific a tio n  o f  the  techn ique  d e scrib e d  b y  S a ik i  e t a l . (1985 a ).  

A p p rop ria te  o lig o n u c le o tid e  p rim e rs, each 20 n u c le o tid e s in  le n g th , 

were syn th e size d  and p u r if ie d  a s  d e scrib e d  in  se c t io n s  3 .5 .15  and

3 .5 .16 . Sam ple DNA, in  a  volume o f  approx im ate ly  5 u l o f  TE b u ffe r , pH
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8.0 , was p lace d  in to  a  1.5  m l screw  cap Eppendorf tube, and d ilu te d  

w ith  50 u l o f  a  b u ffe r  c o n s is t in g  o f  10 mM T r is -H C l pH 8 .4 , 50 irM KC1,

2.5  nM M gCI^/ 200 uM each o f  dATP, dCTP, dGTP and dTTP, 1 uM o f  each 

o lig o n u c le o tid e  p rim er, 100 ug/m l g e la t in  and 1 u n it/2 5  u l o f  

Thermus a q u a ticu s (Taq) DNA polym erase. 50 u l o f  l i g h t  m in e ra l o i l  

(ob ta in e d  fra n  Sigm a) was used to  o v e r la y  sam ples, W hich were loaded  

in to  an in t e l l ig e n t  h e a tin g  b lo c k  (su p p lie d  by  H ybaid  L td .,  Sussex, 

E n g la n d ). Sam ple DNA was denatured b y  h e a tin g  to  95°C fo r  7 m inutes, 

and the  o lig o n u c le o tid e  p rim e rs were a llow e d  to  anneal to  th e ir  ta rg e t  

sequences b y  c o o lin g  to  55°C, fo llow e d  b y  in cu b a tio n  a t  t h is  

te n pe ratu re  fo r  a  fu r th e r  2 m inutes. Polym erase-m ediated e lo n ga tio n  o f  

the  annealed p rim e rs was ach ieved b y  h e a tin g  the  sam ple to  70°C, and 

m a in ta in in g  t h is  tem perature fo r  a  fu r th e r  4 m inutes. For subsequent 

c y c le s , d e n atu ra tion , p rim er an n e a lin g  and polym erase-m ediated  

e lo n ga tio n  were perform ed a t  th e  tem peratures in d ic a te d  above, fo r  1, 

0.5  and 4 m inutes re sp e c t iv e ly . The number o f  c y c le s  perform ed v a r ie d  

from  10 to  50. A fte r  a m p lif ic a t io n , sam ples were ana lyzed  b y  e le c tro 

p h o re s is  on N uSieve GTG agaro se  g e ls  (se c t io n  3 .4 .4 .1 ), an d /or by  

sandw ich h y b r id iz a t io n  ( se c t io n  3 .5 .1 4 .2 ).

3 .5 .1 8  A n p lif ie d  S ig n a l  A f f i n i t y  C a p tu re  (ASAC).
O lig o n u c le o tid e  p a ir s  fo r  a m p lifie d  s ig n a l a f f in i t y  capture  

(ASAC) were syn th e size d  a s d e scrib e d  in  se c t io n  3 .5 .15, except th a t  a  

’t a i l '  o f  fo u r 'A ' re s id u e s, fo llow e d  by  a  s in g le  A m in o lin k -2  re sid u e , 

was added to  the  5 ' end d u rin g  sy n th e s is . The chem ical s tru c tu re  o f  

A m in o lin k -2 , a  m ethyl phosphoram id ite  analogue, i s  shewn in  f ig u re  12. 

A fte r  d e p ro te ction  and c le avage  in  concentrated  aimnonium hydrox ide ,

ASAC o lig o n u c le o t id e s  were p u r if ie d  a s d e sc rib e d  in  se c t io n  3 .5 .16 . The 

r e s u lt in g  o lig o n u c le o t id e s  a re  id e n t ic a l to  th o se  syn th e size d  u s in g
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FIGURE 12

THE CHEMICAL STRUCTURE OF AMINOLINK 2.
(Reproduced with permission from Applied Biosystems, Ltd., 
Cheshire, U.K.).
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co n ve n tio n a l phosphoram id ites, except fo r  the presence o f  a  

group a t  the  5 ' te rm inus; the  p rim ary  amine can be used to  coup le  

m olecu les such a s b io t in ,  o r  o th e r la b e ls  in vo lve d  in  n a n -ra d io a c tiv e  

n u c le ic  a c id  d e te c tio n  system s. A m in o lin k -m o d ifie d  o lig o n u c le o tid e s  

were coupled to  su lfo su c c in im id y l 6 -(b io tin a m id o ) hexanoate  

(N H S -L C -b io tin ), a s  de scrib e d  in  se c t io n  3 .5 .8 .2 , p r io r  to  rem oval o f  

un incorporated  b io t in  by  g e l f i l t r a t io n  (se c tio n  3 .4 .5 ). B io t in y la te d  

o lig o n u c le o t id e s  were then used in  PCR a m p lif ic a t io n  (se c t io n  3 .5 .1 7 ), 

to  produce p rod u cts w hich were b io t in y la te d  a t  th e  5 ' end.

A fte r  th e  f in a l  c y c le  o f  PCR, 5 u l o f  the  re a c tio n  volume was

removed, and tra n sfe rre d  to  a c le a n  1.5  m l screw  cap Eppendorf tube,

p r io r  to  d e n atu rin g  b y  h e a tin g  fo r  10 m inutes in  a  b o i l in g  w ater bath .

A fte r  c o o lin g  on ic e  fo r  5 m inutes, th e  sam ple was d ilu te d  by  a d d it io n

o f  15 u l o f  h y b r id iz a t io n  b u ffe r  (8 x SSC, 0.13% w /v SDS, 0.13 mg/ml

B S A ). 50 fm ole o f  k in a se  e n d -la b e lle d  probe o lig o n u c le o tid e

(approx im ate ly  5 x 10 dpm/fmole) was added to  th e  sam ple, and the

m ixture  was h y b rid iz e d  a t  65°C, fo r  30 m inutes. A fte r  t h is  tim e, 100 u l

o f  b u ffe r  1 (10 nM sodium  phosphate, pH 7 .5 , 1 nM EDTA, 1 M N aC l) was

added, fo llow e d  by  50 u l o f  a  50% v /v  su spension  o f  s t re p ta v id in -

agaro se  in  b u ffe r  1. B io t in y la te d  PCR product/probe  h y b r id s  were

captured b y  in cu b a tio n  a t  37°C fo r  15 m inutes, w ith  co n stan t m ix in g on

a  V o ss r o ta t in g  w heel. The r e s in  was p e lle te d  by  c e n tr ifu g a t io n  (MSE

M icroce n tau r, 13,000 rpm [13,400 x g  ] )  fo r  30 seconds, and the
av

supernatan t was d isca rd e d . A fte r  re su spen d in g in  1 ml o f  b u ffe r  1, the  

s tre p ta v id in -a g a ro se  was washed b y  ro ta t io n  on th e  V o ss wheel a t  37°C 

fo r  5 m inutes. A fte r  two fu rth e r washes in  the same b u ffe r , the  re s in  

was p e lle te d , th e  supernatan t was removed, and the  r a d io a c t iv it y  o f  the  

sam ple was determ ined by  Cerenkov co u n tin g  in  an LKB model 1214 

Rackbeta l iq u id  s c in t i l la t io n  counter (Berger & Krug, 1985). A
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diagrarrm atic re p re se n ta tio n  o f  ASAC i s  shewn in  f ig u re  13.
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4 .  RESULTS.
D u rin g  the  course  o f  t h is  in v e s t ig a t io n ,  th e re  were a number o f  

sta g e s  a t  W hich i t  became o bv iou s th a t  a  p a r t ic u la r  techn ique  o r  

component a sso c ia te d  w ith  the sandw ich a ssa y  was su p e rio r  to  the o th e rs  

te ste d . In  such circum stances, the  in fe r io r  o p tio n s were d isca rd e d , and 

o n ly  th e  m ost su ita b le  were re ta in e d .

4 .1  R e s t r i c t i o n  Enzym e A n a ly s is  O f HPV T y p es 6 b , 1 1 , 16  A nd 1 8 .
The i n i t i a l  aim  o f  t h is  stu d y  was to  develop  a  n u c le ic  a c id -  

based d ia g n o s t ic  a ssa y  fo r  th e  d e te c tio n  o f  HPV in fe c t io n  in  c l in ic a l  

sam ples, u s in g  the sandwich h y b r id iz a t io n  techn ique. A lthou gh  HPV 

type s 6, 11, 16, 18, 31, 33, 35 and 39 have a l l  been a sso c ia te d  w ith  

le s io n s  o f  the c e rv ix , the f i r s t  fo u r type s l i s t e d  above were chosen  

fo r  t h is  stu d y  fo r  the  fo llo w in g  re a so n s: i )  C u rren t evidence su gge sts  

th a t HPV 6 and HPV 11 are  p redom inantly  a sso c ia te d  w ith  lew -grade  

le s io n s ,  Whereas a l l  o f  the  o th e r type s l is t e d  have been connected w ith  

m align an t ca rc in cn e s (Wickenden e t a l . , 1987 c ) . For t h is  reason, i t  

cou ld  be o f  d ia g n o s t ic  im portance to  be  a b le  to  d is t in g u is h  between 

in fe c t io n s  in v o lv in g  types 6 and 11, and th ose  in v o lv in g  d if fe re n t  

type s o f  the v ir u s ;  i i )  The DNA detected  in  approx im ate ly  50% o f  

tum ours h arb ou rin g  HPV n u c le ic  a c id  i s  th a t o f  type  16, w ith  HPV 18 

b e in g  found in  the  m a jo rity  o f  the  rem ainder (zur Hausen, 1987); i i i )  

The genomes o f  v ir u s  types 6b, 11, 16 and 18 are  r e a d ily  a v a ila b le  a s  

c lo n e s in  the  p la sm id  pBR322; iv )  F u ll  sequence da ta , and e x te n sive  

a n a ly s is  o f  genom ic stru c tu re  a re  a v a ila b le  fo r  th e se  fo u r v ir u s  typ e s.

A s d isc u sse d  in  se c t io n  1 .3 , a  fundam ental d iffe re n c e  between 

sandw ich h y b r id iz a t io n  and co n ve n tio n a l b lo t t in g  p rocedures i s  th a t  the  

form er re q u ire s  two n u c le ic  a c id  p robes de rived  from  the  genome o f  the  

organ ism  o f  in te r e s t ,  Whereas the la t t e r  u t i l iz e s  a  s in g le  probe. Many
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o f  the  stu d ie s  de sign ed  fo r  exam ining the preva lence  o f  c e r v ic a l HPV 

in fe c t io n  have used e ith e r  Southern b lo t t in g ,  o r  one o f  the ra p id  

h y b r id iz a t io n  techn iques d iscu sse d  in  se c t io n  1 .1 .2 . Consequently, i t  

i s  carman to  f in d  th a t  the  com plete genome o f  the  HPV type  o f  in te r e s t  

i s  used a s  a  h y b r id iz a t io n  probe, ra th e r than  a s p e c if ic  su b -gen an ic  

fragm ent. C le a r ly ,  in  order to  develop  a sandw ich a ssa y , i t  was 

e s s e n t ia l to  is o la t e  a t  le a s t  two n an -o ve rlap p in g  fragm ents from  the  

genome o f HPV typ e s 6b, 11, 16 and 18. One o f  these  fragm ents (A) cou ld  

then be im ro b iliz e d , and the  o the r (B) s u ita b ly  la b e lle d  fo r  use  a s  a  

h y b r id iz a t io n  probe.

The genomes o f  HPV typ e s 11 (7,931 b p ), 16 (7,904 bp) and 18 

(7,857 bp) were ob ta in e d  as .com plete genomes in  p la sm id  pBR322. A  5,368 bp  

EcaRl /BamHI  sub-gencm ic fragm ent o f  type  6b was a ls o  ob ta ined  a s  a  

clon e  in  pBR322. A l l  fo u r c o n stru c ts  were th e  k in d  g i f t  o f  C o lin  

W ickenden, and were i n i t i a l l y  ob ta in e d  from  P ro fe sso r  H ara ld  zur 

Hausen, o f  the In s t i t u t  Fur V ir o lo g ie ,  H e ide lb e rg, W. Germany.

F u ll  genom ic sequences fo r  HPV type s 6b (Schwarz e t a l . , 1983),

11 (Dartmann e t a l . ,  1986), 16 (Seed orf e t a l . ,  1985 a) and 18 (C o le  & 

Danos, 1987) were re tr ie v e d  from  the European M o le cu la r B io lo g y  

L ab o ra to ry  (EMBL) database ; the  d a ta  ob ta in e d  in c lu d e d  the  n u c le o tid e  

p o s it io n s  f la n k in g  th e  p u ta t iv e  open re a d in g  fram es. The re trie v e d  

sequences were then an a lysed  w ith  'C U T S IT ', a  program  design ed  to  

id e n t ify  re c o g n it io n  s it e s  fo r  the  m ost cctimon r e s t r ic t io n  enzymes.

One o f  the  c o n s id e ra tio n s  in  the  ch o ice  o f  fragm ents fo r  use in  the  

sandw ich a ssa y  was one o f  r e s t r ic t io n  enzyme c o st. S in c e  an aim  o f  

t h is  stu d y  was to  develop  an a ssa y  w hich cou ld  be used fo r  the  a n a l

y s i s  o f  a la rg e  number o f  sam ples, i t  was reasonab le  to  assume th a t  the  

la rg e  sc a le  p re p a ra tio n  o f the  ap p ro p ria te  r e s t r ic t io n  fragm ents would  

e v e n tu a lly  be a n e c e ss ity . For t h is  reason, the fragm ent s iz e s  produced
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b y  d ig e s t io n  w ith  the  cheapest r e s t r ic t io n  enzymes were examined to  

f in d  su ita b le  fragm ent p a ir s  fo r  use  in  sandw ich h y b r id iz a t io n . The 

genomes o f  HPV typ e s 11 and 16 co n ta in  a  s in g le  re c o g n it io n  s i t e  fo r  

BamHI, and the c o v a le n tly  c lo se d , c ir c u la r  m olecu les were o r ig in a l ly  

lin e a r iz e d  a t  t h is  p o in t, p r io r  to  c lo n in g  in to  the BamHI  s i t e  o f  

pBR322. S im ila r ly ,  the  HPV 18 genome co n ta in s a s in g le  s it e  fo r  EcoRI ,  

and was consequen tly  c loned  in to  the  EcoRI  s i t e  o f  pBR322. HPV 6b 

co n ta in s a  s in g le  re c o g n it io n  s i t e  fo r  bo th  BamHI  and EcoRI ,  and 

d ig e s t io n  w ith  both  o f  these  enzymes produces fragm ents 5,368 bp and 

2,534 bp in  le n g th . The la r g e r  o f  the  fragm ents was cloned  in to  

BamHI /EcoRI  d ige ste d  pBR322. Because o f  the in fre q u e n t occurrence o f  

re c o g n it io n  s it e s ,  th e se  two enzymes were no t capab le  o f  p rod u cin g a  

v a r ie ty  o f  genom ic sub -fragm ents s u ita b le  fo r  use in  the  sandw ich  

a ssa y . The next enzyme to  be con sid e red  was P st I ;  on exam ination  o f  the  

p o s it io n s  o f  the re c o g n it io n  s it e s  fo r  t h is  enzyme in  the  gencme o f  the  

fo u r HPV type s o f  in te re s t,  i t  was im m ediately apparent th a t  a v a r ie ty  

o f  fragm ent s iz e s  id e a l fo r  developm ent o f  the a ssa y  were produced. The 

fragm ent s iz e s  produced b y  P s t I d ig e s t io n  o f  the HPV 6b 5,368 fragm ent 

are  shewn in  F igu re  14. D ig e s t io n  o f  the  genome o f  v ir u s  type s 11, 16 

and 18 ge nerates the  fragm ent s iz e s  l i s t e d  in  F igu re s 15, 16 and 17 

re sp e c t iv e ly .

Each o f  the  p la sm id s c o n ta in in g  an H PV-derived in s e r t  was used  

to  tran sfo rm  E . c o li  K-12 HB101 c e l ls ,  a s  de scrib e d  in  se c t io n  3 .5 .4 .2 .  

T h is  was fo llow e d  b y  la rg e  sc a le  p la sm id  p re p a ra tio n  and p u r if ic a t io n ,  

a s  d e scrib e d  in  se c t io n  3 .5 .1 . HPV in s e r t  was subsequently  p u r if ie d  

frem  v e c to r sequences by  e le c tro e lu t io n , a s d e scrib e d  in  se c t io n  

3 .5 .3 .1 , w ith  a y ie ld  o f  approx im ate ly  30% (see se c t io n  4 .2 ).  A fte r  

d ig e s t io n  o f  1 ug o f  p u r if ie d  DNA w ith  P s t I  (se c tio n  3 .4 .3 ),  the

r e s u lt in g  fragm ents were s iz e  fra c tio n a te d  b y  e le c tro p h o re s is  th rough
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FIGURE 14

TH E G E N O M IC  O R G A N IZ A T IO N  O F H P V  T Y P E  6b

I E1 | IE5M L2 I

f lT l  I E2 IE5il I L1

[ H I  IE41 |E8|

EcoR1 BamH1

k \\\\\\N  = Restriction fragment not included in clone.

GENOME S I Z E :

S I Z E  OF CLO NE IN  p B R 3 2 2 :

O R IG IN  OF CLO NE IN  p B R 3 2 2 ,  N U C L E O T ID E S : 

N U C L E O T ID E  P O S IT IO N  OF Bam H I S IT E :  

N U C L E O T ID E  P O S IT IO N  OF E c o R I  S IT E :  

N U C L E O T ID E  P O S IT IO N S  OF P s t I  S IT E S :  

S I Z E S  OF P s t I  R E S T R IC T IO N  FRAG M EN TS:

7902  b p  

5 3 6 8  b p  

4 7 2 2 -2 1 8 8  

4722  

2188

3912 # 5 4 0 8 , 6 4 8 9 .

a .  3601 b p
b .  1081 b p
c .  686 b p

P O S IT IO N S  AND S I Z E  OF OPEN R E A D IN G  FRA M ES (O R F s )

ORF N U C L E O T ID E S S I Z E  (b p )

E6 3 0 -  551 522
E7 4 4 0 -  823 384
E l 7 1 5 -2 7 7 8 2064
E2 2 6 9 6 -3 8 2 6 1131
E4 3 2 4 0 -3 5 8 1 342
E 5 a 3 8 7 2 -4 1 5 9 288
E5b 4 0 0 3 -4 3 7 4 372
L2 4 3 7 8 -5 7 9 9 1422
L I 5 6 7 8 -7 2 8 8 1611
E8 7 6 1 1 -  2 294

p o s i t i o n " 1 "  d e te r m in e d  b y a l i g n m e n t  w i t h  t h e  "G
th e  H p a l r e s t r i c t i o n  s i t e ( G T T A A C ) o f  b o v in e

p a p i l l o m a v i r u s  t y p e  1.
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FIGURE 15

THE G E N O M IC  O R G A N IZ A T IO N  O F H PV  T Y P E  11

E1

m i

m i
o  .

lE5al I L2 I

I E2 I [ L1

7931 bp

g h f  c 

BamH1

GENOME S I Z E :

S I Z E  OF CLO NE IN  p B R 3 2 2 :

N U C L E O T ID E  P O S IT IO N  OF Bam HI  S I T E :  

N U C L E O T ID E  P O S IT IO N S  O F P s t I  S I T E S :

S I Z E S  OF P s t I  R E S T R IC T IO N  FRA G M EN T S:

7931 b p  

7931 b p  

7072

5 7 2 , 23 4 6 , 3137, 3896
5399 , 5432,

a . 1774 b p
b . 1503 bp
c . 1431 b p
d . 1042 b p
e . 791 b p
f . 759 b p
g - 435 b p
h . 163 bp
i . 33 b p

N U C L E O T ID E  P O S IT IO N S  AND S I Z E  OF O PEN  R E A D IN G  FRAM ES ( O R F s ) :

ORF N U C L E O T ID E S S I Z E

E6 1 8 -  552 534
E7 4 9 4 -  824 330
E l 7 1 5 -2 7 7 9 2064
E2 2 6 9 6 -3 8 2 4 1128
E4 3 2 3 1 -3 5 7 9 348
E 5 a 3 8 6 2 -4 1 4 4 282
E5 b 3 9 8 7 -4 3 6 8 381
L2 4 4 0 8 -5 7 8 2 1374
L I 5 6 6 0 -7 2 7 4 1614

p o s i t i o n " 1 "  d e t e r m in e d b y  a l i g i

p a p i l l o m a v i r u s  t y p e  1
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FIGURE 16

TH E G E N O M IC  O R G A N IZ A T IO N  O F H PV  T Y P E  16.

E1a

mh E2

H O

0

p  cm i L2 i
I E1b I E4 r~ L1

e

BamH1

t
7904 bp

GENOME S I Z E :

S I Z E  OF CLO N E IN  p B R 3 2 2 :

N U C L E O T ID E  P O S IT IO N  OF Bam HI  S I T E :  

N U C L E O T ID E  P O S IT IO N S  OF P s t l  S I T E S :

S I Z E S  OF P s t I  R E S T R IC T IO N  FRA G M EN T S:

7904  b p  

7904 b p  

6150

875 , 36 92 ,
6787 , 7 0 0 3 .

a . 2817 b p
b . 1776 b p
c . 1063 b p
d . 912 b p
e . 637 b p
f . 483 bp
g - 216 b p

N U C L E O T ID E  P O S IT IO N S  AND S I Z E  OF O PEN  R E A D IN G  FRA M ES (O R F s )

ORF N U C L E O T ID E S S I Z E  (b p )

E6 6 5 -  556 39
E7 5 4 4 -  855 312
E l a 8 5 9 -1 1 6 7 309
E l b 1 1 0 4 -2 8 1 0 1707
E2 2 7 2 5 -3 8 4 9 1124
E4 3 3 3 2 -3 6 1 6 285
E5 3 8 6 3 -4 0 9 6 234
L2 4 1 3 3 -5 6 5 3 1521
L I 5 5 2 6 -7 1 5 1 1626

p o s i t i o n " 1 "  d e t e r m in e d  b y a l i g n m e n t  '
t h e  H p a l r e s t r i c t i o n  s i t e ( G T T A A C ) o f
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FIGURE 17

T H E  G E N O M IC  O R G A N IZ A T IO N  O F H PV  T Y P E  18.

E5
m  I E2 M  I L1

IE 7 I E1 I I L2 I

0
Q
E4

a ?  b 

EcoR1

. ■ ■ 7857 bp

d I c ■ e • a

GENOME S I Z E :

S I Z E  OF CLO N E IN  p B R 3 2 2 :

N U C L E O T ID E  P O S IT IO N  OF E c o R I  S IT E :  

N U C L E O T ID E  P O S IT IO N S  O F P s t I  S IT E S :

S I Z E S  OF P s t I  R E S T R IC T IO N  FRA G M EN T S:

7857 b p  

7857  b p  

2440

5 2 4 6 , 5 3 1 3 , 5 7 7 0 ,  
6 7 6 6 .

a .  3531 b p
b .  2806 bp
c .  555 b p
d .  457 b p
e . 441 b p
f .  67 bp

6 3 2 5 ,

N U C L E O T ID E  P O S IT IO N S  AND S I Z E  O F O PEN  R E A D IN G  FRA M ES ( O R F s ) :

ORF N U C L E O T ID E S S I Z E  (b p )

E6 8 7 -  578 492
E7 5 0 9 -  904 396
E l 9 0 8 -2 8 8 4 1977
E2 2 7 9 6 -3 9 1 1 1116
E4 3 4 0 5 -3 6 8 1 277
E5 3 9 1 5 -4 1 5 4 239
L2 4 1 6 6 -5 6 2 9 1464
L I 5 4 1 8 -7 1 3 3 1716

p o s i t i o n " 1 "  d e t e r m in e d  b y a l i g n m e n t  '
t h e  H p a l r e s t r i c t i o n  s i t e ( G T T A A C ) o f

p a p i l l o m a v i r u s  t y p e  1.
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a  1% agaro se  g e l (se c t io n  3 .4 .4 .1 ).  The r e s u lt s  o f  the  e le c tro p h o re s is  

(shewn in  F igu re  18) c le a r ly  dem onstrate th a t d ig e s t io n  o f  the  HPV DNA 

re s u lt s  in  the  p rod u ctio n  o f  fragm ents o f  the p re d ic te d  s iz e .  The f a in t  

band o f  around 4 .4  kb p re sen t in  la n e s 3 and 4 cou ld  be due to : ( i )  

con tam in ating ve c to r sequences p re se n t in  the  p u r if ie d  HPV DNA; ( i i )  

incom plete d ig e s t io n  o f  the HPV ENA.

4 .2  P u r if ic a t io n  O f HPV R e s t r ic t io n  Fragm ents.

I t  was n ecessa ry  to  p u r ify  r e s t r ic t io n  fragm ents fo r  tvro 

re a so n s: ( i )  fo r  use  a s  im m obilized captu re  probe (fragm ent A ) o r  

la b e lle d  probe (fragm ent B) in  a sandw ich assay ; ( i i )  fo r  su b -c lo n in g  

the  ap p ro p ria te  sub-gencm ic fragm ents de rived  from  the HPV type s o f  

in te re s t .

Three methods fo r  the p u r if ic a t io n  o f  s p e c if ic  n u c le ic  a c id  

fragm ents from  con tam in ating sequences were in v e s t ig a te d : ( i )  e le c tro 

e lu t io n ; ( i i )  recovery  by phenol e x tra c tio n  from  lew  m e ltin g  p o in t  

(IM P) agaro se ; ( i i i )  recovery from  norm al agaro se , u s in g  Nensorb 20 

a f f in i t y  chrom atography colum ns. R e su lts  obta ined  w ith  r e s t r ic t io n  

fragm ents v a ry in g  in  le n g th  from  around 0.1 to  8 kb  su gge sted  th a t, fo r  

the p u r if ic a t io n  o f  r e la t iv e ly  la rg e  amounts o f  DNA (th a t i s ,  more than  

10 u g ) , e le c tro e lu t io n  re su lte d  in  th e  h ig h e st  y ie ld ,  u s u a lly  in  the  

range o f  30%-50%. Y ie ld s  a t  the  h ig h e r  end o f  t h is  range were r e g u la r ly  

ach ieved when care  was taken to  r in s e  the  in n e r su rfa c e s  o f  the  

d ia ly s is  tu b in g  w ith  TE b u ffe r  a t  the end o f  the procedure. O ccasion 

a l ly ,  contam inants in  the recovered m a te ria l became apparent a s sharp  

peaks a t  around 280 nm on scan n in g  from  320 nm to  220 nm in  the  u .v .  

spectrophotom eter. Contam inants from  agaro se  have been reported  to  

in h ib it  the  a c t iv it y  o f  r e s t r ic t io n  enzymes and T4 DNA l ig a s e  (a lth ou gh  

the e f fe c t  i s  much le s s  apparent cn Klencw  polym erase [Fe inberg &
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FIGURE 18

Restriction enzyme analysis of cloned DNA originally  
isolated from HPV types 6b, 11, 16 and 18.

Lanes 1 and 8 contain 1 fig of lambda-Hindlll markers (fragment 
sizes 23.1, 9.4, 6.6, 4.4, 2.3, 2.0, 0.6 and 0.1 kb). Lanes 2 and 7 
contain 1 fig of 0X174-Haelll markers (fragment sizes 1,353, 
1,078, 872, 605, 310, 281, 271, 234, 194, 118 and 72 bp). Lane 3 
contains 1 jig of HPV 6b 5,368 bp EcoRI-BamHI fragment, 
digested with the enzyme Pstl (fragment sizes 3,601, 1,081 and 
686 bp). Lane 4 contains 1 fig of HPV 16 DNA (7,904 bp) digested
with PStI (fragment sizes 2,817, 1,776, 1,063, 912, 637, 483 and
216 bp). Lane 5 contains 1 fig of HPV 11 DNA (7,931 bp) digested
with flsil (fragment sizes 1,774, 1,503, 1,431, 1,042, 791, 759,
435, 163 and 33 bp). Lane 6 contains 1 fig of HPV 18 DNA (7,857 
bp) digested with Pstl (fragment sizes 3,531, 2,806, 555, 457, 
441 and 67 bp). Lanes 1-4 and 5-8 represent results from two 
separate agarose gels.

The results are discussed fully in the text.
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V o ge lste in , 1983]). Consequently, contam inated e lu te d  m a te r ia l was 

fu r th e r  p u r if ie d  b y  p h e n o l/ch lo ro form  e x tra c tio n  and e than o l p r e c ip i

ta t io n  p r io r  to  use, r e s u lt in g  in  a  fu rth e r re d u ctio n  in  f in a l  y ie ld  

( t y p ic a lly  around 25%-30%). T h is  problem  was m arkedly le s s  pronounced 

when u s in g  'n u c le ic  a c id ' grade  (NA) agaro se  (Pharm acia), a lthou gh  a  

d isad van tage  i s  th a t t h is  p roduct i s  s ig n if ic a n t ly  more expensive  than  

norm al grade agaro se . The p u r ity  o f  e lu te d  ENA fragm ents was ro u t in e ly  

a sce rta in e d  b y  agaro se  g e l e le c tro p h o re s is ; a  t y p ic a l example o f  such  a  

g e l i s  shewn in  f ig u re  19.

H igh e st percentage re c o v e rie s and p u r it ie s  were ach ieved u s in g  

Nensorb 20 colum ns ( t y p ic a lly  75%-85% re c o v e ry ); the  d isadvan tage  o f  

t h is  method i s  th a t the  c a p a c ity  o f  each column i s  20 ug o f  n u c le ic  

a c id  o r  p ro te in  (so  in  the  p u r if ic a t io n  o f  a  r e s t r ic t io n  d ig e s t ,  fo r  

example, the m ass o f  the  enzyme must be taken  in to  c o n s id e ra t io n ). 

Nensorb colum ns were th u s u n su ita b le  fo r  la r g e -s c a le  p re p a ra tio n  o f  

DNA fragm ents p r io r  to  th e ir  use  in  im m o b iliz a tio n  stu d ie s, because  

the  expense in v o lv e d  became p ro h ib it iv e .  In  view  o f  the  fa c t  th a t an  

aim  o f  t h is  in v e s t ig a t io n  was to  produce an e con om ica lly  v ia b le  

procedure, e f f o r t s  were made to  keep the c o st o f  p re p a ra tio n  o f  a ssa y  

components to  a  minimum, w ith ou t com prom ising on r e l i a b i l i t y  o r  s e n s it 

iv i t y .  N e ve rth e le ss, Nensorb colum ns were ro u t in e ly  used fo r  the  

p re p a ra tio n  o f  v e c to r and in s e r t  fragm ents p r io r  to  su b -c lc n in g . S in c e  

p ro te in s  b in d  ir r e v e r s ib ly  to  the  colurm , r e s t r ic t io n  enzymes and 

phosphatase  a re  e f f ic ie n t ly  removed from  DNA, e lim in a t in g  the  

requirem ent fo r  phenol e x tra c tio n . In  o rder to  ensure th a t  the  enzyme 

was com p le te ly  removed from  a  p r e - lig a t io n  sam ple, 1 ug o f  P s t  I  

d ige ste d  HPV 16 DNA was p u r if ie d  on a  Nensorb column; a fu rth e r 1 ug o f  

u n d igested  ENA was added to  the  sam ple, and the m ixture  was incubated  

o ve rn igh t under c o n d itio n s  s u ita b le  fo r  enzyme a c t iv it y .  Subsequent
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FIGURE 1 9

Agarose gel of purified HPV 16 P st l restriction  
fragm e n ts.

Lane 1 contains 0.5 jig of lambda-Hindlll markers (fragment sizes
23.1, 9.4, 6.6, 4.4, 2.3, 2.0, 0.6 and 0.1 kb). Lane 2 contains 0.5 jig 
of 0X174-HaelH markers (fragment sizes 1,353, 1,078, 872, 605, 
310, 281, 271, 234, 194, 118 and 72 bp). Lane 3 contains 100 ng 
of HPV 16 2,817 bp Pstl fragment. Lane 4 contains 100 ng of HPV 
16 1,776 bp Pstl fragment. Lane 5 contains 100 ng of HPV 16 
1,063 bp Pstl fragment. DNA in lanes 3, 4 and 5 was purified by 
electroelution, exactly as described in section 3.5.3.1, prior to 
loading. After electrophoresis through a 1% agarose gel, (section 
3.4.4.1), DNA was stained with ethidium bromide, and the bands 
were photographed on FP4 film, as described in section 3.4.4.1.
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agarose  g e l e le c tro p h o re s is  dem onstrated th a t  the  und igested  ENA 

remained in ta c t ,  in d ic a t in g  th a t no a c t iv e  enzyme e x iste d  in  the  

p u r if ie d  sam ple (d a ta  n o t shew n).

4 .3  S u b -c lc x iin q  O f  HPV R e s t r i c t i o n  F ra g m e n ts .
As a lre a d y  sta te d , the  m a jo rity  o f  n u c le ic  ac id -b ase d  a ssa y s  fo r  

the  d e te c tio n  o f  HPV in fe c t io n  r e ly  on Southern b lo t t in g  (D u rst 

e t a l ., 1987), o r on one o f the  ra p id  b lo t t in g  techn iques (Wickenden 

e t a l . , 1987 c ) . The consequence o f  t h is  i s  th a t  fu ll- le n g t h  genom ic 

probes tend to  be used, ra th e r than  s p e c if ic  sub-gencm ic fragm ents.

None o f the  s tu d ie s  p u b lish e d  to  date  u t i l iz e  sy n th e tic  o ligo d e o x y - 

r ib o n u c le o tid e  probes, m a in ly  because o f  the 10- to  1 0 0 -fo ld  re d u ctio n  

in  s e n s it iv it y  a sso c ia te d  w ith  such probes, when compared to  those  

produced b y  n ic k  t r a n s la t io n  o r  random p rim in g. H y b r id iz a t io n  

c o n d itio n s a llo w in g  d isc r im in a t io n  between HPV type s 6b, 11, 16 and 18 

have been reported  (Wickenden e t a l ., 1987 a ) . An example o f  a s lo t -  

b lo t  prepared u s in g  these  c o n d itio n s  i s  shewn in  f ig u re  20. U sin g  f u l l -  

le n gth  genom ic probes in  the case  o f  HPV type s 11, 16 and 18, and a  

5,368 bp  EcoRI -BamHI  sub-fragm ent in  the case o f  type 6b, i t  i s  c le a r  

th a t, u s in g  th e  ap p rop ria te  str in ge n cy , i t  i s  r e a d ily  p o s s ib le  to  

d is t in g u is h  between the fo u r v ir u s  type s. The observed h y b r id iz a t io n  

between type s 6b and 11 i s  no t unexpected, because th e se  is o la t e s  share  

82% hom ology a t  the n u c le ic  a c id  le v e l (Schwarz e t a l . ,  1983).

The r e s u lt s  o f  a Southern b lo t  fo r  the id e n t if ic a t io n  o f  type  

s p e c if ic  p robes fo r  the  d e te ctio n  o f  HPV type s 16 and 18 are  shown in  

f ig u re  22. The h y b r id iz a tio n  and w ash ing s tr in g e n c ie s  used to  produce  

the  b lo t  are  l is t e d  in  se c tio n  3 .5 .9 . The r e s u lt s  dem onstrate th a t both  

the  HPV 16 and HPV 18 probes h y b rid iz e  s tro n g ly  to  the ap p rop ria te  

fragm ents in  the  d ig e s ts ,  bu t no t to  fragm ents de rived  from  a d if fe re n t
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FIGURE 2 0

Results of a slot-blot to demonstrate specific 
hybridization for discrim inating between HPV types 6b, 
11, 16 and 18.

Slots A, B and C contain 20 amole, 10 amole and 5 amole of DNA respectively. DNA 
from HPV types was loaded as follows: 1=HPV 6b, 2=HPV 11, 3=HPV 16, 4=HPV 
18. Four identical filters were prepared, and individually hybridized with the single 
HPV probe indicated, exactly as described in section 3.5.10. DNA from HPV types 
6b, 11, 16 and 18 was labelled with 32P by random priming to an activity of 
approximately 1 x 107 dpm/fmole. After hybridization, filters were washed for 3 x 
1 hour at 65°C in 0.1 x SSC, 0.1% w/v SDS. Results were determined by 72 hours 
of autoradiography (with intensifying screens), on pre-flashed X-OMAT XAR-5 film.

Although a slight cross-hybridization between HPV 6b and HPV 11 is apparent, HPV 
type-specific hybridization is obvious.
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HPV type  (the  f a in t  band o f  around 3,000 bp in  lan e  7 i s  due to  ve c to r  

con tam in ation  in  bo th  the HPV 18 d ig e s t ,  and the HPV 16 probe; i t  does 

n o t correspond w ith  the p re d ic te d  s iz e  o f  any HPV 18 fra gm e n t). H yb rid 

iz a t io n  o f  th e  HPV 16 probe w ith  th e  483 bp and 216 bp HPV 16 P s t I  

fragm ents i s  no t ev ide n t, because DNA o f  t h is  s iz e  i s  fre q u e n tly  in 

e f f ic ie n t ly  tra n s fe rre d  from  g e l to  membrane d u rin g  the  b lo t t in g  

p ro c e ss; however, a l l  o f  the HPV 18 -d e rived  fragm ents have tra n sfe rre d  

and h y b rid iz e d  (w ith  the exception  o f  th e  163 bp fra gm e n t). I t  i s  

in te r e s t in g  to  note th a t  the HPV 6b probe does not h y b r id iz e  w ith  any  

o f  the p rod u cts o f  the  d ig e s t s  o f  HPV type s 16 and 18, and the HPV 11 

probe h y b r id iz e s  ve ry  w eakly w ith  the HPV 16 4,146 bp  fragm ent; s in c e  

t h is  fragm ent c o n ta in s  a re g io n  d e riv e d  from  pBR322, contam in ation  o f  

the  HPV 11 probe w ith  ve c to r sequences cou ld  be th e  reason  fo r  t h is .

A lthough , a t  h ig h  str in ge n c y , i t  shou ld  be p o s s ib le  to  use any  

o f  the HPV 16 o r  HPV 18 r e s t r ic t io n  fragm ents l i s t e d  in  th e  legend to  

f ig u re  22 a s ty p e -s p e c if ic  probes, i t  may no t be p o s s ib le  to  ap p ly  the  

same s tr in g e n c y  to  sandw ich a ssa y s. In  a  fu rth e r attem pt to  id e n t if y  

the  re g io n  o f  a  g iv e n  HPV genome le a s t  l ik e ly  to  c ro ss -h y b r id iz e  w ith  

the  ana logous re g io n  from  another v ir u s  type, the  n u c le o tid e  sequences 

o f HPV typ e s 6b, 11, 16 and 18 were compared u s in g  th e  program  

' DIAGON'.  T h is  program  produces a  'd o t m a trix ' d iagram  c o n ta in in g  a  

re p re se n ta tio n  o f  a l l  o f  the  n u c le o tid e  m atches between a  p a ir  o f  

sequences; any s im ila r it ie s  w hich may be p re se n t a re  id e n t if ie d  b y  eye. 

The r e s u lt s  o f  DIAGON p lo t s  com paring HPV types 6b, 11, 16 and 18 are  

shewn in  f ig u re  21. C on sid e r, fo r  example, the case  o f  the  HPV 6b 

n u c le o tid e  sequence compared w ith  th a t  o f  type 11; the  computer was 

in s tru c te d  to  take  the f i r s t  n in e  n u c le o tid e s o f  the  6b sequence, and 

compare these  w ith  the  e n t ire  genome o f  type  11. Each tim e an exact 

match was found, a  do t was p lace d  in  the  re le v a n t p o s it io n  on the  p lo t .
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FIGURE 21

'DIAGON' PLOTS TO QUALITATIVELY DEMONSTRATE HOMOLOGY 
BETWEEN HPV TYPES 6b, 11, 16 AND 18.

All plots were prepared using a scan length of nine, and a score of 
nine (nucleotide stretches nine residues in length from the 
'vertical' sequence were compared with the total 'horizontal' 
sequence; a dot was plotted on the diagram only at the position of 
an exact match). The diagrams above are comparisons of the 
following HPV types ('vertical' sequence first): A, HPV 6b vs. HPV 
11; B, HPV 6b vs. HPV 16; C, HPV 6b vs. HPV 18; D, HPV 11 vs. HPV 
16; E, HPV 11 vs. HPV 18; F, HPV 16 vs. HPV 18.

The results are discussed fully in section 4.3.
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FIGURE 22

Southern blot to identify sub-genomic HPV 16 and HPV 
18 fragments which do not hybridize with other HPV  
types.

Lane 1 contains lambda-Hindlll fragments (sizes 23.1, 9.4, 6.6, 4.4, 2.3, 2.0, 0.6 
and 0.1 kb), labelled by the Klenow-mediated end-repair method (section 3.5.7.3). 
Lanes 2, 4, 6 and 8 contain 100 ng of Pstl digested pBR322-HPV 16 (fragment sizes 
4,146, 2,817, 1,776, 1,766, 1,063, 483 and 216 bp). Lanes 3, 5, 7 and 9 
contain 100 ng of BamHI/Pstl digested, EcoRI linearized HPV 18 (fragment sizes 
2,806, 2,321, 1,047, 555, 524, 441 and 163 bp). Lane 10 contains 0X174-T a q l 
fragments (sizes of the five largest fragments are 2,914, 1,175, 404, 327 and 231 
bp), labelled by Klenow-mediated end-repair. After electrophoresis through a 1% 
agarose gel (section 3.4.4.1), the separated fragments were transferred to a 
Hybond-N nylon membrane (section 3.5.9). The filter was cut into strips, 
separating lanes 1-3, 4-5, 6-7 and 8-10, and each strip was hybridized with the 
appropriate probe, labelled with 32p by random priming to an activity of around 5 x 
10® dpm/fmole. The probes used were as follows: lanes 1-3, HPV 6b; lanes 4-5, 
HPV 11; lanes 6-7, HPV 16; lanes 8-10, HPV 18. After washing for 3 x 1 hour at 
65°C in 0.1 x SSC, 0.1% w/v SDS, results were determined by overnight 
autoradiography on X-OMAT XAR-5 film.

The results are discussed fully in the text.
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T h is  p ro c e ss was repeated, m oving a lo n g  a s in g le  n u c le o tid e  a t  a  tim e, 

u n t il  th e  e n t ire  genome o f HPV 6b was compared w ith  th a t o f  type  11. On 

the p lo t ,  th e  two sequences a re  a lig n e d  w ith  th e ir  f i r s t  n u c le o tid e  in  

th e  to p  l e f t  co m e r, so  any hom ology i s  seen a s a  d ia g o n a l l in e  ru n n in g  

from  top  le f t  to  bottom  r ig h t .  I t  i s  in p o rt an t to  remember th a t  DIAGON 

p lo t s  o n ly  p ro v id e  a q u a lit a t iv e  re p re se n ta tio n  o f  hom ology between two 

sequences; c le a r ly ,  in  th e  case  d e scrib e d  above, i f  the  s iz e  o f  the  ENA 

segment used to  'p ro be ' th e  HPV 11 sequence were sh o rte r  than  n ine  

n u c le o tid e s, a  h ig h  'background ' o f  d o ts would appear. C onverse ly, i f  

the  sequence were much lo n ge r than  n ine  n u c le o tid e s, th e  hom ology 

between HPV 6b and HPV 11 w ould no lo n ge r be apparent. The r e s u lt s  o f  

the  DIAGON stu d y  o f  HPV type s 6b, 11, 16 and 18 dem onstrate th a t: ( i )  

type s 6b and 11 share  the  g re a te s t  hom ology; ( i i )  com parison o f  type  6b 

o r 11 w ith  type  16 o r 18 r e s u lt s  in  a  stagge re d  d ia g o n a l l in e ;  t h is  i s  

u s u a lly  in d ic a t iv e  o f  an in s e r t io n  o r  d e le tio n  in  one o r o the r sequence 

(w hich presum ably occured a f t e r  e v o lu tio n a ry  d ive rge n ce ); ( i i i )  th ere  

i s  no o bv iou s genom ic re g io n  w hich h as a  sequence unique to  a 

p a r t ic u la r  HPV type . D e sp ite  th e ir  la c k  o f  su cce ss in  id e n t ify in g  HPV 

ty p e -sp e c if ic  r e s t r ic t io n  fragm ents, DIAGON p lo t s  were used do 

dem onstrate the  la c k  o f  hom ology between sub-genom ic HPV fragm ents 

chosen a s im m obilized and la b e lle d  probes in  the  sandw ich a ssa y  (see  

Appendix A ) .

H av in g dem onstrated th a t  HPV ty p e -s p e c if ic  h y b r id iz a t io n  i s  

p o s s ib le  u s in g  a  ta rg e t  sequence in m o b ilize d  on a  Hybcnd-N n y lon  

membrane, th e  next ste p  was to  id e n t ify  the  param eters w hich would  

need to  be  ad ju ste d  in  o rder to  develop  a  sandw ich h y b r id iz a t io n  a ssa y  

fo r  a c h ie v in g  the same r e s u lt ;  th e  f i r s t  requirem ent was the is o la t io n  

o f  su ita b le  sub-gencm ic fragm ents, fo r  use  a s in m o b ilize d  (fragm ent A) 

and fre e , la b e lle d  (fragm ent B) probes. In  theory, a  p o s it iv e  r e s u lt
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sh ou ld  be obta ined  o n ly  i f  th ere  i s  a  n u c le ic  a c id  fragm ent in  the  

sam ple capab le  o f  fo rm ing a  lin k in g  b r id g e  between A  and B, th u s  

r e s u lt in g  in  the  attachm ent o f  probe to  the  s o l id  su pport. I f  A  were to  

h y b r id iz e  d ir e c t ly  to  B, re g a rd le ss  o f  the  presence o r  absence o f  

ta rg e t , a  f a ls e  p o s it iv e  r e s u lt  would be obta in e d . To c c n p lic a te  

m atte rs, A  and B were to  be used in  a  v a s t  m olar excess over th e  ta rg e t  

DNA, in  an attem pt to  produce favou rab le  h y b r id iz a t io n  k in e t ic s .  I f ,  

fo r  in sta n c e , A  and B were in  f i f t y - f o ld  excess over the  ta rg e t  DNA, 

ju s t  2% c ro s s -h y b r id iz a t io n  between A  and B would be s u f f ic ie n t  to  

generate  a s ig n a l e q u iva le n t to  th a t  r e s u lt in g  d ir e c t ly  from  the  

presence o f  the  ta rg e t . T h is  a r t i f i c i a l  s ig n a l would be apparent 

re g a rd le ss  o f  whether o r  n o t the c l in ic a l  sam ple were in fe c te d . I n i t i a l  

s tu d ie s  in  w hich two r e s t r ic t io n  fragm ents were is o la te d  b y  e le c tro -  

e lu t io n  frcm  a  s in g le  P s t I  d ig e s t  o f  HPV DNA were u n su cce ssfu l, because  

p u r if ie d  fragm ents were fre q u e n tly  contam inated w ith  s ig n if ic a n t  

amounts o f  the  o the r P s t I  r e s t r ic t io n  fragm ents. A lthou gh  t h is  problem  

was m arkedly reduced by  su b je c tin g  e le c tro e lu te d  fragm ents to  a  second 

round o f  p u r if ic a t io n  in  an agaro se  g e l,  the  f in a l  y ie ld  o f  pure DNA 

was lew  (around 5%-10%). A lthough  t h is  i s  no t a s ig n if ic a n t  problem  in  

the  is o la t io n  o f  a fragm ent fo r  use  a s a  probe (a  s in g le  m icrogram  o f  

DNA i s  s u f f ic ie n t  fo r  se v e ra l la b e ll in g  re a c t io n s ),  such a  lew  y ie ld  i s  

in con ven ien t w ith  re sp e c t to  the p u r if ic a t io n  o f  su ita b le  q u a n t it ie s  o f  

DNA fo r  iirm o b iliz a tio n  s tu d ie s . In  o rder to  circum vent the problem  o f  

cro ss-co n tam in a ticn , sub-genom ic HPV fragm ents were cloned in to  the  

ve c to r pUC8; t h is  v e c to r was chosen because i t  h as a  h ig h  copy number, 

and th u s p ro v id e s e x c e lle n t y ie ld s  o f  reccrribinant DNA a fte r  a  la r g e -  

sc a le  p la sm id  p re p a ra tio n  (see  se c t io n  3 .5 .1 ).

W ith  re sp e ct to  the  cho ice  o f  fragm ents A  and B, the  fo llc w in g  

p o in ts  were considered  in p o rta n t:
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(a ) The fragm ents chosen a s A  and B m ust no t c ro ss -h y b r id iz e , fo r  the  

reason s d e sc rib e d  above.

(b) In  o rder to  m in im ise  th e  r i s k  o f  o b ta in in g  a f a ls e  n e ga tiv e  r e s u lt  

due to  san p le  de grad ation , th e  fragm ents chosen a s A  and B shou ld  

be d e rive d  from  ad jace n t p o s it io n s  on the  v i r a l  genane.

(c ) A  v a r ie ty  o f  fragm ent s iz e s  shou ld  be  a v a ila b le ,  in  o rde r to  

op tim ize  th e  a ssa y  w ith  re sp e ct to  the  s iz e  o f  in m o b ilize d  and 

la b e lle d  probes.

(d) The genom ic lo c a t io n  o f  r e s t r ic t io n  fragm ents shou ld  be considered  

c a r e fu lly ,  b e fo re  se le c t io n  o f  A  and B. When HPV DNA in te g ra te s  

w ith in  th e  h o s t c e l l  chromosome, a  s p e c if ic  re g io n  o f  the  v i r a l  

genome appears to  be fre q u e n tly  de le te d  (Choo e t a l . , 1987). T h is  

re g io n  com prises the  E1/E2 ORFs, so  n u c le ic  a c id  probes de rived  

from  t h is  lo c a t io n  shou ld  be avo ided, in  o rder to  reduce the p o ss

i b i l i t y  o f  o b ta in in g  a f a ls e  n e ga tiv e  s ig n a l a s  a  r e s u lt  o f  d e le 

t io n  o f  the  't a r g e t ' re g io n  o f  the  v i r a l  genome. D e le tio n s  have  

a ls o  been observed in  th e  lo n g  c o n tro l re g io n  (LCR) o f  HPV 16 

(G .C.N . P a rry , p e rso n a l com m unication).

P r io r  to  su b -c lc n in g , in d iv id u a l r e s t r ic t io n  fragm ents were 

p u r if ie d  u s in g  Nensorb 20 a f f in i t y  columns ( se c t io n  3 .5 .3 .3 ). A lte rn a t

iv e ly ,  a l l  o f  the fragm ents produced on d ig e s t io n  o f  a p a r t ic u la r  HPV 

genome were p u r if ie d  on a Nensorb 20 column, and su b -c lcn e d  u s in g  a  

'sh o t-g u n ' procedure, a s d e scrib e d  in  se c t io n  3 .5 .4 . The r e s u lt s  

ob ta in e d  u s in g  DNA p u r if ie d  in  t h is  way were in v a r ia b ly  su p e rio r  to  

th o se  obta ined  u s in g  ENA p u r if ie d  b y  p he n o l/ch lo ro form  e x tra c tio n , o r  

b y  e le c tro e lu t ic n . T h is  may be because re s id u a l phenol and contam inants 

p re se n t in  agaro se  in h ib it  the  a c t iv it y  o f  T4 DNA lig a s e .  A lte rn a t

iv e ly ,  Nensorb p u r if ic a t io n  may reduce the  a c t iv it y  o f  n a tu ra lly
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occurring n u c le ase s, w hich r e s u lt  in  th e  d e stru c tio n  o f  the  's t ic k y  

ends' o f  d ige ste d  in s e r t  and ve c to r sequences. In  fa c t ,  recom binants 

prepared u s in g  DNA p u r if ie d  by  phenol e x tra c tio n  were fre q u e n tly  found  

to  have lo s t  the  r e s t r ic t io n  enzyme re c o g n it io n  s i t e  used fo r  the  

in s e r t io n  o f  the  HPV DNA fragm ent; t h is  may be a  r e s u lt  o f  's t ic k y  end' 

damage. T h is  phenomenon was ra r e ly  observed w ith  Nensorb p u r if ie d  ENA. 

fragm ents.

A fte r  su b -c lc n in g , recom binants were grown a s  de scrib e d  in  

se c t io n  3 .5 .2 , and an a ly se d  by th ree  methods: ( i )  de term ination  o f  the  

s iz e  o f  the in s e r t ,  by  com parison w ith  m o lecu lar w e igh t stan d ard s;

( i i )  r e s t r ic t io n  enzyme a n a ly s is  o f  th e  in s e r t ,  fo llow e d  b y  com parison  

w ith  the  expected fragm ent s iz e s  (generated by  a p p lic a t io n  o f  the  

'CtJTSIT ' program ne to  th e  ap p ro p ria te  n u c le o tid e  sequence); ( i i i )  

Southern b lo t t in g .  An example o f  a t y p ic a l Southern b lo t  de sign ed  to  

con firm  the s iz e  and source  o f  the  in s e r t  in  recom binants i s  shown in  

f ig u re  23. In  t h is  case , the  p la sm id s were generated by  'sh o t-g u n ' 

su b -c lo n in g  o f  a  P s t I  d ig e s t  o f  HPV 18 DNA in to  the ve c to r ptJC8; the  

s iz e s  o f  the fragm ents produced b y  t h is  d ig e s t  a re  l i s t e d  in  f ig u re  17. 

I t  i s  c le a r  from  the b lo t  th a t a l l  o f  the  recom binants d e rive d  from  HPV 

18 c o n ta in  an in s e r t  in  th e  s iz e  range 400 to  600 bp. There a re  th ree  

HPV 18 P s t I  fragm ents in  t h is  range, o f  s iz e s  555, 457 and 441 bp . A l l  

th re e  fragm ents com prise p a rt o f  the  L I  OKF; th e  457 bp fragm ent a ls o  

o v e rla p s the 3 ' end o f  the  L2 ORF ( see f ig u re  17 ). Probes were prepared  

b y  random p rim in g  o f  the  in s e r t s  o f  the  recom binants in  la n e s 3 and 4 

( f ig u r e  23 ), and these  were h yb rid iz e d  back to  a  Southern b lo t  o f  P s t I  

d ig e s t s  o f  the  same recom binants ( f ig u re  24 ). The purpose  o f  t h is  was 

to  dem onstrate th a t: ( i )  the  in s e r t s  in  the  two recom binants were n o t 

the same, ( i i )  th e  in s e r t s  in  the  two recom binants d id  n o t c r o s s -  

h y b r id iz e . The r e s u lt s  o f  the  b lo t  dem onstrate t h is  c le a r ly .  Subsequent
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FIGURE 23

Results of a Southern blot to confirm the source of the 
insert in sub-clones derived from HPV 18.

Lane 1 contains lambda-Hindlll fragments (sizes 23.1, 9.4, 6.6,
4.4, 2.3, 2.0, 0.6 and 0.1 kb), labelled by the Klenow-mediated 
end-repair method (section 3.5.7.3). Lanes 2 to 12 contain 
approximately 50 ng of Pstl digested plasmid DNA, isolated by the 
'mini-prep' technique from eleven different sub-clones generated 
by 'shot-gun' cloning from Pstl digested, EcoR I-linearized HPV 18 
(section 3.5.4). After electrophoresis through a 1% agarose gel, 
exactly as described in section 3.4.4.1, the separated fragments 
were transferred to a Hybond-N nylon membrane (section 3.5.9), 
and hybridized with an HPV 18 probe, labelled with 32p by random 
priming to an activity of approximately 5 x 106 dpm/fmole. After 
washing for 3 x 1 hour at 65°C in 0.1 x SSC, 0.1% w/v SDS, 
results were determined by autoradiography for 4 hours on X- 
OMAT XAR-5 film.

The results clearly demonstrate that at least eight of the sub
clones contain an insert derived from HPV 18. The size of the 
inserts is around 400-600 bp.
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FIGURE 2 4
Results of a Southern blot to confirm the identity of 
inserts in sub-clones derived from HPV 18.

Lane 1 contains lambda-H indlll fragments (sizes 23.1, 9.4, 6.6, 4.4, 2.3, 2.0, 0.6 
and 0.1 kb), labelled by the Klenow-mediated end-repair method (see section
3.5.7.3). Lanes 2, 5 and 8 contain 50 ng of linear HPV 18 (7,857 bp). Lanes 3, 6 
and 9 contain 50 ng of Pstl digested pJN4 (555 bp HPV 18 Pstl fragment in pUC8), 
and lanes 4, 7 and 10 contain 50 ng of £s ll digested pJN5 (441 bp HPV 18 Pstl 
fragment in pUC8). Lane 11 contains 0X174-Taql fragments (sizes of the five 
largest fragments are 2,914, 1,175, 404, 327 and 231 bp), labelled by Klenow- 
mediated end-repair. Lane 12 contains 1 pg of unlabelled 0X174-Haelll (fragment 
sizes 1,353, 1,078, 872, 605, 310, 281, 271, 234, 194, 118 and 72 bp). After 
electrophoresis through a 1% agarose gel [TOP] (section 3.4.4.1), the separated 
fragments were transferred to a Hybond-N nylon membrane (section 3.5.9). The 
filter was cut into strips, separating lanes 1-4, 5-7 and 8-12, and each strip was 
hybridized with the appropriate probe, labelled with 32p by random priming to an 
activity of around 5 x 10^ dpm/fmole. The probes used (all derived from HPV 18) 
were as follows: lanes 1-4, 555 bp Esll fragment; lanes 5-7, 441 bp Pstl 
fragment; lanes 8-12, 3,531 bp EcoRI/Pstl fragment. After washing for 3 x 1 hour
at 65°C in 0.1 x SSC, 0.1% w/v SDS, results were determined by overnight 
autoradiography on X-OMAT XAR-5 film [BOTTOM].

The results are discussed fully in the text.
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r e s t r ic t io n  enzyme a n a ly s is  w ith  the enzymes A c c I and Kpnl  was used to  

co n firm  th a t  th e  in s e r t  in  the  recom binant in  lan e  3 was th e  555 bp  

fragm ent, and th a t  in  lan e  4 was the  441 bp fragm ent (d a ta  n o t shew n). 

G ly c e ro l s to c k s  o f  th e se  two co n stru c ts, named pJN4 and pJN5 re sp e ct

iv e ly ,  were prepared, and bo th  p la sm id s were produced in  h ig h  y ie ld ,  a s  

d e sc rib e d  in  se c t io n  3 .5 .1 . These two fragm ents are  id e a l can d idate s  

fo r  developm ent o f  a  sandw ich a ssay , because: ( i )  th ey  do n o t c r o s s -  

h y b r id iz e , ( i i )  they occupy ad jacen t p o s it io n s  on the  genome; ( i i i )  

th ey a re  de rived  from  a  s u ita b le  lo c a t io n  (the  L I  O FF).

The r e s u lt s  o f  a  s im ila r  study, fo r  the  id e n t if ic a t io n  o f  

in s e r t s  d e rive d  from  HPV type  16, are  shewn in  f ig u re  25. In  t h is  case, 

the  recom binants in  la n e s 2, 3 and 4 co n ta in  1,776, 483 and 216 bp HPV 

16 in s e r t s  re sp e c t iv e ly . The id e n t it y  o f  each in s e r t  was subsequently  

confirm ed b y  r e s t r ic t io n  enzyme a n a ly s is  (d a ta  n o t shown). The 1,776 

bp fragm ent com prises the  3 ' end o f  the  L I  OFF, th e  e n t ire  LCR and 

E6/E7 OFFs, to ge th e r w ith  the  5 ' end o f  E la .  The 483 bp fragm ent l i e s  

f u l ly  w ith in  th e  L2 OFF, and the  216 bp  fragm ent e n t ir e ly  w ith in  L I  

(see  f ig u r e  16 ). The c o n stru c ts  c o n ta in in g  the  1,776, 483 and 216 bp 

HPV 16 fragm ents were named p J N l, pJN2 and pJN3 re sp e c t iv e ly . In  o rder 

to  id e n t ify  a su ita b le  p a ir  o f  fragm ents w hich d id  n o t c ro ss -h y b r id iz e ,  

P s t I  d ig e s t s  o f  pBR322-HPV 16 were Southern b lo tte d , and in d iv id u a lly  

h y b rid iz e d  w ith  the  in s e r t s  o f  pUC8 recom binants, c o n ta in in g  the  HPV 16 

d e rive d  fragm ents in d ic a te d  in  the  legend to  f ig u re  26. The fo llo w in g  

p o in ts  a re  apparent from  stu d y in g  the  b lo t :  ( i )  the  216 bp fragm ent 

does not g iv e  a stro n g  s ig n a l;  t h is  co u ld  be because i t  does not 

t r a n s fe r  e f f ic ie n t ly  ou t o f  the  g e l (p o s s ib ly  due to  d if fu s io n ) ,  o r  

because i t  i s  no t e f f ic ie n t ly  im m obilized by  the  u .v . c r o s s - lin k in g  

procedure used w ith  Hyband-N (se c tio n  3 .5 .9 );  ( i i )  the  2,817 bp probe  

h y b r id iz e s  to  the  ap p ro p ria te  complementary sequence, and a ls o  to  the
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FIGURE 2 5

Results of a Southern blot to confirm the identity of 
inserts in sub-clones derived from HPV 16.

Lane 1 contains lambda-Hindlll fragments (sizes 23.1, 9.4, 6.6, 4.4, 2.3, 2.0, 0.6 
and 0.1 kb), labelled by the Klenow-mediated end-repair method (see section
3.5.7.3). Lanes 2, 3 and 4 contain approximately 50 ng of Pstl digested pJN1, pJN2 
and pJN3 respectively. Lane 5 contains 500 ng of Pstl digested pBR322-HPV 16 
(fragment sizes 4,146, 2,817, 1,776, 1,766, 1,063, 483 and 216 bp). Lane 6 
contains 0X174-Taql fragments (sizes of the five largest fragments are 2,914, 
1,175, 404, 327 and 231 bp), labelled by Klenow-mediated end-repair. After 
electrophoresis through a 1% agarose gel, exactly as described in section 3.4.4.1, 
the separated fragments were transferred to a Hybond-N nylon membrane (see 
section 3.5.9), and hybridized with an HPV 16 probe, labelled with 32p by random 
priming to an activity of approximately 6.4 x 106 dpm/fmole. After washing for 3 x 
1 hour at 65°C in 0.1 x SSC, 0.1% w/v SDS, results were determined by overnight 
autoradiography on X-OMAT XAR-5 film.

The results demonstrate that the inserts in the sub-clones are derived from HPV 16, 
and the sizes of the inserts suggest that the constructs contain the following HPV 16 
Rsil fragments: pJN1, 1,776 bp; pJN2, 483 bp; pJN3, 216 bp. Insert identity was 
subsequently confirmed by restriction enzyme analysis.
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FIGURE 26

Southern blot to determine the extent of c ro ss 
hybridization between HPV 16 P s t l fragments.

Lane 1 contains lambda-Hindlll fragments (sizes 23.1, 9.4, 6.6, 4.4, 2.3, 2.0, 0.6 
and 0.1 kb), labelled by the Klenow-mediated end-repair method (section 3.5.7.3). 
Lanes 2 to 7 contain approximately 50 ng of Pstl digested pBR322-HPV 16 
(fragment sizes 4,146, 2,817, 1,776, 1,766, 1,063, 483, and 216 bp). Lane 8 
contains 0X174-Taql fragments (sizes of the five largest fragments are 2,914, 
1,175, 404, 327 and 231 bp), labelled by Klenow-mediated end-repair. After 
electrophoresis through a 1% agarose gel (section 3.4.4.1), the separated fragments 
were transferred to a Hybond-N nylon membrane (section 3.5.9). The filter was cut 
into strips, separating lanes 2 to 7, and each strip was hybridized with the 
appropriate probe, labelled with 32P by random priming to an activity of around 3 x 
105 dpm/fmole. The probes used (all derived from HPV 16) were as follows: lane 
2, full-length HPV 16; lane 3, 2,817 bp Pstl fragment; lane 4, 1,776 bp Pstl 
fragment; lane 5, 1,063 bp Pstl fragment; lane 6, 483 bp £ s ll fragment; lane 7,
216 bp Pstl fragment. After washing for 3 x 1 hour at 65°C in 0.1 x SSC, 0.1% w/v 
SDS, results were determined by overnight autoradiography on X-OMAT XAR-5 film.

The results are discussed fully in the text.
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1,776 bp fragm ent; ( i i i )  the 1,063 bp probe h y b r id iz e s  to  the  approp

r ia t e  complementary sequence, and a ls o  to  the  1,776 bp  fragm ent; ( iv )  

the  1,776 bp  probe h y b r id iz e s  to  the  ap p ro p ria te  ccnplem entary  

sequence, b u t no t to  the  2,817 bp  o r  1,063 bp  fragm ents; (v ) th e  483 bp  

probe h y b r id iz e s  ju s t  to  the ap p ro p ria te  complementary sequence; (v i)  

the  dark  band around 4 kb  in  lan e s 3, 4, 5 and 6 i s  in  fa c t  a  pBR322 

fragm ent (3,234 bp ), w ith  a  f la n k in g  912 bp HPV 16 fragm ent ( t o t a l  

s iz e , 4,146 b p ) . T h is  fragm ent h as been detected  by  the  probe, because  

ENA la b e lle d  was is o la te d  from  p la sm id  prepared by  the  'm in i-p re p ' 

techn ique (se c tio n  3 .5 .2 ) a fte r  a  s in g le  round o f  e le c tro p h o re s is  

th rough  IM P  agaro se . Consequently, each probe i s  contam inated w ith  pUC8 

v e c to r sequences, and pUC8 i s  d e rive d  from  pBR322, so  i t  i s  no t un

expected th a t  the two v e c to rs  shou ld  c ro s s -h y b r id iz e . The rem ain ing  

pBR322 fragm ent in  each d ig e s t  (1,129 bp ) i s  flan ke d  b y  a  637 bp HPV 16 

fragm ent ( t o t a l s iz e , 1,766 b p ); th e  1,129 bp re g io n  o f  pBR322 h as no 

hom ology w ith  pUC8, so  i t  i s  no t de tected  b y  the 'con tam inated ' probe. 

I t  i s  in te r e s t in g  to  note th a t  the  contam ination  o f  probe w ith  pUC8 

v e c to r i s  m ost pronounced when the  s iz e  o f  the  HPV 16 in s e r t  i s  c lo s e s t  

to  the  s iz e  o f  pUC8 (2,678 b p ). T h is  i l lu s t r a t e s  p e r fe c t ly  a  problem  

W hich m ust be  avo ided  a t  a l l  c o s ts  in  p re p a ra tio n  o f  the  r e s t r ic t io n  

fragm ents fo r  use a s A  and B in  th e  sandw ich a ssa y ; i t  i s  e s s e n t ia l 

th a t a t  le a s t  one o f  th e  two fragm ents (and p re fe ra b ly  both ) i s  

com p le te ly  fre e  from  con tam in ating v e c to r sequences. T h is  w i l l  a vo id  

f a ls e  p o s it iv e  s ig n a ls  r e s u lt in g  from  h y b r id iz a t io n  between contam in

a t in g  v e c to r sequences in  both  iirm ob ilize d  and la b e lle d  fragm ents.

The s lo t -b lo t  shewn in  f ig u re  27 was prepared in  an attem pt to  

v e r if y  the  c ro s s -h y b r id iz a t io n  between th e  HPV 16 2,817 bp  and 1,776 bp  

fragm ents observed in  f ig u re  26. The r e s u lt s  appear to  co n firm  the  

c ro s s -h y b r id iz a t io n , and a ls o  su gge st th a t  th e se  two fragm ents
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1,776 bp HPV 16 
P st I fragment.

FIGURE 27

Slot-blot to demonstrate cross-hybrid ization  between 
HPV 16 2,817 bp and 1,776 bp P s t l fragments.

Slots A, B and C contain 20 amole, 10 amole, 5 amole of DNA 
respectively. DNA from HPV types was loaded as follows: 1=HPV
6b, 2=HPV 11, 3=HPV 16 2,817 bp £sll fragment; 4=HPV 16 1,776 
bp Pstl fragment; 5=HPV 18. Two identical filters were prepared, 
and individually hybridized with the single HPV 16 sub-genomic 
fragment indicated (section 3.5.10). Probes were labelled with 
32P by random priming to an activity of 3-5 x 10^ dpm/fmole. 
After hybridization, filters were washed for 3 x 1 hour at 65°C in 
a buffer consisting of 0.1 x SSC, 0.1% w/v SDS. Results were 
determined by 72 hours of autoradiography (with intensifying 
screens), on pre-flashed X-OMAT XAR-5 film.

The results demonstrate that, under these stringent conditions, 
the 2,817 bp and 1,776 bp HPV 16 Pstl fragments cross-hybridize 
with DNA from HPV types 6b, 11 and 18. More importantly, the 
fragments also hybridize with each other; this makes them 
unsuitable for use in the sandwich assay.
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h y b r id iz e  w eakly to  DNA de rived  from  HPV typ e s 6b, 11 and 18. However, 

in  retrospect., the  experim ent was n o t w e ll de sign ed ; d e sp ite  the  fa c t  

th a t  the  2,817 and 1,776 fcp fragm ents were p u r if ie d  b y  two rounds o f  

e le c tro e lu t ic n , i t  i s  p o s s ib le  th a t  the  p re p a ra tio n s were contam inated  

w ith  a  sm a ll amount o f  pUC8 p la sm id  DNA. I f  t h is  were the  case, p la sm id  

con tam in atin g bo th  fragm ents may be  th e  source  o f  the  apparent c ro s s 

h y b r id iz a t io n . Im n o b ilize d  pUC8 DNA shou ld  have been in c lu d e d  in  the  

b lo t ,  in  o rde r to  co n firm  th a t the  observed c ro s s -h y b r id iz a t io n  was 

n o t due to  contam ination . S lo t -b lo t s  were found to  be extrem ely u se fu l 

fo r  checking th a t  th e  two fragm ents chosen a s p robes fo r  th e  sandw ich  

a ssa y  d id  n o t c ro ss -h y b r id iz e ; fo r  example, f ig u re  28 dem onstrates th a t  

th e  p re p a ra tio n s o f  HPV 16 1,776 bp  and 483 bp  P s t I fragm ents d id  n o t 

c ro ss -h y b r id iz e  (and were th e re fo re  no t both  contam inated w ith  pUC8 

DNA). S lo t -b lo t s  were a ls o  found to  be  u se fu l fo r  the  id e n t if ic a t io n  o f  

sub-gencm ic fragm ents w hich h y b rid iz e d  s p e c if ic a l ly  to  the v ir u s  type  

from  w hich they were de rived , and no t to  any o th e r type . A  t y p ic a l 

example o f  such a  b lo t  i s  shown in  f ig u re  29; th e  r e s u lt s  c le a r ly  

dem onstrate th a t  th e  th re e  HPV 6b fragm ents te ste d  h y b r id iz e  w eakly  

w ith  HPV 11; th e  1,081 bp fragm ent a ls o  h y b r id iz e s  w eakly w ith  HPV typ e  

18. I t  i s  in te r e s t in g  to  note th a t, in  both  f ig u re s  28 and 29, the  

s ig n a l ob ta in e d  fo r  h y b r id iz a t io n  to  20 amole o f  ta rg e t  DNA i s  sm a lle r  

than  the s ig n a l ob ta in e d  fo r  10 amole o f  ta rg e t. The reason  fo r  t h is  i s  

unknown; i t  i s  p o s s ib le  th a t  a  g re a te r p ro p o rtio n  o f  the  DNA a t  a  

h ig h e r  co n ce n tra tio n  had a chance to  re -an n e a l p r io r  to  in m o b iliz a tic n ,  

and was th u s not c ro s s -lin k e d  to  the  membrane by  ir r a d ia t io n  w ith  u .v . 

l i g h t .

H av in g sub -c loned  fragm ents su ita b le  fo r  use  a s irtiriob ilized and 

la b e lle d  probes in  a  sandw ich a ssay , a v a ila b le  h y b r id iz a t io n  su p po rts  

and ENA in r io b iliz a t io n  ch e m istrie s were examined in  d e ta il.
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P s t l fragment.
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483 bp HPV 16 
P s t l fragment.

FIGURE 28

Slot-blot to demonstrate HPV 16 sub-genom ic fragm ents 
chosen for use in a sandwich assay are HPV type- 
specific, and do not cross-hybridize.

Slots 1A, 1B and 1C contain 20 amole of HPV 6b, HPV 11 and HPV 
18 DNA respectively. Slots 2A, 2B and 2C contain 20 amole, 10 
amole, 5 amole of HPV 16 1,776 bp Pstl fragment (insert from 
pJN1) respectively. Slots 3A, 3B and 3C contain 20 amole, 10 
amole and 5 amole of HPV 16 483 bp Pstl fragment (insert from 
pJN2) respectively. Two identical filters were prepared, and 
individually hybridized with the HPV probe indicated, exactly as 
described in section 3.5.10. Probes were labelled with 32P by 
random priming to an activity of around 5 x 105 dpm/fmole.
After hybridization, filters were washed for 3 x 1 hour at 65°C in 
0.1 x SSC, 0.1% w/v SDS. Results were determined by 72 hours of 
autoradiography (with intensifying screens), on pre-flashed X- 
OMAT XAR-5 film.

The results clearly demonstrate that, at this high stringency: (i)
The HPV 16 1,776 bp and 483 bp fragments do not hybridize with 
each other; (ii) Neither of these two fragments cross-hybridizes 
with HPV 6b, HPV 11 or HPV 18.
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E c o R I - P s t l  fraam ent.
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1,081 bp HPV 6b 
P s t l frag m en t.

686 bp HPV 6b
B a m H l - P s t l fragm ent.

FIGURE 2 9

Slot-blot to identify cross-hybridization of HPV 6b sub- 
genomic fragments with HPV types 11, 16 and 18.

Slots A, B and C contain 20 amole, 10 amole, 5 amole DNA 
respectively. DNA from HPV types was loaded as follows: 1=HPV 
6b, 2=HPV 11, 3=HPV 16, 4=HPV 18. Three identical filters were 
prepared, and individually hybridized with the single HPV 6b sub- 
genomic probe indicated (section 3.5.10). Probes were labelled 
with 32p by random priming to an activity of approximately 1-3 x 
10$ dpm/fmole. After hybridization, filters were washed for 3 x 
1 hour at 65°C in a buffer consisting of 0.1 x SSC, 0.1% w/v SDS. 
Results were determined by 72 hours of autoradiography (with 
intensifying screens), on pre-flashed X-OMAT XAR-5 film.

The results demonstrate that the 3,601 bp and 686 bp probes 
cross-hybridize with HPV 11 DNA, and that the 1,081 bp probe 
cross-hybridizes with HPV 11, and also weakly with HPV 18.
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4 .4  C ho ice  o f  S o l id  Support And C hem istry  O f In m a b iliz a t ic n .

The m a jo rity  o f  the  n u c le ic  a c id -b a se d  d ia g n o s t ic  a ssa y s  des

c rib e d  to  date  ( in c lu d in g  the  sandw ich a ssa y s  review ed in  se c t io n  1 .3 ) 

f a i l  in  th e ir  aim  to  be su ita b le  fo r  ro u tin e  use, p redom inantly  because  

o f  p roce d u ra l co m p le x itie s. S in ce  an aim  o f  t h is  stu d y  was to  produce  

an a ssa y  form at W hich was sim p le , and amenable to  autom ation, a  v a r ie ty  

o f  s o lid  su p po rts, th e  m a jo rity  w ith  a  m acrcporous p a r t ic u la te  s tru c 

tu re , were con sid e red  a s an a lte rn a t iv e  to  the  custom ary n it r o c e llu lo s e  

o r  ny lon  membrane. There are  se v e ra l advantages in h e re n t in  the  u se  o f  

a m acroporous p a r t ic le  ra th e r than  a menbrane a s the  su pport: f i r s t ly ,  

such a  p a r t ic le  h a s a  la rg e  su rfa ce  are a  to  volume r a t io ,  

th u s p ro v id in g  an id e a l su rfa ce  fo r  n u c le ic  a c id  iitm o b iliz a tic n , and 

subsequent h y b r id iz a t io n . Second ly, b y  keep ing the s o l id  support in  

homogeneous su sp e n sion  d u rin g  th e  h y b r id iz a t io n  p ro ce ss, the  k in e t ic s  

o f  the re a c tio n  sh ou ld  approxim ate to  th o se  r e s u lt in g  from  a  s im ila r  

h y b r id iz a t io n  perform ed e n t ir e ly  in  s o lu t io n  (Lund e t a l . , 1988). 

F in a lly ,  the  p re - and p o s t-h y b r id iz a t io n  w ash ing ste p s would be sim p le , 

because the bead co u ld  be p e lle te d  b y  c e n tr ifu g a t io n , p r io r  to  rem oval 

o f  the supernatan t (c o n ta in in g  n cn -h yb rid ize d  probe) b y  a sp ir a t io n .  The 

c e n tr ifu g a t io n  ste p  cou ld  be d ispensed  w ith  e n t ir e ly  i f  the  bead were 

to  be m agnetic, because a  magnet co u ld  be used to  re ta in  the  support in  

a tube W h ils t  the  supernatan t was decanted.

P re v io u s ly  reported  s tu d ie s  have shown th a t  m acrcporous (ra th e r  

than  's o l i d ')  beads are  m ost su ita b le  fo r  co u p lin g , and subsequent 

h y b r id iz a t io n  o f  n u c le ic  a c id s  (Bunemann, 1982). Se p h acry ls S-500 and 

S-1000 in  p a r t ic u la r  have a h ig h  c a p a c ity  fo r  b in d in g  DNA., and a  la rg e  

percentage o f  the  bound m a te ria l i s  a v a ila b le  fo r  h y b r id iz a t io n  (see  

se c t io n  1 .6 ) (Bunemann, 1982; Langdale  & M alcolm , 1985). For t h is  

reason, Sep h acry l S-1000 was chosen fo r  the  i n i t i a l  study, to  determ ine
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the  m ost ap p ro p ria te  chem istry  fo r  the  co va le n t c o u p lin g  o f  the HPV 

r e s t r ic t io n  fragm ents chosen a s the  'c a tc h in g  re age n t' (fragm ent A) in  

the  sandw ich h y b r id iz a t io n  a ssay . On exam ination  o f  the  p u b lish e d  

s tu d ie s  d e sc r ib in g  n u c le ic  a c id  im m o b iliza tio n , i t  became c le a r  th a t  

the m ost su c c e ssfu l methods ( in  term s o f  im m o b iliza tio n  e ff ic ie n c y ,  and 

a v a i la b i l i t y  o f  im m obilized m olecu les fo r  h y b r id iz a t io n ) in v o lv e  

co va le n t co u p lin g , e ith e r  d ir e c t ly  to  the  support, o r  v ia  a  su ita b le  

spacer m olecu le . P h y s ic a l c o u p lin g  procedures (p a ss iv e  ad so rp tio n  

[A lb e r ts  & H e rrick , 1971] and entrapm ent [B o lto n  & M cCarthy, 1962]) are  

u n su ita b le , because o f  the  in s t a b ilt y  o f  th e  im m obilized m olecu les, and 

extreme v a r ia b i l i t y  in  th e ir  h y b r id iz a t io n  p ro p e rt ie s. In  a d d itio n , 

im m o b iliz a tio n  p ro to c o ls  in v o lv in g  the  enzyme T4 DNA lig a s e  (G o ldkom  & 

Prockcp, 1986; Kremsky e t a l ., 1987) were considered  u n su ita b le , 

because a  m ajor aim  in  the  developm ent o f  a  sandw ich a ssa y  fo r  the  

d e te c tio n  o f  HPV in fe c t io n  was th a t the  techn ique shou ld  be su ita b le  

fo r  sc re e n in g  ve ry  la rg e  numbers o f  sam ples; the  c o s t  and in s t a b i l i t y  

o f the enzyme cou ld  r e s u lt  in  a  s ig n if ic a n t  in c re a se  in  the  u n it  c o s t  

o f  the  a ssa y , and w ould c e r ta in ly  be p r o h ib it iv e ly  expensive  d u rin g  the  

developm ental sta g e s. For th e se  reasons, p u re ly  chem ical im m o b iliza tio n  

procedures were considered ; s in c e  i t  was i n i t i a l l y  n o t c le a r  whether i t  

would be advantageous to  im m obilize  fragm ent A  v ia  one o r  o the r end, 

ra th e r than  random ly v ia  the  b a se s, i t  was decided to  in v e s t ig a te  tv o  

c o u p lin g  procedures, one r e s u lt in g  in  end-attachm ent, and the o the r 

r e s u lt in g  in  m u lt ip le  in te rn a l lin k a g e s . O f the  methods de sign ed  fo r  

the  end-attachm ent o f  n u c le ic  a c id s  to  s o l id  su p po rts, l-c y c lo h e x y l-3 -  

(2 -m orp h o lin oe th y l) carbod iim ide  m e tho -p -to lu e n esu lfon ate  (ca rb o - 

d iim id e )-m e d ia te d  im m o b iliza tio n  v ia  the  5 ' phosphate group h as been 

reported  to  be  the m ost e f f ic ie n t  procedure (Langdale  & M alcolm , 1985; 

G in ge ras e t a l . , 1987). A lthough  se v e ra l methods fo r  m u lt ip le -a tta c h 
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ment have been used su c c e s s fu lly ,  the  d ia z o t iz a t io n  procedure in v o lv in g  

a  1 ,4 -b u ta n e d io l d ig ly c id y l e ther spacer de scrib e d  b y  Bunemann in  1982 

was chosen, because o f  the  s im p lic it y  and e ff ic ie n c y  o f  the  procedure, 

when compared to  a lte rn a t iv e s  in v o lv in g  extrem ely to x ic  chem icals l ik e  

cyanogen brom ide (Poonian e t a l . , 1971). In  a d d itio n , DNA in m o b ilize d  

onto  Seph acry l S-500 by  t h is  method h a s been shewn to  e x h ib it  e x c e lle n t  

h y b r id iz a t io n  p ro p e rt ie s  (Bunemann, 1982; see se c t io n  1 .6 .3 ).

4 .4 .1  Im n o b iliz a t io n  O f ENA. By C o u p lin g  To C arbod iim ide  A c tiv a te d

R e s in s .

The ch em istry  o f  the co u p lin g  procedure in v o lv in g  w ater so lu b le  

carbod iim id e  i s  shewn in  f ig u re  30. T r ia l  in m o b iliz a tio n  s tu d ie s  were 

perform ed u s in g  the  483 bp HPV 16 P s t I  fragm ent (fragm ent ' f 1 in  f ig u re  

1 6 ). DNA was in rn ob ilized  onto  Sephacry l S-1000, e x a c tly  a s d e scrib e d  in  

the  legend  to  ta b le  2. In p u t DNA co n ce n tra tio n s were v a r ie d  between 140 

and 560 pinole p e r gram o f  re s in , in  o rde r to  determ ine whether t h is  h as  

any in flu e n c e  on the in m o b iliz a tio n  e ff ic ie n c y .  The r e s u lt s  o f  t h is  

in v e s t ig a t io n  a re  shown in  ta b le  2. The amount o f  n o n -s p e c if ic a lly  

bound ENA was c a lc u la te d  a s fo llo w s:

% N cn -co v a le n tly  = DNA coupled in  absence o f  a c t iv a t in g  a ge n t, x 100 
Bound DNA coupled in  presence o f  a c t iv a t in g  agent.

Each r e s u lt  in  the  ta b le  i s  ad ju sted , so  th a t the  f ig u re s  quoted  

re fe r  s p e c if ic a l ly  to  c o v a le n tly  im n o b ilize d  DNA. O f the  two methods 

used to  determ ine the  in m o b iliz a tio n  e ff ic ie n c y ,  the ra d io la b e lle d  

tra c e r  a ssa y  was c o n s is te n t ly  found to  g iv e  h ig h e r r e s u lt s  than  the  

m icrococca l (S7) n u c lease  a ssa y . The la t t e r  in v o lv e s  th e  h y d r o ly s is  o f  

in m o b ilize d  s in g le -s tra n d e d  ENA m o lecu les, w ith  the re le a se  o f  o l ig o -  

and m ononucleotides c o n ta in in g  te rm in a l 3 ' phosphate groups in to  the  

su rrou n d in g b u ffe r ; i t  i s  p o s s ib le  th a t  a p ro p o rtio n  o f  the  in m o b ilize d  

m olecu les are  s p a t ia l ly  o rie n ta te d  such th a t approach o f  the  nuclease
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202

32p A ssa y - Nuclease Assay.

In p u t
DNA

(pm ole/ g

Bound
DNA

(pm ole/g)

%
Bound

Bound
DNA

(pm ole/g)

%
Bound

140 2 2 + 8 16 ND ND

280 50 + 16 18 38 + 19 14

420 63 + 18 15 46 + 21 11

560 50 + 21 9 41 + 17 7

T A B L E  2

Effect  of  input D N A  co n cen tra t io n  on  the  e f f i c ie n c y  of 
D N A  im m ob i l iza t ion  on to S e p h a c ry i  S-1000, u s in g  a 
c a r b o d i i m i d e  c h e m i s t r y .

HPV 16 483 bp Pstl fragment was immobilized by a carbodiimide 
chemistry, exactly as described in section 3.5.12. The efficiency 
of immobilization was determined by radiolabelled tracer (32p) 
and micrococcal nuclease assays, as described in section 3.5.13. 
Results for the 32p assay take into account non-specifically 
bound DNA. Nuclease assays were performed on 100 mg batches 
of resin, in a volume of 400 pi. Nuclease assay results were not 
determined (ND) for the lowest input DNA concentration, because 
too little DNA was immobilized to be detected reliably by 
spectrophotometry. Errors refer to standard deviation from the 
mean, and each result is the average of three determinations.

The results demonstrate an immobilization efficiency 
significantly lower than previously reported values (Langdale & 
Malcolm, 1985).
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m olecule i s  no t p o s s ib le ,  and a re  th u s r e s is t a n t  to  h y d r o ly s is  w ith  

t h is  enzyme. I f  t h is  h yp o th e sis i s  c o rre c t, i t  would be reason ab le  to  

assume th a t  t h is  e ffe c t  would be more pronounced fo r  a  stra n d  attach ed  

a t  m u lt ip le  p o s it io n s ,  than i t  w ould be fo r  a  s im ila r  m olecu le im m obil

ize d  s p e c if ic a l ly  v ia  the  5 ' end, because every n u c le o tid e  in v o lv e d  in  

a  co va le n t bond w ith  the support w ould n o t be re le a se d  in to  s o lu t io n .  

Over a  range o f  in p u t DNA co n ce n tra tio n s, the  average amount o f  DNA 

im m obilized b y  the carbod iim ide  procedure acco rd in g  to  the  nu c lease  

a ssa y  i s  74% o f  the  average va lu e  obta ined  fo r  the  ra d io la b e lle d  tra c e r  

a ssa y . The co rre sp on d in g f ig u re  fo r  DNA im m obilized b y  a  d ia z o t iz a t io n  

re a c tio n  i s  72% (see  ta b le  3 ). S u r p r is in g ly ,  i t  appears th a t  DNA immob

i l iz e d  random ly v ia  the  ba se s i s  n o t s ig n if ic a n t ly  le s s  a c c e s s ib le  to  

m icrococca l n u c le ase  than  th a t  im m obilized v ia  the  5 ' phosphate group; 

c le a r ly ,  the  a c c e s s ib il i t y  o f  DNA to  n u c lease  i s  n o t governed s o le ly  by  

the degree o f  co va le n t attachm ent v ia  the  base s.

The maximum im m o b iliz a tic n  e ff ic ie n c y  (18% acco rd in g  to  the  

ra d io la b e lle d  tr a c e r  a ssay , and 14% acco rd in g  to  the  n u c lease  a ssay ) 

occu rs a t  an in p u t DNA co n ce n tra tio n  o f  280 pmole p e r gram o f  re s in .  A s 

the  in p u t ENA co n ce n tra tio n  in c re a se s, the  im m o b iliz a tio n  e ff ic ie n c y  

decreases, p o s s ib ly  due to  com petition  between DNA m olecu les fo r  

b in d in g  s it e s .  The m ost s t r ik in g  o b se rva tio n  r e s u lt in g  from  these  

r e s u lt s  i s  th a t  th e  im m o b iliz a ticn  e ff ic ie n c y  o b ta in e d  u s in g  t h is  

procedure i s  co n sid e ra b ly  le s s  than  th a t  reported  b y  o the r w orkers; fo r  

example, SV40 DNA (5,243 bp) was im m obilized  onto c e llu lo s e  p a r t ic le s  

w ith  an e ff ic ie n c y  o f  30%-45% (Sh ih  & M a rtin , 1974), and ENA fragm ents 

o f  s iz e s  2,700, 879, 341 and 201 bp  have been coupled to  Sephacry l 

S-500 w ith  re sp e c tiv e  e f f ic ie n c ie s  o f  25%, 43%, 41% and 39% (Langdale  

& Malcolm , 1985). The e ff ic ie n c y  w ith  w hich fragm ents are  im m obilized  

b y  the carbod iim id e  method decreases w ith  in c re a s in g  fragm ent s iz e
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Assay. Nuclease Assay.
In p u t
DNA

(ptnole/g)

P re d ic te d  *  
In m o b ilize d  

(p n o le /g )

Bound
DNA

(p n o le /g )

%
Bound

Bound
DNA

(pm ole/g)

%
Bound

140 100 84 + 20 60 62 + 24 44

280 200 162 + 36 58 112 + 38 40

420 300 248 + 51 59 176 + 43 42

560 400 269 + 60 48 202 + 58 36

T A B L E  3

Effect  of input D N A  co n ce n tra t io n  on the e f f ic ie n c y  of  
D N A  im m obil iza t ion  on to S e p h a c ry l  S-1000, u s in g  a 
d i a z o t i z a t i o n  c h e m i s t r y .

HPV 16 483 bp Pstl fragment was immobilized by a diazotization 
chemistry, exactly as described in section 3.5.11. The efficiency 
of immobilization was determined by radiolabelled tracer (32p) 
and micrococcal nuclease assays, as described in section 3.5.13. 
Results for the 32p assay take into account non-specifically 
bound DNA. Nuclease assays were performed on 50 mg batches of 
resin, in a volume of 400 pi. Predicted immobilized DNA refers to 
the expected amount of immobilized DNA, according to a 
previously reported average immobilization efficiency of 71%  
(Bunemann £lai-, 1982 ). Errors refer to standard deviation from 
the mean, and each result is the average of three determinations.
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(G ilham , 1968), so  a lthou gh  a  range o f  fragm ent s iz e s  were n o t te ste d  

in  t h is  in v e s t ig a t io n ,  an in m o b iliz a tio n  e ff ic ie n c y  o f  around 40% was 

p re d ic te d  fo r  a  stra n d  o f  DNA 483 bp lo n g . In  fa c t,  the f ig u r e s  shown 

in  ta b le  2 r e f le c t  the  b e s t  o f  the  r e s u lt s  ob ta in e d  u s in g  t h is  co u p lin g  

method; se v e ra l s im ila r  attem pts were t o t a l ly  u n su cce ssfu l (data  no t 

shew n), and e f f ic ie n c ie s  g re a te r than 18% were never observed. Because  

o f  the u n p re d ic tab le  nature  o f  the  carbod iim ide-m ediated  c o u p lin g  

procedure, an a lte rn a t iv e  method o f  in m o b iliz a tio n  was examined.

4 .4 .2  Iirm o b iliz a tio n  O f DMA. By  C o u p lin g  To D P T E -re s in s.

The ch em istry  o f  the c o u p lin g  procedure in v o lv in g  a  d iazonium  

io n  i s  shewn in  f ig u re  9. I n i t i a l  s tu d ie s  were once a g a in  perform ed  

u s in g  th e  483 bp HPV 16 P s t I fragm ent, u s in g  D P T E -activa te d  Sep h acry l 

S-1000 a s  the  s o l id  support. In p u t DNA co n ce n tra tio n s were v a r ie d  in  

the range 140-560 p ro le  p e r gram o f  re s in ,  and in n o b iliz a t io n  e f f ic ie n 

c ie s  were determ ined u s in g  ra d io la b e lle d  tra c e r  and n u c le ase  a ssa y s ;  

the r e s u lt s  are  shewn in  ta b le  3. A  maximum irn ro b iliz a t io n  e ff ic ie n c y  

o f  60% (tra c e r  a ssa y ) was observed a t  an in p u t co n ce n tra tio n  o f  140 

p ro le  p e r gram  o f  re s in ,  w ith  a  s ig n if ic a n t  decrease  in  e f f ic ie n c y  a t  

an in p u t co n ce n tra tio n  o f  560 p ro le /g .  The average iim o b iliz a t io n  

e ff ic ie n c y  acco rd in g  to  the  n u c lease  a ssa y  was 72% o f  the  average  e f f 

ic ie n c y  a tta in e d  acco rd in g  to  the  tra c e r  a ssay .

In  o rde r to  t e s t  the  e ffe c t  o f  DNA fragm ent s iz e  cn the  e f f ic 

ie n cy  o f  im ro b iliz a t io n ,  a s e r ie s  o f  r e s t r ic t io n  fragm ents o f  s iz e s  

ra n g in g  from  3,601 bp  dewn to  216 bp, to ge th e r w ith  a sy n th e tic  o lig o 

n u c le o tid e  20 re sid u e s in  le n g th , were coupled to  Sep h acry l S-1000 a t  

an in p u t co n ce n tra tio n  o f  140 p n o le /g . The r e s u lt s  o f  t h is  in v e s t ig a 

t io n  (see  ta b le  4) dem onstrate th a t  the  2,817 bp fragm ent i s  im ro b il-  

ize d  m ost e f f ic ie n t ly  a cco rd in g  to  tra c e r  (71%) and nuclease  (59%)
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A ssay . N ucle ase  A ssa y .

Fragment
S iz e
(bp)

Bound
DNA

(p n o le /g )

%
Bound

Bound
DNA

(pm ole/g)

%
Bound

3601 87 + 18 62 64 + 13 46

2817 99 + 19 71 83 + 17 59

1776 94 + 24 67 70 + 17 50

1063 78 + 17 56 67 + 16 48

555 97 + 20 69 77 + 20 55

483 88 + 20 63 70 + 19 50

216 74 + 19 53 59 + 16 42
*

20 56 + 5 40 ND ND

TABLE 4

Effect  of fragment s ize  on the e f f ic ie n cy  of  D N A  
im m o b i l i za t io n  on to S e p h a c ry l  S-1000, u s in g  a 
d i a z o t i z a t i o n  c h e m i s t r y .

DNA fragments (input concentration 140 pmole/g of resin) were 
immobilized by a diazotization chemistry, exactly as described in 
section 3.5.11 The efficiency of immobilization was determined 
by radiolabelled tracer (32p) and micrococcal nuclease assays, as 
described in section 3.5.13. Results for the 32p assay take into 
account non-specifically bound DNA. Nuclease assays were 
performed on 50 mg batches of resin (100 mg in the case of the 
216 bp fragment), in a volume of 400 pi. Nuclease assay results 
were not determined (ND) for the immobilized oligonucleotide 
PC03 (*). The Pstl restriction fragments were derived from the 
following sources: 2,817, 1,776, 1,063, 483 and 216 bp, HPV 16; 
555 bp, HPV 18. The 3,601 bp EcoRI/Pstl fragment was from HPV 
6b. Oligonucleotide PC03 is a PCR primer, derived from the human 
6-globin gene. Errors refer to the standard deviation from the 
mean, and each result is the average of three determinations.
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a ssa y s, and th a t  the  o lig o n u c le o tid e  i s  coupled le a s t  e f f ic ie n t ly  (40%, 

a cc o rd in g  to  th e  tr a c e r  a s s a y ) . Am ongst the  r e s t r ic t io n  fragm ents, 

th ere  i s  no obv iou s c o r re la t io n  between s iz e  and im n o b iliz a tio n  

e ff ic ie n c y ;  in  the  case  o f  n u c le ic  a c id s  im m obilized  to  DBM a c t iv a te d  

c e llu lo s e ,  the  observed b in d in g  e f f ic ie n c ie s  o f  homqpolymers in d ic a te  

th a t  n e g lig ib le  b in d in g  o ccu rs w ith  A  and C re s id u e s, and G re s id u e s  

b in d  tw ice  a s  e f f ic ie n t ly  a s T re s id u e s. I f  such a  b ia s  a ls o  o ccu rs in  

the  case  o f  DPTE a c t iv a te d  su p p o rts, i t  i s  p o s s ib le  th a t the  v a r ia t io n  

in  c o a l in g  e ff ic ie n c y  observed in  ta b le  4 i s  a r e f le c t io n  o f  the  

G /C :A /T  conten t o f  the  fragm ents. A lthou gh  the  20-mer o lig o n u c le o tid e  

i s  im m obilized  le a s t  e ffe c t iv e ly ,  40% i s  s t i l l  c o v a le n tly  coupled to  

th e  Se p h acry l; a lth ou gh  i t  i s  n o t p o s s ib le  to  c a lc u la te  th e  frequency  

w ith  W hich c r o s s - lin k s  occur between the  a c t iv a te d  support and a  

n u c le ic  a c id  stra n d  u s in g  these  r e s u lt s ,  a t  le a s t  40% o f  the  20-mer 

o lig o n u c le o t id e  sequences a re  in vo lve d  in  a t  le a s t  one (and p o s s ib ly  

se v e ra l) c r o s s - lin k s .  H y b r id iz a t io n  s tu d ie s  in v o lv in g  the  im m obilized  

o lig o  were t o t a l ly  u n su cce ssfu l, in d ic a t in g  th a t  i t  i s  n o t fre e  to  form  

a  s ta b le  duplex w ith  a  complementary sequence (see se c t io n  4 .5 .1 ).

In  o rder to  determ ine the m ost su ita b le  s o l id  support fo r  the  

sandw ich a ssay , in  term s o f  the  e ff ic ie n c y  o f  both  co va le n t DNA immob

i l iz a t io n ,  and subsequent h y b r id iz a t io n , th ree  m acrcporous r e s in s  were 

chosen fo r  stu d y: th ese  were Se p h acry ls S-500 and S-1000, and Sepharose  

CL4B. In  a d d itio n , nan -porous Dynospheres M450 were in v e s tig a te d ,  

because o f  th e ir  m agnetic p ro p e rt ie s. O rd in ary  Sepharose was avoided, 

because o f  i t s  in s t a b i l i t y  a t  tem peratures above 40°C, and in  o rga n ic  

so lv e n ts ; Sephadex was a ls o  avoided, because o f  re p o rts  o f  in s t a b i l i t y  

in  acetone, and h ig h  le v e ls  (90%) o f n o n -sp e c ific  b in d in g  in  the  

absence o f  the  a c t iv a t in g  agent (sodium  n it r i t e )  (Langdale  & M alcolm , 

1985). DPTE d e r iv a t iv e s  o f  the  fo u r chosen su p po rts ( a l l  i n i t i a l l y
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p o sse s s in g  h yd roxy l groups on th e ir  su rfa ce ) were prepared a s de scrib ed  

in  se c t io n s  3 .5 .11 .1  and 3 .5 .1 1 .2 . Due to  lim ite d  a v a i la b i l i t y  in  the  

ca se  o f  the  Dynospheres, the  re a c tio n  was sca le d  down so  th a t  a t o t a l  

o f  50 mg o f  DPTE d e r iv a t iv e  was prepared. In  each case, th e  DNA 

fragm ent used was the 483 bp HPV 16 P s t I  fragm ent, a t  an in p u t concen

t r a t io n  o f  140 pm ole/g o f  re s in .  The r e s u lt s ,  shewn in  ta b le  5, 

in d ic a te  th a t  Se p h acry ls S-500 and S-1000 c o v a le n tly  b in d  58% and 60% 

o f  th e  in p u t DNA. re sp e c t iv e ly  (a cco rd in g  to  the  tr a c e r  a s s a y ) ; the  

co rre sp on d in g f ig u re s  fo r  the  n u c le ase  a ssa y  are  36% and 44%. I t  i s  

in te r e s t in g  to  note  th a t  the  n u c lease  a ssa y  su gge sts  an in x rD b iliz a tio n  

e ff ic ie n c y  62% o f  th a t  ob ta ined  fo r  the  tra c e r  a ssa y  in  th e  case  o f  

S-500; the  co rre spon d in g va lu e  i s  73% in  the case  o f  S-1000. T h is  may 

be a r e f le c t io n  o f  the  d iffe re n c e  in  pore  s iz e  between th e se  two 

r e s in s ;  a cco rd in g  to  the m anufacturer (Pharm acia-LKB), a lth o u gh  the wet

bead diam eter in  bo th  ca se s i s  40-105 um, the m o lecu lar w e igh t

4 7 .
fr a c t io n a t io n  range fo r  p o ly sa cch a rid e s i s  4 x 10 -2  x 10 in  the  case

5 8
o f  S-500, and 5 x 10 ->10 fo r  S-1000. The pore  s iz e  in  S-1000 i s  such  

th a t p a r t ic le s  g re a te r than  300-400 nm in  d iam eter are  excluded. 

C a lc u la t io n  h as su gge sted  th a t  the  e x c lu sio n  lim it s  fo r  n u c le ic  a c id s  

are  1.078 kb  in  the case  o f  S-500, and around 20 kb in  th e  case  o f  

S-1000 (Langdale  & M alcolm , 1985). S in c e  the DNA fragm ent im ro b iliz e d  

was ju s t  0.483 kb, i t  i s  reason ab le  to  assume th a t  s tra n d s  are  in m o b il- 

ize d  w ith in  th e  network o f  pore s, a s  w e ll a s  to  the  o u ts id e  su rfa ce  o f  

the  p a r t ic le s .  The sm a lle r pore  s iz e  in  the  case o f  S-500 may r e s u lt  in  

a  g re a te r p re p o rtio n  o f  the  im n o b ilize d  m olecu les becom ing in a c c e s s ib le  

to  approach o f  the  nu c lease  m olecu le.

The im n o b iliz a tio n  r e s u lt s  ob ta in e d  fo r  Dynospheres M450 and 

Sepharose CL4B were poor; a fte r  su b tra c tio n  o f  the va lu e  ob ta ine d  fo r  

n cn -cova le n t b in d in g , e f f ic ie n c ie s  o f  6% and 3% re sp e c t iv e ly  were
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“ p A ssay . N u cle ase  A ssay .

Support In p u t
DNA

(p ro le / g)

Bound
DNA

(pn o le /g )

%
Bound

In p u t
DNA

(pm ole/g)

Bound
DNA

(p n o le /g )

%
Bound

Seph acry l
S-500

140 81 + 18 58 140 51 + 26 36

Sephacry l
S-1000

140 84 + 20 60 140 62 + 24 44

Dynospheres 140 
M450

8 + 2 6 140 ND ND

Sepharose
CL4B

140 4 + ! 3 140 ND ND

ND, not determ ined.
Each r e s u lt  re p re se n ts the mean o f  f iv e  d e te rm in a tion s. E r ro rs  
re fe r  to  maximum v a r ia t io n  from  th e  mean.

TABLE 5

E f f ic ie n c y  of co va len t  im m ob i l iza t ion  of 483 bp H P V  16 
P s t l fragm ent to four  d if ferent  s o l id  s u p p o r t s .

DNA was immobilized by a diazotization chemistry, exactly as 
described in section 3.5.11. The efficiency of immobilization was 
determined by, radiolabelled tracer and micrococcal nuclease 
assays, as described in section 3.5.13. It was not possible to 
perform the nuclease assay on Dynospheres M450 or Sepharose 
CL4B, because too little DNA was immobilized to be detected 
reliably by spectrophotometry.

The results clearly demonstrate that most efficient binding is 
achieved using Sephacryl S-1000 as the support.
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observed, a cco rd in g  to  the tra c e r  a ssa y . Due to  the  lcw  b in d in g , i t  was 

n o t p o s s ib le  to  use  the  n u c lease  a ssa y , because the  O .D ^ g g  o f  the  

re le a se d  n u c le ic  a c id  was to o  lew  to  be detected r e lia b ly  by  sp ectro 

photom etry. The r e s u lt  ob ta ined  fo r  the  Dynospheres was p a r t ic u la r ly  

d isa p p o in tin g , because i n i t i a l  a tte n p ts  to  m an ipu late  the p a r t ic le s  

w ith  a  magnet in d ic a te d  th a t  i t  w ould be p e r fe c t ly  p o s s ib le  to  d isp e n se  

w ith  the  c e n tr ifu g a t io n  ste p  d u rin g  p re - and p o s t-h y b r id iz a t io n  w ashes. 

T h is  cou ld  have had a  d ram atic e ffe c t  on the ease w ith  w hich the  

sandw ich a ssa y  cou ld  be sub jected  to  autom atical in  th e  fu tu re . Soon 

a fte r  t h is  f a i lu r e  to  couple DNA to  Dynospheres M450 u s in g  a  d ia z o t iz a -  

t io n  chem istry , a  s im ila r  stu d y  o r ig in a t in g  from  the  la b o ra to ry  o f  

o r ig in  o f  the  m agnetic p a r t ic le s  (Apothekem es Laboratorium  A .S .,  O slo )  

reported  the  same r e s u lt  (Lund e t a l . , 1988). A lthou gh  no co n c lu s iv e  

evidence to  e x p la in  the  c o u p lin g  f a i lu r e  i s  presented, the  au th o rs  

su gge st th a t s c a lin g  down Bunem ann's procedure fo r  p re p a rin g  the DPTE- 

Dynospheres d e r iv a t iv e  may r e s u lt  in  le s s  favou rab le  c o n d it io n s . The 

expense in v o lv e d  in  o b ta in in g  la r g e r  amounts o f  Dynospheres p recluded  

s tu d ie s  to  in v e s t ig a te  t h is  h yp o th e sis; however, i n i t i a l  r e s u lt s  u s in g  

carbod iim ide-m ediated  end-attachm ent o f  DNA fragm ents o r  o lig o n u c le o 

t id e s  to  am ino- o r ca rb o x y l-m o d ifie d  (ra th e r than  h yd ro x y l-m o d ifie d ) 

Dynospheres have re su lte d  in  irrm o b iliz a tio n  e f f ic ie n c ie s  o f  65% and 60% 

re sp e c t iv e ly  (Lund e t a l. ,  1988).

Iirm o b iliz a tio n  s tu d ie s  in v o lv in g  Sepharose CL4B re su lte d  in  a 

p a r t ia l  breakdown o f  the  p h y s ic a l s tru c tu re  o f the  g e l m atrix , even 

though c ro s s - lin k e d  Sepharose i s  re p u tab ly  s ta b le  in  the  range 3-14, 

and a ls o  in  many o rga n ic  so lv e n ts  ( in c lu d in g  ace to n e ). I t  i s  p o s s ib le  

th a t  exposure to  1 ,4 -b u tan e d io l d ig ly c id y l e ther, 2 -am inoth ipheno l o r  

1.38 M HC1 r e s u lt s  in  d is ru p t io n  o f  the  p o ly sa cch a rid e  ch a in s. Regard

le s s  o f  the  reason  fo r  the d e grad ation , Sepharose CL4B was no t a  s u it 
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ab le  support fo r  the  im ro b iliz a t io n  o f  DNA by a d ia z o t iz a t io n  chem is

t r y ,  because o f  the  poor c o u p lin g  e ff ic ie n c y  observed.

4 .4 .3  T im e -c o u rs e  O f DMA In n n h i 1 i  s ra tic n  On D P T E -re s in s .
A cco rd in g  to  the  p ro to c o l reported  b y  Bunemann, the  re a c tio n  

between DNA and the a c t iv a te d  D P T E -re sin  shou ld  be a llow ed  to  proceed  

fo r  2 days, in  o rder to  a t ta in  th e  maximum im n o b iliz a tio n  e ff ic ie n c y .

In  o rde r to  in v e s t ig a te  t h is  statem ent, the tim e -co u rse  o f  DNA 

c o u p lin g  to  a c t iv a te d  Sephacry l S-1000 was stu d ie d . The DNA fragm ent 

used was lin e a r iz e d  pJN3 (a  pUC8 d e r iv a t iv e , c o n ta in in g  a  216 bp 

in s e r t  d e rive d  from  the genome o f  HPV 16 [fragm ent 'g ' in  f ig u re  16]; 

t o t a l s iz e ,  2,894 b p ), a t  an in p u t co n ce n tra tio n  o f  140 pm ole/g o f  

re s in ; p re v io u s r e s u lt s  have shewn th a t DNA fragm ent s iz e  does n o t 

have a s ig n if ic a n t  in flu e n ce  on the  iirm o b iliz a tio n  e ff ic ie n c y .  In m o b il-  

iz a t io n  re a c tio n s  were a llow ed  to  proceed fo r  10 m inutes, 1 hour, 24 

hours and 48 hours, a fte r  w hich tim e the  re s in  was washed, and the  

c o u p lin g  e f f ic ie n c y  determ ined by  the ra d io la b e lle d  tr a c e r  a ssa y  (bu t 

not b y  th e  n u c le ase  a s s a y ) . The r e s u lt s  a re  shewn in  f ig u re  31. The 

c o n tro l va lu e  re p re se n ts the  average o f  v a lu e s o b ta in e d  fo r  each o f  

th e se  tim e p o in ts ,  in  the  absence o f  the  a c t iv a t in g  agen t (and i s  th u s  

an average re p re se n ta tio n  o f  n o n -cova le n t attach m en t). The e rro r  b a rs  

re fe r  to  the  maximum v a r ia t io n  from  the  mean observed in  th re e  sep arate  

d e te rm in a tio n s. The r e s u lt s  in d ic a te  th a t  the  iim o b iliz a t io n  e ff ic ie n c y  

a tta in e d  a fte r  ju s t  ten  m inutes o f  re a c tio n  (73%) i s  o i l y  9% lower- than  

the  va lu e  ob ta in e d  a fte r  a 2 day re a c tio n  (82% ); th e se  e f f ic ie n c ie s  are  

c o n sid e ra b ly  h ig h e r than  th o se  recorded in  e a r lie r  s tu d ie s  (see  ta b le  

4 ). S in ce  the  same batch  o f  A PTE-Sephacryl S-1000 was used in  bo th  

in v e s t ig a t io n s ,  i t  i s  p o s s ib le  th a t  the  v a r ia t io n  in  iirm o b iliz a tio n  

e ff ic ie n c y  re su lte d  from  a more e x te n sive  a c t iv a t io n  on p ro d u ctio n  o f
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T i m e - c o u r s e  o f  D N A  im m o b i l iza t io n  by d ia z o t iz a t io n  to  
D P T E - S e p h a c r y l  S -10 00 .

DNA used was Pst1 linearized pJN3 (pUC8 + 216 bp HPV 16 Pst1 
fragment), at an input concentration of 140 pmole/gram of 
Sephacryl S-1000. The reaction was followed by incorporating 2 
fmole of linear pJN3, labelled with 32p py Klenow end-filling to a 
specific activity of 2.3 x 102 dpm/fmole.
Each bar represents the average of three determinations.
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th e  D P T E -d e riva tiv e  in  the  case  o f  the  im m o b iliz a tio n  tim e -co u rse  

stu d y ; th e  presence o f  a  g re a te r number o f  re a c tiv e  d iazonium  io n s  on 

the Se p h acry l beads co u ld  re a so n ab ly  be p re d ic te d  to  in c re a se  the  

number o f  c r o s s - lin k s  formed w ith  the  n u c le ic  a c id  stra n d s, p o s s ib ly  

d e cre a sin g  the number o f  DNA m olecu les W hich escape w ith ou t form ing a  

s in g le  c r o s s - lin k .  The reason  fo r  t h is  p o stu la te d  a c t iv a t io n  d isc re p 

ancy i s  u n c le ar, s in c e  id e n t ic a l p ro to c o ls  were fo llow e d  in  both  

s tu d ie s . A lthough  i t  appears th a t th e  im m o b iliz a tio n  re a c tio n  essen

t i a l l y  reaches com pletion  a fte r  an hour, h y b r id iz a t io n  s tu d ie s  pe r

formed w ith  the  coupled DNA su gge st th a t  a  lo n ge r re a c tio n  tim e r e s u lt s  

in  in cre a se d  s t a b i l i t y  (see  se c tio n  4 .5 .2 ; f ig u re  34).

I t  i s  im portan t to  be ar in  mind a t  t h is  p o in t  th a t  th e  h ig h e st  

im m o b iliz a tio n  e f f ic ie n c ie s  are  no t n e c e s sa r ily  m ost d e s ira b le ; reduced 

c o u p lin g  y ie ld s  may be outw eighed by  e x c e lle n t a v a i la b i l i t y  o f  im m obil

ize d  sequences fo r  h y b r id iz a t io n  (Bunemann & W esthoff, 1983).

4 .4 .4  S t a b i l i t y  O f ENA Im m o b iliz e d  On D P T E -re s in s .
A s d isc u sse d  in  se c t io n  1 .3 .2 , in  order to  be s u ita b le  fo r  use  

a s 1 fragm ent A ' in  a  sandw ich a ssa y , i t  i s  e s se n t ia l th a t  the  c r o s s -  

l in k ( s )  between th e  support and the  n u c le ic  a c id  fragm ent r e s u lt  in  a  

s ta b le  attachm ent. I t  h a s been reported  th a t, in  ge n e ra l, DNA co va le n t

ly  coupled to  a s o l id  support leaches o f f  in  a b ip h a s ic  manner; t h is  

e ffe c t  appears to  be more pronounced in  the  case o f  DNA im m obilized  by  

d ia z o t iz a t io n  than  by  CNBr a c t iv a t io n  (Bunemann, 1982). In  o rde r to  

in v e s t ig a te  the ra te  a t  W hich DNA i s  lo s t  a fte r  co va le n t c o u p lin g  to  

Sep h acry l S-1000, a  batch  o f  D N A -re sin  was produced e x a c tly  a s des

c rib e d  in  se c t io n  3 .5 .11 . The DNA im m obilized  was lin e a r iz e d  pJN3, a t  

an in p u t co n ce n tra tio n  o f  140 pm ole/g o f  re s in ;  th e  im m o b iliz a tio n  

e ff ic ie n c y  was i n i t i a l l y  determ ined a t  66%, acco rd in g  to  the  nu c lease
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Time at 4°C (Months).

F I G U R E  3 2

T im e - c o u r s e  of lo s s  of im m o b i l i ze d  D N A  from  
D P T E - S e p h a c r y l  S -10 00 .

Immobilized DNA was linear pJN3 (pUC8 + 216 bp HPV 16 Pstl 
fragment). DNA-resin was stored at 4°C for the indicated period, 
after which time a 50 mg aliquot was removed, and washed 
thoroughly (section 3.5.11.3). Following analysis by micrococcal 
nuclease assay (section 3.5.13.2), the percentage loss of 
immobilized DNA was calculated. The amount of DNA initially 
bound was 92.4 pmole/gram of Sephacryl S-1000 (determined by 
the nuclease assay).
Each point represents a single determination.
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a ssa y . The r e s in  was sto re d  a t  4°C, and a liq u o ts  were removed a t  two 

month in te r v a ls ,  fo r  a  p e rio d  o f  one ye ar, in  o rder to  determ ine the  

percentage lo s s  o f  i n i t i a l l y  bound ENA; th e  r e s u lt s  a re  shewn in  f ig u re  

32. G reat care  was taken  to  wash th e  a liq u o t s  th o ro u gh ly  p r io r  to  

a ssay , in  o rder to  remove n c n -c o v a le n tly  bound DNA. The tra c e r  a ssa y  

was n o t s u ita b le  fo r  t h is  study, because o f  the  sh o rt h a l f - l i f e  o f  th e  

iso to p e  P (14.3 d a y s), and the p o s s ib i l i t y  th a t  r a d io ly s is  cou ld  

in c re a se  the ra te  o f  lo s s  o f  iirn io b ilize d  ENA. The r e s u lt s  dem onstrate  

th a t, u n lik e  th e  d a ta  reported  by  Bunemann, DNA i s  lo s t  a t  a  ra te  o f  

approx im ate ly  5% p e r month, over th e  12 month p e riod . I t  i s  p o s s ib le  

th a t  t h is  lo s s  i s  a  r e s u lt  o f  s e le c t iv e  breakage o f  u n stab le  bonds 

between n u c le o tid e s and the s o l id  su p po rt; t h is  would be p a r t ic u la r ly  

pronounced in  th e  ca se  o f  DNA stra n d s  attach ed  a t  a  s in g le  p o s it io n .  

A lte rn a t iv e ly ,  irm o b iliz e d  DNA may be  attacke d  b y  con tam in ating  

n u c le ase s, a lth ou gh  t h is  i s  u n lik e ly , s in c e  the  re s in  and b u ffe r s  were 

p r e - s t e r iliz e d  p r io r  to  use. Throughout the  course  o f  t h is  study, 

E N A -re sin  was a lw ays used w ith in  4 months o f  m anufacture, so  approx

im a te ly  80% o f  i n i t i a l l y  coupled ENA rem ained c o v a le n tly  bound. S in ce  

every batch  o f  r e s in  was p re -h y b rid iz e d  fo r  2 hours a t  65°C p r io r  to  

use  in  a  sandw ich a ssa y , i t  i s  re aso n ab le  to  assume th a t  n o n -co v a le n tly  

bound DNA was removed p r io r  to  h y b r id iz a t io n ; t h is  p reven ts a  re d u ctio n  

in  s ig n a l due to  a  ccrrp e titio n  s o lu t io n  phase h y b r id iz a t io n  between 

uncoupled ENA and ta r g e t  sequences.

4 .4 .5  Sem inary O f I im p b i l iz a t io r i  D a ta .
The r e s u lt s  ob ta ine d  from  s tu d ie s  on the  co va le n t im n o b iliz a tio n  

o f  DNA can be surrmarized a s  fo llc w s :

(a) Iim io b iliz a t io n  e f f ic ie n c ie s  ob ta in e d  by  5 ' end-attachm ent o f  r e s t 

r ic t io n  fragm ents to  Sephacry l S-1000 b y  carbod iim ide  a c t iv a t ic n
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were h ig h ly  v a r ia b le ;  th e  h ig h e st  e f f ic ie n c y  ob ta ine d  (acco rd in g  to  

32the P tra c e r  a ssa y ) was 18%. The method was fre q u e n tly  t o t a l ly  

u n su c c e ss fu l.

(b) The fo llo w in g  r e s u lt s  were ob ta in e d  fo r  DNA im n o b ilize d  by  

d ia z o t iz a t ic n :

( i )  Over the  range o f  in p u t DNA co n ce n tra tio n s 140-560 pm ole/g o f  

re s in ,  th e  maximum im n o b iliz a tio n  e ff ic ie n c y  (60%) was observed a t  

the  lcw e st in p u t co n ce n tra tio n .

( i i )  Over the  range o f  fragm ent s iz e s  3,601-216 bp, s iz e  had no  

s ig n if ic a n t  e ffe c t  on im n o b iliz a t io n  e ff ic ie n c y  ( t y p ic a lly  w ith in  

the range 53%-85%). An o lig o n u c le o tid e  20 re s id u e s in  le n g th  was 

coupled w ith  an e ff ic ie n c y  o f  40%.

( i i i )  O f fo u r su p po rts te ste d , a c t iv a te d  Se p h acry l S-1000 re su lte d  

in  th e  h ig h e s t  b in d in g  e ff ic ie n c y ,  w ith  the low e st le v e ls  o f  

n cn -co va le n t attachm ent. 73% o f  the  im n o b ilize d  s tra n d s  were 

a c c e ss ib le  to  m icrococca l n u c le ase . Dynospheres M450 and Sepharose  

CL4B were u n su ita b le , because o f  extrem ely lew  co u p lin g  e f f ic ie n 

c ie s .

( iv )  A lthough  the im n o b iliz a tio n  re a c tio n  appears to  reach  

c o n p le tic n  a fte r  approx im ate ly  one hour, m ost s ta b le  co u p lin g  

re su lte d  i f  the  re a c tio n  was a llow ed  to  proceed fo r  48 hours (see  

se c t io n  4 .5 .2 ).

(v) The s t a b i l i t y  o f  coupled DNA i s  such th a t  app rox im ate ly  5% o f  

the DNA i s  lo s t  each month, fo r  a t  le a s t  12 months a fte r  im n ob il

iz a t io n .  U n lik e  p re v io u s ly  reported  r e s u lt s  (Bunemann & W esthoff, 

1983), the  DNA i s  lo s t  in  a  lin e a r ,  ra th e r than  in  a  b ip h a s ic  

fa sh io n .

(c ) O f the  two methods used to  determ ine the  im n o b iliz a tio n  e ff ic ie n c y ,

32the  P tr a c e r  a ssa y  was found to  g iv e  h ig h e r  r e s u lt s  than the
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nu clease  a ssa y ; t h is  p rob ab ly  r e f le c t s  the fa c t  th a t  the  form er i s  

a  measure o f  th e  t o t a l DNA iirm ob ilize d , whereas the  la t t e r  i s  a  

re p re se n ta tio n  o f  the  amount o f  coupled n u c le ic  a c id  w hich i s  

a c c e s s ib le  to  the  nu c lease  m olecu le. I t  i s  p o s s ib le  th a t  the  

n u c le ase  a ssa y  g iv e s  a more accu rate  in d ic a t io n  o f  the  a v a i la b i l i t y  

o f  DNA. fo r  h y b r id iz a t io n ; DNA n o t a c c e s s ib le  to  nu c lease  may a ls o  

be in a c c e s s ib le  to  a  complementary n u c le ic  a c id  stra n d , o r  may be 

iim b b iliz e d  in  such a  way th a t  th e  h y b rid  formed between the  two 

stra n d s i s  o f  s ig n if ic a n t ly  reduced s t a b i l i t y  (see  se c t io n  4 .5 .1 ).

A l l  subsequent in v e s t ig a t io n s  were perform ed u s in g  Seph acry l 

S-1000 a s  the  s o l id  support, because i t  i s  m acrcporous, p h y s ic a lly  and 

ch e m ica lly  s ta b le ,  and b in d s DNA e f f ic ie n t ly ,  w ith  a  low  le v e l o f  non- 

co va le n t attachm ent. S-1000 was chosen in  p re ference  to  S-500, because  

in m o b iliz a t ia n  e f f ic ie n c ie s  were g re a te r, and a  h ig h e r  p ro p o rtio n  o f  

the  coupled DNA was a c c e s s ib le  to  m icro co cca l nu c lease , in  th e  case  o f  

S-1000. The d ia z o t iz a t io n  c o u p lin g  procedure was chosen in  p re ference  

to  the  carbod iim id e  procedure, because o f  u n p re d ic ta b ility  and low  

c o u p lin g  y ie ld s  in  the case  o f  the  la t t e r  method. In  a d d it io n , DNA 

im n o b ilize d  on Sep h acry l by  d ia z o t iz a t io n  h as been reported  to  e x h ib it  

e x c e lle n t h y b r id iz a t io n  p ro p e rt ie s  (Bunemann, 1982; Langdale  & M alcolm , 

1985). An in p u t ENA con cen tration  o f  140 pm ole/g was id e a l;  assum ing a  

c o u p lin g  e f f ic ie n c y  o f  a t  le a s t  60%, an in n D b iliz e d  concent r a t i  on o f  84 

pm ole/g would r e s u lt .  T h is  i s  e q u iv a le n t to  84 fm ole/m g, so  a  s in g le  

m illig ra m  o f  D N A -re sin  shou ld  p ro v id e  a v a s t  excess o f  iirm ob ilize d  

probe fo r  cap tu re  o f  the  ta rg e t  sequence.

H avin g determ ined the  m ost s u ita b le  s o l id  su p po rt and ch em istry  

w ith  re sp e ct to  DNA in m o b iliz a tio n , the  h y b r id iz a t io n  p ro p e rt ie s  o f  the  

in rn ob ilized  DNA were in v e s tig a te d .
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4 .5  O n e -s te p  H y b r id iz a t io n s .
The purpose  o f  the o n e -step  h y b r id iz a t io n  a ssa y  was to  determ ine  

the  a v a i la b i l i t y  o f  im m obilized DNA fragm ents fo r  h y b r id iz a t io n  w ith  a  

ccrnplementary probe fre e  in  s o lu t io n .  In  o rder to  op tim ize  t h is  

procedure, a  number o f  h y b r id iz a t io n  b u ffe r s  and w ash ing c o n d itio n s  

were te ste d , and th e  e ffe c ts  o f  co n ce n tra tio n  and s iz e  o f  the  im m obil

iz e d  DNA on th e  h y b r id iz a t io n  e ff ic ie n c y  were examined. The e ff ic ie n c y  

o f  h y b r id iz a t io n  was c a lc u la te d  a s  a  percentage o f  the  maximum theore

t i c a l  va lu e , a cco rd in g  to  the  form ula;

% H y b r id iz a t io n  = F in a l H y b r id iz a t io n  -  N o n -sp e c ific  b in d in g  x 100 
E ff ic ie n c y  V alue  (dpn) (C o n tro l) V alue  (dpn)

In i t i a l  In p u t O f Probe (dpm)

Tw d  c o n tro ls  were in c lu d e d  in  each batch  o f  o n e -step  a ssa y s, in  

order to  determ ine th e  exten t o f  n o n -sp e c ific  b in d in g : ( i )  a  c o n tro l in  

w hich D N A -re sin  was rep laced  by  DN A-free r e s in  (a c t iv a te d  and sub

se q u e n tly  washed a s d e scrib e d  in  se c t io n  3 .5 .11, w ith ou t the  a d d it io n  

o f  ENA); ( i i )  a  c o n tro l in  w hich ncn-conplem entary im m obilized  DNA 

(so n ica te d  c a l f  thymus DNA, fo r  example) was used in  p la c e  o f  im m obil

ize d  H PV-derived DNA. O c c a s io n a lly , a  th ir d  c o n tro l was in c lu d e d , 

in v o lv in g  h y b r id iz a t io n  o f  a  non-com plem entary probe ( la b e lle d  c a l f  

thymus DNA, fo r  example) w ith  im m obilized  H PV-derived DNA. A l l  th ree  

c o n tro ls  were c o n s is te n t ly  found to  g iv e  s im ila r  v a lu e s fo r  the  le v e l 

o f  n c n -sp e c if ic  b in d in g , in d ic a t in g  th a t  t h is  b in d in g  i s  due to  an 

in te ra c t io n  between th e  probe and the  s o l id  support, ra th e r than  

between the probe and the im m obilized ENA. In  a l l  one- and tw o -step  

a ssa y s, the ra d io a c t iv e  probe was detected  in  a s c in t i l la t io n  counter, 

u s in g  th e  Cerenkov method; the quenching e ffe c t  o f  th e  Sep h acry l beads 

cxi the  number o f  counts was measured, and found to  be n e g lig ib le  fo r  

m asses o f  Sephacry l up to  5 mg (d a ta  n o t show n).
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4 .5 .1  O n e -s te p  A ssa y s  U s in g  A l a b e l l e d  R e s t r i c t i o n  F ra g m e n t A s P ro b e .
I t  i s  im portan t to  cp tim ize  the  e ff ic ie n c y  o f  the  on e -step  

h y b r id iz a t io n , because the  in te ra c t io n  between im n o b ilize d  sequences 

and a  ccrp lem entary probe fre e  in  s o lu t io n  i s  an a logou s to  th a t  between 

the in m o b ilize d  DNA and the  ta rg e t  sequence in  a  tw o -step  sandw ich  

a ssa y . In  o rde r to  in v e s t ig a te  the  e ffe c t  o f  h y b r id iz a t io n  b u ffe r  

co n p o sitio n  on the  e ff ic ie n c y  o f  on e -ste p  h y b r id iz a t io n , th re e  b u ffe r s  

were chosen fo r  stu d y , each o f  w hich was based on a  p re v io u s ly  

p u b lish e d  p ro to c o l. The com position  o f  each o f  the  th re e  b u ffe r s  (A, B 

and C) i s  shewn in  th e  legend to  ta b le  6; b u ffe r  A  was te ste d  because  

i t  a llo w s  c lo s e ly  re la te d  HPV typ e s to  be r e a d ily  d is t in g u ish e d  in  a  

s lo t - b lo t  a ssa y  (Wickenden e t a l . , 1987 a; see f ig u re  20 ). In  fa c t ,  the  

a b i l i t y  to  d isc r im in a te  between c lo s e ly  re la te d  v ir u s  type s ( fo r  

in sta n c e , HPV 6b and HPV 11, v h ic h  sh are  82% hom ology a t  th e  n u c le ic  

a c id  le v e l)  r e s u lt s  from  the  extrem ely s t r in g e n t  p o s t-h y b r id iz a t io n  

w ash ing c o n d it io n s  (se e  ta b le  6 ). B u ffe r  B was te ste d  because i t  h as  

been used su c c e s s fu lly  in  h y b r id iz a t io n  a ssa y s  based on DNA iim o b il-  

ize d  b y  d ia z o t iz a t io n  onto  Sephacry l S-500 (Langdale  & M alcolm , 1985). 

B u ffe r  C was i n i t i a l l y  used in  the  f i r s t  f ilt e r -b a s e d  sandw ich a ssa y  

de sign ed  fo r  the  d e te c tio n  o f  adenov iru s in fe c t io n  in  c l in ic a l  sam ples. 

The r e s u lt s  o f  o ve rn igh t h y b r id iz a t io n s  perform ed w ith  b u ffe r s  A, B and 

C are  shown in  ta b le  6. A  f i f t y - f o ld  excess o f  irrm ob ilized  DNA over 

probe was used, and the r e s u lt s  c le a r ly  dem onstrate th a t  th e  m ost

e f f ic ie n t  w ash ing o ccu rs in  b u ffe r  B. I t  i s  im portan t to  b e a r in  

mind th a t  the la b e lle d  probe used i s  dou b le -stran ded , so  re -a n n e a lin g  

o f  la b e lle d  stra n d s  to  th e ir  complementary sequences in  s o lu t io n  w i l l  

r e s u lt  in  w ithdraw al o f  a  p ro p o rtio n  o f  the probe from  the h y b r id iz a 

t io n  e q u ilib riu m . The h y b r id iz a t io n  and w ash ing c o n d itio n s  a sso c ia te d  

w ith  b u ffe r  B r e s u lt  in  around 64% o f  the  probe h y b r id iz in g  s p e c if -
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B u ffe r. I n i t i a l  dpm 
( x ic n

F in a l dptn
(xicn

% In i t i a l  Counts 
R e n a in in g.

%
Hyb.

A E 1,678 79 4.7 3.4
C 1,642 21 1.3

B E 1,721 1,127 65.5 64.1
C 1,628 23 1.4

C E 1,663 271 16.3 14.7
C 1,702 28 1.6

E= Experim ental v a lu e . 
C= C o n tro l va lu e .

T A B L E  6

Effect  o f  buffer  c o m p o s i t i o n  on the e f f i c ie n c y  of  one-  
s t e p  h y b r i d i z a t io n .

0.5 pmole of HPV 16 483 bp Pstl fragment, immobilized by diazotization onto 
Sephacryl S-1000, was hybridized at 65°C , in 50 pJ of the indicated buffer, with 
10 fmole of complementary probe, labelled by random priming to an activity of 
approximately 1.6 x 105 dpm/fmole. The hybridization buffers used were as 
follows: A, 0.08 M Tris-HCl, pH 7.8, 0.75 M NaCl, 0.05% w/v SDS, 0.004 M 
EDTA, 5 x Denhardt's solution, 100 pg/ml denatured, sonicated salmon sperm DNA;
B, 40 mM PIPES, pH 6.5, 0.6 M NaCl, 1 mM EDTA, 0.1% w/v SDS, 250 pg/ml 
denatured, sonicated salmon sperm DNA; C, 4 x SSC, 0.02% w/v 
polyvinylpyrrolidone, 0.02% w/v Ficoll, 0.25% w/v SDS, 200 pg/ml denatured, 
sonicated salmon sperm DNA. Post-hybridization washing was performed as 
described in section 3.5.14.1, for 3 x 10 minutes at 65°C , in 1 ml of the following 
buffer: A, 0.1 x SSC, 0.1% w/v SDS; B, hybridization buffer (minus salmon sperm 
DNA); C, 1 x SSC, 0.1% w/v SDS. All buffers and washing conditions are based on 
published protocols (A, Wickenden £ ia l-, 1987 a; B, Langdale & Malcolm, 1985;
C, Ranki 1983 a,b). Control values were obtained by hybridizing probe to 
sonicated, immobilized calf thymus DNA (average fragment size around 500 bp).
The final percentage hybridization value is shown after subtraction of the control 
value. Each result is the average of three determinations.

The results are discussed fully in the text.
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i c a l l y  w ith  im m obilized sequences. The co rrespond in g f ig u re s  fo r  

b u ffe r s  A  and C are  much low er (3.4% and 14.7% re sp e c t iv e ly ).  The 

p o s s ib le  reason s fo r  th e se  poor e f f ic ie n c ie s  a re : ( i )  the  b u ffe r  

com position  and h y b r id iz a t io n  tenperatu re  are  to o  s tr in g e n t  to  a llo w  

fo rm ation  o f  the  h y b rid  complex between iirm ob ilize d  and la b e lle d  DNA; 

( i i )  the w ash ing c o n d itio n s  ( s a lt  co n ce n tra tio n  and tem perature) are  

to o  s tr in g e n t, and r e s u lt  in  d is s o c ia t io n  o f  com plexes formed between 

im m obilized  and la b e lle d  sequences. The w ash ing c o n d itio n s  used w ith  

b u ffe r  A  (65°C, 0.1 x SSC, 0.1% w /v SDS) are  c le a r ly  ve ry  s tr in g e n t;  

th e  h y b r id  complex formed between DNA im m obilized  on a n it r o c e llu lo s e  

membrane and a  la b e lle d  probe appears to  be more s ta b le  than  th a t  

formed between DNA im m obilized b y  d ia z o t iz a t ic n  onto  Sephacry l S-1000  

and the  same probe. The s ig n if ic a n t ly  low er h y b r id  s t a b i l i t y  in  th e  

la t t e r  case  may be due to  th e  frequency and nature  o f  the  c r o s s - lin k s  

formed between the Seph acry l and the im m obilized  DNA; n u c le o tid e s  

in v o lv e d  in  a  co va le n t lin k a g e  may be u n a v a ila b le  fo r  base  p a ir in g  w ith  

the  complementary DNA stra n d , and co u ld  th u s have a d e s t a b iliz in g  

e ffe c t  on th e  h y b rid  complex s im ila r  to  th a t  caused by  a base  p a ir  

m ism atch. Because ve ry  l i t t l e  i s  known re ga rd in g  the  frequency o f  

c r o s s - lin k in g  and th e  h y b r id iz a t io n  p ro p e rt ie s  o f  a  n u c le o tid e  in v o lv e d  

in  such a  bond, t h is  h yp o th e sis  i s  p u re ly  sp e c u la tiv e . N e ve rth e le ss, i t  

i s  c le a r  from  the r e s u lt s  shewn in  ta b le  6 th a t  b u ffe r  B i s  the  m ost 

su ita b le  o f  the  th ree  b u ffe r s  te ste d , because i t  r e s u lt s  in  a  h ig h  

h y b r id iz a t io n  e ff ic ie n c y  (65%) w ith  a low  le v e l o f  n o n -sp e c ific  b in d in g  

(1 .4% ). I t  i s  in te r e s t in g  to  note th a t  n o n -sp e c ific  b in d in g  i s  r e la t 

iv e ly  con stan t, re g a rd le ss  o f  the  nature  o f  the  h y b r id iz a t io n  b u ffe r  

and w ash ing c o n d itio n s; even a fte r  w ash ing under h ig h ly  s t r in g e n t  

c o n d itio n s  (65°C, 0.1 x SSC, 0.1% w/v SD S), th e  n o n -sp e c ific  s ig n a l i s  

81% o f  th a t  rem ain ing a fte r  w ash ing a t  a  low er str in g e n c y  (65°C, 1 x
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SSC, 0.1% w /v S D S ). In c re a s in g  the number o f  washes above th re e  had no 

e ffe c t  on e ith e r  the  h y b r id iz a t io n  s ig n a l o r  th e  n o n -sp e c ific  back

ground (d a ta  no t shew n).

The e ffe c t  o f  h y b r id iz a t io n  ra te  enhancers l ik e  dextran  su lp h a te  

and p o lye th y le n e  g ly c o l was n o t in v e s tig a te d , because a  number o f  

re p o rts  have dem onstrated th a t  a d d it io n  o f  th e se  chem icals can have a  

n e ga tive  in flu e n ce  on sandw ich h y b r id iz a t io n  e ff ic ie n c y  (R ank i e t a l ., 

1983 a ,b ; Langdale  & M alcolm , 1985). Rate  enhancers fu n c tio n  b y  

e f fe c t iv e ly  in c re a s in g  the  co n ce n tra tio n  o f  n u c le ic  a c id  in  so lu t io n ,  

due to  the  e x c lu sio n  o f  DNA o r  RNA m o lecu les from  the volume occupied  

by  th e  h ydrated  polym er. T h is  e ffe c t  can be v a r ia b le  When a probe w ith  

a c a rp e tin g  stra n d  i s  b e in g  used (o r when the ta rg e t  m olecu le i s  

do u b le -stran d ed , a s i s  the  case  w ith  the  p a p illo m a v iru se s ), because the  

polym er can in c re a se  the ra te  o f  probe o r ta rg e t  s e lf - r e a s s o c ia t io n  

(p o te n t ia lly  d e cre a sin g  the  s ig n a l) , b u t can a ls o  enhance th e  fo rm ation  

o f  netw orks o f  la b e lle d  m olecu les a t  th e  p o in t  o f  h y b r id iz a t io n  to  the  

ta rg e t  n u c le ic  a c id  stra n d  (p o te n t ia lly  in c re a s in g  the s ig n a l)  (Wahl 

e t a l . , 1979). In  the  case  o f  sandw ich a ssa y s  where both  probe and 

ta rg e t  have ca rp e tin g  stra n d s in  so lu t io n , s e lf - r e a s s o c ia t io n  appears 

to  be the  predom inant e ffe c t;  fo r  t h is  reason, ra te  enhancers were not 

stu d ie d  in  t h is  in v e s t ig a t io n .

For the reasons d e scrib e d  above, b u ffe r  B (40 mM P IP E S , pH 6.5, 

0.6  M N aC l, 1 irM EDTA, 0.1% w /v SDS, 250 ug/m l son ica te d , denatured  

salm on sperm DNA.) was chosen fo r  use  in  a l l  fu tu re  one- and tw o -step  

h y b r id iz a t io n  re a c tio n s, and p o s t-h y b r id iz a t io n  washes were perform ed  

a t  65°C fo r  3 x 10 m inutes, in  h y b r id iz a t io n  b u ffe r  (m inus salm on sperm  

DNA).

In  o rder to  examine the  e ffe c t  o f  in m o b ilize d  DNA co n cen tration  

on the  e ff ic ie n c y  o f  the o n e -step  h y b r id iz a t io n , fo u r d if fe r e n t  batches
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o f Se p h acry l S-1000, e a d i w ith  a d if fe r e n t  co n ce n tra tio n  o f  im ro b iliz e d  

DNA, were prepared. The co n ce n tra tio n s o f  coupled DNA, acco rd in g  to  the  

n u c le ase  a ssay , were 62, 112, 176 and 202 pm ole/g o f  r e s in .  0 .5  pinole 

o f  in rn ob ilize d  ENA. was h y b rid iz e d  o v e rn igh t w ith  10 fm ole o f  comple

m entary probe, a s d e sc rib e d  in  the  legend to  ta b le  7. The r e s u lt s  

c le a r ly  shew th a t, a lth o u gh  co n ce n tra tio n  o f  irrm obilized  ENA h as l i t t l e  

e ffe c t  on h y b r id iz a t io n  e ff ic ie n c y ,  the  h ig h e st  va lu e  ob ta in e d  (66%) 

was fo r  112 pmole o f  DNA/g o f  re s in .  T h is  corresponds w e ll w ith  the  

r e s u lt s  shewn in  ta b le  6. I t  i s  in te r e s t in g  to  note th a t  a s the  volume 

o f  r e s in  requ ire d  (resuspended a t  a  co n ce n tra tio n  o f  1 mg/2 u l)  

decreases, the n o n -sp e c ific  background decreases. A lthough  t h is  e ffe c t  

does n o t appear to  be lin e a r  (the  background w ith  5 u l o f  r e s in  i s  40% 

o f  th a t  r e s u lt in g  w ith  16.1 u l,  ra th e r than  ju s t  31%), i t  i s  obviou s 

th a t  background r e s u lt s  from  in te ra c t io n  between the probe and the  s o lid  

su p po rt; the more Se p h acry l p re se n t in  the  re a c tio n , the h ig h e r  the  

p ro p o rtio n  o f  the  probe w hich w i l l  be n o n -s p e c if ic a lly  bound. In  o rder 

to  keep background le v e ls  a s  lew  a s p o s s ib le ,  the m ass o f  Sep h acry l 

used in  each a ssa y  sh ou ld  be kept to  a minimum; hewever, in  the  case  o f  

D N A -re sin  suspended a t  a  co n ce n tra tio n  o f  1 mg/2 u l,  volum es o f  le s s  

than  3 u l were not easy  to  m an ipu late  a cc u ra te ly . More d ilu t e  su s 

p e n sio n s were a ls o  found to  r e s u lt  in  p ip e t t in g  in a c c u ra c ie s  (data  no t 

shewn); fo r  these  reason s, D N A -re sin  was ro u t in e ly  suspended a t  a  

co n ce n tra tio n  o f  1 mg/2 u l,  and volum es o f  3-5 u l were used fo r  each 

tw o -ste p  sandw ich a ssa y  (a lth ou gh  c o n sid e ra b ly  la r g e r  volum es were used  

fo r  on e -ste p  a s s a y s ) . Assum ing an average im m o b iliz a tio n  e ff ic ie n c y  o f  

50% (acco rd in g  to  the  n u c lease  a s sa y ),  and an i n i t i a l  in p u t concentra

t io n  o f  140 pm ole/g o f  r e s in  (the amount found to  be optimum in  ta b le  

3 ), t h is  re p re se n ts an irrm ob ilized  ENA co n ce n tra tio n  o f  70 fm ole/m g o f  

r e s in .  Thus, 3-5 u l o f  the  EN A -re sin  su sp en sion  i s  e q u iva le n t to
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Cone. O f ENA. 
On R e sin  
(pm ole/g)

Required V o l.  
O f R e sin  

(u l)
I n i t i a l  dpm 

( x ic n
F in a l dpm 

(x lC T )
%

Hyb.

62 16.1 E 3,216 1,928 57
C 3,179 81

112 8.9 E 3,198 2,177 66
C 3,209 60

176 5.7 E 3,227 2,038 62
C 3,294 44

202 5.0 E 3,186 2,078 64
C 3,195 32

T A B L E  7

Effect  o f  c o n c e n tra t io n  of  im m o b i l i ze d  D N A  on e f f i c ie n c y  
of  o n e - s t e p  h y b r id i z a t io n .

0.5 pmole of HPV 16 483 bp Pstl fragment, immobilized by 
diazotization on to Sephacryl S-1000, was hybridized at 65°C, in 
50 pi of buffer, with 10 fmole of complementary probe, exactly 
as described in section 3.5.14.1. The probe was labelled to an 
activity of approximately 3.2 x 10$ dpm/fmole. Experimental (E) 
and control (C) values were obtained using the volume of resin 
indicated, resuspended in TE buffer to 1 mg/2 jil. The 
concentration of DNA on the resin was determined by the 
micrococcal nuclease assay (section 3.5.13; see table 3). The 
control values were obtained by hybridizing probe to sonicated, 
immobilized calf thymus DNA (average fragment size around 500 
bp). The final percentage hybridization value is shown after 
subtraction of the control value. Each result represents the 
average of five determinations.

The results are discussed fully in the text.
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105-175 fm ole o f  coupled DNA; th e  amount o f  iim o b iliz e d  DNA used in  

tvra-step  a ssa y s  was t y p ic a lly  w ith in  t h is  range.

The e ffe c t  o f  im n d b ilize d  fragm ent s iz e  on the  e ff ic ie n c y  o f  the  

o n e -ste p  h y b r id iz a t io n  was in v e s t ig a te d , a s d e scrib e d  in  the  legend to  

ta b le  8. The r e s u lt s  shew th a t, in  th e  s iz e  range 3,601 to  216 bp, 

fragm ent s iz e  does n o t have a s ig n if ic a n t  e ffe c t  on h y b r id iz a t ic n  

e ff ic ie n c y .  The b e st r e s u lt s  were ob ta ine d  fo r  the  555 bp fragm ent (66% 

e f f ic ie n c y ) ; the  e q u iva le n t va lu e  fo r  the  3,601 bp  fragm ent was 55%. 

A lthough  th ere  i s  v a r ia t io n  in  h y b r id iz a t io n  e ff ic ie n c y  between th e se  

two extrem es, th e re  appears to  be no c o r re la t io n  w ith  iirm ob ilize d  

fragm ent s iz e . The h y b r id iz a t io n  e ff ic ie n c y  obta ined  fo r  the  coupled  

20-rner o lig o n u c le o tid e  i s  extrem ely lew  (3% ), a lth o u gh  i t  i s  im portant 

to  p o in t  ou t th a t  the  probe used was a  341 bp b e ta -g lo b in  probe, ra th e r  

than  an e x a c tly  complementary 20-mer o lig o n u c le o tid e . T h is  low  va lu e  

co u ld  be due to : ( i )  u n a v a ila b ilit y  o f  the  o lig o n u c le o tid e  fo r  

h y b r id iz a t ic n , due to  the  presence o f  c r o s s - lin k s  on in te rn a l (ra th e r  

th an  te rm in a l) re s id u e s; ( i i )  o v e r -s tr in g e n t h y b r id iz a t io n  and/or 

w ash ing c o n d itio n s; ( i i i )  in s t a b i l i t y  o f  th e  h y b rid  ccnp lex  formed 

between the  341 bp fragm ent and the  o lig o ,  due to  so lu tio n -p h a se  

c c n p e t it io n  o f  the  u n la b e lle d  341 bp complementary stra n d . In  re tro 

sp e ct, the experim ent w ith  the o lig o n u c le o tid e  was p o o r ly  de sign ed ; 

improvements w hich co u ld  have been made are : ( i )  th e  h y b r id iz a t io n  and 

w ash ing c o n d itio n s  shou ld  have been reduced in  str in ge n cy , to  optim ize  

h y b r id iz a t ic n  o f  the  o lig o ;  ( i i )  the  probe used shou ld  id e a lly  have  

been a  complementary k in a se - la b e lle d  20-mer o lig o n u c le o t id e . However, 

subsequent s tu d ie s  in v o lv in g  o lig o n u c le o tid e s  im m obilized  b y  d ia z o t iz a -  

t io n  on to  Sep h acry l S-1000 have dem onstrated th a t, even under th e se  

favo u rab le  c o n d it io n s , the  h y b r id iz a t ic n  e ff ic ie n c y  i s  poor (5%-10%)

(U . B . V o ss , p e rso n a l com m in ication ).
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In m o b ilize d  
Fragm ent 

S iz e  (bp)

In i t i a l  dpm 
In  Reaction  

(X  10J )

F in a l dpn 
In  R eaction  

(X  10J )
% H y b r id iz a t io n

3,601 25,461 14,274 55
CONTROL 24,860 190

2,817 20,056 12,279 60
CONTROL 21,873 178

1,776 11,950 7,153 59
CONTROL 10,676 119

1,063 7,552 4,765 62
CONTROL 7,452 112

555 3,679 2,487 66
CONTROL 3,720 69

483 3,387 1,989 57
CONTROL 3,485 48

216 1,638 1,046 62
CONTROL 1,580 26

*
20 2,560 97 3

CONTROL 2,546 29

T A B L E  8

Effect  of  im m ob i l ized  fragm ent  s iz e  on the e f f i c ie n c y  of  
o n e - s t e p  h y b r i d i z a t io n .

0.5 pmole of DNA immobilized by diazotization on to Sephacryl S-1000 was 
hybridized at 65°C , in 50 pi of buffer, with 10 fmole of complementary probe, 
exactly as described in section 3.5.14.1. Probes were labelled by random priming to 
the following specific activities (dpm/fmole): 3,601 bp, 2.4 x 106 ; 2,817 bp, 1.9 
x 106 ; 1,776 bp, 1.2 x 106 ; 1,063 bp, 7.2 x 105 ; 555 bp, 3.6 x 105 ; 483 bp,
3.2 x 105 ; 216 bp, 1.4 x 105 . In each case, the m ass of Sephacryl used for 
experimental and control determinations was constant. The control value was 
obtained by hybridizing probe to sonicated, immobilized calf thymus DNA (average 
fragment size around 500 bp). The final percentage hybridization value is shown 
after subtraction of the control value. The DNA fragments were derived from the 
sources described in the legend to figure 4. The immobilized oligonucleotide PC 03  
O  was hybridized with a 341 bp B-globin gene fragment (insert from plasmid 
pKJ7), labelled by random priming to an activity of 2.5 x 106 dpm/fmole. Each 
result is the average of five determinations.

The results are discussed fully in the text.
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4 .5 .2  E f f e c t  O f L e n g th  O f T im p b jl iz a t ic n  T im e On T he E f f ic ie n c y  O f
H y b r id iz a t io n  O f I m ip h il iz e d  DMA.
S tu d ie s  to  determ ine th e  tim e -cou rse  o f  th e  im m o b iliz a tio n  o f  

DNA onto  Se p h acry l S-1000 by  d ia z o t iz a t io n  su gge sted  th a t  the  re a c tio n  

i s  e s s e n t ia lly  ccm plete a fte r  one hour (se c tio n  4 .4 .3 ).  In  o rder to  

examine the  e ffe c t  o f  re a c tio n  tim e on the h y b r id iz a t io n  p ro p e rt ie s  

o f  im m obilized  DNA, one -step  a ssa y s  were perform ed on fo u r batch es o f  

D N A -re sin  W hich had been prepared b y  re a c tio n  tim es o f  10 m inutes, 1 

hour, 24 h ou rs and 48 h ours. In  a l l  o th e r re sp e c ts, the  o ve rn igh t  

h y b r id iz a t io n  a ssa y s  were id e n t ic a l.  The r e s u lt s  (shewn in  f ig u re  34) 

c le a r ly  dem onstrate th a t  h y b r id iz a t io n  e ff ic ie n c y  in c re a se s  a s a  

fu n c tio n  o f  in cre a se d  tim e o f  im m o b iliza tio n  re a c tio n . The p o s s ib le  

e x p la n a tio n s fo r  t h is  are  a s  fo llo w s : ( i )  sh o rt c o u p lin g  tim es r e s u lt  

in  u n sta b le  lin k a g e s  between ENA. and the  a c t iv a te d  su p po rt; th e se  

lin k a g e s  are  sub sequently  broken on o ve rn igh t h y b r id iz a t io n  a t  65°C; 

( i i )  sh o rt c o u p lin g  tim es r e s u lt  in  a  low er a v a i la b i l i t y  o f  im m obilized  

DNA than  lo n ge r c o u p lin g  tim es. The second p o in t  i s  ve ry  u n lik e ly ;  in  

fa c t ,  i t  would be reason ab le  to  p re d ic t  th a t a  lo n ge r c o u p lin g  tim e  

shou ld  r e s u lt  in  an in c re a se  in  th e  frequency w ith  w hich c r o s s - lin k s  

form  between the  support and th e  DNA stra n d , e f fe c t iv e ly  redu cin g the  

amount o f  a v a ila b le  IMA. I t  i s  p o s s ib le  th a t  a  more s tr in g e n t  w ash ing  

ste p  i s  re q u ire d  im m ediately a f t e r  im m o b iliza tio n , in  o rder to  detach  

a l l  b u t the  m ost f ir m ly  coupled DNA; th e  recommended procedure in v o lv e s  

w ash ing w ith  0 .4  M NaOH a t  40°C, fo llow e d  by  a r in s e  in  TE b u ffe r  a t  

roam terrperature (see  se c t io n  3 .5 .1 1 .3 ; Bunemann e t a l ., 1982). In  t h is  

in v e s t ig a t io n ,  th e  r a t io  o f  im m obilized  DNA (A) t o  la b e lle d  probe (B) 

was 50 :1 ; a fu r th e r  in c re a se  in  t h is  r a t io  d id  n o t r e s u lt  in  an 

in c re a se  in  h y b r id iz a t io n  e ff ic ie n c y ,  b u t ra th e r re su lte d  in  a  h igh e r  

n o n -sp e c if ic  background s ig n a l,  due to  the  in cre a se d  m ass o f r e s in
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F IGURE 3 3

Polyacrylam ide gel electrophoresis for the 
characterization and purification of synthetic 
o l igonuc leot ides .

Lane 1 contains a mixture of oligonucleotides (1 pmole each of a 
35-mer, 20-mer and 6-mer), kinase end-labelled with 32p to an 
activity of approximately 5 x 102 dpm/fmole. Lanes 2, 3 and 4 
contain 1 pmole of 30-mer oligonucleotides PR11-1, PR16-1 and 
PR18-1 (kinase end-labelled with 32p to around 5 x 10^ 
dpm/fmole) respectively. The labelled oligonucleotides were 
electrophoresed through a 25% urea polyacrylamide gel, as 
described in section 3.4.4.2. After drying, the gel was 
autoradiographed for 1 hour, using X-OMAT XAR-5 film.

The results clearly show that the 30-mers are largely free from 
low molecular weight contaminants. The higher molecular weight 
band associated with the 30-mers, but not with the markers in 
lane 1, is discussed in the text.
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F I G U R E  3 4

Effect  of durat ion  of  d iazo t iza t io n  rea c t io n  on  
h yb r id iza t io n  e f f i c ie n c y  o f  D N A  im m o b i l i z e d  on  D P T E -  
S e p h a c r y l  S -1000.

Immobilized DNA used was Pst1 linearized pJN3 (pUC8 + 216 bp 
HPV 16 Pst1 fragment) (A). 0.5 pmole of A immobilized by 
diazotization for the time indicated was hybridized at 65°C, in 50 
pi of buffer, with 20 fmole of probe (HPV 16 216 bp Pst1 
fragment, labelled by random priming to an activity of 3.9 x 10^ 
dpm/fmole).
Each bar represents the average of two determinations.
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re q u ire d  (d a ta  n o t shew n). In  ge n e ra l, throughout th e  study, an A :B  

r a t io  o f  between 25:1 and 50:1 was found to  r e s u lt  in  maximum h y b rid 

iz a t io n  e ff ic ie n c y ,  w ith  the h ig h e st  s ign a l/b ack gro u n d  (S /B ) r a t io .  I t  

i s  c le a r  fra n  f ig u re  34 th a t  h y b r id iz a t io n  w ith  ENA a llow ed  to  coup le  

fo r  ju s t  10 m inutes r e s u lt s  in  a  h y b r id iz a t io n  e ff ic ie n c y  approx im ate ly  

40% o f  th e  e q u iva le n t va lu e  fo r  ENA a llow ed  to  coup le  fo r  48 h ou rs.

T h is  d iscre p an cy  in  e ff ic ie n c y  i s  p ro b ab ly  due to  a  com bination  o f  two 

fa c to r s :  ( i )  the  low er c o u p lin g  tim e r e s u lt s  in  a  h ig h e r  p ro p o rtio n  o f  

the c r o s s - lin k s  between DNA and r e s in  b e in g  u n stab le ; on h y b r id iz a t io n  

o v e rn igh t a t  65°C, u n stab le  bonds break, re le a s in g  p re v io u s ly  im n o b il-  

ize d  DNA in to  s o lu t io n . T h is  r e s u lt s  in  the  a c tu a l co n ce n tra tio n  o f  

im m obilized DNA b e in g  le s s  than  th e  p re d ic te d  co n ce n tra tio n , so  the  A :B  

r a t io  may be le s s  than  25:1, r e s u lt in g  in  su b -o p tim a l h y b r id iz a t io n  

e ff ic ie n c ie s ;  ( i i )  re le a se  o f  p re v io u s ly  coupled DNA r e s u lt s  in  

so lu t io n  phase com petition  w ith  probe, th us re d u cin g the  p ro p o rtio n  o f  

la b e lle d  m olecu les fre e  to  h y b r id iz e  w ith  DNA s tra n d s  coupled to  the  

support.

For the reason s d e scrib e d  above, im m o b iliz a tio n  re a c tio n s  were 

alw ays a llow ed  to  proceed fo r  48 h ou rs, and D N A -re sin  batch es were 

washed o v e rn igh t a t  65°C, in  p re -h y b r id iz a t io n  b u ffe r , p r io r  to  

n u c lease  a ssa y , and use in  sandw ich h y b r id iz a t io n .

4 .5 .3  T im e-course  O f O ne-step  H y b r id iz a t io n s .

The tim e -co u rse  o f  the  on e -ste p  h y b r id iz a t io n  was determ ined  

fo r  r e s t r ic t io n  fragm ent probes, and a ls o  fo r  k in a se  e n d -la b e lle d  

o lig o n u c le o tid e s , a s  de scrib e d  in  th e  legends to  f ig u r e s  35 and 36. 

L a b e lle d  o lig o n u c le o t id e s  were p u r if ie d  by  p o lyacry lam id e  g e l e le c tro 

p h o re s is , a s  d e sc rib e d  in  se c t io n  3 .4 .4 .2 ; an au to rad iograp h  o f  a  

t y p ic a l p re p a ra tiv e  g e l i s  shewn in  f ig u re  33. The cause  o f  the  h ig h e st
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FIG U R E  3 5

T i m e - c o u r s e  of  o n e - s t e p  h y b r id iz a t io n  o f  r e s t r i c t io n  
f ra g m e n ts  to d ia z o t iz e d  D N A - S e p h a c r y l  S -1000.

Immobilized DNA used was HPV 16 483 bp Pst1 fragment (A). 0.5 
pmole of A immobilized on Sephacryl S-1000 was hybridized at 
650C, in 50 pi of buffer, with 5 fmole of probe (HPV 16 483 bp 
Pst1 fragment [ ■  ], or HPV 16 1063 bp Pst1 fragment [ □  ]; 
labelled by random priming with 32p t0 an activity of 3.3 x 10$ 
dpm/fmole. Each point represents the average of five 
determinations.
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m olecu lar w e igh t bands p re se n t in  la n e s 2, 3 and 4 i s  unknown; i t  i s  

p o s s ib le  th a t i t  r e s u lt s  from  o lig o n u c le o tid e  secondary stru c tu re , 

w hich le a d s to  re tarde d  m ig ra tio n  on p assage  through  the p o re s in  the  

g e l.

The r e s u lt s  fo r  the r e s t r ic t io n  fragm ent in d ic a te  th a t  a  h yb rid 

iz a t io n  e ff ic ie n c y  o f  approx im ate ly  70% i s  ach ieved a fte r  ju s t  2 h ours; 

t h is  e ff ic ie n c y  i s  s ig n if ic a n t ly  h ig h e r than  p re v io u s ly  determ ined  

v a lu e s (see  ta b le  8 ),  p o s s ib ly  because a  h igh e r A :B  r a t io  (100:1) was 

used, a s opposed to  th e  more cannon ly used r a t io  o f  50:1. However, 

concom itant w ith  the  h ig h e r h y b r id iz a t io n  e ff ic ie n c y  i s  an in c re a se  in  

the  le v e l o f  n o n -sp e c ific  b in d in g .
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F I G U R E  3 6

T i m e - c o u r s e  of o n e -s te p  h y b r id iz a t io n  o f  
o l i g o n u c l e o t i d e s  to d ia z o t iz e d  D N A - S e p h a c r y l  S-1000.

Immobilized DNA used was HPV 16 483 bp Pst1 fragment (A). 0.5 
pmole of A immobilized on Sephacryl S-1000 was hybridized at 
65°C in 50 jil buffer with 50 fmole probe (complementary [ ■  ] or 
non-complementary [ □  ] 30-mer oligonucleotide, kinase end- 
labelled with 32p to an activity of 5.2 x 102 dpm/fmole).
Each point represents the average of five determinations.
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4 .5 .4  S u n n a iy  O f O n e -s te p  H y b r id iz a t io n  D a ta .
The r e s u lt s  ob ta in e d  from  s tu d ie s  on the  h y b r id iz a t io n  o f  a

probe fre e  in  s o lu t io n  w ith  in m o b ilize d  DNA (coupled to  Sep h acry l

S-1000 b y  d ia z o t iz a t ic n )  can be summarized a s  fo llo w s:

(a ) The on e -ste p  h y b r id iz a t io n  a ssa y  p ro v id e s an in d ic a t io n  o f  the  

a v a i la b i l i t y  o f  in m o b ilize d  DNA fo r  h y b r id iz a t io n  w ith  a comple

m entary sequence fre e  in  so lu t io n .

(b ) O f th ree  b u ffe r s  te ste d , the  b e s t  r e s u lt s  were ob ta in e d  by  

h y b r id iz a t io n  in  40 nM P IP E S, pH 6 .5 , 0 .6  M N aC l, 1 mM EDTA, 0.1%  

w/v SDS, 250 ug/m l denatured, son ica te d  salm on sperm DNA, a t  65°C. 

P o s t-h y b r id iz a t io n  w ash ing was perform ed in  1 ml o f  th e  same 

b u ffe r , m inus salm on sperm DNA, fo r  3 x 10 m inutes, a t  the same 

tem perature.

(c) T im e-course s tu d ie s  in d ic a te  th a t, under the c o n d itio n s  se le c te d , 

h y b r id iz a t io n  i s  e s s e n t ia lly  com plete w ith in  one hour. T h is  was 

found to  be th e  case  fo r  a  483 bp probe la b e lle d  b y  random p rim in g, 

a s w e ll a s  fo r  a  k in a se  e n d -la b e lle d  30-mer o lig o n u c le o tid e .

(d) Optimum h y b r id iz a t io n  e f f ic ie n c ie s  are  obta ined  o n ly  i f  the  

d ia z o t iz a t io n  re a c tio n  r e s u lt in g  in  the  iirm o b iliz a tic n  o f  the  

support-bound fragm ent was a llow ed  to  proceed fo r  a  f u l l  48 h ou rs.

(e) The co n ce n tra tio n  o f  im m obilized DNA does n o t s ig n if ic a n t ly  a f fe c t  

h y b r id iz a t io n  e ff ic ie n c y ,  w ith in  th e  range 62-202 pmole o f  DNA p e r
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gram  o f  r e s in .  However, i f  t h is  co n ce n tra tio n  i s  to o  low, the  mass 

o f  r e s in  re q u ire d  fo r  each a ssa y  r e s u lt s  in  an u naccep tab ly  h ig h  

n o n -sp e c if ic  background s ig n a l;  on the  o th e r hand, no advantage i s  

ga in e d  b y  h a v in g  extrem ely h ig h  im m obilized DNA co n ce n tra tio n s, 

because th e  m ass o f  r e s in  re q u ire d  p e r a ssa y  i s  to o  sm a ll to  be 

measured a c c u ra te ly . An id e a l co n ce n tra tio n  appears to  be around 

80-100 pm ole/g o f  r e s in .

( f )  Im m obilized  fragm ent s iz e  (w ith in  the  range 3,601 to  216 bp) h as no 

e ffe c t  on th e  e ff ic ie n c y  o f  h y b r id iz a t io n . Hcwever, a  20-mer 

o lig o n u c le o t id e  in m o b ilize d  by  d ia z o t iz a t io n  onto  Se p h acry l S-1000  

was found to  be u n a v a ila b le  fo r  h y b r id iz a t io n .

(g ) In c re a s in g  the im ro b iliz e d  DNA (A) to  probe ENA (B) r a t io  up to  

100:1 in c re a se s the  h y b r id iz a t io n  e ff ic ie n c y ;  any fu r th e r  in c re a se  

in  t h is  r a t io  appears to  have no advantageous e ffe c t .

H av ing in v e s t ig a te d  the  h y b r id iz a t io n  p ro p e rtie s  o f  ENA im m obil

iz e d  b y  d ia z o t iz a t io n  onto  Se p h acry l S-1000, DN A-Sephacryl was used to  

develop  a model tw o -ste p  (sandw ich) h y b r id iz a t io n  a ssa y .

4 .6  T \jo -s te p  H y b r id iz a t io n s .
A l l  r e s u lt s  ob ta in e d  fo r  tw o -ste p  (o r sandw ich) h y b r id iz a t io n s  

were ob ta in e d  u s in g  ENA c o v a le n tly  im n o b ilize d  b y  d ia z o t iz a t io n  onto  

Se p h acry l S-1000 beads. The b u ffe r  used fo r  h y b r id iz a t io n s  in v o lv in g  

r e s t r ic t io n  fragm ents a s probes c o n s is te d  o f  40 mM P IP E S, pH 6.5, 0.6  

M N aC l, 1 mM EDTA, 0.1% w /v SDS, 250 ug/m l denatured, so n ica te d  salm on  

sperm DNA; p o s t-h y b r id iz a t io n  w ash ing was perform ed fo r  3 x 10 m inutes, 

a t  65°C, in  1 ml o f  h y b r id iz a t io n  b u ffe r  (m inus salm on sperm EN A ). The 

r e s u lt s  o f  im m o b iliz a tio n  and o n e -ste p  stu d ie s  c le a r ly  dem onstrated  

th a t  in m o b iliz e d  fragm ent s iz e  h a s l i t t l e  e ffe c t  on in m o b iliz a t io n  and 

h y b r id iz a t io n  e f f ic ie n c ie s ;  consequently, the  r e s t r ic t io n  fragm ents
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chosen to  se rve  a s  in irabb ilized probes in  the  tw o -step  a ssa y s  de sign ed  

to  d is t in g u is h  between HPV type s 6b, 11, 16 and 18 were se le c te d  

la r g e ly  on the  b a s is  o f  genom ic lo c a t io n  and ease o f  p re p a ra tio n . 

Fragm ents de rived  from  the  E1/E2 re g io n  and the lo n g  c o n tro l re g io n  

(LCR) were avo ided  where p o s s ib le , because d e le tio n  in  th e se  re g io n s  

h as been observed on in te g ra t io n  o f  the  v i r a l  genome in to  c e llu la r  

chromosomes (Choo e t a l . ,  1987; G .C .N . P a rry , p e rso n a l ccannun ication ). 

In  o rde r to  develop  the sandw ich a ssa y , a model system  was se t  up, 

u s in g  p u r if ie d  p la sm id  DNA a s the  ta rg e t  m olecu le. In  the  case  o f  HPV 

type s 11, 16 and 18, the  in ta c t  lin e a r iz e d  genome was p u r if ie d  as  

d isc u sse d  in  se c t io n  4 .2 . S in ce  the e n t ire  genome was no t a v a ila b le  in  

the  case  o f  type  6b, a  5,368 bp sub-genom ic fragm ent was used in ste a d  

(see  f ig u re  14 ).

4 .6 .1  T y ro -s te p  A ssa y s  U s in g  A L a b e lle d  R e s t r i c t i o n  F rag m en t A s P ro b e .
P re lim in a ry  experim ents were perform ed a s d e sc rib e d  in  the  

legend to  f ig u re  37, u s in g  amounts o f  ta rg e t  ENA in  the  range 1-5 

fm ole. C o n sid e r the  case  o f  1 finole o f  ta rg e t  ENA; s in c e  50 fm ole o f  

probe was used in  each a ssay , i f  every s in g le  ta rg e t  m olecule were to  

a c t a s a  b r id ge  between im m obilized  and la b e lle d  probes, the theore

t i c a l  maximum amount o f  probe w hich co u ld  be attach ed  to  the s o lid

5
support would be 1 fm ole (o r app rox im ate ly  10 dpm ). The a c tu a l number

o f  counts attach ed  to  th e  Sep h acry l a f te r  h y b r id iz a t io n  was a p p ro x i-

4 4
m ate ly  2.7 x 10 , and the  background le v e l was 0 .7  x 10 dpm; th u s, the

s ig n a l r e s u lt in g  s p e c if ic a l ly  due to  h y b r id iz a t io n  w ith  the ta rg e t

4 . . . . .
sequence was 2 x 10 dpm. The o v e r a ll h y b r id iz a t io n  e ff ic ie n c y  may be

c a lc u la te d  u s in g  the equation :

% H y b r id iz a t io n  = Experim ental dpm -  Background dpm x 100 
E ff ic ie n c y  T h e o re tic a l maximum dpm
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FIG U R E  3 7

T w o -s te p  s a n d w i c h  h y b r id iza t io n  for  the d e te c t io n  o f  
H P V  18 DNA.

Immobilized DNA used was HPV 18 555 bp Pst1 fragment (A). 200 
fmole of A immobilized on Sephacryl S-1000 was hybridized at 
65°C, in 50 pi of buffer, with 50 fmole of probe (HPV 18 441 bp 
Pst1 fragment, labelled by random priming with 32 p t0 an 
activity of 1.0 x 105 dpm/fmole, together with the indicated 
amount of either: linear HPV 18 (7857 bp) [ ■ ] ,  or linear HPV 16 
(7904 bp) [ □  ].
Each point'represents the average of three determinations.
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In  the  case  o f  the  example d e sc rib e d  above, t h is  f ig u re  tu rn s  

o u t to  be 20%. The co rre sp on d in g v a lu e s fo r  2.5 and 5 fm ole o f  ta rg e t  

DNA a re  14% and 11% re sp e c t iv e ly . In  r e a lit y ,  the  h y b r id iz a t io n  

re a c tio n  between im tio b ilize d  DNA (A ) , la b e lle d  probe (B) and ta rg e t  

sequences (C) i s  com plex; both  B and C a re  fre e  in  so lu t io n ,  and fo r  

each s in g le -s tra n d e d  re g io n  o f  DNA, th e re  i s  a com plem entary m olecu le. 

A lthough  both  stra n d s  o f  A  a re  a ls o  p re se n t, these  a re  no t fre e  to  

re -an n e a l, because they a re  im n o b ilize d  on the s o l id  support. I f  A, B 

and C a re  a llow ed  to  h y b r id iz e , any o f  the  fo llo w in g  may occur: ( i )

B -B  re -a n n e a lin g ; ( i i )  C -C  re -a n n e a lin g ; ( i i i )  A -C  h y b r id  fo rm ation ; 

( iv )  C -B  h y b rid  fo rm ation ; (v ) A -C -B  h yb rid  fo rm ation . A  p o s it iv e  

s ig n a l w i l l  be produced o n ly  b y  the  A -C -B  h y b rid ; i f  A  and B are  in  a  

la rg e  excess over C, a  s in g le -s tra n d e d  C m olecu le  w ould th e o r e t ic a lly  

be fa r  more l ik e ly  to  form  a du p lex  w ith  A  and /or B than  i t  w ould be  

to  re -an n e a l w ith  a  com plem entary C stra n d . I f ,  in  a d d it io n , A  were in  

a  la rg e  excess over B, the  fo rm ation  o f  the A -C  complex (w ith  sub

sequent fo rm ation  o f  the  A -C -B  h y b rid ) shou ld  be favoured. I t  i s  

im portan t to  p o in t  o u t th a t  th e se  a re  p u re ly  q u a lit a t iv e  sp e c u la tio n s; 

p re d ic t io n  o f  the  h y b r id iz a t io n  k in e t ic s  between A, B and C i s  fu r th e r  

com p licated  by  the  fo llo w in g  p o in ts :  ( i )  the  e x p e rim e n ta lly  observed  

e ff ic ie n c y  w ith  w hich the A -C -B  com plex form s may be g re a te r than  the  

a c tu a l e ff ic ie n c y ,  due to  th e  fo rm ation  o f  a probe network a t  th e  p o in t  

o f h y b r id iz a t io n  w ith  the ta rg e t  stra n d  (Wahl e t  a l . ,  1979); ( i i )  once 

two complementary ENA stra n d s h y b r id iz e , the  duplex formed i s  no t 

n e c e s sa r ily  s ta b le . For example, ta r g e t  re -a n n e a lin g  may r e s u lt  in  the  

d isp lacem ent o f  probe m o le cu le (s) frcm  A -C , C -B  o r A -C -B  h y b rid s  

a lre a d y  formed (E llw ood  e t a l ., 1986; Vary, 1987).

The maximum e x p e rim e n ta lly  observed h y b r id iz a t io n  e ff ic ie n c y  in  

the  example d isc u sse d  above was ob ta in e d  a t  the  h ig h e s t  la b e lle d
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p ro b e :ta rge t r a t io  (5 0 :1 ). A  decrease  in  t h is  r a t io  re su lte d  in  a  

decrease  in  e f f ic ie n c y .  An example o f  a  stu d y  de sign ed  to  determ ine  

the  s e n s it iv i t y  o f  the  tw o -ste p  a ssa y  i s  shewn in  f ig u re  38. In p u t  

ta rg e t  DNA amounts o f  200, 150, 100, 50 and 25 amole re su lte d  in  the  

fo llc w in g  re sp e c tiv e  h y b r id iz a t io n  e f f ic ie n c ie s  ( f ig u r e s  in  b ra ck e ts  

re fe r  to  the  la b e lle d  p ro b e :ta rge t r a t io ) :  26% (2 5 :1 ), 28% (3 3 :1 ), 30% 

(5 0 :1 ), 25% (100 :1 ), 22% (2 0 0 :1 ).

The r e s u lt s  o f  tw o -step  sandw ich a ssa y s  de sign ed  to  d isc r im in a te  

between HPV type s 6b, 11, 16 and 18 are  shown in  ta b le  9. In  each case, 

two c o n tro l a ssa y s  were perform ed, a s d e sc rib e d  in  the  legend to  ta b le  

9. U s in g  a  la b e lle d  p ro b e :ta rge t r a t io  o f  50:1, h y b r id iz a t io n  e f f ic 

ie n c ie s  o f  28%, 29%, 34% and 32% were observed fo r  HPV typ e s 6b, 11, 16 

and 18 re sp e c t iv e ly . I t  i s  im portan t to  p o in t  o u t th a t  these  v a lu e s do  

n o t take  in to  account the  r e s u lt s  o f  the  c o n tro l experim ents; i t  w ould  

be more r e a l is t ic  to  c a lc u la te  h y b r id iz a t io n  e ff ic ie n c y  a f t e r  sub

t r a c t io n  o f  the  n o n -sp e c ific  b in d in g  c o n tro l v a lu e . The amended e f f ic 

ie n c ie s  fo r  v ir u s  type s 6b, 11, 16 and 18 are  26%, 27%, 32% and 29% 

re sp e c t iv e ly . In  each case , a ssa y s  in v o lv in g  h y b r id iz a t io n  o f  ta rg e t  

DNA w ith  im n o b ilize d  and la b e lle d  probes d e rive d  from  a  d if fe r e n t  v ir u s  

type re su lte d  in  a  s ig n a l o f  the  same o rder o f  m agnitude a s th a t  

ob ta in e d  fo r  the  n o n -sp e c if ic  b in d in g  c o n tro l (C 2 ). D e sp ite  the  h ig h  

degree o f  hom ology between type s 6b and 11 (82% a t  th e  n u c le ic  a c id  

le v e l) , the  h y b r id iz a t io n  e f f ic ie n c ie s  o f  a ssa y s  in v o lv in g  HPV 6b 

d e rive d  probes w ith  HPV 11 ta rg e t  (o r HPV 11 de rived  probes w ith  HPV 6b 

ta rg e t ) were n o t s ig n if ic a n t ly  above n o n -sp e c if ic  background le v e ls .  

T h is  su g g e sts  th a t the  c o n d itio n s  used fo r  tw o -step  a ssa y s  are  s u f f 

ic ie n t ly  s t r in g e n t  to  d isc r im in a te  between c lo s e ly  re la te d  v ir u s  typ e s, 

w ith ou t b e in g  so  s t r in g e n t  th a t  the  c o rre c t h y b r id s  are  prevented frem
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F I G U R E  3 8

S e n s i t i v i t y  of  tw o - s te p  h y b r id iz a t io n  u s in g  
r a d io la b e l le d  D N A  p ro b e s .

Immobilized DNA used was HPV 18 555 bp Pst1 fragment (A). 100 
fmole of A immobilized on Sephacryl S-1000 was hybridized at 
65°C, in 50 pi of buffer, with 5 fmole of probe (HPV 18 441 bp 
Pst1 fragment, labelled by random priming with 32P to an 
activity of 1.1 x 10^ dpm/fmole), together with the indicated 
amount of either: linear HPV 18 (7857 bp) [ ■  ], or linear HPV 16 
(7904 bp) [ □ ] .
Each point represents the average of five determinations.
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T arge t

DNA
O r ig in  o f  

Probes
In i t i a l  dpra 
In  R eaction  

(x K T )

F in a l dpn 
In  R e action  

(x lO ')

% Hyb.

6b E 1,786 10.058 28
C l 1,755 2.086

HPV 6b C2 1,724 0.904
11 E 1,549 0.879
16 E 1,696 1.047
18 E 1,542 0.943

HPV 11

11

6b
16
18

E
C l
C2
E
E
E

1,621
1,568
1,692
1,821
1,684
1,539

9.521
0.898
0.743
1.108
0.987
0.912

29

16 E 1,702 11.661 34
C l 1,675 0.775

HPV 16 C2 1,686 0.892
6b E 1,792 1.143
11 E 1,607 0.994
18 E 1,577 0.826

18 E 1,569 10.090 32
C l 1,592 1.198

HPV 18 C2 1,607 1.047
6b E 1,801 0.936
11 E 1,628 1.142
16 E 1,717 0.877

T A B L E  9

T w o -s te p  s a n d w ic h  a s s a y s ,  u s in g  o l ig o la b e l le d  
res t r ic t io n  f ra g m en t  p r o b e s ,  for  d i s c r i m i n a t in g  b e tw e e n  
H P V  types  6b, 11, 16 and 18.

Two-step sandwich assays were performed using 100 fmole of immobilized DNA, 5 
fmole of labelled probe, and 100 amole of target DNA. The immobilized DNA 
fragments (all generated by the enzyme £sll) used for the four HPV types were as 
follows: HPV 6b, 1,081 bp; HPV 11, 1,042 bp; HPV 16, 1,776 bp; HPV 18, 555 
bp. The labelled probes used for the four HPV types (all Pstl restriction fragments,
labelled with 32p by random priming to an activity of approximately 3 x 10̂  
dpm/fmole) were as follows: HPV 6b, 686 bp; HPV 11, 435 bp; HPV 16, 483 bp; 
HPV 18, 441 bp. Experimental assays (E) were performed by hybridizing 100 
amole of target DNA derived from the virus type indicated in the first column with 
immobilized and labelled probes derived from the source indicated in the second 
column. The controls included were as follows: C1,100 amole of Pstl digested 
target DNA from the indicated source was hybridized with probes derived from the 
same virus type; C2, 100 amole of intact target DNA from the indicated source was 
hybridized with a labelled probe derived from the same virus type, in the presence of immobilized calf thymus DNA.
Each result is the average of three determinations. More details regarding the source 
of immobilized and labelled probes are given in figures 14 to 17. The results are discussed fully in the text.
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fo rm in g. The unexpected ly h ig h  s ig n a l ob ta in e d  fo r  P s t I d ig e ste d  HPV 6b  

ta rg e t  DNA h y b rid iz e d  w ith  HPV 6b  d e rive d  probes (approx im ate ly  tw ice  

the  n o n -sp e c if ic  background s ig n a l)  may be due to  incom plete  r e s t r ic 

t io n  enzyme d ig e s t io n  o f  th e  ta rg e t  DNA.

H avin g dem onstrated th a t  tw o -ste p  sandw ich a ssa y s  can r e a d ily  

d is t in g u is h  between even c lo s e ly  re la te d  HPV type s, the  e ffe c t  on 

h y b r id iz a t io n  e ff ic ie n c y  o f  u s in g  d if fe r e n t  s iz e d  HPV 16 fragm ents a s  

im m obilized  and la b e lle d  probes was in v e s t ig a te d ; th e  r e s u lt s  ob ta in e d  

are  p resen ted  in  ta b le  10. A ssa y s in v o lv in g  the  use o f  HPV 16 2,817 bp 

and 1,776 bp  fragm ents a s  im m obilized  (A) and la b e lle d  (B) p robes were 

n o t attem pted, because o f  p re v io u s r e s u lt s  dem onstrating h y b r id iz a t io n  

between th e se  two r e s t r ic t io n  fragm ents ( see se c t io n  4 .3 ). The maximum 

h y b r id iz a t io n  e ff ic ie n c y  (34%) was a tta in e d  u s in g  2,817 bp and 483 bp  

fragm ents (o r  1,776 bp  and 1,063 bp fragm ents) a s  A  and B re sp e c t iv e ly .  

The co rre sp on d in g e f f ic ie n c ie s  r e s u lt in g  from  im m o b iliz in g  the  sm a lle r  

fragm ent, and u s in g  the la r g e r  fragm ent o f  each p a ir  a s  a probe were 

22% (th e  low e st e f f ic ie n c y  observed) and 29%. There appears to  be no 

obv iou s p a tte rn  r e la t in g  the  s iz e  o f  probes A  and B w ith  h y b r id iz a t io n  

e ff ic ie n c y .

4 .6 .2  T W o -step  A ssa y s  U s in g  A L a b e lle d  O lig o n u c le o tid e  A s P ro b e .
P re -h y b r id iz a tio n  and h y b r id iz a t io n  were perform ed a t  65°C, in  a 

b u ffe r  c o n s is t in g  o f  6 x SSC, 0.1% w /v SDS, 250 ug/m l denatured, 

so n ica te d  salm on sperm DNA. P o s t-h y b r id iz a t io n  w ash ing was perform ed  

fo r  3 x 10 m inutes a t  the  same tem perature, in  h y b r id iz a t io n  b u ffe r  

(m inus salm on sperm DNA). In  o rd e r to  t e s t  the  s e n s it iv i t y  o f  the  

sandw ich a ssa y  u s in g  o lig o n u c le o t id e  probes, ta rg e t  DNA amounts in  the  

range 0.625-20 fm ole were h y b r id iz e d  w ith  100 fm ole o f  im m obilized  DNA 

and 50 fm ole o f  k in a se  e n d -la b e lle d  o lig o n u c le o tid e  probe. The r e s u lt s
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Im m obilized  
Fragm ent (bp)

Lab e lle d  
Probe (bp)

In it ia l,d p m  
(x N T )

F in a l dpm 
(x  l c n

% Hyb.

2 ,8 1 7 1,776 NA NA NA
1,063 3,761 17.32 23

483 1,786 12.17 34
216 972 5.17 27
CT 1,981 0.87 —

1,776 2,817 NA NA NA
1,063 3,929 26.52 34

483 1,984 12.42 31
216 1,0 21 5.87 29
CT 2,186 0.91 —

1,063 2,817
1,776

483
216
CT

10,819
8,617
2,034

987
2,097

63.74
50.19
11.49

6.58
0.78

29
29
28
33

483 2,817 11,437 51.06 22
1,776 8,798 45.97 26
1,063 3,864 25.07 32

216 1,089 6.54 30
CT 1,898 0.87

T A B L E  10

E f f ic ie n c y  of s a n d w ic h  h yb rid iza t io n  u s in g  d if fe ren t  H P V  
16 P s t l f ra g m e n ts  a s  im m ob ilized  and lab e lled  p ro b e s .

Two-step sandwich assays were performed using 100 fmole of 
immobilized DNA, 5 fmole of labelled probe, and 100 amole of 
target HPV 16 DNA. The probes were labelled with 32p by random 
priming to the following activities (dpm/fmole): 2,817 bp, 2.2 x
106; 1,776 bp, 1.9 x 106; 1,063 bp, 7.8 x 1()5; 483 bp, 4.0 x 10$; 
216 bp, 1.7 x 105. Assays involving 2,817 bp and 1,776 bp 
fragments as immobilized and labelled probes were not performed 
(NA), because of previously encountered cross-hybridization 
between these fragments. The control hybridization (CT) involved 
replacing the HPV 16 specific probe with a calf thymus DNA probe
(specific activity, 1 x 1 0 ^  dpm/pg). Each result is the average of 
three determinations.

Details on the source of the HPV 16 P$il restriction fragments 
are given in figure 16. The results are discussed fully in the text.
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are  shewn in  f ig u re  39. The h y b r id iz a t io n  e f f ic ie n c ie s  a t  in p u t ta rg e t  

DNA amounts o f  0.625, 1.25, 2.5, 5, 10, 15 and 20 fm ole (a f t e r  sub

t r a c t io n  o f  the  n o n -sp e c if ic  b in d in g  f ig u re )  are  208%, 116%, 112 %, 66%, 

54%, 48% and 39% re sp e c t iv e ly . C le a r ly ,  the  f i r s t  th ree  o f  th e se  va lu e s  

are  th e o r e t ic a lly  im p o ssib le , because th e  q u a n tity  o f  probe bound to  

th e  su p po rt a f t e r  h y b r id iz a t io n  w as, on a  m olar b a s is ,  g re a te r  than  the  

amount o f  ta rg e t  DNA in  th e  h y b r id iz a t io n  re a c tio n . P o s s ib le  exp lana

t io n s  fo r  t h is  are : ( i )  in a cc u ra te  d ilu t io n  o f  the  ta rg e t  DNA re su lte d  

in  a h ig h e r  co n ce n tra tio n  than  re q u ire d ; ( i i )  the e stim a tio n  o f  the  

a c t iv it y  o f  th e  probe (6 .9  x 10 dpm /finole) i s  in a c c u ra te ly  lew, so  

th a t  th e  a c tu a l amount o f  probe added i s  co n sid e ra b ly  le s s  than  50 

fm ole. In  subsequent experim ents under id e n t ic a l c o n d it io n s, the  

h y b r id iz a t io n  e f f ic ie n c ie s  observed fo r  ta rg e t  amounts g re a te r  than  5 

fm ole were s im ila r  to  th o se  observed in  f ig u re  39, su g g e s t in g  th a t  a 

d ilu t io n  e rro r  was the  cause  o f  the  anom alous h y b r id iz a t io n  e f f ic ie n 

c ie s .  The low er l im it  o f  s e n s it iv it y  o f  the  tw o -step  a ssa y , u s in g  

o lig o n u c le o t id e  probes, i s  in  the  range 5-10 fm ole o f  ta r g e t  DNA. T h is  

i s  100-  to  200- f o ld  le s s  s e n s it iv e  th an  a s im ila r  a ssa y  u s in g  randan-

prim ed r e s t r ic t io n  fragm ents a s p robes. B e a rin g  in  m ind th a t  the

32 2
a c t iv it y  o f  P k in a se  e n d -la b e lle d  o lig o n u c le o t id e  (6 .9  x 10

dpm /finole) i s  app rox im ate ly  1 5 0 -fo ld  low er than  the a c t iv it y  o f  a  441

32 5
bp r e s t r ic t io n  fragm ent la b e lle d  w ith  P by  randan p rim in g  (1 .1  x 10 

dpm/ fin o le ; see f ig u re  38 ), t h is  r e s u lt  i s  n o t u n re ason ab le .

The r e s u lt s  o f  tw o -ste p  sandw ich a ssa y s  de sign ed  to  d isc r im in a te  

between HPV type s 6b, 11, 16 and 18, u s in g  la b e lle d  o lig o n u c le o t id e  

probes, are  shewn in  ta b le  11. In  each case , two c o n tro l a ssa y s  were 

perform ed, a s d e scrib e d  in  the  legend to  ta b le  11. U s in g  10 fm ole o f  

ta rg e t  ENA, and a la b e lle d  p ro b e :ta rge t r a t io  o f  10:1, h y b r id iz a t io n  

e f f ic ie n c ie s  o f  42%, 50%, 42% and 53% were observed fo r  HPV typ e s 6b,
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FIGURE 3 9

S e n s i t iv ity  o f  tw o -ste p  h y b r id iz a t io n  u s in g  
r a d io la b e l le d  o l ig o n u c le o t id e  p ro b e s .

Immobilized DNA used was HPV 16 483 bp Pst1 fragment (A). 100 
fmole of A immobilized on Sephacryl S-1000 was hybridized at 
65°C, in 50 pi of buffer, with 50 fmole of probe (30-mer 
oligonucleotide PR16-1, kinase end-labelled with 32p \0 an 
activity of 6.9 x  10^ dpm/fmole), together with the indicated 
amount of either: linear HPV 16 (7904 bp) [ ■  ], or linear HPV 18 
(7857 bp) [□ ] .
Each point represents the average of five determinations.
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T arge t O r ig in  o f I n i t i a l  dpn F in a l dpn % Hyb.

DNA Probes In  R eaction In  R e action

HPV 6b

6b

11
16
18

E
C l
C2
E
E
E

23,210 
21,980 
24,160 
27,290 
24,970 
28,990

2,510
490
610

1,0 10
670
490

42

11 E 28,220 3,500 50
C l 27,870 590

HPV 11 C2 26,940 780
6b E 22,470 1,250
16 E 26,250 880
18 E 29,340 540

HPV 16

16

6b
11
18

E
C l
C2
E
E
E

24,870
25,210
26,010
23,180
27,940
30,010

2,950
780
940
650
770
680

42

18 E 29,890 3,910 53
C l 27,990 960

HPV 18 C2 28,170 580
6b E 21,220 690
11 E 29,320 780
16 E 26,870 910

T A B L E  11

T w o -s te p  s a n d w ic h  a s s a y s ,  u s in g  ra d io la b e l le d  
o l ig o n u c le o t id e  p ro b e s ,  fo r  d is c r im in a t in g  betw een  H P V  
ty p e s  6b, 11, 16 and 18.

Two-step sandwich assays were performed using 100 fmole of immobilized DNA, 50  
fmole of labelled probe, and 10 fmole of target DNA. The immobilized DNA fragments 
(all generated by the enzyme EsIO used for the four HPV types were as follows: HPV 
6b, 1,081 bp; HPV 11, 435 bp; HPV 16, 483 bp; HPV 18, 441 bp. The 
oligonucleotides used as probes for the four HPV types (all kinase end-labelled with 
3 2 P to an activity of approximately 5 x 102 dpm/fmole) were a s  follows: HPV 6b, 
PR6b-1; HPV 11, PR11-1; HPV 16, PR16-1; HPV 18, PR18-1. Experimental 
assays (E) were performed by hybridizing 10 fmole of target DNA derived from the 
virus type indicated in the first column with immobilized and labelled probes derived 
from the source indicated in the second column. The controls included were as  
follows: C1 , 1 0  fmole of Pst I digested target DNA from the indicated source was 
hybridized with probes derived from the sam e virus type; C2, 10 fmole of intact 
target DNA from the indicated source was hybridized with a labelled probe derived 
from the sam e virus type, in the presence of immobilized calf thymus DNA.

Each result is the average of three determinations; the final percentage hybridization 
value is calculated after subtraction of the average of the controls (C1 and C2). More 
details regarding the source of immobilized probes are given in figures 14 to 17. 
Details on the sequence and origin of the oligonucleotide probes are given in figures 
42 and 43. The results are discussed fully in the text.
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11, 16 and 18 re sp e c t iv e ly . Each r e s u lt  i s  ad ju ste d  to  take  in to  

account n o n -sp e c if ic  b in d in g  o f  th e  probe to  the  s o l id  su p po rt. The 

r e s u lt s  c le a r ly  shew th a t  i t  i s  p o s s ib le  to  d isc r im in a te  between the  

v ir u s  typ e s u s in g  o lig o n u c le o t id e  p robes; t h is  i s  n o t unexpected, s in c e  

even i f  the  h y b r id iz a t io n  between th e  o lig o n u c le o t id e  and the  ta r g e t  

DNA were n o t ad equate ly  ty p e -sp e c if ic ,  h y b r id iz a t io n  between the  

iim io b iliz e d  and ta r g e t  DNAs sh o u ld  r e s u lt  in  the  d e sire d  s p e c if ic it y ;  

in  o th e r w ords, h y b r id s  formed between an o lig o n u c le o t id e  and ta r g e t  

DNA. w i l l  n o t be captured  by  the  s o l id  support u n le ss  the  ta rg e t  DNA i s  

from  th e  same HFV source a s the  im m obilized  captu re  probe. The a c tu a l 

h y b r id iz a t io n  e f f ic ie n c ie s  ( in  th e  range 42%-53%) a re  h ig h  in  compar

iso n  w ith  e f f ic ie n c ie s  observed w ith  probes la b e lle d  b y  random p rim in g  

( t y p ic a lly  in  th e  range 25%-35%). In  th e  form er case , th e  la b e lle d  

probe was in  10- f o ld  excess ove r the  ta rg e t ; an in c re a se  in  t h is  exce ss 

was no t found to  in c re a se  the  h y b r id iz a t io n  e ff ic ie n c y ,  b u t ra th e r  

in cre a se d  the n o n -sp e c ific  b in d in g  background s ig n a l (d a ta  no t shew n). 

In  the  la t t e r  case , optimum e f f ic ie n c ie s  were a tta in e d  u s in g  the  probe  

in  a  5 0 -fo ld  excess over ta rg e t  (se e  se c t io n  4 .6 .1 ). The lew er h y b r id 

iz a t io n  e f f ic ie n c ie s  observed fo r  p robes la b e lle d  by  random p rim in g  may 

be due to  re -a n n e a lin g  o f  probe s tra n d s  in  so lu t io n ;  the  e ffe c t iv e  

w ithdraw al o f  a p ro p o rtio n  o f  th e  probe from  the h y b r id iz a t io n  e q u il

ib riu m  may r e s u lt  in  a la b e lle d  p ro b e :ta rge t r a t io  c o n s id e ra b ly  le s s  

than  50:1. O lig o n u c le o tid e s  are  fre e  to  anneal o n ly  to  ta r g e t  s tra n d s, 

and s in c e  the  la b e lle d  p ro b e :ta rge t r a t io  i s  10 : 1 , the  probe concen

t r a t io n  sh ou ld  rem ain r e la t iv e ly  co n sta n t th roughout the  a ssa y .

4 .6 .3  T im e -c o u rse  O f T V ro-step  H y b r id iz a t io n .
The r e s u lt s  o f  experim ents de sign ed  to  determ ine the  tim e -co u rse  

o f  tw o -step  a ssa y s  u s in g  random prim ed r e s t r ic t io n  fragm ents and
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o lig o n u c le o t id e s  a s  p robes are  shown in  f ig u re s  40 and 41 re sp e c t iv e ly .  

In  th e  form er case , an im m obilized p ro b e :la b e lle d  p ro b e :ta rge t r a t io  o f  

1,000:50:1  re su lte d  a  h y b r id iz a t io n  e f f ic ie n c y  a f t e r  24 h ou rs o f  around  

25%. The e ff ic ie n c y  a f t e r  ju s t  16 h ou rs was 24%, in d ic a t in g  th a t  the  

h y b r id iz a t io n  was e s s e n t ia lly  com plete a f t e r  t h is  tim e. I f  the  same 

amount o f  ta rg e t  DNA were im u o b ilize d  on to  a membrane, and sub sequently  

h y b r id iz e d  w ith  5 fm ole o f  s in g le -s tra n d e d  la b e lle d  probe, the  

th e o re t ic a l ^ / 2  t *ie re a c ti-on (a cco rd in g  to  the e q u ation  shown in  

se c t io n  4 .5 .3 ) w ould be around 15 m inutes, and h y b r id iz a t io n  w ould be 

99% com plete a f t e r  105 m inutes. T h is  in d ic a te s  th a t  the  k in e t ic s  o f  the  

sandw ich h y b r id iz a t io n  re a c tio n  a re  co n sid e ra b ly  slow er than  th ose  o f  

'id e a l ' m ixed phase re a c tio n s  in  w hich th e  ta rg e t  m o lecu les are  

iim o b iliz e d ; t h is  corresponds w e ll w ith  d a ta  p resented  b y  Rariki e t  a l . 

in  1983.

The r e s u lt s  o b ta in e d  fo r  the  tim e -co u rse  o f  the  tw o -ste p  

h y b r id iz a t io n  u s in g  o lig o n u c le o t id e  probes in d ic a te  th a t  the  re a c tio n  

i s  e s s e n t ia lly  com plete a f t e r  8 h ou rs, and the h y b r id iz a t io n  e ff ic ie n c y  

a f t e r  t h is  tim e i s  around 68%. I f  the  same amount o f  ta rg e t  DNA were 

in m o b ilize d  on a membrane, and h y b r id iz e d  w ith  50 fm ole o f  e n d -la b e lle d  

30-mer o lig o n u c le o tid e  probe, the th e o re t ic a l t ^ ^  ° f  the  re a c tio n  

w ould be 6 m inutes, and the  re a c tio n  w ould be 99% com plete a fte r  

approx im ate ly  42 m inutes. As in  the  ca se  o f  the lo n ge r probe, the  

k in e t ic s  o f  the  tw o -ste p  sandw ich a s sa y  w ith  an o lig o n u c le o t id e  probe  

are  c o n sid e ra b ly  slow er than  th ose  o f  'id e a l ' m ixed phase re a c tio n s  in  

w hich the  ta rg e t  i s  iirm ob ilize d .

4 .6 .4  T frro -step  A ssa y s  W ith  Human S a m p le s .
A s d isc u sse d  in  se c t io n s  4 .6 .2  and 4 .6 .3 , the  low er l im it s  o f  

s e n s it iv it y  o f  sandw ich a ssa y s  u s in g  la b e lle d  r e s t r ic t io n  fragm ents and



249

T im e  (hours).

FIGURE 4 0

T im e - c o u r s e  of tw o -step  h y b r id iz a t io n  o f  r e s t r ic t io n  
f ra g m e n ts  to d ia z o t iz e d  D N A - S e p h a c r y l  S -1000.

Immobilized DNA used was HPV 18 555 bp Pst1 fragment (A). 100 
fmole of A immobilized on Sephacryl S-1000 was hybridized at 
65°C, in 50 pi of buffer, with 5 fmole of probe (HPV 18 441 bp 
Pst1 fragment, labelled by random priming with 32p to an 
activity of 1.3 x 10^ dpm/fmole), together with either: 100
amole of linear HPV 18 (7857 bp) [ ■  ], or 100 amole of linear HPV 
16 (7904 bp) [ □  ]. Hybridizations were allowed to procede for the 
times indicated. The number of counts recorded is after 
subtraction of a control background figure (obtained from an 
identical assay performed with the omission of target).
Each point represents the average of three determinations.
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FIGURE 4 1

T im e - c o u rs e  o f  tw o -step  h y b r id iza t io n  u s in g  an  
o l ig o n u c le o t id e  p ro b e .

Immobilized DNA used was HPV 16 483 bp Pstl fragment (A). 100 
fmole of A immobilized on Sephacryl S-1000 was hybridized at 
65°C, in 50 pi of buffer, with 50 fmole of probe (30-mer 
oligonucleotide PR16-1, kinase end-labelled with 32p to an 
activity of 4.8 x 102 dpm/fmole), together with either: 10 fmole
of linear HPV 16 (7904 bp) [ ■  ], or 10 fmole of linear HPV 18 
(7857 bp) [ □  ]. Hybridization was allowed to proceed for the time 
indicated.
Each point represents the average of three determinations.
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o lig o n u c le o t id e s  a s  p robes a re  around 25-50 amole and 5-10 finole  

r e sp e c t iv e ly .

A s d isc u sse d  in  ch ap te r 2, th e re  i s  evidence to  su gg e st th a t  

in te g ra t io n  o f  HPV n u c le ic  a c id  in to  th e  h o s t  c e l l  chromosome may 

in i t ia t e  the  n e o p la s t ic  p ro ce ss (G issm ann & Schwarz, 1986). S tu d ie s  

have dem onstrated th a t  th e  number o f  co p ie s o f  the v i r a l  genome p e r  

c e l l  may be much low er when th e  DNA i s  in te g ra te d , ra th e r than  ep iscm al 

(Choo e t  a l ., 1987). Hence, any a ssa y  de sign ed  to  d e te c t HPV in fe c t io n  

m ust be capab le  o f  id e n t ify in g  p o s it iv e  sam ples, re g a rd le ss  o f  the  

in te g r a t io n a l s ta tu s  and abundance o f  the  v i r a l  genome. C on ve n tion a l 

b lo t t in g  te ch n iq u e s- Southern  o r  s lo t -b lo t t in g ,  fo r  example -a re  

capab le  o f  d e te c tin g  a s l i t t l e  a s 0 .5 -1  amole o f  ta rg e t  DNA. The 

s e n s it iv it y  o f  the  tw o -ste p  sandw ich a ssa y  w ith  an o lig o n u c le o t id e  

probe (around 5-10 fm ole) makes the  techn ique  u n su ita b le  fo r  use w ith  

c l in ic a l  sam ples in  t h is  form . U sin g  a  la b e lle d  r e s t r ic t io n  fragm ent a s  

th e  probe, the  s e n s it iv it y  can be im proved so  th a t  around 25 amole o f  

ta rg e t  DNA may be de tected  r e lia b ly .  N e ve rth e le ss, i t  was con sid e red  

th a t  attem pts shou ld  be made to  in c re a se  th e  s e n s it iv it y  o f  th e  a ssa y  

be fo re  im portan t sam ples were stu d ie d . Se v e ra l o p tio n s  fo r  a c h ie v in g  

t h is  were considered : ( i )  an in c re a se  in  th e  s iz e  o f  the  probe shou ld  

r e s u lt  in  a h ig h e r  a c t iv it y  (d p n /fm o le ); attem pts a t  u s in g  lo n ge r  

r e s t r ic t io n  fragm ents a s p robes re su lte d  in  sign a l:b a ck gro u n d  r a t io s  

s im ila r  to  th o se  ob ta in e d  w ith  sh o rte r  p robes. In  e ffe c t,  the  s ig n a l  

fo r  a  g iv e n  amount o f  ta r g e t  ENA in cre a se d , b u t the concom itant 

in c re a se  in  background re su lte d  in  a  lcw er s e n s it iv i t y  l im it  o f  around  

25 amole o f  ta rg e t  ENA. T h is  e ffe c t  was a ls o  observed when a  m ixture  o f  

se v e ra l r e s t r ic t io n  fragm ents, ra th e r than  a  s in g le  fragm ent, were used  

a s the  probe (data  n o t shewn) 7 ( i i )  the  s e n s it iv it y  o f  the  tw o -ste p  

a ssa y  i s  lim ite d  by  the  background s ig n a l;  attem pts to  in c re a se  the
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s ig n a l/n o is e  (S /N ) r a t io  ( fo r  exam ple, by  in c re a s in g  the  p re -h y b r id iz a 

t io n  tim e, o r  in c re a s in g  the co n ce n tra tio n  o f  salm on sperm ENA in  th e  

h y b r id iz a t io n  b u ffe r ) were u n su cce ssfu l (d a ta  no t shewn); ( i i i )  s in g le -  

stranded  ENA probes produced from  the  M l 3 phage v e c to r were not 

stu d ie d  because o f  re p o rts  th a t  M13 p robes r e s u lt  in  h ig h  n o n -sp e c if ic  

background le v e ls  when used in  h y b r id iz a t io n s  in v o lv in g  Se p h acry l beads 

as the  s o l id  su p po rt (Langdale  & M alcolm , 1985); ( iv )  s in g le -s tra n d e d  

RNA probes produced from  pGEM v e c to rs  c o n ta in in g  prom oters fo r  bo th  T7 

and SP6 RNA polym erases were not used, because the  aim  o f  t h is  stu d y  

was to  produce an a ssa y  w hich co u ld  be used on r e la t iv e ly  crude  

sam ples; th e  presence  o f  RNAses in  such  sam ples co u ld  le ad  to  d i f f i c u l 

t ie s  in  in te rp re t in g  n e ga tive  r e s u lt s ,  in  th e  case  o f  an RNA probe. The 

m ost obv iou s means o f  d ra m a tic a lly  in c re a s in g  the s e n s it iv it y  o f  the  

t e s t  was to  in co rp o ra te  a polym erase ch a in  re a c tio n  (PCR)-m ediated  

a m p lif ic a t io n  o f  th e  number o f  ta rg e t  sequences, p r io r  to  sam ple a ssa y  

b y  sandw ich h y b r id iz a t io n ; the  advantages o f  PCR, to ge th e r w ith  d e t a ils  

on the  developm ent o f  a  system  fo r  a m p lif ic a t io n  o f  s p e c if ic  re g io n s  o f  

the  genomes o f  HPV type s 6b, 11, 16 and 18, are  g iv e n  in  the  fo llo w in g  

s e c t io n .

4 .6 .5  Sum nary O f T W o-step  H y b r id iz a t io n  D a ta .
The r e s u lt s  ob ta in e d  from  s tu d ie s  on tw o -step  h y b r id iz a t io n  can  

be summarized a s  fo llo w s :

(a) U s in g  p la sm id -d e riv e d  HPV ENA in  a model system , the s e n s it iv i t y  o f  

th e  tw o -step  a ssa y  (u s in g  r e s t r ic t io n  fragm ents la b e lle d  b y  random  

p rim in g  a s the  probe) was around 25-50 am ole. The s e n s it iv i t y  u s in g  

an o lig o n u c le o t id e  probe was around 5-10 fm ole.

(b) HPV type s 6b, 11, 16 and 18 were r e a d ily  d is t in g u ish e d , u s in g  both  

type s o f  probe.
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(c) In  th e  case  o f  r e s t r ic t io n  fragm ent probes, p re -h y b r id iz a t io n  was 

perform ed fo r  2 h ou rs, a t  65°C, in  a  b u ffe r  c o n s is t in g  o f  40 itM  

P IP E S, pH 6.5, 0 .6  M N aC l, 1 mM EDTA, 0.1% w /v SDS, 250 ug/m l 

denatured, so n ica te d  salm on sperm DNA. H y b r id iz a t io n  was perform ed  

in  the  same c o n d it io n s , fo r  a  minimum o f  16 h ou rs, w ith  a 5 0 -fo ld  

m olar exce ss o f  probe over ta rg e t .  P o s t-h y b r id iz a t io n  w ash ing

was perform ed a t  th e  same tem perature, fo r  3 x 10 m inutes, in  

h y b r id iz a t io n  b u ffe r  (m inus salm on sperm DNA).

(d) In  th e  case  o f  o lig o n u c le o t id e  probes, p re -h y b r id iz a t io n  was 

perform ed fo r  2 h ou rs, a t  65°C, in  6 x SSC, 0.1% w /v SDS, 250 ug/m l 

denatured, so n ica te d  salm on sperm DNA.. H y b r id iz a t io n  was perform ed  

in  th e  same c o n d itio n s, fo r  a minimum o f  4 h ou rs, w ith  a  1 0 -fo ld  

m olar exce ss o f  probe ove r ta rg e t .  P o s t-h y b r id iz a t io n  w ash ing was 

perform ed a t  the  same te irperature , fo r  3 x 10 m inutes, in  h y b r id iz -  

- t io n  b u ffe r  (m inus salm on sperm DNA).

(e) H y b r id iz a t io n  tim e -co u rse s shewed th a t, u s in g  r e s t r ic t io n  fragm ent 

probes, the  re a c tio n  i s  e s s e n t ia lly  com plete a f te r  16 h o u rs; the  

e q u iv a le n t f ig u re  in  the  case  o f  o lig o n u c le o t id e  p robes i s  4 h ou rs.

4 .7  P o ly m e ra se  C h a in  R e a c tio n  (PCR) P a r  A n p l i f i c a t io n  O f S p e c i f ic
Sub-genom ic HPV R e g io n s.

In  an attem pt to  in c re a se  the  s e n s it iv it y  o f  the  tw o -ste p  sand

w ich  h y b r id iz a t io n  a ssa y , i t  was decided to  use  the  polym erase ch a in  

re a c tio n  (PCR) to  a m p lify  the  number o f  ta rg e t  sequences, p r io r  to  

a ssa y . The f i r s t  reported  use  o f  PCR was fo r  the  a m p lif ic a t io n  o f  a  110 

bp re g io n  o f  the  human b e ta -g lo b in  gene ( S a ik i e t  a l . , 1985 a ) ;  the  

techn ique  h as s in c e  been a p p lie d  in  many o th e r b io ch e m ica l s tu d ie s  

( review ed in  se c t io n  1 .7 ).

There are  se v e ra l advantages in h e re n t in  the  use  o f  the  PCR
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techn ique  to  in c re a se  th e  s e n s it iv i t y  o f  the  sandw ich a ssa y : ( i )  the  

model tw o -ste p  a ssa y  was developed u s in g  lin e a r  p la sm id -d e rive d  HPV 

fragm ents a s  the  ta r g e t  DNA; HPV genomes in  in fe c te d  c e l l s  e x is t  e ith e r  

extrachrom asom ally, a s  c o v a le n tly  c lo se d , c ir c u la r  episom es, o r  

in te g ra te d  w ith in  a  h o s t  c e l l  chromosome. The e ff ic ie n c y  w ith  w hich  

the  HPV DNA w ould p arta ke  in  h y b r id iz a t io n  i s  unknown; i t  i s  p o s s ib le  

th a t  the  denatured stra n d s  o f  the  ep isom al form  would r a p id ly  re -an n e a l 

in  so lu t io n , ra th e r than  h y b r id iz e  to  th e  in m o b ilize d  and la b e lle d  

probes. HPV sequences in te g ra te d  w ith in  c e l lu la r  genes may a ls o  

h y b r id iz e  in e f f ic ie n t ly ;  i t  h a s been reported  th a t  the  h y b r id iz a t io n  

e ff ic ie n c y  o f  la rg e  in ta c t  b a c te r ia l gencmes i s  o n ly  50% o f  th a t  o f  

sm a lle r  v i r a l  genomes (P a lv a , 1983). An in te g ra te d  HPV genome w ould  

be flan k e d  b y  chromosomal sequences, and the  s iz e  o f  the  m olecu le may 

r e s u lt  in  extrem ely lew  h y b r id iz a t io n  e f f ic ie n c ie s .  A lthough  bo th  o f  

these  problem s co u ld  be surm ounted i f  the  sam ple n u c le ic  a c id  were 

su b jected  to  m echanical sh e a rin g  p r io r  to  a ssa y , the  exten t o f  f r a g 

m entation  can be d i f f i c u l t  to  c o n tro l.  PCR a m p lif ic a t io n  r e s u lt s  in  an 

accum ulation  o f  a  lin e a r ,  do u b le -stran d e d  DNA fragm ent o f  p re -d e te r-  

mined s iz e  and com position ; such a fragm ent w ould be more l ik e ly  to  

h y b r id iz e  e f f ic ie n t ly  w ith  iirm ob ilize d  and la b e lle d  probes than  

ep isom al o r  in te g ra te d  DNA; ( i i )  s in c e  th e  f u l l  n u c le o tid e  sequence o f  

HPV type s 6b, 11, 16 and 18 i s  knewn, i t  w ould be p o s s ib le  to  choose  

prim ers so  th a t  the  s iz e  o f  the  a m p lifie d  fragm ent v a r ie s  depending on 

w hich HPV type  i s  p re se n t. T h is  w ould p ro v id e  an e x c e lle n t means o f  

ch eck ing sandw ich a ssa y  r e s u lt s  d u rin g  the  developm ent o f  the  

procedure; ( i i i )  the  p rim ers co u ld  be chosen so  th a t  th e  a m p lifie d  

sequence i s  com plem entary to  the  r e s t r ic t io n  fragm ents a lre a d y  chosen  

a s iim io b iliz e d  and la b e lle d  probes in  the  sandw ich a ssa y . T h is  w ould  

r e s u lt  in  the  a m p lifie d  sequence c o n ta in in g  a  re c o g n it io n  s i t e  fo r
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P s t I;  ( iv )  PCR a n a ly s is  w ould a llc w  a  s in g le  sam ple to  be screened fo r  

many d if fe r e n t  in fe c t io u s  o rgan ism s. The t y p ic a l y ie ld  o f  DNA from  a  

s in g le  c e r v ic a l scrap e  i s  around 5-10 ug; t h is  i s  s u f f ic ie n t  fo r  a  

s in g le  Southern  b lo t ,  o r  sandw ich a ssa y .

The m ain d isad van tage  o f  u s in g  PCR a m p lif ic a t io n  i s  th a t  i t  

w ould be extrem ely d i f f i c u l t  to  a c c u ra te ly  q u a n tita te  th e  amount o f  

HPV DNA i n i t i a l l y  p re se n t in  a  sam ple. However, s in c e  i t  h a s been 

shown th a t  th e re  i s  no a s s o c ia t io n  between v i r a l  copy number and p ro g

re s s io n  to  m alignancy (W ickenden e t  a l ., 1987 b ) , i t  i s  more im portan t 

to  d e te c t the  presence o f  HPV in fe c t io n  than  i t  i s  to  a c c u ra te ly  

q u a n tita te  the  le v e ls  o f  HPV DNA.

4 .7 .1  C h o ic e  O f O lig o n u c le o tid e  P r im e r  S e q u e n c e s .
The o lig o n u c le o tid e  sequences chosen to  se rve  a s  PCR p rim ers, 

to ge th e r w ith  th e ir  o r ig in s  on th e  HPV genome, are  shewn in  f ig u r e s  42 

and 43. A l l  p rim ers were 20 n u c le o tid e s in  le n gth , w ith  th e  exception  

o f  p rim er PCR16-A (23 n u c le o t id e s ). The purpose o f  the  e x tra  th ree  

re s id u e s in  th e  case  o f  PCR16-A was to  in c re a se  the  s t a b i l i t y  o f  the  

h y b r id  formed between t h is  p rim er and a  complementary sequence (th e  

o lig o n u c le o t id e  h as a  lew  G/C con ten t [2 2% ]). The s iz e  o f  the  a m p lif ic a 

t io n  p rod u cts fo r  HPV type s 6b, 11, 16 and 18 are  239 bp, 199 bp, 159 

bp and 119 bp re sp e c t iv e ly . An a lte rn a t iv e  p a ir  o f  p rim ers, s u ita b le  

fo r  a n p lif ic a t io n  o f  a  206 bp re g io n  o f  HPV 6b o r HPV 11, were a ls o  

syn th e size d . Each a m p lifie d  sequence c o n ta in s  a P s t I  s it e ,  a s  shewn 

in  f ig u re  43.

4 .7 .2  O p tim iz a tio n  O f A n p l i f i c a t io n  C o n d it io n s .
In  o rde r to  op tim ize  th e  e f f ic ie n c y  o f  the  PCR re a c tio n , a  

number o f  re a c tio n  param eters were v a r ie d , in c lu d in g  enzyme sou rce ,
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POLYMERASE C H A IN  REACT IO N  (P C R ) P R IM E R S.

PG03
PC04

5 '-ACA CAA CTG TGT TCA CTA GC-3 ' 
5 ' -CAA CTT CAT CCA CGT TCA C C -3 '

PCR18-A 5 '-TGA GGT ACC ATT GGA TAT IT -3 '
PCR18-B 5 ' -TAG CAA AAA GCT GCT CAC G C -3 '

PCR16-A 5 '-TAT TAA TAA TAC TGT TAC TAC TG -3 '
PCR16-B 5 ' -GTA TCC ATA GGA ATT TCT T C -3 '

P C R 6 b /ll-A
PCR11-B

5 ' —TTT GGT GCT ATG AAT TTT G C -3 ' 
5 1 -CAG GTT CCC CCA CAG TAC CG -3 '

PCR6b-A
PCR6b-B

5 ' -CCG ACG TGG CCT TGT GCG G T-3 ' 
5 ’-CTG ATA TAT TTG TAA CAG GG-3 '

P C R 6 b /ll-B 5 ' -TCA GGC ACA GGT TCC CCC A C -3 '

H Y B R ID IZ A T IO N  PRO BES.

PR 6b-l 

PR6b-2 

PR11-1 

PR16-1 

PR18-1 

PRGLOBIN—1

5 ' -ATT IT T  ATG 

5 '-C A T  GTA AAT 

5 ' -TCT GCA AAT 

5 ' -CTG ACC CAT 

5 '-TTT GTA AAT 

5 ' -CTC AAA CAG

ATA TTT CAC CTA TTG CAC AGG-3' 

ATC CAG ATT ATT TAC AAA TGG-3' 

ATC C IG  ATT ATT TGC AAA TGG-3' 

CTG TAT TGC AGC CTC CAA CAC-3' 

ATC CTG ATT ATT TAC AAA TGT-3 ' 

ACA CCA TTG TGC ACC TGA C Y C -3  *

FIG U R E  42

S E Q U E N C E S  O F  T H E  O L IG O D E O X Y R IB O N U C L E O T ID E S  U S E D  IN THIS  
S T U D Y .

PCR primer pairs were designed to amplify a region of the following: 
PC03+PC04, human B-globin gene; PCR18-A+PCR18-B = HPV 18; 
PCR16-A+PCR16-B = HPV 16; PCR6b/11-A+PCR11-B = HPV 11; PCR6b- 
A+PCR6b-B = HPV6b; PCR6b/11-A+PCR6b/11-B = HPV 6b or HPV 11. 
Hybridization probes were designed for the detection of the following 
genomes: PR6b-1, PR6b-2 = HPV 6b; PR11-1 = HPV 11; PR16-1 = HPV 
16; PR18-1 = HPV 18; PRGLOBIN-1 = human 6-globin gene.
More details on the origin of each oligonucleotide are given in figure 
43. The temperature at which 50% of hybridized oligonucleotides 
dissociate (Tm) was calculated according to the equation:

Tm (OC) = 4(G+C) + 2(A+T).
This was intended to give an approximate indication of the Tm, and is 
probably not accurate in the case of the oligonucleotide probes. N/A = 
not applicable.
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POLYMERASE CHAIN REACTION (PCR) PRIMERS.

Name Tm lo c a t io n T arge t ORF A m p lifie d
Region

P s t I
S it e

S iz e  O f 
Product

PC03 58 -40 to  -21 BETA-
GLOBIN N/A -40  to  +70 N/A 110 bp

P004 60 51 to  70 GENE

PCR18-A 54 6266-6285
HPV 18 L I 6266-6384 6325 119 fcp

PCR18-B 60 6365-6384

PCR16-A 56 4675-4697
HPV 16 L2 4675-4833 4755 159 fcp

PCR16-B 54 4814-4833

P C R 6 b /ll-A 54 6374-6393
HPV 11 L I 6374-6572 6474 199 fcp

PCR11-B 66 6553-6572

PCR6b-A 68 5289-5308
HPV 6b L2 5289-5527 5408 239 fcp

PCR6b-B 54 5508-5527

P C R 6 b /ll-A 54 6389-6408
HPV 6b L I 6389-6594 6489 206 bp

P C R 6 b /ll-B 66 6575-6594

P C R 6 b /ll-A 54 6374-6393
HPV 11 L I 6374-6579 6474 206 bp

P C R 6 b /ll-B 66 6560-6579

HYBRIDIZATION PROBES.

Name Tm L o ca tio n T arge t ORF A d jacen t Fragment.

P R 6b-l 78 5378-5407 HPV 6b L2 1081 bp  P s t I

PR6b-2 76 6459-6488 HPV 6b L I 686 bp P stl-B am H I

P R ll-1 80 6444-6473 HPV 11 L I 435 bp  P s t I

PR16-1 92 4725-4754 HPV 16 L2 483 bp P s t I

PR18-1 72 6295-6324 HPV 18 L I 441 bp P s t I

PRGLOBIN-1 90 -17 to  13 GLOBIN N/A 201 bp Dde l

F IG U R E  43

ORIGINS O F  T H E  O L IG O D E O X Y R IB O N U C L E O T ID E S  U S E D  IN 

THIS S T U D Y .
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re a c tio n  b u ffe r , pH and magnesium io n  co n ce n tra tio n .

Two com m ercial p re p a ra tio n s o f  Thermus aq u a ticu s ENA polym erase  

were te ste d ; one was su p p lie d  b y  P e rk in  Elm er Cetus (P E C ), and the  

o th e r was purchased from  A n g lia n  B io te c  L im ite d  (A B ). The r e s u lt s  o f  an 

a ssa y  de sign ed  to  t e s t  th e se  two enzymes w ith  two d if fe r e n t  b u ffe r s  are  

shown in  f ig u re  44. B u ffe r  I  (10 mM T r is -H C l,  pH 8 .4 , 50 mM KO I, 2.5 mM 

M gCl^, 200 uM each o f  dATP, dCTP, dGTP and dTTP, 1 uM o f  each o lig o 

n u c le o tid e  prim er, 100 ug/m l g e la t in ,  1 u n it/2 5  u l DNA polym erase) was 

recommended b y  the m anufacturer fo r  use  w ith  the PEC enzyme, and B u ffe r  

I I  (67 mM T r is -H C l,  pH 8 .8 , 16.6 mM ammonium su lp h a te , 6 .7  mM M gC ^ / 10 

mM 2-m ercaptoethanol, 6.7 mM EDTA, 33 uM each o f  dATP, dCTP, dGTP and 

dTTP, 170 ug/m l BSA, 1 uM o f  each o lig o n u c le o t id e  p rim er, 1 u n it/2 5  u l 

DMA polym erase) was recommended fo r  use  w ith  the AB enzyme. The r e s u lt s  

c le a r ly  shew th a t  th e  a m p lif ic a t io n  e f f ic ie n c y  w ith  the  AB enzyme i s  

co n sid e ra b ly  lew er than  th a t  w ith  the PEC enzyme; in  fa c t ,  th ere  i s  no 

evidence on the g e l th a t  any a m p lif ic a t io n  h as re su lte d  from  the AB 

enzyme in  e ith e r  b u ffe r .  The PEC enzyme i s  a c t iv e  in  bo th  b u ffe r s ,  bu t 

the  a m p lif ic a t io n  e f f ic ie n c y  i s  g re a te s t  in  b u ffe r  I .  Consequently, the  

PEC enzyme was used w ith  b u ffe r  I  fo r  a l l  subsequent s tu d ie s . V a r ia t io n  

o f  the  magnesium io n  co n ce n tra tio n  in  th e  range 0.25-25 mM had no 

e ffe c t  on a m p lif ic a t io n  e ff ic ie n c y ,  ju d g in g  by the in te n s it y  o f  the  

bands on an agaro se  g e l (data  no t show n). The tenperatu re  c y c le  found  

to  be m ost e ffe c t iv e  was a s fo llo w s : sam ple ENA was denatured by  

h e a tin g  to  95°C fo r  7 m inutes, and the  o lig o n u c le o tid e  p rim e rs were 

a llow ed  to  anneal to  th e ir  ta rg e t  sequences by c o o lin g  to  55°C, 

fo llo w e d  by  in cu b a tio n  a t  t h is  tem perature fo r  a fu r th e r  2 m inutes. 

Polym erase-m ediated e lo n ga tio n  o f  the  annealed p rim ers was ach ieved  by  

h e a tin g  the sam ple to  70°C, and m a in ta in in g  t h is  te n pe ratu re  fo r  a  

fu rth e r  4 m inutes. For subsequent c y c le s , de n atu ration , p rim er



259

15 16 17 18 19 20 21 22 23 24 25 26 27  28

FIGURE 4 4

Comparison of PCR amplification of a 119 bp HPV 18 region with two 
commercial preparations of T herm us aq u aticu s  DNA polym erase.

I ng of linear HPV 18 DNA was subjected to 30 cycles of PCR amplification with 
primers PCR18-A and PCR18-B, as described in section 3.5.17. Two commercial 
preparations of Thermus aquaticus polymerase were tested, supplied by Perkin 
Elmer Cetus (PEC) and Anglian Biotec Limited (AB). Two different buffers were also 
tested: Buffer I, 10 mM Tris-HCI pH 8.4, 50 mM KCI, 2.5 mM MgCl2, 200 pM 
each of dATP, dCTP, dGTP and dTTP, 1 pM of each oligonucleotide primer, 100 jig/ml 
gelatin, 1 unit/25 pi DNA polymerase; Buffer II, 67 mM Tris-HCI pH 8.8, 16.6 
mM ammonium sulphate, 6.7 mM MgCl2, 10 mM 2-mercaptoethanol, 6.7 mM EDTA, 
33 pM each of dATP, dCTP, dGTP and dTTP, 170 pg/ml BSA, 1 pM of each 
oligonucleotide primer, 1 unit/25 pi DNA polymerase. Both PEC and AB 
polymerases were tested with both buffers, I and II. 5 pi aliquots were removed 
from each of the four samples (100 pi total), after 5, 10, 15, 20, 25 and 30 
rounds of amplification, and subjected to electrophoresis through a 3% NuSieve GTG 
agarose/1% normal agarose gel (section 3.4.4.1). The gel was loaded as follows: 
Lanes 2-7, PEC/Buffer I (5, 10, 15, 20, 25, 30 cycles respectively). Lanes 8- 
13, PEC/Buffer II (5, 10, 15, 20, 25, 30 cycles respectively). Lanes 16-21, 
AB/Buffer I (5, 10, 15, 20, 25, 30 cycles respectively). Lanes 22-27, AB/Buffer
II (5, 10, 15, 20, 25, 30 cycles respectively). Lanes 1, 14, 15 and 28 each 
contain 0.5 pg of 0X174-Haelll markers (fragment sizes 1,353, 1,078, 872, 605, 
310, 281, 271, 234, 194, 118 and 72 bp).

The results are discussed fully in the text.
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an n e a lin g  and e lo n ga tio n  were perform ed a t  th e  tem peratures in d ic a te d  

above, fo r  1, 0.5 and 4 m inutes re sp e c t iv e ly .

4 .7 .3  E f f e c t  O f T a r g e t  ENA. C o n fo rm a tio n  (L in e a r  O r C i r c u la r )  On
A m p lif ic a t io n  E f f i c ie n c y .
A s d isc u sse d  above, p a p illo m a v iru s  genomes p e r s is t  in  in fe c te d  

c e l ls  in  two form s; th ey  may be f r e e -r e p lic a t in g  c o v a le n tly  c lo se d , 

c ir c u la r ,  extrachrom osom al episom es, o r  th e y  may be in te g ra te d  w ith in  

a  h o s t  c e l l  chromosome. Be fore  the  PCR techn ique  was used to  a m p lify  

the number o f  ta rg e t  sequences p r io r  to  sandw ich a ssay , the  e f f ic ie n c y  

o f  a m p lif ic a t io n  u s in g  c o v a le n tly  c lo se d , c ir c u la r  ENA a s tem plate  was 

in v e s t ig a te d . I f  the a m p lif ic a t io n  e f f ic ie n c y  were to  be lew  (o r zero) 

w ith  such a  tem plate (p o s s ib ly  due to  ra p id  re -a n n e a lin g  o f  the  two 

stra n d s because o f  the  c lo se  a s s o c ia t io n  caused by  s u p e r c o ilin g ) , there  

w ould be a  r i s k  th a t  c l in ic a l  sam ples h arb o u rin g  HPV DNA in  ep isom al 

form  w ould be in c o r re c t ly  d iagn osed . The r e s u lt s  o f  the  stu d y  are  shewn 

in  f ig u re  45. 1 ng o f  lin e a r  HPV 18 DNA and 1 ng o f  c o v a le n tly  c lo se d , 

c ir c u la r  pBR322-HPV 18 p la sm id  were se p a ra te ly  su b jected  to  30 rounds 

o f  a m p lif ic a t io n ,  w ith  p rim ers PCR18-A and PCR18-B. The a m p lif ic a t io n  

e ff ic ie n c y  was examined q u a lit a t iv e ly  by agaro se  g e l e le c tro p h o re s is ,  

as d e sc rib e d  in  the legend to  f ig u re  45. The r e s u lt s  dem onstrate th a t  

the a m p lif ic a t io n  p rodu ct i s  the  c o rre c t s iz e  (119 b p ), and c o n ta in s  a 

P s t I s i t e  in  the  c o rre c t p o s it io n  (p rodu cin g two fragm ents o f  equal 

s iz e ) . In  a d d itio n , th ere  i s  l i t t l e  d iffe re n c e  between the  e xte n t o f  

a m p lif ic a t io n  ach ieved w ith  lin e a r  and c o v a le n tly  c lo se d , c ir c u la r  

te m p la te s.

The a m p lif ic a t io n  e f f ic ie n c y  u s in g  in te g ra te d  DNA a s  t a r g e t  was 

n o t exam ined; s in c e  i t  i s  p o s s ib le  to  e f f ic ie n t ly  a m p lify  s p e c if ic  

re g io n s  o f  genes con ta in e d  w ith in  a chromosome (fo r  example, the  b e ta -
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FIGURE 4 5

Comparison of the extent of PCR amplification using  
linear and covalently closed circular template.

1 ng of linear HPV 18 DNA (L) and 1 ng of covalently closed, 
circular pBR322-HPV 18 plasmid (C) were separately subjected to 
30 rounds of PCR amplification, with primers PCR18-A and 
PCR18-B, exactly as described in section 3.5.17. After 
amplification, one tenth of each reaction mix was removed, and 
digested with the restriction enzyme Pstl. A 3%  NuSieve GTG 
agarose/1% normal agarose gel was prepared, and electrophoresed 
with the following samples loaded (section 3.4.4.1): Lanes 1 and
6, 0.5 fig of 0X174-Haelll markers (fragment sizes 1,353, 1,078, 
872, 605, 310, 281, 271, 234, 194, 118 and 72 bp). Lanes 2 and 4, 
PCR amplified L (undigested) and C (undigested) respectively. 
Lanes 3 and 5 , PCR amplified L (Pstl digested) and C (Pstl 
digested) respectively. Lanes 2-5 contain one tenth of the 
original sample volume.

The results demonstrate that: (i) The amplification product is the
correct size (119 bp), and contains a Pstl site in the correct 
position (producing two fragments of equal size), (ii) There is 
little difference between the extent of amplification achieved 
with linear and covalently closed, circular templates.
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g lo b in  ge n e ), the  same shou ld  be p o s s ib le  fo r  in te g ra te d  v i r a l  

sequences.

4 .7 .4  1 S e n s i t i v i t y 1 O f P o ly m e ra se  C h a in  R e a c tio n .
In  theory, i t  shou ld  be p o s s ib le  to  PCR a m p lify  a  re g io n  o f  ju s t  

one dou b le -stran d e d  ENA m olecu le  ( S a ik i e t a l ., 1988 b ) . In  o rde r to  

t e s t  the  lcw er l im it  belcw  w hich e f f ic ie n t  a m p lif ic a t io n  does n o t occur, 

2 ng o f  HPV 18 DNA was s e r ia l ly  d ilu te d  22 tim es, so  th a t  the  f i r s t  

sam ple con ta in e d  1 ng o f  ENA, and the f in a l  sam ple con ta ined  approxim 

a te ly  0.238 f g  (around 30 m olecu les) o f ENA. Each sam ple was su b jected  

to  40 c y c le s  o f  PCR a m p lif ic a t io n , and the a m p lif ic a t io n  e ff ic ie n c y  was 

q u a lit a t iv e ly  stu d ie d  by  agaro se  g e l e le c tro p h o re s is ; th e  r e s u lt s  are  

shewn in  f ig u re  46. The r e s u lt s  dem onstrate th a t  the  expected a m p lif i

c a t io n  p rod u ct (119 bp) i s  c le a r ly  p re se n t in  la n e s 1-12 and 14-16; 

the  sam ple represen ted  in  lan e  16 i n i t i a l l y  con ta ined  approx im ate ly  

7,600 m olecu les o f  ta rg e t  DNA. F a in t  bands 119 bp in  s iz e  are  a ls o  

p re se n t in  la n e s 19, 20 and 21 ( sam ples i n i t i a l l y  c o n ta in in g  960, 480 

and 240 m olecu les o f  ta rg e t  ENA re sp e c t iv e ly ) . The reason  fo r  the  

ap p are n tly  sudden dram atic  decrease in  a m p lif ic a t io n  e ff ic ie n c y  

s t a r t in g  in  lan e  17 i s  unknown. In te r e s t in g ly ,  a s the  in te n s it y  o f  

the 119 bp band decreases w ith  in c re a s in g  d ilu t io n ,  a band o f  sm a lle r  

s iz e  (e q u iva le n t to  a dou b le -stran d ed  ENA fragm ent o f  app rox im ate ly  

60 bp) in c re a se s  in  in te n s ity .  The o r ig in  o f  t h is  band i s  unknown; i t  

i s  ve ry  u n lik e ly  th a t  i t  i s  formed from  s in g le -s tra n d e d  119 bp ENA 

m olecu les, because e xp on e n tia l in c re a se  in  the  amount o f  the  ta rg e t  

sequence occu rs o n ly  i f  both  s tra n d s  are  a m p lifie d  con com itan tly .

I f  both  stra n d s were p re se n t in  the  a m p lif ic a t io n  p roduct in  equal 

amounts, an n e a lin g  shou ld  r e s u lt  in  the  presence o f  dou b le -stran d e d  

fragm ents o f  around 119 bp. In te r e s t in g ly ,  d ig e s t io n  w ith  the  

r e s t r ic t io n  enzyme P s t I  had no e ffe c t  on the  s iz e  o f  the  anom alous
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FIGURE 4 6

PCR am plification of serially diluted samples of HPV 18 DNA, with a 
primer pair designed to amplify a 119 bp region of HPV 18.

2 ng of linear HPV 18 DNA was serially diluted 22 times, so that the first sample 
contained 1 ng of DNA, the second 0.5 ng, and so on; the final sample thus contained 
approximately 0.238 fg (around 30 molecules) of HPV 18 DNA. The contents of all 
23 tubes were then subjected to 40 cycles of PCR amplification (section 3.5.17), 
using primers PCR18-A and PCR18-B, designed to amplify a 119 bp region of HPV 
18. One tenth of the contents of each tube was then subjected to electrophoresis 
through a 3% NuSieve GTG agarose /1% normal agarose gel, as described in section
3.4.4.1. The gel was loaded as follows: Lanes 1-12 and 14-24, amplified dilutions 
of HPV 18 (lane 1=lowest dilution, through to lane 24=highest dilution). Lanes 13 
and 26, 1 pg of 0X174-Haelll markers (fragment sizes 1,353, 1,078, 872, 605, 
310, 281, 271, 234, 194, 118 and 72 bp). Lane 25 is empty.

The results are discussed fully in the text.
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band, in d ic a t in g  th a t  i t  co n ta in s no re c o g n it io n  s i t e s  fo r  t h is  

enzyme. U n fo rtu n a te ly , attem pts to  probe the  g e l shown in  f ig u re  46 

w ith  an o lig o n u c le o t id e  s p e c if ic  fo r  th e  a n p lif ie d  HPV 18 119 bp 

sequence were u n su cce ssfu l, so  th e  o r ig in  o f  the  anom alous band rem ains 

a m ystery.

4 .7 .5  F C R  A m p lif ic a tio n  O f HPV ENA S e q u e n c e s  I n  Human S a iq p le s .
Twenty c l in ic a l  specim ens in  the  form  o f  c e r v ic a l scrap e s were 

se le c te d  by  a c l in ic ia n  from  th o se  ob ta in e d  from  a  la rg e  cohort o f  

women e n ro lle d  fo r  a  stu d y  o f  the  r i s k  a sso c ia te d  w ith  HPV in fe c t io n  o f  

the  u te r in e  c e rv ix . Each sam ple was c o lle c te d , a s  d e sc rib e d  in  se c t io n  

3 .5 .5 ; the  c e l l s  rem ain in g a f t e r  p re p a ra tio n  o f  a  ro u tin e  P apan ico lau  

smear were p lace d  in  10 ml o f  f i l t e r  s t e r il iz e d  PBS, pH 7 .2, 0.5%

SDS, and then se n t to  the  Departm ent o f  C y to lo gy , S t .  M a ry 's  H o sp ita l 

M e d ica l Sch oo l, London. R e su lts  o f  the  smear t e s t s  (determ ined b y  the  

Departm ent o f  C y to lo gy , a t  th e  C h r is t ie  H o sp ita l,  M anchester) were sen t 

to  S t .  M a ry 's , London. Each sam ple was a ss ign e d  the  ap p ro p ria te  

c y to lo g ic a l c o d e (s): 1, specim en u n sa t is fa c to ry ;  2, norm al c e l ls  o n ly ; 

3, a ty p ic a l c e l ls ;  4, Trichom onas v a g in a lis  p re se n t; 5, m o n ilia  

p re se n t; 6, h e rp es/w art v ir u s  p re se n t; 7, actincm yces p re se n t. The 

tw enty sam ples to  be te ste d  in  th e  PCR/sandw ich a ssa y  were se le c te d  by  

a c l in ic ia n  on the b a s is  th a t  the  m a jo rity  had c e llu la r  a b n o rm a litie s  

c h a r a c te r is t ic  o f  w art v ir u s  (HPV) in fe c t io n . The c y to lo g ic a l co d e (s) 

fo r  each sa itp le  were no t re ve a le d  u n t i l  PCR/sandw ich a ssa y s  were 

com pleted.

DNA was prepared from  each c l in ic a l  sam ple, a s d e sc rib e d  in  

se c t io n  3 .5 .6 , w ith  a t y p ic a l y ie ld  o f  approx im ate ly  3ug. 0.5  ug o f  

e x tracte d  ENA was su b jected  to  PCR a m p lif ic a t io n , a s d e sc rib e d  in  the  

legend to  f ig u re  47; in  each case , a  m ixture  o f  p rim er p a ir s  (PCR18-A/
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FIGURE 47

Analysis of human samples by PCR am plification with a m ixture of 
primers designed to amplify regions of HPV types 6b, 11, 16 and 18.

0.5 |ig of DNA extracted from 20 cervical scrape samples was subjected to PCR 
amplification (section 3.5.17) with primer pairs PCR18-A/PCR18-B, PCR16- 
A/PCR16-B and PCR6b/11-A/PCR6b/11-B. All three primer pairs were included 
in each case. One tenth of the volume of each amplified sample was subjected to 
electrophoresis through a 3% NuSieve GTG agarose/1% normal agarose gel (section 
3.4.4.1). The gel was loaded as follows: Lanes 1-10, samples A to J. Lanes 13-22, 
samples K to T. Lanes 11 and 23, amplified linear DNA of HPV types 6b, 11, 16 and 
18 (initially 0.25 ng of each DNA type). Lanes 12 and 24 contain 1 pg of oX174- 
H aelll markers (fragment sizes 1,353, 1,078, 872, 605, 310, 281, 271, 234, 
194, 118 and 72 bp).

The results are discussed fully in the text.
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PCR18-B, PCR16-A/PCR16-B and F C R 6 b /ll-A /P C R 6 b /ll-B ) were used, so  th a t  

the  presence o f  HPV type s 6b, 11, 16 o r 18 sh ou ld  r e s u lt  in  

a ir p lif ic a t io n . In  a d d it io n , the  s iz e  o f  the  a m p lif ic a t io n  p roduct 

shou ld  be in d ic a t iv e  o f  the  v ir u s  ty p e (s ) p re se n t. A fte r  a ir p lif  ic a t io n ,  

sam ples were an a lyse d  by  agaro se  g e l e le c tro p h o re s is , and the r e s u lt s  

are  shewn in  f ig u re  47. There a re  c le a r ly  a m p lif ic a t io n  p rod u cts  

p re se n t in  th e  m a jo rity  o f  the  la n e s, b u t the  s iz e  o f  the  bands does 

n o t c o rre la te  w ith  the p re d ic te d  s iz e s  (206 bp in  th e  case  o f  HFVs 6b 

and 11, 159 bp fo r  HPV 16 and 119 bp fo r  HPV 18 ). In  a d d it io n , the  

number o f  bands p re se n t in  many o f  the  la n e s in d ic a te s  th a t  s p e c if ic  

a n p lif ic a t io n  o f  the  d e sire d  ta r g e t  re g io n  h as no t occured. Each o f  the  

o lig o n u c le o t id e s  chosen a s a PCR prim er was screened a g a in s t  the  

sequences p re se n t in  th e  EMBL database , u s in g  a program  known a s  

XMATCH, and found to  be unique to  the  HPV type  i t  was de sign ed  to  

a m p lify . U n fo rtu n a te ly , o n ly  exact m atches a re  de tected  by  t h is  

program , so  complementary sequences w ith  one o r more m ism atch(es) were 

n o t id e n t if ie d ;  i t  i s  p o s s ib le  th a t  re g io n s b e a rin g  a h ig h  degree o f  

hom ology w ith  p rim ers de sign ed  to  a m p lify  a  d if fe r e n t  v ir u s  type  are  

p re se n t on a  g iv e n  HPV genome. For example, HPV type  16 may have a  

re g io n  o f  h ig h  hom ology w ith  p rim er PCR18-A, in  a d d it io n  to  the  b in d in g  

s it e s  fo r  p rim e rs PCR16-A and PCR16-B. I f  a l l  th ree  p rim ers were 

p re se n t d u rin g  a m p lif ic a t io n , the  expected 159 bp p rod u ct w ould be 

produced, a s w e ll a s an unexpected p roduct o f  s iz e  determ ined by  the  

d ista n c e  between the b in d in g  s i t e s  fo r  p rim ers PCR18-A and PCR16-B. 

C le a r ly ,  the  g re a te r the  number o f  b in d in g  s it e s ,  the  more complex the  

p a tte rn  o f  a n p lif ic a t io n  p rod u cts w i l l  be.

In  an a tte irp t to  in c re a se  th e  s p e c if ic it y  o f  PCR a m p lif ic a t io n ,  

0.5 ug o f  DNA from  each sam ple was a m p lifie d  se p a ra te ly  w ith  each o f  

the  th ree  prim er p a ir s .  The r e s u lt s  o f  a ir p lif  ic a t io n  w ith  p rim ers
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P C R 6 b /ll-A  and P C R 6 b /ll-B  are  shewn in  f ig u re  48. The r e s u lt s  demon

s t r a te  th a t  a  band o f  th e  c o rre c t s iz e  i s  p re se n t in  the  la n e s c o rre s 

pond ing to  sam ples A # B, D, E, F, G, H, I ,  L, M, N, 0, Q , R, S and T.

An a d d it io n a l band o f  h ig h e r  m o lecu lar w e igh t i s  obv iou s in  the  case  o f  

sam ple E.

A m p lif ic a t io n  o f  the  20 sam ples w ith  p rim ers PCR16-A and 

PCR16-B, de sign ed  to  a m p lify  a  159 bp re g io n  o f  HPV 16, re su lte d  in  a 

n e ga tive  r e s u lt  in  each case  (d a ta  no t shew n). A m p lif ic a t io n  w ith  

prim ers PCR18-A and PCR18-B, de sign ed  to  a m p lify  a  119 bp re g io n  o f  

HPV 18, was n e ga tiv e  w ith  a l l  sam ples, except san p le  M. In  both  

ca se s, a  c o n tro l a n p lif ic a t io n  perform ed w ith  1 ng o f  p la sm id  ENA was 

su c c e ssfu l (da ta  n o t shew n).

A  c o n tro l a m p lif ic a t io n , u s in g  a  p a ir  o f  p rim ers de sign ed  to  

a m p lify  a  110 bp re g io n  o f  the  human b e ta -g lo b in  gene, was sub sequently  

perform ed on each o f  the tw enty sam ples, a s d e sc rib e d  in  the  legend  to  

f ig u re  49. The p rim ers used were id e n t ic a l to  th ose  d e sc rib e d  b y  S a ik i  

e t a l . in  1985. The purpose o f  the  c o n tro l a m p lif ic a t io n  w as: ( i )  to  

ensure th a t  t o t a l  lo s s  o f  human ENA from  a  sam ple had n o t occurred  

d u rin g  p u r if ic a t io n ;  ( i i )  to  ensure th a t  contam inants w ith in  the  sam ple 

d id  n o t have an in h ib it o r y  e ffe c t  on the a m p lif ic a t io n  re a c tio n ; ( i i i )  

to  check th a t  th e  sam ple ENA was n o t t o t a l ly  degraded. Any sam ple w hich  

g iv e s  a n e ga tive  r e s u lt  w ith  the g lo b in  p rim e rs m ust be con sidered  

u n sa t is fa c to ry , because even i f  HPV ENA were i n i t i a l l y  p re se n t, t h is  

ENA co u ld  have been lo s t  o r  degraded d u rin g  p u r if ic a t io n ,  o r  contam

in a n ts  p re se n t in  th e  sam ple co u ld  be p re ve n tin g  a n p lif ic a t io n .  The 

r e s u lt s  o f  c o n tro l a n p lif ic a t io n  o f  the  tw enty c l in ic a l  sa n p le s, shewn 

in  f ig u re  49, c le a r ly  shew the  expected 110 bp band in  the  case  o f  a l l  

sa n p le s, w ith  the  exce ption  o f  san p le  P. San p le  P was a ls o  n e ga tiv e  fo r  

HPV type s 6b, 11, 16 and 18, and m ust be c la s se d  a s 'sam p le  u n s a t is -
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FIGURE 4 8

Analysis of human samples by PCR am plification with a primer pair 
designed to amplify a 206 bp region of HPV types 6b and 11.

0.5 |ig of DNA extracted from 20 cervical scrape samples was subjected to 40 cycles 
of PCR amplification with primers PCR6b/11-A and PCR6b/11-B, exactly as 
described in section 3.5.17. One tenth of the volume of each amplified sample was 
subjected to electrophoresis through a 3% NuSieve GTG agarose/1% normal agarose 
gel (section 3.4.4.1). The gel was loaded as follows: Lanes 1-10, samples A to J. 
Lanes 14-23, samples K to T. Lanes 11 and 24, amplified linear HPV 6b DNA 
(initially 1 ng). Lanes 13 and 26 contain 1 pg of 0X174-Haelll markers (fragment 
sizes 1,353, 1,078, 872, 605, 310, 281, 271, 234, 194, 118 and 72 bp).

The results are discussed fully in the text.
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FIGURE 4 9

Analysis of human samples by PCR am plification with a prim er pair 
designed to amplify a 110 bp region of the B-globin gene.

0.5 pg of DNA extracted from 20 cervical scrape samples was subjected to 40 cycles 
of PCR amplification with primers PC03 and PC04, exactly as described in section
3.5.17. One tenth of the volume of each amplified sample was subjected to 
electrophoresis through a 3% NuSieve GTG agarose/1% normal agarose gel (section 
3.4.4.1). The gel was loaded as follows: Lanes 1-10, samples A to J. Lanes 14-23, 
samples K to T. Lanes 11 and 24, amplified 6-globin gene 1.9 kb fragment (initially 
1 ng). Lanes 12 and 25, amplified total human DNA (initially 1 pg). Lanes 13 and 
26 contain 1 pg of 0X174-Haelll markers (fragment sizes 1,353, 1,078, 872,
605, 310, 281, 271, 234, 194, 118 and 72 bp).

The results are discussed fully in the text.
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fa c to r y 1 fo r  the  reason s d e scrib e d  above. The o r ig in  o f  the  h ig h e r  

m ole cu lar w e igh t a m p lif ic a t io n  p rod u cts in  th e  case  o f  sa n p le s E and R, 

and the  low er m o lecu lar w e igh t p rod u cts in  many o f  the  sam ples, i s  

unknown.

4 .7 .6  Summary O f PCR D a ta .

The r e s u lt s  o b ta in e d  frcm  PCR s tu d ie s  can be summarized a s

fo llo w s :

(a) Maximum a m p lif ic a t io n  e f f ic ie n c ie s  were a tta in e d  u s in g  therm ostab le  

ENA polym erase su p p lie d  by P e rk in  Elm er C e tu s, in  a b u ffe r  

c o n s is t in g  o f  10 mM T r is -H C l,  pH 8 .4 , 50 mM KC1, 2.5 mM M gC ^ , 200 

uM each o f  dATP, dCTP, dGTP and dTTP, 1 uM o f  each o lig o n u c le o t id e  

prim er, 100 ug/m l g e la t in ,  1 u n it/2 5  u l DNA polym erase.

(b) PCR p rim er p a ir s  were chosen to  a m p lify  d if fe r e n t  s iz e d  fragm ents 

o f  HPV typ e s 6b, 11, 16 and 18. A  u n iv e r sa l p rim er p a ir  was 

se le c te d  fo r  use  w ith  type s 6b and 11.

(c) E p iscm a l (c o v a le n tly  c lo se d , c ir c u la r )  DNA was a m p lifie d  to  the  

same e ff ic ie n c y  a s lin e a r  ENA.

(d) A s few a s 5,000-10,000 ENA m o lecu le s were detected  by  PCR a m p lif ic 

a t io n .

(e) A m p lif ic a t io n  o f  a sam ple w ith  a m ixture  o f  p rim er p a ir s  de sign ed  

to  a m p lify  HPV type s 6b, 11, 16 and 18 re su lte d  in  n o n -sp e c if ic  

a m p lif ic a t io n  p rod u cts, o f  v a r ia b le  s iz e .  A m p lif ic a t io n  w ith  

in d iv id u a l p rim er p a ir s  re su lte d  in  the  p ro d u ctio n  o f  a m p lif ic a t io n  

p rod u cts o f  the p re d ic te d  s iz e .

( f )  A  c o n tro l a m p lif ic a t io n , u s in g  a p a ir  o f  p rim ers de sign ed  to  

a m p lify  a 110 bp re g io n  o f  the  human b e ta -g lo b in  gene, was in c lu d e d  

to  ensure th a t  th e  re a c tio n  c o n d itio n s  were su ita b le  fo r  a m p lif ic a 

t io n .
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4 .8  Contained FCR-Sandw ich H y b r id iz a t io n  A ssa y  P a r  The D e te c tio n  O f

HPV In fe c t io n  In  C e r v ic a l S c ra p e s.

TWenty c l in ic a l  sam ples ( id e n t ic a l to  th ose  used in  se c t io n  

4 .7 .5 ) were su b jected  to  40 c y c le s  o f  PCR a m p lif ic a t io n  w ith  p rim er 

p a ir s  de sign ed  to  a m p lify  re g io n s  o f  HPV type s 6b, 11, 16 and 18, 

e x a c tly  a s d e sc rib e d  in  se c t io n  4 .7 .5 . A  c o n tro l re a c tio n  in v o lv in g  

a m p lif ic a t io n  o f  a  110 bp re g io n  o f  the  human b e ta -g lo b in  gene was 

in c lu d e d  in  each case . A fte r  a m p lif ic a t io n ,  sam ples were d ilu te d  to  a  

volume o f  1 m l, and 5 u l a liq u o t s  were sub jected  to  sandw ich h y b r id iz a 

t io n ,  e x a c tly  a s  d e scrib e d  in  th e  legend to  ta b le  12. The lo g ic  behind

the d ilu t io n  ste p  was a s fo llo w s: ( i )  40 c y c le s  o f  a m p lif ic a t io n

12
th e o r e t ic a lly  r e s u lt s  in  a 1 .1  x  10 fo ld  in c re a se  m  the amount o f  

the  ta r g e t  sequence; c le a r ly ,  th e  a c tu a l in c re a se  i s  c o n sid e ra b ly  lcw er 

than  t h is ,  because the a n p lif ic a t io n  e ff ic ie n c y  decreases a s the  

co n ce n tra tio n  o f  ta rg e t  in c re a se s  ( S a ik i e t a l . , 1988 b ) . T h is  e ffe c t  

i s  p ro b ab ly  due to  complementary ta r g e t  stra n d s a n n e a lin g  to  each  

othe r, ra th e r than  to  the  o lig o n u c le o t id e  p rim e rs. R e gard le ss o f  the  

cause o f  t h is  e ffe c t,  i t  i s  reason ab le  to  assume th a t  ( in  the  case  o f  

an in fe c te d  sa n p le ), a fte r  40 c y c le s , the re a c tio n  w i l l  have reached a  

p la te a u , and any fu rth e r  in c re a se  in  ta r g e t  co n ce n tra tio n  w i l l  be ve ry  

sm a ll in  com parison w ith  the co n ce n tra tio n  a lre a d y  p re se n t; ( i i )  

s tu d ie s  w ith  p la sm id  DNA in d ic a te d  th a t, u s in g  the c o n d itio n s  d e sc rib e d  

in  se c t io n  3 .5 .17, the maximum amount o f  a n p lif ic a t io n  p roduct ob ta in e d  

from  a s in g le  re a c tio n  ( i n i t i a l l y  c o n ta in in g  app rox im ate ly  10,000 

ta r g e t  m o lecu le s) was around 0 .5 -1  ug. In  the  case  o f  a  200 bp a n p lif 

ic a t io n  product, t h is  re p re se n ts 3 .7 -7 .4  p no le  o f  DNA. On d ilu t io n  up 

to  1 m l, and e x tra c tio n  o f  a  5 u l  a liq u o t,  the t o t a l DNA removed w ould 

be between 18.5 and 37 fm ole. T h is  sh ou ld  be the id e a l amount o f  ta rg e t  

fo r  a ssa y  by  sandw ich h y b r id iz a t io n , u s in g  HPV ty p e -s p e c if ic  k in a se
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PCR-Sandw ich A ssa y  R e su lt  (F in a l d p n ).

G LO B  IN  H P V  6 b / ll  HPV 16 HPV 18

c o n tr o ls .
HPV 6b 985 9,375 859 1,038
HPV 11 749 11,014 1,186 639
HPV 16 869 783 9,573 523
HPV 18 1/012 1,108 782 8,783
GLOBIN 10/764 594 927 863

SAMPLE.

A 5/073 6,790 898 1,086
B 8/127 8,763 1,026 998
C 9/816 896 1,063 1,026
D 12/085 4,173 912 1,235
E 7/824 10,685 784 1,387
F 9/027 3,278 697 686
G 8/975 2,987 912 904
H 4/675 11,695 1,006 787
I 5/826 5,213 1,230 1,091
J 6/095 912 609 984
K 7/096 607 827 1,063
L 9,203 8,216 898 879
M 8,078 9,803 998 9,870
N 10,063 7,405 1,012 1,224
O 11,895 2,860 1,187 878
P 802 1,012 909 904
Q 9,873 8,376 877 637
R 5,827 9,027 612 789
S 8,698 10,011 788 524
T 11,826 5,403 1,096 876

TA BLE  12

Combined PCR-sandwich assay  for the detection of HPV  
types 6b, 11, 16 and 18.

The results of combined PCR-sandwich assays for the detection of HPV infection in 
clinical samples are tabulated above. 0.5 pg of DNA extracted from 20 cervical 
scrape samples was subjected to 40 cycles of PCR amplification with four different 
sets of primers: PCR6b/11-A + PCR6b/11-B; PCR16-A + PCR16-B; PCR18-A + 
PCR18-B; PC03 + PC04. These primers were designed to amplify specific regions 
of DNA from HPV 6b or HPV 11, HPV 16, HPV 18 and the human B-globin gene 
respectively (see section 3.5.17). For the control experiments, 0.1 ng of the 
following DNAs were used in place of the clinical sample: HPV 6b, 5,368 bp EcaRI- 
BamHI fragment; HPV 11, complete genome (7,931 bp); HPV 16, complete genome 
(7,904 bp); HPV 18, complete genome (7,857 bp); B-globin, 1,900 bp B-globin 
gene fragment (Langdale & Malcolm, 1985). After amplification, samples were 
diluted to a volume of 1 ml, and 5 pi aliquots were subjected to sandwich hybridization. The following immobilized probes (100 fmole/assay) were used: HPV 
6b, 686 bp Pstl-BamHI fragment; HPV 11, 435 bp Pstl fragment; HPV 16, 483 bp 
Pstl fragment; HPV 18, 441 bp E sil fragment; B-globin, 201 bp Ddel fragment. The 
probes used were the following 30-mer oligonucleotides, kinase end-labelled to an 
activity of approximately 5 x 102 dpm/fmole (50 fmole/assay): HPV 6b, PR6b-2; 
HPV 11, PR11-1; HPV 16, PR16-1; HPV 18, PR18-1; B-globin, PRGLOBIN-1.
The results are discussed fully in the text.
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e n d -la b e lle d  o lig o n u c le o t id e s  a s  p rob es. A fte r  a m p lif ic a t io n  o f  20 

c l in ic a l  sam ples w ith  the  fo u r p rim er p a ir s  l i s t e d  in  the  legend to  

ta b le  12, the  r e s u lt s  were q u a n tita te d  by  sandw ich h y b r id iz a t io n . The 

r e s u lt s ,  p resented  in  ta b le  12, in d ic a te  the  fo llc w in g : ( i )  the  d i lu 

t io n  used p r io r  to  a ssa y  was c le a r ly  su ita b le ;  the  range o f  v a lu e s  

w ith in  w hich  sam ples were p o s it iv e  was 2,860-12,085 dpm; ( i i )  the  t o t a l  

number o f  ra d io a c t iv e  counts in c lu d e d  in  each re a c tio n  was approxim ate

ly  25,000 dpn; the  p ro p o rtio n  o f  the  probe w hich, in  the  case  o f  

p o s it iv e  san p le s, was in v o lv e d  in  the  fo rm ation  o f  the  A -C -B  com plex 

was between 11% and 48%; ( i i i )  sam ples were considered  p o s it iv e  i f  the  

s ig n a l th ey produced exceeded the  mean o f  the  n e ga tive  c o n tro l v a lu e s, 

p lu s  th re e  tim es the  stan d ard  d e v ia t io n  (range  523-1,186 [mean + SD,

861 + 1 8 3 ]); u s in g  t h is  c r ite r io n ,  a l l  o f  the  c l in ic a l  sam ples, w ith  

the  exception  o f  san p le  P, were p o s it iv e  acco rd in g  to  the  g lo b in  

c o n tro l a ssa y , and were th e re fo re  s u ita b le  fo r  a ssa y  (range  4 ,675 - 

12,085 [mean + SD, 8,425 + 2 ,1 9 6 ]); ( iv )  sam ple P was n e ga tiv e  fo r  a l l  

fo u r a ssa y s, and m ust th e re fo re  be con sidered  u n su ita b le  fo r  stu d y ; (v) 

16/20 sa n p le s were p o s it iv e  fo r  HPV 6b and /or HPV 11 (range  2 ,987- 

11,695 [mean + SD, 7,168 + 2 ,7 8 1 ]); 4/20 were n e ga tive  fo r  th ese  v ir u s  

type s (range  607-1,012 [mean + SD, 857 + 151 ]); ( v i)  20/20 sa n p le s were 

n e ga tive  fo r  HPV type  16 (range  609-1,230 [mean + SD, 917 + 16 4 ]);

( v i i )  19/20 san p le s were n e ga tive  fo r  HPV type 18 (range  524-1,387  

[mean + SD, 945 + 20 8 ]); ( v i i i )  san p le  M was p o s it iv e  fo r  HPV type  6b 

o r 11, and a ls o  fo r  type  18. These r e s u lt s  are  presented  a s  a  s c a t te r -  

p lo t  in  f ig u re  50.

H avin g stu d ie d  each o f  the  tw enty c l in ic a l  sa n p le s by  the  PCR- 

sandw ich h y b r id iz a t io n  a ssa y , the  r e s u lt s  o f  the c y to lo g y  fo r  each 

san p le  were obta in e d ; th e se  r e s u lt s  (presented  in  ta b le  13) in d ic a te  

the  fo llo w in g : ( i )  o f  10 sa n p le s shew ing c y to lo g ic a l evidence o f
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FIG U R E  50

S catte r  plot of re su lts  o f c o m b in e d  P C R -s a n d w ic h  a s s a y  
for the detection  of H P V  ty p e s  6b, 11, 16 and 18.

PCR-sandwich assays were performed on 20 clinical samples, as 
described in the legend to table 12. The results are plotted as a 
scatter in the diagram above. The horizontal line represents the 
mean of the negative control values, + 3 standard deviations (S.D.) 
(861 + [3 x 183] = 1,410). Samples represented by points below 
the horizontal line are considered negative. A single specimen 
was negative for the globin amplification ( O ) .  anc* was thus 
considered unsuitable for assay. A single sample was positive for 
globin, and also positive for HPV types 6b q i  11, and 18 (A).
Fifteen additional samples were positive for HPV types 6b or 11 
only, and none were positive for HPV type 16.

The results are discussed fully in the text.
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h erp es/w art v ir u s  in fe c t io n , 3 were n e ga tiv e  in  the  PCR-sandw ich a ssa y . 

O f the  rem ain ing 7 sam p les, 6 were p o s it iv e  fo r  HPV type  6b an d /or 11, 

and 1 was p o s it iv e  fo r  HPV 6b and /or 11, a s  w e ll a s  fo r  HPV 18 (sam ple  

M ); ( i i )  2/20 sam ples were con sidered  c y t o lo g ic a lly  norm al, b u t were 

found to  be p o s it iv e  fo r  HPV 6b an d /or 11 by  n u c le ic  a c id  h y b r id iz a 

t io n ;  ( i i i )  sam ples L  and 0 were con sid e red  u n sa t is fa c to ry  fo r  c y to lo g -  

i c a l  sc re e n in g  (a lth o u gh  both  specim ens shew evidence o f  c e llu la r  

a ty p ia );  both  sam ples were p o s it iv e  fo r  HPV 6b and /or 11, a cco rd in g  to  

the  sandw ich a ssa y ; ( iv )  o f 5 sam ples w ith  c y to lo g ic a l evidence o f  

c e llu la r  a ty p ia  (o f  undefined o r ig in ) ,  3 were p o s it iv e  fo r  HPV 6b 

and /or 11, one was n e ga tive  fo r  the  fo u r  v ir u s  type s te ste d , and one 

sam ple (P) was u n sa t is fa c to ry  fo r  a ssa y .

The r e s u lt s  d e sc rib e d  above r a is e  se v e ra l in te r e s t in g  p o in ts ;  

hewever, i t  i s  im portant to  remember th a t  the  number o f  san p le s in c o r 

p orated  in to  t h is  t r i a l  stu d y  was sm a ll, and i t  w ould be u n r e a lis t ic  to  

a tta ch  g re a t s t a t i s t ic a l  s ig n if ic a n c e  to  the  r e s u lt s .  The aim  o f  t h is  

in v e s t ig a t io n  was to  produce a  nove l a s sa y  form at su ita b le  fo r  the  

d e te c tio n  o f  HPV in fe c t io n  in  c l in ic a l  sam ples, ra th e r than  to  c o n tr ib 

ute  to  ou r un derstan d in g o f  the  p ro g re ss io n  o f  the c e llu la r  changes 

r e s u lt in g  from  c e r v ic a l HPV in fe c t io n . 30% (3/10) o f  the  sam ples w hich  

showed c y to lo g ic a l evidence o f  herpes v ir u s  o r  HPV in fe c t io n  were 

n e ga tive  acco rd in g  to  the  sandw ich a ssa y ; in fe c t io n  w ith  bo th  o f  these  

v iru se s  can r e s u lt  in  i r r e g u la r it ie s  in  the  c e l l  nucleus, and i t  can be 

d i f f i c u l t  to  f irm ly  d u p lic a te  one o r o th e r v ir u s  on t h is  b a s is  a lon e . 

Thus, i t  i s  p o s s ib le  th a t  t h is  f ig u re  (30%) re p re se n ts sam ples w hich  

are  in fe c te d  w ith  herpes v iru s ,  b u t n o t w ith  HPV. 10% (2/20) o f  the  

sam ples stu d ie d  were c y t o lo g ic a lly  norm al, b u t were H P V -p o sitiv e  

acco rd in g  to  the  sandw ich a ssa y . Recent evidence su gge sts  th a t  the  

le v e l o f  HPV in fe c t io n  in  the  c y t o lo g ic a lly  norm al a d u lt  p o p u la tio n  (as
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P C R -Sa n d w ich  H y b r id iz a t ic n  R e s u lt .

Sample
Code

C y to lo g ic a l 
C o d e (s ). GLOBIN HPV 6 b / ll HPV 16 HPV 18

CENTRQLS.
HPV 6b n / a - + - -
HPV 11 n / a - + - -
HPV 16 n / a - - + -
HPV 18 n / a - - - +
GLOBIN n / a + — — —

SAMPLES.
A 3/4 + + - -
B 3/6 + + - -
C 3/6 + - - -
D 3 + + - -
E 3/6 + + - -
F 3/6 + + - -
G 3/6 + - - -
H 3/6 + + - -
I 3 + + - -
J 3,6 + - - -
K 3 + - - -
L 1,3 + + - -
M 3,6 + + - +
N 3 + + - -
0 1 /3 ,4 + + - -
P 3 - - - -
Q 3,6 + + - -
R 2 + + - -
S 3,6 + + - -
T 2 + + - -

TABLE 13

Summary of results of combined PCR-sandw ich assay  for 
the detection of HPV types 6b, 11, 16 and 18.

The results of combined PCR-sandwich assays for the detection 
of HPV infection in clinical samples are tabulated above. The 
results of assays designed for the detection of HPV types 6b qjl 
11, 16 and 18, together with the results of a control assay for the 
detection of the human 6-globin gene, are shown; '-’ indictes that 
a sample was negative in the assay, and V  indicates a positive 
sample. The cytological codes used correspond to the following:
1, specimen unsatisfactory; 2, normal cells only; 3, atypical cells 
present; 4, Trichomonas vaginalis present: 6, herpes/wart virus 
(HPV) present. Clinical specimen 'P' is negative in the assays 
designed to detect HPV, and is also negative for the 6-globin 
control; for the reasons discussed in section 4.7.5, the sample 
must be designated 'unsuitable for assay'.

The results tabulated above are discussed fully in the text.
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determ ined by  PCR) m y  be g re a te r  than  80% (G .C.N . P arry , p e rso n a l 

ccn m u n icatio n ). G reat care  was taken  to  ensure th a t  sam ple contam ina

t io n  was not the  reason  fo r  t h is  s u r p r is in g  re s u lt ,  and fu r th e r  s tu d ie s  

aimed a t  id e n t ify in g  HPV su b -typ e s w ith  d if fe r e n t  'on coge n ic  p o te n t ia l' 

are  c u r re n t ly  in  p ro g re ss. I t  i s  in te r e s t in g  to  note th a t  10% (2 /20) o f  

the  sam ples stu d ie d  were u n su ita b le  fo r  c y to lo g ic a l scre e n in g, b u t were 

stu d ie d  su c c e s s fu lly  by the  PCR-sandw ich a ssa y ; t h is  i s  an example o f  a  

s it u a t io n  in  w hich n u c le ic  a c id -b a se d  t e s t s  are  su p e rio r  to  c y to lo gy .

How c e r ta in  can we be th a t  the  specim ens used fo r  the  two 

sc re e n in g  procedures were id e n t ic a l?  A  s in g le  c e r v ic a l scrape  was used  

fo r  the  p re p a ra tio n  o f  both  sam ples (see se c t io n  3 .5 .5 ), bu t i t  i s  

p o s s ib le  th a t  the  m a jo rity  o f  the  c e l l s  ob ta in e d  were used to  p repare  

the sm ear, ra th e r than sto re d  fo r  n u c le ic  a c id  a n a ly s is  (o r v ic e  

v e r s a ) . C e rv ic a l HPV in fe c t io n  can be fo c a l,  so  i t  i s  p o s s ib le  th a t  an 

in d iv id u a l co u ld  be in c o r re c t ly  d iagn osed  because th e  in fe c te d  re g io n  

o f  the  c e rv ix  was a c c id e n tly  avo ided  on ta k in g  the  scrape . S in ce  both  

o f  th e se  p o te n t ia l sou rces o f  e rro r  a re  avo id ab le , i t  i s  e s s e n t ia l to  

s t r e s s  the  im portance o f  good techn ique  to  the in d iv id u a l c o lle c t in g  

the  sam ple.

In  summary, i t  seems u n lik e ly  th a t  c y to lo gy  o r  n u c le ic  a c id  

h y b r id iz a t io n  a lon e  w i l l  be use fo r  sc re e n in g  the p o p u la tio n  fo r  ce rv 

i c a l  HPV in fe c t io n ; fa r  more l ik e ly ,  a  com bination  o f  the two te ch n iq 

ues w i l l  be used to  im prove the e f f ic a c y  o f  the c e r v ic a l sc re e n in g  

program .

4 .9  A p p lic a t io n  O f N o n - ra d io a c tiv e  D e te c tio n  S y stem s T o FC R -Sandw ich 
A ssa y .
In  an a tte n p t to  adapt the  sandw ich h y b r id iz a t io n  a ssa y  fo r  use  

w ith  n o n -ra d io a c tiv e  probes, two com m ercially  a v a ila b le  d e te c tio n
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system s were in v e s t ig a te d : ( i )  a  n o n -ra d io a c tiv e  la b e ll in g  and de tec

t io n  k i t  su p p lie d  b y  B oehrin ge r Mannheim (B C L ). In  t h is  system , the  

probe i s  la b e lle d  by  randan p rim in g, w ith  the in c o rp o ra tio n  o f  d ig o x i-  

g e n in -la b e lle d  de oxyu rid in e  tr ip h o sp h a te . The dUTP i s  lin k e d  v ia  a  

sp ace r arm to  the  s te r o id  hapten d ig o x ig e n in  (D ig-dLJTP). A fte r  h y b r id 

iz a t io n  w ith  the  ta rg e t  DNA, the  h y b r id s  are  detected  by  enzym e-linked  

iinnunoassay u s in g  an an tib od y  con jugate , and subsequent enzym e-catal

yzed co lo u r re a c tio n  w ith  a  s u ita b le  su b stra te ; ( i i )  BluGENE, a  non- 

ra d io a c t iv e  n u c le ic  a c id  d e te c tio n  system  developed by  G ibco-BRL, 

in v o lv e s  the use  o f  a b io t in y la te d  probe, la b e lle d  b y  n ic k  t r a n s la t io n ;  

a ft e r  h y b r id iz a t io n  and w ash ing, the  p ro b e -ta rge t h y b rid  i s  de tected  by  

in cu b a tio n  w ith  a  s t r e p ta v id in -a lk a lin e  phosphatase  (AP) con jugate , and 

subsequent enzym e-catalyzed c o lo u r re a c tio n  w ith  a  s u ita b le  su b stra te .

Tw o-step a ssa y s  were perform ed u s in g  100 finale  o f  irm o b iliz e d  

HPV 16 483 bp P s t I  fragm ent, 5 finale o f  la b e lle d  probe (1,776 bp HPV 16 

P s t I  fragm ent), and 100 amole o f  ta r g e t  DNA (HPV 16 genome [7,904 bp ], 

is o la te d  from  a p la sm id ). I n i t i a l  s tu d ie s  perform ed w ith  the BCL k i t  

were t o t a l ly  u n su cce ssfu l, because the  re a c tio n  p rodu ct (form ed by  the  

a d d it io n  o f  n itro b lu e  te tra z o liu m  [NBT] s a lt ,  and 5 -b rcm o -4 -ch lo ro -3 - 

in d o ly l phosphate [B C IP ]) was in so lu b le , and adhered to  the  Sep h acry l 

beads (data  no t shew n). W ashing w ith  e th an o l d is so lv e d  the  p re c ip ita te ,  

b u t on m easuring the O .D.^^q o f  the  supernatan t, no c o r re la t io n  was 

observed between the amount o f  ta r g e t  DNA, and the  s ig n a l ob ta in e d  

(d a ta  not shew n). In  fa c t,  e q u iv a le n t s ig n a ls  were a tta in e d  in  c o n tro l 

a ssa y s  in  w hich the im m obilized probe was om itted, in d ic a t in g  th a t  

the  <Dig>-AP con jugate  bound n o n -s p e c if ic a lly  to  the  Se p h acry l bead. 

A lthou gh  attem pts were made to  decrease  t h is  background ( fo r  example, 

p re -in c u b a tio n  o f  the  r e s in  w ith  B SA ), no s a t is fa c to r y  r e s u lt s  were 

obta ined , and the BCL k i t  was d isca rd e d  in  favou r o f  the  BRL d e te c tio n
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In m o b ilize d
Probe

(100 fm ole)

T arge t
DNA

(100 am ole)

L a b e lle d  
Probe  

(5 fixole )

I n i t i a l
dpm

F in a l
dpm

O .D. s - c ~ r \650 nm

483 bp HPV 16 1,776 bp 92,105 816 0.406

483 bp NONE 1,776 bp 102,207 278 0.247

NONE HPV 16 1,776 bp 98,817 192 0.252

T A B L E  14

T w o -ste p  h y b rid iza t io n  u s in g  a p ro b e  la b e lled  with 3 2 p 
and b iotin .

A two-step sandwich assay using a probe labelled with 32p ancj 
biotin was performed exactly as described in the text. Each 
result is the average of two determinations. The immobilized 
DNA used (A) was a 483 bp HPV 16 Pstl restriction fragment, 
derived from the genome of HPV 16. 100 fmole of A was 
hybridized at 65°c with 5 fmole of dual-labelled probe, and 100 
amole of HPV 16 target DNA. The detection of the non-radioactive 
probe was performed as described in section 3.5.8.
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system .

The r e s u lt s  o f  a  tw o -step  sandw ich a ssa y  u s in g  a  probe la b e lle d

32
by n ic k  t r a n s la t io n  w ith  b io t in  and P (to  an a c t iv it y  o f  approxim ate

ly  2 x 10^ dpm /fm ole) are  shewn in  ta b le  14. The fo llo w in g  p o in ts  are  

c le a r  from  the ta b le : ( i )  the  d u a l- la b e lle d  probe h y b r id iz e s  s p e c if ic 

a l ly ;  a fte r  su b tra c tio n  o f  the  average  o f  the  c o n tro l v a lu e s, the  

h y b r id iz a t io n  e ff ic ie n c y  tu rn s o u t to  be approx im ate ly  31%; ( i i )  the  

n o n -sp e c ific  b in d in g  o f  the  probe to  th e  Seph acry l beads (on average,

0.23%) i s  com parable w ith  the  e q u iv a le n t va lu e s ob ta in e d  fo r  p robes

32
la b e lle d  ju s t  w ith  P; ( i i i )  d e sp ite  th e  fa c t  th a t  the  h y b r id iz a t io n  

i s  c le a r ly  s p e c if ic ,  the r e s u lt s  o b ta in e d  fo r  the  n o n -ra d io a c tiv e  a ssa y  

are  r e la t iv e ly  poor. The le v e l o f  n o n -sp e c ific  b in d in g  i s  com p arative ly  

h ig h , and i s  p ro b ab ly  the  r e s u lt  o f  d ir e c t  b in d in g  between the  

s tre p ta v id in -A P  con jugate  and the s o l id  support; subsequent s tu d ie s  

perform ed w ith  the  e m issio n  o f  the  b io t in y la te d  probe confirm ed t h is  

h yp o th e sis  (d a ta  no t shew n). A lthou gh  attem pts were made to  decrease  

the  le v e l o f  n o n -sp e c if ic  b in d in g  ( fo r  example, p re -in c u b a tio n  o f  the  

re s in  w ith  BSA ), e x te n sive  s tu d ie s  to  op tim ize  the  amount o f  probe, 

con jugate  and su b stra te  used were n o t perform ed, because o f  lim ite d  

tim e.

A lthough , in  t h is  form , n o n -ra d io a c tiv e  p robes are  n o t s u ita b le  

fo r  use  in  the  sandw ich a ssa y , the r e s u lt s  are  no t t o t a l ly  d isc o u ra g 

in g , and i t  i s  p o s s ib le  th a t  fu rth e r  stu d y  w ith  a lte rn a t iv e  con ju gate s  

o r su b stra te s  ( fo r  example, the  pre-form ed b io t in -s t r e p ta v id in  complex 

a v a ila b le  from  Amersham In te rn a t io n a l)  would im prove the r e s u lt s  

c o n s id e ra b ly .

4 .1 0  A m p lif ie d  S ig n a l  A f f i n i t y  C a p tu re  (ASAC).
S tu d ie s  perform ed w ith  p la sm id  DNA in d ic a te d  th a t  o n e -ste p
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a ssa y s  ( in v o lv in g  the h y b r id iz a t io n  o f  a la b e lle d  probe d ir e c t ly  to  an 

im n o b ilize d  DNA fragm ent) were extrem ely ra p id ; in  the  case  o f  a  k in a se  

e n d -la b e lle d  o lig o n u c le o t id e  probe, th e  re a c tio n  was found to  be essen 

t i a l l y  com plete a f te r  ju s t  20 m inutes. The a m p lifie d  s ig n a l a f f in i t y  

captu re  (ASAC) techn ique was developed in  o rde r to  take  advantage o f  

the  e ff ic ie n c y  and favo u rab le  k in e t ic s  o f  the  on e -ste p  a ssa y .

The p r in c ip le  o f  the  procedure (shewn d ia g ra in n a t ic a lly  on page  

166) i s  sim p le ; DNA e x tracte d  from  a c l in ic a l  sam ple knewn to  be 

p o s it iv e  fo r  HPV 6b and/or HPV 11 (see  ta b le  13, sam ple H) was su b je c t

ed to  PCR a m p lif ic a t io n  w ith  p rim ers P C R 6 b /ll-A  and P C R 6 b /ll-B ; th e  

la t t e r  o f  t h is  p a ir  was p re -b io t in y la te d  a t  the  5 ' end, a s d e sc rib e d  in  

se c t io n  3 .5 .1 8 . T h is  r e s u lt s  in  one h a lf  o f  the  a n p lif ie d  stra n d s (210 

n u c le o tid e s in  le n g th ) b e in g  b io t in y la te d  a t  the 5 ' end. Q u a lita t iv e  

a n a ly s is  o f  the  a m p lif ic a t io n  e f f ic ie n c y  b y  agaro se  g e l e le c tro p h o re s is  

dem onstrated th a t  the  use o f  a b io t in y la te d  prim er d id  no t s ig n if ic a n t 

l y  a f fe c t  the re a c tio n  (data  n o t shew n). A fte r  th e  f in a l  c y c le  o f  PCR,

5 u l o f  the  re a c tio n  volume (e q u iv a le n t to  between 0.15 and 0.35 p ro le  

o f  a m p lif ic a t io n  p roduct) was removed, and h y b rid iz e d  in  s o lu t io n  w ith  

25 fm ole each o f  o lig o n u c le o t id e s  PR6b-2 and PR11-1, k in a se  end- 

la b e lle d  to  an a c t iv it y  o f  ap p rox im ate ly  5 x 10 dpm /fm ole. A fte r  hyb

r id iz a t io n ,  a l l  b io t in y la te d  m o lecu les were captured  by  in cu b a tio n  

w ith  a su sp en sion  o f  s tre p ta v id in -a g a ro se ; a fte r  w ash ing (a s d e sc rib e d  

in  se c t io n  3 .5 .1 8 ), the r e s u lt s  were q u a n tita te d  by  Cerenkov co u n tin g . 

The r e s u lt s  o f  an ASAC a ssa y  perform ed on ENA e x tra c te d  from  sam ple 

H are  shown in  ta b le  15. The fo llo w in g  p o in ts  sh ou ld  be noted: ( i )  in  

each a ssay , the  a ff in ity -c a p tu r e d  a ir p lif ic a t io n  p roduct i s  in  approx

im ate ly  3 -fo ld  to  7 -fo ld  excess over the  la b e lle d  probe; however, s in c e  

two d if fe r e n t  probes were used in  each a ssa y , one o f  w hich was com ple

m entary to  HPV 6b, and the o th e r to  HPV 11, the  th e o re t ic a l maximum



282

amount o f  probe w hich co u ld  become attached  to  the  s o lid  su pport i s  50% 

(assum ing th a t  the  sam ple i s  in fe c te d  w ith  ju s t  one HPV ty p e ); ( i i )  the  

c o n tro l a ssa y s  in v o lv in g  HPV 6b o r  HPV 11 p la sm id -d e riv e d  DNA a s  the  

a m p lifie d  ta r g e t  have c le a r ly  been su c c e ssfu l, whereas a ssa y s  in v o lv in g  

non-com plem entary ta rge t-p ro b e  com binations r e s u lt  in  a much low er 

p ro p o rtio n  o f  the  probe b e in g  captu red; ( iv )  the  r e s u lt  o f  the ASAC 

a ssa y  fo r  th e  d e te c tio n  o f  HPV 6b and /or 11 in  sam ple H i s  c le a r ly  

p o s it iv e ;  t h is  corresponds w e ll w ith  the r e s u lt  o f  the  PCR-sandw ich  

a ssa y  shewn in  ta b le  12.

U n fo rtu n ate ly , fu rth e r s tu d ie s  in v o lv in g  the use  o f  the ASAC 

techn ique  were precluded, because o f  the  expense in v o lv e d  in  p u rch a sin g  

s tre p ta v id in -a g a ro se . I t  w ould have been in te r e s t in g  to  a tte n p t to  

q u a n tify  the  amount o f  a m p lif ic a t io n  p roduct, by  com parison o f  r e s u lt s  

w ith  a stan dard  curve prepared u s in g  knewn amounts o f  b io t in y la te d  IM A. 

In  a d d itio n , i t  i s  p o s s ib le  th a t  the  e ff ic ie n c y  o f  a f f in i t y  cap tu re  

co u ld  have been im proved tty in c o rp o ra tio n  o f  more than  one b io t in  group  

in to  each a m p lif ic a t io n  p roduct.

[Note: A fte r  com pletion  o f  t h is  se c tio n , a stu d y  d e sc r ib in g  a  

s im ila r  techn ique was p u b lish e d ; the  re ference  i s  a s  fo llo w s: Syvanen  

A-C, Bengtstrcm  M, Terihunen J , Soderlund  H: Q u a n t if ic a t io n  o f  polym er

ase  ch a in  re a c tio n  p roduct b y  a f f in it y -b a s e d  h y b rid  c o lle c t io n .  N u c le ic  

A c id s  Res 16:11327-11338, 1988].
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TARGET I n i t i a l  dpm F in a l dpm % Probe Bound

PLASM ID

HPV 6b 21,868 7,842 36

HPV 11 23,297 6,158 26

HPV 16 24,874 1,794 7

HPV 18 20,085 2,257 11

SAMPLE

H 22,731 7,140 31

T A B L E  15

D etect io n  o f H P V  in fe ct io n  by a m p lif ie d  s ig n a l  a ff in ity  
c a p t u r e .

Amplified signal affinity capture (ASAC) was performed exactly 
as described in section 3.5.18. Each result represents a single 
determination. The results are discussed fully in section 4.10.
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5 . DISCUSSION.

5 .1  S an d w ich  H y b r id iz a t io n  A s A M ethod  O f D e te c tin g  HPV I n f e c t i o n .
A  n u c le ic  a c id  sandw ich h y b r id iz a t io n  a ssa y  h as been developed, 

i n i t i a l l y  u s in g  c loned  human p a p illo m a v iru s  (HPV) sequences a s a  model, 

and sub sequently  fo r  th e  d e te ctio n  and ty p in g  o f  HPV in fe c t io n  in  

c e r v ic a l sc rap e s. G e n ita l in fe c t io n  w ith  one o f t h is  genus o f  v iru se s  

i s  c l i n i c a l ly  s ig n if ic a n t ,  because o f  the  r e la t iv e ly  recen t accum ula

t io n  o f  evidence lin k in g  s p e c if ic  HPV typ e s w ith  the a e t io lo g y  o f  

c e r v ic a l cancer. The sandw ich techn ique  was developed u s in g  ENA f r a g 

ments c o v a le n tly  im m obilized  onto  Se p h acry l S-1000 beads, fo r  use a s

32
the  'c a tc h in g ' reagen t; a  P la b e lle d , HPV ty p e -s p e c if ic  ENA probe  

(e ith e r  a la b e lle d  r e s t r ic t io n  fragm ent, o r  a sy n th e tic  o lig o n u c le o 

t id e )  was used in  co n ju n ctio n  w ith  the irm o b iliz e d  probe. A  number o f  

param eters were v a r ie d , in  order to  op tim ize  the co va le n t im m o b iliza - 

t io n  o f  n u c le ic  a c id s , and stu d y  t h e ir  h y b r id iz a t io n  p ro p e rt ie s.

H aving chosen P s t I  a s the m ost su ita b le  r e s t r ic t io n  enzyme fo r  

p rod u cin g sub-genom ic H PV-derived ENA fragm ents fo r  use in  the  sand

w ich  a ssa y , the  ap p ro p ria te  fragm ents were sub -c loned  in to  pUC8, and 

th e ir  h y b r id iz a t io n  p ro p e rt ie s  were in v e s t ig a te d  by Southern and s lo t -  

b lo t t in g ;  where p o s s ib le ,  the  fragm ents chosen a s irrm ob ilized  (A) and 

la b e lle d  (B) probes were ad jacen t on the  v i r a l  genome, in  o rde r to  

m inim ize the lik e lih o o d  o f  o b ta in in g  a f a ls e  n e ga tive  s ig n a l a s  a  

r e s u lt  o f  de grad a tion  o f  the 't a r g e t ' ENA. A fte r  co n firm in g  th a t  the  

se le c te d  fragm ent p a ir s  were HPV ty p e -s p e c if ic ,  and d id  n o t c r o s s -  

h y b r id iz e , two c h e m istr ie s su ita b le  fo r  c o v a le n tly  im m o b iliz in g  n u c le ic  

a c id s  were in v e s t ig a te d . The f i r s t  method te ste d , ca rb o d iim id e - 

m ediated co u p lin g  v ia  the  5 ' phosphate group, was t o t a l ly  u n su ita b le  

because o f  c o n s is te n t ly  low  (and h ig h ly  u n re lia b le ) im m o b iliz a tio n
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e f f ic ie n c ie s .  The second method in v e s t ig a te d , in v o lv in g  d iazonium  

ion -m ed iated  c o u p lin g  a t  randcan n u c le o tid e  base  p o s it io n s ,  was fa r  more 

s u ita b le  and r e lia b le ,  t y p ic a l ly  r e s u lt in g  in  an im m o b iliz a tio n  e f f ic 

ie n cy  w ith in  the range 53%-85%. Over the range o f  in p u t DNA concentra

t io n s  140-560 pm ole/g o f  s o lid  su p po rt, the maximum in m o b iliz a t io n  

e ff ic ie n c y  was observed a t  the lo w e st in p u t co n ce n tra tio n . Over the  

range o f  fragm ent s iz e s  3,601-216 bp, s iz e  had no s ig n if ic a n t  e ffe c t  on 

in m o b iliz a t io n  e ff ic ie n c y .  O f fo u r p a r t ic u la te  s o l id  su p p o rts te ste d , 

D P T E -activa te d  Sep h acry l S-1000 re su lte d  in  the  h ig h e s t  b in d in g  e f f ic 

ie n cy , w ith  the lcw e st le v e ls  o f  n o n -cova le n t attachm ent. Sep h acry l 

S-500 was a ls o  su ita b le  (a lth ou gh  average  b in d in g  e f f ic ie n c ie s  were 

lo w e r); Dynospheres M450 and Sepharose CL4B were t o t a l ly  u n su ita b le , 

because the  exten t o f  c o u p lin g  was extrem ely lew. A lthou gh  tim e -cou rse  

s tu d ie s  in d ic a te d  th a t  the  in m o b iliz a t io n  re a c tio n  was com plete a fte r  

approx im ate ly  one hour, m ost s ta b le  c o u p lin g  re su lte d  i f  the  re a c tio n  

was a llow ed  to  proceed fo r  48 h o u rs. The s t a b i l i t y  o f  DNA im m obilized  

b y  d ia z o t iz a t io n  on to  Seph acry l S-1000 was such th a t  app rox im ate ly  5% 

o f  the DNA was lo s t  each month, fo r  a t  le a s t  12 months a f t e r  im m ob iliz 

a t io n .  O f the  two methods used to  determ ine the q u a n tity  o f  im m obilized  

32
DNA, the P tr a c e r  a ssa y  was found to  g iv e  h ig h e r r e s u lt s  than  the  

n u c le ase  a ssa y ; t h is  p ro b ab ly  r e f le c t s  the  fa c t  th a t  the  form er i s  a  

measure o f  the  t o t a l DNA coupled, w hereas the  la t t e r  i s  a  re p re se n ta

t io n  o f  the  amount o f  bound n u c le ic  a c id  w hich i s  a c c e s s ib le  to  the  

n u c le ase  m olecu le.

H aving id e n t if ie d  a  su ita b le  ch em istry  fo r  the  co va le n t im m obil

iz a t io n  o f  H PV-derived r e s t r ic t io n  fragm ents to  Sep h acry l beads, the  

h y b r id iz a t io n  p ro p e rt ie s  o f  the coup led  n u c le ic  a c id  stra n d s were 

in v e s t ig a te d , u s in g  a o n e -ste p  a ssa y . O f th ree  h y b r id iz a t io n  b u ffe r s  

te ste d , the b e st r e s u lt s  were o b ta in e d  u s in g  40 irM P IP E S, pH 6 .5, 0 .6  M
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N aC I, 1 itM  EDTA, 0.1% w /v SDS, 250 ug/m l denatured, so n ica te d  salm on  

sperm DNA, a t  65°C. P o s t-h y b r id iz a t io n  w ash ing was perform ed in  1 ml o f  

the  same b u ffe r , m inus salm on sperm DNA, fo r  3 x 10 m inutes, a t  the  

same tem perature. T im e-course  s tu d ie s  in d ic a te d  th a t, under the  

c o n d itio n s  se le c te d , the  o n e -step  a ssa y  was e s s e n t ia lly  com plete w ith in  

one h ou r. Optimum h y b r id iz a t io n  e f f ic ie n c ie s  ( t y p ic a lly  w ith in  the  

range 55%-70%) were o n ly  ob ta ine d  i f  the  in m o b iliz a tio n  o f  the  su p p o rt- 

bound fragm ent was a llow ed  to  proceed fo r  a  f u l l  48 h o u rs. The concen

t r a t io n  o f  im m obilized DNA (w ith in  the range 62-202 pm ole/g o f  re s in )  

d id  n o t s ig n if ic a n t ly  a f fe c t  the h y b r id iz a t io n  e ff ic ie n c y .  However, i t  

was found th a t, i f  t h is  co n ce n tra tio n  was to o  lew, the  m ass o f  r e s in  

re q u ire d  fo r  each a ssa y  re su lte d  in  unacceptab ly  h ig h  n o n -sp e c if ic  

background le v e ls ;  on the  o th e r hand, no advantage was ga in e d  by h a v in g  

im m obilized  DNA co n ce n tra tio n s a t  the h ig h  end o f  t h is  range, because  

the m ass o f  r e s in  re q u ire d  pe r a ssa y  was to o  sm a ll t o  be measured 

a c c u ra te ly . The id e a l co n ce n tra tio n  o f  im m obilized DNA, w ith  re sp e ct to  

ease o f  m an ip u la tion , and e ff ic ie n c y  o f  subsequent h y b r id iz a t io n  (w ith  

an acce p tab le  background s ig n a l)  was approx im ate ly  80-100 pm ole/g o f  

re s in .  Im m obilized  fragm ent s iz e  (w ith in  the  range 3,601 to  216 bp) had  

no e ffe c t  on the  e ff ic ie n c y  o f  h y b r id iz a t io n . However, a 20-mer o lig o 

n u c le o tid e  im m obilized b y  d ia z o t iz a t io n  was found to  be u n a v a ila b le  fo r  

h y b r id iz a t io n . In c re a s in g  the im m obilized  p ro b e :la b e lle d  probe r a t io  up 

to  100:1 re su lte d  in  an in c re a se  in  the  h y b r id iz a t io n  e ff ic ie n c y ;  any 

fu rth e r  in c re a se  in  t h is  r a t io  had no advantageous e ffe c t .

H aving a sce rta in e d  th a t ENA im m obilized by d ia z o t iz a t io n  onto  

Sep h acry l S-1000 beads was a v a ila b le  fo r  h y b r id iz a t io n , a  model sand

w ich  (tw o -ste p ) a ssa y  fo r  the  d e te c tio n  o f  cloned HPV ta rg e t  ENA was 

developed. The lew er s e n s it iv it y  l im it  o f  the  a ssay , u s in g  r e s t r ic t io n  

fragm ents la b e lle d  b y  random p rim in g  a s p robes, was around 25 am ole.
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No in c re a se  in  h y b r id iz a t io n  e f f ic ie n c y  was observed on d iv id in g  the  

sandw ich a ssa y  in to  two separate  re a c tio n s  (a llo w in g  the h y b rid  between 

ta r g e t  and im n o b iliz e d  probe to  form , w ith  the subsequent a d d it io n  o f  

la b e lle d  probe, o r  a llo w in g  the h y b rid  between ta rg e t  and la b e lle d  

probe to  form , w ith  the  subsequent a d d it io n  o f  in m o b ilize d  p ro b e ). 

P re -h y b r id iz a t io n  was perform ed fo r  2 h ou rs, a t  65°C, in  a  b u ffe r  

c o n s is t in g  o f  40 mM P IP E S, pH 6.5, 0 .6  M N aC l, 1 mM EDTA, 0.1% w /v SDS, 

250 ug/m l denatured, so n ica te d  salm on sperm DNA; p re -h y b r id iz a t io n  fo r  

lo n ge r than 2 h ou rs, o r  in c re a s in g  the co n ce n tra tio n  o f  salm on sperm  

DNA., had no e ffe c t  on the  n o n -sp e c ific  background s ig n a l.  H y b r id iz a t io n  

was perform ed in  the  same c o n d itio n s, fo r  a minimum o f  16 h ou rs, w ith  a  

5 0 -fo ld  m olar excess o f  probe over ta rg e t .  P o s t-h y b r id iz a t io n  w ash ing  

was perform ed a t  the  same tem perature, fo r  3 x 10 m inutes, in  h y b r id iz 

a t io n  b u ffe r  (m inus salm on sperm DNA); more e x te n sive  (an d /or s t r in 

ge n t) w ash ing was found to  have no e ffe c t  on the background s ig n a l,  

b u t d id  r e s u lt  in  a decrease  in  the  expected h y b r id iz a t io n  s ig n a l,  w ith  

a  concom itant re d u ctio n  in  the  s ig n a l to  n o ise  (S/N ) r a t io .  The 

s e n s it iv i t y  o f  the  tw o -ste p  a ssa y  u s in g  a  k in a se  e n d -la b e lle d  o l ig o 

n u c le o tid e  probe was around 5-10 fm ole. P re -h y b r id iz a tio n  was perform ed  

fo r  2 h ou rs, a t  65°C, in  6 x SSC, 0.1% w /v SDS, 250 ug/m l denatured, 

so n ica te d  salm on sperm ENA. H y b r id iz a t io n  was perform ed in  the  same 

c o n d itio n s, fo r  a  minimum o f  4 h ou rs, w ith  a 1 0 -fo ld  m olar excess o f  

probe over ta rg e t . P o s t-h y b r id iz a t io n  w ash ing was perform ed a t  the  same 

tem perature, fo r  3 x 10 m inutes, in  h y b r id iz a t io n  b u ffe r  (m inus salm on 

sperm ENA). HPV type s 6b, 11, 16 and 18 were r e a d ily  d is t in g u ish e d  

u s in g  bo th  type s o f  la b e lle d  probe. H y b r id iz a t io n  tim e -co u rse s shewed 

th a t, u s in g  r e s t r ic t io n  fragm ents a s p robes, the re a c tio n  was e sse n t

i a l l y  conp le te  a fte r  16 h ou rs; the  e q u iv a le n t f ig u re  in  th e  case  o f  

o lig o n u c le o t id e  probes was 4 h ou rs. A lthou gh  25 amole o f  p la sm id  ta rg e t
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DNA was detected  u s in g  a  probe la b e lle d  by  randcm -prim ing, attem pts 

were made to  in c re a se  the  s e n s it iv it y  o f  the  a ssa y  be fo re  im portant 

sam ples were te ste d  b y  sandw ich h y b r id iz a t io n ; s in c e  the  sam ples used  

in  t h is  in v e s t ig a t io n  were c o lle c te d  a s  p a r t  o f  a  la r g e  p ro sp e c tiv e  

study, i t  was e s s e n t ia l th a t  accu rate  r e s u lt s  were ob ta in e d . The y ie ld  

o f  ENA recovered from  a c e r v ic a l smear ( t y p ic a lly  around 5 ug) i s  

s u f f ic ie n t  to  perform  a s in g le  b lo t  o r  sandw ich a ssa y ; in  th e  case  o f  

b lo t t in g ,  t h is  i s  n o t a problem , because i t  i s  p o s s ib le  to  remove 

h y b rid iz e d  probe (a  procedure kncwn a s  str ip -sw a sh in g ), a llo w in g  a  

f i l t e r  to  be in v e s t ig a te d  by  h y b r id iz a t io n  w ith  a  d if fe r e n t  probe.

Thus, a  s in g le  f i l t e r  may be ana lyzed  w ith  fo u r d if fe r e n t  probes, 

d e rive d  fra n  HPV type s 6b, 11, 16 and 18. In  theory, i t  sh o u ld  be 

p o s s ib le  to  su b je c t the  DNA e x tracte d  from  a san p le  to  su c c e ssiv e  

sandw ich h y b r id iz a t io n s  w ith  fo u r d if fe r e n t  im m obilized probes is o la te d  

frcm  the HPV typ e s l i s t e d  above. C o n sid e r, fo r  example, a  sam ple w hich  

i s  p o s it iv e  fo r  HPV type  11, and n o t fo r  any o the r v ir u s  type ; the  DNA 

e x tracte d  frcm  the  sam ple cou ld  f i r s t  be h yb rid iz e d  w ith  im m obilized  

and la b e lle d  probes d e rive d  frcm  HPV type  6b. S in ce  th ere  i s  no HPV 6b 

ta rg e t  ENA, no h y b r id s  w ould form , and the HPV 11 DNA sh ou ld  rem ain  

fre e  in  so lu t io n .  The supernatan t co u ld  then be removed p r io r  to  

w ash ing the Se p h acry l beads, and su b jected  to  a second round o f  h y b rid 

iz a t io n ,  w ith  im m obilized  and la b e lle d  probes de rived  frcm  v ir u s  type  

11; t h is  tim e, the  sandw ich h y b rid  sh o u ld  form, le a d in g  to  a  p o s it iv e  

r e s u lt .  A lthough  such se q u e n tia l h y b r id iz a t io n  i s  p o s s ib le  in  theory, 

the  sim u ltaneous a d d it io n  o f  fo u r d if fe r e n t  la b e lle d  probes w ould  

p ro b ab ly  r e s u lt  in  an unacceptab ly  h ig h  n o n -sp e c ific  background s ig n a l 

(and co rre so n d in g  low  s e n s i t iv i t y ) .

The m ost obv iou s means o f  in c re a s in g  the s e n s it iv it y  o f  the  

sandw ich a ssa y  was to  in c lu d e  a polym erase ch a in  re a c tio n  (PC R )-
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m ediated a m p lif ic a t io n  ste p  p r io r  to  h y b r id iz a t io n . T h is  had the a d d it

io n a l advantage th a t  a  s in g le  c l in ic a l  san p le  would p ro v id e  ample ENA 

fo r  many sep arate  a m p lif ic a t io n s , a llo w in g  i t  to  be te ste d  fo r  HPV 

type s 6b, 11, 16 and 18. Maximum a ir p lif ic a t io n  e f f ic ie n c ie s  were 

a tta in e d  u s in g  a  therm ostab le  ENA. polym erase su p p lie d  by  P e rk in  Elm er 

C etus, in  a  b u ffe r  c o n s is t in g  o f  10 mM T r is -H C l,  pH 8 .4 , 50 mM KO I, 2.5  

mM M gCl^, 200 uM each o f  dATP, dCTP, dGTP and dTTP, 1 uM o f  each o l ig o 

n u c le o tid e  p rim er, 100 ug/m l g e la t in ,  and 1 u n it/2 5  u l ENA polym erase. 

PCR prim er p a ir s  were chosen to  a m p lify  d if fe r e n t  s iz e d  genom ic se g

ments o f  HPV type s 6b, 11, 16 and 18; each a m p lifie d  re g io n  con ta ined  a 

re c o g n it io n  s i t e  fo r  the  enzyme P s t l . A  s in g le  p rim er p a ir  was se le c te d  

fo r  the  a m p lif ic a t io n  o f  a 206 bp re g io n  o f  types 6b and 11. HPV ENA 

p e r s is t s  w ith in  in fe c te d  c e l ls  e ith e r  a s c o v a le n tly  c lo se d , e x tra -  

chromoscxnal, c ir c u la r  elem ents (known a s ep isom es), o r  in te g ra te d  

w ith in  a h o s t c e l l  chromosome. C o v a le n tly  c lo se d , c ir c u la r  (p la sm id )

DNA was a m p lifie d  to  the  same e ff ic ie n c y  a s lin e a r  ENA, su g g e stin g  th a t  

the  PCR techn ique i s  e ffe c t iv e , re g a rd le ss  o f  the  p h y s ic a l stru c tu re  o f  

the  ta rg e t  DNA. D ilu t io n  s tu d ie s  w ith  p la sm id  ENA in d ic a te d  th a t  a s few  

as 5,000-10,000 m olecu les o f  ta rg e t  were a m p lifie d  w ith  h ig h  e f f ic ie n 

cy. S tu d ie s  in v o lv in g  a m p lif ic a t io n  o f  a s in g le  sam ple w ith  a l l  th ree  

prim er p a ir s  (w ith  ta rg e t  re g io n s on HPV type s 6b o r  11, 16 and 18) 

re su lte d  in  n o n -sp e c if ic  a m p lif ic a t io n  p rod u cts, o f  v a r ia b le  s iz e .  

However, a m p lif ic a t io n  w ith  in d iv id u a l p rim er p a ir s  generated  p rod u cts  

o f  the  p re d ic te d  s iz e .  A  c o n tro l a m p lif ic a t io n  was in c lu d e d  fo r  each 

sam ple, u s in g  a p a ir  o f  p rim ers de sign ed  to  a m p lify  a  110 bp re g io n  o f  

the  human b e ta -g lo b in  gene. The purpose o f  t h is  was to  ensure th a t  the  

c o n d itio n s  were s u ita b le  fo r  the  PCR re a c tio n . H av in g developed the  

sandw ich a ssa y , and the PCR a m p lif ic a t io n  techn ique, the  two procedures 

were combined, and used fo r  the  a n a ly s is  o f  c l in ic a l  sam ples. The
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r e s u lt s ,  ob ta ined  in  w e ll under 24 h ou rs, c le a r ly  dem onstrated th a t  the  

PCR-sandw ich a ssa y  was capab le  o f  d e te c tin g  HPV in fe c t io n , a s  w e ll a s  

id e n t ify in g  the  type  o f  the  v ir u s  in v o lv e d .

There are  a number o f  experim ents in c lu d e d  in  t h is  stu d y  w hich, 

in  re tro sp e c t, co u ld  have been b e tte r  design ed. For example, a  g re a t  

d e a l o f  e f fo r t  p u r ify in g  r e s t r ic t io n  fragm ents co u ld  have been circum 

vented i f  the im m obilized  and la b e lle d  probes fo r  a  g iv e n  HPV type  were 

su b -c lon e d  in to  d if fe r e n t  v e c to rs; i t  was e s s e n t ia l th a t  a t  le a s t  one 

o f  each fragm ent p a ir  was th o ro u gh ly  p u r if ie d  from  con tam in atin g pUC8 

v e c to r sequences, o r  a f a ls e  p o s it iv e  s ig n a l cou ld  have re su lte d  frcm  

h y b r id iz a t io n  between these  sequences in  the  im n o b ilize d  and la b e lle d  

probes. I f  two d if fe r e n t  (non-ccrnplem entary) ve c to rs had been used, i t  

i s  p o s s ib le  th a t  p u r if ic a t io n  o f  p robes p r io r  to  im m o b iliz a tio n  and 

la b e ll in g  w ould n o t have been n e ce ssa ry . In  a d d itio n , in  a ssa y s  where 

th e  la b e lle d  probe was a  sy n th e tic  o lig o n u c le o tid e , i t  was p rob ab ly  not 

e s s e n t ia l to  is o la t e  the HPV r e s t r ic t io n  fragm ent from  the v e c to r p r io r  

to  im n o b iliz a tio n , s in c e  i t  i s  h ig h ly  u n lik e ly  th a t  a  b in d in g  s i t e  fo r  

th e  H P V -sp e c ific  o lig o n u c le o tid e  was p re se n t on pUC8.

A second stu d y  w hich co u ld  have been b e tte r  de sign ed  was the  

use o f  a p a ir  o f  b e ta -g lo b in  gene s p e c if ic  prim ers to  ensure th a t  the  

c o n d itio n s  were s u ita b le  fo r  the  PCR re a c tio n . In  o rde r to  be an id e a l 

c o n tro l, the g lo b in  p rim ers sh o u ld  have been in c lu d e d  in  the  same tube  

a s  the  sam ple and H P V -sp e c ific  p rim e rs, ra th e r than  used in  a  t o t a l ly  

se p arate  a ssa y . The m ain reason  fo r  perfo rm ing two sep arate  re a c tio n s  

was th a t  s tu d ie s  in v o lv in g  a n p lif ic a t io n  o f  p lasm id  DNA w ith  a  m ixture  

o f  th ree  p a ir s  o f  p rim ers s p e c if ic  fo r  HPV types 6b o r 11, 16 and 18 

re su lte d  in  the  ge n e ra tio n  o f  a com plex m ixture o f  n o n -sp e c if ic  a m p lif

ic a t io n  p rod u cts; th e se  p rod u cts were p ro b ab ly  the r e s u lt  o f  p rim ers  

b in d in g  to  re g io n s  o f  p a r t ia l  hcm ology on an HPV genome w hich they were
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not de sign ed  to  a m p lify . T h is  sh o u ld  n o t be a  problem  in  the case  o f  

the  g lo b in  p rim ers, because i t  i s  h ig h ly  u n lik e ly  th a t  a re g io n  o f  

s u f f ic ie n t  h o ro lo gy  was p re se n t on the genome o f  any o f  the  HPVs te ste d  

fo r .

The g re a t advantage o f  the  PCR techn ique i s  th a t  i t  r e s u lt s  in  

an a m p lif ic a t io n  in  the  number o f  ta rg e t  sequences p re se n t in  a  sam ple. 

The m ain d isad van tage  o f  the method i s  th a t a  f a ls e  p o s it iv e  s ig n a l  

co u ld  e a s i ly  be ob ta in e d  a s  a r e s u lt  o f  con tam in ation . C o n sid e r a  

c l in ic a l  sam ple ( i n i t i a l l y  fre e  from  HPV in fe c t io n ) w hich a c c id e n tly  

becomes contam inated w ith  a sm a ll amount o f  pBR322-HPV 18 p la sm id  DNA; 

i f  h a lf  o f  t h is  sam ple were to  be te ste d  by s lo t -b lo t t in g ,  the r e s u lt  

shou ld  be n e ga tive , because the number o f  con tam in atin g p la sm id  

m olecu les w ould be be lew  the low er l im it  o f  s e n s it iv it y  o f  the a ssa y . 

Many more con tam in atin g m o lecu les w ould be req u ire d  be fo re  the sam ple  

was in c o r re c t ly  id e n t if ie d  a s  p o s it iv e .  Next, co n sid e r the  same sam ple 

te ste d  by  PCR a m p lif ic a t io n , fo llo w e d  by  sandw ich h y b r id iz a t io n ; PCR 

w ould r e s u lt  in  an e xp on e n tia l in c re a se  in  the  number ta rg e t  sequences, 

and the r e s u lt  o f  the  sandw ich a ssa y  w ould be p o s it iv e .  I t  i s  c le a r  

frem  t h is  exanple th a t, i f  PCR i s  to  be used in  ro u tin e  d ia g n o s is ,  

g re a t care  m ust be taken  to  ensure th a t  sairp le  contam in ation  i s  a v o id 

ed. I f  p la sm id s were the o n ly  l ik e ly  source o f  con tam ination , i t  w ould  

be p o s s ib le  to  in c lu d e  a c o n tro l a m p lif ic a t io n  in v o lv in g  a p rim er p a ir  

design ed  to  a n p lify  a fragm ent sp an n in g one o f  the  ju n c tio n s between 

v e c to r and in s e r t  sequences. An a m p lif ic a t io n  p rod u ct w ould n o t r e s u lt  

frem  t h is  p rim er p a ir  i f  the sam ple were ge n u in e ly  in fe c te d  w ith  HPV 

ENA, because th e re  w ould be no b in d in g  s it e  fo r  the  prim er complemen

ta ry  to  the  ve c to r sequence. U n fo rtu n ate ly , p la sm id s are  not the  o n ly  

p o te n t ia l source  o f  con tam in ation ; a san p le  would be fa r  more l ik e ly  to  

be contam inated w ith  the a m p lif ic a t io n  p roducts o f  a p re v io u s PCR
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re a c tio n  (p o s s ib ly  spread in  an a e ro so l produced frcm  a  m ic rc p ip e tte ), 

and these  sequences w ould o b v io u s ly  be e x c e lle n t tem plates fo r  sub

sequent a m p lif ic a t io n .  Contam ination  frcm  t h is  source w ould c le a r ly  

be im p o ssib le  to  de te ct, because the  PCR p rod u cts w ould be in d is t in 

gu ish a b le  frcm  th ose  r e s u lt in g  due to  a  'ge n u in e ' in fe c t io n .

Recent evidence su gge sts  th a t  the  s iz e  o f  the  re g io n  to  be  

a m p lifie d  h as a  s ig n if ic a n t  e ffe c t  on the  e ff ic ie n c y  o f  the  PCR 

re a c tio n  (G .C.N . P a rry , p e rso n a l com m unication). I f  t h is  i s  the  case , 

the  prim er p a ir s  chosen fo r  HPV ty p e s 6b, 11, 16 and 18 sh ou ld  id e a lly  

have been separated  on the ta rg e t  genomes by  the same number o f  n u c leo 

t id e s ,  in  an attem pt to  a t ta in  com parable a m p lif ic a t io n  e f f ic ie n c ie s  

fo r  the  fo u r v ir u s  typ e s. In  fa c t,  the  sh o rte s t  sequence a m p lifie d  ( in  

the  case  o f  HPV type  18) was 119 bp, and the lo n g e st sequence a m p lifie d  

( in  the  case  o f  type s 6b and 11) was 206 bp; s ig n if ic a n t  re d u ctio n s in  

a m p lif ic a t io n  e ff ic ie n c y  have o n ly  been observed fo r  sequences g re a te r  

than  500 n u c le o tid e s in  le n g th  (G .C .N . P a rry , p e rso n a l co rm u n ic a tio n ).

A  n o tab le  e m issio n  w hich sh o u ld  have been in v e s t ig a te d  thorough

l y  was the e ffe c t  o f  ta rg e t  s iz e  on the e ff ic ie n c y  o f  the tw o -step  

h y b r id iz a t io n . However, c o n s id e r in g  th a t  ta rg e t  ENA m o lecu les o f  a s iz e  

o f  around 100-200 bp (th e  p rod u cts o f  P C R -a m p lific a tio n ) appeared to  

h y b r id iz e  a s e f f ic ie n t ly  a s in ta c t  v i r a l  genomes around 8 kb in  s iz e ,  

i t  seems u n lik e ly  th a t, w ith in  t h is  range, ta rg e t  s iz e  h as a h ig h ly  

s ig n if ic a n t  e ffe c t  on the e ff ic ie n c y  o f  h y b rid  fo rm ation .

The s e n s it iv it y  o f  the  sandw ich a ssa y  was lim ite d  by the non

s p e c if ic  background s ig n a l;  a s d isc u sse d  in  chap ter 1, the s e n s it iv it y  

o f  any techn ique may be im proved b y  in c re a s in g  the  s ig n a l to  n o ise  

(S/N ) r a t io .  T h is  may be ach ieved e ith e r  by in c re a s in g  the s ig n a l  

r e s u lt in g  from  the  presence o f  th e  ta r g e t  sequence, o r  by  d e cre a sin g  

the  le v e l o f  background. A lthough  some attem pt was made to  reduce
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background ( fo r  example, the  p re -h y b r id iz a t io n  tim e, and co n ce n tra tio n  

o f  salm on sperm  ENA, BSA and D enhard t1 s  so lu t io n  were v a r ie d ),  in  

re tro sp e c t, p o t e n t ia lly  more e ffe c t iv e  m easures co u ld  have been taken . 

The n o n -sp e c if ic  s ig n a l was the  r e s u lt  o f  probe m olecu les becom ing 

attach e d  to  th e  su rfa ce  o f  the Se p h acry l bead; i t  i s  p o s s ib le  th a t  t h is  

in te ra c t io n  was io n ic  in  nature , and may have been reduced by  p re 

in cu b a tio n  o f  the  DNA-Sephacryl w ith  a  b u ffe r  c o n ta in in g  an a n io n ic  

sm a ll m olecu le.

In  summary, the  sandw ich h y b r id iz a t io n  a ssa y  fo r  the  d e te c tio n  

o f  HPV in fe c t io n  developed d u rin g  the course  o f  t h is  in v e s t ig a t io n  h a s  

s ig n if ic a n t  advantages over more co n ve n tio n a l d e te c tio n  m ethods; i t  

i s  r e lia b le  and sim p le , and r e s u lt s  can be ob ta in e d  in  under 24 h ou rs. 

T h is  re p re se n ts a  co n sid e rab le  improvement in  the  ease o f  san p le  manip

u la t io n ,  and tim e taken  to  ach ieve  a  r e s u lt .  I t  i s  p o s s ib le  th a t  the  

PCR-sandw ich techn ique co u ld  be adapted fo r  use w ith  a crude c e l l  

ly s a te  (th u s a v o id in g  the tim e-consum ing p u r if ic a t io n  o f  n u c le ic  a c id  

from  la rg e  numbers o f  sam p les); fu r th e r  experim ents are  re q u ire d  in  

o rde r to  c la r i f y  t h is  p o in t. The use  o f  a  bead ra th e r than  a  membrane 

a s  the  s o l id  support a ls o  h as advan tages; beads are  e a s i ly  p e lle te d  by  

c e n tr ifu g a t io n , m aking w ash ing and ch anging b u ffe r s  f a c ile .  The fa c t  

th a t  each sam ple i s  assayed  in  a  se p arate  tube means th a t  r e s u lt s  can  

be q u a n tita te d  sim p ly  and e f f ic ie n t ly ,  u s in g  Cerenkov co u n tin g . I t  

sh ou ld  be e asy  to  adapt the procedure fo r  the  d e te c tio n  o f  o the r 

in fe c t io u s  age n ts, o r s p e c if ic  genes, p ro v id in g  su ita b le  probes are  

a v a ila b le .  I f  the  m o d ific a tio n  o f  the  techn ique fo r  use  w ith  d if fe re n 

t ia lly -m e lt in g  o lig o n u c le o t id e s  were su c c e ssfu l, p o in t  m u tations co u ld  

a ls o  be id e n t if ie d  (see se c t io n  5 .2 ).  D e sp ite  the  fa c t  th a t  the  sand

w ich  a ssa y  was found to  be app rox im ate ly  ten  tim es le s s  s e n s it iv e  than
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Southern o r  s lo t -b lo t t in g ,  t h is  d isad van tage  i s  outw eighed b y  the  

in c lu s io n  o f  a  PCR a m p lif ic a t io n  ste p , p r io r  to  a ssa y . U n lik e  te ch 

n iques w hich re q u ire  the  im m o b iliz a tio n  o f  the sam ple DNA (and in  W hich 

the  amount o f  sa irp le  assayed  i s  lim ite d  by the b in d in g  c a p a c ity  o f  the  

meitforane), the  amount o f  ta rg e t  used in  sandw ich h y b r id iz a t io n  can be 

in cre a se d  u n t i l  a  s u ita b le  s ig n a l i s  a tta in e d . U n fo rtu n ate ly , the  

n o n -ra d io a c tiv e  s ig n a l d e te c tio n  methods te ste d  were la r g e ly  un su ccess

fu l;  i t  i s  p o s s ib le  th a t  probes la b e lle d  d ir e c t ly  w ith  a s u ita b le  

enzyme (HRP o r  AP) w ould be more su ita b le ,  because th e  m ain problem  

a sso c ia te d  w ith  b io t in y la te d  probes was the n o n -sp e c ific  b in d in g  

between the s o l id  support and the  stre p tav id in -en zym e  con ju gate s used  

to  d e te ct the  probe. P o s s ib ly  the m ost a t t r a c t iv e  advantage o f  the  

PCR-sandw ich method i s  th a t  the  te ch n o lo gy  e x is t s  to  autom ate the  

procedure. For example, an in t e l l ig e n t  h e a tin g  b lo c k  cou ld  be used to  

perform  PCR a m p lif ic a t io n  on the sam ple; the a m p lifie d  DNA. cou ld  be 

denatured in  th e  h e a tin g  b lo c k  by  in c re a s in g  the tem perature, and the  

probes re q u ire d  fo r  sandw ich a ssa y  (one im m obilized  on Sep h acry l, and 

the  o th e r la b e lle d  in  a  su ita b le  manner) cou ld  be added to  each sam ple, 

u s in g  an XYZ-type  ro b o tic  w o rk sta tio n . T h is  in strum ent was i n i t i a l l y  

de sign ed  to  t r a n s fe r  re age n ts to  and from  9 6 -w e ll m ic ro t it re  p la te s ,  

b u t co u ld  e a s i ly  be adapted fo r  use  w ith  a un iform  a rra y  o f  Eppendorf 

tubes in  a  h e a tin g  b lo c k  (Landegren e t a l . , 1988). A fte r  h y b r id iz a t io n  

a t  65°C, the  beads cou ld  be p e lle te d , and w ash ing co u ld  be perform ed  

u s in g  the w o rk sta tio n . The s ig n a l co u ld  then be measured in  a  su ita b le  

manner (depending on the  nature  o f  the  la b e lle d  p ro b e ). The m ain  

problem  w ith  t h is  procedure i s  th e  ste p  in v o lv in g  p e lle t in g  o f  the  

beads. There a re  two p o s s ib le  ro u te s fo r  c ircu m ven tin g t h is  problem :

( i )  i f  the  beads used a s the  h y b r id iz a t io n  support were m agnetic, an 

e lectro -m agn e t in co rp o rate d  in  th e  h e a tin g  b lo c k  co u ld  be used in  p la ce
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o f  a  c e n tr ifu g e ; ( i i )  p e lle t in g  may n o t be e s s e n t ia l.  An immxnoassay 

system  u s in g  Se p h acry l a s the  s o l id  su pport i s  b e in g  developed b y  

C e llte c h  (and i s  kncwn com m ercia lly  a s SucroSep ); in ste a d  o f  c e n t r if 

u g a l p e lle t in g ,  the  beads are  washed b y  a llo w in g  them to  s e t t le  by  

g r a v it y  th rough  a  la y e r  o f  su cro se  so lu t io n .  I n i t i a l  s tu d ie s  have shewn 

th a t  t h is  method o f  w ash ing away unbound reagen ts i s  extrem ely e ffe c t 

iv e , and each wash i s  com plete in  two m inutes. I t  i s  p o s s ib le  th a t  t h is  

procedure co u ld  be adapted fo r  use w ith  DNA h y b r id iz a t io n  a ssa y s  w hich  

use Sep h acry l a s  the  s o lid  support.

A  co n sid e ra b le  amount o f  work rem ains to  be dene be fo re  the  

p re c ise  ro le  p laye d  by  p a p illo m a v iru se s  in  the a e t io lo g y  o f  c e r v ic a l 

cancer i s  f u l ly  understood; in  o rde r to  determ ine whether the a s so c ia 

t io n  between HPV in fe c t io n  and cancer i s  c a su a l o r  c a u sa l, la rg e  

numbers o f  c l in ic a l  sam ples w i l l  need to  be examined. The sandw ich  

a ssa y  developed d u rin g  the course  o f  t h is  in v e s t ig a t io n  sh ou ld  c o n tr ib 

u te  to  the  su cce ss o f  such s tu d ie s . I t  seems u n lik e ly  a t  p re se n t th a t  a  

DNA-based a ssa y  w i l l  be used in  p la c e  o f  c y to lo gy  and h is to lo g y  fo r  the  

d e te c tio n  o f  c e r v ic a l HPV in fe c t io n ;  f a r  more l ik e ly ,  the  techn iques 

w i l l  be used to  complement each o the r, r e s u lt in g  in  a  co n sid e rab le  

improvement in  the  e ff ic a c y  o f  the  sc re e n in g  program . For example, i f  a  

sam ple were found to  be HPV p o s it iv e  b y  n u c le ic  a c id  h y b r id iz a t io n , bu t 

was n e ga tive  acco rd in g  to  h is t o lo g y  and cy to lo gy , the  p a t ie n t in vo lve d  

co u ld  be screened on a re g u la r  b a s is  in  the e xp e cta tion  o f  d e te c tin g  

c e llu la r  a b n o rm a litie s a s soon a s p o s s ib le  a fte r  th ey occur.

5 .2  F u tu re  W ork A r is in g  F rom  T h is  S tu d y .
In  o rde r to  be id e a l fo r  ro u tin e  d ia g n o s t ic  use, the  s ig n a l  

d e te c tio n  ste p  in  the PCR-sandw ich a ssa y  shou ld  be based on a  non- 

ra d io a c t iv e  probe. S tu d ie s  in v o lv in g  th e  use o f such probes were un
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su c c e ss fu l, la r g e ly  because o f  n o n -sp e c if ic  b in d in g  o f  the  <Dig>-enzyme 

and stre p tav id in -en zym e  con ju gate s d ir e c t ly  to  th e  s o l id  support. I t  i s  

p o s s ib le  th a t  t h is  b in d in g  co u ld  be prevented by  p re -in c u b a tio n  o f  the  

re s in  w ith  preform ed b io t in - s t r e p ta v id in  com plexes. A lte rn a t iv e ly ,  

probes la b e lle d  d ir e c t ly  w ith  a  s u ita b le  enzyme (fo r  example, HRP o r  

AP) may have been le s s  su sc e p tib le  to  n o n -sp e c ific  b in d in g . I t  w ould  

have been in te r e s t in g  to  a tte n p t to  a p p ly  n o n -ra d io a c tiv e  d e te c tio n  

system s to  the  ASAC techn ique, b u t fu r th e r  s tu d ie s  were precluded  

because o f  the  co n sid e rab le  expense in v o lv e d  in  p u rch a sin g  s t re p ta v id in  

-a g a ro se .

There are  c ircu m stances in  w hich i t  i s  n e ce ssa ry  to  d e te ct a  

s in g le  base  m utation  w hich does n o t r e s u lt  in  the  c re a tio n  o r d e stru c 

t io n  o f  a r e s t r ic t io n  enzyme re c o g n it io n  s it e ;  an example i s  the  

m utation  a sso c ia te d  w ith  a lp h a ^ -a n t it ry p s in  d e fic ie n c y  (Abbott e t a l ., 

1988). Recent evidence su gg e sts  th a t  p o in t  m u tation s (to ge th e r w ith  

sm a ll in se r t io n s  o r  d e le t io n s ) in  the  lo n g  c o n tro l re g io n  (LCR) o f  HFV 

type  16 may have a  s ig n if ic a n t  e ffe c t  on the 'on coge n ic  p o te n t ia l' o f  a 

p a r t ic u la r  v ir u s  su b -type  (G .C .N  P a rry , p e rso n a l c a n n u n ic a tio n ). I t  i s  

p o s s ib le  th a t  these  v a r ia t io n s  ( i n i t i a l l y  id e n t if ie d  d ir e c t ly  by  

sequencing) w i l l  have to  be de tected  on a la r g e -s c a le  b a s is  u s in g  the  

d if f e r e n t ia l m e ltin g  p ro p e rt ie s  o f  sy n th e tic  o lig o n u c le o tid e s  (see  

se c t io n  1 .7 .2 ). There i s  no obv iou s reason  why the  sandw ich h y b r id iz a 

t io n  a ssa y  sh ou ld  n o t be adapted fo r  use  w ith  d if f e r e n t ia l ly  m e ltin g  

o lig o n u c le o tid e  p robes; o lig o s  are  sim p le  and r e la t iv e ly  cheap to  

m anufacture, b u t have no t been used e x te n s iv e ly  in  s tu d ie s  in v o lv in g  

la rg e  numbers o f  sam ples, because the r e s u lt in g  s e n s it iv i t ie s  are  low er 

than  th ose  ach ieved u s in g  p robes produced by  n ick  t r a n s la t io n ,  o r  

randan p rim in g . C le a r ly ,  i f  the  d if f e r e n t ia l m e ltin g  p ro p e rt ie s  o f  

o lig o s  were to  be used to  d isc r im in a te  between sequences d if fe r in g  in  a
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s in g le  n u c le o tid e , the  h y b r id iz a t io n  and m e ltin g  c h a r a c te r is t ic s  o f  

matched and m is-m atched o lig o s  in  a  sandw ich a ssa y  w ould have to  be 

e x te n s iv e ly  in v e s t ig a te d . Recent s tu d ie s  in v o lv in g  th e  use  o f  the  base  

analogue  2-am inoadenine have dem onstrated th a t  h y b r id s  formed between 

ta rg e t  sequences and o lig o s  c o n ta in in g  t h is  analogue  are  c o n sid e ra b ly  

more s ta b le  than  the e q u iva le n t h y b r id s  formed between the same ta r g e t  

and a non -m od ified  o lig o .  T h is  i s  because s u b s t itu t io n  o f  adenine fo r  

2-am inoadenine r e s u lt s  in  changes in  the  m inor groove o f  the  DNA h e lix ,  

and c re a te s an a d d it io n a l ( s t a b il iz in g )  hydrogen bond in  the  W atson- 

C r ic k  base  p a ir  w ith  thym ine (C h o lle t  & Kaw ash im , 1988). C o n sid e r the  

case  o f  a  p o in t  m utation  r e s u lt in g  in  the  su b s t itu t io n  o f  an adenine  

re sid u e  w ith  a thym ine re sid u e ; th e  h y b rid  formed between a m o d ifie d  

o lig o  (in c o rp o ra tin g  a  2-am inoadenine re sid u e  a t  the  p o s it io n  o f  the  

m utation ) and the m utated ta rg e t  sequence w ould be fa r  more s ta b le  than  

th e  h y b rid  formed between the same o lig o  and the non-m utated sequence. 

Thus, the  use o f  2 -am inoadenine-m od ified  o lig o s  sh ou ld  s im p lify  th e  

a d a p ta tio n  o f  d if fe r e n t ia l m e ltin g  a ssa y s  fo r  use in  sandw ich h y b r id iz 

a t io n ; recen t s tu d ie s  have confirm ed t h is  h yp o th e sis  (U .B. V o ss, 

p e rso n a l com m unication). Experim ents in v o lv in g  the im n o b iliz a t io n  o f  a  

20-mer o lig o  b y  d ia z o t iz a t io n  re su lte d  in  an im n o b iliz a tio n  e f f ic ie n c y  

o f  40% (acco rd in g  to  the  tr a c e r  a s s a y ) ; the  e ff ic ie n c y  o f  h y b r id iz a t io n  

o f  the  irm o b iliz e d  o lig o  w ith  a  la b e lle d  r e s t r ic t io n  fragm ent fre e  in  

so lu t io n  was ve ry  lew  (3%), in d ic a t in g  th a t  iirm o b iliz a tio n  random ly v ia  

the  ba se s p reven ts the  o lig o  from  fo rm ing s ta b le  duplexes w ith  

com plem entary DNA. I t  i s  l ik e ly  th a t  im m o b iliz a tio n  v ia  one o r  o th e r  

end w ould have a llow ed  the o lig o  to  h y b r id iz e  fre e ly .  S tu d ie s  in v o lv in g  

th e  e n d -cou p lin g  o f  o lig o s  to  m agnetic beads (Lund e t a l . , 1988), 

Se p h acry l S-500 (G in ge ras e t a l ., 1987) and AH Sepharose 4B (V oss & 

M alcolm , 1988 a ) have dem onstrated th a t  the  h y b r id iz a t io n  p ro p e rt ie s  o f
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o lig o s  in in o b iliz e d  v ia  the  5 ' end a llc w  them to  be used in  on e -ste p  

a ssa y s  ( in  w hich the la b e lle d  probe i s  fre e  in  s o lu t io n ) ,  bu t such  

system s have, to  date, never been e x te n s iv e ly  te ste d  in  a  tw o -step  

sandw ich a ssa y .

One o f  the b a r r ie r s  p re v e n tin g  the w idespread use o f  n o n -ra d io - 

a c t iv e  probes in  d ia g n o s t ic  a ssa y  i s  th a t  the  s e n s it iv it y  o f  a  t e s t  

in c o rp o ra t in g  such probes i s ,  in  ge n e ra l, around te n -fo ld  low er th an  a  

s im ila r  a ssa y  perform ed w ith  a ra d io a c t iv e  probe. However, PCR-m ediated  

ta rg e t  a n p lif ic a t io n  p r io r  to  a s sa y  a llo w s n o n -ra d io a c tiv e  probes to  be 

used ( S a ik i e t a l ., 1988 a ) . The h y b r id iz a t io n  p ro p e rt ie s  o f  o lig o n u c 

le o t id e s  la b e lle d  w ith  flu o re sc e n t dyes (flu o e sc e in , Texas Red and 

rhodam ine) have been in v e s t ig a te d  (Urdea e t a l . , 1988); the  use o f  such  

probes in  a  sandw ich a ssa y  (u s in g  a  capture  probe iirttiob ilized  on 

s tre p ta v id in -a g a ro se  beads) re su lte d  in  a s e n s it iv it y  capab le  o f  

d e te c tin g  around 100 fm ole o f  ta r g e t  DNA. A lthough  the s e n s it iv it y  o f  

t h is  t e s t  appears to  be c o m p a ritiv e ly  lew, PCR-m ediated ta rg e t  a m p lif

ic a t io n  p r io r  to  a ssa y  shou ld  a llo w  o lig o s  la b e lle d  w ith  flu o re sc e n t  

dyes to  be used s u c c e s s fu lly  a s  p rob es. A  sandw ich a ssa y  fo r  the  

d e te c tio n  o f  HPV type s 6b, 11, 16 and 18 co u ld  be developed u s in g  fo u r  

o lig o s ,  each la b e lle d  w ith  a  d if fe r e n t  flu o re sc e n t dye; in  fa c t,  th e  

prim ers co u ld  be la b e lle d  w ith  th e  dyes used in  the  re c e n tly  developed  

autom ated n o n -ra d io a c tiv e  DNA sequencing techn ique (Sm ith  e t a l .,

1985). Each dye h as a  d if fe r e n t  w ave length  o f  maximum em ission , and i t  

i s  p o s s ib le  to  d is t in g u is h  between the fo u r ccnpounds on t h is  b a s is .  

A fte r  sandw ich h y b r id iz a t io n  (u s in g  a l l  fo u r la b e lle d  o lig o s )  and 

w ash ing, the  o lig o n u c le o tid e  probe captured  a s  a  r e s u lt  o f  the  presence  

o f  HPV ta rg e t  DNA cou ld  be re le a se d  in to  s o lu t io n  by  h e a tin g ; the  

supernatan t co u ld  then be examined by  illu m in a t io n  a t  each o f  the  

w ave lengths co rrespon d in g to  th e  e x c ita t io n  maximum o f  the  fo u r dyes.



299

The in fe c t in g  HPV type  co u ld  be id e n t if ie d  by  exam ination  o f  the  

w avelength  o f  the  e m issio n  maximum o f  the  o lig o n u c le o tid e  probe w ith in  

th e  supernatan t.

Another im portan t fa c to r  w hich i s  h e lp in g  to  p reven t the  w ide

spread  use o f  n u c le ic  a c id -b a se d  a ssa y s  in  c l in ic a l  d ia g n o s is  i s  th e  

fa c t  th a t, in  the  m a jo rity  o f  ca se s, n u c le ic  a c id  m ust be e x tracte d  

from  a  san p le , p r io r  to  a ssa y . The e x tra c tio n  procedures g e n e ra lly  

in v o lv e  in c u b a tin g  the  san p le  w ith  a  p ro te ase , fo llow e d  by  p h e n o l/ 

ch lo ro fo rm  e x tra c tio n  and e th an o l p r e c ip it a t io n ;  a lth ou gh  in stru m en ts  

are  a v a ila b le  fo r  the  autom ation o f  t h is  p ro ce ss, i t  i s  h ig h ly  tim e - 

consum ing, e s p e c ia lly  i f  la r g e  numbers o f  sam ples are  in v o lv e d . A s 

d isc u sse d  in  se c t io n  1.3, one o f  the  m ajor advantages o f  sandw ich  

h y b r id iz a t io n  over co n ve n tio n a l b lo t t in g  form ats i s  th a t the  techn ique  

h as been found to  be in s e n s it iv e  to  the  presence o f  a crude sam ple  

(R ank i e t a l . , 1983 a , b ) . Crude sam ples were no t te ste d  w ith  the  

sandw ich a ssa y  developed in  t h is  stu dy, m a in ly  because DNA e x tra c tio n  

p r io r  to  PCR a m p lif ic a t io n  was con sid e red  n e ce ssa ry  (the  reason s fo r  

t h is  are  d isc u sse d  on page 117). Had more tim e been a v a ila b le ,  the  

r e s u lt s  o f  a n p lif ic a t io n  o f  a  se t  o f  sa n p le s be fo re  and a f t e r  ENA 

p u r if ic a t io n  w ould have been in v e s t ig a te d ; had id e n t ic a l r e s u lt s  been 

obta in e d , a  combined PCR-sandw ich a ssa y  fo r  use w ith  a crude c e l l  

ly s a te  cou ld  have been developed.

5 .3  A l te r n a t iv e  U ses  F o r  Im m o b iliz e d  ENA P ro b e s .
In  a d d it io n  to  th e ir  a p p lic a t io n  in  d ia g n o s t ic  te s t s ,  im m obil

ize d  DNA probes can be used fo r  the  is o la t io n ,  id e n t if ic a t io n  and 

p u r if ic a t io n  o f  s p e c if ic  DNA sequences (G ilham , 1964), a s  w e ll a s  fo r  

the  is o la t io n  o f  ENA b in d in g  p ro te in s  (Litm an, 1968). In  fa c t,  n u c le ic  

a c id s  were f i r s t  c o v a le n tly  im m obilized  onto  su p po rts l ik e  powdered
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c e llu lo s e  in  o rde r to  f a c i l i t a t e  the  p u r if ic a t io n  o f  such b in d in g  

p ro te in s , ra th e r than  to  be used in  h y b r id iz a tio n -b a se d  a ssa y s .

As d isc u sse d  in  se c t io n  1 .6 .2 , s in g le -s tra n d e d  recom binant M13 

phage DNA bound to  D B M -ce llu lo se  h as been used fo r  the  p rod u ctio n  o f  

DNA probes; t h is  i s  ach ieved by  ad d in g re ve rse  tr a n sc r ip ta se  (A sh le y  & 

MacDonald, 1984), o r  DNA polym erase (Hansen e t a l . , 1987), in  the  

presence o f  e ith e r  o lig o (d T ),  o r  M13 prim er. A fte r  sy n th e sis , un incorp 
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o rate d  la b e lle d  n u c le o tid e s are  washed away, and the  la b e lle d  s in g le 

stra n d  i s  e lu te d  w ith  formamide. The g re a t  advantage o f  t h is  techn ique  

i s  th a t  the  im m obilized  tem plate can be used repeated ly , and the  p u r if 

ic a t io n  o f  the  s in g le -s tra n d e d  probe from  the im m obilized tem plate  i s  

f a c i le .

To date, th e  m a jo rity  o f  the  re p o rts  in v o lv in g  the  use  o f  DNA 

im m obilized  on r e s in s  have used c e llu lo s e  a s the s o l id  su p po rt; r e s u lt s  

a r is in g  frcm  t h is  in v e s t ig a t io n  ( in  a d d it io n  to  d a ta  p u b lish e d  by  

Bunemann e t a l . in  1983) su gge st th a t Sep h acry l may be a su p e rio r  

a lt e r n a t iv e .

5 -4  T he F u tu r e  O f ENA. D ia g n o s t ic s .
The g re a t p o te n t ia l o f  DNA d ia g n o s t ic  methods ( in  term s o f  both  

im prov ing the stan d ard  o f  h e a lth  care  and b o o stin g  the  bank ba lan ce ) 

have been recogn ized  fo r  se v e ra l y e a rs; n u c le ic  a c id  p robes have  

d is t in c t  advantages over more t r a d it io n a l d ia g n o s t ic  m ethods. For 

example, probes w ith  the d e sire d  s t r a in ,  sub-group  o r  group s p e c if ic it y  

can be se le c te d , and the str in g e n c y  o f  the  h y b r id iz a t io n  re a c tio n  can  

be ad ju ste d  to  op tim ize  the  e ff ic ie n c y  o f  the  a ssa y . P athogen ic and 

apath ogen ic  s t r a in s  o f  the  same organ ism  can be d is t in g u ish e d , and 

genes conveying a n t ib io t ic  re s is ta n c e  can be detected  d ir e c t ly ,  w ith ou t 

the  need fo r  m ic ro b ia l c u lt iv a t io n  in  the  presence o f  the  a n t ib io t ic .  

V ir a l  n u c le ic  a c id s  can be detected, re g a rd le ss  o f  the  in te g ra t io n a l 

s ta tu s  and t r a n s c r ip t io n a l o r  t r a n s la t io n a l a c t iv it y  o f  the  in v a d in g  

genome. In  the  case  o f  some v iru se s  ( fo r  example, ro ta v iru s ,  h e p a t it is  

A  and B v iru se s  and E p ste in -B a rr  v ir u s ), c u lt iv a t io n  in  e sta b lish e d  

c e l l - l in e s  i s  o fte n  no t p o s s ib le ,  so  n u c le ic  a c id  h y b r id iz a t io n  i s  the  

o n ly  s a t is fa c t o r y  d ir e c t  d ia g n o s t ic  method. S im ila r ly ,  some im portant 

b a c te r ia l pathogens ( fo r  example, Treponema p a llid u m ) cannot be c u lt iv -
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ated  on a r t i f i c i a l  m edia, and are  b e st detected u s in g  ENA probes 

( V is c id i  & Yolken , 1987).

One o f  the  m ost s t r ik in g  fa c t s  W hich cones to  l i g h t  on stu d y in g  

the  lit e r a tu r e  p u b lish e d  in  the  la s t  f iv e  ye ars i s  the  ra p id  advance 

W hich h as been made in  the  developm ent o f  n u c le ic  a c id -b a se d  d ia g n o s t ic  

a s sa y s . Many o f  the  new techn iques ( fo r  example, polym erase ch a in  

re a c tio n  [ S a ik i e t  a l ., 1985 a ] , a f f in it y -b a s e d  h y b r id  c o lle c t io n  

[Syvanen Sc K o rp e la , 1986], tim e -re so lv e d  flu orom etry  [Syvanen e t a l . , 

1986 b ] and m u lt ip le  sandw ich a ssa y  u s in g  o lig o n u c le o t id e  com plexes 

[Urdea e t a l . , 1987 a ] )  are  d isc u sse d  in  d e ta il in  chap ter 1. There i s  

no doubt th a t, o f  the  techn iques l i s t e d  above, FCR h as had the  b ig g e s t  

im pact on m o le cu lar b io lo g y .  A lthou gh , a t  f i r s t  g la n ce , PCR appears to  

so lv e  many o f  the  problem s W hich have prevented n u c le ic  a c id -b a se d  

t e s t s  from  becom ing w id e ly  used in  ro u tin e  d ia g n o s t ic s ,  a co n sid e rab le  

amount o f  work rem ains to  be dene b e fo re  the techn ique  i s  r e lia b le  and 

s p e c if ic  enough to  be u n iv e r s a lly  used. Over the la s t  th ree  ye a rs, 

im portan t improvements Which have been made to  the  PCR a ssa y  form at; 

these  in c lu d e  the  developm ent o f  a  r e lia b le ,  ro b u st ENA polym erase by  

the  Cetus C o rp o ra tio n  in  th e  U .S .A . ( S a ik i e t a l . , 1988 b ) , and the  

concom itant in tro d u c tio n  o f  com m ercia lly  a v a ila b le  apparatu s fo r  the  

autom ation o f  the  procedure. However, i t  i s  not y e t obv iou s Which 

prim er G /C :A /T  conten t r e s u lt s  in  the  m ost e f f ic ie n t  a m p lif ic a t io n ;  

many d if fe r e n t  p rim er p a ir s  have been used by  d if fe r e n t  re search  groups 

fo r  the  a m p lif ic a t io n  o f  v a r io u s  re g io n s  o f  the  same HPV genome. 

Id e a lly ,  in  o rde r th a t  the r e s u lt s  ob ta in e d  by d if fe r e n t  w orkers co u ld  

be compared d ir e c t ly  w ith  each o th e r, a u n iv e r sa l p rim er p a ir  shou ld  

be agreed upon fo r  each HPV type . The le n g th  o f  the  a m p lifie d  re g io n  

sh ou ld  a ls o  be stan dard ize d , because t h is  can have a s ig n if ic a n t  e ffe c t  

on a m p lif ic a t io n  e ff ic ie n c y  (G .C .N . P a rry , p e rso n a l co rm u n ica tio n ). A s
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d isc u sse d  in  se c t io n  5.1, g re a t care  w i l l  need to  be taken  to  p reven t 

the  con tam in ation  o f  c l in ic a l  sam ples w ith  DNA w hich w ould be a  s u it 

a b le  tem plate  fo r  th e  PCR re a c tio n , in  o rder to  a v o id  th e  p o s s ib i l i t y  

o f  o b ta in in g  fa ls e  p o s it iv e  r e s u lt s .

In  summary, a lth ou gh  a co n sid e ra b le  amount o f  ground h as been 

covered in  the  race  to  b r in g  ENA d ia g n o s t ic s  w ith in  the  realm  o f  

ro u tin e  use, much w ork rem ains to  be dene. I t  seems u n lik e ly  th a t  a  

s in g le  techn ique  w i l l  be used to  the  e x c lu sio n  o f  a l l  o th e rs fo r  the  

ro u tin e  d e te c tio n  o f  s p e c if ic  n u c le ic  a c id  sequences. F a r more l ik e ly ,  

a range o f  a ssa y s  w i l l  be used, in  co n ju n ctio n  w ith  im n u n o lo g ica l 

te s t s ,  depending on the  nature  o f  th e  problem  w hich needs to  be 

ta c k le d . A lre ad y , th e  enormous p o te n t ia l o f  n u c le ic  a c id  h y b r id iz a t io n  

h as been recogn ized ; the  a b i l i t y  to  d e te ct v a r ia t io n s  in  gene stru c tu re  

w i l l  f a c i l i t a t e  the  id e n t if ic a t io n  o f  the  in h e r ite d  m utations le a d in g  

to  d iso rd e rs  such a s  s ic k le - c e l l  anaem ia, th a la ssae m ia , H u n tin g to n 's  

chorea, m uscu lar dystroph y  and c y s t ic  f ib r o s is ,  to  name a few o f  the  

d ise a se s  c u r re n t ly  under stu d y  (G ille s p ie ,  1987, and re fe ren ces 

th e r e in ) . Progeny from  two c a r r ie r  p a re n ts can be eva luate d  in  u te ro  to  

perm it the  d e te c tio n  o f  re c e ss iv e  autosom al in h e r ite d  d iso rd e rs  such  as  

c y s t ic  f ib r o s is ,  haem op h ilia  B and T ay-Sach s d ise a se ; re c e ssiv e  

X -lin k e d  d ise a se s  such  a s Duchenne m uscu lar dystrophy, Lesch-Nyhan  

syndrome, and X -lin k e d  m ental re ta rd a tio n  may a ls o  de id e n t if ie d .  I t  i s  

p o s s ib le  th a t, in  th e  near fu tu re , in d iv id u a ls  w i l l  be g e n e t ic a lly  

screened a t  (o r  b e fo re ) b ir t h  to  e va lu a te  the  r i s k  th ey  face  from  

succum bing to  environm ental s t re s s e s ;  fo r  exanple, the  p r o b a b ilit y  th a t  

a g iv e n  in d iv id u a l w i l l  s u ffe r  from  neurom uscular d iso rd e rs , a r te ry  

d ise a se , h yp e rte n sio n , d ia b e te s o r  sch izo p h re n ia  shews a la rg e  

in h e r ite d  component (Lowe, 1986; G ille s p ie ,  1987).

O ther com m ercial a p p lic a t io n s  o f  DNA-based d ia g n o s t ic  t e s t s
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in c lu d e  the d e te c tio n  o f  in fe c t io u s  d ise a se  in  an im a ls and p la n ts ,  and 

the  id e n t if ic a t io n  o f  contam inants in  fo o d stu ffs  and w ater su p p lie s . A  

co n se rva tive  e stim ate  p re d ic ts  th a t  the  s iz e  o f  the  gene d ia g n o s is  

g ro s s  m arket in  the  1990s w i l l  be between 3 and 30 b i l l i o n  pounds 

a n n u a lly  (G ille s p ie ,  1987). The developm ent o f  n u c le ic  a c id -b a se d  

t e s t s  w i l l  undoubtedly be an e ffe c t iv e  way o f  im prov ing the  stan dard  

o f  h e a lth  care  o f  the ge n e ra l p o p u la t io n .
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APPENDIX A : 'D IA G C N ' PLO TS TO ILLU ST R A T E  LA C K  O F HOMOLOGY 

BETW EEN HPV R E ST R IC T IO N  FRAGMENTS.
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All plots were prepared using a scan length of five, and a score of 
five (nucleotide stretches five residues in length from the 
'vertical' sequence were compared with the total 'horizontal' 
sequence; a dot was plotted on the diagram only at the position of 
an exact match). The diagrams clearly show that, at this 
stringency, there are no obvious regions of homology between the 
restriction fragment pairs chosen for use in the sandwich assay.

The diagrams above are comparisons of the following restriction 
fragments ('vertical' sequence first): A,  HPV 6b 1,081 bp
fragment vs. HPV 6b 686 bp fragment; B,  HPV 11 1,042 bp 
fragment vs. HPV 11 435 bp fragment.
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The diagrams above are comparisons of the following restriction 
fragments ('vertical' sequence first): C, HPV 16 2,817 bp
fragment vs. HPV 16 1,776 bp fragment; D, HPV 16 1,776 bp 
fragment vs. HPV 16 1,063 bp fragment.
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The diagrams above are comparisons of the following restriction 
fragments (Vertical' sequence first): E, HPV 16 1,776 bp
fragment vs. HPV 16 483 bp fragment; F, HPV 16 1,776 bp 
fragment vs. HPV 16 216 bp fragment.
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The diagrams above are comparisons of the following restriction 
fragments ('vertical' sequence first): G, HPV 16 1,063 bp
fragment vs. HPV 16 483 bp fragment; H, HPV 18 555 bp fragment 
vs. HPV 18 441 bp fragment.

>
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APPHTOIX B : IMA HYBRIDIZATION KINETICS.
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The k in e t ic s  o f  so lu t io n  (s in g le -p h a se ) h y b r id iz a t io n  (Wetmur & 

D av id  sen, 1968), and m ixed-phase h y b r id iz a t io n  ( in  w hich one o f  the  two 

a s s o c ia t in g  fragm ents i s  im m obilized on a s o lid  support, and the  o the r 

i s  fre e  in  s o lu t io n  [ F la v e ll e t a l . , 1974; Cannon e t a l . , 1985]) have  

been e x te n s iv e ly  in v e s t ig a te d .

The ra te  a t  w hich two DNA s tra n d s  (each w ith  an o v e r a ll n e ga tive  

charge) h y b r id iz e  in  s o lu t io n  i s  dependent upon tem perature, s a l t  

co n ce n tra tio n  and the  s iz e  and base  com position  o f  the  m olecu les 

in vo lve d ; in  a d d itio n , the  presence o f  c e r ta in  m acrom olecules ( fo r  

example, dextran  su lp h a te ), o r hydrogen bond donors and acce p to rs ( fo r  

example, urea o r  formam ide) can have a  s ig n if ic a n t  e ffe c t  on the ra te  

o f  fo rm ation  and s t a b i l i t y  o f  the  DMA. duplex.

The ra te  o f  re n a tu ra tio n  o f  f u l l y  denatured DNA in  so lu t io n  i s  

k in e t ic a l ly  a second o rde r re a c tio n . The re a c tio n  ra te  in c re a se s a s  the  

tem perature decreases be lew  Tm (the  tem perature a t  w hich 50% o f the  

p a ire d  stra n d s are  de n atu red ), re a ch in g  a broad f l a t  maximum from  15 to  

30°C below  Tm, and then decreases w ith  a  fu rth e r decrease  in  tem perature  

(Wetmur & Davidson, 1968). I f  the  com p lex ity  o f  the DNA. i s  represented  

b y  N, and L  i s  the  average number o f  n u c le o tid e s p>er denatured stra n d , 

the  second o rder re n a tu ra tio n  ra te  co n stan t i s  approxim ated by  the  

e xp re ssion :

5 0 5
= 3.5  x 10 .L  ------------- A ]

N

The u n its  o f  t h is  co n stan t are  m oles/second, and the  form ula  

m ust be a p p lie d  a t  (Tm-25)°C, and a t  [Na+ ] = 1.0 m o le / lit r e .  Note th a t  

the  e xp re ssion  o n ly  a p p lie s  fo r  DNA:DNA h y b r id iz a tio n , where the two 

stra n d s are  o f  id e n t ic a l le n gth , and are  p re se n t in  equal concentra

t io n s .

DNA re a sso c ia t io n  in  b ip h a s ic  system s fo llo w s  a f i r s t  o rde r 

re a c tio n , because the co n ce n tra tio n  o f  the fre e  probe i s  in  v a s t  excess
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over the ta rg e t  sequence. Thus:

t l/ 2  = ^  B -*' k .c

Where k  i s  the  p s e u d o -f ir s t  o rde r ra te  co n stan t ( lit re s /m o le  o f  

n u c le o tid e /se co n d ), and c i s  the  probe co n ce n tra tio n  (m oles o f  

n u c le o t id e / lit r e ) . Assum ing th a t  equation  A  h o ld s  fo r  m ixed-phase  

re a c t io n s , th e n :

N.ln2
3.5 x 105 .L0 -5 .c  ------------- C ]

I t  i s  im portant to  remember th a t  these  equ ation s are  o n ly  

a p p lic a b le  fo r  a  b ip h a s ic  re a c tio n  in  w hich the probe i s  s in g le -  

stranded . The k in e t ic s  o f  mixed phase re a c tio n s  in  w hich the probe i s  

d ou b le -stran d ed  w i l l  d e v ia te  from  th ose  de scrib e d  above. C le a r ly , the  

k in e t ic s  o f  a b ip h a s ic  h y b r id iz a t io n  in  w hich th e re  are  th ree  

components ( fo r  example, the tw o -step  sandw ich a ssa y ) w i l l  be com plex. 

I t  i s  p o s s ib le  th a t, i f  the  im u o b ilize d  and la b e lle d  probes are  in  a  

v a s t  excess over the  ta rg e t  ENA, the  re a c tio n  w i l l  fo llo w  f i r s t  o rder

k in e t ic s .
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