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SUMMARY

A f r ic a n  trypanosomes are able t o  evade the immune response of  

t h e i r  mammalian host by t h e i r  a b i l i t y  to  change p e r i o d i c a l l y  

t h e i r  sur face  g ly c o p ro te in  coat ,  in  a process known as an t ig en ic  

v a r i a t i o n .  Th is  sur face coat i s  f i r s t  d isplayed in the p a ra s i t e s ’ 

m etacyc l ic  stage, which e x i s t s  in  the s a l i v a r y  glands o f  the 

p a r a s i t e s ’ insec t  vec to r ,  the t se tse  f l y .  Previous analyses o f  

the fea tu res  o f  a n t ig e n ic  v a r i a t i o n  in the metacyc l ic  stage have 

revealed t h a t  the system appears very d i f f e r e n t  from the more 

complex and b e t t e r  charac te r ized  system employed in paras i te  

popu la t ions  es tab l ished  in  the mammalian bloodstream. The work 

presented here has at tempted to  e lu c id a te  the reasons f o r  these 

d i f f e re n c e s .

F i r s t l y ,  the mechanism f o r  the a c t i v a t i o n  o f  the expression 

o f  the m etacyc l ic  v a r ia n t  sur face g lycop ro te in  (VSG) coat has 

been s tud ied .  This has been done by in f e c t i n g  tse tse  f l i e s  w i th  

trypanosomes expressing metacyc l ic  VSG genes as they are bel ieved 

t o  be ac t iv a te d  in the tse tse  f l y  s a l i v a r y  gland. An ana lys is  o f  

the r e s u l t i n g  m etacyc l ic  popu la t ion  a f t e r  c y c l i c a l  t ransmiss ion 

has revea led  t h a t  th e re  i s  a p p a r e n t l y  no h e r i t a b l e  genomic 

change a ssoc ia ted  w i th  a c t i v a t i o n  o f  t h e s e  genes. T h is  i s  

d i s t i n c t  f rom what i s  found f o r  b lo o d s t re a m  VSG genes, the  

a c t i v a t i o n  s igna ls  f o r  which are preserved through the tse tse  

f l y ,  and suggests t h a t  the metacyc l ic  VSG re p e r to i re  is  reset 

w i th  t ransmiss ion .

Secondly, the s t r u c tu r e  o f  a metacyc l ic  VSG gene expression 

locus has been inves t iga ted .  This has involved the c lon ing ,  by 

the progress ive i s o la t i o n  o f  over lapp ing r e s t r i c t i o n  f ragments, 

o f  16Kb o f  the  ILTa t  1.61 gene e n v i r o n m e n t .  A n a l y s i s  o f  the  

c lones has revealed th a t  the locus has j u s t  a very shor t  upstream 

r e s t r i c t i o n  s i t e  barren reg ion, which cont ras ts  w i th  the long 

barren region associated w i th  bloodstream VSG expression s i t e s .  

Evidence f o r  the presence o f  a region which cross hybr id izes  w i th  

one o f  the several  f a m i l i e s  o f  expression s i t e  associated genes



found in  a l l  b loods t ream VSG e x p r e s s i o n  s i t e s  has a l s o  been 

found .  An a n a l y s i s  o f  nascent t r a n s c r i p t s  f rom trypanosomes 

expressing  the ILTat 1.61 gene as i t  i s  be l ieved to  be expressed 

in the t s e ts e  f l y ,  has revealed t h a t  the t r a n s c r i p t i o n  u n i t  is  

very  sho r t  w i th  respect t o  o ther  examined VSG expression s i t e s .

F i n a l l y ,  the r e a c t i v a t io n  o f  a gene encoding the metacyc l ic  

v a r i a n t  a n t ig e n  type  IL T a t  1.22 in  e s t a b l i s h e d  b lo o d s t re a m  

pa ras i te s  has been in ves t iga ted .  This r e a c t i v a t io n  has been found 

always to  invo lve  the generat ion o f  a dup l i c a te  gene copy by 

c onv e rs ion  o f  one o f  a number o f  d i s t i n c t  b lo o d s t re a m  VSG 

e x p re s s io n  s i t e s .  The upstream l i m i t  o f  t h e  gene c o n v e rs io n  

process which r e s u l t s  in the generat ion o f  t h i s  dup l i ca te  gene 

has been found always to  occur w i t h in  a region conta in ing  j u s t

1.5 copies o f  the t r a n s p o s i t i o n  associated 70bp repeat m o t i f ,  o f  

which upstream barren regions on bloodstream expression s i t e s  

are composed. The sequence o f  the ILTat 1.22 gene and transposed 

segment has been determined. Ne i ther  i s  unusual w i th  respect to  

the environment o f  bloodstream VSG genes.

The de term ined c h a r a c t e r i s t i c s  o f  m e t a c y c l i c  VSG gene 

a c t i v a t i o n  and expression s i t e  s t ru c tu re  have provided p o te n t ia l  

exp lana t ions  f o r  the unusual fea tu res  o f  sur face coat expression 

in the tse tse  f l y .



Chapter 1 

INTRODUCTION



1.1 Trypanosome Species.

The pathogenic Sa llvarian  trypanosomes are of major economic 

and medical Importance throughout the African continent. Around 

50 m il l io n  people are exposed to these parasites, resulting in 

10,000-20,000 infections per year (Allsopp et a T . , 1985; Goodwin 

et a l . , 1985). More Important 1s the cost to food production; one 

th ird  of a l l  African c a t t le  are at r isk from trypanosomiasis 1n 

over 37 countries.

A number of d is t in c t  species and subspecies are responsible 

fo r  the African trypanosomiases (Hoare, 1972). These Include 

Trypanosoma v1vax. T .congolense. T . s1m1ae. T . su1s . T . brucel  

bruce i. T.b.gamblense and T.b.rhodeslense, of which only the 

las t  two are human In fe c t iv e .  The geographical d is tr ib u tio n  of 

these species matches the d is tr ib u tio n  of th e ir  Intermediate 

host, the blood feeding tsetse f l y  (Glossina spp.). Only 1n the 

case of two other Sa llvarian  trypanosomes, where th is  vector has 

been dispensed with, has the range of the parasite been free to 

expand. Thus, the purely mechanically transmitted T.evansi and 

the venereal!y spread horse parasite , T.eauiperdum, are found 1n 

South America, Asia and Europe, 1n addition to trop ica l A frica .

1.2 The Biology o f Trypanosoma brucei rhodeslense.

The epidemiology of T.b.rhodeslense. causing the acute form 

of human sleeping sickness, has been described by Apted (1970). 

The p a ra s ite ,  Id e n t i f ie d  by Stephens and Fantham (1 9 1 0 ) ,  1s 

morphologically indistinguishable from both the causative agents 

of chronic human sleeping s ickness, T .b .g a m b le n s e , and the  

exclusively animal in fec tive  T .b .b ru ce i. I t s  principal insect 

vec tors , dependent upon lo c a t io n ,  are the  woodland and bush 

inhabiting Glossina morsitans. G.swinnertonl ,and G.pal 1 ip1d.es. On 

rare occasions the r iver ine  G.palpal is has also been Implicated 

in the parasites* transmission. Although T.b.rhodeslense is human 

in fe c t iv e ,  man 1s only a chance host, with the game animals being

1
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the  Im p o r ta n t  r e s e r v o i r s .  In  human e p id e m ic s ,  however,  the  

p a ra s i te  i s  probably more commonly spread in  a man-tsetse-man 

cyc le ,  w i th  the trypanosome e i t h e r  undergoing development in the 

f l y  o r  be ing  spread d i r e c t l y  t h r o u g h  i n f e c t e d  b lood  in  the  

probosc is  (Apted, 1962).

1.3 C y c l i c a l  Development o f  T .b .  rhodeslense.

Members o f  the  T . b ruce i  group undergo  a g r e a t  number o f  

morpho log ica l ,  ul t r a s t r u c t u r a l  and biochemical changes dur ing 

c y c l i c a l  development (reviewed by Vickerman, 1985; Figure 1.1) .  

In the mammalian bloodstream, the pa ra s i te  d isp lays  pleomorphism 

(Vickerman, 1969), w i th  long s lender ,  In te rmedia te and short  

stumpy t rypomast igo te  forms being present .  The long slender form 

is  r a p id l y  d i v i d i n g ,  w i th  a doubl ing t ime in  the order o f  5 to  10 

hours (Myler  e t  a]_. , 1985; Turner and Barry,  1989), and d isp lays  

i t s  k in e to p la s t  at  a p o s i t i o n  p o s te r io r  to  the c e n t r a l l y  located 

nuc leus .  The k i n e t o p l a s t  i s  c o n t a i n e d  w i t h i n  t h e  p a r a s i t e ’ s 

m i to c h o n d r io n  and i s  un ique t o ,  and c h a r a c t e r i s t i c  o f ,  the  

k in e to p la s t i d a .  I t  i s  composed o f  several thousand concatenated 

DNA m i n i c l r c l e s  wh ich are he te roge neous  in  sequence, and 

approx imate ly  50 id e n t i c a l  DNA m a x ic i r c le s  (reviewed by Englund 

e t  a l . ,  1982).  The m i t o c h o n d r i a l  a c t i v i t y  o f  long  s le n d e r

bloodstream form trypanosomes i s  f u l l y  repressed; l i v i n g  in a 

g lucose r i c h  env i ronm ent ,  the  p a r a s i t e  uses o n l y  g l y c o l y s i s  

r e s u l t i n g  in  the product ion  and exc re t ion  o f  pyruvate.  G ly c o l y t i c  

reac t ions  in  the t rypanosomatidae are unique in being conf ined 

t o  the microbody l i k e  o rgan e l le ,  the glycosome (Opperdoes and 

Bors t ,  1977).

N o n - d i v i d in g  s h o r t  stumpy t r y p o m a s t i g o t e s  become v e ry  

abundant d u r in g  the  p o p u la t i o n  c r i s e s  c h a r a c t e r i s t 1c o f  

trypanosome in fe c t i o n  and are be l ieved to  be responsible f o r  

I n f e c t i o n  o f  the t s e ts e  f l y  (W i je rs  and W i l l e t ,  1960). To t h i s  

end, they d is p la y  the beginnings o f  m i tochondr ia l  r e a c t i v a t io n .  

Once in  the f l y  midgut,  the pa ras i tes  t ransform to  the p roc y c l i c  

form, which i s  in d is t in g u is h a b le  from those growing in In  v i t r o  

c u l t u r e  media.

2



From the gut lumen, the p r o c y c l i c  trypanosomes are bel ieved 

to  migrate  v ia  the end o f  the p e r i t r o p h i c  membrane, which forms 

a rep laceable  l i n i n g  to  the insec t  midgut,  to  the endoper i t roph ic  

space. I n f e c t i o n  o f  the  t s e t s e  f l y  by t rypanosomes i s  most 

successful  when the insec t  i s  a newly emerged adu l t .  One reason 

f o r  t h i s  may be t h a t  a t  t h i s  stage the p e r i t r o p h i c  membrane is  

not f u l l y  formed, making invas ion o f  the endoper i t roph ic  space 

eas ie r .  Another more rec en t ly  i d e n t i f i e d  p o s s i b i l i t y  is  t h a t  the 

leve l  o f  t rypanoc ida l  l e c t i n s  produced by the tse tse  f l y  are 

q u i t e  low e a r l y  on .  T h i s  may be a c o n s e q u e n c e  o f  t h e i r  

seques t ra t ion  by high le v e ls  o f  glucosamine, a poss ib le  product 

o f  the  c h i t i n a s e  a c t i v i t y  o f  e n d o s y m b io t i c  r i c k e t t s i a - 1ik e  

organ isms p resen t  in  t rypanosome s u s c e p t i b l e  t s e t s e  f l i e s  

( r e v i e w e d  by M a u d l i n  and W e lb u r n ,  1 988 ) .  Once in  t h e  

e n d o p e r i t r o p h i c  space the  trypanosomes m u l t i p l y  e x t e n s i v e l y  

before pene t ra t ing  the p ro v e n t r ic u lu s  a t  the po in t  o f  secre t ion  

o f  the p e r i t r o p h i c  membrane. They then migrate forward to  the 

mouthparts and s a l i v a r y  glands, the f i n a l  s i t e  o f  development 

f o r  trypanosomes o f  the brucei  group.

I n  t h e  s a l i v a r y  g l a n d ,  t h e  p r o v e n t i c u 1a r  p a r a s i t e s  

d i f f e r e n t i a t e  i n to  the ep imast igo te  stage. The ep imast igote c e l l s  

are at tached to  the s a l i v a r y  gland wal l  v ia  f l a g e l 1ipod ia  and 

undergo m u l t i p l e  d i v i s i o n s ,  before forming the premetacyc l ic ,  and 

u l t i m a t e l y  the metacyc l ic  forms.

At some po in t  p r i o r  to  metacyclogenesis, trypanosomes can 

undergo sexual  exchange ( T a i t ,  1980; Jenn i  e t  aj_. , 1986;

Paindavoine e t  a j .  , 1986; Sternberg e t  a l . , 1988). I t  has been 

suggested,  on the  bas is  o f  DNA c o n t e n t ,  t h a t  i t  may be th e  

m e ta c y c l i c  form which i s  the  gam e t ic  s ta g e  in  t h i s  p rocess  

(Zampet t i -Bosse ler  e t  a j .  , 1986). This has now been shown to  be 

in c o r r e c t ;  metacyc l ic  forms are d i p l o i d ,  having been observed to  

be both homozygous and heterozygous f o r  some genet ic markers 

( T a i t  e t  al_., 1989).
The metacyc l ic  stage e x is ts  f ree  in the tse tse  f l y  s a l i v a r y  

gland lumen and 1s non r e p l i c a t i v e .  I t  i s  t h i s  stage which is  

respons ib le  f o r  invasion o f  a new mammal host and to  t h i s  end i t  

d isp la ys  a number o f  preadaptat ions f o r  l i f e  in the bloodstream.
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This e n t a i l s  a repress ion o f  t h e i r  m i tochondr ia l  a c t i v i t y  and the 

a c q u i s i t i o n  o f  a dense sur face g ly c op ro te in  coat cover ing the 

e n t i r e  p a ra s i te  sur face.  This coat is  present on a l l  bloodstream 

stages o f  A f r i c a n  trypanosomes as we l l  as the metacyc l ics ,  and

one o f  i t s  f u n c t io n s  i s  to  prevent l y s i s  o f  the pa ras i te  by non

s p e c i f i c  mammalian immune mechanisms ( R i f k i n ,  1978). Another is  

t o  a s s i s t  1n the evasion o f  s p e c i f i c  humoral responses, which

permits  the p a ra s i te  t o  su rv ive  f o r  months, unsequestered, in the 

mammalian bloodstream.

1.4 Antigenic Varia t ion : an Overview.

Trypanosome i n f e c t i o n  in  mammals i s  c h a r a c t e r i z e d  by the  

c y c l i c a l  appearance and d is a p p e a ra n c e  o f  a p a r a s i t a e m i a .  In  

exper imental  c lona l  i n f e c t i o n ,  the m a jo r i t y  o f  members o f  each 

successive popu la t ion  express the same ant igens con t r ibu ted  by

the densely packed, i d e n t i c a l  v a r ia b le  sur face g lycopro te in  (VSG) 

molecules,  which mask o ther  membrane p ro te in s .  When the host 

r a i s e s  an a n t ib o d y  response,  i t  does so a g a i n s t  t h i s  h i g h l y  

immunogenic coat ,  such t h a t  a l l  organisms bearing a p a r t i c u l a r  

v a r ia b le  ant igen type (VAT) are destroyed. The popula t ion can be 

regenerated, however, because a small p ropo r t ion  o f  the paras i tes  

have switched to  the expression o f  an a n t i g e n i c a l l y  d i s t i n c t  VSG. 

This exchange o f  sur face ant igens al lows prolonged i n fe c t io n  in 

the bloodstream and is  known as an t ig en ic  v a r i a t i o n .

The t rypanosome’ s p o t e n t i a l  f o r  a n t i g e n i c  v a r i a t i o n  i s  

enormous: the descendents o f  a s in g le  trypanosome can produce at  

leas t  101 immunological ly  d i s t i n c t  coat types (Capbern e t  aH., 

1977). The switch in coat types is  not Induced by the host 

immune response since trypanosomes in c u l tu re  can change t h e i r  

sur face  coat (Lamont e t  a].., 1986), and is  very unpred ic tab le ,  at  

l e a s t  i n  e s t a b l i s h e d  i n f e c t i o n s .  T h i s ,  c o u p le d  w i t h  t h e  

observa t ion th a t  d i f f e r e n t  trypanosomes in the f i e l d  can d isp lay  

c o m p le te ly  d i f f e r e n t  VSG r e p e r t o i r e s ,  has so f a r  t h w a r t e d  

at tempts t o  c on t ro l  the pa ras i te  using vaccine-based approaches. 

I t  has not ,  however, thwarted in v e s t ig a t io n s  in to  the nature o f  

the  s u r fa c e  molecu le  and the  e l e g a n t  and complex m o le c u la r
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mechanisms the pa ra s i te  uses to  achieve I t s  expression.

1.5 The Variant Surface Glycoprotein.

The VSG coa t  i s  d i s p la y e d  o n l y  on t h e  b lo o d s t re a m  and 

m etacyc l ic  stages (Vickerman, 1969) and was f i r s t  shown to  be 

respons ib le  f o r  the t rypanosome’ s d i f f e r e n t  VATs by Vickerman and 

Luck ins  (1969 ) .  The VSG m o lecu le  1s a 5 3 , 0 0 0 -6 5 ,0 0 0  d a l t o n  

g l y c o p r o t e i n  (Cross ,  1975) wh ich  can be c le a v e d  by p a r t i a l  

t r y p t i c  d ig e s t io n  i n t o  an N- terminal  domain comprising two t h i r d s  

o f  the molecule,  and a C- te rm ina l  domain compris ing the res t  

(Cross and Johnson, 1976). The N-term1nal domain 1s extremely 

d i v e r s e  1n sequence, w i t h  no o b v io u s  c o n s e r v a t i o n  between 

d i f f e r e n t  VSG molecules (Br ldgen e t  a l . » 1976; R1ce-F1cht e t  al_. ,

1981).  In  an a n a l y s i s  o f  secondary  and t e r t i a r y  s t r u c t u r a l  

c o n s e r v a t i o n ,  however, s i m i l a r i t y  i s  f o u n d .  The m atu re  N- 

te rm lna l  30 res idues , f o r  example, show a p a r t i c u l a r l y  conserved 

c y s t e in e  a t  p o s i t i o n  15 t o  17, wh ich  i s  f l a n k e d  by nearby  

hydrophobic amino acids (Olafson e t  a l . , 1984). This cys te ine  is  

b e l i e v e d  t o  be a s s o c ia te d  w i t h  i n t r a m o l e c u l a r  d i s u l p h i d e  

l i n k a g e s ,  commonly w i t h  a second c y s t e i n e  a t  a p p r o x im a t e l y  

p o s i t i o n  150 ( rev iew ed  by T u r n e r ,  1988) .  T h i s  c o u p l i n g  i s  

over lapp ing  w i th  a second p a i r  o f  cys te ines around p o s i t io n s  120 

and 190, which re s u l t s  in  the format ion o f  a molecule fo lded back 

on i t s e l f ,  1n the form o f  an up r ig h t  c y c l l n d r l c a l  s t ru c tu re  o f  

approx imate ly  100x40x40 Angstroms (Freymann e t  aj_., 1984). An X- 

ray c r y s ta l l o g r a p h l c  ana lys is  revealed th a t  the N-term1nus o f  two 

unre la ted  VSG molecules,  der ived from trypanosomes from d i s t i n c t  

serodemes, have remarkably s im i l a r  t e r t i a r y  s t ru c tu re  desp i te  an 

absence o f  N- term ina l  sequence homology (Metca l f  e t  a l . , 1986). 

This o v e r a l l  s t r u c t u r a l  conserva t ion  probably r e f l e c t s  the need 

f o r  the  VSGs t o  form a t i g h t l y  packed c o a t  on t h e  p a r a s i t e ,  

r e s i s t a n t  t o  pene t ra t ion  by an t ibod ies  aga inst  common surface 

ant igens.
W i th in  the C-term1nal 100 or  so amino acids,  f a r  more pr imary 

sequence c o n s e rv a t io n  1s p r e s e n t  (Majumder  e t  aj_. , 1981;

Boothroyd e t  aJL. ,  1981; R1ce-F1cht e t  aj_., 1981), from which a
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broad c l a s s i f i c a t i o n  o f  VSGs has been d e v i s e d  based on the  

carboxy te rm ina l  residue (Bors t  and Cross, 1982). VSG molecules 

w i t h  a C- t e r m in a l  aspa rag ine  o r  a s p a r t i c  a c id  r e s id u e  are

c l a s s i f i e d  Group I  w h i l s t  those w i th  ser ine  are Group I I .  The

r e l a t i v e  conserva t ion over the C- term ina l  domain and the gross 

sequence d i v e r s i t y  over the N- term ina l  350 amino acids r e f l e c t s  

the r e l a t i v e  fu n c t io n  o f  each p o r t io n :  The N-terminal  domain 

accounts f o r  the v a r ia b le  a n t i g e n i c i t y  o f  the molecule on l i v i n g  

trypanosomes, wh i le  the C- term ina l  domain is  associated w i th  

membrane anchor ing.

Dur ing  m a tu r a t i o n ,  the  VSG undergoes  a number o f  pos t  

t r a n s l a t i o n a l  m o d i f i c a t io n s .  An N- terminal  s igna l  peptide of  

a p p ro x im a te ly  20-40 h yd rop hob ic  amino a c i d s  i s  c le a v e d  o f f  

(Boothroyd e t  a l . , 1981; McConnell e t  a l . ,  1981), as is  a s im i l a r  

C- te rm ina l  sequence o f  approx imate ly  23 amino acids (Boothroyd et  

a l . , 1980; Holder and Cross, 1981; Rice F ich t  e t  a j . . , 1981). The

C- te rm ina l  domain o f  the molecule is  also g lycosy la ted ,  w i th  one

or  more asparagine- l inked  high mannose type m od i f i c a t ions ,  whose 

a d d i t i o n  i s  t u n ic a m y c in  s e n s i t i v e  ( H o ld e r  and Cross ,  1981; 

S t r i c k l e r  and Patton, 1980,1982a; Rovis and Dube, 1981). These 

g 1y c o s y 1 a t i o n s  a r e  b e l i e v e d  t o  be a s s o c i a t e d  w i t h  t h e  

s t a b i l i z a t i o n  o f  VSG dimers on the trypanosome sur face ( S t r i c k l e r  

and Patton, 1982a; 1982b). P ro te in  m o d i f i c a t io n  i s  also found at  

t h e  e x t r e m e  C - t e r m i n u s  o f  t h e  m a tu re  VSG m o l e c u l e .  T h i s  

m o d i f i c a t i o n  conta ins  mannose, galactose and glucosamine and is 

the region on the VSG to  which an t ibod ies  w i th  r e a c t i v i t y  to  

severa l  d i s t i n c t  v a r ia n ts  are able to  bind, at  leas t  on so lub le  

form VSG molecules (Holder and Cross, 1981). This is  ca l led  the 

cross reac t ing  determinant (CRD) and is  a par t  o f  the molecule 

concerned w i th  anchor ing to  the trypanosome membrane. Instead o f  

an in s e r t i o n  o f  a hydrophobic C-terminal  domain in to  the surface 

membrane, the VSG has been found to  be l inked through a m y r i s t i c  

a c id  c o n t a i n in g  g l y c o l i p i d  t a i l  (Fe rguson  and Cross ,  1984; 

Ferguson e t  a l .  , 1985). This t a i l  is  added in a preassembled form 

(Bangs e t  a l . ,  1985; Ferguson e t  a].., 1986; Masterson et  a j . ,

1989) dur ing  VSG biogenesis to  the residue at  the mature C- 

t e rm in u s .  The membrane anchor i s  a b le  t o  be c le a v e d  by the
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endogenous phosphol ipase C o r  VSG l ipase ,  re leas ing  so lub le  form 

VSG (Cardoso de Almeida and Turner,  1983; Ferguson et  a l .  , 1985; 

Hereld e t  a l . , 1986; Fox e t  a l .  , 1986) in  a process which has 

been suggested to  be invo lved w i th  VSG turnover  (Ferguson and 

W i l l i am s ,  1988).

1.6 The T rypanosome Genome.

The trypanosome has a 7x104kb d i p l o i d  genome (Borst  e t  a l . ,

1982), the chromosomes o f  which do not condense a t  any po in t  

dur ing  the c e l l  cyc le .  An examinat ion o f  the chromosomes has, 

t h e r e f o r e ,  r e l i e d  upon th e  use o f  p u ls e d  f i e l d  gel  

e l e c t ro p h o re s is  which a l lows a v i s u a l i z a t i o n  o f  I n ta c t  nuclear 

DNA (Schwartz and Cantor, 1984). This form o f  ana lys is  involves 

s u b j e c t i n g  chromosome-sized DNA m o le c u le s  t o  an a l t e r n a t i n g  

e l e c t r i c  f i e l d ,  w i th  progress ion through the gel being thought 

to  r e l y  upon the ra te  w i th  which the chromosomes can reo r ien ta te  

in  the  agarose m a t r i x ,  p r i o r  t o  c o n t i n u e d  m i g r a t i o n .  T h i s  i s  

a s s o c ia te d  w i t h  the  le n g th  o f  t h e  DNA m o le c u le ,  such t h a t  

chromosomes become resolved on the basis o f  s ize .  Van der Ploeg 

e t  a l . (1984a)  f i r s t  app l ied  t h i s  technology to  the trypanosome 

and resolved the genome in to  fou r  d i s t i n c t  s ize c lasses. Under 

improved separa t ion c o n d i t io n s ,  t h i s  has recen t ly  been increased 

t o  20 r e s o l v a b le  bands, a c c o u n t i n g  f o r  a t  l e a s t  80% o f  the  

t rypanosome genome (Van der  P loeg e t  aj_. , 1 989 ) .  Host

c h a r a c t e r i s t i c  o f  t rypanosomes a b le  t o  undergo a n t i g e n i c  

v a r i a t i o n  ( B o rs t  e t  aj_. , 1984) are  th e  100 o r  so

"minichromosomes" o f  between 50 and 150 kb in length (Wi l l iams et  

a l .  , 1982; S l o o f  e t  aj_. , 1983; Van d e r  P loeg e t  an. , 1 984a; 

1984b), a l though these are absent in most T . v i v a x . Above these 

run f i v e  200-430 kb chromosomes, nine chromosomes in the s ize 

range 680 kb to  3Mb and, f i n a l l y ,  fou r  chromosomes o f  3-5.7 Mb 

which have on ly  rec en t ly  been resolved. Some mate r ia l  i s  reta ined 

in  the s l o t ;  t h i s  may represent chromosomes s t i l l  too large to  be 

reso lve d  a nd /o r  a n o n - s p e c i f i c  t r a p p i n g  o f  DNA by the  

k in e to p la s t  DNA which 1s unable to  en te r  the gel matr ix  (Van der 

Ploeg e t  a l . , 1984a; 1989). VSG genes have been observed in a l l
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the chromosome s ize  c lasses t h a t  have been resolved, at  least  

using e a r l y  apparatus.

In  a d d i t i o n  to  i t s  ka ryo typ ic  complex i ty ,  the trypanosome 

genome has been found t o  be v e ry  p l a s t i c ,  w i t h  f r e q u e n t  

chromosome s i z e  changes be ing  seen d u r i n g  bo th  l i f e  in  the  

b loods t ream  (Van de r  Ploeg e t  al_. , 1984b) and c y c l i c a l

development (Le Page e t  a l . , 1988). Less extensive changes in 

chromosome le n g th  are a l s o  a c c o u n ta b le  f o r  by th e  g row th  and 

p e r io d ic  shor ten ing  o f  trypanosome telomeres (Bernards e t  a l . , 

1983; Van der Ploeg e t  aJL-, 1984c; Pays e t  a l . , 1983c). This 6- 

10bp growth /genera t ion  i s  l i k e l y  t o  be a r e s u l t  o f  telomerase- 

media ted e x te n s io n ,  as seen in  Tet rahymena ( G r e i d e r  and 

B lac k bu rn ,  1989),  a l th o u g h  t h i s  would  no t  accou n t  f o r  the  

ex tens ive  occasiona l  d e le t io n s  seen dur ing  m u l t i p l i c a t i o n  in the 

bloodstream and assoc ia ted w i th  trypanosome s t ress  (Bernards et  

a l . , 1983; Bernards e t  a l . , 1984b; Pays e t  a l . , 1984).

1.7 VSG Genes and the  Trypanosome Genome.

By h y b r i d i z a t i o n ,  i t  has been est imated t h a t  the trypanosome 

possesses a t  le a s t  1000 VSG genes and has the p o te n t ia l  t o  encode 

even more by gene assembly (Van der Ploeg e t  a l . , 1982; reviewed 

by Pays, 1989). Many appear to  be located at  the very ends o f  

chromosomes, w i th  on ly  te lom er ic  repeats,  or  degenerate te lomer ic  

r e p e a t - c o n t a i n i n g  sequences, b e in g  found  t o  t h e i r  3 ’ s id e  

(W i l l iam s e t  a l -  , 1982; De Lange and Bors t ,  1982; Van der Ploeg 

e t  a l . .  1984c). L ike o the r  trypanosome genes, none has been found 

to  con ta in  in t r o n s .  Of the many VSG genes, usua l ly  on ly  one is  

expressed a t  a t ime,  excep t ing  dur ing VSG swi tch ing  (Esser and 

Schoenbechler, 1985) and dur ing  I n  v i t r o  c u l tu re  (Ba l tz  e t  a l .  , 

1986). Those a c t i v e  VSG genes are always located at  te lomeres, 

g i v in g  the trypanosome a maximum p o te n t ia l  t o  express 200 or so 

d i s t i n c t  coats ,  i f  every telomere could d r ive  VSG t r a n s c r i p t i o n .  

In  f a c t ,  the number o f  s i t e s  w i th  the p o te n t ia l  to  express VSG 

genes appears f a r  sm a l le r ,  being est imated at  20-25 in number 

( C u l l y  e t  a l .  , 1985).  The q u e s t i o n  o f  how th e  t rypanosome 

genera tes  the  p o t e n t i a l  t o  u t i l i z e  i t s  thousand o r  so genes
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e x c lu s iv e ly  is  answered by t h e i r  a b i l i t y  to  move VSG genes in to ,  

and out o f ,  expression s i t e s  by genomic rearrangement.

1.8 The Activation of VSG Genes.

VSG genes show a l o o s e l y  h i e r a r c h i c a l  p r o b a b i l i t y  o f  

e x p re s s io n ,  which appears i n  p a r t  t o  be a r e s u l t  o f  t h e i r  

a c t i v a t i o n  mechanism (L iu  e t  a l . , 1985; A l in e  e t  a l . , 1985b). The 

a c t i v a t i o n  mechanism is  the way in  which a given VSG gene comes 

to  be located in  a t ra n s c r ib e d  expression locus, and these f a l l  

i n to  two groups, dependent upon whether o r  not gene d u p l i c a t io n  

i s  invo lved.

(A) Non D u p l i c a t i v e  A c t i v a t i o n .

Many o f  the  genes encoding p re d o m in a n t  VATs ( i . e . those  

expressed e a r ly  in i n f e c t i o n )  reside permanently at  telomeres 

capable o f  VSG gene t r a n s c r i p t i o n  and are switched on jjn s i t u  

(L au ren t  e t  a j . , 1984a; L iu  e t  a±.  , 1 9 85 ) .  The p resence  o f

several  expression s i t e s  in the trypanosome genome means th a t  

these genes are not always a c t i v e ,  a l t h o u g h  how th e y  are  

ac t iv a te d  and in a c t i v a te d  is  unknown (see sec t ion  1.11). Being 

a c t i v a t e d  w i t h o u t  d u p l i c a t i o n  and r e s i d i n g  c l o s e  t o  

recombinogenic  chromosome ends r e s u l t  i n  t hes e  genes be ing  

suscep t ib le  to  d e le t io n  from the trypanosome genome (Laurent et  

a l .  , 1984a, 1984b; Bernards e t  a l .  , 1984a; A l ine  e t  a l . , 1989). 

This is  advantageous, however; i t  may enable the trypanosome 

occas iona l ly  to  present new sets o f  predominant VATs to  hosts in 

the f i e l d  which, by con t inua l  pa ras i te  chal lenge, may have become 

r e s i s t a n t  to  fo rm er ly  dominant VATs.

An apparent ly  f a r  less f requent  mechanism o f  non d u p l i c a t i v e  

a c t i v a t i o n  is  telomere rec ip roca l  t r a n s lo c a t io n  (Pays e t  a l . , 

1985a). This invo lves an exchange o f  chromosome ends between 

s i l e n t  and a c t i v e  VSG gene l o c i  downstream o f  t h e  p ro m o te r ,  

r e s u l t i n g  in  a change in  the expressed VAT but a preservat ion o f  

both VSG coding sequences.
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(B)  D u p l i c a t i v e  A c t i v a t i o n .

The loss o f  a te lom er ic  VSG gene from an expression locus is  

most commonly a s s o c ia te d  w i t h  i t s  r e p la c e m e n t  by a n o th e r  

te lom er ic  VSG gene copy. This is  termed telomere conversion (De 

Lange e t  a l L , 1983; Pays e t  al_. , 1983a, 1983b), and re s u l t s  in a 

coupled d u p l i c a t i o n  o f  the incoming gene and des t ruc t ion  o f  the 

fo rm e r ly  expressed gene. The d e le t io n  o f  the te lomer ic  VSG 221 

gene, f o r  example, has been seen t o  be a s s o c ia t e d  w i t h  a 

d u p l i c a t i o n  o f  the MiTat 1.8 gene (Bernards e t  a l .  , 1984a), as 

has the conversion o f  AnTat 1.6,  a predominant member o f  AnTAR 1, 

by AnTat 1.3 (Laurent e t  a l .  , 1984a). These telomere conversion 

events are o f te n  very ex tens ive ,  running from several  k i lobases 

upstream o f  the VSG gene to  w i th in  the te lom er ic  or subtelomeric 

repeats.  In  two cases the 5 ’ l i m i t  o f  conversion has been found 

to  be a t  le as t  40 Kb from the VSG gene (Pays e t  a l . , 1983d;

Bernards e t  a l . , 1986a).

In  a d d i t i o n  to  t e l o m e r i c  l o c a t i o n s ,  many VSG genes are 

c lu s te red  w i t h in  chromosomes (Van der Ploeg e t  a l . , 1982). These 

genes are incapab le  o f  be ing exp resse d  u n le s s  th e y  e n t e r  a 

te lom er ic  express ion s i t e  which i s  ac t ive  or  has the po te n t ia l  to  

be a c t i v a te d .  In doing so i t  is  a gene copy o f  the chromosome 

in te r n a l  gene which invades the expression locus, dur ing the 

process o f  gene conversion. This is  ca l led  the expression l inked 

ex t ra  copy (ELC) (Hoei jmakers e t  a l .  , 1980; Pays et  a l . , 1981) 

and i t s  g e n e ra t io n  i s  termed d u p l i c a t i v e  t r a n s p o s i t i o n .  The 

c onve rs ion  mechanism appears t o  r e l y  upon s p e c i f i c  a reas  o f  

homology between the basic copy gene and the expression locus. To

the 5 ’ s ide o f  VSG genes is  a repeat element which is  o f ten

associa ted w i th  the upstream l i m i t  o f  the converted segment,

being found in ex tens ive arrays in te lomer ic  expression s i t e s .  

This region was f i r s t  i d e n t i f i e d  by Hoeijmakers e t  a l .  (1980) who 

observed a region f ree  o f  r e s t r i c t i o n  endonuclease recogn i t ion  

s i t e s  ( "ba r ren "  region)  extending 8kb upstream o f  the ELC f o r

VSGs 117 and 118. Subsequent ly,  the nature o f  these repeats has 

been determined (L iu  e t  a l . , 1983; Campbell e t  a l . , 1984) and a

10



CLUSTERED CHROMOSOME INTERNAL VSG GENES

70  VSG 70  VSG 70  VSG 

jmL—B H L -C l—SB 1 HL

ONE 70 BASE PAIR REPEAT UNIT

(ICAG(T P u r in e  P u r in e ) ,  TAG GAGAGTGTTGTGAGTGTGTGT ATATACGAATATTAT AAT AAG AGI)
BOX BOX 2

A lte rn a tin g
p u r in e /p y r im id in e

BOX 3 

A -T  rich s tre tch

BARREN REGION VSG END

TELOMERIC VSG EXPRESSION SITE

Figure 1.2; Consensus sequence fo r  the 70bp repeat arrays found 
5 ’ to  chromosome in ternal and telomeric VSG genes (A line et a l .  
1985a). The boxes are described in the te x t .
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consensus der ived (A l in e  e t  a l. , 1985a). This consensus repeat of  

approx imate ly  70-76bp In length has been d iv ided a r b i t r a r i l y  

i n t o  3 boxes ( A l i n e  e t  a l. , 1985a; F i g u r e  1 . 2 ) .  The f i r s t

conta ins  a t r i p l e t  repeat o f  T :Pur ine :Pur ine  nucleo t ides  which 

have been seen t o  ex tend f o r  up t o  90 r e p e a ts  and are  the  

p r in c ip a l  source o f  length  v a r i a t i o n  f o r  each 70 bp repeat.  These 

t r i p l e t s  were i n i t i a l l y  sugges ted  t o  a c t  as a po lymerase 

r e i n i t i a t i o n  s i t e  because o f  t h e i r  easy melt ing  capac i ty  and 

r e i t e r a te d  s t r u c tu r e  (Campbell e t  a]_. , 1984), but there has been 

no ev idence f o r  t h i s  as ye t  (Shah e t  a l .  , 1 987 ) .  A n o th e r

p o s s i b i l i t y  i s  t h a t  they produce a p o te n t ia l  f o r  unusual h e l i x  

conformat ions which may be recognised by e i t h e r  the trypanosome’ s 

recombination machinery o r  by s p e c i f i c  fa c to rs  analogous to  the 

HO endonuclease involved in yeast mating type swi tch ing (M ich ie ls  

e t  a l . . 1983; Liu e t  al_. , 1983). The p o te n t ia l  f o r  unusual DNA 

secondary s t ru c tu re s  i s  a lso found in boxes 2 and 3. A l te rn a t in g  

p u r in e :p y r im id in e  s t re tches  may form l e f t  handed he l ices  in box 

2 and there  i s  a poss ib le  capac i ty  f o r  the format ion o f  c ruc i form 

s t ru c tu re s  between t h i s  region and the downstream AT-r ich  s t re tch  

in  box 3. F i n a l l y ,  s eve ra l  w o rk e rs  have observed  the  h igh  

conserva t ion o f  a TGTTG m o t i f  w i t h in  box 2 (L iu  e t  a l . , 1983; 

Campbell e t  a l . , 1984; A l in e  et  aj_., 1985a; F lo ren t  e t  a i . , 1987; 

Shah e t  a l . , 1987). This shows s i m i l a r i t y  to  the terminal  repeats 

o f  e u k a r y o t i c  t ra n s p o s a b le  e le m e n ts ,  w i t h  th e  Drosoph i 1 a 

t ransposab le element copia being most c i t e d .  I t  has also been 

noted t h a t  the  TGTTG sequence i s  c e n t r a l  t o  th e  y e a s t  HO 

endonuclease cleavage s i t e  (M ich ie ls  et  a i . , 1983; Pays, 1985).

To the 3 ’ s ide o f  the VSG gene, the conversion breakpoint  is  

le s s  conserved between d i s t i n c t  s w i t c h e s .  Some chromosome 

in te rn a l  genes show extensive downstream homologies w i th  the 

subte lomeric  repeats o f  VSG expression loc i  and A l ine  and Stuar t  

(1989) have used t h i s  to  exp la in  the r e l a t i v e l y  high frequency o f  

a c t i v a t i o n  o f  the chromosome i n t e r n a l  VSG 118 gene. A more 

i n t e r e s t i n g  observat ion  has been the use o f  homologies w i th in  the 

3 ’ o f  the  VSG gene i t s e l f ,  s in c e  t h i s  has th e  c a p a c i t y  t o  

generate chimaeric genes by p a r t i a l  gene conversion (reviewed by 

Pays, 1989). Pays e t  a l .  (1985b) have fo l lowed what happens at



one e x p re s s io n  locus d u r in g  a number o f  a n t i g e n  s w i t c h e s  and 

observed t h a t  hybr id  genes encoding a n t i g e n i c a l l y  d i s t i n c t  VSGs 

can r e s u l t  from in te rconve rs ions  between members o f  the c lose ly  

r e l a t e d  AnTat 1.1 gene f a m i l y .  I n  t h e  case o f  c o n v e rs io n s  

in v o lv in g  c lo s e ly  re la ted  sequences, the converted segment is  

o f t e n  much s m a l l e r  than t h a t  i n v o l v e d  in  d u p l i c a t i v e  

t r a n s p o s i t i o n s  between unre la ted  genes, w i th  the s t a r t  o f  the 

gene and sequences encoding the N/C te rm ina l  hinge region being 

favoured conversion endpo in ts .  More rec e n t ly ,  Thon et  a]_. (1989) 

have re p o r te d  t h a t  s i m i l a r  c o n v e r s i o n  e v e n ts  can a l l o w  the  

e x p re s s io n  o f  a h y b r id  gene assembled f rom  3 d i s t i n c t  VSG 

pseudogenes, each o f  which i s  i t s e l f  incapable o f  encoding a 

f u n c t io n a l  VSG. I t  1s c le a r ,  t h e re fo re ,  how the reduct ion in the 

t rypanosome’ s VSG gene r e p e r to i r e  by telomere conversion can be 

compensated by the rap id  generat ion o f  new mosaic gene sequences.

1.9 VSG Gene Expression Loc i .

A l l  mechanisms o f  VSG gene a c t i v a t i o n ,  e x c e p t  i n  s i t u  

a c t i v a t i o n ,  ac t  t o  b r ing  a fo rm er ly  s i l e n t  gene in to  a s i t e  which 

i s  al ready being t ra n s c r ib e d .  This imp l ies  th a t  the s igna ls  f o r  

VSG gene t r a n s c r i p t i o n  are  l o c a t e d  ups t ream o f  th e  

t ransposed / t rans loca ted  segment (Bernards e t  a l . , 1985; De Lange 

e t  a l . ,  1986). Since the transposed segment can be very long,

t h i s  f u r t h e r  suggests t h a t  the VSG gene promoter is  located tens 

o f  k i lobases upstream o f  the ant igen gene i t s e l f .  This region 

between the VSG gene and i t s  promoter i s  ca l le d  the expression 

s i t e  or  expression locus and th ree  have now been examined 1n some 

d e t a i l  (C u l l y  e t  a l .  , 1985; Kooter e t  a l . , 1987; Shea et  a l . , 

1987; Pays e t  a i .  , 1989a; C roza t ie r  e t  a i . , submit ted) .

A l l  expression lo c i  appear to  show an approximately s im i l a r  

a r c h i t e c t u r e  (see F igu re  1 . 3 ) .  Upstream o f  t h e  VSG gene, th e  

barren region composed o f  70 bp repeat arrays and, in the 221 

expression s i t e ,  a VSG pseudogene (Bernards e t  a l . , 1985), 1s 

found the  f i r s t  o f  seve ra l  e x p r e s s io n  s i t e  a s s o c ia t e d  genes 

(ESAGs). ESAG 1 was f i r s t  I d e n t i f i e d  by Cu l ly  e t  a l .  (1985) as a 

t ran sc r ibed  open reading frame w i th  the p o te n t ia l  t o  encode the
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1 1 1 -i-------1—   1 i " KB
60 50 40 30 20 10 0

KEY

|  VSG GENE 
HI 70bp REPEAT ARRAYS 
□  EXPRESSION SITE ASSOCIATED GENES 
§| RIME RETROTRANSPOSABLE ELEMENT 
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F igure  1.3; The s t ru c tu re  o f  two bloodstream VSG gene expression 
lo c i  (de r ived  from Kooter e t  a l . , 1987 and Pays e t  al_., 1989a). 
ME= RIME re tro tra nsposa b le  element, V=VSG gene, P=VSG pseudogene, 
R= 70bp repea t a r ra y .  Open boxes r e p r e s e n t  I d e n t i f i e d  open 
re a d in g  fram es, d e s ig n a te d  e x p re s s io n  s i t e  a s s o c ia te d  genes 
(ESAGs=E). T he ir  r e la t iv e  numbering is  1n approximate o rder from 
the VSG gene. The VSG 221 expression locus con ta ins  d u p l ic a t io n s  
and t r i p l i c a t i o n s .
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produc tion  o f  a 39 KDa p ro te in  bearing an N-term1nal s igna l 

sequence and C -te rm ina l hydrophobic ex tens ion . Thus, the p ro te in  

was p re d ic te d  to  be m em b ran e -assoc ia ted , and t h i s  has been 

c o n f irm e d  subse quen t ly  ( C u l ly  e t  a l .  , 1 9 8 6 ) .  An a n a ly s i s  o f

genomic Southern b lo ts  has revealed th a t  the ESAG 1 gene fa m ily  

1s composed o f  17 to  25 members and is  d ive rse ; the pred ic ted  

p r o te in s  1n the  117a and 221 e x p re s s io n  l o c i  show o n ly  67% 

homology, even accounting f o r  conserva tive  amino acid changes. 

The p o s i t i o n s  o f  th e  s e v e ra l c y s te in e  re s id u e s  and N - l in k e d  

g ly c o s y la t lo n  s i t e s ,  however, appear r e la t i v e l y  h ig h ly  conserved 

(C u l ly  e t  a l . , 1985; Alexandre e t  a_]_., 1988; Son e t  a j . , 1989).

Beyond ESAG 1 are severa l more p red ic ted  ESAG sequences which 

have been numbered in  t h e i r  order from the VSG gene, although in 

the 221 expression s i t e  several regions con ta in in g  these genes 

are d u p lica te d  o r t r i p l i c a t e d .  The ESAG 2 p ro te in ,  l i k e  ESAG 1, 

has been p re d ic te d  to  have the  c h a r a c t e r i s t i c s  o f  membrane 

a s s o c ia t io n  (Kooter e t  a j . , 1988) and is  o f  unknown fu n c t io n .

ESAG 2, however, does appear to  be associated f re q u e n t ly  w ith  

te lomere conversion events; in  several cases homologies between 

ESAG 2 sequences in  e x p re s s io n  s i t e s  have marked th e  5 ’ 

convers ion end p o in t  (Kooter e t  a l . , 1988; Shea e t a l . , 1987;

Pays e t  a l . , 1983a)

Recently , several o the r  expression s i t e  sequences have been 

c h a ra c te r  1 zed in  some d e t a i l  (Pays e t  aj_. , 1 989a ).  T h is  has 

revealed th a t  one o f  the ESAGs in  the AnTat 1.3 expression s i t e  

(ESAG 4) shows s im i l a r i t y  to  adenylate cyclase. Also present was 

a re tro tra nsposa b le  element, RIME (Ribosomal mobile element, 

Hasan e t  a l .  , 1984), f i r s t  id e n t i f ie d  as being associated w ith  

trypanosome ribosomal genes. Large s tre tches  o f  t h is  expression 

locus a lso  showed extens ive  homology (nea r ly  90%) 1n non-coding 

regions w i th  another, d i s t i n c t  VSG gene expression locus (Shah e t 

a l .  , 1987). The ve ry  5 ’ end o f  t h i s  e x p re s s io n  lo c u s  a ls o  

conta ined an open reading frame which is  very h ig h ly  conserved 

among a l l  analysed expression lo c i .  This sequence, v a r io u s ly  

designated ESAG X, 10 or 7, appears c lo s e ly  l inked  w ith  the VSG 

gene expression s i t e  promoter (Kooter e t  a l . , 1987; Pays e t  a l . , 

1989a; Zomerdijk e t  a l - * subm itted).
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1.10 VSG Gene Expression S i te  T ra n s c r ip t io n .

A search f o r  the promoter f o r  the VSG gene expression s i t e  is  

complicated by the phenomenon o f  d iscontinuous t r a n s c r ip t io n  

(reviewed in  Bors t,  1986). The 5 ’ end o f  probably a l l  trypanosome 

mRNAs possess a 39 n u c leo t id e  sequence which is  not coded 

con t ig uous ly  w ith  the bu lk  o f  the t r a n s c r ip t .  This is  termed the 

"m ini exon" o r  s p l ic e d  leader (SL) sequence. The mini exon RNA 

sequence o r ig in a te s  as a 140 nucleoside precursor mini exon 

derived  (med) RNA, t ra n s c r ib e d  from tandem arrays o f  1.35kb genes 

by what appears to  be RNA polymerase I I I  (Kooter e t  a l . , 1984; 

Grondal e t  aj_. , 1989). I t  is  then apparently  jo ine d  onto gene

t r a n s c r ip ts  by t ran s  s p l ic in g ,  u t i l i z i n g  c la s s ic a l  ci_s s p l ic in g  

s ig n a ls  and re s u l t in g  in the production  o f  the fused RNA molecule 

and a Y shaped open l a r i a t  end product (Sutton and Boothroyd, 

1986; Murphy e t  aj_., 1986). Because the sp l ice d  leader sequence 

prevents the id e n t i f i c a t io n  o f  t r a n s c r ip t io n  i n i t i a t i o n  regions 

by normal approaches (S1 o r primer extension ana lys is  o f  mRNA), 

a l te r n a t iv e  procedures have been employed, in v o lv in g  an ana lys is  

o f  nascent t r a n s c r ip ts .  The most e x te n s iv e ly  used have been run- 

on t r a n s c r ip t io n a l  assays (Kooter and Borst 1984; Kooter e t  a l . ,  

1984). These invo lve  the is o la t io n  o f  trypanosome nuc le i in  such 

a way t h a t  t r a n s c r i b in g  po lym erases a re  paused on t h e i r  DNA 

t e m p la t e .  The p o ly m e ra s e s  a re  th e n  p e r m i t t e d  t o  resume 

t r a n s c r ip t io n  ( " ru n -o n " )  in  the presence o f  la b e l le d  UTP, thereby 

p rodu c ing  r a d io a c t i v e l  y la b e l le d  nasce n t t r a n s c r i p t s .  The 

h y b r id iz a t io n  o f  these t ra n s c r ip ts  to  r e s t r i c t io n  d iges ts  o f  

c lo n e d  r e g io n s  o f  an e x p r e s s io n  s i t e  im m o b i l i z e d  o n to  

n i t r o c e l l u l o s e  membrane can in d i c a t e  th e  lo c a t i o n  o f  th e  

promoter, s ince on ly  areas downstream o f  the t ra n s c r ip t io n a l  

i n i t i a t i o n  p o in t  w i l l  be tran sc r ibed  and, th e re fo re ,  detected 

a f t e r  autoradiography. In  these assays, the nuc le i are prepared 

ve ry  r a p id l y  t o  p reven t shutdown o f  VSG gene t r a n s c r i p t i o n  

associa ted w ith  s tress  (Kooter and Bors t,  1984; Bernards e t  a l . , 

1985; Kooter e t  a l . , 1987), and t r a n s c r ip t  e longa tion  c a r r ie d  out 

f o r  a s h o r t  time to  l i m i t  primary t r a n s c r ip t  processing.
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Four VSG gene expression lo c i  have now been analysed using 

run-on t r a n s c r ip t io n a l  assays (Bernards e t a l .  , 1985; Kooter et 

a l . , 1987; Alexandre e t  a l .  , 1988; Pays e t  a l .  , 1989a; Shea e t 

a l . , 1987; Gibbs and Cross, 1988). Two o f  these, f o r  VSG 221 and 

AnTat 1 .3 ,  d is p la y  t r a n s c r i p t i o n a l  p ro d u c ts  h y b r i d i z i n g  

throughout 56 and 45kb o f  t h e i r  expression s i te s ,  re s p e c t iv e ly .  

For th e  t h i r d  e x p re s s io n  s i t e ,  how ever,  an I n i t i a l  a n a ly s i s  

suggested th a t  the t r a n s c r ip t io n  u n i t  was r e la t i v e ly  short and 

began w i t h in  the  DNA segment t h a t  VSG 118 d u p l i c a te d  when 

t ransposed  to  i t s  e x p re s s io n  s i t e  (Shea e t  a_L. , 1 987 ) .  An

a n a ly s is  o f  the t r a n s c r ip t io n a l  s t a r t  s i t e  f o r  t h is  gene revealed 

t h a t  1t  showed s i m i l a r i t y  to  th e  t rypanosom e r ib o s o m a l gene 

promoter, which 1s used by RNA polymerase I .  In  support o f  t h is ,  

t r a n s c r ip t io n  o f  the 118 VSG expression s i t e ,  l i k e  a l l  o thers , 

was found t o  be r e l a t i v e l y  I n s e n s i t i v e  t o  th e  d rug  a lp h a  

a m a n l t ln ,  a p o te n t  i n h i b i t o r  o f  RNA po lym erase  I I  and I I I  

a c t i v i t y  (K o o te r  and B o rs t ,  1984). T h is  prom pted Shea e t  aj_. 

(1987) t o  propose a model in  w h ich  RNA po lym erase  I  was 

re s p o n s ib le  f o r  VSG t r a n s c r i p t i o n ,  w i th  te lo m e re  

a c t i v a t i o n / i n a c t i v a t i o n  be ing  m e d ia te d  by a c o m p e t i t io n  f o r  

n u c le o la r  b in d in g  s i t e s .  T h is  has been rende red  u n l i k e l y ,  

however, by a re-exam ination o f  t h i s  expression locus using u l t r a  

v i o l e t  11g h t - in d u c e d  t r a n s c r i p t i o n a l  i n a c t i v a t i o n .  T h is  

techn ique, f i r s t  app lied  to  a VSG expression locus by Johnson e t 

a l -  (1987), uses the a b i l i t y  o f  UV l i g h t  to  Induce the form ation 

o f  py r im id ine  dimers in  DNA (Sauerb ler and Herculez, 1978). When 

encountered by a polymerase, these dimers cause a disengagement 

from the DNA tem plate , r e s u l t in g  in t ra n s c r ip t io n a l  te rm in a t ion .  

At U.V. doses which produce few dimers, short t r a n s c r ip t io n  u n i ts  

are r e la t i v e l y  r e s is ta n t  to  in h ib i t io n  because the polymerase has 

a low p r o b a b i l i t y  o f  encountering a pyr im id ine  dimer, w h ile  long 

t r a n s c r ip t io n  u n i ts  are r e la t i v e ly  s e n s i t iv e  because the chance 

o f  the t r a n s c r ip t io n  being term inated before completion 1s high. 

By a c a l ib r a t io n  o f  the system w ith  t r a n s c r ip t io n  u n i ts  o f  known 

le n g th ,  1 t was es t im a ted  t h a t  th e  221 and AnTat 1.3 

t r a n s c r i p t i o n  u n i t s  were o f  a le n g th  c o m p a t ib le  w i th  ru n -o n  

t r a n s c r ip t io n a l  analyses. With the 118 VSG gene expression s i t e ,
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however, these two analyses were not compatib le: U.V in a c t iv a t io n  

data placed the promoter 35 kb upstream o f  the VSG gene, outs ide 

the  118 t ransposed  segment. I t  has now been shown t h a t  the  

proposed pol I  promoter was e n t i r e l y  dependent f o r  i t s  a c t i v i t y  

on the upstream promoter, and was most probably detected by an 

a r t i f a c t  o f  the  run -on  assay ( C r o z a t ie r  e t  a±. , s u b m i t t e d ) .  

S im i la r  apparent t r a n s c r ip t io n a l  gaps were detected by Alexandre 

e t  a l . ( 1 9 8 8 ) .  F u r t h e r m o r e ,  d e s p i t e  i t s  a 1p h a - a m a n i t in

in s e n s i t i v i t y ,  the polymerase respons ib le  f o r  VSG gene expression 

s i t e  t r a n s c r ip t  ion does not appear to  be polymerase I .  Grondal e t 

a].. (1989) have c a r r ie d  out a d e ta i le d  biochemical ana lys is  o f  

the RNA polymerases o f  trypanosomes and suggest th a t  i t  is  a 

m o d i f i e d ,  a 1p h a - a m a n i t i n  r e s i s t a n t ,  p o ly m e ra s e  I I  w h ic h  

t ra n s c r ib e s  VSG gene expression s i te s .  This is  supported by the 

id e n t i f i c a t io n  o f  a novel RNA polymerase I I  gene in  trypanosomes, 

which may be unique to  those th a t  undergo an t ig e n ic  v a r ia t io n  

(Evers e t al_., 1989)

I t  i s  t h e r e fo r e  now apparen t t h a t  a l l  ana lyse d  VSG gene 

e x p re s s io n  lo c i  appear s i m i l a r :  th e r e  is  a p ro m o te r ,  a huge 

p o ly c is t r o n ic  t r a n s c r ip t io n  u n i t  con ta in ing  several ESAGs, a 

long r e s t r i c t i o n  s i t e  ba rren  r e g io n ,  th e  VSG gene and the  

te lomere.

1.11 Expression S i te  A c t iv a t io n  Mechanisms

Several hypotheses have been suggested to  exp la in  how the 

trypanosome is  able to  m ain ta in  t r a n s c r ip t io n  o f  on ly  one o f  i t s  

severa l expression lo c i  (reviewed in  Borst e t  a l .  , 1990; Borst 

and Greaves, 1987; Pays and S te in e r t ,  1988). The s im p les t,  a 

s in g le  mobile promoter element able to  hop between expression 

s i t e s ,  now appears u n l ik e ly  because two a c t iv e  expression lo c i 

have been observed in  s in g le  trypanosomes (Cornelissen e t a l . , 

1985a; B a ltz  e t a l . , 1986). In  the former, two expression s i te s  

were t r a n s c r ip t i o n a l l y  a c t iv e  s im ultaneously  but resu lted  in the 

expression o f  on ly  one, because the o the r showed a t ru n c a t io n  o f  

the prim ary t r a n s c r ip t  caused by a long in s e r t io n  between the 

promoter and the VSG gene. In  the la t t e r ,  cu ltu red  trypanosomes
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were seen to  be d is p la y in g  a mixed coat s ta b ly ,  imply ing two 

a c t iv e  l o c i ,  a l th o u g h  th e re  is  a s m a l l  p o s s i b i l i t y  t h a t  one 

expression s i t e  could con ta in  two tandemly linked  VSG genes, l i k e  

the 221 VSG and associa ted  pseudogene. M u l t ip le  coats have never 

been observed in  v iv o , except du r ing  antigen sw itch ing .

A no the r  p o s s i b i l i t y  is  a DNA re a r ra n g m e n t , ana logous  to  

promoter in v e rs io n  in  Salmonella phase v a r ia t io n ,  occu rr ing  at 

low frequency (reviewed in  Borst and Greaves, 1987). To date, 

however, no such genomic rearrangement has been detected which is  

a s s o c ia te d  w i th  e x p re s s io n  s i t e  a c t i v a t i o n  o r  i n a c t i v a t i o n  

(Majiwa e t  al_.,1982; Penncavage e t  a l . , 1983; Laurent e t  a l .  ,

1984a; Bernards e t  a l .  , 1984a; Myler e t  a l . , 1984; Zomerdljk e t  

a l . .  subm it ted ) .

An a l t e r n a t i v e  p o te n t ia l  mechanism o f  expression s i t e  con tro l 

is  DNA m o d i f ic a t io n  a t in a c t iv e  telomeres. This came to  l i g h t  

when i t  was observed th a t  reg ions proximal to  VSG genes show on ly  

p a r t ia l  cleavage when sub jected to  d ig e s t io n  w ith  e i th e r  Pst I  or 

PvuI I  (B e rna rds  e t  aj_. , 1984b; Pays e t  a l .  , 1984). T h is

in h ib i t i o n  was found to  be absent from t ran sc r ibed  telomeres, to  

decrease d i s t a l l y  to  the telomere and to  be more pronounced where 

the e x te n t  o f  te lomere repeats downstream o f  the VSG gene was 

g re a te r .  On t h i s  bas is ,  Bernards e t  a j .  (1984b) proposed th a t  

n u c le o t id e  m o d i f ic a t io n  may regu la te  a c t i v i t y  o f  the d is ta n t  

upstream promoter by a l t e r in g  the chromatin conformation o f  the 

te lo m e re ,  o r  by a l t e r i n g  the  t e lo m e r e ’ s c a p a c i t y  t o  b in d  an 

a c t i v a t i n g  s i t e  on the  n u c le a r  m a t r i x  (Van d e r  P loeg and 

C orne lissen , 1984). This model was extended by Greaves and Borst 

(1987) who used va r ious  In d ic a to rs  o f  chromatin s t ru c tu re  to  show 

t h a t  the  a c t iv e  e xp re s s io n  s i t e  was s e n s i t i v e  t o  enzymes 

recogn is ing  s in g le  stranded DNA. This was not a consequence o f  

polymerases t ra c k in g  along the template ; the h ig h ly  t ransc r ibed  

m in i-exon genes showed s im i la r  s e n s i t i v i t y  through both t h e i r  

t ra n s c r ib e d  and non -transcr ibed  regions. Instead, 1t was proposed 

th a t  a c t iv e  VSG expression s i te s  are held under to rs io n a l  s tress  

by being bound to  the nuc lear m a tr ix ,  and th a t  t h is  could ac t to  

s t im u la te  promoter a c t i v i t y  a t  a d is tance . In t h is  case, they 

suggested, m od if ied  telomeres would be f re e  and would remain
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In a c t iv e  unless they happened to  become unmodified and, thus, 

able to  b ind the a c t iv a t in g  s i t e ( s ) .  This dem od if ica t ion  could be 

achieved through gene conversion o r by exchanging chromosome t ip s  

(Pays and S te ln e r t ,  1988).

The nature  o f  the n u c le o t id e  m o d if ic a t io n  associated w ith  

in a c t iv e  telomeres is  unknown, being i n s u f f i c i e n t l y  abundant to  

p e rm it  a n a ly s is  ( C r o z a t ie r  e t  al_. , 1988 ),  b u t  i t  has been

suggested to  be mediated by an enzyme which recognises telomere 

rep e a ts  and t r a c k s  i n t e r n a l l y ,  m o d i f y in g  a number o f  i t s  

p o te n t ia l  s i t e s .

1.12 H etacyclic VSGs.

The VSG expression system the trypanosome a c t iv a te s  in the 

ts e ts e  f l y  s a l iv a r y  gland, p r io r  to  mammal in fe c t io n ,  appears 

somewhat d i f f e r e n t  from th a t  used by es tab l ished  bloodstream 

p a ra s i te s .  I t  was i n i t i a l l y  thought th a t  ju s t  a s in g le  m etacyc lic  

v a r ia b le  an tigen type (M-VAT) e x is ted  in  the f l y ,  from which a l l  

o th e r  v a r ia n ts  fo l low ed  (Gray, 1965). Subsequently, however, i t  

was e s tab l ishe d  th a t  trypanosomes in the f l y  s a l iv a  showed VAT 

he te rogene ity  (Le Ray e t  a j . , 1978; Barry e t  al_., 1979; Hajduk e t 

a l .  , 1981). The p o s s i b i l i t y  t h a t  t h i s  r e s u l t e d  from  r a p id

s w itch ing  away from a basic antigen dur ing  the p a ra s i te ’ s time in 

the s a l iv a r y  gland lumen has now been d iscounted; immunogold 

la b e l l in g  o f  nascent m etacyc lics  s t i l l  a ttached to  the gland wall 

showed th a t  they were a lso  heterogeneous (T e t ley  e t a l . , 1987). 

This study a lso  showed th a t  VAT a c t iv a t io n  was not preprogrammed 

in  the attached d iv id in g  stages p r io r  to  metacyclogenesis since 

n e ig h b o u r in g  m e ta c y c l ic s  were n o t  clumped i n t o  c o lo n ie s  o f  

p a r t i c u la r  M-VATs.
The number o f  d i s t i n c t  VATs p roduced  by m e ta c y c l ic  

trypanosomes is  f a r  more l im i t e d  than  th e  p o t e n t i a l  s e v e ra l  

hundred produced in  the  b lo ods tream . M onoc lona l a n t ib o d ie s  

aga ins t T.congolense m etacyc lic  c e l ls  es tab lished  th a t  the re  were 

12 d i s t i n c t  types (Crowe e t a j . . , 1983) and a s im i la r  ana lys is

showed th a t  the M-VAT re p e r to ire  in T .b.rhodesiense was no more 

than 27 (Turner e t  aj.- , 1988). These s tud ies  showed th a t ,  as
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w e ll being l im i te d ,  the M-VAT re p e r to i re  was f a r  more p red ic ta b le  

than  the  b loods tream  VATs, s in c e  a l l  M-VATs from  a number o f  

d i s t i n c t  t ransm iss ions  could be e l im in a te d  c o n s is te n t ly  using 

th e  same pool o f  a n t ib o d ie s .  The M-VAT r e p e r t o i r e  1s no t  

p r e d ic ta b le  in  the  long te rm , how ever, b u t  is  c o n t i n u a l l y  

e v o lv in g .  An a n a lys is  o f  the M-VATs from trypanosomes is o la te d  

over a 17 year per iod  revealed th a t  w h i ls t  some were r e la t i v e ly  

s ta b le ,  o the rs  were less so; antigen types were seen to  be lo s t  

and gained in  the re p e r to i re  w i th  t im e. The p o te n t ia l  f o r  a rap id 

genera tion  o f  v a r i a b i l i t y  in the f i e l d  has a lso  been d i r e c t l y  

observed in  the la b o ra to ry :  two M-VATs were seen to  be ra p id ly  

l o s t  from  r e p e r t o i r e ,  one o f  w h ich  d is a p p e a re d  a f t e r  o n ly  3 

rounds o f  c y c l i c a l  t ransm iss ion  and d id  not subsequently reappear 

(Barry  e t  a l . , 1983)

The number o f  m e tacyc l ic  c e l l s  ob ta inab le  from tse tse  f l i e s  

is  i n s u f f i c i e n t  f o r  a d i r e c t  m olecu lar ana lys is  and there  1s, as 

ye t ,  no T .b ruce i c u l tu re  system in  which in fe c t iv e  m etacyc lic  

organisms develop. A study o f  m e tacyc lic  VSG gene expression 1s 

p o ss ib le ,  however, f o r  two reasons. F i r s t l y ,  m etacyc lic  VATs 

c o n t in u e  t o  be expressed f o r  th e  f i r s t  5 t o  7 days in  th e  

mammalian bloodstream before sw itch ing  over to  the expression o f  

predominant bloodstream VATs (Hajduk and Vickerman, 1981; Esser 

and Schoenbechler, 1985). Secondly, m e tacyc lic  VSG genes can be 

re-expressed during  ch ron ic  bloodstream in fe c t io n  (Barry e t  a l . ,  

1979; Corne lissen e t  a]_ . , 1985a; Son e t  a j .  , 1989), a lthough at

t h i s  s tage  they  appear to  be d o in g  so u s in g  a d i s t i n c t

bloodstream s p e c i f i c  mechanism, which is  independent o f  th a t  used 

in  m e tacyc l ic  c e l l s  (Turner e t  a l . , 1986). These two fea tu res  

have a l low ed  the  i s o la t i o n  o f  m e ta c y c l ic  VSG cDNAs and a 

subsequent an a lys is  o f  the genomic environment o f  m etacyc lic  VSG 

genes.
To date , seven M-VSG genes have been s tud ied , a t  leas t to

some e x te n t ,  and a l l  have been found to  be located a t a specia l

type o f  genomic s i t e .  They are always found on the telomeres o f  

the chromosomes which were not resolved by using e a r ly  forms o f  

pulsed f i e l d  gel e le c tro p h o re s is  apparatus (Lenardo e t  a l . ,  1986, 

Corne lissen e t  al_., 1985a; Delauw e t  a l . . , 1987). M etacyc lic  VSG
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genes have been reported e i th e r  to  be a c t iv a te d  in  s i t u  (Lenardo 

e t  a l -  > 1986) o r  by the  g e n e ra t io n  o f  an ELC (Delauw e t  a l . . 

1987). Each s tu d y ,  however, has used a d i f f e r e n t  I n d i r e c t  

approach necess ita ted  by the s p a rs i ty  o f  m etacyc lic  m a te r ia l .  In 

one case, trypanosomes from many I n fe c te d  m ice were p o o le d ,  

enriched f o r  p a r t i c u la r  M-VATs by immune ly s is  w ith  an t ibod ies  

aga ins t o th e r  M-VATs, and t h e i r  DNA analysed (Lenardo e t a l . , 

1986). Th is  in d ic a te d  th a t  M-VSG genes were expressed w ithou t 

d u p l ic a t iv e  t ra n s p o s i t io n ,  a lthough the p o s s ib i l i t y  o f  these non- 

c lona l popu la t ions  co n ta in in g  m u l t ip le  d i s t i n c t  ELCs could not be 

r u le d  ou t by Southern a n a ly s is .  In  a n o th e r  case , c lo n a l  

trypanosome popu la t ions  were used but they were c o l le c te d  from 

mice 10-12 days a f t e r  leav ing  the f l y  and were u n l ik e ly  to  be 

m a in ta in in g  m e tacyc l ic  s p e c i f i c  M-VSG gene expression (Delauw e t  

a l . ,  1987). In  the most recent s tudy, using a n t lg e n ic a l ly  s tab le  

trypanosome l in e s  which re ta in  f l y  t r a n s m is s lb l1i t y  (S h ie ls  e t  

a l . . subm itted; Matthews e t  a j .  , 1990) two predominant M-VSG

genes have been found to  be a c t i v a t e d  a p p a r e n t ly  w i th o u t  

d u p l ic a t io n .  This is  f u r t h e r  d e ta i le d  in  sec t ion  3.1.

The p u ta t iv e  expression s i t e s  fo r  fo u r  M-VSG genes have now 

been examined, in  p a r t .  In  no case has any form o f  barren region 

been found 5 ’ to  M-VSG genes and, f o r  two, q u a n t i ta t iv e  Southern 

a n a lys is  in d ica ted  th a t  the re  was no 70 bp repeat h y b r id iz in g  

sequence 5 ’ to  the VSG gene (Lenardo e t a l . , 1986). From t h is ,  

i t  was suggested by these w o rke rs  t h a t  M-VAT genes were 

t r a n s c r ib e d  w i th o u t  d u p l i c a t i o n  because th e y  were una b le  to  

escape from t h e i r  locus, la ck ing  the s ig na ls  f o r  t ra n s p o s i t io n .  

F u r th e r  upstream , Son e t  a l -  ( 1989) have d e m o n s tra te d  th e  

ex is tence  o f  a gene homologous to  the ESAG 1 in  two p u ta t iv e  M- 

VAT expression lo c i ,  a lthough on one, t h is  ESAG was located an 

unusua lly  g rea t d is tance  upstream.

In  no case has a r e l i a b l e  t r a n s c r i p t i o n a l  a n a ly s i s  o f  a 

m e ta c y c l ic  VSG gene e x p re s s io n  s i t e  been p e r fo rm e d ;  th e  non 

c lo n a l  n a tu re  o f  th e  approach o f  Lenardo e t  a_l- (1984 ; 1986) 

makes the in te r p r e ta t io n  o f  nuc lear run-on data inconc lus ive , and 

t h i s  form  o f  a n a ly s is  was no t c a r r i e d  o u t  be Delauw e t  a_l- 

(1987).
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1.13 Aims.

I t  was th e  aim o f  th e  work p re s e n te d  he re  t o  examine th e  

a c t i v a t i o n  o f  m e ta c y c l ic  VSG genes 1n Trypanosoma b ru c e i  

rhodeslense. This e n ta i le d ;

(a )  An e xa m in a t io n  o f  the  mechanism o f  m e ta c y c l ic  VSG gene

a c t iv a t io n  1n the ts e ts e  f l y .

(b )  A c h a r a c t e r i z a t io n  o f  a m e ta c y c l ic  VSG gene e x p re s s io n

locus, s t r u c t u r a l l y  and t r a n s c r ip t i o n a l l y .

(c )  An in v e s t ig a t io n  o f  the re -a c t iv a t1 o n  o f  m etacyc lic  VSG genes 

in  bloodstream in fe c t io n .
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2.1 Animals.

BKTO mice were purchased from Bantin and Kingman Ltd, and 

m ainta ined a t  the I n s t i t u t e  o f  V iro lo g y ,  Glasgow U n iv e rs i ty .  

G lossina m ors ltans m ors itans were supp lied  as tene ra l males or as 

pupae by Dr I .M a u d l in  a t  the Tsetse Research Laboratory, B r is t o l .

2.2 Trypanosomes

A v i r u l e n t  c loned  l i n e  o f  Trypanosoma b ru c e i  rh o d e s 1ense 

EATRO 795 was used in  the m a jo r i ty  o f  experiments (Turner and 

Barry , 1989). The trypanosomes were o r i g i n a l l y  s ta b l la te d  from 

the blood o f  a cow a t  Uhembo, Centra l Nyanza Province, Kenya in 

1964. S ta b l la te s  GUP 810 and 871, which are described in  Chapter 

4 o f  t h i s  t h e s is ,  were g i f t s  f rom  Dr C .M .R .T u rn e r ,  a t  th e  

Protozoology U n it ,  Glasgow U n iv e rs i ty .

2.3 L is t o f M ateria ls

MATERIAL

General chemicals and 
o rgan ic  so lven ts .

Media.

Agar.

B1ochem1cals.

A n t ib io t i c s .

Agarose.

Radiochemicals.

Hybond-N Nylon membrane,

Nytran Nylon membrane.

D ie thy l ami noethyl 
(DEAE) C e llu lose  DE-52

SOURCE

B.D.H., Hopkins and W il l iam s, Koch- 
L ig h t  Labo ra to r ies , May and Baker.

Davis, Oxoid. ,

Davis, D ifco .

Sigma.

Sigma.

Sigma, I . B . I .

New England Nuclear.

Arnersham.

Sch le icher and Schue ll.

Whatman.
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C l t ra te d  Sheeps’ Blood. Becton and D ickinson.

Geneclean. S tra ta te c h .

C irc le p re p  K i t .  S tra ta te c h .

Hypnorm. Janssen.

Hypnovel. Roche.

A l l  enzymes were ob ta ined from B.R.L. except the fo l lo w in g ;

Sequenase w i th  U.S.B.
Sequencing K1t.

Nae I  Boehringer Mannheim.

2 .4  B acte ria l S tra ins .

The b a c te r ia l  s t r a in s  used were d e r iv a t iv e s  o f  Escherich ia 

c o l i  K—12.

Name Genotype Source

DH5 alpha F , 80dlac M15,

( la c ZYA-a rgF)U169, 

recA1, endA1, hsdR17 

( r k ~ imk ~ ) ’ supE44>
t h i - 1, gyrA , re lA 1.

Hanahan (1983)

HB101 F’ ,hsdS20(rB~,mB~ ) , 

s u p E 4 4 . a ra 14, ga!K2, 

lacY1.proA2, rpsL20(Smr ) , 

x v !5. le u , m t l1, recA13

Boyer and Roulland- 

Dussoix (1969)

DS941 recF14 3 .proA7. S tr3 1, 

t h r l , leu6. tsx33. mtL1, 

his44, argE3, lacY1, 
ga1K2, ara14, lambda', 
la a Iq .lacZ M15, lacY+ . 

supE44. x y l15.

D.Sherra tt
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DS902 As DS941, but recA13. sup37 D .Sherra tt

JH101 la c -p r o . t h 1 , supE, 

F*, traD36, proAB. 

l a c I qZ H15.

Messing (1983)

NM621 hsdR. mcrA. mcrB, mcrD. 

recD. 1009 th y * .

W h ittaker 

e t  a l .  (1988)

P2392 recA+ (P2) 

hsdR514, ( r ^ - , m^- )

Sup E44, lac  Y1, g a l  K2, 

g a lT22 metB1, t r p R55

Edgerton, M.D. 

Unpublished data. 

Stratagene.

2 .5  Plasmids and Bacteriophages

Plasmids and bacteriophage o th e r  than those constructed as 

p a r t  o f  t h i s  th e s is  are l i s te d  here. For re fe rence, the 

r e s t r i c t i o n  s i t e s  present 1n the p o ly l in k e r  o f  the plasmid 

vec to rs  are given 1n Appendix 1.

(1) Plasmids

pUC19. pBR322 derived  c lo n in g  vec to r .

(Yanisch-Perron e t  a l . , 1985)

PMTL23. pUC/pBR322 derived c lo n in g  vec to r ,  w i th  a more 

ex tens ive  p o ly l in k e r  sequence than pUC 18/19 

( G i f t  from A.Bednarz)

p B lu e s c r ip t .  phagemid c lo n in g  and sequencing vec to r (Short e t  

a l . , 1988).
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( 2 ) Bacteriophage.

M13mp18/19 S ing le  stranded v i r i o n ,  used in  producing

template f o r  DNA sequencing fo l lo w in g  c lon ing  

o f  exogenous DNA In to  r e p l i c a t iv e  form genome. 

(Messing, 1983)

Lambda Dash Replacement v e c to r ,  w i th  a T3 and T7 promoter 

f la n k in g  the c lo n in g  s i t e s .  Accepts in s e r ts  o f  

9-23 Kb (S tra ta g e n e ) .

2 .6  E .C o l1 C u ltu re  Media

L-B ro th : 10g t ry p to n e ,  5g yeast e x t ra c t ,  5g NaCl, 1g glucose,

20mg th iam ine , made up to  1 l i t r e  in  d i s t i l l e d  water and adjusted 

to  pH 7.0 w i th  NaOH. S o l id  L-Agar was as L -b ro th ,  but w ith  the 

a d d i t io n  o f  12g per l i t e r  o f  No.3 Oxoid agar. For phage work, a 

supplement o f  10mM MgSC^ and 0.2% maltose ( f i n a l  concen tra t ion ) 

was added to  L -b ro th .

XIA Agar: 400ml L-Agar supplemented w ith  212ul o f  50 mg/ml X-gal 

(5 -b ro m o -4 -c h lo ro -3 - in d o ly l -b e ta -D -g a la c to s id e ) , 300ul o f  40mg/ml 

IPTG (1sopropy1th1o-be ta -D -ga1ac to s1de) and 400ul o f  100mg/ml 

a m p ic l l l l n  (sodium s a l t ) .

BBL Agar: 10g t r y p t ic a s e  peptone (BBL 11921), 5g NaCl, made up

to  1 l i t r e  w ith  d i s t i l l e d  water, ad justed to  pH 7.2 w ith  NaOH and 

s o l i d i f i e d  w ith  the a d d it io n  o f  10g Talyo agar.

BBL Agarose Overlay: As fo r  BBL agar but w i th  the a d d it io n  o f 

2.5g MgS04 . 6H20 before s o l i d i f i c a t i o n  w i th  6.5g agarose (type 1 

low EEO A6013).

26



Minimal Medium Plus Glucose (MM+G): 15g Taiyo agar made up to  

400ml w i th  d i s t i l l e d  water. Supplemented w ith  50ml M9 s a l ts ,  7ml 

100mM MgSC^, 2ml 50mM C a C ^ ,  5ml 20% g lu c o s e  and 200ul 1% 

th iam ine  p r io r  to  use.

M9 s a l t s :  6g Na2HP04 , 3g KH2PO4 , 1g NH4C1, 0.5g NaCl made up to  1 

l i t r e  w i th  d i s t i l l e d  water.

M13 S o ft  Overlay: 6g Taiyo agar made up to  1 l i t r e  w ith  d i s t i l l e d  

w a te r .  For one 9cm p la te ,  add 25u l 40mg/ml X -g a l  and 20u l o f  

50mg/ml IPTG to  4ml o f  molten ove r lay .

2xYT medium: 16g Bacto t ry p to n e ,  10g yeast e x t ra c t  and 5g NaCl 

made up to  1 l i t r e  w i th  d i s t i l l e d  water.

S.O.C t ra n s fo rm a tio n  recovery medium: 2g Bacto tryptone, 0.5g

Yeast e x t ra c t ,  1ml o f  1M NaCl, 0.25ml o f  1M KC1 added to  97ml o f  

d i s t i l l e d  w a te r and a u to c la v e d .  Supp lem ent w i t h  1ml o f  1M 

MgC^/IM  MgS04 and 1ml 2M glucose. F i l t e r  s t e r i l i z e .

2.7 B u f fe r  S o lu t io ns  

E lec trop ho res is .

10x TBE B u ffe r :  109g T r is ,  55g b o r ic  ac id ,  9.3g Na2EDTA.2H20, 

made up to  1 l i t r e  in  d i s t i l l e d  water; pH is  8 .3 .

10x TAE B u ffe r :  48 .4g T r is ,  3.6g CH3COONa, 3.6g Na2EDTA.2H20, 

made up to  1 l i t r e  in  d i s t i l l e d  water, pH adjusted to  8.2 w ith  

g la c ia l  a c e t ic  ac id .

S ing le  Colony Gel B u ffe r :  2% F i c o l l ,  1% SDS, 0.01% bromophenol 

b lue , 0.01% orange G, in  1x TAE b u f fe r .
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Agarose Gel Loading B u f fe r :  10% F i c o l l ,  0.5% SOS, 0.06%

bromophenol b lue , 0.06% orange G, in  1x TBE b u f fe r .

Sequencing Gel Loading B u ffe r :  95% formamide, 20mM EDTA, 0.05%

bromophenol b lue and 0.5% Xylene cyanol FF.

A c ry la m id e  Sequencing Gel s to c k :  190g a c r y la m ld e ,  10g N ,N ’ 

methylene b is-acry lam1de made up to  500 ml w i th  d i s t i l l e d  water.

Sequencing gel mix: 42g Urea, 10ml o f  10x TBE b u f fe r ,  14.5 ml o f

a c ry la m id e  sequencing gel s to c k ,  40 .5  ml d i s t i l l e d  w a te r .

F i l t e re d  through 2 sheets o f  f i l t e r  paper (Whatman Number 1).

DNA M an ipu la t ion .

R e s t r ic t io n  and L ig a t io n  B u ffe rs :  Obtained from B.R.L.

dNTP S tock S o lu t io n  (100mM): D is s o lv e  60mg dNTP in  0 .8m l

d i s t i l l e d  water, a d ju s t  pH to  7.0 w ith  0.1M NaOH, make up to  1.0 

ml w i th  wa ter; s to re  a t -20°C.

TE B u ffe r :  10mM T r is ,  1mM EDTA, pH to  8 .0 .

TE (1 0 :0 .1 )  b u f fe r :  10mM T r is ,  0.1mM EDTA, pH to  8.0.

H1n x10 b u f fe r :  100mM Tris-HC l pH 7.5, 100mM MgC^.

S1 Nuclease B u f fe r :  30mM CH3COONa pH 4 .6 , 50mM NaCl, 1mM ZnS04 , 

5% w/v g ly c e ro l .

DNA Sequencing B u ffe rs

5x Annealing b u f fe r :  200mM T r is -H C l,  100mM MgCl2 » 250mM NaCl. 

dGTP la b e l l in g  mix: 7.5 uM each o f  dGTP, dCTP and dTTP.
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Term ina tion  mixes: A l l  are 80mM each o f  dGTP, dCTP, dTTP, dATP; 

w i th ,  f o r  the fo l lo w in g ;

Mix G: 8uM ddGTP, 50mM NaCl.

Mix C: 8uM ddCTP, 50mM NaCl.

Mix T: 8uM ddTTP, 50mM NaCl.

Mix A: 8uM ddATP, 50mM NaCl.

Enzyme D i l u t i o n  B u f f e r :  10mM T r is - H C l  pH 7 .5 ,  5mM DTT

( d i t h i o t h r e i t o l ) ,  0.5mg/ml BSA (bovine serum album in).

H y b r id iz a t io n  S o lu t io n s .

20xSSC: 3M NaCl, 300mM t r i - s o d iu m  c i t r a t e ,  pH to  7.0.

50x Denhardt’ s S o lu t io n :  5g F i c o l l ,  5g P o ly v in y lp y ro l1id in e ,  5g 

BSA, d i s t i l l e d  water to  500ml.

P re h y b r id lz a t io n  S o lu t io n :  6xSSC, 5xDenhardt’ s s o lu t io n ,  0.5%

SDS, 10ug/ml denatured h e r r in g  sperm DNA.

Denaturing S o lu t io n :  1.5M NaCl, 0.5M NaOH.

N e u t ra l iz in g  S o lu t io n :  1.5M T r is ,  1mM EDTA, pH to  7.2.

Radio labe l led Probe p repa ra t ion  s o lu t io n s  

S o lu t io n  th e ta :  1.25M Tr1s-HCl, 0.125M MgC^.

S o lu t io n  A: 1ml s o lu t i o n  t h e ta ,  18ul b e ta -m e rc a p to e th a n o l

(14.3M), 5ul 100mM dCTP, 5ul 100mM dGTP, 5ul 100mM dTTP.

S o lu t io n  B: 2M HEPES pH to  6.6 w ith  4M NaOH.
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S o lu t io n  C: 50 0D u n i ts  hexadeoxyribonucleotides (Pharmacia) in 

556ul TE.

Reaction M1x-A: 20ul S o lu t io n  A, 50ul S o lu t io n  B, 30ul S o lu t ion

C. S tore  a t  -20°C.

DNA E x t ra c t io n .  P u r i f i c a t io n  and General Purpose S o lu t ions .

P h e n o l :  A l l  p h e n o l used in  t h e  p u r i f i c a t i o n  o f  DNA was 

r e d i s t i l l e d  and contained 0.1% 8-hyd roxyqu ino l ine .  Phenol was 

bu f fe re d  aga ins t 1M T r is  pH 8.0 and then stored under TE b u f fe r .

Phenol/Chloroform: Prepared as a 50% v /v  m ix tu re .

SM B u f fe r :  Used f o r  bacteriophage storage and d i l u t i o n : -  5.8g 

NaCl, 2g MgS04 , 2% g e la t in ,  1mM T r is ,  pH to  7.5 then made up to  1 

l i t r e  w i th  d i s t i l l e d  water.

Birnboim and Doly B u ffe r  I :  50mM glucose, 25mM T r is ,  10mM EDTA, 

pH to  8 .0 .

B irnbo im  and Doly B u f fe r  I I :  0.2M NaOH, 1% SDS, p re p a re d

immediate ly p r io r  to  use.

B irnbo im  and Doly B u f fe r  I I I :  5M CH3COOK pH 4 .8 ;  m ix equa l 

volumes o f  3M CH3COOK and CH3COOH, pH should be 4.8.

Geneclean NEW b u f fe r :  0.2M Tris-HC l pH 7.5, 1M NaCl, 20mM EDTA in  

25ml; d i l u t e  w ith  225ml o f  dH20 and 250ml o f  ethanol before use.

Trypanosome DNA e x t ra c t io n  so lu t io n s

10x PBS: 134.8g Na2HP04 , 7.8g NaH2P04 , 4 2 .5g NaCl , pH to  7.5 and 

make up to  1 l i t r e  w ith  d i s t i l l e d  water.
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PSG ( 6 :4 ) :  0.488g NaH2P04 .2H20, 2.55g NaCl, 8.08g Na2HP04 and 15g 

D-glucose made up to  1 l i t r e  w i th  d i s t i l l e d  water and adjusted to  

pH 8 .0 .

NET B u f fe r :  100mM NaCl, 100mM EDTA and 10mM T r is  in  d i s t i l l e d  

water.

Pulse f i e l d  gel e le c tro p h o re s is  ly s i s  b u f fe r :  0.5M EDTA pH 9.5, 

1% sodium N - la u ry lsa rcos1na te ,  prepared 1n d i s t i l l e d  water w ith  

P rote inase K added to  0.25 mg/ml.

Run-on t r a n s c r ip t io n  b u f fe rs

2xE longation B u ffe r :

Stock s o lu t io n  Volume used F ina l concentra t ion

1M Tr1s pH8 . 0 100ul 100mM

5H NaCl 1Ou1 50mM

4M KC1 12.5u1 100mM

1H HgCl2 2ul 2mM

1M HnCl2 4mM 4mM

1H DTT 2ul 2mH

0.15M Spermine 1ul 0.15mH

0 . 1H Spermidine 5ul 0.5mM

1H C rea tine  phosphate 10ul 10mM

0.1M GTP 2(>ul 2mM

0.1M CTP 20u1 2mM

0.1HATP 2° ul 2mM
G lyce ro l 250ul 25%

RNase Free dH20 43ul
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Run-on h y b r id iz a t io n  s o lu t io n :  3xSSC, 0.1% SDS, 10xDenhardt’ s

s o lu t io n ,  20mM sodium phosphate, tOOug/ml denatured h e rr ing  sperm 

DNA and 50ug/ml E .c o l i  tRNA.

2.8 E .c o l1 Growth C ond it ions

L iq u id  c u l tu re s  f o r  t ra n s fo rm a tio n  o r  plasmid and phage DNA 

p re p a ra t io n s  were r o u t i n e l y  grown in  L -B ro th  a t  37°C w i th  

v igorous shaking. Growth on p la te s  was norm ally  c a r r ie d  out on 

L-Agar w i th  a n t ib io t i c s  being added as requ ired . For p la t in g  out 

o f  lambda phage, phage p a r t ic le s  were mixed w ith  p la t in g  c e l ls  

grown in  10mM MgS04 , 0.2% maltose and s tored in  10mM MgS04. The 

phage were then  in cu b a te d  a t  37°C t o  a l lo w  a d s o r p t io n .  T h is  

suspension was then added to  3.0ml o f  BBL agarose overlay  (a t  

50°C) and poured im m e d ia te ly  o v e r  a 9cm d ia m e te r  p e t r i  d is h  

co n ta in in g  BBL agar. A f te r  the s o f t  agar had se t ,  p la tes  were 

in ve r te d  and incubated ove rn igh t  a t 37°C. For p la t in g  lambda 

l i b r a r i e s ,  30,000 p . f . u .  were adsorbed  t o  1ml o f  p l a t i n g  

b a c te r ia ,  added to  30ml o f  BBL agarose ove r lay  (a t  50°C) and then 

poured ove r  20cm2 BBL agar p la te s .  H13 t r a n s fo r m a t i o n s  were 

p la te d  by adding 4ml o f  H13 s o f t  ove r lay  agar and pouring over L- 

Agar o r  minimal medium+glucose p la te s .

2.9 Transform ation  o f  E .c o l1 

Competent Cel Is

A s in g le  b a c te r ia l  colony was picked in to  2.5ml o f  L-Broth 

and shaken v ig o ro u s ly  a t  37°C ove rn ig h t .  500ul o f  t h is  c u l tu re  

was used to  in ocu la te  100ml o f  L-Broth  and the c u l tu re  shaken a t 

37°C f o r  approx im ate ly  2 hours, o r  u n t i l  an O.D600 o f  0 .3 -0 .4  had 

been reached. At t h i s  p o in t ,  c e l l s  were t ra n s fe r re d  in to  50ml 

Falcon tubes  and ha rves ted  by c e n t r i f u g a t i o n  a t  4360g f o r  10 

minutes a t  4°C. The re s u l ta n t  supernate was discarded and the 

p e l le t  resuspended by f l i c k i n g  the tubes, a f t e r  which 25ml o f
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co ld  50mM CaCl2 was added to  each. A f te r  storage on 1ce fo r  30 to  

60 m in u te s ,  the  c e l l s  were h a rv e s te d  as above, and were 

resuspended in  2.5 ml o f  50mM CaCl2 a t 4°C. These c e l ls  were then 

s to red  a t  4°C u n t i l  use. The c e l l s  were found to  be maximally 

competent f o r  t ra n s fo rm a tio n  a f t e r  24 hours on ice , a f te r  which 

t h e i r  competence ra p id ly  f e l l .

T ransform ation

For each t ra n s fo rm a t io n ,  100-200ul o f  competent c e l ls  were 

added to  the tran s fo rm ing  DNA (a t  a concen tra t ion  o f  less than 

0.1mg per t ra n s fo rm a t io n ,  and in  a volume no more than 1/5 o f  the 

c e l l  suspension volume) in  a 15 ml Falcon tube. A f te r  m ixing by 

g en tle  shaking, the c e l l s  were incubated a t 4°C f o r  30 minutes 

and heat shocked a t  42°C f o r  2 m in u te s .  The c e l l s  were then  

re tu rn e d  t o  1ce f o r  a f u r t h e r  2 m in u te s  f o r  p la s m id  

t ra n s fo rm a t io n s ,  o r  were kept a t  room temperature f o r  10 minutes 

f o r  M13 t r a n s fo r m a t io n s .  M13 t  r a n s fo rm a t  i ons were then  

im m e d ia te ly  added to  M13 s o f t  o v e r la y  and poured o v e r  MM+G 

p la te s .  Plasmid t ran s fo rm a tions  had 1ml o f  S.O.C. t rans fo rm ation  

recovery medium added and were then Incubated a t 37°C f o r  30 to  

60 minutes to  a l low  the expression o f  a n t ib io t i c  res is tance . The 

c e l l s  were then p la ted  in  100-200ul amounts over XIA p la te s .

2.10 Plasmid P repa ra tion .

The plasmid content o f  E .c o l i  transform ants  was ro u t in e ly  

screened th ro u g h  a c o m b in a t io n  o f  s i n g le  c o lo n y  ge l 

e le c t r o p h o r e s is  and r e s t r i c t i o n  a n a ly s i s  f o l l o w i n g  p la s m id  

is o la t io n .

S ing le  Colony Gel E lec trophores is

This  is  a rap id  procedure fo r  is o la t in g  c i r c u la r  plasmid 

molecules d i r e c t l y  from a transformed colony. A s in g le  colony was 

streaked to  produce a b a c te r ia l  patch approximate ly 1cm in  length 

fo l lo w in g  ove rn igh t growth under a n t ib io t i c  s e le c t io n .  The patch
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was then scraped w i th  a s t e r i l e  to o th p ic k ,  which was placed In to  

200ul o f  s in g le  colony gel b u f fe r  and l e f t  a t  room temperature 

f o r  15 m inutes. C e ll d eb r is  were then removed by c e n t r i fu g a t io n  

in  a m ic ro c e n t i fu g e  f o r  30 m in u te s  a t  4°C, and 50u l o f  th e  

supernate analysed by e le c tro p h o re s is  on an agarose ge l.

B irnbolm and Poly Smal1 Scale Plasmid P repara tion  Procedure

During the c lo n in g  o f  genomic DNA fragments in to  plasmids, 1t 

1s convenient to  perform small sca le plasmid p repara t ions which 

can con f irm , by r e s t r i c t i o n  a n a ly s is ,  th a t  the plasmid in s e r t  

con ta ins  r e s t r i c t i o n  s i t e s  which have been p red ic ted  from the 

mapping o f  genomic DNA. To do t h i s ,  a s in g le  transformed colony 

was p icked  In to  1.5ml o f  L -B ro th  c o n t a in in g  a p p r o p r ia te  

a n t ib io t i c s  and grown o ve rn ig h t .  The c e l l s  were then t ra n s fe r re d  

to  a m ic ro c e n tr i fu g e  tube and harvested by c e n t r i fu g a t io n .  The 

supe rna te  was then removed c o m p le te ly ,  th e  c e l l  p e l l e t  

resuspended 1n 100ul o f  Birnboim and Doly s o lu t io n  I  and l e f t  a t 

room temperature f o r  5 minutes. Then, 200ul o f  f r e s h ly  prepared 

Birnboim and Doly s o lu t io n  I I  was added, the s o lu t io n  mixed by 

Inve rs ion  and stood a t room temperature f o r  5 minutes. F in a l ly ,  

150ul o f  Birnboim and Doly s o lu t io n  I I I  was added and the tube 

p laced  on ic e  f o r  10 m inu tes . A f t e r  t h i s  t im e ,  th e  b a c t e r i a l  

d e b r is  was removed by c e n t r i fu g a t io n  in  a m ic ro ce n tr i fu g e ,  and 

the plasmid DNA in  the supernate p re c ip i ta te d  by the a d d it io n  o f  

1ml o f  abso lu te  e thano l,  which had been stored a t -20°C. The DNA 

was recovered  by c e n t r i f u g a t io n  in  a m ic r o c e n t r  1 fu g e  f o r  10 

m inutes, the p e l le t  washed w ith  70% ethanol and d r ied  a t  65°C. 

The p e l le t  was resuspended in  50ul o f  TE, to  y ie ld  between 2 and 

10ug o f  plasmid DNA.

Birnboim and Doly Large Scale Plasmid P repara tion Procedure,

A m o d if ic a t io n  o f  the alkal1ne-SDS e x t ra c t io n  o f  Birnboim 

and Doly (1979) was used f o r  la rge  scale plasmid DNA p repa ra t ion .
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Plasmid bearing c e l l s  from a 250ml ove rn igh t c u l tu re  were 

p e l le te d  by c e n t r i f u g a t io n  a t 5520g f o r  5 minutes at 4°C. The 

p e l le t  was resuspended in  4ml o f  B irnboim and Doly s o lu t io n  I  and 

incubated on ice f o r  5 m inutes. 8ml o f  f r e s h ly  prepared Birnboim 

and Doly s o lu t io n  I I  was added and mixed by gen tle  Inve rs ion ; the 

ly s a te  was then l e f t  on ice  f o r  4 m inutes. 6ml o f  cooled Birnboim 

and Doly s o lu t io n  I I I  was added and again g e n t ly  mixed u n t i l  the 

v i s c o s i t y  was reduced. The w h i te  f l o c c u l a r  p r e c i p i t a t e  was 

c e n t r i fu g a te d  a t  17400g a t 4°C f o r  15 minutes and the supernate 

poured th ro u g h  a f i l t e r  w i th  a g la s s  wool p lu g  i n t o  a tube  

c o n ta in in g  12 ml o f  is o p ro p a n o l .  The tu b e s  were mixed by 

in v e rs io n  and then DNA allowed to  p r e c ip i t a te  a t room temperature 

f o r  15 minutes before  being ce n tr i fu g e d  17400s, 10 minutes a t

20°C. The p e l le t  was then washed w i th  2ml o f  70% e thano l,  d r ied  

under vacuum and resuspended 1n 4.6ml o f  TE by gen tle  r o l l i n g  fo r  

30 to  60 m inutes.

To the resuspended p e l le t  was added 8.64ml o f  CsCl s o lu t io n  

in  TE (50g CsCl added to  30ml TE) and 0.54 ml o f  15mg/ml eth id ium 

bromide s o lu t io n .  This s o lu t io n  was c leared by c e n t r i fu g a t io n  a t 

4360g f o r  10 minutes and then t ra n s fe r re d  to  a 12ml polypropylene 

u l t r a c e n t r i f u g e  tube and c e n tr i fu g e d  a t 267000g a t 20°C fo r  16 

hours. The re s u l t in g  plasmid band was removed w ith  a hypodermic 

sy r inge  and m u l t ip le  e x t ra c t io n s  w ith  water sa tura ted  butanol 

c a r r ie d  out to  remove e th id ium  bromide. Three volumes o f  TE were 

then added to  the s o lu t io n ,  fo l low ed by two volumes o f  absolute 

ethanol s to red  a t -20°C. The tubes were then l e f t  on 1ce fo r  1 

hour. F in a l l y ,  the DNA was p re c ip i ta te d  by c e n t r i fu g a t io n  a t 

35000a, 4°C, washed w ith  70% e thano l,  d r ie d  and resuspended in 

500ul TE b u f fe r .

During the l a t t e r  stages o f  t h i s  study, the above method was 

replaced by the S tra ta tech  "C irc le p re p "  procedure. This involves 

a Birnboim and Doly a lk a l in e  ly s is  o f  c e l ls  grown ove rn igh t in  50 

ml o f  “ C irc legrow " medium, a f te r  which plasmid DNA is  p u r i f ie d  

from RNA by using l i th iu m  c h lo r id e  p r e c ip i t a t io n  and G lassmilk. 

The m ethodology fo l lo w e d  was e x a c t l y  as d e s c r ib e d  by th e  

manufacturers o f  the k i t .

35



2.11 Bacteriophage Lambda DNA Preparation.

Bacteriophage plaques were picked in to  1ml o f  SH and l e f t  a t 

4°C ove rn ig h t  o r  37°C f o r  1 hour. 5ul o f  t h is  phage suspension 

was incubated fo r  20 minutes a t 37°C w i th  100ul o f  NM621 stored 

in  10mM MgSC^ to  a l low  the phage to  adsorb and then added to  5ml 

o f  supplemented L-B ro th  and grown ove rn igh t w i th  v igorous shaking 

a t  37°C. C e l lu la r  de b r is  was then removed by c e n t r i fu g a t io n  a t 

12100g f o r  10 minutes.

For la rge  scale phage DNA p repa ra t io n ,  5 ml o f  an ove rn igh t 

NM621 c u l tu re  were inocu la ted  in to  250 ml o f  L -b ro th  supplemented 

w i th  magnesium and m a ltose  and were grown w i t h  s h a k in g  f o r  3 

hours. The b a c te r ia  were then c o l le c te d  by c e n t r i fu g a t io n  a t 

9820g f o r  10 minutes a t  room temperature and were resuspended in 

250 ml o f  L -b ro th  supplemented w ith  magnesium, but not maltose. 

To t h i s  was then added the 5 ml phage supernate and the c u l tu re

grown u n t i l  f u l l  l y s is  had occurred (u s u a l ly  >8 hours). A f te r

t h i s  t im e , 1 ml o f  ch lo ro fo rm  was added to  the c u l tu re  which was 

then shaken f o r  a f u r t h e r  15 minutes. Unlysed c e l ls  and c e l lu la r  

d eb r is  were removed by c e n t r i fu g a t io n  (9820g, 10 m inutes), a f te r  

which DNAse I  and RNAse A were each added to  the supernate to  a 

f i n a l  concen tra t ion  o f  1 ug/ml and incubated a t 37°C f o r  1 hour. 

S o l id  sodium c h lo r id e  was then added to  a concen tra t ion  o f  1 H, 

d isso lved  by s w i r l in g ,  and the supernate l e f t  on ice fo r  1 hour, 

fo l lo w in g  which the s o lu t io n  was c e n tr i fu g e d  a t 5520g fo r  15 

m inutes. To the supernate was added po lye thy lene g lyco l 8000 to  a 

conce n tra t io n  o f  10% w/v and the phage p re c ip i ta te d  a t 4°C f o r  1 

hour. The phage were then p e l le te d  by c e n t r i fu g a t io n  a t 5520g fo r  

30 m inu tes  a t  4°C and the  s u p e rn a te  f u l l y  d ra in e d  o f f  and

d is c a rd e d .  The d r ie d  p e l l e t  was resuspended in  6ml o f  SM 

s o lu t i o n ,  t r a n s fe r r e d  t o  a 40 ml p o ly p ro p y le n e  tu b e  and 

e x t ra c te d  w i th  an equal volume o f  c h lo r o fo r m .  F o l lo w in g  

c e n t r i f u g a t io n  a t  5520g f o r  15 m inutes, the aqueous phase was
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recovered and EDTA ( to  a f i n a l  concen tra t ion  o f  20mM), prote inase 

K ( to  50ug/m l) and SDS ( to  0.5%) added. P ro te in  d ig e s t io n  was 

continued f o r  1 hour a t  50°C. The s o lu t io n  was then ex trac ted  

w i th  an equal volume o f  phenol, pheno l/ch lo ro fo rm  and ch loro form , 

the aqueous phase being separated a t each stage by c e n t r i fu g a t io n  

a t  12100g f o r  10 m inu tes  a t  room te m p e ra tu re .  F i n a l l y ,  1/10 

volume 3M sodium ace ta te  was added to  the aqueous phase and the 

phage DNA p re c ip i ta te d  w ith  two volumes o f  ethanol f o r  30 minutes 

on ic e ,  p e l le te d  by c e n t r i f u g a t io n  a t 12100a f o r  10 minutes at

4°C, washed w i th  10 ml o f  70% e thano l,  d r ied  and resuspended in

500ul o f  TE. Recovery was q u a n t i ta te d  by gel e le c tro p h o re s is .

2.12 Bacteriophage H13 S ing le  Stranded DNA Prepara tion .

To p repa re  M13 s in g le  s tran ded  DNA as a te m p la te  f o r  DNA 

sequencing, a m o d i f ic a t io n  o f  the method o f  M i l l e r  (1987) was 

used.

A s in g le  phage plaque was picked in to  20ml o f  2xYT medium 

c o n ta in in g  200ul o f  an ove rn igh t c u l tu re  o f  JM101 and grown, w ith  

v igorous shaking, a t  37°C fo r  5 to  6 hours. The b a c te r ia  were

then p e l le te d  a t  12100g, 10 minutes. To the supernatent was added 

4ml o f  2.5M NaCl, 20% PEG and t h i s  was l e f t  a t  room temperature 

f o r  10 m in u te s .  The b a c te r io p h a g e  were th e n  p e l l e t e d  by

c e n t r i f u g a t i o n  a t  35000a, 10 m in u te s ,  4°C a f t e r  w h ich  th e

supernate was tho rough ly  dra ined. The phage were then resuspended 

1n 1ml o f  TE (1 0 :0 .1 )  and re p re c ip i ta te d  by the a d d it io n  o f  200ul 

o f  2.5M NaCl, 20% PEG, s ta n d in g  a t  room te m p e ra tu re  f o r  10 

minutes and c e n t r i fu g a t io n  in  a m icrofuge f o r  10 minutes. The 

supernate was drawn o f f  complete ly and resuspended in 11Ou1 o f  TE 

(1 0 :0 .1 ) .  The phage DNA was then recovered by e x t ra c t io n  w ith  an 

equal volume o f  phenol, ch loro form  and ethanol p r e c ip i t a t io n .  The 

d r ie d  DNA p e l le t  was f i n a l l y  brought up in  50-100ul TE (10 :0 .1 )

2.13 E x tra c t io n  o f  High Molecu lar Weight DNA from Bloodstream 

Form Trypanosomes (Bernards e t  a l .  1981).

Approximate ly 2ml o f  trypanosome in fe c te d  mouse blood was
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c o l le c te d  by ca rd iac  puncture through a 25G needle in to  a 2m 1 

sy r inge  co n ta in in g  0.4ml o f  2% sodium c i t r a t e  s o lu t io n  to  i n h ib i t  

c oag u la t ion .  The trypanosomes were then p u r i f ie d  on a PSG pH 8.05 

e q u i l ib r a te d  DEAE-Cellulose column a t le a s t  5 times the volume o f 

the in fe c te d  blood (Lanham and Godfrey, 1970). A f te r  pel l e t t in g  

by c e n t r i f u g a t io n  a t 3020a, the supernate was removed and the 

p a ra s i te s  resuspended in  1/10 t h e i r  packed c e l l  volume in  NET 

b u f fe r  (1x10^ trypanosomes have a 100ul packed c e l l  volume). The 

p a ra s i te  suspension was then lysed by the a d d it io n  o f  1/10 volume 

30% sodium N - la u ry l  sa rcos ina te  in  NET b u f fe r ,  fo llowed by gentle  

in v e rs io n .  Pro te inase K was added to  a f i n a l  concen tra t ion  o f 

100ug/m l, and in cuba ted  a t  50°C f o r  1 h o u r ,  o r  a t  room 

temperature o v e rn ig h t .  A f te r  t h is  t im e, NET b u f fe r  was added to  a 

volume o f  3ml and the ly s a te  ex trac ted  w ith  an equal volume o f  

p h e n o l /c h lo ro fo rm ,  fo l lo w e d  by c e n t i f u g a t i o n  a t  3020a f o r  5 

m inutes. Th is  s tep was then repeated two times. Fo llow ing t h is ,  

the crude DNA e x t ra c t  was p re c ip i ta te d  by the a d d it io n  o f  1/10 

volume 3M sodium aceta te  and two volumes o f  absolute e thano l.  The 

DNA was recovered  by s p o o l in g ,  washed in  70% e th a n o l ,  and 

resuspended in  500ul o f  TE o v e r n ig h t .  To t h i s  was then  added 

RNAse A t o  50ug/ml and the  DNA in c u b a te d  a t  37°C f o r  1 h o u r ,  

a f t e r  wh ich p ro te in a s e  K was added t o  a c o n c e n t r a t io n  o f  

100ug/ml and in cuba ted  a t  50°C f o r  a f u r t h e r  30 m in u te s .  

F o l lo w in g  t h i s ,  the  DNA was e x t r a c te d  th r e e  t im e s  w i th  

pheno l/ch lo ro fo rm , ethanol p re c ip i ta te d ,  resuspended 1n 500ul o f  

TE and d ia ly s e d  a g a in s t  2 l i t r e s  o f  TE f o r  48 hou rs  in  a 

S a r to r lu s  m ic ro c o l lo d io n  cup. The DNA recovery was qua n t i ta te d  by 

gel e le c tro p h o re s is .

2.14 R e s t r ic t io n  Endonuclease D igestion  o f  DNA

Plasm id and bac te r io phage  DNA d ig e s t i o n  r e a c t io n s  were 

ro u t in e ly  performed 1n a t o ta l  volume o f  20ul con ta in ing  0.2 to  2 

ug o f  DNA, 2ul o f  the 10x concentrate reac t ion  b u f fe r  recommended 

by th e  endonuclease s u p p l ie r  and 10 t o  20 u n i t s  o f  th e  

a p p ro p r ia te  enzyme. The reac t ion  volume was made up to  20ul w ith  

ddH20, and in cuba ted  a t  the  a p p r o p r ia te  te m p e ra tu re  f o r  1-2
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hou rs . For trypanosome genomic DNA, 1-3ug were d ig e s te d  1n a 

t o t a l  re a c t io n  volume o f  40ul f o r  3-16 hours, the enzyme being 

added 1n two 15-20 u n i t  amounts a t the beginning and h a l f  way 

th ro u g h  th e  In c u b a t io n  p e r io d .  S e r i a l  d i g e s t io n s  I n v o lv i n g  

enzymes w i th  d i f f e r e n t  b u f f e r  o p t im a  were c a r r i e d  o u t  

s e q u e n t ia l ly ,  w i th  e i t h e r  Incuba tion  a t  65°C o r phenol e x t ra c t io n  

and e thanol p r e c ip i t a t io n  being used to  in a c t iv a te  the f i r s t  

enzyme p r io r  to  adjustment o f  the b u f fe r  co nd it ion s .

2.15 Agarose Gel Electrophoresis

Genomic, phage and p lasm id  DNA r e s t r i c t i o n  d ig e s t s  were 

sepa ra ted  by agarose gel e l e c t r o p h o r e s i s .  The agarose 

c once n tra t io n  in  the gel was adjusted to  s u i t  the pred ic ted  s ize 

o f  fragments generated by d ig e s t io n .  DNA bands were v is u a l is e d  by 

soaking the gel a f t e r  e le c tro p h o re s is  1n 1x TBE con ta in ing  1Oul 

o f  10mg/ml e th id ium  bromide per 100ml o f  b u f fe r  f o r  15 minutes. 

The gel was then r insed  1n 1xTBE w ith o u t  e th id ium  bromide and 

photographed w ith  203nm U.V. t r a n s i l lu m ln a t io n  using a Po laro id  

camera loaded w i th  P o la ro id  4x5 land f i lm  (n o .57) o r  a Pentax 

35mm SLR loaded w ith  I l f o r d  HP5 f i lm ;  both were f i t t e d  w ith  a 

Kodak Wratten F i l t e r  n o .9 ( re d ) .

2.16 DNA Extraction From Agarose.

Two methods were used f o r  the is o la t io n  o f  DNA; "Gene-clean" 

and e x t ra c t io n  from low m e lt ing  p o in t  agarose. The "Gene-clean" 

p rocedure  was fo l lo w e d  a c c o rd in g  t o  th e  m a n u fa c tu re rs  

in s t r u c t io n s  (S tra tage ne ) : d igested DNA was electrophoresed on an 

agarose gel run in TAE b u f fe r  and the des ired  fragments excised. 

The ge l s l i c e  was then d is s o lv e d  1n 2 .5  vo lumes o f  6M sodium 

iod id e  a t  55°C f o r  10 m inutes, a f t e r  which 3-5ul o f  "g lassm ilk "  

was added and the DNA allowed to  adsorb f o r  5 minutes on ice . The 

"g la s s m n k "  was washed 3 times w i th  NEW b u f fe r  before the DNA was 

recovered by adding 50—100ul o f  TE, incuba t ing  a t 55 C fo r  10 

minutes and f i n a l l y  c e n t r i fu g in g  in  a m lcrofuge f o r  30 seconds. 

The DNA in  s o lu t io n  was p ip e t te d  to  a f resh  tube, being ca re fu l
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to  avoid t r a n s fe r r in g  any "g la s s m i lk " .  For l i b r a r y  co n s tru c t io n ,  

th e  s o lu t i o n  was aga in  in cu b a te d  a t  55^C and re co v e re d  by 

c e n t r i f u g a t io n  to  ensure a l l  "g la s s m ilk "  had been removed. This 

was found to  be e s s e n t ia l  when very l im i t i n g  amounts o f  DNA were 

invo lved .

For the e x t ra c t io n  from low m e lt ing  temperature agarose, DNA 

was e le c t ro p h o re s e d  in  TBE o r  TAE b u f f e r ,  and th e  d e s i re d  

fragment exc ised. F ive volumes o f  TE were added and the gel s l i c e  

m e lted  a t  65°C f o r  10 m inu tes .  A f t e r  t h i s  t im e ,  th e  DNA was 

e x t ra c te d  tw ic e  w i th  pheno l,  once w i t h  c h lo r o fo r m ,  and then  

recovered by ethanol p r e c ip i t a t io n  and resuspension in  50ul TE.

2.17■ Phosphatase Treatment o f DNA and Subsequent Ligation

The trea tm ent o f  ve c to r  DNA w ith  c a l f  in te s t in a l  a lk a l in e  

phosphatase (CIAP) r e s u l t s  1n th e  rem oval o f  th e  5 ’ t e r m in a l  

phosphate group and prevents s e l f  l i g a t io n ,  thereby favour ing  

the in s e r t io n  o f  fo re ig n  DNA. To achieve t h is ,  1 u n i t  o f  CIAP was 

norm ally  incubated w i th  vec to r  DNA during  the la s t  30 minutes o f  

i t s  d ig e s t io n  w ith  r e s t r i c t i o n  enzymes. The enzyme a c t i v i t y  was 

then removed by phenol and ch lo ro fo rm  e x t ra c t io n  fo llowed by 

ethanol p r e c ip i t a t io n .  The i n a b i l i t y  o f  the vec to r  to  l ig a te  was 

n o rm a l ly  assayed by l i g a t i o n  f o l l o w e d  by agarose  ge l 

e le c tro p h o re s is  o f  the reac t ion  products.

DNA fragments w ith  compatib le ends were l ig a te d  using T4 DNA 

l ig a s e .  In  o rder to  favour the generation o f  chimaeric molecules, 

a v e c to r  t o  i n s e r t  r a t i o  o f  5:1 was used f o r  phosphatased  

ve c to r  DNA, w h ile  a r a t i o  o f  1:5 was used where the vec to r DNA 

was unphosphatased. T y p i c a l l y ,  a t o t a l  o f  200ng o f  DNA was 

in c lu d e d  in  a 20ul r e a c t io n  volume c o n t a in in g  4u l o f  5xBRL 

l ig a t io n  b u f fe r .  For DNA fragments w ith  cohesive ends, 0.5u o f  

T4 DNA l ig a s e  was used and the  r e a c t io n  in c u b a te d  a t  16°C 

o v e rn ig h t .  For l i g a t io n  o f  b lu n t  ended molecules 1 u n i t  o f  l igase  

was used, and the reac t ion  allowed to  proceed a t  room temperature

f o r  a t  le a s t  4 hours.
F o l lo w in g  the  l i g a t i o n  o f  phage arms t o  I n s e r t ,  d u r in g  

l i b r a r y  c o n s tru c t io n ,  an j n  v i t r o  packaging reac t ion  was ca r r ie d
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out using Gigapack Gold (S tra ta g e n e ) . This e n ta i le d  adding 5ul o f  

th e  l i g a t i o n  mix t o  a Freeze/Thaw m ix ,  a dd ing  15u 1 o f  S on ic  

e x t ra c t  and leav ing  the tubes a t room temperature fo r  two hours. 

500ul o f  SH b u f fe r  was then added, and the tubes stored a t 4°C 

w i th  15u 1 o f  c h lo ro fo rm .  The l i b r a r y  was th e n  t r a n s f e c t e d  as 

described (s e c t io n  2 .8 ) .

2.18 Nucleic Acid H ybrid ization

R ad io labe lled  Probe Prepara tion

Probes were prepared by the hexanucleotide prim ing method o f  

Feinberg and V oge ls te in  (1985). A DNA r e s t r i c t i o n  fragment to  be 

la b e l le d  was excised from low m e lt ing  temperature agarose and 

e i t h e r  used immediate ly o r  s tored a t -20°C. The gel s l i c e  was 

melted a t  65°C f o r  10 minutes and then 10ul (approx im ate ly  

10ng) removed. This 10u 1 was then placed 1n a f resh  eppendorf 

tube and incubated 1n a b o i l in g  water bath fo r  10 minutes. The 

tube was then spun b r i e f l y  in  a m lcrofuge and 28ul o f  d i s t i l l e d  

water and 10ul o f  Reaction mix-A added. The reac t ion  was then 

begun by the  a d d it io n  o f  30uC1 o f  [a lp h a -32] dATP (800 Ci/mMole) 

and 2 u n i ts  o f  the Klenow fragment o f  DNA polymerase I  ( e i th e r  

sequencing o r  la b e l l in g  grade). A f te r  incubation  f o r  2-16 hours 

a t  room te m p e ra tu re ,  the  r e a c t io n  was hea ted  t o  65°C f o r  5 

minutes and the la b e l le d  fragments is o la te d  through a Pharmacia 

G-50 Sephadex '‘N ick" column e q u i l ib ra te d  and e lu ted  1n TE.

Southern B lo t t in g

F o l lo w in g  e le c t r o p h o r e s is ,  aga rose  g e ls  c o n t a in in g  DNA 

fragments la rg e r  than 8Kb were soaked in 0.25H HC1 fo r  30 minutes 

in  o rd e r  t o  p a r t i a l l y  d e p u r in a te  th e  DNA. For g e ls  w i t h  o n ly  

sm a ll DNA fragm en ts  t h i s  s tep  was o m i t t e d .  The ge l was then  

t ra n s fe r re d  In to  denatu ring  s o lu t io n  and soaked w ith  occasional 

a g i t a t i o n  f o r  30 m inu tes , a f t e r  w h ich  th e  ge l was soaked in  

n e u t r a l iz in g  s o lu t io n  f o r  a fu r th e r  30 minutes. The gel was then 

in v e r te d  onto a s t r i p  o f  f i l t e r  paper (Whatman 3MM) ove r lay ing  a
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perspex p la te  supported above a re s e rv o ir  o f  20xSSC which soaked 

both ends o f  the f i l t e r .  Onto the gel was o v e r la id  a sheet o f  

Nytran (S ch le ich e r  and Schue ll)  o r  Hybond-N (Amersham) nylon 

h y b r id iz a t io n  membrane and a fu r th e r  two sheets o f  20xSSC soaked 

f i l t e r  paper, each o f  which had been cu t to  the s ize  o f  the gel. 

F in a l l y ,  a stack o f  paper towels o r  two nappy pads were placed 

over the gel fo l low ed  by a g lass p la te  and a 700g weight. DNA 

t r a n s fe r  was a llowed to  continue ove rn ig h t ,  a f t e r  which the nylon 

membrane was d r ie d  a t  80°C, and subjected to  U.V. I r r a d ia t io n  fo r  

2 .5  m inu tes  1n o rd e r  to  c o v a le n t l y  a t t a c h  th e  DNA to  th e  

membrane. B lo ts  were s to re d  a t  room te m p e ra tu re ,  wrapped in  

f i l t e r  paper.

Southern H ybrid ization

Southern  h y b r id i z a t io n  was p e r fo rm e d  a c c o rd in g  t o  th e  

p rocedures  d e ta i le d  by S c h le ic h e r  and S c h u e l l  f o r  use w i th  

Nytran membrane. F i l t e r s  were sealed In to  e i th e r  p la s t i c  bags or 

g lass c y l in d e rs  in  the presence o f  3-10ml o f  p re h y b r id iz a t io n  

s o lu t io n ,  depending on the s ize  o f  the b lo t .  P re h yb r id iza t io n  

was then  c a r r ie d  o u t  f o r  1 hou r o r  more a t  th e  d e s i re d  

h y b r id iz a t io n  temperature (u s u a l ly  65°C) in  e i th e r  a water bath 

o r  a Bacho fe r h y b r id i z a t io n  oven.  A f t e r  t h i s  t im e ,  

p re h y b r id iz a t io n  s o lu t io n  was replaced w ith  f resh  s o lu t io n  and 

the ra d io la b e l le d  probe. The probe had been p rev io us ly  denatured 

to g e th e r  w i th  100ul o f  10mg/ml he rr in g  sperm DNA by b o i l in g  fo r  

10 m inutes. The h y b r id iz a t io n  was continued f o r  a t  le as t  16 hours 

a t  the app ro p r ia te  temperature. A f te r  h y b r id iz a t io n ,  the probe 

was d iscarded and the membrane washed tw ice  f o r  30 minutes 1n 

2xSSC, 0.1% SDS a t the h y b r id iz a t io n  temperature, and then to  the 

f i n a l  s t r in g e n c y ,  which was u su a lly  O.IxSSC, 0.1% SDS, 65°C f o r  a 

f u r t h e r  30 m inutes. The membrane was then sealed in to  a p la s t i c  

bag and covered w ith  a sheet o f  Kodak X—omat S1 f i lm  which was 

allowed to  expose in  presence o f  two In te n s i fy in g  screeens a t 

-70°C.
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Colony and Plaque Screening by H ybrid ization .

To determine whether in d iv id u a l  b a c te r ia l  co lon ies  harboured 

plasmids co n ta in in g  des ired  in s e r ts ,  Nytran membrane d isks  were 

la id  over t h e i r  agar p la te  and allowed to  wet n a tu ra l ly .  A f te r  

one m inute, the membrane was l i f t e d  o f f  w i th  forceps and placed, 

co lony s ide  up, onto a sheet o f  f i l t e r  paper (Whatman 3MM) soaked 

in  d e n a tu r in g  s o lu t i o n  f o r  10 m in u te s .  The d is k  was then  

t ra n s fe r re d  f o r  5 minutes each onto two f i l t e r  sheets soaked in 

n e u t r a l iz in g  s o lu t io n .  F in a l ly  the d isk  was r insed in  2xSSC and 

d r ie d  a t  80°C and the DNA f ix e d  by U.V. t ra n s i  no m in a t io n  fo r  2 

m in u te s .  Plaque l i f t s  were t r e a t e d  i d e n t i c a l l y ,  w i t h  th e  

excep tion  th a t  den a tu ra t ion  was on ly  c a r r ie d  out f o r  5 minutes. 

F ixed  f i l t e r s  were h y b r id iz e d  e x a c t l y  1n th e  same manner as 

Southern b lo ts .

2.19 DNA Sequencing

DNA sequencing was performed using the T7 polymerase (Tabor 

and Richardson, 1987) “Sequenase" sequencing system according to  

the m anu fac tu re rs ’ In s t ru c t io n s  (USB).

7ul o f  H13 template DNA, 2ul o f  5x Annealing b u f fe r  and 1 ul 

o f  0 .5pm ol/u l M13 un ive rsa l primer were mixed and incubated at 

65Scin a Grant small hea ting  b lock f o r  2 minutes. The block was 

then  tu rn e d  o f f  and a l low ed to  c oo l s lo w ly  t o  below 35°C t o  

perm it e f f i c i e n t  p r im er:tem p la te  annealing. To the annealing 

m ix tu re  was then added 1u 1 d i t h i o t h r e i t o l  (0 .1 M ) ,  2u l dGTP 

la b e l l in g  mix d i lu te d  to  1:15, 0 .5u l [a -^S ]dA TP  (100001/mmol), 

2ul o f  Sequenase enzyme p re d i lu te d  1:8 in  Enzyme D i lu t io n  B u ffe r  

and the m ix tu re  l e f t  a t  room temperature fo r  5 minutes. 3.5 ul o f  

t h i s  mix was then added to  2 .5u l o f  dideoxy NTP te rm in a t ion  mixes 

in  s epa ra te  tubes and th e  r e a c t io n  in c u b a te d  a t  37 C f o r  10 

m inutes. The reac t ions  were then stopped by the a d d it io n  o f  4 ul 

sequencing gel loading b u f fe r  and e i th e r  stored a t -20 C f o r  up 

to  2 weeks o r  immediately denatured by heating to  85 C fo r  three
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minutes and loaded onto a sequencing ge l.

Sequencing Gel Electrophoresis

Sequencing re a c t io n  products were electrophoresed on 0 .4 -  

0.8mm 6% Acry lam lde: b is -ac ry lam ide  (3 8 :2 ) ,  6M Urea wedge gel 

prepared in  1xTBE b u f fe r .  A 100ml gel mix was polymerized by the 

a d d i t io n  o f  800ul o f  10% w/v ammonium persulphate and 40ul o f  

TEHED (N,N,N’ ,N ’ - te t ra m e th y le th y le n e d ia m in e ) . Gels were run using 

the BRL S2 sequencing gel apparatus. P r io r  to  a d d it io n  o f  the 

sequencing products , the gel was p re -run  a t  65 watts  f o r  1 hour 

to  warm the  gel to  50°C. Once a t temperature, the gel was loaded 

and run a t  65 w a t ts  f o r  3 h ou rs ,  f o r  s e p a ra t io n  o f  1-200 

n u c le o t id e s ,  o r  6-10 hours f o r  the separa tion  o f  fragments 100- 

500 n uc leo t id es  in  leng th . At the completion o f  a run, the gel 

was f ix e d  in  10% a c e t ic  ac id  10% methanol f o r  15 minutes and then 

d r ie d  a t  80°C under vacuum using a Bio-Rad model 583 gel d r ie r .  

The gel was then covered w ith  Kodak S1 X-omat f i lm  and exposed a t 

room temperature ove rn igh t .

2.20 C loning o f  p rogress ive  in te rm ed ia tes  in  DNA syn thes is .

This procedure is  capable o f  producing d e le t io n  clones o f  

e x is t in g  s in g le  stranded recombinant M13 DNA s u i ta b le  f o r  DNA 

sequencing o r  ra d io la b e l le d  probe c o n s tru c t io n  (Burton e t  a j . , 

1988). A diagrammatic rep resen ta t ion  o f  the p r in c ip le s  o f  the 

method are  g iven  in  F igu re  2 .1 .  2ug o f  s in g le  s t ra n d e d  

recombinant M13 DNA was added to  19u1 o f  d i s t i l l e d  water, 4 ul o f  

H1nx10 b u f fe r  and 2ul o f  M13 un iversa l o l ig o n u c le o t id e  sequencing 

p r im e r  (USB). The p r im e r and te m p la te  were then  annea led  by 

p la c in g  the eppendorf tube 1n a Grant small heating b lock a t 

65°C f o r  2 m inutes, which was then switched o f f  and allowed to

cool t o  below 35°C.
A f t e r  a n n e a l in g ,  1 u n i t  o f  th e  Klenow f ra g m e n t  o f  DNA 

polymerase 1 was then added to  the reac t ion  tube and the m ixture  

incubated a t  room temperature f o r  2 minutes a f te r  which 8ul o f  a
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ORIGINAL CLONE

KLENOW SYNTHESIS
SINGLE STRANDED FORM 
PLUS PRIMER

SAMPLE THE INTERMEDIATES 
IN KLENOW SYNTHESIS
POOL SAMPLES AND BLUNT 
END WITH Si NUCLEASE

RESTRICTION DIGEST 
AND RECLONE IN OPPOSITE 
ORIENTATION.

 >
SEQUENCE

THESE FRAGMENTS WILL NOT CLONE:
A: 5'OH AT THE END OF THE PRIMER

(WOULD NOT LIGATE TO PHOSPHATASE 
VECTOR)

B : INCOMPATIBLE END 
C: INSERTS FORM PALINDROMES WITH 

VECTOR SEQUENCE (RECOMBINANTS 
INVIABLE)

F igu re  2 .1 ;  Procedure f o r  the c lo n in g  o f  In te rm edia tes in  M13 
complementary s trand  syn thes is  (adapted from Burton e t  aJL, 
1988). B lack segments represent the  in s e r t  to  be subcloned, open 
segments represent M13 ve c to r  sequence. Double s trand DNA is  
shown as doub le  th ic k n e s s ,  s i n g le  s t ra n d e d  DNA as s i n g l e  
th ic k n e s s .  Note th a t  the o r ig in a l  and f i n a l  clones are c i r c u l a r  
m olecu les, o th e r  in te rm ed ia tes  are l in e a r .
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n u c le o t id e  mix was added (0.25mM dGTP, 0.25mH dATP, 0.25mH dCTP,

0.25mM dTTP). 10ul f r a c t io n s  were then withdrawn a t 45 second 

i n t e r v a l s  i n t o  160u 1 o f  d i s t i l l e d  w a te r  in  a d r y  1 ce e th a n o l  

bath . Th is  s o lu t io n  was then thawed and incubated a t 70°C f o r  15 

minutes fo l lo w in g  which the DNA was p re c ip i ta te d  by the a d d it io n  

o f  20 ul o f  3M sodium ace ta te  and 600ul o f  e thano l.  The m ix tu re  

was incubated in  a dry  ice  ethanol bath f o r  30 m inutes. DNA was 

then recovered by c e n t i fu g a t io n  in  an eppendorf m ic ro c e n tr i fu g e  

f o r  30 minutes a t 4°C, washed in  70% ethanol and d r ie d  a t 65°C. 

Once d r ie d  the DNA was resuspended in  50ul o f  S1 nuclease b u f fe r ,  

10 u n i ts  o f  S1 nuclease added and the m ix tu re  incubated a t 37°C 

f o r  30 m in u te s .  T h is  a c ts  t o  t r i m  away a l l  s e c t io n s  o f  th e  

i n i t i a l  s in g le  stranded tem plate  DNA, leav ing  on ly  the v a r io u s ly  

s ized double stranded DNA products  o f  the ex tens ion  re a c t io n .  The 

re a c t io n  was te rm ina ted  by snap f re e z in g  in  a dry  ice ethanol 

bath , fo l lo w e d  by phenol and ch lo ro fo rm  e x t ra c t io n  and ethanol 

p r e c ip i t a t io n .  The DNA was then resupended in  50ul o f  dl^O. From 

t h i s ,  5ul was withdrawn and s to re d ,  so th a t  i t  could be used as a 

c o n t ro l  du r in g  t ra n s fo rm a t io n :  t rans fo rm an ts  from t h i s  m a te r ia l 

e i t h e r  r e s u l t  from  in co m p le te  S1 n u c le a s e  d i g e s t i o n  o r  th e  

presence o f  doub le  s t ra n d e d  r e p l i c a t i v e  fo rm  M13 DNA 

c o n ta m in a t in g  th e  o r i g i n a l  s i n g l e  s t ra n d e d  te m p la te  DNA 

p r e p a ra t io n .  To th e  re m a in in g  45u l was added 5u l o f  10x 

r e s t r i c t i o n  endonuclease b u f fe r  and 10 u n i ts  o f  an a pp ro p r ia te  

r e s t r i c t i o n  enzyme, which c le a v e s  between th e  p r im e r  

h y b r id iz a t io n  s i t e  on the o r ig in a l  M13 template  and the s t a r t  o f  

the o r ig in a l  in s e r t  producing cohesive ends. This r e s u l ts  in  

molecules w i th  one cohesive end (neares t the o r ig in a l  pr im er 

s i t e )  and one b lu n t  end, r e s u l t in g  from S1 cleavage (a t  the l i m i t  

o f  the ex tens ion  re a c t io n ) .

D iges t io n  was allowed to  continue f o r  4 hours a t 37°C, a f t e r  

which th e  DNA was recovered  by e th a n o l  p r e c i p i t a t i o n  and 

resuspended in  15ul o f  d i s t i l l e d  water. This DNA was then l ig a te d  

to  H13 r e p l i c a t i v e  form d igested  such th a t  the re  was b lu n t  end 

n e a re s t  t o  th e  p r im e r  h y b r i d i z a t i o n  s i t e  and a more d i s t a l  

cohesive end com patib le  w i th  th a t  on the in s e r t  DNA. Th is  r e s u l ts  

in  molecules o f  M13 DNA w i th  in s e r ts  o f  v a r ia b le  s izes  in  which
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the heterogenous end 1s nearest the prim er hybr1d1za1on s i t e .  The 

11 gated DNA was then tranformed In to  E.col 1 JM101, as was the 5ul 

o f  DNA s to red  a f te r  S1 d ig e s t io n .  S ing le  stranded DNA was then 

p repa red  from th e  r e s u l t i n g  p la q u e s  and th e  i n s e r t  s iz e  

determined by DNA sequencing.

2.21 Tsetse Fly In fe c tio n  and Maintenance.

A d u lt  G losslna m.morsltans were supp lied 1n groups o f  50-100 

f l i e s .  Immediate ly upon d e l iv e ry ,  f l i e s  were c h i l le d  at 4°C u n t i l  

they were stunned (approx im ate ly  20 m inutes). They were then 

t r a n s f e r r e d ,  w h i l s t  s t i l l  a t  4°C, I n t o  i n d i v i d u a l  f l y  tubes  

( p l a s t i c  u n iv e r s a l  tubes  w i th  an open end covered  by a l i n e n  

g r i l l ) .  They were then placed 1n an Incubator maintained a t 28°C, 

>80% r e la t iv e  hum id ity  f o r  4 hours. P r io r  to  in fe c t io n ,  a 1ml 

sample o f  Trypanosoma brucel rhodeslense EATRO 795 stored 1n 

l i q u id  n i t roge n  was thawed q u ic k ly  a t  37°0. To t h is  was added 3ml 

o f  s t e r i l e  PSG b u f f e r  in  a d ropw lse  manner, and th e  in f e c t e d  

b lood  c e n t r i f u g e d  a t  1830g f o r  5 m in u te s  to  p e l l e t  th e  

trypanosomes, a f t e r  which the supernate was discarded. The p e l le t  

was g e n t ly  resuspended, the pa ras ite s  counted using an Improved 

Neubauer haemocytometer and adjusted to  1-5x10 /ml 1n c i t r a te d  

sheeps blood. This blood was then poured onto a 41°C ho tp la te  and 

covered by a s t e r i l e  s i l i c o n e  membrane o n to  wh ich  th e  t s e t s e  

f l i e s  were placed to  a l low  them to  feed. Those tubes conta in ing  

f l i e s  which d id  not feed q u ic k ly  were tapped onto the bench and 

replaced onto the membrane. This encouraged the f l i e s  to  feed, as 

d id  execu ting  the procedure in  darkness. As f l i e s  were seen to  

feed , t h e i r  tubes were la b e l le d  and they were replaced in  the 

in cuba to r .
Fo llow ing in fe c t io n ,  f l i e s  were given the opp o rtun ity  to  feed 

as above, but on un in fec ted  s t e r i l e  c i t r a te d  sheeps’ blood, on 

every Monday, Wednesday and Friday.
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2.22 E xam ina t ion  o f  f l i e s  f o r  th e  p resence  o f  m e ta c y c l ic  

trypanosomes (Hajduk e t al_. 1981).

Twenty f i v e  days a f te r  in fe c t io n  the f l y  tubes were placed on 

microscope s l id e s  mainta ined a t 41°C and l e f t  fo r  20 minutes. The 

s l id e s  were then examined fo r  the presence o f  tse tse  f l y  s a l iv a ry  

p rob ing . Those s l id e s  which contained s a l iv a  were marked to  note 

which f l y  had probed, and then examined at x400 m agn if ica t ion  

u s in g  phase  c o n t r a s t  m ic ro s c o p y  f o r  m e t a c y c l i c  and 

p r o v e n t r i c u l a r  form trypanosomes, wh ich  were d i s t i n g u i s h e d  

m o r p h o l o g i c a l l y .  Those tu b e s  c o n t a i n i n g  f l i e s  p r o d u c in g  

m e ta cyc l ic  p a ra s i te s  were marked, and the f l i e s  allowed to  feed 

on 30g BKTO mice anaesthetised in t r a p e r i to n e a l ly  w ith  0.25ml o f  a 

m ix tu re  o f  1 p a r t  Hypnorm, 1 pa rt  Hypnovel and 2 parts  water.

2.23 Trypanosome Cloning

Three days a f te r  f l y  b i te ,  mouse t a i l  blood was co l le c te d  

i n t o  a Hawkins h a e m a to c r i t  c a p i l l a r y  tu b e ,  c e n t r i f u g e d  in  a 

haem atocr it  c e n t r i fu g e  fo r  2 minutes, and the bu f fy  coat examined 

f o r  the presence o f  trypanosomes using an inverted  microscope. I f  

p resen t,  the tube was snapped a t the boundary between the red 

blood c e l l s  and the b u f fy  coat, and the bu f fy  coat f lushed in to  a 

m ic ro c e n t r i fu g e  tube. A paper c l i p  was then used to  t ra n s fe r  

th re e  m ic rod rop le ts  to  in d iv id u a l w e lls  in a hum id if ied  Terasaki 

p la te  (L u x ) .  These were then examined f o r  th e  presence o f  a 

s in g le  m o t i le  trypanosome. When discovered, 20ul o f  Guinea Pig 

serum was added to  the we ll and the complete contents removed 

and placed in to  150u1 o f  Guinea Pig serum. This was then in jec ted  

in t r a p e r i t o n e a l l y  in to  a mouse. F u r th e r  d r o p le t s  were then  

produced and examined fo r  the presence o f  fu r th e r  trypanosome 

clones.
The parasitaemia was monitored from day 5 a f te r  in fe c t io n  

us ing  the rap id  comparison method o f  Herbert and Lumsden (1976) 

and trypanosomes c o l le c te d  u s u a l l y  on day 6 7 by c a r d ia c  

puncture.
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2 .24  Immunofluorescence

The v a r i a b l e  a n t ig e n  t y p e  e x p re s s e d  by b lo o d s t re a m  

trypanosomes was determined by the in d i r e c t  immune fluorescence 

an tibody  t e s t  (IFAT). A blood smear on a microscope s l id e  was 

prepared, a llowed to  a i r  dry  and was f ix e d  in  acetone fo r  f iv e  

m inutes. The s l id e  was then allowed to  a i r  dry f o r  5 minutes, 

a f t e r  which two 0.5cm diameter c i r c le s  were painted onto the 

s l i d e  u s in g  a Texpen  b a l l  p o i n t  p a i n t  m a rk e r  (M a rk -T e x  

C o rpo ra t ion , New Jersey) and d r ied  fo r  30 minutes on the bench. 

To the c i r c le s  were then added e i th e r  30ul o f  mouse a n t i - IL T a t

1.61 a s c i te s  f l u i d  d i lu te d  1:500 in PBS, or und ilu ted  mouse a n t i -  

ILTat 1.22 hybridoma c e l l  c u l tu re  supernate, both k in d ly  donated 

by Dr C.M.R Turner a t  Glasgow U n iv e rs i ty  Protozoology Un it .  This 

a n t ib o d y  was a l low ed  to  adsorb f o r  30 m in u te s  in  a humid 

chamber, a f t e r  which the s l id e s  were washed ex tens ive ly  w ith  PBS. 

Excess PBS was then removed w ith  a t is s u e ,  avoid ing the marked 

a reas .  To th e  marked c i r c l e s  was then  added 50ul o f  a 1:50 

d i l u t i o n  o f  ra b b i t  anti-mouse IgG -f luo resce in  iso th iocyanate 

con jugate  (Sigma) con ta in ing  0 .25u l/100u l o f  10mg/ml ethid ium 

bromide. The l a t t e r  was included to  a llow  a v is u a l iz a t io n  o f  the 

nuc leus  and k in e to p la s t  o f  u n s ta in e d  trypanosom es, wh ich 

pe rm it ted  a c a lc u la t io n  o f  the number o f  la be l led  trypanosomes as 

a percentage o f  t o t a l  trypanosomes. A f te r  incubation w ith  the 

second antibody f o r  30 minutes in the humid chamber, the s l id e  

was again washed ex te n s iv e ly  w ith  PBS, excess PBS removed, and 

drops o f  50% Glycerol:PBS added to  the marked areas. A cover s l i p  

was then a p p l ie d ,  and the s l id e  viewed w ith  Ploem i l lu m in a t io n  

us in g  th e  FITC f i l t e r  cube on a L e i t z  O r th o p la n  l a r g e f i e l d  

microscope.
Immunofluorescence upon f l y  s a l iv a ry  probes was c a rr ied  out 

e x a c t ly  as above, w i th  the  p o s i t i o n  o f  g roups o f  m e ta c y c l ic  

organisms being marked w ith  a diamond pencil p r io r  to  acetone

f i x i n g .
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2.25  Cryopreservation o f bloodstream trypanosomes.

Trypanosomes in in fec ted  blood were cryopreserved using a 

p rocedu re  communicated to  us by Dr I .M a u d l in  o f  the  Tse tse  

R e s e a rc h  L a b o r a t o r y ,  B r i s t o l .  An i n f e c t e d  mouse w i t h  a 

pa ras itaem ia  o f  between 2.5x10® and 1x10^ trypanosomes/ml was 

exsanguinated by card iac  puncture In to  a syr inge con ta in ing  0.4ml 

o f  2% sodium c i t r a t e  s o lu t io n  as an an t icoagu lan t.  To the blood 

was then  added, d ropw ise , an equal volume o f  a 14% g l y c e r o l  

s o lu t i o n  in  PSG and the blood a l lo w e d  to  s tand  a t  room 

tem pera ture  f o r  5 to  10 minutes. A f te r  t h is  t ime, the blood was 

dispensed in  0 .25-0 .5  ml volumes in to  s t e r i l e  1 ml screw cap 

p la s t i c  v ia l s  (Nunc). These were wrapped in  co tton  wool, placed 

1n a po lys ty ren e  box and frozen overn igh t a t -70°C before being 

t ra n s fe r re d  to  l i q u id  n itrogen fo r  long term storage. For the 

p r e p a ra t io n  o f  s t a b i l a t e s  f o r  f u t u r e  mammal i n f e c t i o n  th e  

PSG :G lycero l e q u i l i b r a t e d  b lood was in t r o d u c e d  i n t o  a 60 cm 

le n g th  o f  0 .63 mm in s id e  d iam e te r t r a n s lu c e n t  v i n y l  tu b in g  

(P o r te x ) .  This was then cut in to  2cm lengths, t ra n s fe r re d  in to  a 

1 ml screw cap p la s t ic  v ia l  and frozen in the same way as above.

2.26 I s o l a t i o n  o f  I n t a c t  t ry p a n o s o m e  n u c l e i  and r u n -o n  

t r a n s c r ip t io n

Trypanosome nuc le i were iso la ted  from the blood o f  in fec ted  

mice as soon as a s u f f i c ie n t  parasitaemia had developed. For 

in fe c t io n  w ith  e i th e r  metacyclic  clones or trypanosome clones 

de r ived  2-3 days a f te r  f l y  b i te ,  t h is  was t y p ic a l l y  6-7 days post 

in o c u la t io n .  Mice were exsanguinated by card iac puncture and 1.75 

ml o f  th e  c o l le c te d  blood in t ro d u c e d  i n t o  a S ta n s te d  c e l l  

d i s r u p t e r ,  y ie ld in g  in t a c t  trypanosome n u c le i ,  w h ich  were 

c ryop rese rved . From the remaining 0.25 ml o f  in fec ted  blood, 

trypanosomes were iso la ted  over a DEAE c e l lu lo s e  column and high 

m o lecu la r weight DNA prepared. These procedures were ro u t in e ly  

c a r r ie d  out by Dr S.Graham, exac t ly  according to  the methodology

o f  Kooter e t  a j .  (1984).
To perform run-on t ra n s c r ip t io n ,  1x109 cryopreserved nuc le i
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were thawed, and the sample s p l i t  in to  halves. To one h a l f  was 

added 20ul o f  10mg/ml alpha amanitin in methanol, the so lu t io n  

mixed tho rough ly  and nuc le i incubated on ice fo r  ten minutes. The 

rem a in in g  h a l f  was kept on ic e .  Both f r a c t i o n s  were then  

c e n t r i f u g e d  in  a m ic r o c e n t r i fu g e  f o r  10 m in u te s  and t r e a te d  

i d e n t i c a l l y  in  a l l  fo l lo w in g  steps. The supernate was removed and 

the n u c le i  resuspended in 50 ul o f 2x e longa tion  b u f fe r .  To th is

was then added 20ul o f  dH20, 2ul o f  RNase in h ib i t o r  and 30ul o f
32

[a -  P] dUTP (3000 Ci/mmole) and the reac t ion  allowed to  proceed 

a t 37°C f o r  5 m inutes, a f t e r  which i t  was stopped by p lac ing  the 

tube a t  70°C f o r  5 minutes. The reac tion  was then cooled to  37° 

f o r  5 minutes a f t e r  which RNase-free DNase 1 added to  a f in a l  

c o n c e n tra t io n  o f  10ug/ml and the tube incubated a t 37°C fo r  a 

f u r t h e r  5 m in u te s .  F o l lo w in g  t h i s ,  th e  r e a c t io n  m ix tu re  was 

ad jus ted  to  10mM Tris-HC l pH 8.0, 4mM EDTA pH8.0, 1% SDS and 

10ug/ml p ro te inase  K and incubated at 37 °C fo r  5 minutes. To act 

as a c a r r i e r  in  p r e c ip i ta t io n  procedures, E .c o l i  tRNA was added 

t o  a 100ug/ml f i n a l  c o n c e n t ra t io n  and th e  r e a c t io n  m ix tu re  

e x tra c te d  w i th  phenol/ch loro form  saturated w ith  NET b u f fe r .  The 

o rgan ic  phase was then back extracted  w ith  an equal volume o f  NET 

b u f fe r  and the aqueous phase pooled w ith  the aqueous phase from 

th e  f i r s t  e x t r a c t i o n .  Th is  was then  a d ju s te d  t o  0.3M sodium 

a ce ta te ,  2.5 volumes o f  ethanol added and the RNA allowed to  

p r e c ip i t a t e  on ice fo r  30 minutes. A f te r  t h is  time, the RNA was 

pel le t te d  by c e n t r i fu g a t io n  fo r  20 minutes in a microfuge, the 

e thanol removed and the p e l le t  drained and resuspended in 100ul 

TE. Run-on t r a n s c r i p t i o n  p rodu c ts  were then  s e p a ra te d  from  

un incorpora ted  nuc leo tides  over a TE e q u i l ib ra te d  Pharmacia G-50 

sephadex "N ick" column. Labelled nascent RNA was then hybrid ized 

w i th  a p p ro p r ia te  Southern b lo ts  in 1ml o f  run-on h y b r id iz a t io n  

s o lu t io n  f o r  a minimum o f  48 hours at 60 C.

2.27 In ta c t  Chromosome P reparation  fo r  Pulsed F ie ld  Gel 

Electrophoresis.

The iso la tio n  of in tact trypanosme chromosomal DNA and its  

subsequent separation by pulsed f ie ld  gel electrophoresis (PFGE)
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was c a r r ie d  out using the methods o f  Bernards e t a l.(1986a) and 

Van der Ploeg e t  a l .  (1989).

Blood was c o l le c te d  from a trypanosom e in fe c t e d  mouse by 

ca rd iac  puncture and the pa ra s ite s  iso la te d  over a DEAE c e l lu lo s e  

column. The trypanosomes were counted in  an improved Neubauer 

haem ocytom eter, and a d ju s te d  t o  1x 108 o rg a n is m s /m l w i th  PSG 

b u f f e r .  T h is  was incuba ted  a t  37°C f o r  5 m in u te s  to  warm th e  

suspension and then an equal volume o f  1% low m e lt ing  temperature 

agarose in  PSG b u f fe r  a t 37°C added. This was t ra n s fe r re d  to  ten 

100ul sample ho lders on ice . Once the blocks had s o l i d i f i e d ,  they 

were t ra n s fe r re d  in to  40 ml o f  l y s is  b u f fe r  and depro te in ized  at 

50°C f o r  18 to  48 hours. Blocks were then stored in ly s is  b u f fe r  

a t  4°C.

P r io r  to  e le c tro p h o re s is ,  b locks were e q u i l ib ra te d  in 0.5x 

TBE, and then h a l f  o f  a b lock  in se rted  in to  a we ll in  a preformed 

20cm^ 1% agarose g e l .  The b lo c k  was s e a le d  in  p o s i t i o n  w i th  

molten 1% agarose, excess agarose trimmed away, and the gel run 

on a Biometra Rotaphor pulsed f i e l d  gel e lec trop ho res is  system 

under the co n d it io n s  s p e c i f ie d  in  the te x t .
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Chapter 3

Metacyclic VSG gene ac tiva tion  

in the tsetse f ly
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3.1 In troduction

When the bloodstream VSG system is  re a c t iva te d  1n trypanosomes 

which have emerged from a ts e ts e  f l y ,  the re  can be a p re fe re n t ia l  

\i a c t iv a t io n  o f  the VAT th a t  was being expressed immediately before

c y c l i c a l  t ran sm iss ion .  This is  c a l le d  the ingested VAT (I-VAT) 

’■memory*' e f f e c t  (Hajduk e t  a l .  , 1981; De Lauw e l  a l .  , 1985; 

T u rn e r  e t  a l .  , 1986). One e x p la n a t io n  f o r  t h i s  e f f e c t  was 

suggested by observa tions upon the re a c t iv a t io n  o f  c e r ta in  VSG 

genes when trypanosomes are syr inge passaged from one mammal host 

t o  a n o th e r .  I f  a VSG gene was a c t i v a t e d  by d u p l i c a t i v e  

t r a n s p o s i t i o n ,  bu t then s i le n c e d  by an i n a c t i v a t i o n  o f  i t s  

express ion s i t e ,  i t  was found to  be l e f t  l in g e r in g  in  i t s  now 

dormant te lo m e r ic  lo c a t io n  (Laurent e t  a l . , 1984b; Buck e t a l . , 

1984a,b; M ichels e t  a l . , 1984). With passage to  a new host, t h is  

" l i n g e r in g  ex-ELC" was found to  be re-expressed w ith  a higher 

than normal frequency, presumably because i t  had bypassed the 

need f o r  t r a n s p o s i t i o n  p r i o r  t o  e x p re s s io n  (L a u re n t  e t  a l . , 

1984b). A s im i la r  system could operate w ith  passage through the 

t s e ts e  f l y :  1n t h i s  case the  genes would be l e f t  l i n g e r i n g  

because a l l  expression s i te s  are in a c t iv a te d  on en te r in g  the f l y  

(Overath e t  a l .  , 1983). These genes would then be re-expressed 

w i th  an e levated p r o b a b i l i t y  upon re -e n te r in g  the bloodstream, 

being a lready res ide n t in  an expression s i t e  w ith  the p o te n t ia l  

f o r  a c t iv a t io n .
More re c e n t ly ,  another mechanism fo r  the ingested VAT e f fe c t  

has been suggested which 1s no t r e s t r i c t e d  t o  genes n o rm a l ly  

a c t iv a te d  by d u p l ic a t io n  (Pays e t  a l . , 1989b). By the in h ib i t io n  

o f  nascent t r a n s c r ip t  processing using U.V. l i g h t ,  i t  was found 

th a t  the fo rm e r ly  a c t iv e  VSG expression s i t e  promoter was not 

f u l l y  in a c t iv a te d  1n the tse tse  f l y .  Instead, VSG expression 

seemed to  be repressed by primary t r a n s c r ip t  t ru n c a t io n  close to  

I the promoter. When a l le v ia te d  by re -e n try  in to  bloodstream mode

VSG express ion , t h i s  might re s u l t  in  a p re fe re n t ia l  re-expression 

| o f  the  ingested VAT. I f  so, t h is  observa tion both provides a
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dup lica tion  (Penncavage e t a l . , 1983). ILTat 1.61 is an M-VAT in 
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transm ission.
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p o te n t ia l  exp lana tion  f o r  an I-VAT e f fe c t  and in d ic a te s  th a t  the 

a c t i v a t i o n  s ig n a ls  f o r  e x p re s s io n  s i t e  t r a n s c r i p t i o n  a re  

preserved w i th  passage through the ts e ts e  f l y .

Hajduk e t  a l . (1981) ana lysed  th e  I-VAT memory e f f e c t  t o  

In v e s t ig a te  the r e la t io n s h ip  between M-VAT and B-VAT (Bloodstream 

V a r ia b le  A n t ig e n  Type) gene a c t i v a t i o n  and found  t h a t  th e  

ingested VAT does not appear 1n the m e tacyc l ic  r e p e r to i re .  This 

was e x p lo i te d  by Turner e t  a l .  (1986), who in fe c te d  ts e ts e  f l i e s  

w i th  b loods tream  trypanosomes e x p r e s s in g  M-VATs, a lm o s t  

c e r t a i n l y  from an e x p re s s io n  l i n k e d  copy (Graham and B a r r y ,  

unpublished o b s e rv a t io n s ) .  Again, i t  was found th a t  the re  was no 

e f f e c t  on th e  M-VAT r e p e r t o i r e  and i t  was c o n c lu d e d  t h a t  th e  

m e ta c y c l ic  and b loods tream  a c t i v a t i o n  s ig n a l s  a c te d  

Independently .

Subsequently, Turner and Barry (1989) have derived a v i r u le n t  

l in e  o f  Trypanosoma bruce i rhodesiense EATRO 795 which combines 

the fe a tu re s  o f  a n t ig e n ic  s t a b i l i t y  and f l y  t r a n s m is s lb i1i t y .  

T h is  is  a t y p i c a l ;  s y r in g e  passaged p a r a s i t e s  d i s p la y  g r e a t  

a n t ig e n ic  s t a b i l i t y  but are unable to  be t ra n s m it te d  through 

ts e ts e  f l i e s ,  probably because they are monomorphic (A shc ro f t ,  

1960). In  c o n t ra s t ,  f l y  t ra n s m is s ib le  l in e s  do show pleomorphism, 

but are a n t ig e n lc a l l y  very unstab le  (Le Ray e t  a l . , 1978). S h ie ls  

e t  a l . ( s u b m it te d )  have u t i l i z e d  th e  s t a b i l i t y  o f  M-VAT 

expression in  the v i r u le n t  l in e  to  in v e s t ig a te  the s i t e  o f  M-VAT 

t r a n s c r ip t io n  in  the ts e ts e  f l y .  By is o la t in g  cloned m etacyc lic  

o r  very e a r ly  bloodstream organisms s t i l l  expressing M-VATs, i t  

has been found th a t  two predominant M-VAT genes are expressed 

w ith o u t  genera ting  an ELC ( i . e  In  s i t u ) . A f te r  around 7-10 days 

the p a ra s i te s  were then found to  abandon use o f  t h i s  expression 

s i t e  and Instead generate an ELC (Chapter 5, t h is  th e s is ) .  This 

is  l i k e l y  to  r e f l e c t  a sw itch  between independent expression 

mechanisms; one s p e c i f i c  to  m e tacyc lics  (and perhaps very e a r ly  

bloodstream p a ra s i te s )  and the o the r  s p e c i f i c  to  es tab l ished  

bloodstream p a ra s i te s ,  as had been p red ic te d  (Hajduk e t  a l , , 

1981; Corne lissen e t  a l . , 1985a; Turner e t  a l . , 1986).

The a b i l i t y  t o  o b ta in  r e l a t i v e l y  la rg e  numbers o f  

trypanosomes expressing M-VSG genes in  the p u ta t iv e  m e tacyc lic
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mode prompted a re -exam 1na t ion  o f  th e  p o t e n t i a l  f o r  an I-VAT 

e f f e c t  in  th e  m e ta c y c l ic  sys tem . In  o r d e r  to  do t h i s ,  the  

experiment o u t l in e d  in F igure 3.1 was conceived. In  b r ie f ,  the 

aim was t o  I n f e c t  t s e ts e  f l i e s  w i th  c lo n a l  p o p u la t io n s  o f  

trypanosomes s t i l l  expressing a p a r t i c u la r  M-VSG gene as i t  1s 

be lieved  to  be a c t iv a te d  in  the f l y  ( :Le . from the basic copy 

lo c a t io n ) .  In  doing t h i s ,  i t  was hoped to  ob ta in  in fo rm ation  on 

the M-VSG gene a c t iv a t io n  s ig n a ls :  a DNA rearrangement or o ther 

h e r i t a b le  change in  the  e x p re s s io n  s i t e  m ig h t  be p re s e rv e d  

through the f l y ,  such th a t  the p ropo r t ion  o f  m etacyc lic  c e l ls  

express ing the in fe d  M-VAT in  the t ra n s m it te d  popu la tion  would be 

s ig n i f i c a n t l y  e leva ted over normal frequenc ies . I t  was also

hoped to  prov ide  p roo f th a t  the p a ras ite s  expressing M-VATs in

th e  v i r u l e n t  l i n e  o f  EATRO 795 were t r u l y  s t i l l  u s in g  the  

m e ta cyc l ic  system f o r  VSG gene a c t iv a t io n .

In  th e  des ign  o f  th e  e x p e r im e n t ,  1 t  was d ec ided  to  use 

trypanosomes expressing ILTat 1.61. This was because t h is  M-VAT

is  a predominant member o f  the m etacyc lic  re p e r to ire  in the EATRO

795 s to c k  ( th e re b y  making the  i s o l a t i o n  o f  e x p re s s o r  c lo n e s  

r e la t i v e l y  s im ple) and had p re v io u s ly  been observed to  mainta in 

in  s i t u  expression f o r  longer than another predominant M-VAT, 

ILTa t 1.22 (Graham and Barry , unpublished observa tions). This was 

im portan t because o f  the necess ity  in  t h is  experiment to  ob ta in  

organisms s t i l l  expressing the M-VSG gene from i t s  basic copy 

lo c a t io n  in  s u f f i c ie n t  numbers f o r  the in fe c t io n  o f  tse tse  f l i e s  

and the is o la t io n  o f  DNA.

3.2 Is o la tio n  o f clonal ILTat 1.61 populations.

Trypanosoma brucei rhodesiense, a t  a concentra t ion  o f  1x10 

organisms/ml in  c i t r a te d  sheeps’ blood, were fed to  68 Glossina 

m ors itans m orsitans o f  a trypanosome suscep tib le  l in e  (Maudlin 

and Dukes, 1985) a t  t h e i r  tene ra l feed. A f te r  30 days maintenance 

on c i t r a te d  sheeps’ blood, the f l i e s  were allowed to  s a l iv a te  

onto microscope s l id e s  warmed to  41°C and these were examined fo r  

the presence o f  pa ra s ite s .  In  t o t a l ,  5 f l i e s  were found to  be 

producing m etacyc lic  organisms, two o f  which were fed onto an
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F igure  3 .2 ;  Hind l l l  d igested  GUG 1.61 KF 1 and 2 DNA, h y b r id iz e d  
w i th  the in s e r t  o f  pTcV21-15. O.IxSSC; 65°C. BC=Basic Copy o f  the 
ILTa t 1.61 genes. The numbering is  a r b i t r a r y .
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anaesthetised 16 week o ld  mouse. Three days a f te r  f l y  b i te ,  t a i l  

blood was taken from these mice and trypanosomes is o la te d  from 

the b u f fy  coat. In d iv id u a l  trypanosomes were then cloned from 

m ic ro d ro p le ts  in to  a f u r t h e r  12 mice and the in fe c t io n  allowed to  

proceed f o r  seven days. A f te r  t h i s  t im e, two mice developed a 

pa ras itaem ia , one o f  which conta ined trypanosomes expressing the 

ILTa t 1.61 M-VAT a t a le ve l o f  71%. This mouse was exsanguinated 

by c a rd ia c  pun c tu re  and 1.5 ml o f  i t s  b lo o d  c r y o p re s e rv e d  1n 

l i q u id  n i t ro g e n  in  0.5 ml a l iq u o ts ,  s u i ta b le  f o r  f l y  in fe c t io n .  

Th is  trypanosome popu la t ion  was named GUG 1.61 KF1. Trypanosomes 

in  th e  rem a in ing  0.3ml o f  b lood from  th e  i n f e c t e d  mouse were 

p u r i f i e d  on a DEAE-cellu lose column and t h e i r  DNA is o la te d .

S u bsequ en t ly ,  a f u r t h e r  c lo n a l  t rypanosom e p o p u la t io n  

express ing  ILTa t 1.61 to  a le ve l o f  85% was is o la te d  in  the same 

way as described above. Th is  pop u la t ion  was cryopreserved on day 

6 a f t e r  c lo n in g  and named GUG 1.61 KF2. As be fore , DNA was a lso  

is o la te d  from these trypanosomes.

3.3 DNA a n a ly s is  o f  GUG 1.61 KF1 and GUG 1.61 KF2.

The EATRO 795 stock has two basic copies o f  the ILTat 1.61 

gene (C orne llssen  e t  a l . , 1985a), w i th  the genomic environment o f  

each appearing to  be a l l e l i c  because they are Id e n t ic a l  in  map 

f o r  a l l  r e s t r i c t i o n  enzymes tes te d  fo r  a t  le a s t  22 kb upstream o f  

the  VSG genes (Chapter 4, t h is  th e s is ) .  P r io r  to  the In fe c t io n  o f  

ts e ts e  f l i e s ,  i t  was im portan t to  v e r i f y  th a t  GUG 1.61 KF1 and 2 

conta ined ju s t  t h i s  basic copy number f o r  the ILTat 1.61 gene, 

thereby e s ta b l is h in g  i n  s i t u  expression. Therefore , 0.5 ug o f  DNA 

from  these  p o p u la t io n s  was d ig e s te d  w i t h  H in d 11 1 , w h ich  

generates fragments which run from w i th in  the two basic copy VSG 

genes t o  th e  te lom ere  ends (C o rne l is s e n  e t  aj_. , 1985a ),  a

d is tance  which v a r ie s  due to  the nature o f  trypanosome telomeres 

(see s e c t io n  1 .6 ) .  T h is  DNA was then  s iz e  f r a c t i o n a t e d  by 

agarose gel e le c tro p h o re s is  and a Southern b lo t  hyb r id ized  w ith  

the  ILTa t 1.61 s p e c i f i c  cDNA clone, pTcV21-15 (Cornelissen e t 

a l . , 1985a). A lthough weak, due to  the very l im i t i n g  amounts o f  

DNA a v a i la b le ,  F igure 3.2 shows th a t  both popu la tions con ta in
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j u s t  the basic copy number o f  telomeres housing the ILTat 1.61 

gene. The probe does not de te c t  the H in d l l l  fragment extending 

upstream o f  the gene; the cDNA clone from which the probe was 

derived  extends on ly  approx im ate ly  50 bp 5 ’ to  the Hind l l l  s i t e  

in  the gene (Corne lissen e t  a l . , 1985a), a length  I n s u f f i c ie n t  to  

r e s u l t  in  de tec tab le  h y b r id iz a t io n  on Southern b lo ts  under the 

c o n d it io n s  used.

3.4 In fe c t io n  o f  Tsetse f l i e s  w i th  GUG 1.61 KF1 and 2.

S ince the  two i s o la te d  IL T a t  1.61 e x p r e s s in g  p o p u la t io n s  

appeared s t i l l  to  be t ra n s c r ib in g  t h e i r  VSG genes from the basic 

copy lo c a t io n s ,  both were used independently  to  i n i t i a t e  tse tse  

f l y  in fe c t io n .  The d e t a i l s  o f  these transm iss ions are given in 

Table 3 .1 , as are those f o r  a transm iss ion  o f  p a ras ite s  bearing 

IL T a t  1 .2 ,  which is  no t an M-VAT, and a c te d  as a n e g a t iv e  

c o n t r o l ,  being the popu la t ion  from which GUG 1.61 KF 1 and 2 had 

been der ived  . Those f l i e s  id e n t i f ie d  as harbouring m etacyc lic  

in fe c t io n  were allowed to  s a l iv a te  onto warmed microscope s l id e s  

and the percentage o f  m e tacyc lic  c e l ls  expressing e i th e r  ILTat

1.61 o r ILTat 1.22 determined by the immune f luorescence antibody 

t e s t .  Two M-VATs were assayed to  perm it a comparison o f  the ILTat

1.61 and 1.22 le v e ls  in  the t ra n s m it te d  popu la tions . This was 

p o t e n t ia l l y  advantageous, because a la rge e le v a t io n  in the number 

o f  p a ra s i te s  expressing ILTat 1.61 would probably be re f le c te d  in 

a depressed le ve l o f  o the r  prominant M-VATs, such as ILTat 1.22. 

Because o f  the small number o f  m e tacyc lic  c e l ls  obtained per 

s a l iv a r y  probe (o f te n  less than 50), ILTat 1.61 and 1.22 le v e ls  

from a s in g le  f l y  were determined on d i f f e r e n t  days. The re s u l ts  

should be comparable, however; Hajduk e t aj_. (1981) repo r t  no 

v a r ia t io n  in  the p ropo r t ion  o f  d i s t i n c t  M-VATs produced by f l i e s  

w ith  t im e. O ccas iona lly ,  a s l id e  which had been sta ined fo r  one 

M-VAT was subse quen tly  re s ta in e d  f o r  a n o th e r  t o  ensu re  t h a t  

an t ibody was able to  penetra te  the c e l l u l a r  deb ris  and faecal 

m a tte r  o f te n  associated w ith  f l y  s a l iv a r y  probes. In  a l l  cases, 

the  s l i d e  was viewed us ing  phase c o n t r a s t  m ic ro s c o p y ,  t o  

d e te rm ine  which o f  the  n o n - f lu o r e s c e n t  t rypanosom es were
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A: IL T a t 1.61

POPULATION NUMBER OF TOTAL NUMBER PERCENT
INITIATING DISTINCT OF METACYCLICS EXPRESSING
INFECTION FLIES PROBED . COUNTED ILTa t 1.61 

( + / -  range)

1.61 KF 1 5 534 39.4 (33-51)
1.61 KF 2 5 706 32.1 (10-45)
ILTa t 1.2 3 499 43.7 (35-50)

B: ILTa t 1. 22

POPULATION NUMBER OF TOTAL NUMBER PERCENT
INITIATING DISTINCT OF METACYCLICS EXPRESSING
INFECTION FLIES PROBED COUNTED ILTat 1.22

( + / -  range)

1.61 KF 1 2 241 11.5 (10-50)
1.61 KF 2 3 860 27.0 (14-76)
ILTa t 1.2 1 390 15.0 (0)

TABLE 3.2 A n a lys is  o f  the percentage ILTat 1.61 and ILTa t
1. 22 expressors in  the m e tacyc l ic popu la t ions
der ived  from f l i e s  in fe c te d  w ith 1.61 KF 1,
1. 61 KF 2 and ILTa t 1.2.
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m eta cyc l ic  stage and which were the non coated ep im astigote  and 

p r o v e n t r ic u la r  forms o f te n  re g u rg i ta te d  by f l i e s .

Table 3.2 shows the p ropo rt ion s  o f  ILTats  1.61 and 1.22 in  

the m e ta cyc l ic  popu la t ions  o f  the th ree  t ra n s m it te d  trypanosome 

p op u la t ions .  In  t h i s  Table, the mean le ve l f o r  each M-VAT was 

c a lc u la te d  from a summing o f  a l l  organisms counted, ra th e r  than 

by summing th e  pe rcen tage  e x p re s s in g  each VAT from  each f l y  

probe. Th is  was done to  prevent those s a l iv a r y  probes w i th  very 

few m e ta cyc l ic  organsims having an un rep resen ta t ive  w e igh ting  in  

the c a lc u la te d  mean. Using t h is  approach, i t  is  not poss ib le  to  

c a lc u la te  a meaningful standard d e v ia t io n  and so, ins tead, the 

range f o r  each M-VAT is  g iv e n ,  t o  i n d i c a t e  th e  deg ree  o f  

v a r i a b i l i t y  between samples. This was r e la t i v e l y  g rea t;  the small 

number o f  m e ta cyc l ic  organisms per s a l iv a r y  probe re s u l ts  in  a 

la rge  founder In f lu e n ce .

I t  is  c le a r  from Table 3.2 th a t  the ILTat 1.61 predominance 

is  not g re a t ly  e leva ted  where in  s i t u  expressors o f  t h is  VAT are 

used to  i n i t i a t e  ts e ts e  in fe c t io n .  Instead, the negative c o n t ro l ,  

ILTa t 1.2 t ra n sm iss ion ,  shows the h ighest prevalence o f  1.61 

expressors , a lthough t h is  is  not g re a t ly  d i f f e r e n t  from the GUG

1.61 KF 1 o r  2 t ransm iss ions . The le v e ls  o f  both ILTat 1.61 and

1.22 a re  h ig h e r  in  a l l  p o p u la t io n s  th a n  i s  t y p i c a l  f o r  th e s e  

p redom inan t M-VATs (T u rn e r  e t  a l . , 198 6 );  t h i s  i s  p ro b a b ly  a 

consequence o f  the d i f f i c u l t y  in  id e n t i f y in g  non f lu o re sce n t 

organisms in  s a l iv a r y  probes.

3.5  The fa te  o f the transm itted populations in mice infected by 

f l y  b ite .

In  a d d i t io n  t o  the  m e ta c y c l ic  p o p u la t io n s ,  th e  le v e ls  o f  

ILTa ts  1.61 and 1.22 were fo llow ed during  t h e i r  f i r s t  week 1n a 

mammal host.  In  o rder to  do t h i s ,  in fe c te d  f l i e s  were fed onto 

immune competent BKTO mice and trypanosomes examined by Immune 

f luo rescence  upon e i th e r  a b u f fy  coat ( f o r  most in fe c t io n s  5 days 

from the  f l y )  o r  a smear o f  In fec ted  blood ( f o r  days 6-7 from 

the  f l y ) .  Too few trypanosomes were present in  the blood 3 o r  4 

days a f t e r  i n f e c t i o n  t o  a l lo w  a r e l i a b l e  q u a n t i t a t i o n  o f  VAT
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A: IL T a t  1.61

POPULATION
INITIATING
INFECTION

DAYS FOLLOWING FLY BITE

DAY
%

5
RANGE

DAY 6 
% RANGE

DAY
%

7
RANGE

1.61 KF 1
1.61 KF 2 
ILTa t 1.2

44
73
44

(8-65)
(71-90)
(10-76)

28 (0-80) 
71 (42-95) 
50 (0-72)

14
50
19

(5-21)
(13-93
(0-82)

B: ILTa t 1.22

POPULATION
INITIATING
INFECTION

DAYS FOLLOWING FLY BITE

DAY
%

5
RANGE

DAY 6 
% RANGE

DAY
%

7
RANGE

1.61 KF 1
1.61 KF 2 
ILTa t 1.2

17
12
37

(12-27)
(5-27)
(10-49)

30 (0-50)
3 (0-10) 

24 (11-46)

27
1

20

(1-66)
(0 -3 )
(0-79)

TABLE 3.3 Percentage o f  ILTat 1.61 and ILTat 1.22 expressors in
the f i r s t  pa ten t paras itaem ia  in  mice fo l lo w in g  
c y c l i c a l  t ransm iss ion  o f  1.61 KF 1, 1.61 KF 2 and ILTat 
1 .2 .
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preva lence. The re s u l ts  o f  these analyses are given 1n Table 3.3. 

As above, mean values were c a lc u la te d  from the to ta l  number o f 

organisms counted, ra th e r  than from the summed percentage f o r  

each VAT 1n each mouse on each day. These show th a t  the le v e ls  o f  

ILTa t 1.61 were g e n e ra l ly  h igher than ILTat 1.22 (as they were in 

the m e ta cyc l ic  p o p u la t io n s ) ,  and th a t  the r e la t iv e  prevalences o f  

these  H-VATs was s im i l a r  in  i n f e c t i o n s  d e r iv e d  from  f l i e s  

I n fe c te d  w i th  GUG 1.61 KF 1 and IL T a t  1 .2 .  For GUG 1.61 KF2 

de r ived  in fe c t io n s ,  however, the le ve l o f  the ILTat 1.61 was very 

h igh w i th  respect to  the o th e r  two transm iss ions and the ILTat

1.22 le v e l  dep ressed . These v a lu e s  were c o n f i rm e d  by a r e 

exam ination o f  d u p l ic a te  blood smears prepared a t the same time 

as those f o r  the i n i t i a l  de te rm ina t ion  o f  VAT prevalences.

V ! f  :

r;. . • ' V  r -

i . r y & .& v G  

■:: Y \  'p ra ; :3 ;

t lf
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Discussion

The experiments described here have examined the e f fe c t  upon 

the m e ta cyc l ic  re p e r to i r e  o f  In fe c t in g  ts e ts e  f l i e s  w ith  c lona l 

pop u la t ions  o f  trypanosomes expressing the M-VAT ILTat 1.61 as i t  

1s be l ie ved  to  be a c t iv a te d  1n the f l y .  I t  was pred ic ted  th a t  a 

genomic a l t e r a t i o n  ( 1. e DNA re a r ra n g e m e n t  o r  n u c le o t id e  

m o d i f ic a t io n )  assoc ia ted  w ith  M-VAT a c t iv a t io n  o r  in a c t iv a t io n  

might be preserved such th a t  the p ro p o r t io n  o f  the M-VAT in  the 

t r a n s m i t t e d  m e ta c y c l ic  p o p u la t io n  wou ld  be s i g n i f i c a n t l y  

e leva ted . This appears not to  be the case; ILTat 1.61 formed a 

s im i la r  p ro p o r t io n  o f  the experimenta l t ran sm it ted  m etacyc lic  

p o p u la t io n  as in  a c o n t r o l  t r a n s m is s io n .  T h is  absence o f  an 

e f f e c t  may be a consequence o f  e i t h e r  th e  M-VAT 

a c t i v a t io n / in a c t i v a t io n  mechanism o r an in e v i ta b le  l im i ta t io n  o f  

the experimenta l system used.

1. L im i ta t io n s  and Assumptions o f  the Experimental System.

The foremost l im i t a t i o n  in  these experiments was the small 

number o f  in fe c te d  t s e ts e  f l i e s  and m e ta c y c l ic  o rgan ism s 

a v a i la b le .  Despite the use o f  f l i e s  se lected fo r  s u s c e p t ib i l i t y  

to  trypanosome in f e c t io n  (M a u d l in  and Dukes, 1985) o n ly  

a p p ro x im a te ly  5-10% became p o s i t i v e  f o r  th e  p r o d u c t io n  o f  

m e ta cyc l ic  form organisms. Th is , coupled w ith  a f l y  m o r ta l i t y  o f  

a p p ro x im a te ly  1% per day ove r th e  30-50 days needed f o r  

trypanosome c y c l i c a l  deve lopm ent, meant t h a t  o n ly  5 f l i e s  

in fe c te d  w ith  GUG 1.61 KF1, 7 f l i e s  in fe c te d  w ith  GUG 1.61 KF2 

and 5 f l i e s  in fe c te d  w ith  ILTat 1.2 were obtained. Furthermore, 

from each o f  these f l i e s  o n ly  5 t o  100 trypanosom es were 

a v a i la b le  f o r  immunofluorescence per s a l iv a ry  probe, as opposed 

to  the 1,000-10,000 seen by o thers (Harley e t  a l . ,  1966; Hajduk 

e t  a l . , 1981).
These l im i ta t io n s  were in e v i ta b le .  F i r s t l y ,  the le ve ls  o f  

mature m e tacyc l ic  in fe c t io n  and f l y  s u rv iv a l obtained here were
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as h igh as have been achieved by o the rs  (Hajduk e t a j . , 1981) and 

c o u ld  o n ly  have been in c rea sed  s i g n i f i c a n t l y  by i n i t i a t i n g  

in fe c t io n  in  f a r  g re a te r  numbers o f  f l i e s .  This was impossib le; 

the nece ss ity  to  harvest the trypanosomes as soon as poss ib le  

a f t e r  leav ing  the f l y  meant th a t  i n s u f f i c i e n t  were a v a i la b le  to  

i n f e c t  f u r t h e r  f l y  ba tches . S e c o n d ly ,  th e  sm a ll number o f  

m e ta c y c l ic  o rgan ism s d e l iv e r e d  pe r  s a l i v a r y  probe was a 

consequence o f  u s ing  a trypanosom e l i n e  com prom is ing  f l y  

t r a n s m is s ib i l i t y  f o r  s t a b i l i t y  o f  M-VAT in  s i t u  expression. The 

more t ra n s m is s ib le  l in e  used by Hajduk e t  a]_. (1981) shows a loss 

o f  M-VAT expression on ly  5 days from leav ing  the f l y ,  even 1n the 

absence o f  an t ibody removal (Hajduk and Vickerman, 1981). This 

would no t have p e rm it te d  the  i s o l a t i o n  o f  a n t i g e n i c a l l y  

r e la t i v e l y  homogeneous popu la t ions  in  s u f f i c ie n t  numbers fo r  DNA 

a n a ly s is .

The p r im a ry  assum ption o f  th e  e x p e r im e n ts  i s  t h a t  th e  

p a r a s i te s  used to  i n i t i a t e  f l y  i n f e c t i o n  were t r u l y  s t i l l

express ing  M-VATs in  the way th a t  they were a c t iva ted  in the f l y .

Th is  assumption is  based upon the necessa r i ly  in d i r e c t  evidence 

o f  S h ie ls  e t  al_. (subm it ted ),  using the model system used in t h is  

s tu d y .  I t  i s  f o r m a l ly  p o s s ib le  t h a t  in s te a d  o f  i_n s i t u  

e x p re s s io n ,  t r u e  m e ta c y c l ic  o rgan ism s  e x p re s s  M-VATs v ia  a 

m e ta cyc l ic  s p e c i f i c  ELC which is  abandoned in  the bloodstream

before th e re  are enough pa ras ites  fo r  DNA ana lys is .  This seems 

u n l i k e l y ,  however; the  ELC would remain l i n g e r i n g  in  th e

m e ta c y c l ic  e x p re s s io n  locus a f t e r  th e  s w i tc h  t o  b lo o d s tre a m  

s p e c i f i c  I n  s i t u  M-VAT expression. Such an ELC, which would be 

re a d i ly  detec ted  in  Southern ana lys is ,  has never been seen fo r  

e i t h e r  ILTa t 1.61 o r another M-VAT, ILTat 1.22 (Graham and Barry, 

u np ub l ished ) .
A second assumption is  th a t  trypanosomes s t i l l  expressing M- 

VATs as they are a c t iv a te d  in the f l y  are able to  d i f f e r e n t ia t e  

in to  stumpy form organisms and, thus, i n i t i a t e  f l y  in fe c t io n  

(A s h c ro f t ,  1960; W ije rs  and W i l le t ,  1960). I f  t h is  were not so, 

then  i t  may have been the  sm all p e rc e n ta g e  o f  non IL T a t  1.61 

expressors 1n the GUG 1.61 KF popu la tions which were responsib le 

f o r  f l y  In fe c t io n  and no ingested VAT e f fe c t  in  the m etacyc lics
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would be p re d ic te d .  This a lso  does not seem l i k e l y .  Although not 

q u a n t i f ie d ,  the percentage o f  non M-VAT expressing trypanosomes 

in  GUG 1.61 KF2 was lower than the percentage o f  pa ras ite s  judged 

to  be stumpy forms in  blood smears and, a f t e r  immunofluoresence, 

organisms bearing the ILTat 1.61 coat were seen to  have stumpy 

morphology.

A f i n a l  assum ption in  these  e x p e r im e n ts  i s  t h a t  th e  

b loods tream  and m e ta c y c l ic  e x p re s s io n  o f  IL T a t  1.61 cann o t 

operate from the same te lomere using d i s t i n c t  a c t iv a t io n  s ig n a ls .  

I f  t h i s  were not the case, then i t  would be expected th a t  the 

b a s ic  copy lo c i  f o r  th e  IL T a t  1.61 genes would  have f e a t u r e s  

re se m b lin g  a b loods tream  e x p re s s io n  lo c u s  1n a d d i t i o n  t o  

m e ta cyc l ic  s p e c i f i c  fe a tu re s .  This is  not unprecedented; the 

bas ic  copy lo c i  f o r  two M-VAT genes in T. b. rhodesiense have ESAG 

1 (Son e t  aj_. , 1989), a l th o u g h  in  n e i t h e r  has t h i s  s i t e  been 

dem onstra ted  t o  be th e  m e ta c y c l ic  e x p re s s io n  lo c u s  s i t e .  A 

p o te n t ia l  f o r  an in d e f in i t e  boundary between bloodstream and 

m e ta c y c l ic  r e p e r t o i r e s  has a ls o  been no ted  by L a u re n t  e t  a l . 

(1984a), a lthough u n l ik e  ILTat 1.61, t h is  involved a VAT (AnTat 

1.6) which was expressed a t a very low leve l very e a r ly  1n the 

b loods tream  and may no t be a t r u e  M-VAT ( J .D .B a r r y ,  p e rs o n a l 

com m u n ica t ion ) .  A lthough  d i f f i c u l t  t o  e x c lu d e  w i t h o u t  a 

s t r u c tu r a l  and t ra n s c r ip t io n a l  c h a ra c te r iz a t io n ,  an expression 

locus f o r  the ILTat 1.61 gene, able to  act both in  the Insect and 

when e s ta b l ish e d  in  the bloodstream, would be hard to  reconc i le  

w i th  the  tendency f o r  t h is  gene to  generate an ELC a f t e r  10 o r so 

days in  the blood (S h ie ls  e t  a j . , submitted; one such expressor 

is  examined in  sec t ion  4 .3 ) .
A b i f u n c t l o n a l  exp ress ion  s i t e  may a ls o  n o t  a f f e c t  th e  

outcome o f  the experiment: the f l i e s  were in fec ted  w ith  c lona l 

p o p u la t io n s  o f  trypanosomes wh ich  were a lm o s t c e r t a i n l y  

express ing  the M-VAT to  a high leve l c o n t in u a l ly  a f te r  c lon ing  3 

days from the  f l y  (S h ie ls  e t  a l . ; subm itted). Since, when cloned, 

these trypanosomes w i l l  almost c e r ta in ly  have been expressing by 

the m e ta c y c l ic  mechanism, any M-VSG gene a c t iv a t io n  s ig na ls  may 

be as l i k e l y  t o  be preserved in  the developmental sw itch from M- 

VAT to  B-VAT s p e c i f i c  expression as they are moving from M-VAT
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express ion d i r e c t l y  in to  the f l y .  Thus, there  may be no actual 

d i f fe re n c e  between f l y  in fe c t io n  i n i t i a t e d  w ith  e i th e r  B-VAT mode 

o r  M-VAT mode expressors, provided the o r ig in  o f  both popula tions 

was c lo n a l .

2. P oss ib le  im p l ic a t io n s  o f  t h i s  ana lys is  f o r  the mechanism o f  M- 

VAT a c t l v a t io n / in a c t l v a t io n .

I f  the assumptions above are v a l id  then these experiments 

in d ic a te  th a t  the re  is  no "memory” in  the m etacyc lic  VSG system 

o f  the  M-VAT gene a c t iv e  before transm iss ion . This might be due 

to  one o f  a number o f  p o s s i b i l i t i e s ;

(a )  Any genomic a l t e r a t i o n  a s s o c ia te d  w i t h  m e ta c y c l ic  VSG 

a c t iv a t io n  1s reversed when the system is  in a c t iv a te d .

Th is  hypo thes is  is  d i f f i c u l t  to  address. The de tec t ion  o f  any 

genomic rearrangements in  the ILTat 1.61 expression s i t e  might 

r e q u i r e  e x te n s iv e  c lo n in g  and sequ enc ing  o f  th e  lo c u s  in  

m e ta c y c l ic ,  bloodstream and p ro c y c l ic  stages and even a gross 

a n a ly s is  by Southern h y b r id i z a t io n  i s  p re c lu d e d  by a la c k  o f  

a v a i la b le  DNA from the trypanosomes s t i l l  expressing M-VATs. 

There has been no evidence o f  any such re a rran gem en ts  o f  

bloodstream expression lo c i  when t ran sm it ted  through the tse tse  

f l y  (Delauw e t  a l . ,  1985).

The presence o f  nuc leo t ide  m o d if ic a t io n  is  a lso d i f f i c u l t  to  

id e n t i f y  unless 1t re s u l ts  in  endonuclease in h ib i t io n  as has been 

seen f o r  in a c t iv e  bloodstream expression lo c i  (Bernards e t a l . . , 

1984b; Pays e t  aj_., 1984; C roza t ie r  e t  a l . , 1988; sect ion  1.11, 

t h i s  t h e s is ) .  I t  has been reported th a t  M-VAT gene lo c i  do not 

show n u c le o t id e  m o d if ic a t io n  (Lenardo e t  a l . , 1986), although

th e re  may be very te n ta t iv e  evidence fo r  endonuclease in h ib i t io n  

a t  the  1.61 locus 1n non expressor bloodstream paras ites  (Chapter 

4, t h i s  th e s is ) .
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(b )  M e ta c y c l ic  VSG gene a c t i v a t i o n  i s  n o t  m ed ia ted  th ro u g h  

genomic a l t e r a t io n ,  but instead invo lves  b ind ing  o f  m etacyc lic  

s p e c i f i c  fa c to rs  to  one o f  several m e tacyc lic  VSG gene expression 

lo c i  in  a way th a t  is  not preserved through the tse tse  f l y .

Th is  model i s  com patib le  w ith  some very recent observations 

on bloodstream VSG gene a c t iv a t io n .  Zomerdijk e t  a l .  (submitted) 

have sequenced the t r a n s c r ip t io n  i n i t i a t i o n  region fo r  the VSG 

221 gene locus in  i t s  a c t iv e  and in a c t iv e  form and have found no 

d i f f e r e n c e .  A l t h o u g h  t h e r e  i s  a p o s s i b i l i t y  o f  d i s t a l  

rearrangements in f lu e n c in g  the VSG gene promoter, i t  is  s im pler 

to  envisage the ex is tence  o f  an ( in ) a c t iv a t io n  "complex’’ capable 

o f  b ind ing  and re g u la t in g  VSG expression s i te s  (Bernards e t a l . .  

1984b; Van der Ploeg and Corne lissen, 1984; Borst and Greaves, 

1987; Pays and S te in e r t ,  1988). The a l te rn a te  a c t iv a t io n  o f  

d i s t i n c t  bloodstream expression s i te s  could be achieved by the 

in f r e q u e n t  d is a s s o c ia t io n  and r e lo c a t i o n  o f  such a com plex. 

Zomerdijk e t  a l . ( s u b m it te d )  have fu r th e r  shown th a t  in a c t iv e  

e x p re s s io n  s i t e s  in  the  b loods tream  show no t r a n s c r i p t i o n a l  

engagement, which con tras ts  w ith  the I-VAT in a c t iv a t io n  in  the 

f l y ,  where expression s i t e  t r a n s c r ip t io n  appears to  be in i t i a t e d ,  

but t run ca te d  (Pays e t a l . , 1989b). This seems to  imply th a t

the re  is  a s p e c i f i c  mechanism o f  expression s i t e  in a c t iv a t io n  in 

th e  f l y  w h ic h  p r e s e r v e s  th e  a c t i v a t i o n  s ig n a l  d u r in g  

t ran sm iss ion .  The absence o f  such a s p e c i f ic  system in m etacyc lic  

c e l l s  would r e s u l t  in  the observed lack o f  an I-VAT e f fe c t ,  as 

l a b i l e  M-VAT a c t iv a t io n  s igna ls  would be lo s t  e i th e r  on en te r ing  

B-VAT express ion , or in  t h is  experiment, the tse tse  f l y .  The 

a v id i t y  o f  m e tacyc lic  expression s i te s  f o r  an a c t iv a t io n  complex 

m ight e x p la in  the r e la t iv e  predominance o f  ILTat 1.61 over ILTat

1.22 in  the  m etacyc lic  re p e r to ire  since the former is  present a t 

tw ic e  th e  copy number o f  the  l a t t e r  in  th e  genome o f  th e se  

trypanosomes. Other fa c to rs  which might e f fe c t  VAT le v e ls ,  such 

as growth ra te  (Seed e t  a l . , 1984; M i l l e r  and Turner, 1981, Myler 

e t  a l . , 1985) are not app licab le  in  the non -d iv id ing  m etacyc lic
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form.

3 . Continued H-VAT expression In the bloodstream.

The p ro p o r t io n  o f  trypanosomes expressing the H-VATs ILTat

1.22 and 1.61 were fo l low e d  du r ing  the f i r s t  patent parasltaemia 

1n mice. In  a l l  cases the range between the samples 1s r e la t iv e ly  

g re a t .  E a r ly  on, t h i s  is  probably  con tr ib u te d  to  by the small 

number o f  m e ta cyc l ics  d e l iv e re d  by the f l i e s ,  which can re s u l t  1n 

q u i te  d ram atic  founder e f f e c t  d i f fe re n c e s  between in d iv id u a l 

mice. La te r ,  on days s ix  to  seven from the f l y ,  some mice seem to  

c o n t ro l  in fe c t io n  b e t te r  than o the rs , so th a t  a given VAT can 

v a ry  between q u i te  h ig h  le v e ls  ( a n t ib o d y  le v e l  to o  low) to  a 

complete absence (h igh  an tibody le v e l ) .  Because these d if fe rences  

should be equal between d i f f e r e n t  transm iss ions, however, the 

r e l a t i v e  VAT predominances can be i n t e r p r e t e d ,  a l b e i t  

t e n t a t i v e ly .

During the course o f  the f i r s t  patent parasitaemia derived 

from the ILTat 1.2 and GUG 1.61 KF1 in ia te d  transm issions, the 

mean le v e l o f  ILTat 1.61 was approximate ly s im i la r  to  the leve ls  

observed in  the m etacyc lic  popu la tions , u n t i l  around day 7. The 

same was a lso  t ru e  o f  ILTat 1.22 le v e ls ,  although there  was a 

s l i g h t  increase in prevalence during  growth in the bloodstream. 

Th is  might suggest th a t  trypanosomes bearing these VATs may show 

s im i la r  growth ra tes , as suggested by Turner and Barry (1989).

In  c o n t ra s t ,  fo l lo w in g  GUG 1.61 KF2 transm iss ion , ILTat 1.61 

increased from 33% in  the m etacyc lic  popu la tion  to  around 70% o f  

bloodstream trypanosomes 5-6 days la te r ,  and ILTat 1.22 leve ls  

were depressed w ith  respect to  the o the r transmissions. W hils t 

the day 5 f ig u re s  may be somewhat inaccurate because o f  the small 

number o f  trypanosomes a va i la b le  fo r  immunofluoresence a t t h is  

t im e , the day 6 f ig u re s  were cons is ten t w i th  t h is  pa tte rn  in  many 

(b u t  no t  a l l )  r e p l i c a te s  and in  i n f e c t i o n s  i n i t i a t e d  f rom 

d i f f e r e n t  f l i e s .  These le v e ls  may be due to  the c lona l o r ig in  o f  

the trypanosomes. In t h e i r  o r ig in a l  is o la t io n ,  the GUG 1.61 KF2 

reached a parasitaem ia s u f f i c ie n t  f o r  DNA ana lys is  a day e a r l i e r  

than GUG 1.61 KF1, although both popu la tions were o r ig in a te d  from
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a s in g le  trypanosome and were expressing predominantly the same 

VAT. T h is  m igh t suggest t h a t  th e  trypanosom e c lo n e  used to  

i n i t i a t e  the GUG 1.61 KF2 popu la t ion  had undergone some change 

such th a t  i t  was able to  grow fa s te r  when bearing ILTat 1.61 than 

o th e r  trypanosomes. This would r e s u l t  1n an increased a b i l i t y  o f  

ILTa t 1.61 expressors to  outgrow o the r  VATs in the f i r s t  patent 

paras itaem ia  a f t e r  in fe c t io n ,  e x p la in in g  both i t s  prevalence and 

the depressed le ve l o f  ILTat 1.22 expressors. An a l te rn a t iv e  

e x p la n a t io n  c o n ce rn in g  p r e f e r e n t i a l  s w i t c h in g  to  IL T a t  1.61 

d u r in g  M-VAT in te r - s w i tc h in g  is  u n l ik e ly  because o f  the r e la t iv e  

a n t ig e n ic  s t a b i l i t y  o f  these trypanosomes. S im i la r ly ,  the re s u l t  

is  u n l ik e ly  to  be a consequence o f  a normal bloodstream I-VAT 

e f f e c t  o p e ra t in g  from the 1.61 telomeres ac t ing  as a b i fu n c t io n a l  

express ion s i t e  (see above) because t h is  would be emphasised in  

pop u la t ions  is o la te d  la t e r ,  ra th e r  than e a r l i e r ,  a f t e r  c lon ing  as 

is  seen here.

The observed increase in  prevalence o f  ILTat 1.61 a f te r  GUG

1.61 KF2 t ra n s m is s io n  is  rem a rkab le ,  b u t  no t  u n p re ceden ted .  

Turner e t  a j..(1986) observed an increase in the p ropo rt ion  o f  

trypanosomes bearing GuTat 7.13 (an M-VAT in the same serodeme as 

ILTa t 1.61) from 10% in  the m etacyc lic  popu la tion  to  30-40% a f te r  

4-5 days in  the blood and Hajduk and Vickerman (1981) noted an 

increase in  AnTat 1.30 from 11-20% o f  m etacyc lics  (Barry e t  a l . , 

1979) t o  30% o f  day 4 bloodstream trypanosomes.

4. P o s s ib le  e x p la n a t io n s  f o r  th e  p resence  o f  an in g e s te d  VAT 

memory e f f e c t  in  bloodstream, but not m e tacyc lic ,  trypanosomes.

I t  is  poss ib le  to  speculate on the reasons, i f  any, th a t  the 

trypanosome d isp la ys  an ingested VAT e f fe c t  in the bloodstream, 

but not m e ta c y c l ic ,  VSG system. The s im p les t explanation would be 

t h a t  th e  e f f e c t  1s a consequence o f  th e  a c t i v a t i o n  o r  

in a c t i v a t io n  mechanism involved a t each stage and confers no 

advantage on the trypanosome. Thus, on en te r ing  the f l y  VSG gene 

e x p re s s io n  may be shu t down by th e  t r a n s c r i p t i o n  t r u n c a t i o n  

mechanism I d e n t i f ie d  by Pays e t  a l.(1989b) s imply because t h is  is  

a very rap id  mechanism o f  c o n t ro l ,  w h ile  in  the m etacyc lics  no
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such system 1s necessary.

A l te r n a t i v e ly ,  the I-VAT e f fe c t  may be o f  d e f in i t e  s e le c t iv e  

advantage to  the p a ra s i te  as i t  begins the in fe c t io n  o f  a new 

h o s t .  In  th e  b loods tream , the  VATs wh ich  appear a f t e r  M-VAT 

express ion  are q u i te  p re d ic ta b le  because some VATs appear to  have 

h ighe r  p r o b a b i l i t y  o f  a c t iv a t io n  than others (L iu  e t a l . , 1985). 

In  the f i e l d ,  game animals c o n t in u a l ly  exposed to  trypanosomes 

are l i k e l y  to  gain a degree o f  immunity to  these dominant VATs 

such th a t  the re  is  the p o te n t ia l  f o r  trypanosome transm ission to  

be b lo cke d . A lth ough  m inor VATs a re  a ls o  l i k e l y  t o  be 

expressed in  the f i r s t  pa tent parasitaemia, these may not be in 

s u f f i c i e n t  numbers to  e s t a b l i s h  i n f e c t i o n .  By em p lo y ing  th e  

ingested VAT e f fe c t  trypanosomes can Introduce novel VATs in to  

t h e i r  predominant VAT re p e r to i re  a t each transmission which are 

dependent o n ly  on the  VATs t h a t  were be ing  expressed  1n th e  

form er host.  These ingested VATs, toge ther w ith  any VATs encoded 

by l i n g e r i n g  ex-ELCs in  the  t r a n s m i t t e d  trypanosom es, w i l l  

p resent hosts w i th  s u f f i c ie n t  numbers o f  a n t ig e n ic a l ly  u n fa m il ia r  

trypanosomes to  e s ta b l is h  in fe c t io n  (Michels e t a l . , 1984).

In  m e ta c y c l ic  c e l l s ,  an in g e s te d  VAT e f f e c t  would be 

p o t e n t ia l l y  d isa s tro u s .  The work here and the work o f  others have 

demonstrated th a t  some M-VAT prevalences can increase very e a r ly  

in  the  bloodstream before the M-VAT system is  shut down. I f  there 

were a memory o f  the M-VAT being expressed, then w ith  passage 

through ts e ts e  f l i e s ,  the most p reva len t M-VATs would be present 

a t  a h igher le ve l in the transm itted  m etacyc lic  popula tion than 

in  th e  fo rm e r  t ra n s m is s io n .  T h is  m ig h t  no t  j u s t  a p p ly  t o  th e  

a r t i f i c i a l  system used here; a memory could be preserved from the 

m e ta cyc l ics  c e l l s ,  in to  the bloodstream paras ites  and then in to  

the f l y .  This would re s u l t  in  a s e l f  re in fo rc in g  cyc le , w ith  a 

tendency towards the expression o f  ju s t  a s in g le  predominant M- 

VAT in  the m etacyc lic  popu la tions, aga inst which a f i e l d  immunity

m ight e a s i ly  develop.
Th is  e f f e c t  could also provide a p a r t ia l  explanation fo r  why 

predominant M-VATs are expressed in s i t u .  Even in the absence o f  

a s p e c i f i c  I-VAT e f f e c t ,  any system em p lo y ing  d u p l i c a t i v e  

t ra n s p o s i t io n  would be prone to  the generation o f  l in g e r in g  ELCs.
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Since 1t is ,  in  p a r t ,  developmental In a c t iv a t io n ,  ra the r  than 

Immune s e le c t io n ,  which removes H-VATs from the bloodstream, 

th e re  m igh t  be a g re a te r  tendency  f o r  any gene t h a t  can more 

re a d i ly  convert the expression s i t e ,  o r  encodes a VSG p e rm it t in g  

f a s t e r  g row th  r a te ,  to  remain l i n g e r i n g  when th e  system is  

in a c t iv a te d .  As above, w i th  repeated cyc les , t h is  would lead to  a 

p rog ress ive  reduc t ion  in  the M-VAT re p e r to i re .  By m ain ta in ing  

each M-VAT gene in  i t s  own expression locus the p r o b a b i l i t y  o f  

a c t iv a t io n  o f  each is  f ix e d  and a heterogeneous M-VAT re p e r to ire  

is  ensured.

Thus, both the presence and absence o f  any memory e f fe c t  in  

bloodstream and m e tacyc l ic  organisms can have the same e f fe c t :  to  

promote a n t ig e n ic  he te rogene ity  in  the in fe c t in g  popula tion and 

the reby  enhance the p r o b a b i l i t y  o f  trypanosomes being able to  

invade new hosts .
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C h a p t e r  4

C l o n i n g  o f  t h e  I L T a t  1.61  
m e t a c y c l i c  VSG gene e x p r e s s io n

1 V CS;-'

t c V ICyr^-H j at a j.,*

ItSA “ t  yi-- . . A - y ' ) ' v ' ' ;v ■.? a s s

;=.a-w-

lo c u s .
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4.1 In t ro d u c t io n .

In  the p rev ious chap te r,  and from s tud ie s  by o the rs , i t  had 

been seen th a t  the VSG system expressed during  the m etacyc lic  

stage o f  the  trypanosome might be very d i f f e r e n t  to  th a t  seen in  

more es ta b l ish e d  bloodstream in fe c t io n .  The system is  f a r  more 

l im i te d  in  re p e r to i r e  (Crowe e t  a l .  , 1983; Turner e t  a l . , 1988), 

more p re d ic ta b le  in  the sh o r t  term (Barry  e t  a l . , 1983), appears 

to  be expressed by an independent mechanism (Turner e t  a l . , 1986) 

and shows no ev idence  o f  an in g e s te d  VAT memory e f f e c t  upon 

in a c t i v a t io n  and subsequent r e a c t iv a t io n  a f t e r  f l y  transm iss ion 

(Chapter 3, t h i s  t h e s is ) .  Th is  prompted the questions;

( i )  what fe a tu re s  o f  the ILTa t 1.61 bas ic  copy gene environment 

enable i t  to  fu n c t io n  as a m e ta cyc l ic  VSG expression locus?

( i i )  In  what way are  these  d i f f e r e n t  f rom  th o s e  seen in  a 

bloodstream express ion s i te ?

In  o rd e r  t o  address these  q u e s t io n s ,  a c lo n in g  o f  th e  

te lomeres harbouring  the two bas ic  copies o f  t h is  gene has been 

attempted. The s im p les t  approach to  t h i s  would be the screening 

o f  a p r e -e x is t in g  trypanosome genomic DNA l i b r a r y  constructed by 

the  in s e r t io n  o f  Sau3A p a r t ia l  d ig e s t io n  products in to  lambda 

EMBL 4 (S h ie ls ,  1990). A probe f o r  t h i s  was a v a i la b le ;  the ILTat

1.61 s p e c i f i c  cDNA, pTcV21-15 (Corne lissen e t a l . , 1985a). This 

approach, however, had a lready  been attempted by Sh ie ls  (1990) 

and re s u lte d  in  the is o la t io n  o f  no s ta b le  recombinant phage 

which h y b r id iz e d  w i th  the probe. A lthough t h is  may have been due 

to  the underrep resen ta t ion  o f  te lo m e r ic  fragments in l i b r a r ie s  

c re a te d  by p a r t i a l  d ig e s t io n ,  a s im u l ta n e o u s  s c re e n in g  had 

re s u lte d  in  the successfu l is o la t io n  o f  clones derived from the 

t e lo m e r ic  IL T a t  1.22 b a s ic  copy gene lo c u s .  An a l t e r n a t i v e  

p o s s i b i l i t y ,  th e re fo re ,  was th a t  clones con ta in in g  in s e r ts  from 

the  ILTa t 1.61 bas ic  copy locus were non -v iab le  or unstable in
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Probe 4A

H NHc Pv-J l_i 1—  pTcV 21-15

P B N EX X END
- * - LJ— ■—

P B
I 1— N EX_i_» 1

X
i YA END

-l

0 kb 5
i— i— i i i i

Figure  4 .1 . R e s t r ic t io n  map f o r  the  gene environment o f  the ILTat
1.61 genes in  Trvpanosoma brucei rhodesiense EATRO 795 (der ived 
from  Corne l issen  e t  a_]_. , 1985a). P = P s t I ,  B=BamHI, N=NaeI,
E=EcoRI, X=XbaI, H=H1ndIIIf Hc=H incII. Pv=PvuII, END=te1omere. 
pTcV21-15 is  a cDNA clone f o r  the 1.61 genes. The boxed region 
between th e  two chromosome maps r e p r e s e n ts  an Xbal  f ra g m e n t  
i d e n t i f i e d  as being s u i ta b le  f o r  c lo n in g .
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lambda l i b r a r ie s .

In  v iew o f  these d i f f i c u l t i e s ,  I d e c id e d  t o  a t te m p t  th e  

c lo n in g  o f  the ILTat 1.61 locus by an a l te r n a t iv e  approach; the 

c lo n in g  o f  s p e c i f i c  ove r lapp ing  r e s t r i c t i o n  fragments 1n plasmid 

v e c to rs :  a form o f  very l im i te d  chromosome walk. I  hoped th a t  

t h i s  m ight a l low  the c lo n in g  and a n a lys is  o f  areas unstab le  in 

long lambda in s e r ts .  A lthough the number o f  recombinants which 

can be Is o la te d  from plasmid l i b r a r ie s  is  g e n e ra l ly  f a r  less than 

from  phage l i b r a r i e s ,  t h i s  was n o t  c o n s id e re d  a s e r io u s  

l im i t a t i o n  here. The hap lo id  trypanosome genome is  approxim ate ly 

4x10^ kb (B o rs t  e t  a l .  , 1982) w h ic h ,  when d ig e s te d  w i t h  an 

endonuclease w i th  a s ix  base p a i r  re c o g n it io n  sequence, should 

generate around 10,000 d i s t i n c t  DNA fragments. By f r a c t io n a t in g  

these  on agarose g e ls  and c a r e f u l l y  p u r i f y i n g  ge l s l i c e s  

c o n ta in in g  s p e c i f i c  r e s t r i c t i o n  fragments o f  in te r e s t  (spanning 

1 /5 0 -1 /1 0 0  o f  th e  genomic smear) 1 t  was e s t im a te d  t h a t  a f t e r  

l i g a t i o n  and t r a n s fo r m a t io n  1 /100  t o  1 /200  c o lo n ie s  s h o u ld  

con ta in  the des ired  genomic in s e r t .  W h ils t  t h is  was obv ious ly  a 

crude e s t im a te ,  i t  im p l ie d  t h a t  th e  p r o b a b i l i t y  o f  c lo n in g  

s p e c i f i c  r e s t r i c t i o n  fragments by t h is  approach was s u f f i c ie n t  to  

be p r a c t ic a l .

4.2 C lon ing o f  pMT1.61-1

A l im i te d  p r e -e x is t in g  r e s t r i c t i o n  map f o r  the two 1.61 gene 

bas ic  copy lo c i  in  the EATRO 795 serodeme in d ica ted  th a t  both 

were I d e n t i c a l  f o r  a t  le a s t  5 kb 5 ’ t o  th e  VSG gene, beyond 

which one appeared to  con ta in  a 2 kb in s e r t io n  (Cornel1ssen e t  

a l . ,  1985a; F igure 4 .1 ) .  This map was analysed f o r  the presence 

o f  a c lo n a b le  r e s t r i c t i o n  f rag m en t w h ich  spanned th e  re g io n  

h y b r id i z i n g  to  the  cDNA f o r  th e  1.61 gene and ex tended  f o r  a 

reasonab le  d is ta n c e  upstream. T h is  r e v e a le d  t h a t  th e  most 

s u i ta b le  c lonab le  r e s t r i c t i o n  fragment would be generated by Xbal 

d ig e s t io n ,  which produces a 2.8 kb fragment, extending from 0.5 

Kb downstream o f  the VSG gene to  1.5 Kb upstream (represented by 

a box in  F igure  4 .1 ) .  To clone t h i s  fragment, 50ug o f  1 .2 2 j ’ DNA
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was d igested  w i th  Xbal. This DNA is  der ived from the v i r u le n t  

l i n e o f  Trypanosoma brucei rhodesiense EATRO 795 used in  Chapter 

3, and expresses the M-VAT gene encoding ILTat 1.22 v ia  an ELC. 

In  o rde r  to  m on ito r  the degree o f  d ig e s t io n  o f  t h is  DNA, 1/20 o f  

the  d ig e s t  was run on an agarose ge l.  A f te r  Southern t ra n s fe r  

and h y b r id iz a t io n  w i th  the 1.61 gene cDNA, pTcV21-15 (probe 4A, 

F igure 4 .1 )  i t  was c le a r  th a t  the d ig e s t io n  was complete (F igure

4 .2 .1 ) .  The remaining 19/20 o f  the d ig e s t  was, th e re fo re ,  s ize  

f ra c t io n a te d  on an agarose gel prepared and run in TAE b u f fe r  

and e ig h t  DNA f r a c t io n s  in  the s ize  range 2.5 to  3.5 kb excised 

and p u r i f i e d  using "Geneclean". One te n th  o f  the re s u l t in g  s ize  

enr iched DNA was subsequently run onto an agarose ge l,  b lo t te d  

and h y b r id iz e d  w i th  probe 4A. This revealed th a t  f r a c t io n s  1 and 

2 o f  the  p u r i f i e d  DNA conta ined the des ired  r e s t r i c t i o n  fragment 

(F ig u re  4 . 2 . 2 ) .  F ra c t io n  2 was, t h e r e f o r e ,  l i g a t e d  I n t o  

dephosphorylated Xbal  d igested  pUC19 and in troduced in to  E.col 1 

DS 941 made competent f o r  t ra n s fo rm a tio n  by the calcium c h lo r id e  

procedure. The c e l l s  were then grown on XIA p la te s .  In  t o t a l ,  

1060 c o lo n ie s  t ra n s fo rm e d  to  a m p i c i l l i n  r e s is t a n c e  were 

recovered, o f  which 864 were recombinant as assessed by t h e i r  

i n a b i l i t y  to  become blue in  co lou r  in the presence o f  X-gal and 

IPTG. Of th e s e ,  720 recom b inan t c o lo n ie s  were p ic k e d  i n t o  

d u p l ic a te  90 stab a rrays and grown ove rn igh t  on f resh  p la te s .  The 

re s u l t in g  co lon ies  were then t ra n s fe r re d  to  Nytran membrane and 

screened f o r  the presence o f  probe 4A h y b r id iz in g  co lon ies .

A f t e r  washing to  a s t r in g e n c y  o f  O .IxSSC, 65°C, seven 

s t ro n g ly  h y b r id iz in g  b a c te r ia l  stabs were detected, which were 

restabbed and re h yb r id ize d  (F igu re  4 .2 .3 ) .  Large scale plasmid 

p repa ra t io ns  from these h y b r id iz in g  co lon ies  were then performed 

on fo u r  o f  the co lon ies  and the re s u l ta n t  p u r i f ie d  DNA mapped 

w i th  a number o f  r e s t r i c t i o n  endonucleases. The mapping gel f o r  

one, named 7A42, i s  shown in  F ig u re  4 . 2 . 4 .  The d e r iv e d  maps 

in d ic a te d  t h a t  the fragment had been cloned in  each o r ie n ta t io n  

and was in  f u l l  agreement w i th  t h a t  p r e d ic t e d  from  th e  cDNA 

In s e r t  r e s t r i c t i o n  map (F igu re  4 .2 .4 ) .  One d i f fe re n c e  between the 

map p re d ic te d  by Cornel1ssen e t  a l .  (1985a) from genomic mapping 

and th a t  observed here was the presence o f  an EcoRI s i t e  w i th in
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Figure 4 .2 .1 ;  A f r a c t i o n  o f  the bulk 1.22j ’ trypanosome DNA Xbal  
d iges t  hybr id ized  w i th  probe 4A.The h y b r id i z i n g  2.8 Kb fragment 
is  in d ica ted .  O.IxSSC, 65°C.
Figure 4 .2 .2 ;  1.22j ’ trypanosome DNA d iges ted w i th  Xbal ,  s ize
f r a c t io n a te d  on an agarose gel and f r a c t i o n s  o f  approx imate ly  2.8 
Kb e l u t e d .  One- ten th  o f  the  r e s u l t i n g  p u r i f i e d  DNA i s  shown
hybr id ized  w i th  probe 4A. 0 . 1xSSC,65°C.
Figure 4 .2 .3 ;  Restabbed recombinant co lon ies  hyb r id ized  w i th  the 
probe 4A. 1-7 are co lon ies  con ta in ing  Xbal  f ragments o f  1 .22J’
DNA o f  approximate ly 2.8kb, ( - )=  pUC 19 con ta in in g  b a c te r ia ,  (+)= 
pTcV21-15 con ta in ing  bac te r ia .
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Figure  4 .2 .4 ;  Mapping gel f o r  one probe 4A h y b r id iz in g  plasmid. 
Lanes 1-11 are,  r e p e c t i v e ly ,  7A42 digested w i th  Xbal, EcoR I , 
E c o R I /X b a l , CJLal, C l a l / X b a l ,  Pvu . I I ,  P v u I I / X b a l , H i n d l l l , 
Hind l l l / Xbal . Hinc l l , Hinc I I / Xbal . Lane 12 is  H i n d l l l  d igested 
lambda DNA s ize  markers. Lanes 13 and 14 are two 4A hyb r id iz in g  
plasmids,  7A42 and 4A61, digested w i th  EcoRI to  show tha t  they 
are in  the  reve rse  o r i e n t a t i o n .  Below th e  gel  i s  shown the  
der ived r e s t r i c t i o n  map f o r  the 7A42 i n s e r t .  Above the map is  
shown the cor responding pTcV21-15 i n s e r t  h y b r id iz in g  region and 
the  area from which probe 4B i s  d e r i v e d .  Pv^PvuI I , E - EcoR I , 
X=XbaI, H c - H in c I I , O C l a l , H - H in d l l l .
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the  5 ’ end o f  the  in s e r t  (compare F ig u re  4 . 2 . 4  w i th  th e  

corresponding region on F igure 4 .1 ) .  This is  probably because o f  

the d i f f i c u l t y  in  p o s i t io n in g  r e s t r i c t i o n  s i te s  from genomic

Southern b lo ts  when h y b r id iz in g  a probe which de tec ts  fragments 

which run a l l  the way to  the telomere end, as was the case f o r  

EcoRI d ig e s t io n  in  the work o f  Corne lissen e t  al_. (1985a).

The p lasm ids  d e r iv e d  in  t h i s  s e c t io n  were named pHT 

(M e ta cyc l ic  Telomere) 1 .61-1, f o r  the o r ie n ta t io n  o f  7A42, and 

pMTI.61-2, f o r  the reverse o r ie n ta t io n .

4.3 C on firm a t ion  o f  the  r e a l i t y  o f  pMT1.61-1.

When the 1.61 gene is  expressed in  bloodstream trypanosomes, 

an e x t r a  copy o f  th e  gene i s  g e n e ra te d  a t  a b lo o d s t re a m

express ion s i t e  (C orne lissen  e t  a l . , 1985a; Graham and Barry,

unpublished) in  a d d i t io n  to  the two bas ic  copies o f  the gene.

T h is  o b s e rv a t io n  was employed t o  ensu re  th e  r e a l i t y  o f  one 

pMT1.61—1 c lo n e ;  i t s  i n s e r t  was h y b r id i z e d  t o  genomic DNA 

de r ived  from trypanosomes w i th  and w ith ou t an ELC fo r  the 1.61 

gene. I f  r e a l ,  the clone on a Hind l l l  d ig e s t io n  would be expected 

to  h y b r id iz e  to  two te lomeres bearing the 1.61 gene f o r  a non

e x p re s s o r  and th re e  f o r  an e x p re s s o r  w i t h  an ELC. Both DNAs 

should a lso  show an a d d i t io n a l  band o f  unknown s ize  representing 

h y b r id iz a t io n  to  the Hind l l l  fragment extending beyond the 5 ’ 

l i m i t  o f  th e  Xbal  c lo n e .  F ig u re  4 .3 .1  r e v e a ls  t h a t  th e  above 

p re d ic t io n s  are f u l f i l l e d  by pMT1.61—1; the re  are th ree  prominent 

bands in  the expressor and two in  the non-expressor, in  a d d it io n  

to  the  upstream fragment on the telomeres (marked "Up" in  Figure

4 .3 .1 ) .  The band marked "x" in  t h i s  F igure is  probably a product 

o f  p a r t i a l  DNA d ig e s t io n ,  a lthough i t  is  poss ib le  th a t  t h is  band 

(o r  one o f  the o the r  supposed te lo m e r ic  fragments, la b e l le d  1,2 

o r  3) is ,  in  f a c t ,  de r ived  from upstream region o f  the 1.61 gene 

ELC. Th is  would be poss ib le  i f  the r e s t r i c t i o n  maps o f  the basic 

copies and ELC copy began to  d iverge w i th in  the area detected by 

the  probe.
The pMT 1.61-1 in s e r t  was a ls o  h y b r id iz e d  t o  X b a l ,  

X b a l / H i n d l l l  and H i n d l l l  d ig e s te d  1 . 2 2 j *  DNA t o  ensu re  t h a t
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F igure 4 .3 .1 ;  Hind l l l  d igested 1.22j ’ DNA, a 1.61 non expressor,  
( lane 1) or  1.61 i , a 1.61 expressor ( lane 2) hyb r id ized  w i th  the 
pMT 1.61 — 1 i n s e r t .  To the  s ide  o f  t h e  la n e s  a re  i n d i c a t e d  th e  
telomere fragments and the upstream H i n d i I I  f ragment f o r  the 1.61 
basic copy lo c i  (Up), "x"  represents  e i t h e r  a p a r t i a l  d ig e s t io n
product or  an upstream fragment der ived from the ELC copy o f  the
1.61 gene (see t e x t ) .  O.IxSSC, 65°C.
F ig u re  4 . 3 . 2 ;  1.22 j  ’ DNA d i g e s t e d  w i t h  Xbal  ( l a n e  1 ) ,
Xbal / Hind l l l  ( lane 2) or  Hind l l l  ( lane 3) hyb r id ized  w i th  the 
pMT 1.61 — 1 i n s e r t .  T1, T2 and Up shown beside lane 3 represent 
h y b r i d i z a t i o n  t o  the bands d e t e c t e d  in  F i g u r e  4 . 3 . 1 ,  la n e  1. 
O.IxSSC, 65°C.
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f ragm en ts  p re d ic te d  from the  p la s m id  mapping were d e te c te d .  

F ig u re  4 .3 .2  dem onstra tes  t h a t  t h i s  i s  th e  case ; th e r e  i s  

h y b r id iz a t io n  to  a 2.8 kb Xbal fragment ( lane  1), 1.5 and 1.3 

kb XbaI / H 1 n d I I I  fragm en ts  ( la n e  2) and t o  th e  te lo m e re s  and 

upstream fragment on the H in d l l l  d ig e s t  ( lane  3). In  a d d i t io n ,  a 

number o f  o the r  high m olecu lar we igh t bands are detected on t h i s  

b l o t ,  a l b e i t  weak ly . These bands a re  p ro b a b ly  d e te c te d  as a 

consequence o f  the pHT1.61—1 in s e r t  extending e i th e r  in to  the 

reg ion o f  the VSG gene which shows homology w ith  o the r  VSG genes 

(Majumder e t  aj_., 1981; Boothroyd e t  al_., 1981; R ic e -F ic h t  e t

a l . . 1981), o r  in to  the sub te lom eric  repeats downstream o f  VSG 

genes a t  chromosome ends (B lackburn and Cha lloner, 1984; Van der 

Ploeg e t  a l . , 1984c; A l in e  and S tu a r t ,  1989).

Thus, from two analyses, pMT1.61—1 and pMT1.61-2 appeared to  

be f a i t h f u l  c lones o f  the genomic environment around the ILTat

1.61 gene.

4 .4  Genomic mapping o f  r e s t r i c t i o n  s i t e s  5* t o  th e  a re a  

represented on pHT1.61-1

In  o rde r to  progress f u r t h e r  upstream o f  pMT1.61—1 i t  was 

necessary to  map r e s t r i c t i o n  endonuclease cleavage s i te s  5 ’ to  

th e  l i m i t  o f  t h i s  c lo n e .  To do t h i s ,  1 .2  2 j  ’ genomic DNA was 

d iges ted  to  completion w i th  C la l , EcoRI, Hinc I I / EcoR I , Hind i , 

H in d l l l  o r  P s t I . Once s iz e  f r a c t i o n a t e d ,  th e s e  d ig e s t s  were 

Southern  b lo t t e d  and h y b r id iz e d  w i t h  th e  500 bp EcoR I / Xbal  

fragment a t  the 5 ’ end o f  the pHT1.61—1 in s e r t  (probe 4B, Figure 

4 .2 .4 ) .  The r e s u l t in g  autorad iograph and derived r e s t r i c t io n  map 

i s  shown in  F igu res  4 .3 .3  and 4 . 3 . 4 .  The map r e s o lv e s  no 

d i f fe re n c e s  between the two basic copy lo c i ,  which is  con tra ry  to  

th e  r e s u l t s  o f  C o rn e l is s e n  d  aJL. ( 1 9 8 5 a ) .  T h is  i s  add ressed  

f u r t h e r  in  s ec t ion  4.13.

From the r e s t r i c t i o n  map i t  was apparent th a t  a s u i ta b le  

r e s t r i c t i o n  fragment to  attempt to  clone would be e i th e r  the 6.1 

Kb EcoRI/PstI fragment o r  the 6.2 Kb C la l /P s t I  fragment extending 

5 ’ to  the area represented by pHT1.61-1 (represented by l in e  A 

on F igure  4 .3 .4 ) .  Of these, i t  was decided to  s e le c t  the l a t t e r
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Figure 4 .3 .3  Genomic mapping o f  r e s t r i c t i o n  s i t e s  upstream o f  the 
pMT1.61-1 in s e r t .  Lanes are 1 . 2 2 j ’ DNA digested w i th  (1) C la l  (2) 
EcoRI (3 )  Hi nc l  I /EcoRI  (4)  H in c I I  ( 5 )  H i n d i  11 (6 )  P s t I  and 
h yb r id ized  w i th  probe 4B. O.IxSSC, 65 C.
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Figu re  4 .3 .4  R e s t r ic t io n  map f o r  the ILTat 1.61 basic copy lo c i .  
E=EcoRI, C=ClaI, P=PstI, B=BamHI, Hc=H incII, Pv=PvuII, H =H ind III,  
X=XbaI. L ines below the  map represent fragments se lected fo r  the 
c o n s t ru c t io n  o f  the l i b r a r i e s  described in  sec t ions  4 .5 , 4.7 and 
4 .8 .
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because problems had been experienced in d ig e s t in g  1.22j ’ DNA 

w i th  P s t I  and EcoRI in  combination, w h ile  Ps tI  and C la l had been 

seen to  d ig e s t  w e ll  (no t shown).

4 .5  C lon ing  o f  pMT1.61-3

The c lo n in g  o f  pMT1.61-3 was c a r r i e d  o u t  e s s e n t i a l l y  as 

d e s c r ib e d  f o r  pMT1.61 — 1. 50ug o f  1 .2 2 J ’ DNA was d ig e s te d  

s e q u e n t ia l l y  w i th  P s t I  and C la l ,  s iz e  f r a c t i o n a t e d  on a TAE 

agarose gel and segments between 4.4 kb and 6.7 kb excised. Once 

the p u r i f i e d  DNA f r a c t io n s  had been hyb r id ized  to  determine which 

conta ined the des ired  r e s t r i c t i o n  fragment (F igu re  4 .4 .1 ) ,  DNA 

from the a p p ro p r ia te  f r a c t io n  was l ig a te d  in to  the plasmid vec to r  

pMTL23. This was used because pMTL23, u n l ik e  pUC19, has a C la l  

r e s t r i c t i o n  s i t e  w i t h in  i t s  p o l y l i n k e r  sequence. F o l lo w in g  

t ra n s fo rm a t io n  in to  E .c o l i  DS 941, 770 co lon ies  were obta ined, 

o f  which 752 were recombinant. D up lica te  arrays o f  these co lon ies  

were produced as s tabs  and screened u s in g  p robe  4B. A f t e r  

h y b r i d i z a t i o n ,  and washing o f  th e  f i l t e r s  t o  a s t r i n g e n c y  o f  

O.IxSSC, 65°C, seven h y b r id iz in g  stabs were id e n t i f i e d  as being 

c le a r l y  and s p e c i f i c a l l y  p o s i t iv e  (F igure  4 .4 .2 ) .

A la rge  sca le  plasmid p repa ra t ion  o f  one o f  the co lon ies  was 

then prepared and d igested  in  order to  ensure those fragments 

p re d ic te d  from genomic mapping were present w i th in  the in s e r t .  

When t h i s  was done, however, i t  was observed th a t  a lthough the 

in s e r t  s ize  was c o r re c t  (F igu re  4 .5 .1 ,  lane 1), and a fragment 

approx im ate ly  corresponding to  the s ize  o f  the C lal / Xbal  fragment 

o f  pMT1.61-1 was p re se n t (600bp f ra g m e n t ,  la n e  8 ) ,  o t h e r  

r e s t r i c t i o n  p a t te rn s  were incom patib le  w i th  those p red ic ted  from 

genomic mapping. Furthermore, h y b r id iz a t io n  o f  the b lo t  w i th  the 

probe 4B f a i l e d  to  produce the expected h y b r id iz a t io n  pa t te rn  

(F ig u re  4 . 5 . 2 ) ;  the  sm all 600 bp f ra g m e n t  g e n e ra te d  in  an 

C la l /X b a l d ig e s t io n ,  which should generate a fragment spanning 

the probe, f a i l e d  to  h y b r id iz e  ( lane  8 ),  w h ile  o the r  h y b r id iz in g  

fragments were incom patib le  w ith  the expected pa t te rn  (Table

4 .1 ) .  These re s u l ts  in d ica ted  th a t  pMT1.61-3 was e i th e r  a h ig h ly
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F igure  4 .4 .1 ;  1/10 o f  a s ize  f r a c t i o n a t i o n  o f  P s t l / C la l  d igested 
1.22j ’ DNA hybr id ized  w i th  probe 4B. O.IxSSC, 65°C.
F igure  4 .4 .2 ;  Restabbed co lon ies  h y b r id i z i n g  w i th  probe 4B. 1-7 
represent recombinant co lon ies  from the P s t l / C l a l  l i b r a r y .  ( - )  is  
a stab o f  b ac te r ia  harbour ing pMTL23. O.IxSSC, 65°C.

Facing page 79



RESTRICTION ENZYMES USED

SIZE HYBRIDIZING
(KILOBASES) P/C C/B B/P E P/E He X X/C PX

PREDICTED 6.2 4.8 7.4 8.8 6.1 <4.1 8.8 0.6 <5.6

OBSERVED 6.2 3.2 3.2 4.8
0.7

1.7
0.7

10 4.8 4.8 4.8

TABLE 4.1 A comparison o f  the p re d ic te d  h y b r id iz a t io n  p a t te rn  
f o r  probe 4B onto pMT 1.61-3 w i th  the observed p a t te rn .  Sizes f o r  
both observed and p red ic te d  take in to  account the p o s i t io n  o f  
r e s t r i c t i o n  s i te s  w i th in  the ve c to r .
P=PstI, C=C]_aI, B=BamHI, E-EcoRI, H c -H in c I I , X=XbaI.
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rea rran ged  d e r i v a t i v e  o f  the  d e s i r e d  f r a g m e n t ,  o r  t h a t  an 

un linked  fragment o f  a very s im i la r  s ize  to ,  and showing a high 

le ve l o f  sequence s im i l a r i t y  w i th ,  the des ired  in s e r t  had been 

cloned. In  o rde r to  determine which o f  these two p o s s i b i l i t i e s  

was c o r re c t ,  probe 4B and one o f  i t s  p a r t ia l  homologues, the 

EcoRI 720 bp fragment o f  pMT1.61-3 (see F igure 4 .5 .2 ,  lane 4 ) ,  

were h y b r id iz e d  to  d u p l i c a te  S o u th e rn  b l o t s  o f  1 . 2 2 j ’ DNA 

d ig e s te d  w i th  X b a l , H in c I I  and P s t l / C la l . I f  t h e  pM T1.61-3 

in s e r t  were a rearranged d e r iv a t iv e  o f  the 1.61 expression locus 

then t h i s  should generate an id e n t ic a l  h y b r id iz a t io n  p a t te rn  in  

each case. I f ,  however, th e  pMT1.61-3 i n s e r t  were In s te a d  a 

f a i t h f u l  copy o f  a com ig ra t ing  fragment showing homology to  the

1.61 locus then, in  each case, two bands would be expected to  

h y b r id iz e  o f  a p re d ic ta b le  s ize  (see Figure 4 .3 .4  and Table 4 .1 ) .  

F igure 4.6 shows th a t  the autoradiogram obta ined f u l l y  conformed 

to  the p re d ic t io n s  f o r  the pMT1.61-3 in s e r t  being der ived from a 

lo c a t io n  1n the trypanosome genome o the r  than the 1.61 basic copy 

lo c i .  On an Xbal  d ig e s t io n ,  a 4.8 kb band derived from pMT1.61-3 

and the  2.8 kb band cloned in to  pMT1.61—1 hyb r id ized ,  w h ile  w ith  

H inc I I  d ig e s t io n  a 2.3 kb 1.61 der ived fragment was detected as 

was a 1.61-3 fragment o f  g re a te r  than 6.2 Kb ( th e re  is  no Hinc I I  

s i t e  w i t h in  th e  pMT1.61-3 i n s e r t ) .  F i n a l l y ,  th e  P s t l / C la l  

d ig e s t io n  re s u lte d  in  j u s t  a s in g le  detected band, representing  

h y b r id iz a t io n  to  the com ig ra t ing  fragments der ived  from both the

1.61 and 1.61-3 lo c i .

For each b lo t ,  the in te n s i t y  o f  the two h y b r id iz in g  bands 

d i f f e r s .  This is  because the 720 bp EcoRI fragment derived from 

pMT 1.61-3 covers on ly  a p a r t  o f  the reg ion to  which probe 4B 

h y b r id iz e s  ( r e f e r  to  Table 4.1 and F igure 4 .5 .2 ,  lane 4).

Having de te rm ined  t h a t  pMT1.61-3 d id  n o t  r e p r e s e n t  th e  

d e s i re d  i n s e r t ,  th e  re m a in in g  c lo n e s  f rom  th e  p r im a ry  

t ra n s fo rm a t io n  which h y b r id ize d  to  probe 4B were examined. A 

small sca le  plasmid p repa ra t io n  was performed on each and the 

r e s u l t a n t  DNA d ig e s te d  w i t h  EcoRI and Xbal . A f t e r  

e le c t ro p h o re s is ,  i t  was seen th a t  none had the 500bp EcoR I /Xbal  

f ragm en t seen in  pMT1.61-1 ( F ig u r e  4 .7 ,  la n e  1 ) ,  b u t  in s te a d  

produced fragments compatib le  w i th  pMT1.61-3. Thus, from seven
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Xba Hindi 
1 2

Pst l/CIa I 

1 2

5.1
4.7
3.5

2X)
1.9
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Figure 4 .6 ; 1.22j  ’ trypanosome genomic DNA digested w i th  Xbal . 
H inc I I  o r  Ps t l / C la l  and hyb r id ized  w i th  e i t h e r  probe 4B ( lanes 1) 
or a 720bp EcoRI fragment o f  pMT1.61-3 ( lanes 2).  O.IxSSC, 65°C.
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F igure  4 .7 ; EcoR I /Xbal  d igested pMT1.61—1 ( la n e l )  or  probe 4B 
h y b r i d i z i n g  p lasmids i s o l a t e d  f rom  th e  P s t l / C l a l  l i b r a r y  
c o n s t ru c t io n  ( lanes 2 -7 ) .  None o f  the 4B h y b r id iz in g  plasmids 
y i e l d s  a 500bp EcoR I / Xbal  f ragm en t  p r e d i c t e d  f o r  a 1.61 l o c i  
der ived  clone.

8 2



j

>U! ’ J 1 ; , <f
" I ' / u T  V .

Facing page 83

pM
T

1.
6-

1-
1 

an
d 

pH
T 

1.
61

-3
. 

D
if

fe
re

n
ce

s 
ar

e 
sh

ow
n 

be
tw

ee
n 

th
e

 
se

qu
en

ce
s 

an
d 

m
ar

ke
d 

w
ith

 
an 

a
st

e
ri

sk
. 

Th
e 

nu
m

be
re

d 
d

if
fe

re
n

ce
s 

co
rr

es
po

nd
 

to 
th

e 
in

di
ca

te
d 

di
ff

e
re

nc
e

s 
sh

ow
n 

on 
th

e 
se

qu
en

ci
ng

 
la

dd
er

s 
in 

th
e 

ri
gh

t 
ha

nd
 

pa
ne

l.



Independent c lones, none had been detected which was derived from 

the 1.61 bas ic  copy lo c i .  Th is seemed to  in d ic a te  th a t  t h i s  area 

m ight be unclonable o r  underrepresented in  plasmid l i b r a r i e s ,  in  

a d d i t io n  to  i t s  observed absence from lambda genomic l i b r a r ie s  

(S h ie ls ,  1990).

4 .6  Sequence o f  the  pMT1.61-1/pMT1.61-3 cross re a c t in g  reg ion .

I t  was o f  in te r e s t  to  determine the sequence o f  the region o f  

homology shared by the pMT 1.61-1 and 3 in s e r ts  s ince they might 

con ta in  a conserved and fu n c t io n a l l y  im portant m o t i f  o r  open 

reading frame. The re fo re , both the pMT1.61-3 720bp EcoRI and the 

pHT1.61—1 500bp EcoR I /Xbal  fragments were subcloned In to  the

bacteriophage M13 and p a r t i a l l y  sequenced. F igure 4.8 shows the 

determined n u c le o t id e  sequence. I t  demonstrates a very h igh le ve l 

o f  sequence i d e n t i t y  between th e  two c lo n e s  o v e r  th e  re g io n  

ana lysed , w i th  base s u b s t i t u t i o n s  r a t h e r  th a n  i n s e r t i o n s  o r  

d e le t io n s  com pris ing the m a jo r i ty  o f  d i f fe re n c e s .  Although on ly  

one s trand  o f  each in s e r t  was sequenced, the d i f fe re n c e s  were 

c o n s is te n t ly  rep roduc ib le  between independently is o la te d  H13 

subclones and the autoradiograms were unambiguous (see F igure 

4 .8 ) .  A computer search o f  the Genbank database using the W ilbur 

and Lipman (1983) a lg o r i th m  implemented on the U n iv e rs i ty  o f  

Wisconsin GCG sequence an a ly s is  package (Devereux e t  a l . , 1984) 

re ve a le d  no s i g n i f i c a n t  homologues, and an a n a ly s i s  o f  th e  

n u c le o t id e  sequence using the "T rans la te "  program revealed th a t  

n e i th e r  conta ined an ex tens ive  open reading frame.

4 .7  A ttem p ted  c lo n in g  o f  two ups tream  f ra g m e n ts  on th e  1.61 

te lom ere .

The f a i l u r e  to  d e te c t  the 6.2 Kb P s t l /C la l  fragment o f  the

1.61 e x p re s s io n  lo cus  prompted an a t te m p te d  c lo n in g  o f  two 

d i s t i n c t  fragments, a BamHI/Clal fragment extending approxim ate ly

4 .8  kb upstream o f  pMT1.61-1 ( F ig u r e  4 . 3 . 4 ,  l i n e  B) and a 

C la l /E c o R I  f ragm en t e x te n d in g  a p p r o x im a te ly  10 Kb ups tream
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Clal BamHI clal EcoRI

2 0 .

Figure 4.9;  1.22J ’ trypanosome genomic DNA d iges ted w i th  e i t h e r  
C la l / BamHI ( lanes 1-7, l e f t  panel)  or  C la l / EcoRI ( lanes 1-7,  
r i g h t  pane l) ,  s ize  f ra c t io n a te d  and hyb r id ized  w i th  probe 4B. 
O.IxSSC, 65°C.
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(F igu re  4 .3 .4 ,  l i n e  C). These s i t e s  were chosen to  generate 

fragments both upstream and downstream o f  the f i r s t  P s tI  s i t e  on 

th e  1.61 te lo m e re ,  because i t  was p o s s ib le  t h a t  th e  sequence 

around t h i s  s i t e ,  when in  combination w ith  the downstream Cla l  

s i t e ,  would be unable to  produce a s ta b le  in s e r t .  Both enzyme 

combinations would a lso  e l im in a te  the p o s s i b i l i t y  o f  c lo n in g  a 

pMT1.61-3 l in k e d  fragment.

The l i b r a r i e s  were cons truc ted  s im u ltaneous ly  and generated 

by the methodology described f o r  the pMT1.61-1 c lo n in g  except 

t h a t ,  as w i th  the c lo n in g  o f  pMT1.61-3, the plasmid ve c to r  pMTL23 

was used because o f  i t s  possession o f  a s u i ta b le  C la l  c lo n in g  

s i t e .  S ize  s e le c te d  f r a c t i o n s  o f  a la r g e  s c a le  d i g e s t i o n  o f  

1.22j ’ DNA were h yb r id iz e d  w ith  probe 4B, and the h y b r id iz in g  

f r a c t io n s  (F igu re  4 .9 )  l ig a te d  in to  pMTL23 and transformed in to  

E. c o l 1 DS941. In  t o t a l ,  125 re c o m b in a n ts  f o r  th e  C la l / EcoRI 

l i b r a r y  and 600 recombinants f o r  the Clal/BamHI l i b r a r y  were 

recovered, which were picked in to  a rrays , hyb r id ized  w ith  probe 

4B and washed a t  h igh  s t r in g e n c y .  T h is  r e v e a le d  t h a t  n e i t h e r  

l i b r a r y  conta ined a h y b r id iz in g  co lony. To ensure th a t  the wh ite  

c o lo n ie s  were t r u l y  recom b in an t,  s i n g le  c o lo n y  l y s a te s  were 

performed on ten randomly chosen co lon ies  from each l i b r a r y .  This 

revealed th a t  a l l  seemed to  con ta in  in s e r ts ,  a lthough the re  was 

ev idence  f o r  a h igh  le v e l  o f  i n s t a b i l i t y  in  th e  Cl a l / EcoRI 

l i b r a r y ,  s ince  the uncut plasmid DNA ran a t a very v a r ia b le  s ize  

between c lones (no t shown). A l l  plasmids from the C la l / BamHI 

l i b r a r y  were o f  a r e l a t i v e l y  u n i fo rm  s i z e .  Because o f  th e  

p o te n t ia l  f o r  d e le t io n  when fragments around 10 Kb were inse rted  

in to  pMTL23, i t  was not attempted to  generate more recombinant 

c lo n e s  than  th e  r e l a t i v e l y  sm a ll  number o b ta in e d  from  th e  

C la l / EcoRI l i b r a r y  t ra n s fo rm a t io n .  The C la l / BamHI l i b r a r y  was 

re t ra n s fo rm e d ,  however, t o  g e n e ra te  more re c o m b in a n ts .  T h is  

t ra n s fo rm a t io n  u t i l i z e d  the rec A host s t r a in  E.col 1 DS902 and

was p la te d  onto L-B ro th  p la te s  supplemented w ith  0.2M glucose and 

a m p ic l111n . Glucose was inc luded here to  repress the p lasm id ’ s 

la c  p rom o te r  wh ich may have been r e s u l t i n g  1n th e  f o r t u i t o u s  

p ro d u c t io n  o f  a t o x i c  t r a n s c r i p t  o r  p r o t e in  from  th e  1.61 

te lom ere  de r ived  in s e r t .  For t h i s  reason, co lou r  s e le c t io n  d r iven
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from t h i s  promoter was not p o ss ib le  in  t h i s  t ra n s fo rm a tio n .  None 

o f  the 736 transform ed co lon ies  (o f  which 95% were p red ic ted  to  

be recom binan t from  th e  o r i g i n a l  t r a n s f o r m a t i o n  w i t h  c o lo u r  

s e le c t io n )  was found to  con ta in  an In s e r t  which hyb r id ized  to  

probe 4B.

4.8  C lon ing o f  pMT1.61-4

There seemed to  be two p o te n t ia l  exp lana tions  f o r  the f a i l u r e  

to  progress f u r t h e r  upstream using th ree  d i s t i n c t  l i b r a r ie s :  (1) 

a re g io n  in  th e  e x p re s s io n  lo c u s  between th e  5 ’ l i m i t  o f  th e  

pMH.61-1 in s e r t  and the upstream BamHI s i t e  was unclonable or 

h ig h ly  underrepresented in  plasmid and lambda vec to rs ,  o r  (2) the 

C la l  o r  ad jacen t EcoRI s i t e  represented in  pMT1.61—1 contained 

sequence wh ich would no t p roduce a v ia b le  c lo n e  when a t  one 

te rm inus o f  the  in s e r t .  In  o rde r to  avoid these two p o te n t ia l  

d i f f i c u l t i e s ,  i t  was decided to  attempt the c lo n in g  o f  the 2.4 Kb 

Hind l l l  fragment immediate ly upstream o f  the cDNA h y b r id iz in g  

reg ion on the 1.61 te lom ere , extending 900 bp beyond the 5 ’ l i m i t  

o f  pMT1.61-1 (see F igure 4 .3 .4 ,  l in e  D). The methodology used was 

again s im i la r  to  t h a t  used in  the prev ious s ize  enriched l i b r a r y  

c o n s t ru c t io n s ;  the s iz e  se lec ted  f r a c t io n  (F igu re  4.10) o f  a 

H in d l l l  d ig e s t io n  o f  1 . 2 2 j ’ DNA was l i g a t e d  i n t o  pUC19 and 

transform ed in to  E .c o l i  HB101. A t o t a l  o f  4604 recombinants were 

re c o v e re d ,  430 o f  wh ich were p ic k e d  i n t o  d u p l i c a t e  s ta b s  and 

h y b r id iz e d  w i th  the probe 4B o f  pMT1.61—1. A f te r  washing to  high 

s t r in g e n c y  (O.IxSSC, 65°C), 2 p o s i t iv e s  were id e n t i f i e d .  Small 

sca le  p lasmid DNA p repa ra t ions  were performed on these, which 

revealed th a t  both clones were the same, and the r e s t r i c t i o n  map 

o f  one was determined from d ig e s t io n  o f  a la rge  sca le  plasmid DNA 

p re p a ra t io n  (F igu re  4 .1 1 .1 ) .  This map conformed to  th a t  p red ic ted  

f o r  the  des ired  fragment (compare F igures 4 .11.2  and 4 .3 .4 ) ;  

th e re  1s a 500 bp EcoRI/Xbal fragment, a 1.0 Kb EcoRI/H1ndIII 

f ra g m e n t ,  and both  a downstream 1.5  Kb and ups tream  900 bp 

X b a l / H in d l l l  fragment. Thus, the plasmid c lone appeared to  be 

de r ive d  from the  1.61 te lomere and was named pMT1.61-4.

In  o rd e r  t o  c o n f i rm  th e  r e a l i t y  o f  t h i s  I n s e r t  and t o
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F ig u re  4 .1 0 .1 ;  1.2 2 j ’ DNA d i g e s t e d  w i t h  H in d l l l .  s i z e
f ra c t io n a te d  and 1/10 o f  the e lu ted  DNA f r a c t i o n s  hybr id ized w i th  
probe 4B. O.IxSSC, 65°C,
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4.11.2

Probe c Probe B
t"*frr.«aK.J f t  r.- ^...v|

r H N X E h /X/ E<=P—1------ h 1----- 1------Ffz
Pv Pv pv Pv

pMT 1.61-4
® bp 500 
I------------- 1

F ig u re  4 .1 1 .1 ;  Mapping gel f o r  pMT1.61-4 .  Lanes a re ,
r e s p e c t i v e l y ,  (1) Hind l l l  (2) PvuII (3) H i n d l l l / PvuI I  (4) Xbal
(5) EcoRI (6) EcoRI/Xbal  (7) H i n d l l l / Xbal .
F ig u re  4 .1 1 .2 ;  Der ived r e s t r i c t i o n  map o f  pMT1.61-4 .  The
ind ica ted  probes are descr ibed in the t e x t .  Pv-PvuI I , H - H i n d l l l ,
N=NaeI, X=XbaI, E-EcoRI.
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i d e n t i f y  s u i ta b le  s i t e s  f o r  progress ing  f u r t h e r  upstream, the 

pHT1.61-4 In s e r t  was h yb r id iz e d  w ith  1 .2 2 j ’ DNA d igested w ith  

P s t I ,  C J a l /X b a l ,  C la l ,  X b a l/B am H I. Xbal  and H i n d l l l  ( F ig u r e  

4 .1 2 .1 ) .  A lthough the  upstream fragments h y b r id iz e  q u i te  poo rly  

( th e  probe had been made in  two p a r t s ,  w i t h  th e  s p e c i f i c  

la b e l l in g  o f  the 900 bp H ind l l l / X b a l  fragment being much less 

than th a t  o f  the 1.5 kb fragment) these d iges ts  revealed s p e c i f i c  

h y b r id iz a t io n  to  bands o f  the p red ic te d  s ize  (marked w ith  dots on 

F igure 4 .1 2 .1 ) .  A d d i t io n a l l y ,  the fragments cross re a c t in g  w ith  

the pMT1.61-3 in s e r t  are de tec ted , as are a number o f  o the r  high 

m o lecu la r we igh t bands. These appear as a smear on a d i s t i n c t  

h y b r id iz a t io n  o f  the pMT1.61-4 In s e r t  w i th  C la l/EcoRI d igested 

1 . 2 2 j ’ DNA (F ig u re  4 .1 2 .2 ;  d o ts  i n d i c a t e  th o s e  bands f u l l y  

homologous w i th  the probe used). This suggested th a t  pMT1.61-4 

c o n ta in e d  sequence r e i t e r a t e d  e x t e n s i v e l y  e ls e w h e re  in  th e  

trypanosome genome.

4 .9  A n a ly s is  o f  pMT1.61-4 f o r  th e  p resen ce  o f  70 bp re p e a t  

sequence

Many VSG gene lo c i  con ta in  a repeat sequence approxim ate ly 70 

bp in  le ng th ,  which can form long r e s t r i c t i o n  s i t e  barren regions 

on e x p re s s io n  s i t e s  and which appear t o  be in v o lv e d  in  gene 

convers ion events (see s e c t io n  1 .8 ) .  These m o t i fs  are o f te n  found 

approx im ate ly  1.5 Kb upstream o f  VSG genes; a d is tance  comparable 

w i th  the area o f  the 1.61 gene environment represented w i th in  

pMT1.61-4.

Since t h i s  plasmid seemed to  con ta in  r e p e t i t i v e  sequence, i t  

was analysed f o r  the presence o f  70 bp repeats. This was done by 

h y b r id iz in g  a P s tI /  TaqI  fragment o f  pTg 221-1 (Bernards e t  a l . , 

1985), c o n ta in in g  an e x te n s iv e  a r r a y  o f  70 bp re p e a ts ,  t o  

pMT1.61-4 doubly d igested  w i th  Hind l l l  and Xbal . This revealed 

th a t ,  indeed, pMT1.61-4 does h y b r id iz e  w i th  the repeats over the 

900 bp X b a l-H i n d l l l  f ragm en t e n t i r e l y  5 ’ t o  th e  re g io n  

represented on pMT1.61-1 (F igu re  4 .13 ).
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4 .12.1 4 . 1 2 , 2

1 2 3 4 5 6

21. j

5 0 .
42 _
35 _
20 -  -m

t § :.
0 9 .
Q8.
0.6 _

• I

23 .

9J6 - 
6 j6  _

4 4 .

2 3 .
2 0 -

Figure  4 .12 .1 ; 1.22j  ’ DNA d igested w i th  Ps t I  ( lane 1), C la l /X b a l  
( lane 2) ,  C la l  ( lane 3) ,  Xbal / BamHI ( lane 4),  Xbal  ( lane 5) or 
H i n d l l l  ( lane 6) and hyb r id ized  w i th  the pMT1.61-4 i n s e r t .  Dots 
i n d i c a t e  those bands d e r iv e d  f rom  t h e  1.61 l o c i .  F ragments  
running upstream o f  pMT1.61-4 are not marked, as they h y b r id iz e  
weakly and are not e a s i l y  d i s t i n g u i s h a b le  from cross reac t ing  
bands.0 . 1xSSC, 65°C.
F igure 4 .12 .2 ;  C la l / EcoRI diges ted 1.22j ’ DNA hyb r id ized  w i th  the 
pMH.61-4 i n s e r t .  Dots mark those bands f u l l y  homologous to  the 
probe, as p red ic ted  from Figure 4 .3 .4 .  O.IxSSC, 65°C.
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VSG TelomereX
~ ~ l  '  / /  1

pMT 1.61-1

pMT 1.61-4

H X
J _ _ _ _ _ _ I 

Hybridization :
70 bp

Figure 4.13; pMT 1.61-4 con ta ins  70bp repeats. Lambda DNA s ize  
marker ( lane  1), X b a I/H 1nd III  d igested pMT1.61-1 ( lane  2) and pMT 
1.61-4 ( lane  3) h y b r id ize d  w ith  70bp repeats from the VSG 221 
locus (Bernards e t  a j . , 1985). O.IxSSC, 65°C. The l in e  drawing 
below summarizes the r e s u l t s ,  w i th  H-Hind l l l , X -Xba l. V=Vector 
band.
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4.10 Sequence o f  the  70 bp repeat co n ta in in g  reg ion on pMT1.61-4

The 900bp H in d l l l -X b a l  fragment o f  pHT1.61-4 was subcloned 

in to  bacteriophage M13mp19 and 18 and sequenced (F igu re  4 .14 ) .  

Th is  revealed th a t  the re  were two f u l l  copies o f  the 70 bp repeat 

sequence lo c a te d  250 bp 5 ’ t o  th e  Xbal  s i t e  on pM T1.61 -4 . 

A lthough the sequence f o r  the m a jo r i ty  o f  the fragment has on ly  

been determined from a s in g le  s tran d , and the 5 ’ H in d l l l  s i t e  was 

not i d e n t i f i e d  ( t h i s  area had run o f f  the g e l,  being very c lose 

to  the p r im er annealing s i t e ) ,  the 70 bp repeat region sequence 

has been determined on two s trands , and using independent c lones. 

The re p e a ts  are  r e l a t i v e l y  c onse rve d  w i t h  re s p e c t  t o  th e  

consensus sequence, a l th o u g h  a number o f  th e  most conse rve d  

fe a tu re s  are  d is ru p te d .  F i r s t l y ,  n e i t h e r  re p e a t  has an 

u n in te r ru p te d  (T Purine Purine) sequence; in  each there  are T o r 

C nu c le o t id e s  a t  unusual p o s i t io n s .  Secondly, on ly  one o f  the 

re p e a ts  has an i n t a c t  TGTTG (boxed in  F ig u re  4 . 1 4 ) ,  th e  most 

conserved fe a tu re  o f  a l l  cha rac te r ized  70 bp repeats (A l in e  e t  

a l . 1985; Shah e t  a l . , 1987).

4.11 C lon ing  o f  pMT1.61-5

A lth o u g h  th e re  were o n ly  2 c o p ie s  o f  th e  70 bp re p e a ts  

represented w i th in  pMT1.61-4, i t  was f e l t  th a t  t h e i r  p o te n t ia l  

ca p a c ity  f o r  secondary s t ru c tu re  fo rm ation  (L iu  e t  a l . , 1983)

m ight be c o n t r ib u t in g  to  the f a i l u r e  to  clone fragments spanning 

t h i s  reg ion . I t  was decided, th e re fo re ,  to  attempt to  c lone a 

r e s t r i c t i o n  f ragm en t whose 3 ’ te rm in u s  was ups tream  o f  th e  

repeats found w i th in  pMT1.61-4. By sequencing from the 5 ’ Hind l l l  

s i t e  on pMT1.61-4, a N a e l /H in d l l l  fragment o f  approx im ate ly  275 

bp (probe 4C; the p o s i t io n  o f  the Nael s i t e  is  shown in  F igure 

4 .14) had been I d e n t i f ie d  which appeared n o n - re p e t i t iv e  in  the 

genome and detected a 2.7 Kb Nael  fragment, extending 2.45 Kb 

upstream o f  the 5 ’ l i m i t  o f  pMT1.61-4 (F igu re  4 .1 5 .1 ) .  In  order 

t o  c lo n e  t h i s  f ra g m e n t,  t h e r e f o r e ,  50ug o f  1 .2  2 J ’ DNA was 

d iges ted  w i th  Nael  and fragments o f  t h i s  s ize  Is o la te d  from the 

g e l .  F r a c t io n  3, which c o n ta in e d  th e  d e s i r e d  f ra g m e n t ,  as

90



< H i n d l l l
5 *NNNNNNNNAGACGAAAAAAGTACAACTGAATTCGACTATATCTATTTCACCAACATTA

AT GAT AAGGCAT GCATTT GCACAACT GCT GACAGCGCCCGCT AAGCACAACGTT GGCGAA

CGAAAAGGATTTGACGGTT GAGT GCT AT CAGCAGCGGTTTGTTT GAGAAATT ATTTTACA

GGCAAT AGCCAGCGGT AT CCACT CCT CAAT GCT GAGAAT AT CCCTT CGT AAACCT CCGGA

Nae I
T AAAAT AT AT AGAAT GCAAAGCT GAATT GTTTGCCCAGTT AT GGCCGGCGAT GGCGAAAT

T ATT GCAGACAAGCAGAT AAGAGCAACAAAAAGT CT CAAAAAGGAGGTAGCATTTT ACT C 
301  +--------------- +-----------------+-----------------+----------------+----------------+

AAAGGCAAAT AGGT GGCCGT GCTT AAGTT GT AGCGACAAT AGT CT AT AAAT AT GAT AAGG 
361  +--------------- +-----------------+-----------------+----------------+----------------+

GT CCAGTT AT GACAAGTT AGAT AGAGAACT GTT GT GAGCAT AT ATTT ACTT AT ATT AT AA 
421  +--------------- +-----------------+-----------------+----------------+----------------+

481

>Repeat 1
C0N>- CAGtRRTRRTRRTRRTRRTRRTRRTRRTRRTAGGAGAG|TGTTG 
caacatIcagtaatgataatgacaataataataataataggagag

— + -----------------------+  +  + --------

tgagtgtgtgt 
tgttqtgagtgcgtgt 

+  +

>Repeat 2 t  * * *

atatacgaatattataataagag
atatacgaatattataataagagIc

541 ----------------+-----------------+----

pagtrrtrrtrrtrrtrrtrrtrrtrrtrrtrrtagg
agtaataataatggtaataataataatattctaagg

* * * * ** * * *
agagtgttgtgagtgtgtgtatatacgaatattataataagag
AGAG(AATTyT GAGT GT GTT CAT AT ACT GAT ATT GT AAT ATTT Gj

< -CON
T GGT GCCT AAGAGT AAC

CAAGT AGAGAGAAT AAAAGAATT AGAAAT AAT GGCAAGGATAAATT GAGAGGT AAT CAAC 

CGAAAAAGAAT ACAAGAAACAAACAGAAAGAT AT GAT AAAAT AAAGT GCGT AGAGACGAA

GGT AT GACACGCAATTT CAACCGT AT AAT AT AATT GCAAAGGGAT CAT CAT AACCACGAA

Xbal
TATGGAGGCGTTAGTCATTAAGAGAGGCACCATAGTACCAGCCAAGTCTAGA 3 ’

841 ----------------+----------------+----------------+---------------- +---------------- +—
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F ig u re  4 .1 4 ;  N u c le o t id e  sequence o f  th e  900bp H in d l l l / Xbal  
fragment o f  pMT1.61-4. The sequence does not f u l l y  extend to  the 
H in d l l l  s i t e  as i s  th e  s t r i n g  o f  "N s " .  R =P urine  n u c le o t id e .  
A s te r is k s  in d ic a te  divergence o f  the 70bp m o t i f  sequence from the 
consensus o f  A l in e  e t  al_. (1985a). The conserved element, TGTTG, 
is  boxed.
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4.15.1 4 .1 5 .2 4 . 1 5 . 3

21.

Jfc
0 5 - 23

S=
1 3 -
1 3 -

o.®.a®. 13:
0 3 _

t . 4 ( )N I

V*275bp

275bp

F ig u re  4 .1 5 .1 ;  Probe 4C o f  pMT1.61-4 h y b r i d i z e d  w i t h  Nael 
d igested 1.22j ’ DNA. A 2.7kb fragment is  detec ted.  O.IxSSC, 65DC. 
F igure  4 .15 .2 ;  Nael  d igested 1.22j ’ DNA s ize  f r a c t i o n a t e d  and 
1/10 o f  these f r a c t i o n s  hyb r id ized  w i th  probe 4C. O.IxSSC, 65°C. 
F igure  4 .15 .3 ;  Small scale plasmid p repara t ion  o f  the 3 p o s i t i v e  
co lon ies  hyb r id ized  w i th  probe 4C to  i n d ic a te  t h a t  c lone 1 is  in 
the reverse o r i e n t a t i o n  to  c lones 2 and 3: V^vector  sequence. 
O.IxSSC, 65°C.
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4 .1 6 .1 1 2 3 4 5 6

4 .1 6 .2

PROBE E PROBE D PROBE C
m

H NXh Kp

0 500
. bP .

pMT 1.61-5.1 , SCALE

F ig u r e  4 . 1 6 . 1 ;  M a pp ing  g e l  f o r  pMT1 . 6 1 - 5 . 1 .  Lanes a r e ,  
r e s p e c t i v e l y ,  p M T 1.61 -  5 d i g e s t e d  w i t h  ( 1 )  H i n d I I I  ( 2 )  
H i n d l l l / X h o I  (3) H i n d l l l / P s t I  (4) H ind l l l /BamHI (5) H ind l l l /E coR I
(6) H i n d l l l / K p n l .
F ig u re  4 .1 6 .2 ;  R e s t r i c t i o n  map f o r  pMT1.61 — 5 .1 .  H = H1nd l l I , 
N=NaeI , Xh^XhoI , Kp-Kpnl . The probes are descr ibed in the te x t .
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assessed by Southern h y b r id iz a t io n  w ith  probe 4C (F igu re  4 .1 5 .2 ) ,  

was then l ig a te d  in to  the p B lu e s c r ip t  plasmid vec to r  d igested 

w i th  H inc I I . Upon t ra n s fo rm a t io n ,  2600 co lon ies  transformed to  

a m p i c i l l i n  r e s is ta n c e  were re c o v e re d ,  o f  w h ich  1312 were 

recom b inan t.  Of th e s e ,  450 were sc reened  w i t h  p robe  40 w h ich  

de tected  3 s t ro n g ly  h y b r id iz in g  co lo n ie s ,  a t  h igh s tr ingen cy .  

Small sca le  plasmid DNA p repa ra t io n  o f  these p o s i t iv e  co lon ies  

were then d igested  w i th  H in d l l l  and hyb r id ized  w ith  probe 4C. 

This revealed th a t  a l l  th ree  had the same in s e r t ,  c lone 1 being 

in  the reverse o r ie n ta t io n  to  c lones 2 and 3; the H in d l l l  s i t e  

w i th in  the  p o ly l in k e r  sequence o f  the vec to r  being adjacent to  

the H ind l l l  s i t e  represented a t the e x tre m ity  o f  pMT1.61-4 in  

the l a t t e r  and th e re fo re  produced a fragment o f  around 275 bp, 

f u l l y  homologous t o  probe 4C ( F ig u r e  4 . 1 5 . 3 ) .  A la r g e  s c a le  

plasmid DNA p repa ra t io n  was then c a r r ie d  out on clone 1 and the 

p lasm id, named pMT1.61-5, mapped w ith  a number o f  r e s t r i c t i o n  

enzymes (F igu res  4.16.1 and 2 ).  Although the in s e r t  could not be 

mapped w i th  Nael  d i r e c t l y ,  as t h i s  s i t e  was lo s t  by b lu n t  end 

l i g a t i o n  t o  a H in c l l  c u t  v e c to r ,  by u s in g  r e s t r i c t i o n  s i t e s  

ad jacen t to  the H inc I I  s i t e  in  the vec to r  p o ly l in k e r ,  d i s t a l  to  

th e  H in d l l l  s i t e ,  th e re  was seen t o  be a 275 bp Xhol  ( = 

NaeI ) / H1nd I I I  fragment, and an absence o f  cleavage s i te s  f o r  

P s t I ,  EcoRI and BamH I . Th is  conformed to  the p red ic te d  map f o r  

t h i s  c lone (compare F igure 4 .16 .2  w ith  the corresponding region 

on F igure 4 .3 .4 ) .  The c lone was a lso  hyb r id ized  onto genomic DNA 

to  ensure  t h a t  i t  d e te c te d  bands o f  th e  s iz e s  p r e d ic t e d  from  

mapping o f  th e  p lasm id  and p re v io u s  genomic mapping ( F ig u r e  

4 .1 7 ) .  Th is  was the case; h y b r id iz a t io n  o f  the 1900 bp Hind l l l  

f rag m en t o f  pMT1.61-5 (p robe  4D) t o  H in d l l l , P s t I . Xbal  and 

Xbal / BamHI d igested  1 .2 2 j ’ DNA produced bands o f  1900bp, the 

t e lo m e r ic  f ra g m e n ts ,  7400bp and 4200 bp, r e p e c t i v e l y .  These 

fragments were a l l  o f  the p red ic te d  s ize  (a lthough the 7400 bp 

Xbal  had not been p re v io u s ly  mapped).
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1 2  3 4

Figure 4.17; Genomic con f i rm a t ion  o f  pMT1.61-5. 1.22j  d igested 
with Hindlll ( lane 1), Ps t I  ( lane 2),  Xbal ( lane 3) or  Xbal/BamHI 
(lane 4), hyb r id ized  w i th  probe 4D. O.IxSSC, 65°C.
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4 .12  Cloning o f pMT 1 .61 -6

The on ly  r e s t r i c t i o n  fragment a v a i la b le  f o r  wa lk ing 5 ’ o f  

pMT1.61-5 was a 900bp H i n d l l l  fragment, extending ju s t  300 bp 

upstream (no t shown). A lthough s h o r t ,  i t  was decided to  attempt 

to  c lone t h i s  nearby fragment to  a l low  i t  to  be used as a probe 

in  the c lo n in g  o f  the  next Nael  fragment on the te lomere, 5 ’ to  

th a t  cloned in  pMT1.61-5. There fo re , 1 .2 2 j ’ DNA was d igested to  

com pletion w ith  H ind l l l  and fragments in  the s ize  range between 

600 bp and 1200 bp excised and p u r i f ie d  by e x t ra c t io n  using low 

m e lt in g  temperature agarose, ra th e r  than ” Geneclean,, as had been 

used p r e v io u s ly .  T h is  was used because p rob lem s had been 

encounte red  when a t te m p t in g  t o  l i g a t e  "G e n e c le a n " p u r i f i e d  

fragments a t t h i s  t im e . I t  was thought th a t  these problems were a 

r e s u l t  o f  f in e s  o f  “ g la s s m ilk "  remaining w ith  the p u r i f ie d  DNA 

and b ind ing  i t  du r ing  low temperature l i g a t io n .

F r a c t io n  4, assessed t o  c o n ta in  th e  d e s i r e d  900bp Hi nd l1 1  

fragment a f t e r  h y b r id iz a t io n  o f  the  600bp H in d l l l /X h o l  (-N ae l)  

fragment o f  pMT1.61-5 (probe 4E; F igure 4 .1 8 .1 ) ,  was l ig a te d  in to  

pUC19 and used to  trans fo rm  E.col 1 DH5-alpha, r e s u l t in g  in  the 

recovery o f  944 co lon ies  o f  which 622 were recombinant. Dup lica te  

stabs o f  these c o lo n ie s  were hyb r id ized  w ith  Probe 4E o f  pMT1.61- 

5 and washed to  a s t r in g e n c y  o f  65°C, 0.1x SSC. A f te r  exposure, 

j u s t  one h y b r id i z i n g  co lo n y  was i d e n t i f i e d  upon w h ich  a f u l l  

sca le  plasmid p re p a ra t io n  was performed, using the "C irc le p re p "  

procedure. The c lone was then sub jected to  r e s t r i c t i o n  mapping 

(F igu re  4 .18 .2  and 3) to  ensure th a t  the expected fragments were 

presen t. Th is  was the case.

The i n s e r t  o f  t h i s  p la s m id ,  te rm ed  pM T1.61 -6 , was a ls o  

h y b r id iz e d  to  genomic DNA d igested  w ith  va r ious  enzymes to  ensure 

1 t d e te c te d  th e  c o r r e c t  genomic f ra g m e n ts .  F ig u re  4 .19  

demonstrates th a t  w h i l s t  t h i s  was so, the in s e r t  a lso  hyb r id ized  

to  a cross re a c t in g  fragment. Th is  is  marked f o r  each lane in  

F igure  4.19 by an arrowhead.
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F igure  4 .18 .1 ;  Hind l l l  d igested 1.22j ’ DNA s ize  f ra c t io n a te d  and 
1/10 h y b r id ize d  w i th  probe 4E. O.IxSSC, 65°C.
F igure 4 .18 .2  Mapping gel f o r  pMT1.61-6. Lanes are, re s p e c t iv e ly ,  
pMT1.61  -  6 d i g e s t e d  w i t h  H in d l l l , Nae l / H i nd 111 , Nael . 
H inc I I / Hind l l l , H inc I I . H inc I I / Nael . BamHI and BamH I /Nael .
F igure 4 .18 .3 ;  R e s t r ic t io n  map f o r  pMT1.61-6. H in c I I  s i te s  are 
not shown he re , hav ing  no t been mapped f o r  o t h e r  1.61 l o c i  
derived c lones.
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1 2 3 4 5 6

2.3 - 
2.0 -

> >

F igure  4.19; 1.22j ’ DNA d igested w ith  P s tI  ( lane 1), Pst l / EcoRI 
( lane  2 ) ,  EcoRI ( lane  3 ) ,  P s t l / BamHI ( lane  4), BamHI ( lane 5) and 
H in d l l l  ( la n e  6) and h y b r id iz e d  w i t h  th e  pMT1.61-6 i n s e r t .  
O.IxSSC, 65°C. Arrowheads in d ic a te  bands cross reac t ing  w ith  the 
probe.
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F ig u re  4 .20 ;  1 .22 j ’ t rypanosome genomic DNA d i g e s t e d  w i t h
BamH I / EcoRI ( lane 1), EcoRI ( lane 2) and Ps t l / EcoRI ( lane 3) and 
hyb r id ized  w i th  probe 4B. There i s  no evidence o f  d ivergence 
between the lo c i  con ta in ing  the two ILTat  1.61 gene copies.  The 
weak band de tec ted  a t  a p p r o x im a te l y  700bp r e p r e s e n t s  c r o s s  
r e c t i o n  o f  probe 4B w i t h  the  f r a g m e n t  c lo n e d  by m is t a k e  as 
pMTI.61-3 (see sec t ion  4 .5 ) .
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4.13 Mapping o f  the  p re d ic te d  bas ic  copy lo c i  d ivergence

The p r e -e x is t in g  map f o r  the ILTat 1.61 gene lo c i  construc ted  

by Cornel 1ssen e t  a l .  (1985a) had p red ic ted  the presence o f  an 

in s e r t io n  in  one locus downstream o f  the f i r s t  BamHI s i t e  from 

the  end o f  th e  te lo m e re  (shown in  F ig u re  4 . 1 ) .  Because th e  

te lo m e re  had been c loned  to  w i t h i n  400bp o f  t h i s  s i t e  and no 

d iv e rg e n c e  had been y e t  d e te c te d ,  i t  was d e c id e d  t o  a n a ly s e  

genomic DNA f o r  the presence o f  t h is  in s e r t io n ,  using a probe 

upstream o f  the cDNA h y b r id iz in g  reg ion. Therefore , 1 .22 j*  DNA 

was d ig e s te d  w i th  BamH I / EcoR I . EcoRI, and P s t l / EcoRI and 

h y b r id iz e d  w i th  probe 4B, der ived  from pMT1.61—1. The re s u l t in g  

au to rad iograph  (F igu re  4 .20) c le a r l y  de tec ts  no such in s e r t io n  in  

the 1.61 lo c i  e i t h e r  downstream o f  the BamHI s i t e ,  as had been 

p re d ic te d ,  o r  w i th in  the long EcoRI fragment o f  approx im ate ly  

22kb, extend ing  upstream from w i th in  the area represented in  

pMT1.61-1.

4.14 C lon ing Upstream o f  pMT1.61-6

In  an a n a ly s is  o f  the bloodstream expression lo c i  f o r  the 

ILTa t 1.22 gene, a lambda l i b r a r y  had been constructed from a 

complete EcoRI d ig e s t io n  o f  EATRO 795 DNA a t a time c o in c id e n t 

w i th  t h i s  stage in  the 1.61 expression s i t e  c lo n in g .  This l i b r a r y  

c o n s t ru c t io n  is  d e ta i le d  in  sec t ion  5 .9 . I  decided to  screen t h is  

l i b r a r y  f o r  the presence o f  fragments derived from the 1.61 gene 

express ion lo c i  because i t  was known these contained an EcoRI 

fragment o f  a s ize  com patib le  w i th  the in s e r t  range o f  lambda 

Dash (approx im a te ly  22 kb, see Figure 4 .20 ) ,  w i th  I t s  3* terminus 

represented w i th in  pMT1.61—1. Although t h i s  area had proved to  be 

absent in  plasmid l i b r a r i e s  and in  lambda l i b r a r ie s  con ta in ing  

Sau3A p a r t i a l  d ig e s t io n  products , i t  was thought poss ib le  th a t  a 

l i b r a r y  cons truc ted  from complete d ig e s t io n  products in  low 

c o n ce n tra t io n  m ight produce a f a r  h igher rep resen ta t ion  o f  the 

d e s i re d  f ra g m e n t,  g iven  th e  v e c t o r ’ s in h e r e n t  s e l e c t i o n  f o r  

fragments g re a te r  than 10 kb in  length  (F r isch a u f e t  a l . , 1983).
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1
2

Figure 4.21; Evidence f o r  i n s t a b i l i t y  o f  the is o la te d  lambda 
c lones. The respec t ive  panels are described in  the t e x t .  The 
a s te r is k  in  panel 1 in d ic a te s  a plaque h y b r id iz in g  weakly w i th  
the probe. The le t t e r s  in d ic a te  plaques which were se lec ted  f o r  
p u r i f i c a t i o n .  A l l  h y b r id iz a t io n s  were washed to  a s t r in g e n c y  o f  
0 . 1 x S S C , 6 5 ° C .
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Furthermore, the is o la t io n  o f  pMT1.61-4,5 and 6 had provided 

probes which cou ld , in  combination, d is t in g u is h  cross reac t ing  

fragments from t ru e  1.61 telomere der ived  fragments.

Phage from the l i b r a r y  c o n s tru c t io n  were p la ted  onto the s £ i

s e le c t iv e  host s t r a in  E .c o l i  P2392, producing 60,000 plaques
o

over two 20cm BBL p la te s ,  sp i s e l e c t i o n  o p e ra te s  in  h o s ts  

ly s o g e n ic  f o r  phage P2 and r e l i e s  on th e  re p la c e m e n t  o f  th e  

lambda aam gene w i th  in s e r te d  fo re ig n  DNA. Phage which are gam~ 

( i . e  recom b in an ts )  grow in  th e se  h o s ts  w h i le  gam* phage (non 

recom b in an ts )  do n o t ,  th e re b y  e n s u r in g  t h a t  a l l  p la q u e s  a re  

recom binan t in  a s in g le  p l a t i n g  s te p .  T h is  s e l e c t i o n  was 

necessary here because t i t r a t i o n  o f  the l i b r a r y  on spi s e le c t iv e  

and non s e le c t iv e  hosts had in d ica te d  the l i b r a r y  contained ju s t  

10% recombinants.

D up lica te  l i f t s  o f  the p la te d  recombinant phage plaques onto 

Nytran membrane were h y b r id ize d  w ith  the 1900bp H in d l l l  fragment 

o f  pMT161.5 (probe 4D), which was known to  de tec t no fragments 

in  the trypanosome genome, o the r  than those derived from the 1.61 

bas ic  copy lo c i  (see F igure 4 .17 ) .  A f te r  washing to  a s tr ingen cy  

o f  65°C, O.IxSSC, a t o t a l  o f  8 p la q u e s  were i d e n t i f i e d  w h ich  

h y b r id iz e d  in te n s e ly  in  d u p l ic a te ,  in  a d d it io n  to  a number o f  

more weakly  h y b r id i z i n g  p la q u e s .  Four o f  th e s e  p la q u e s  were 

picked in to  SM b u f fe r  and t ra n s fe c te d  in to  E .c o l1 NM621, which is  

more t o le r a n t  o f  r e p e t i t i v e  DNA sequence than the former host, 

P2392, which is  recombination competent ( recA+) . The re s u l ta n t  

plaques were then h y b r id ize d  w ith  two probes from d l s t i c t  areas 

on the  1.61 te lom ere, both upstream and downstream from the 1900 

Hind l l l  fragment: probe 4E from pMT1.61-5 (see Figure 4 .16 .2 ) 

and probe 4C from pMT1.61-4 (see Figure 4 .1 1 .2 ) .  When washed to  

h igh s t r in g e n c y ,  both probes produced d u p l ic a te  h y b r id iz a t io n  

p a t te rn s  (F igu re  4.21.1 and 2 ),  a lthough probe 4C, having been 

la b e l le d  t o  low er s p e c i f i c  a c t i v i t y ,  gave a le s s  in te n s e  

h y b r id iz a t io n .  In  t o t a l ,  approx im ate ly  30% o f  the plaques on each 

p la te  h y b r id iz e d ,  w i th  the remainder h y b r id iz in g  e i th e r  very 

weakly (marked by an a s te r is k  in  F igure 4 .21 .1 ) o r  not a t  a l l .  To 

achieve plaque p u r i t y ,  w e ll  is o la te d  plaques were picked and 

re p la te d .  H y b r id iz a t io n  o f  these plaques revealed th a t ,  once
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Figure 4.22; A: Lanes 1-7, A large scale DNA prepara t ion o f  one 
i s o l a t e d  lambda c lone  d ig e s te d  w i t h ,  r e p e c t i v e l y ,  EcoR I , 
H i n d l l l / E c o R I , H i n d l l l , B a m H I / H i n d l l l , BamHI, BamHI/EcoRI,  
N a e l / H i n d i I I ,  Nael, Nael/EcoRI
C: Lanes 1-3 and 5-7,  the same DNA d iges ted,  res p e c t iv e ly ,  w i th  
E coR I / X b a l  , X b a l  , X ba l / H i nd111 . P s t l / EcoRI , P s t I  and 
P s t l / Hind l l l . Lane 4 conta ins lambda DNA s ize markers.
B: The gel in panel A hybr id ized  w i th  probev4D. O.IxSSC, 65°C.
D: The gel in panel C hybr id ized  w i th  probe 4D. O.IxSSC, 65°C.
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aga in , on ly  a small percentage o f  plaques hyb r id ized  s t ro n g ly ,  

w i th  many h y b r id iz in g  on ly  weakly o r  not a t  a l l  (F igure 4.21.3 is  

re p re s e n ta t iv e ) .  With a t h i r d  plaque p u r i f i c a t io n  step, i t  was 

found th a t  a l l  p laques, except one, no longer hyb r id ized  w ith  the 

1.61 te lomere der ived  probe 4D (F igu re  4 .2 1 .4 ) .  Th is , toge the r  

w i th  the prev ious d i f f i c u l t i e s  in  t r y in g  to  clone t h is  region by 

o th e r  approaches, suggested t h a t  th e  c lo n e  m ig h t  be prone t o  

d e le t io n  o f  i t s  in s e r t ,  o r  o f  the p ro b e -h yb r id iz in g  region. The 

one rem a in ing  h y b r id i z i n g  p la q u e ,  when r e p la te d ,  p roduced 3 

p laques a l l  o f  which h y b r id iz e d ,  a l b e i t  w e a k ly ,  perhaps 

in d i c a t i n g  t h a t  t h i s  c o n ta in e d  a somewhat more s t a b le  phage 

(F igu re  4 .2 1 .5 ) .  A la rge  sca le  phage DNA prepara t ion  o f  the clone 

was, th e re fo re ,  c a r r ie d  out using a la rge  i n i t i a l  phage inoculum 

to  m inim ise c u l tu re  ly s i s  time in  o rder to  l i m i t  the p o s s ib i l i t y  

o f  any loss o f  s t a b i l i t y .

In  o rd e r  t o  de te rm ine  i f  th e  h y b r i d i z i n g  c lo n e  was a 

d e r iv a t iv e  o f  the 1.61 te lomere and whether i t  was e x tens ive ly  

rearranged, i t s  DNA was d igested  w ith  a number o f  enzymes which 

would produce r e s t r i c t i o n  fragments o f  a s ize  p re d ic ta b le  from 

e x is t in g  genomic maps o f  the 1.61 telomere. The re s u l t in g  gels 

(F igu re  4.22, panels A and C) showed evidence o f  e i th e r  p a r t ia l  

d ig e s t io n  o r  d e le t io n .  Host no tab ly ,  the EcoRI d igested lane 

(F igu re  4.22A, lane 1) not on ly  produced a 22 Kb band (somewhat 

obscured due to  the amount o f  DNA loaded onto t h is  g e l ) ,  but a lso 

bands running a t  approx im ate ly  4.4 kb and 9 kb. These fragments 

cannot be e x p la in e d  by e i t h e r  th e  f ra g m e n ts  d e r iv e d  from  th e  

lambda arms o r lambda in s e r t  and may, th e re fo re ,  have represented 

e i t h e r  e x te n s iv e ly  de le ted  o r  rearranged vers ions o f  these. The 

number o f  unexpected bands appeared to o  few f o r  them t o  be a 

r e s u l t  o f  EcoRI s t a r  a c t i v i t y .  O th e r  la n e s  a ls o  show s i m i l a r  

evidence o f  e i t h e r  p a r t ia l  d ig e s t io n  o r  l im i te d  in s e r t  d e le t io n ,  

w i th  severa l bands o f  anomalous in te n s i t y  being present. In  order 

to  determ ine which o f  these two p o s s i b i l i t i e s  was responsib le , 

the  gel was b lo t te d  and hyb r id ized  w ith  probe 4D from pMT1.61-5. 

The r e s u l t a n t  a u to ra d io g ra p h  ( F ig u r e  4 .2 2 ,  p a n e ls  B and D) 

dem onstra ted  t h a t ,  in  a l l  enzyme d i g e s t i o n s ,  th e  f ra g m e n ts  

expected from genomic mapping hyb r id ized  and th a t  there was no
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evidence o f  p a r t i a l  d ig e s t io n ,  excepting w ith  Nael/EcoRI and Xbal  

d ig e s t io n  (lanes 1 and 2, panel D). Thus, the bands o f  anomalous 

in t e n s i t y  appear to  be der ived  from de le ted o r  rearranged phage 

which re ta in  the more downstream regions o f  the in s e r t  in ta c t  (no 

unexpected bands h y b r id iz e  w ith  probe 4D).

To m in im ise  f u r t h e r  i n s t a b i l i t y  in  th e  lambda c lo n e ,  

hence fo rth  named lambda 1.61, and to  a l low  an In te rp re ta b le  map 

to  be c o n s t ru c te d ,  1 t was dec ided  t o  a t te m p t  t o  s u b c lo n e

fragments o f  the phage in s e r t  In to  plasmid vecto rs . The s tra tegy  

chosen was t o  genera te  two banks o f  re co m b in a n t p la s m id s  

co n ta in in g  in s e r ts  der ived  from e i th e r  BamHI o r  Xbal  d ig es t ion  o f  

lambda 1.61 and then to  s h u t t le  between the two banks to  a llow  a 

p rog ress ive  walk along the lambda in s e r t .  This was r e la t iv e ly  

s im ple because o f  the la rge  amount o f  in fo rm ation  known about the 

r e s t r i c t i o n  map o f  the 1.61 telomere derived from genomic mapping 

using the  c lones pMT1.6 1 -1 ,4 ,5  and 6. To generate the plasmid 

banks, 1 ug o f  lambda 1.61 DNA was d igested to  completion w ith  

BamHI o r  Xbal, and l ig a te d  in to  e i th e r  BamHI d igested pB luescr ip t  

o r  Xbal d iges ted  pUC19, both o f  which had been dephosphorylated 

by CIAP. A f te r  t ra n s fo rm a t io n ,  recombinants from the Xbal  bank 

were h y b r id iz e d  w i th  probe 4B derived from pMT1.61—1, to  de tec t 

c o lo n ie s  h a rb o u r in g  p lasm ids  w i t h  th e  most 3 ’ 7 .4  kb Xbal

fragment (see lane 2, F igure 4.22D; mapped onto genomic DNA in  

F igure 4.17, lane 3).

The 5 ’ BamHI-Xbal fragment o f  one o f  these clones was then 

h y b r id iz e d  to  the BamHI bank, and a h y b r id iz in g  colony detected. 

The plasmid from t h i s  co lony was used to  rescreen the Xbal  bank

and a fu th e r  walk achieved. In  t h i s  way, the plasmids shown in

F igure 4.23 were is o la te d  and subsequently mapped.

A lthough these clones d id  not represent a l l  the subclones 

o b ta in e d ,  th e  rem a inder were found  n o t  t o  h y b r id iz e  t o  

trypanosome genomic DNA, but d id  h y b r id ize  to  lambda DNA s ize  

markers. These c lones were taken to  be derived from the scrambled 

5 ’ end o f  the  lambda clone s ince the arms o f  lambda Dash contain 

no BamHI o r  Xbal  s i t e s  which could a l low  these fragments to  be 

cloned from an unrearranged phage.
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x e  Q X5 G B1 G

r ~ "

« r n

Figure 4.24; Genomic v e r i f i c a t i o n  o f  the plasmid subclones o f  
lambda 1.61, plambda X6, X5 and B1. In each case plasmid DNA is  
in the l e f t  hand lane, genomic DNA is  in  the r i g h t  hand lane 
( lane G). Digests used and the respec t ive  probes are descr ibed in 
the t e x t .
Plasmid lanes were exposed f o r  approximate ly  30 minutes,  Genomic 
lanes were exposed ove rn igh t .
The arrowhead in d ic a te s  a p a r t i a l  d i g e s t io n  product o f  plambda 
B1, c l e a r l y  v i s i b l e  on the e th id ium s ta ined gel (no t  shown).
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Thus, in  t o t a l ,  13 Kb o f  the 22 kb EcoRI fragment cloned in  

lambda 1.61 had been s u c c e s s fu l l y  subc loned  in  p la s m id s  and 
r e s t r i c t i o n  mapped.

4.15 Genomic f i d e l i t y  o f  the lambda 1.61 derived plasmid clones.

Given the  observed i n s t a b i l i t y  o f  lambda 1 .6 1 ,  i t  was 

im portan t to  v e r i f y  th a t  the plasmids iso la ted  from th is  phage 

were o f  th e  same s iz e  as t h e i r  genomic e q u iv a le n t s .  To t e s t  

t h i s ,  1.22j  ’ DNA was d igested to  completion w ith  e i th e r  Xbal or 

BamHI and e lec trophoresed on the same gel (but separated from) 

the plasmids plambda X6, plambda X5 and plambda B1 digested to  

e x c is e  t h e i r  i n s e r t s .  The d ig e s ts  were then  h y b r id iz e d  w i th  

e i t h e r  probe 4D derived from pMT1.61-5 ( to  detect plambda X6 and 

i t s  genomic e q u iv a le n t ) ,  o r  the 3.5kb BamHI/Xbal fragment o f  

plambda B1 ( to  de tec t both plambda B1 and X5 and t h e i r  genomic 

e q u iv a le n ts ) .  F igure 4.24 demonstrates th a t  each plasmid clone is  

o f  an id e n t ic a l  s ize  to  i t s  genomic equ iva len t,  in d ic a t in g  th a t  

they are probably  not de le ted  or rearranged.

A summary o f  the  f u l l  map o f  th e  1.61 te lo m e re s  and th e  

c o rre s p o n d in g  p lasm id  and lambda d e r iv e d  c lo n e s  is  g iv e n  in  

F igure 4.25.

4.16 A na lys is  o f  the  genomic re p e t i t iv e n e s s  o f  the 1.61 basic 

copy locus and v e r i f i c a t i o n  o f  the clone o r ig in s .

Analyses o f  bloodstream VSG lo c i  have revealed th a t  the great 

m a jo r i ty  o f  the expression s i t e  is  composed o f  sequence which is  

r e i t e r a t e d  e x te n s iv e ly  e lsew here  in  th e  genome, even when 

h y b r id iz a t io n s  were c a r r ie d  out a t high s tr ingency (Kooter e t  a l .  

1987; Koo te r e t  a l . , 1988; A lexan d re  e t  a l . ,  1988; G ibbs and 

Cross, 1988; Pays e t  a l . , 1989a). To determine whether the same 

was t ru e  o f  the ILTat 1.61 gene environment, a l l  sections o f  the 

a v a i la b le  clones were hyb r id ized  to  1 - 22j  * genomic DNA digested 

w i th  H i n d l l l .  The probes used are la b e l le d  in  Figure 4.26. In
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A B  C D E F G  H

PROBE USED

Figure 4.26; 1.22j  ’ DNA hyb r id ized  w i th  the probes in d ic a te d .
These probes are shown below the autoradiogram. For the te lomere 
map; X-Xbal,  H=H1ndI I I l E-EcoRI, B=BamHI. O.IxSSC, 65°C.
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severa l cases these probes have been used under d i f f e r e n t  names 

e a r l i e r  in  t h i s  chap te r; they are renamed here fo r  c l a r i t y  in  

these experiments. F igure 4.26 shows th a t  a t high s tr ingency  the 

m a jo r i ty  o f  probes de tec t  ju s t  a s in g le  major band o f  the s ize  

p re d ic te d  from mapping o f  the clones, a re s u l t  compatible w ith  

the an a ly s is  o f  the ILTat 1.22 locus (S h ie ls ,  1990), but very 

d i f f e r e n t  to  the  h ig h ly  r e p e t i t i v e  n a tu re  o f  b lo o d s tre a m  

express ion lo c i .  One area o f  the telomere was c le a r ly  r e p e t i t iv e ,  

however, as revealed by the h y b r id iz a t io n  o f  probe C. This area 

was expected t o  be r e i t e r a t e d  in  th e  genome; 1t c o n ta in s  th e  

reg ion represented w i th in  pMT1.61-4 which had p rev ious ly  been 

found to  con ta in  70bp repeats (see sect ions 4.9 and 4 .10).

The probes have a ls o  been h y b r id iz e d  t o  th re e  d i s t i n c t  

trypanosome popu la t ions . The f i r s t  was 1.22j ’ trypanosomes, as 

used e a r l i e r ,  which are from the EATRO 795 stock and conta in  two 

bas ic  copies o f  1.61 gene (Cornelissen e t a j . , 1985a). The o ther 

two, GUP 810 and GUP 871, had one and zero basic copies o f  the

1.61 genes re s p e c t iv e ly .  These popula tions are from the EATRO 

2340 s tock , which norm ally  has one copy o f  the 1.61 gene; the GUP 

871 pop u la t ion  lo s t  t h is  copy dur ing c y c l ic a l  transmission in  the 

la b o ra to ry  (Barry  e t  a l . , 1983; Cornelissen e t a l-  > 1985a). DNA 

from these popu la t ions  were hybr id ized  w ith  the ava i la b le  probes 

f o r  two reasons. F i r s t l y ,  i t  was considered important to  v e r i f y  

t h a t  i t  was t r u l y  the 1.61 lo c i  which had been cloned and not 

another locus, cross reac t ing  w ith  the probes used. I f  the probes 

were d e r iv e d  from the  1.61 l o c i ,  i t  was expec ted  t h a t  th e  

in t e n s i t y  o f  h y b r id iz a t io n  to  1 .2 2 j ’ DNA would be approximately 

tw ic e  t h a t  seen on GUP 810 DNA, and th e re  would be no

h y b r id i z a t io n  t o  the  homologous fra g m e n t on th e  GUP 871 DNA.

Secondly, 1t was hoped th a t  the l i m i t  o f  the region o f  the 1.61 

gene locus which had been de le ted in GUP 810 and 871 might be

conta ined w i th in  the a v a i la b le  clones. I f  so, then i t  would be

p re d ic te d  th a t  a t  some p o in t  along the telomere the probes used 

would h y b r id iz e  to  the DNA from a l l  th ree popula tions w ith  equal 

I n te n s i t y .  I f  id e n t i f i e d ,  probes upstream o f  the deleted region 

cou ld  be employed in  fu tu re  s tud ies  to  Id e n t i f y  the gene, i f  any, 

wh ich  had rep la ced  1 .61 . I t  c ou ld  be th e n  d e te rm in e d  w he the r
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these  genes had become members o f  th e  m e ta c y c l ic  VSG gene 
re p e r to i  re.

F ig u re  4 .27  shows th e  r e s u l t s  o f  t h i s  a n a ly s i s  u s in g  a 

h y b r id iz a t io n  s t r in g e n c y  lower than th a t  used above. F i r s t l y ,  the 

F ig u re  re v e a ls  t h a t  f o r  a l l  p ro b e s ,  th e  2 :1 :0  r a t i o  o f  

h y b r id iz a t io n  in te n s i t y  to  the 1.61 derived sequence 1s present. 

Th is  in d ic a te s  th a t  the boundary o f  the deleted region o f  the

1.61 te lom eres in  the GUP 810 and 871 popula tions has not been 
crossed.

Secondly, a t  the lower s t r ingen cy  used in t h is  experiment, i t  

can be seen t h a t  the  c lo nes  s t i l l  show l i t t l e  ev idence  o f  

e x te n s iv e  r e i t e r a t i o n  in  th e  genome, a l th o u g h  a m a jo r  c ro s s  

re a c t in g  band 1s seen w i th  probes B,E,F and G. Probes F, G and 

e s p e c ia l ly  probe H a lso  seem to  de tec t a more h igh ly  re i te ra te d  

sequence in  the genome, which was not detected p rev ious ly . This 

is  in v e s t ig a te d  in  the next sec t ion .

T h i r d l y ,  i t  can be seen t h a t  probe H a ls o  d e te c ts  a 

r e la t i v e l y  prominent band o f  approximate ly 5 kb in the DNA from 

1 . 2 2 j ’ , bu t  no t the  o th e r  p o p u la t io n s .  T h is  is  u n l i k e l y  t o  

represen t a d ivergence between the basic copy s i te s  fo r  the 1.61 

gene in  t h i s  pop u la t ion  because t h is  would have been detected in  

th e  EcoRI d ig e s t  o f  t h i s  DNA in  th e  e x p e r im e n t  d e s c r ib e d  in  

s e c t io n  4 .1 3 .  I t  would a ls o  have r e s u l t e d  in  e q u iv a le n t  

h y b r id iz a t io n  in t e n s i t ie s  between the 18kb H in d l l l  band detected 

w i th  probes H, I  and J on 1.22j  ’ and the GUP 810 DNAs. A more 

l i k e l y  e x p la n a t io n ,  th e n ,  i s  t h a t  t h i s  band re p re s e n ts  

h y b r id iz a t io n  to  a cross reac t ing  fragment unlinked to  the 1.61 

gene environment which is  polymorphic between the popula tions. 

The r e p e t i t i v e  nature  o f  the sequences detected w ith  t h is  probe 

make t h i s  q u i t e  l i k e l y ,  p a r t i c u l a r l y  i f  th e  sequence is  

a s s o c ia te d  w i th  o th e r  VSG gene te lo m e re s  s u s c e p t ib le  to  

recom bination (see sec t ion  4 .17 ).
F in a l l y ,  the experiment shows th a t  w ith  GUP 810 DNA there is  

h y b r id iz a t io n  o f  the probes B and D to  a band not detected in 

e i t h e r  o f  the  o th e r  two popu la tions . These bands are probably due 

to  incomplete d ig e s t io n  o f  t h i s  DNA, because on long exposures 

the  1.22j ’ DNA a lso  con ta ins  these, a lb e i t  weakly. This, however,
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1 2  3 4

70 bp ESAG 1 ESAG 1 ESAG 2(5 ) ESAG 3

1 2 3 4  1 2 3 4  1 2 3 4  1 2 3 4  1 2 3 4

Figure 4.28; Examinat ion o f  r e p e t i t i v e  regions on the 1.61 locus.  
Lanes a re ,  r e s p e c t i v e l y ,  (1 )  p lambda X6 d i g e s t e d  w i t h  
Xbal / Hind l l l . (2)  plambda X6 d igested w i th  BamH I / Hind l l l , (3)
plambda X5 d igested w i th  BamH I / Xbal , (4)  pTg221-8 (Kooter e t  a l . .
1987) d iges ted  w i th  PvuI I .  For each panel the probes used and 
s t r ingen cy  employed are shown. ESAG probes were der ived  from 
pTg221-8. Each ESAG probe con ta ins  the complete gene, excep t ing  
the probe f o r  ESAG 2, which i s  der ived from the 5 ’ end o f  the 
gene.
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cannot f u l l y  e x p la in  the bands, because they are not seen w ith  

a l l  the probes used. This was s u rp r is in g  because the in d iv id u a l  

lanes on the gel c o n ta in in g  GUP 810 DNA had been loaded from a 

s in g le  bu lk  DNA d ig e s t io n .  The b lo ts  have also been rehybr id lzed  

w i th  the in s e r t  o f  a plasmid con ta in ing  pa r t  o f  the expression 

locus f o r  ILTat 1.22, another M-VSG gene there was no sign o f  

p a r t i a l  d ig e s t io n  (no t shown). An a l te rn a t iv e  p o s s ib i l i t y ,  then, 

i s  t h a t  some s i t e s  on the  te lo m e re  are  le s s  s u s c e p t ib le  to  

c leavage  in  t h i s  p o p u la t io n .  Tha t t h i s  e x t r a  band i s  most 

p rom inen t w i th  those  probes d e r iv e d  from  the  re g io n s  o f  th e  

expression s i t e  most proximal to  the telomere might imply th a t  a 

n u c le o t id e  m o d i f i c a t io n  s i m i l a r  t o  t h a t  seen on i n a c t i v e  

bloodstream expression lo c i  1s present here (Bernards e t a l . ,  

1984; see s e c t io n  1 .1 1 ) .  The m o d i f i c a t i o n  would need t o  be 

d i f f e r e n t ,  however; a lthough the H in d l l l  cleavage s i t e  conta ins a 

GC d in u c le o t id e  in  common w i th  P s tI  and PvuI I  (enzymes p rev ious ly  

seen to  be s u b je c t  t o  i n h i b i t i o n  by te lo m e re  m o d i f i c a t i o n ) ,  

in h ib i t i o n  o f  Hind l l l  has not been p rev ious ly  detected. Why there 

would be no p a r t ia l  cleavage o f  the ILTat 1.22 locus is  a lso not 

c le a r  as t h i s ,  too , is  an M-VSG gene expression locus and was 

p ro b a b ly  no t  a c t iv e  1n the  GUP 871 trypanosom es used f o r  DNA 

p re p a ra t io n ,  those being derived from estab lished bloodstream 

in fe c t io n .

4.17 Examination o f  the  r e p e t i t i v e  sequences on the 1.61 clones.

The obse rva tion  th a t  some o f  the probes used in section 4.16 

h y b r id iz e d  to  o the r  sequences in  the genome prompted an ana lys is  

o f  th e  a v a i la b le  c lones  f o r  f e a tu r e s  c h a r a c t e r i s t i c  o f  

b loods tream  VSG exp ress ion  l o c i .  T h e re fo re ,  th e  lambda 1.61 

subclones plambda X6 and plambda X5 (spanning from 1.5kb 5 o f  

the  VSG gene to  14 kb upstream) were hybrid ized w ith  the f i r s t  

fo u r  fe a tu re s  seen in  the VSG 221 expression s i t e ;  70bp repeat 

sequence and ESAGs 1, 2 and 3. (Bernards e t  a l . , 1984; Kooter et 

al_., 1987).
The r e s u l t in g  autoradiograms show th a t  both 70bp repeats and 

ESAG 1 appear to  h y b r id iz e  to  the clones (Figure 4.28). The area
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h y b r id iz in g  to  the 70bp repeats is  the same as th a t  as had been 

detected  p re v io u s ly  in  the c lon ing  o f  pMT1.61-4. The in te n s i t y  o f  

h y b r id iz a t io n  to  t h i s  fragment, which was Known to  conta in  ju s t  

two 70bp repeat m o t i fs ,  and the low s tr ingency  employed (2xSSC, 

50 C), in d ic a te s  th a t  the re  is  probably a complete absence o f  

these  m o t i f s  on the  remainder o f  th e  c lo n e d  a rea .  The 221-8 

plasmid ( lane  4, F igure 4.28; the amount o f  DNA is  less in  t h is  

lane than the o the rs ,  making i t s  e th id ium image ra the r weak) a lso 

h y b r id iz e s  to  70bp repeat sequence. This is  as expected; there 

are a small number o f  70 bp repeats between the ESAG 1 and the 

pseudo VSG gene in  the  221 e x p re s s io n  s i t e  (B e rna rds  e t  a l .  ,
1985).

The ESAG 1 probe a lso  de tec ts  sequence on the 1.61 clones, in 

the reg ion from which the r e p e t i t iv e  probe H had been derived. 

The autoradiogram a lso  reveals h y b r id iz a t io n  to  the fragment on 

the 1.61 telomere con ta in in g  the 70 bp repeats. As above, t h is  is  

due to  the presence o f  these repeats w i th in  the region o f  the 221 

te lom ere used to  c o n s tru c t  the ESAG 1 probe. This h y b r id iz a t io n ,  

however, is  much reduced a t  high s tr ingency  (O.IxSSC, 65°C). The 

reg ion o f  the 1.61 telomere showing ESAG 1 homology also shows a 

less in tense h y b r id iz a t io n  a t high s tr ingency . Together w ith  the 

la c k  o f  apparen t c ross  h y b r id i z a t io n  on genomic DNA o f  t h i s  

fragment a t  h igh s tr ingen cy  (F igure 4.26, probe H), t h is  seems to  

in d ic a te  t h a t  th e  ESAG on the  1.61 te lo m e re  m igh t be q u i t e  

d iverged from o th e r  such genes in the trypanosome genome.

N e ithe r  ESAG 2 o r ESAG 3 hybr id ized  on the 1.61 clones, even 

a t  low s t r in g e n c y  (2xSSC, 50°C). The presence o r  absence o f  

o th e r  I d e n t i f ie d  ESAGs on bloodstream VSG expression lo c i  has not 

been assayed. The lack o f  genomic repe t it iveness  o f  the cloned 

reg ions beyond the region which hybrid ized to  ESAG 1, even a t 

moderate s t r in g e n c y  (65°C, 2xSSC; F ig u re  4.27 ) ,  and th e  

conse rva tion  o f  ESAG gene order on bloodstream expression lo c i  

makes t h e i r  presence u n l ik e ly .
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Figure 4.29; An ana ly s is  o f  nascent t r a n s c r i p t s  from the ILTat
1.61 gene locus in  m e tacyc l ic  der ived organisms. Panel A shows an 
e th id ium s ta ined  gel o f  pMT1.61—1 d igested w i th  Hind l l l / Xbal  
( lane 1), plambda X6 d iges ted  w i th  Hind l l l / BamHI ( lane 2) and 
plambda X5 d ig e s te d  w i t h  Xbal / P s t I . Panel  B i s  t h e  same ge l  
hyb r id ized  w i th  nascent t r a n s c r i p t s  obtained in  the absence o f  
the  drug a l p h a - a m a n i t i n . Panel C i s  t h e  n a s c e n t  t r a n s c r i p t s  
der ived in  the presence o f  500ug/ml a lpha-am an i t in  hyb r id ized  
w i th  a d u p l i c a te  b l o t  t o  t h a t  used in  panel B. Below i s  shown a 
map t o  i n d ic a te  the p o s i t i o n s  o f  the var ious  bands la b e l le d  on 
panels A, B and C w i th  respect  t o  the ILTat  1.61 VSG gene.
0.5XSSC, 65°C.
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4 .18  T r a n s c r ip t io n a l  A n a ly s is  o f  th e  IL T a t  1.61 Locus in  

Trypanosomes E xp ress ing  t h i s  Gene as i t  i s  A c t iv a te d  in  th e  
F ly .

Using the model system described in chapter 3 o f  t h is  th e s is ,  

i t  is  poss ib le  to  ob ta in  ju s t  s u f f i c ie n t  m etacyclic  clone derived 

trypanosomes to  pe rfo rm  an a n a ly s is  o f  m e ta c y c l ic  fo rm  VSG 

t r a n s c r ip t i o n .  The trypanosomes fo r  t h is  were cloned d i r e c t l y  

from ts e ts e  f l y  s a l iv a  by Dr J.D Barry and grown fo r  seven days 

in  m ice. From these  mice a p o p u la t io n ,  termed 1 .6 1 r ,  was 

i d e n t i f i e d  which expressed the ILTat 1.61 gene to  a high le v e l .  

Nucle i were prepared from these pa ras ites  according to  the method 

o f  Kooter e t  a]_. (1984) and cryopreserved by Dr S.Graham.

The c ryo p re se rve d  n u c le i  were s u b je c te d  to  a ‘’ ru n -o n "  

t r a n s c r i p t i o n a l  assay both in  th e  presence and absence o f  

500ug/ml a lpha-am an it in .  F i l t e r s  con ta in ing  digested pMT1.61—1, 

plambda X6 and plambda X5 (rep resen ting  the e n t i r e  cloned area o f  

the  1.61 gene locus) were hybr id ized  a t 65°C fo r  72 hours and 

then washed to  a s tr ingen cy  o f  65oC, 0.5xSSC. The need to  is o la te  

trypanosomes in  as sho rt  a time as possib le  a f te r  leaving the 

t s e ts e  f l y  means t h a t  ve ry  l i m i t i n g  amounts o f  m a te r ia l  are  

a v a i la b le  f o r  "run-on" t ra n s c r ip t io n a l  analyses. For t h is  reason, 

i t  was necessary to  use b lo ts  o f  as small a s ize possib le and to  

incubate d i s t i n c t  b lo ts  w ith  the same hy b r id iz a t io n  s o lu t io n  

co n se cu t ive ly .

Thus, a f t e r  h y b r id iz a t io n ,  the h y b r id iz a t io n  so lu t io n  was 

re ta in e d  and rehyb r id ized  w ith  b lo ts  conta in ing  plasmid d igests  

o f  cloned trypanosome tu b u l in  and ribosomal genes. These con tro l 

f o r  a lpha-am an it in  a c t i v i t y ;  tu b u l in  genes are transcr ibed  by RNA 

polymerase I I ,  which is  r e la t i v e ly  s e n s i t iv e  to  the drug, w h ile  

ribosomal genes are t ran sc r ibed  by the r e la t iv e ly  re s is ta n t  RNA 

polymerase I  (K o o te r  and B o rs t ,  1984). Thus, th e  r iboso m a l 

t r a n s c r i p t  h y b r id iz a t io n  should be the same between the two sets 

o f  c o n d it io n s ,  w h ile  tu b u l in  t ra n s c r ip t  h yb r id iz a t io n  should be 

g r e a t ly  depressed 1n the run-on c a rr ie d  out in  the presence o f  

a lpha -am an it in .  In  f a c t ,  n e i th e r  o f  these b lo ts  produced any 

s ig n a l a f t e r  exposure, probably due to  a f a i l u r e  in  b lo t t in g .
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Neverthe less, the h y b r id iz a t io n  s o lu t io n  was again re ta ined and 

re h yb r id ize d  w ith  a fu r th e r  b lo t  o f  the plasmid clones o f  the

1.61 te lom ere; pMT 1.61 — 1, 4, 5 and 6. This was performed 1n order 

to  reso lve  any h y b r id iz a t io n  to  fragments which co-migrated on 

th e  o r i g i n a l  b l o t .  F i l t e r s  were h y b r id iz e d  f o r  72 hours  and 
washed to  65°C, 0.5x SSC.

F igures 4.29 shows th a t  there is  h y b r id iz a t io n  to  the cloned 

areas o f  the 1.61 te lomeres, and th a t  t h is  term inates w i th in  the 

a v a i la b le  c lones. To the 3 ’ s ide , the leve l o f  h y b r id iz a t io n  on 

the  1.3 kb fragment o f  pMT1.61-1 (fragment 1) is  approximately 

h a l f  th e  i n t e n s i t y  o f  the  1.5kb f rag m en t above ( f ra g m e n t  2 ) .  

Since the 1.3 kb fragment covers the VSG gene and downstream, 

t h i s  may in d ic a te  t ra n s c r ip t io n  te rm ina tion  beyond the gene, 

ra th e r  than a progression o f  t ra n s c r ip t io n  to  the l i m i t  o f  the 

cloned reg ion . The upstream l i m i t  o f  t ra n s c r ip t io n  f a l l s  w i th in  

th e  area rep resen ted  on plambda X6. On th e  i n i t i a l  b l o t ,  co 

m ig ra t io n  o f  fragments made i t  d i f f i c u l t  to  determine whether 

t r a n s c r ip t i o n  proceeded in to  the more upstream 900bp Hind l l l  

fragment (fragment 5) because th is  co-migrated w ith  the 900 bp 

fragment o f  plambda X6 which contains the 70bp repeats (fragment 

3 ) .  R e h yb r id iz a t io n  w ith  the plasmid b lo t  (Figure 4.30) revealed 

no h y b r id iz a t io n  to  pMT1.61-6 (conta in ing  the upstream 900bp 

fragm en t) ,  however, in d ic a t in g  th a t  t ra n s c r ip t io n  probably begins 

w i t h in  th e  1900 bp H in d i I I  fragm ent im m e d ia te ly  downstream 

(fragment 4, F igure 4.29; Fragment 6, Figure 4.30). The weakness 

o f  h y b r id iz a t io n  to  the plasmid b lo t ,  p a r t ic u la r ly  on sm aller 

f rag m en ts  makes t h i s  e q u iv o c a l ,  however. D e sp ite  t h i s ,  th e  

f a i l u r e  to  d e te c t  h y b r id iz a t io n  to  the ava i lab le  1.61 gene locus 

c lones beyond band 5 suggests th a t  the 1.61 t ra n s c r ip t io n  u n i t  is  

unusua l ly  s h o r t ,  probably extending no more than 4.3 kb upstream 

o f  the  cDNA h y b r id iz in g  region in  the expression s i te .

There was no evidence o f  h y b r id iz a t io n  t o  the  re g io n  

c o n ta in in g  th e  ESAG 1 h y b r id iz in g  re g io n ,  even a t  p ro lo n g e d  

exposures.
The p a t t e r n  o f  h y b r id iz a t io n  i s  th e  same f o r  a lp h a - a m a n i t in  

t re a te d  and untrea ted  n u c le i ,  although i t  1s much weaker in  the 

fo rm e r .  T h is  may im p ly  s e n s i t i v i t y  t o  th e  d ru g ,  a l th o u g h  th e

109



f a i l u r e  o f  the  c o n t r o l  b lo ts  makes t h i s  e q u iv o c a l .  P re v io u s  

analyses o f  t r a n s c r ip t io n  o f  the ILTat 1.61 gene using the cDNA 

c lo n e  have in d ic a te d  t h a t  i t  i s  a lp h a  a m a n i t in  i n s e n s i t i v e  

(S.Graham, unpublished).

A f u l l  summary o f  the in fo rm ation  derived about the ILTat

1.61 gene lo c i  is  summarised in  Figure 4.31.
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Discuss ion

1. D i f f i c u l t i e s  in  C loning the ILTat 1.61 Expression Loci
in  Plasmids

Th is  chap ter has described the c lon ing  and c h a ra c te r iz a t io n  

o f  a m e ta c y c l ic  exp re ss io n  locus  f o r  th e  gene encod ing  IL T a t  

1.61. Clones f o r  t h i s  locus had never been p rev ious ly  is o la te d  

from  trypanosome genomic l i b r a r i e s  ( S h ie ls ,  1990) and 

d i f f i c u l t i e s  in  t h e i r  i s o la t i o n  have been enco un te red  h e re .  

S p e c i f i c a l l y ,  I  have f a i l e d  t o  i s o l a t e  as a s in g le  i n s e r t  a 

reg ion  ex tend ing from an EcoRI s i t e  represented w ith in  pMT1.61—1 

t o  a BamHI s i t e  4.7 kb upstream, a l th o u g h  t h i s  re g io n  was 

s u c c e s s fu l ly  subcloned la te r  from lambda 1.61.

D i f f i c u l t i e s  in  c lo n in g  VSG e x p re s s io n  s i t e s  have been 

f re q u e n t ly  encountered by o thers. Van der Ploeg e t al.. (1982) 

screened cosmid banks fo r  the presence o f  the ELC o f several VSG 

genes and found none, desp ite  the ready is o la t io n  o f  basic copy 

c lo n e s .  T h is  was no t due to  the p a u c i t y  o f  r e s t r i c t i o n  s i t e s  

between VSG genes and the  chromosome end r e s u l t i n g  from  th e  

r e p e t i t i v e  n a tu re  o f  te lo m e r ic  sequences (B la c k b u rn  and 

C ha llone r ,  1984); the c lon ing  o f  s p e c i f ic  r e s t r ic t io n  fragments 

a lso  f a i l e d .  This was probably due, instead, to  the presence o f  a 

la rge  number o f  70 bp repeat m o ti fs  in expression s i te s .  The 

presence o f  a long repea t a r ra y  was no t  th e  prob lem  1n th e  

c lo n in g  d e s c r ib e d  here , however; o n ly  a s h o r t  70 bp re p e a t  

h y b r id iz in g  region was id e n t i f ie d  on the telomere and th is  area 

was re a d i ly  cloned in  pMT1.61-4. This length o f  repeats has also 

not presented c lo n in g  d i f f i c u l t i e s  in o ther analyses (A line  e t 

a l . , 1985; F lo re n t  e t  a l . . , 1987; Shah e t a l - , 1987).

A n o th e r  im p o r ta n t  de te rm in a n t in  th e  a b i l i t y  t o  c lo n e  

s p e c i f i c  DNA fragments is  the competence fo r  recombination o f  the 

b a c te r ia l  host.  In  the experiments described here, the recF host 

s t r a in  E .c o l i  DS941 was used e a r ly  on, wh ile  recA s t ra in s  were
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used subsequently (E; c o U  HB101, DS902, DH5 a lpha). Although recF 

hosts are more prone to  rearrang ing  Inserted sequences than rec A 

hosts , t h i s  1s u n l ik e ly  to  have resu lted  in  the f a i l u r e  to  clone 

the des ired  plasmid in s e r t  in  the constructed l i b r a r ie s :  the 

lambda 1.61 subclones o f  the same areas were re a d i ly  generated 

and propagated in  E. c o l i  DS941 and the ClaI~ BamHI l i b r a r y  was 

re p la te d  on to  E . c o l i  DS902, wh ich  i s a rec A m u ta n t .  An 

a l t e r n a t i v e  p o s s i b i l i t y ,  th e re fo re ,  concerns the r e s t r ic t io n  

s ta tu s  o f  the host s t ra in s  used. This describes the a b i l i t y  o f  

the b a c te r ia l  host to  recognise exogenous DNA on the basis o f  

n u c le o t id e  m o d if ic a t io n  a t p a r t ic u la r  sequences (reviewed by 

Ra le igh , 1987). Sequences con ta in ing  such s i te s  are cleaved and 

are , thus , absent from l i b r a r ie s  conta in ing  fo re ign  genomic DNA.

T h is  i s  a ls o  u n l i k e l y  to  have been re s p o n s ib le  f o r  th e  

f a i l u r e  to  c lone in  plasmids pa r t  o f  the 1.61 expression lo c i ,  

however: a l l  plasmid s t ra in s  used were de fec t ive  fo r  e i th e r  the 

EcoK o r  EcoB r e s t r i c t io n  systems. S im i la r ly ,  the a l te rn a t iv e  

r e s t r i c t i o n  systems, mcr and mar (modified cytosine r e s t r ic t io n ,  

m o d i f ie d  adenosine r e s t r i c t i o n )  canno t have ope ra ted  on th e  

f rag m en ts  be ing  c loned : w h i l s t  th e  mcr and mar s ta tu s  o f  th e  

hos ts  used in  the  i s o la t i o n  o f  p lasm id  c lo n e s  was g e n e r a l l y  

unknown, the lambda 1.61 clone was iso la ted  from a host s t ra in  

f u l l y  mcr and mar competent.

F i n a l l y ,  the  f a i l u r e  to  i s o la t e  the  d e s ire d  c lo n e s  was 

probab ly  not due to  the is o la t io n  o f  in s u f f ic ie n t  recombinants; 

the cons truc ted  P s tl - Clal  l i b r a r y  contained 7 id e n t ic a l clones 

de r ived  from a cross reac t ing  fragment. The degree o f  homology 

th a t  t h i s  fragment showed w ith  the fragment o f  pHT 1.61—1 which 

d e te c te d  i t  and i t s  r e la t i v e  i n t e n s i t y  a f t e r  Sou the rn

h y b r id iz a t io n ,  ind ica ted  th a t  t h is  fragment was probably o f  

s im i la r  copy number in  the genome as the desired fragment. The 

number o f  recom binants  is o la te d  from  th e  CJLal-BamHI l i b r a r y  

shou ld  a ls o  have been s u f f i c i e n t  t o  c lo n e  th e  1.61 d e r iv e d  

fragment, when transformed in to  both DS941 and DS 902. The CJal 

EcoRI l i b r a r y ,  however, p ro b a b ly  r e s u l t e d  in  i n s u f f i c i e n t  

recombinants to  expect to  clone the 10kb Clal-EcoRI fragment o f  

the 1.61 locus and even these were unstable.
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2. I n s t a b i l i t y  of  lambda 1.61.

There was a d d it io n a l  evidence o f  i n s t a b i l i t y  in the iso la te d  

lambda c lo n e s  w i th  a tendency f o r  d e le t io n  o f  th e  probe 

h y b r id i z i n g  re g io n  and c i r c u m s ta n t ia l  ev idence  f o r  a p p a re n t  

rearrangement a t  one end o f  the clone. The I n i t i a l  I n s t a b i l i t y  in 

the  l i b r a r y  may have been due to  i t s  primary p la t in g  on the rec 

A+ hos t  EL c o l i  P2392. Th is  was e s s e n t i a l ,  however; th e  low 

recombinant le ve l in  the l i b r a r y  necessitated se lec t ion  aga inst 

non recombinants by using spi se le c t io n  system which requ ires a 

recombination competent host (Sorge, 1988). In any case, t h is  may 

not have mattered because the phage showed continued i n s t a b i l i t y  

when propagated 1n the recombination d isabled E .co l i  NH621 and 

the  l i b r a r i e s  o f  S h ie ls  (1990) were constructed using t h is  host.

Upstream sequences in  the expression s i t e  may have caused the 

i n s t a b i l i t y  o f  the lambda in s e r t  and th is  has precedent in  the 

c lo n in g  o f  o th e r  VSG gene lo c i .  Kooter e t aL_ (1987) f a i le d  to  

is o la te  a c lone from a region in the 221 expression s i t e  around 

30 kb from the VSG gene and Zomerdijk e t ajk (submitted) have 

d iscovered a s e r ie s  o f  50bp repeats re fra c to ry  to  c lon ing  5 ’ o f  

the  VSG promoter in  the same expression s i te .  These 50 bp m o ti fs ,  

l i k e  the 70bp repeat reg ion, form r e s t r ic t io n  s i te  barren regions 

and produce a h y b r id iz a t io n  smear on Southern b lo ts .  There was no 

evidence o f  these repeats w i th in  the clone plambda X5, the most 

upstream s ta b le  plasmid c lone, however; h yb r id iza t io n  o f  i t s  5 ’ 

te rm inus d id  not reveal i t  to  be ex tens ive ly  re i te ra te d  in the 

genome.

3. S t ru c tu re  o f  the ILTat 1.61 basic copy locus.

Approx im ate ly  16kb o f  the ILTat 1.61 basic copy lo c i have 

been c loned. Progressive r e s t r ic t io n  mapping during the is o la t io n  

o f  p lasm id  c lo nes  and the  r e s u l t s  in  s e c t io n  4.13 have no t  

i d e n t i f i e d  th e  2 kb in s e r t io n  in  one o f  the  two b a s ic  copy 

te lom eres reported  by Cornelissen e t a l .  (1985a). This 1s simple 

to  e x p la in .  Corne lissen e t  a L  (1985a) used the PTcV21-15 cDNA
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clone to  map s i t e s  upstream on the two basic copy l o c i . Where an 

in s e r t io n  in  one locus i s  reported , i t  is  on ly  w ith  enzymes which 

do not cu t w i t h i n ,  o r  downstream o f  the region h y b r id iz in g  to  the 

cDNA probe. These fragments, th e re fo re ,  run a l l  the way from the 

r e s t r i c t i o n  s i t e s  down to  the chromosome ends, a d is tance  between 

18 and 25 kb. In  these  e x p e r im e n ts  i t  wou ld  n o t  have been 

p o s s ib le  to  d i s t i n g u i s h  the  d i f f e r e n c e  in  te lo m e re  le n g th  

between th e  two cop ies  from an ups tream  i n s e r t i o n  between 

r e s t r i c t i o n  s i t e s .  The r e la t i v e l y  h igh re s o lu t io n  Southern b lo t  

shown in  F igure 4.20, and the use o f  c lones spanning the region 

o f  th e  p r e d ic te d  d iv e rg e n c e  c l e a r l y  r e s o lv e s  no d i f f e r e n c e  

between the two te lom eres.

The absence o f  r e s t r i c t i o n  map d i f fe re n c e s  between the two 

bas ic  copy lo c i  means th a t  the areas cloned are probably der ived  

a t  random from p a r ts  o f  both, ra th e r  than being rep resen ta t ive  

o f  one o r  o th e r .  Th is  should not m a tte r ,  provided the two are as 

homologous as they appear to  be by mapping. Any divergence a t  the 

le v e l  o f  s in g le  n u c le o t id e s  w i l l  a f f e c t  n e i t h e r  th e  genomic 

s t r u c tu r a l  a n a ly s is  o r  the t r a n s c r ip t io n a l  ana ly s is ,  which both 

r e ly  on h y b r id iz a t io n .  Future analyses on promoter sequences, 

however, may need to  account f o r  t h is .

The a n a ly s is  o f  the  s t r u c t u r e  o f  th e  1.61 l o c i  by

h y b r id iz a t io n  has revealed th a t  they are la rg e ly  composed o f

sequence in  low copy number in  th e  genome w h ich  c o n t r a s t s  

s t ro n g ly  w i th  what has been found f o r  bloodstream VSG expression 

s i t e s  a t  s t r in g e n c ie s  h igher than were used here (Kooter e t  a l . , 

1987; Pays e t  a j .  , 1989a). The 1.61 c lones, however, do show fo u r  

r e p e t i t i v e  reg ions.

F i r s t l y ,  th e  3 ’ h a l f  o f  pMT1.61-1 h y b r id iz e d  t o  m u l t i p l e  

bands a t  h igh  s tr in g e n c y  (F igu re  4 .3 .2 ) .  This is  probably due to  

the  c lone bearing  the sub te lom eric  sequences found downstream o f  

many VSG genes (Van der P loeg e t  a l .  , 198 4c ) .  The c ro s s

h y b r id iz a t io n  is  not due to  homologies w i th in  the 3 ’ h a l f  o f  the

VSG gene i t s e l f ,  because the cDNA In s e r t  does not de tec t these 

m u l t ip le  bands a t  the  same s tr ingen cy  (F igu re  4 .26 ) .

S e cond ly ,  around ! .5 k b  upstream  o f  th e  cDNA h y b r i d i z i n g  

reg ion  i s  the  70bp repeats which, as mentioned above, cover a
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very  sh o r t  area. T h e ir  leng th  is  very unusual, being more s im i la r  

to  the e x te n t  o f  repeats upstream o f  chromosomal in te rn a l  VSG 

genes (Van der Ploeg e t  a l . , 1982) than the 5-30 kb ex ten t o f  

repeats o f te n  assoc ia ted  w i th  te lo m e r ic  expression s i te s  (Van der 

Ploeg e t  aJL , 1982; Laurent e t  a l .  , 1984a). I t  is  in  agreement, 

however, w i th  the  observed absence o f  a barren region on the M- 

VAT bas ic  copy lo c i  examined by Lenardo e t  a j .  (1984), a lthough 

in  those cases the re  were no repeats whatsoever (Lenardo e t  a l . , 

1986).

T h i r d ly ,  beyond the  70 bp repeats was found a sho r t  reg ion , 

a p p a ren t ly  double copy in  the trypanosome genome (sec t ion  4 .12 ).  

Th is  reg ion  does not in d ic a te  a d ivergence between the 1.61 basic 

copy l o c i ;  as above, probes h y b r id iz in g  to  fragments spanning 

t h i s  reg ion  d e te c t  no d ivergence. Ins tead, then, t h is  is  probably 

s im p ly  a reg ion  w i th  cross homology in  the genome, s im i la r  to  

t h a t  which re s u lte d  in  the erroneous c lo n in g  o f  pMT1.61-3. Many 

o th e r  probes f o r  the 1.61 locus a lso  seem to  p ick  up one o r two 

major cross re a c t in g  bands. These do not seem to  be associated 

w i th  th e  1.61 lo cus  as th e y  a re  p re s e n t  in  th e  GUP 871 

trypanosome l in e  which has no copies o f  t h is  gene. They cou ld , 

however, represen t h y b r id iz a t io n  to  another expression s i t e  o r  a 

l im i te d  number o f  s i t e s  w i th  which the 1.61 locus shows p a r t ia l  

homology over some d is tan ce . For example, i t  is  poss ib le  th a t  the

1.61 locus is  s u s c e p t ib le  to  in fre q u e n t  p a r t ia l  conversions, or 

t h a t  the  locus was de r ived  from another locus by a la rge s in g le  

convers ion event a f t e r  which the sequences have diverged. Such 

la rge  convers ion events have been seen p re v io u s ly  1n bloodstream 

express ion  s i t e s  (Pays e t  al_. , 1983c; Bernards e t  a l . , 1986a).

A gene convers ion process may have resu lted  in  the appearance 

o f  th e  f o u r t h  r e p e t i t i v e  re g io n  on th e  c lo n e s ,  w h ich  shows 

s i m i l a r i t y  to  Expression S i te  Associated Gene 1. The use o f  DNA 

probes f o r  ESAG 1 r e s u l t  in  a s trong  h y b r id iz a t io n  to  17-25 bands 

in  trypanosome genomic DNA from several subspecies, even a t  high 

s t r in g e n c y  (C u l ly  e t  aj_., 1985; Kooter e t  a l . , 1987). With the 

ESAG 1 homologue on the 1.61 locus, however, h y b r id iz a t io n  a t the 

same s t r in g e n c y  is  f a r  less  in tense . This might in d ic a te  th a t  the 

ESAG here is  d iverged and even a pseudogene. Although t h is  area
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would need to  be sequenced to  t e s t  t h i s ,  the re  is  precedent f o r  a 

c r ip p le d  ESAG in  the te lo m e r ic  basic copy locus f o r  the AnTat 1.3 

gene. The environment f o r  t h i s  gene resembles a bloodstream VSG 

e x p re s s io n  s i t e  bu t i s  a p p a r e n t ly  u n a b le  t o  be used f o r  VSG 

t r a n s c r ip t i o n  (A lexandre e t  aj_. , 1988).

Other s tud ie d  m e ta cyc l ic  bas ic  copy gene lo c i  have been found 

to  con ta in  an ESAG 1 sequence u n i te r ru p te d  by stop codons (Son e t  

a l .  , 1989) e x c e p t in g  t h a t  encod ing  IL T a t  1.22 ( S h ie l s  e t  a l  . , 

s u bm it ted ) .  Th is  l a t t e r  express ion locus a lso shows less cross 

homology than the 1.61 locus w ith  o the r sequences in the genome.

No o th e r  ESAGs have been detected in  the 1.61 locus, a lthough 

from bloodstream express ion s i t e  analyses they might be p red ic ted  

to  be present w i th in  the 5.5 kb upstream o f  the ESAG1 re la te d  

sequence. A lexandre e t  £L. (1988) found th ree  d i s t i n c t  ESAGs

c lu s te re d  w i th in  a 6kb reg ion on the AnTat 1.3 expression s i t e ,  

as d id  Kooter e t  a l .  (1987), in  an 8kb s t re tc h  o f  the VSG 221 

locus. Chromosome w a lk ing  upstream o f  the e x is t in g  1.61 clones 

would be necessary to  determine i f  an absence or unusual spacing 

o f  ESAGs were a fe a tu re  o f  the m etacyc lic  VSG gene environment.

In  the pop u la t ions  1.22j ’ , GUP 810 and GUP 871 there  are 2, 1 

and 0 copies o f  the ILTa t 1.61 gene. H y b r id iz a t io n  o f  the DNAs o f  

these p op u la t ions  has revealed th a t  no probe derived from the 

cloned area o f  the locus de tec ts  the th ree  popula tions w ith  equal 

i n t e n s i t y .  Th is  in d ic a te s  th a t  l i m i t  o f  d e le t io n  o f  the gene 

environment has not been crossed. The d e le t io n  o f  the 1.61 lo c i  

in  the  GUG 810 and 871 pop u la t ions  m ight, th e re fo re ,  be expla ined 

by a long convers ion o f  the locus (Pays e t  a l . , 1983; Bernards e t  

a l . , 1986). An a l t e r n a t i v e  p o s s i b i l i t y  is  th a t  the locus has been 

lo s t  through sexual processes in  these pa ra s ite s .  The M-VAT genes 

are on the  trypanosomes la rg e s t  chromosomes which, u n l ik e  the 

s m a l le r  chromosomes, appear t o  con fo rm  t o  normal m ende lia n  

p r in c ip le s  du r in g  trypanosome gene tic  exchange (Sternberg e t  a l . , 

1988). S ince  s e l f  f e r t i l i z a t i o n  has been obse rved  in  th e s e  

trypanosomes (CMR Turner, personal communication), the appearance 

o f  o rgan ism s w i th  2, 1 and 0 c o p ie s  o f  th e  1.61 lo c u s  i s  

c o m p a t ib le  w i th  th e  F2 progeny o f  an F1 h e te ro z y g o te .  T h is  

p o s s i b i l i t y  has been te s te d  very re c e n t ly  and been found to  be
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probably  in c o r re c t ;  the th re e  trypanosome popu la tions  show no 

evidence o f  s e l f i n g ,  being heterozygous f o r  several gene tic  lo c i  

in  independent clones (CMR Turner, personal communication).

There was some evidence o f  a p o te n t ia l  te lomere m o d if ic a t io n  

o f  the  1.61 locus in  GUP 810 trypanosomes, which have ju s t  one

1.61 gene. I f  t h i s  is  so, i t  i s  th e  f i r s t  case in  w h ich  

r e s t r i c t i o n  enzyme c leavage  i n h i b i t i o n  has been seen f o r  a 

m e ta c y c l ic  VSG gene locus  (L e n a rd o  e t  aj_. , 1986 ).  Why such 

m o d i f ic a t io n  would be needed in t h i s  popu la tion  and not in  1 .2 2 j ’ 

trypanosomes is  not c le a r ;  in  both popu la tions  the expression 

s i t e  is  in a c t iv e .  Th is  r e s u l t  would need f u r t h e r  co n f irm a t io n  

be fore  any f i r m  conc lus ions could be drawn.

4. Expression S i te  T ra n s c r ip t io n .

A run-on t r a n s c r ip t io n a l  a n a lys is  o f  the 1.61 locus in d ic a te s  

th a t  t r a n s c r ip t i o n  begins approx im ate ly  1 to  2.5 kb upstream o f  

the 70bp repea ts , producing a primary t r a n s c r ip t  o f  about 5kb. 

Th is  assumes th a t  t r a n s c r ip t io n  te rm ina tes 3 s to  the VSG (see 

s e c t io n  4 .1 8 ) ,  in  agreement w ith  previous analyses (De Lange e t

a l . , 1986; c i t e d  in  B o rs t  e t  al_. , 1 986) b u t  in  c o n t r a s t  to

Rudenko and Van der Ploeg (1989) who suggested t r a n s c r ip t io n  

extended in to  the te lo m e r ic  repeats. This t r a n s c r ip t io n ,  however,

was not proven to  be associa ted  w i th  VSG t r a n s c r ip t io n .

A s h o r t  m e ta cyc l ic  expression locus agrees w ith  a s im i la r  

a n a ly s is  by S.Graham (unpublished observa tions) on the ILTat 1.22 

lo c u s  b u t  i s  in  sharp  c o n t r a s t  t o  th e  b lo o d s t re a m  VSG 

t r a n s c r ip t i o n  u n i t  which may be between 40 and 59 kb in  length  

(K o o te r  e t  al_. , 1987; Pays e t  al_. , 1989a; C r o z a t ie r  e t  a l . , 

s u b m it te d ) .  In  two cases a sho r t  t r a n s c r ip t io n  u n i t  has been seen 

f o r  a bloodstream locus (Shea e t aj_. , 1987; Alexandre e t  a j . . ,

1988) but in  both the apparent t r a n s c r ip t io n  s ta r t s  were w i th in  1 

Kb o f  the  most 5 ’ reg ion o f  the a v a i la b le  expression s i t e  c lones. 

The is o la t io n  o f  f u r t h e r  clones revealed th a t  the s t a r t  was, in  

f a c t ,  mere ly a sh o r t  gap p o s s ib ly  produced by polymerase pausing 

o r  le th a r g y  in  t h i s  re g io n  o r  v e ry  r a p id  p r im a ry  t r a n s c r i p t  

p rocess ing . In  the H-VAT gene locus s tud ied  here, the region
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showing an absence o f  h y b r id iz a t io n  to  run-on t r a n s c r ip ts  extends 

10 kb upstream , a le n g th  u n l i k e l y  t o  be e x p l i c a b le  by th e  

fe a tu re s  described above. There is ,  however, one a l te r n a t iv e  to  

the locus having a sh o r t  t r a n s c r ip t io n  u n i t  which is  compatib le 

w i th  th e  da ta  o b ta in e d  he re : a po lym e ra se  a b le  t o  b e g in  

t r a n s c r ip t i o n  a t  a d is ta n t  promoter and then r e - i n i t i a t e  c lose  to  

the VSG gene (Campbell e t  a I . ,  1984). Although u n l ik e ly ,  t h i s

p o s s i b i l i t y  could be te s te d  by using prim er extension methodology 

to  examine the  5 ’ ends o f  the  n a s c e n t  t r a n s c r i p t .  These 

experiments would be t e c h n ic a l l y  demanding, however, cons ide r ing  

the  very  l i m i t i n g  amounts o f  m a te r ia l  a v a i la b le  f o r  an an a lys is  

o f  m e ta cyc l ic  t r a n s c r ip t io n .

The run-on experiment showed no evidence o f  t r a n s c r ip t io n  o f  

th e  ESAG 1 homologue, a l th o u g h  th e s e  genes do appear t o  be 

t r a n s c r ib e d  in  th e  m e ta c y c l ic  model system  trypa nosom es  

(S.Graham, unpub lished ).  Th is  f u r t h e r  supports the divergence o f  

t h i s  reg ion  o f  the 1.61 locus from o the r  ESAGs and suggests 

t h a t  ESAGs need not always be t ra n s c r ib e d  c o -o rd in a te ly  w i th  a 

VSG in  t h e i r  own express ion s i t e .  This is  in  agreeement w ith  the 

a n a ly s is  o f  the  ILTa t 1.22 gene express ion , where the re  was no 

ESAG o r  ESAG homologue w i th in  18 kb o f  the VSG gene, but where 

th e re  were abundant ESAG prim ary t r a n s c r ip ts  (Graham and B a r ry , in  

p re p a ra t io n ) .  S im i la r l y ,  uncoupled ESAG and VSG t r a n s c r ip t io n  has 

been seen in  p ro c y c l ic  form p a ra s i te s  (Alexandre e t  a l . , 1988; 

Pays e t  a l .  , 1989a). Assuming t ra n s c r ib e d  ESAGs in  m e tacyc lic  

de r ive d  p a ra s i te s  are in  another VSG expression locus, i t  is  

apparent t h a t  they can be expressed using a d i f f e r e n t  c o n tro l  

mechanism to  the VSG gene I t s e l f ,  a t  le a s t  a t  t h i s  p o in t  in  the 

l i f e  c y c le .  T h is  may be ach ieved  th ro u g h  th e  use o f  e i t h e r  

d i s t i n c t  p rom ote rs  o r  t r a n s c r i p t i o n  f a c t o r s  o r  may employ 

t r a n s c r ip t i o n  te rm in a t io n  to  prevent downstream VSG expression. 

The long a rrays  o f  70bp repeats on bloodstream expression l o d  

may a s s is t  in  t h i s  t r a n s c r ip t i o n a l  is o la t io n  o f  d i s t i n c t  regions 

o f  th e  e x p re s s io n  s i t e ,  by t h e i r  AT r i c h  s t r e t c h e s  a c t in g  as 

t r a n s c r ip t i o n  te rm in a to rs ,  f o r  example, o r  by t h e i r  p o te n t ia l  

a b i l i t y  to  d e l in e a te  chromatin domains. Such A T -r ich  s tre tches  

have been im p l ic a te d  in  both mammalian (LeMeur e t  a l . , 1984) and
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yeast (H e n ik o f f  and Cohen, 1984) t r a n s c r ip t io n a l  te rm in a t io n ,  and 

are  a ls o  t a r g e ts  f o r  enzymes c o n t r i b u t i n g  t o  c h ro m a t in  

o rg a n iz a t io n  (Adachi e t  aJL , 1989). E i th e r  process might pe rm it 

uncoupled ESAG and VSG gene t r a n s c r ip t io n ,  but would need to  be 

under developmental c o n t r o l ,  to  perm it f u l l  expression s i t e  

t r a n s c r ip t i o n  in  the bloodstream VSG system.

5 .The M-VAT Expression S i te  and the M-VAT R eperto ire .

A s imple t r a n s c r ip t io n  u n i t  and expression s i t e  s t ru c tu re  can 

e x p la in  many o f  the p e c u l i a r i t i e s  o f  the M-VAT system. In  the 

p rev ious  chap te r ,  i t  was seen th a t  i t  m ight be advantageous f o r  

the  trypanosome to  keep i t s  M-VAT expression lo c i  d i s t i n c t  from 

those used in  the bloodstream system. This was because t h i s  could 

p re v e n t  th e  m e ta c y c l ic  c e l l s  becoming p rone  t o  f r e q u e n t  

express ion  o f  dominant B-VATs, aga ins t which hosts 1n the f i e l d  

m ight have developed immunity. The r e la t i v e l y  n o n - re p e t i t iv e  

n a tu re  o f  th e  M-VAT e x p re s s io n  l o c i  c o u ld  a s s i s t  in  t h i s  by 

l im i t i n g  t h e i r  s u s c e p t i b i l i t y  to  conversion by bloodstream VSG 

genes. Most n o ta b le  is  the  e x te n t  o f  70bp re p e a ts  on th e  

te lo m e re ,  s in c e  these  re p e a ts  o f t e n  seem t o  be in v o lv e d  in  

convers ions a t  bloodstream expression s i t e s .  By having a very 

s h o r t  s t r e tc h  o f  these repeats, as is  seen here, o r  a complete 

absence o f  them, as has been seen by o thers  (Lenardo e t  a l . ,

1986), th e  M-VAT lo c i  may be le s s  s u s c e p t i b le  t o  in v a s io n  by 

b loodstream express ion s i t e  sequences, p a r t i c u la r l y  i f  conversion 

events were s p e c i f i c a l l y  i n i t i a t e d  in  these repeats. This is  more 

f u l l y  discussed in  chap te r 5 o f  t h i s  th e s is .

A lthough the  70bp repeats m ight be the most f re q u e n t ly  used 

s ig n a ls  f o r  recom bination , o th e r  expression s i t e  homologies are 

l i k e l y  t o  be s u s c e p t ib le  t o  more g e n e r a l i z e d  re c o m b in a t io n ,  

a l b e i t  in  the longer term. I t  1s t h i s  th a t  may be responsib le  

f o r  the  r e la t i v e  i n s t a b i l i t y  o f  ILTat 1.61 as a member o f  the 

m e ta c y c l ic  r e p e r to i r e :  Barry  e t  a j .  (1983) found th a t  t h i s  M-VAT 

was l o s t  from  th e  m e ta c y c l ic  VSG r e p e r t o i r e  a f t e r  o n ly  t h r e e  

rounds o f  c y c l i c a l  t ran sm iss ion  in  the la b o ra to ry .  Perhaps, then, 

by having an ESAG re la te d  sequence and o the r  repeated areas, the
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express ion  s i t e  is  prone to  convers ion by re la te d  sequences which 

do not possess the s ig n a ls  f o r  M-VAT gene a c t iv a t io n .  A s im i la r  

s i t u a t i o n  may have been observed in  t rypanosom es  fro m  o th e r  

s tocks ;  the MVAT 4 gene locus has a gross a r c h i te c tu re  s im i la r

to  t h a t  o f  the 1.61 gene and has a lso  been reported to  be lo s t

from  th e  genome (Son e t  a l.  , 1989; Lenardo e t  a l .  , 1986 ).  In  

c o n t ra s t  to  t h i s ,  the ILTat 1.22 gene locus appears very non 

r e p e t i t i v e  w i th in  the  genome (S h ie ls  e t  a l . , subm itted; Chapter 

5, t h i s  t h e s is )  and a c c o r d in g ly  i s  v e ry  s t a b le  in  th e

m e ta c y c l ic  r e p e r to i r e  (Barry  e t  a l . , 1983). From t h i s ,  i t  appears 

t h a t  M-VAT express ion s i t e s  may not show the apparent h igh leve l 

o f  s i m i l a r i t y  seen between b lo o d s t re a m  e x p re s s io n  s i t e s

(A lexandre e t  a l . , 1988; C ro z a t ie r  e t  a l . , subm it ted ),  but may 

ins tead  show a spectrum o f  re la tedness, ranging between complete 

d i s i m i l a r i t y  and p a r t i a l  s im i l a r i t y  w ith  o the r  M-VAT lo c i  and 

bloodstream express ion s i t e s .  This might be poss ib le  in  t h i s  

system because the t r a n s c r ip t io n  u n i t  appears to  begin very c lose 

t o  th e  VSG gene, th e re b y  a l lo w in g  th e  n o n -c o d in g  ups tream  

env iro n m e n t to  d r i f t  in  sequence. T h is  e x p re s s io n  s i t e  

h e te ro g e n e ity  m ight perm it the trypanosomes both to  m ain ta in  a 

separa te  and p re d ic ta b le  M-VSG gene pool and a l low  the p o te n t ia l  

f o r  change in  r e p e r to i r e  in  the long term.

The b r e v i t y  o f  th e  t r a n s c r i p t i o n  u n i t  f o r  th e  IL T a t  1.61 

locus is  in  s t r i k i n g  c o n t ra s t  to  o the r  VSG expression lo c i  except 

t h a t  f o r  another M-VSG gene, encoding ILTat 1.22 (S.Graham and 

P .S h ie ls ,  unpublished o b s e rv a t io n s ) ,  and serves to  emphasise the 

d i s t i n c t i o n  between the bloodstream and m etacyc lic  VSG systems. 

There are a number o f  p o te n t ia l  reasons why the m etacyc lic  system 

shou ld  be so d i f f e r e n t .  F i r s t l y ,  by ke e p in g  ESAGs o u t  o f  th e  

t r a n s c r ip t i o n  u n i t ,  i t s  r e la t i v e  recombinational is o la t io n  can be 

m a in ta ined , as descr ibed above. Secondly, i t  is  poss ib le  th a t  a 

complex t r a n s c r ip t i o n  u n i t  is  not requ ired in m etacyc lics . The 

fu n c t io n  o f  no id e n t i f i e d  ESAG is  known; they may have no ro le  a t  

th e  m e ta c y c l ic  s ta g e .  They may be needed e a r l y  on in  th e  

b lo o d s t re a m , however, and t h i s  may e x p la in  why th e  p a r a s i t e  

p o s s ib ly  r e c r u i t s  ESAG expression from elsewhere in  the genome a t 

t h i s  t im e .  F i n a l l y ,  i t  may be e n e r g e t i c a l l y  i n e f f i c i e n t  t o
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m ain ta in  a huge t r a n s c r ip t i o n  u n i t  in  the m etacyc lic  stage. The 

energy a v a i l a b i l i t y  in  the f l y  s a l iv a r y  gland is  l i k e l y  to  be fa r  

more l im i te d  than in  the  bloodstream; perhaps the p a ra s i te  needs 

to  balance p readap ta t ion  f o r  l i f e  in  the mammal w ith  I t s  a b i l i t y  

to  s u rv iv e  f o r  a s u f f i c i e n t  t im e in  the s a l iv a ry  gland to  perm it 

t ra n sm iss io n .  This is  hard to  re c o n c i le ,  however, w i th  the la rge  

number o f  r a p id ly  d i v id in g  ep im astigo te  forms which c o -e x is t  w i th  

m e ta cyc l ic  c e l l s  in  the ts e ts e  f l y  s a l iv a r y  gland.

From a p r e l im in a r y  i n v e s t i g a t i o n  by Dr S.Graham, th e  

t r a n s c r ip t i o n  o f  ILTa t 1.61 does not appear to  be a lpha-am an it in  

s e n s i t iv e  (a lthough  t h i s  needs v e r i f i c a t io n )  and may th e re fo re  be 

t r a n s c r ib e d  by th e  same po lym erase  used f o r  b lo o d s t re a m  

e x p re s s io n  s i t e s .  T h is  p re s e n ts  no d i f f i c u l t i e s  f o r  th e  

f u n c t io n a l  i s o l a t i o n  o f  th e  M-VAT sys tem ; an a lp h a - a m a n i t in  

in s e n s i t i v e  polymerase a lso  seems to  t ra n s c r ib e  the in se c t  form 

su r face  molecu le , p ro c y c l in  (Konig e t  a l . , 1989; Rudenko e t  a l . ,

1989). The d i f f e r e n t  s p e c i f i c i t i e s  o f  th e  po lym erase  may be 

mediated by d i f f e r e n t  components o f  the holoenzyme. I t  would be 

in te r e s t in g  to  observe whether the m etacyc lic  system d isp layed 

the  s e n s i s t i v i t y  to  heat shown by the bloodstream system (Kooter 

and B o rs t ,  1984, Kooter e t  a± . , 1987). I t  would be p red ic ted  they 

m ight no t ,  as M-VAT express ion needs to  be maintained during  the 

tem pera ture  f lu c tu a t io n s  experienced in  the tse tse  f l y .
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Chapter  5

The a c t i v a t i o n  o f  m e ta c y c l ic  VSG genes 
in  th e  mammalian b loodstream.
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5.1 In t ro d u c t io n

In  th e  expe r im e n ts  d e s c r ib e d  in  C h a p te rs  3 and 4 o f  t h i s  

th e s is  and in  the experiments o f  S h ie ls  e t  a l .  (subm itted) i t  has 

been seen th a t  the genes f o r  two predominant M-VATs in  the EATRO 

795 s to c k ,  IL T a ts  1.61 and 1 .2 2 ,  a re  e xp resse d  w i t h o u t  

d u p l i c a t i o n  ve ry  soon a f t e r  le a v in g  th e  f l y  and, by 

e x t r a p o la t io n ,  in  the f l y  s a l iv a r y  gland. When re-expressed, 

however, in  a ch ron ic  bloodstream in fe c t io n ,  i t  is  found th a t  

both these genes become a c t iv a te d  on ly  a f t e r  generation o f  an 

express ion  l in k e d  copy (C orne lissen e t  aJL , 1985a).

The unusual fe a tu re s  o f  the expression s i te s  f o r  the ILTat

1.61 and 1.22 genes (C hap te r 4, t h i s  t h e s i s ;  S h ie ls  e t  a l . , 

s u b m it te d )  prompted an e x a m in a t io n  o f  how t h i s  d u p l i c a t i v e  

t r a n s p o s i t io n  was achieved; the 1.61 locus was found to  have on ly  

two o f  the  t ra n s p o s i t io n -a s s o c ia te d  70 bp repeats and the re  was 

no obvious r e s t r i c t i o n  enzyme "barren reg ion" in  the 1.22 gene 

locus (C orne lissen  e t  a l . , 1985a).

In  o rde r  to  examine the re a c t iv a t io n  o f  M-VAT genes in  the 

b loodstream , I  chose to  in v e s t ig a te  the d u p l ic a t iv e  a c t iv a t io n  o f  

the  1.22 gene. Th is  gene was chosen, in  preference to  the 1.61 

gene, because a r e l a t i v e l y  la r g e  number o f  t rypanosom e 

p o p u la t io n s  were a v a i la b le  which expressed t h is  gene s ta b ly  in  

mice. These pop u la t ions  were der ived from recloned popu la tions o f  

trypanosomes which fo rm e r ly  had been expressing the 1.22 gene in 

s i t u , having been is o la te d  from ts e ts e  f l y  s a l iv a ry  exudates. 

These re c lo n e d  p o p u la t io n s  have been found  i n v a r i a b l y  t o  be 

exp ress ing  the  1.22 gene v ia  an ELC, as they do in more chron ic  

in fe c t io n  (S.Graham and J.D. Barry , unpublished).

The experiments requ ired  an i n i t i a l  p a r t ia l  c h a ra c te r iz a t io n  

o f  a reg ion  proximal to  the  1.22 gene, represented in  a genomic 

p lasm id c lone , pMG 7.1-1 (Corne lissen e t  aT. ,  1985a). This was 

c a r r ie d  ou t p r io r  to  the  more ex tens ive  c h a ra c te r iz a t io n  o f  t h is  

exp ress ion  locus by S h ie ls  e t  aT. (subm it ted ).
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1.22 BC TELOMERE 

_  1 Kb

E H H E B  H H H H  b E E B H S E

J-------- 1--------- U _ J --------------L L U _I I I

Lbmbda MT 1.22B L

B P

V8Q

F igure  5 .1 ;  A: R e s t r ic t io n  map o f  the ILTa t 1.22 bas ic  copy gene 
locus and the  de r ived  c lones pMG7.1-1 and Lambda l.22B(lambda 
MT 1.22B) (C orne lissen  e t  a l . , 1985a; S h ie ls  e t  a l . , su b m it te d ) .  
H=Hind I I I , P-P s t I , X=XbaI, B-BamH I , C - C la l , E=EcoRI, S=S£hI, 
Pv=PvuII.
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4

FRAGMENTS DETECTED

5A

P v  P E

5F

□

5E
□

X P P P v B H  
« M  t I I

5C

5B

5D

□

pMG 7 . 1 - 1

PROBES USED

kb
1

SCALE

F ig u re  5 .1 ;  B: pMG7.1-1, showing p robes  used and f ra g m e n ts  
descr ibed  th roughout t h i s  Chapter.
H = H in d I I I ,  B=BamHI, P=PstI, E=EcoRI, X=XbaI, Pv=PvuII
The f i l l e d  box represen ts  the region con ta in ing  70bp repeats,
i d e n t i f i e d  in  s e c t io n  5.2 o f  t h is  Chapter.
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Kb 1 2 1 2

2
1
1 .
1 -

0 .9 8 -
0 -8 3 -

0-56

F igure  5 .2 ;  70 bp repeats on the ILTat  1.22 bas ic  copy locus . 
Lanes are P s t l / P v u I I  d iges ted  pMG7.1-1 ( lane 1) and lambda 1.22B 
( lane 2).  The l e f t  panel shows the e th id ium  s ta ined  ge l ;  the 
r i g h t  panel the DNAs h y b r id iz e d  w i th  70bp repeats f rom the VSG 
221 gene express ion locus (Bernards e t  a l . , 1985). 50°C, 2xSSC.
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5 .2  C h a ra c te r iza t io n  o f pMG 7 .1 -1

The genera tion  o f  an expression l in ked  copy seems to  r e ly  

upon hom olog ies  between VSG l o c i ,  such as th e  70bp re p e a ts  

(M iche ls  e t  aj_., 1983; L iu  e t  aj_.,1983) and, f o r  te lo m e r ic  genes, 

o th e r  express ion s i t e  homologies (Kooter e t  a l .  , 1988; Lee and 

Van der Ploeg, 1987). W h ils t  the re  was no apparent barren region 

in  the  r e s t r i c t i o n  map upstream o f  the 1.22 gene (F igu re  5 .1 ; 

updated from  C o rn e l is s e n  e t  al_. , 1 985a) t h e r e  rem a ined th e  

p o s s i b i l i t y  o f  a ve ry  s h o r t  70bp re p e a t  a r r a y  as seen on th e  

ILTa t 1.61 locus (Chapter 4, t h i s  t h e s is ) .

To determine i f  the re  were any repeats present w i th in  the 

ILTa t 1.22 express ion locus, pMG7.1-1 and lambda 1.22B, a c lone 

o f  the  locus ex tend ing 17 kb upstream o f  the 1.22 gene (S h ie ls  e t  

a l . , su b m it te d ) ,  were doubly d igested  w ith  P s tI  and PvuII and 

h y b r id iz e d  w i th  a 4.5 Kb P s t l / TaqI  fragment o f  pTg221-1, which is  

e n t i r e l y  composed o f  tandem 70 bp repeats derived from the VSG 

221 express ion  s i t e  (Bernards e t  aj_. , 1985). F igure 5.2 shows

th a t  the re  is  s p e c i f i c  h y b r id iz a t io n  o f  t h is  probe to  a 420 bp 

P s t l / PvuI I  fragment, approx im ate ly  2100bp from the 3 ’ Hind l l l  

s i t e  o f  the plasmid in s e r t  (fragment 1, F igure 5 .1 ) .  No o the r  

reg ion  o f  e i t h e r  pMG7.1-1 o r  lambda 1.22B hyb r id izes  w ith  the 70 

bp repeats probe, even a t  very prolonged exposures and a t  low 

s t r in g e n c y  (3xSSC, 42°C; not shown). This in d ic a te s  th a t  a lthough 

the  1.22 bas ic  copy locus d is p la y s  no barren reg ion , 70 bp repeat 

sequence is  present on the  te lom ere, a lb e i t  confined to  a very 

s h o r t  s t re tc h .

I d e n t ic a l  d ig e s ts  o f  pMG7.1-1 have a lso  been tes ted  f o r  the 

presence o f  expression s i t e  associated genes (ESAGs), and none 

has been found. Th is  is  not presented, having been subsequently 

repeated and presented in  S h ie ls  e t  a l .  (subm it ted ).

5 .3  Genomic v e r i f ic a t io n  o f th e  e x te n t  o f th e  70 rep ea t  

h yb rid iz in g  region

Barren reg ions upstream o f  trypanosome te lo m e r ic  VSG genes, 

be ing composed o f  tandem!y l in k e d  d i r e c t  repeats, are p o te n t ia l l y
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21  c - -  

5.0
4.7 >
3.5 —

20
1.9 . .
1.5 - -  
t3 . .

0.9 . .

Figure 5 .3 ; V e r i f i c a t i o n  the pMG7.1-1 has not de le ted  any 70bp 
repeats dur ing  c lo n in g .  Lanes are Ps t l / EcoRI d iges ted  1.22j  ’ 
trypanosome genomic DNA ( lane  1) or  the non-expressor ,  C2, DNA

o
( lane 2) hyb r id ized  w i th  probe 5A. O.IxSSC, 65 C.
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su s c e p t ib le  to  ex tens ive  d e le t io n  dur ing  c lon ing  procedures. In  

consequence, i t  was im portan t to  v e r i f y  th a t  the ex ten t o f  the 

70bp repeats on pMG 7.1-1 was rep resen ta t ive  o f  the corresponding 

reg ion in  the trypanosome genome. To do t h is  i t  was necessary to  

use a probe which d id  not con ta in  the repeats themselves, because 

t h i s  would r e s u l t  in  h y b r id iz a t io n  to  many VSG lo c i ,  but which 

would in s te a d  h y b r id iz e  t o  a f ra g m e n t  s pan n in g  t h i s  r e g io n .  

T he re fo re , a 1250 bp P s t l /P v u I I  fragment o f  pMG7.1-1 (probe 5A, 

F igure  5 .1 )  was used as a probe onto a Southern b lo t  o f  1 .2 2 j ’ 

trypanosome genomic DNA doubly d igested w ith  Ps tI  and EcoRI and 

s iz e  f ra c t io n a te d  by gel e le c tro p h o re s is .  This DNA, as described 

in  C hapter 4 o f  t h i s  s tu d y ,  is  d e r iv e d  from  e s t a b l i s h e d  

bloodstream p a ra s i te s  which express the ILTat 1.22 gene v ia  an 

express ion  l in k e d  copy. I f  pMG 7.1-1 was an undeleted clone o f  

the  e q u iv a le n t  genomic s t re tc h ,  then two bands were p red ic ted  to  

h y b r id iz e  on genomic DNA; an 830 bp fragment (fragment 2, F igure

5 .1 ) ,  c o n ta in in g  the 70 bp repeat region and a 730 bp fragment 

(fragm ent 3, F igure 5 .1 ) ,  immediate ly upstream. Figure 5 .3 , lane 

1, shows th a t  the two bands detected are o f  e x a c t ly  the expected 

s iz e  w i th  t h e i r  h y b r id iz a t io n  in te n s i t y  r e f le c t in g  the ex ten t  o f  

t h e i r  homology w i th  probe 5A: the upper band hyb r id izes  over on ly  

app rox im a te ly  h a l f  o f  i t s  length  w h ile  the lower band hyb r id izes  

over i t s  e n t i r e  leng th . Thus, to  a re s o lu t io n  o f  less than one 

repeat u n i t ,  t h i s  experiment confirm s the f i d e l i t y  o f  the cloned 

70 bp repeat reg ion from the ILTat 1.22 gene locus w ith  respect 

t o  the  trypanosome genome.

Lane 2 o f  F igure 5.3 shows the same experiment performed on 

the DNA o f  a trypanosome popu la t ion  d i s t i n c t  from th a t  used f o r  

lane 1. In  t h i s  p o p u la t io n ,  the 1.22 gene was not being expressed 

and th e re  is  no ELC (no t  shown). I t  is  c le a r  from the Figure th a t  

the  s iz e  o f  the h y b r id iz in g  fragments are the same as those seen 

f o r  1.22j ’ DNA. Th is  in d ic a te s  th a t  there 1s no change 1n the 

number o f  70bp repeats on the ILTat 1.22 gene telomere associated 

w i th  e i t h e r  a c t i v i t y  o r  i n a c t i v i t y  o f  the gene.
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5 .4  Sequence o f  the 70 bp repeat conta in ing region.

In  o rde r to  determine the ex te n t  o f  the 70 bp repeats w i th in  

th e  420 bp P s t l / PvuI I  f ragm en t o f  pMG7.1-1, t h i s  re g io n  was 

cloned in  each o r ie n ta t io n  in to  the bacteriophage M13 mp 18 and 

19 and sequenced. A l in e  e t  a l . (198 5a ) have defined a 70 bp repeat 

m o t i f  as d iv id e d  in to  3 d i s t i n c t  reg ions; a (T Purine Purine) 

s t r e t c h ,  an a l t e r n a t in g  p u r in e /p y r im id in e  s t re tc h  and an A-T r ic h  

s t re tc h  (see se c t io n  1 .8 ) .  The sequence in  Figure 5.4 shows th a t  

the 420 bp P s t l /P v u I I  fragment con ta ins  ju s t  one complete 70 bp 

repeat m o t i f  w i th  an a d d i t io n a l  (T Purine Purine) s t re tc h  and 

p a r t  o f  the  a l te r n a t in g  p u r in e /p y r im id in e  region. This 1s sho r te r  

even than the 70bp repeat s t re tc h  on the ILTat 1.61 locus and 1s 

v e ry  much s h o r t e r  than th e  e x te n t  o f  re p e a ts  a s s o c ia te d  w i t h  

te lo m e r ic  bloodstream VSG genes (Van der Ploeg e t  a l . , 1982; L iu  

e t  a±.  , 1983; Bernards e t  al_. , 1985a; Shah e t  a]_. , 1987

Alexandre e t  a l . , 1988).

5 .5 Are the  70 bp repeats fu n c t io n a l  in  gene conversion when 1.22 

generates an ELC?

The sh o r t  e x te n t  o f  repeats on the 1.22 telomere ra ised the 

ques tion  o f  whether the region could fu n c t io n  as the l i m i t  o f  

c o n v e rs io n  when th e  1.22 gene i s  a c t i v a t e d  by d u p l i c a t i v e  

t ra n s p o s i t io n .  In o rde r to  t e s t  t h i s ,  the conversion endpoint was 

determined f o r  1.22j ’ trypanosomes. I n i t i a l l y ,  to  confirm  the 

presence o f  an ELC in  t h i s  pop u la t ion ,  1 .2 2 j ’ DNA was d igested 

w i th  H i n d l l l , as was the DNA o f  a trypanosome popu la tion , 1.61 i , 

w h ich  d id  no t express th e  1.22 gene. A f t e r  agarose  ge l 

e le c t ro p h o re s is  and Southern b lo t t in g ,  the DNAs were hyb r id ized  

w i th  th e  5 ’ p o r t io n  o f  th e  1.22 s p e c i f i c  cDNA c lo n e  i n s e r t ,  

pTcV7.1-14 (C orne lissen e t  a l . , 1985a; probe 5B, Figure 5 .1 ) .

Th is  de te c ts  a H in d l l l  fragment on the 1.22 locus which extends 

from  w i t h in  th e  VSG gene t o  5 .3  kb ups tream ; th e  re g io n  

e q u iv a le n t  t o  th e  pMG 7 .1 -1  i n s e r t  ( f r a g m e n t  4, F ig u re  5 . 1 ) .  

F igure  5 .5 ,  panel A, revea ls  t h a t  w h i l s t  the probe de tec ts  t h i s  

5 . 3kb band in  bo th  1 . 2 2 j ’ and 1 .6 1 1 ,  t h e r e  i s  a ls o  a band o f
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F igure  5 .5 ; De te rm ina t ion  o f  the l i m i t  o f  the 1.22 gene locus 
d up l i ca te d  segment in  the ELC expressor,  1.22j ’ . Panel A, Hind l l l  
d igested 1 .61 i trypanosome genomic DNA ( lane 1) and 1 . 22j ’ DNA 
( lane 2) h y b r id iz ed  w i th  probe 5B. Panels B and C, the same DNAs 
d iges ted  w i th  BamH I / PvuI I  and P s t I , r e s p e c t i v e l y ,  and hyb r id ized  
w i th  probe 5C. Arrows in d ic a te  the ELC der ived bands. O.IxSSC, 
65°C.
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approx im ate ly  14 kb in  the 1.22j ’ t ra c k  not present in the 1.611 

lane (marked by an arrowhead). This confirms the presence o f  an 

ELC in  the 1 .2 2 j ’ p o p u la t ion  and in d ica te s  th a t  the r e s t r i c t io n  

maps o f  the bas ic  copy and expression l inked  copy gene lo c i  begin 

to  d i f f e r  w i th in  the 5.3 kb H in d l l l  fragment.

To de te rm in e  i f  th e  1.22 te lo m e re  70 bp re p e a ts  were th e  

l i m i t  o f  th e  d u p l ic a te d  segment, 1 . 2 2 j ’ and 1.61 i DNAs were 

doubly d iges ted  w i th  BamHI and PvuI I  and hyb r id ized  w ith  a 1540 

bp P s t I  f ragm en t o f  pMG7.1-1 (p ro b e  5C, F ig u re  5 . 1 ) .  On a 

BamHI/PvuII d ig e s t  t h i s  probe de tec ts  the 1.22 telomere from 

w i th in  the VSG gene to  j u s t  5 ’ o f  the 70bp repeat con ta in ing  area 

(fragm ent 5, F igure 5 .1 ) .  F igure 5 .5 , panel B, reveals th a t  the 

probe d e te c ts  two bands in  1 . 2 2 j ’ , i n d i c a t i n g ,  as above, 

h y b r id iz a t io n  to  a reg ion  on the 1.22 telomere w i th in  which the 

r e s t r i c t i o n  maps f o r  the bas ic  copy and ELC lo c i  begin to  d i f f e r  

( i . e .  the l i m i t  o f  the converted segment). To map the ELC l i m i t  

more p re c is e ly ,  the 1.22 j ’ and 1.611 DNAs were a lso d igested 

w i th  P s t I  and h y b r id iz e d  w i th  probe 5C. Figure 5.5 panel C shows 

t h a t  in  t h i s  case th e re  is  h y b r i z a t i o n  t o  j u s t  one band, 

rep resen t in g  h y b r id iz a t io n  to  an area over which the r e s t r i c t io n  

maps o f  th e  1.22 BC and ELC are th e  same ( f ra g m e n t  6, F ig u re

5 .1 ) .  Th is  demonstrates th a t  in  1 -22j  * trypanosomes the l i m i t  o f  

d u p l ic a t io n  is  w i th in  the  420 bp P s t l /P v u I I  fragment represented 

w i th in  pMG7.1-1, the  area con ta in in g  the 70 bp repeats.

5 .6  Does the  1.22 BC te lom ere always in vo lve  the  70 bp repeats in  

ELC generation?

Kooter e t  a l . (1 9 8 8 )  have analysed ELC generation fo r  the 221 

VSG gene which, l i k e  the 1.22 gene, is  te lom er ic .  They have 

found t h a t  w h i le  t h i s  gene can use i t s  70bp re p e a ts  in  ELC 

g en e ra t ion ,  o th e r  sequences in  the expression s i t e  can mark the 

convers ion  l i m i t .  To determ ine, th e re fo re ,  i f  the 1.22 gene could 

a ls o  use o th e r  areas o f  i t s  b a s ic  copy lo c u s  as a l i m i t  o f  

conve rs ion , the experiment in  s ec t ion  5.5 was repeated, using the 

DNA from  a number o f  independen t trypanosom e p o p u la t io n s  

e x p re s s in g  th e  1.22 gene. A l l ,  e x c e p t in g  1 .2 2 1 , were c lo n e d
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F i g u r e  5 . 6 ;  G e n e a lo g y  o f  v a r i o u s  I L T a t  1 .2 2  e x p r e s s o r  
p o p u la t io n s .  Dotted l in e s  in d ic a te  ts e ts e  t ra n s m is s io n ,  FPP= 
f i r s t  pa ten t pa ras itaem ia  in  mice fo l lo w in g  in fe c t io n  by ts e ts e  
f l y  b i t e ,  c lo n e = in fe c t io n  o f  a s in g le  trypanosome in to  a mouse. 
Note t h a t ,  f o r  c l a r i t y ,  the  c lones 1 .2 2 a ,b ,c ,g  and h are grouped 
t o g e th e r ,  d e s p i te  t h e i r  in d e p e n d e n t  i s o l a t i o n  f ro m  d i s t i n c t  
ts e ts e  t ra n sm iss io n s .  A l l  c lones were de r ived  by J .D .B a r ry .
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Figure 5.7;  ELC expressors o f  the ILTat 1.22 gene. Panel A, Lanes 
1-8, r e p e c t i v e l y ,  Hind l l l  d igested 1.22a, 1.22b, 1.22c, 1.22d,
1 .22e, 1 .2 2 f , 1.22 i , 1 . 2 2 j ’ DNA, hybr id ized  w i th  probe 5B. 1.22i 
i s  a me tacyc l ic  der ived c lona l  popu la t ion ,  a l l  others were cloned 
f r o m  b l o o d s t r e a m  f o r m  t r y p a n o s o m e s  in  t h e  f i r s t  p a t e n t  
paras i taemia in mice. Panel B is  the same b lo t ,  s t r ipped  and 
rehyb r id ized  w i th  a cDNA probe f o r  the t r i o s e  phosphate isomerase 
gene. O.IxSSC, 65°C. Note t h a t  DNA from 1.22g trypanosomes, which 
i s  used in subsequent exper iments,  was not included here due to  
there  being l im i t e d  m a te r ia l .
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pop u la t ions  der ived  from trypanosomes in the f i r s t  parasitaemia 

in  a mouse a f t e r  I t s  i n f e c t i o n  by t s e t s e  f l y  b i t e .  T h e i r  

respec t ive  genealogies are shown 1n Figure 5.6.

To c o n f i rm  t h a t  these  DNAs possessed an ELC, th e y  were 

f i r s t l y  d igested  w i th  H in d l l l  and hyb r id ized  w ith  probe 5B, as 

had been done f o r  1.22j  ’ in  sec t ion  5 .5 . Figure 5 .7 , panel A, 

shows th a t  in  each case the p red ic ted  5.3 Kb basic copy fragment 

is  d e te c te d ,  as is  an a d d i t io n a l  f ra g m e n t  o f  v a r i a b l e  s i z e ,  

rep resen t ing  h y b r id iz a t io n  to  an ELC. Exceptions are the c o n tro l 

1 .2 2 i , wh ich has no ELC (even a t  v e ry  lo ng  expo su res  o f  th e  

autoradiogram shown in  F igure 5 .7 , panel A), being derived from a 

m e ta cyc l ic  c lone d is p la y in g  expression o f  the 1.22 gene i n  s i t u  

(see F igure 5 .6 ) ,  and 1.22e which shows apparen tly  two ELCs. This 

could have a r isen  i f  the popu la tion  was non c lo n a l ,  a lthough i t  

is  poss ib le  t h a t  two independent conversion events have generated 

th e  two ELCs, one o r  bo th  o f  wh ich  may be t r a n s c r i p t i o n a l l y  

a c t i v e .  A lth ough  t h i s  has not been t e s t e d ,  r e c lo n in g  o f  t h i s  

p o p u la t io n  o r  e i t h e r  DNAse 1 o r  S1 n u c le a s e  d i g e s t i o n  c o u ld  

d is t in g u is h  between these p o s s i b i l i t i e s .  In 1.22b, there  is  an 

appa ren t smear above th e  d i s t i n c t  ELC d e r iv e d  band. T h is  may 

represent m u l t ip le  ELCs, o r  in te r -p o p u la t io n  barren region s ize  

f lu c tu a t io n s  a t  a s in g le  expression s i t e .  These m u l t ip le  bands in  

1.22e and 1.22b cannot be due t o  in c o m p le te  DNA d i g e s t i o n ;  

re h y b r id iz a t io n  o f  the b lo t  w i th  a probe f o r  the gene f o r  t r io s e  

phosphate isomerase produces ju s t  a s in g le  h y b r id iz in g  band fo r  

a l l  DNAs (F ig u re  5 .7 ,  panel B ) .  Thus, th e s e  e x p e r im e n ts  

demonstrated th a t  a l l  o f  the popu la t ions , exc lud ing the co n tro l 

1 n s i t u  expressor 1 .22 i , contained a t le a s t  one ELC fo r  the 1.22 

gene.
The DNAs f o r  these 8 popu la tions were then subjected to  a 

s im i la r  experiment to  th a t  described in sec t ion  5.5 in  o rder to  

determ ine the  l i m i t  o f  the dup lica ted  segment f o r  each. Panel A 

o f  F igure  5.8 represents probe 5A o f  pHG 7.1-1 hybr id ized  to  the 

va r iou s  DNAs doubly d igested  w ith  BamHI and Pvu II.  In  each case a 

s in g le  band h y b r id iz e s .  T h is  r e v e a ls  t h a t  in  none o f  th e  

pop u la t ions  does the d u p l ic a t io n  l i m i t  l i e  w i th in  the region
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o f  the basic copy locus immediate ly upstream o f  the 70 bp repeats 

(fragment 7, F igure 5 .1 ) .  I t  a lso  in d ic a te s  th a t  in  a l l  cases the 

DNAs were d igested  to  com ple tion .

Panel B is  the same b lo t  s t r ip p e d  o f  the o r ig in a l  probe and 

re h yb r id ize d  w ith  probe 5C. In  t h i s  case, a l l  popu la tions , w i th  

the exception o f  1.22e, 1.22b and 1.221, d is p la y  two bands; one 

o f  2 .0  kb re p re s e n t in g  th e  b a s ic  copy lo c u s ,  and a n o th e r  o f  

v a r ia b le  s ize  rep resen t ing  the ELC. As before , 1.221 has on ly  

i t s  bas ic  copy w h ile  1.22e and 1.22b have a d d it io n a l  ELC bands. 

T h is  shows t h a t ,  as w i th  1 . 2 2 j ’ , th e  d u p l i c a t i o n  l i m i t  f a l l s  

w i th in  e i th e r  the 70 bp repeats o r  downstream.

Panel C o f  F ig u re  5 .8  shows th e  DNAs (e x c e p t  1 .2 2 g ; 

in s u f f i c i e n t  was a v a i la b le  f o r  t h i s  b lo t )  d igested w ith  P s tI  and 

h y b r id ize d  w i th  probe 5C o f  pMG 7 .1 -1 . In  t h i s  case, f o r  each 

DNA, j u s t  a s in g le  band is  detec ted , as had been seen f o r  1 .2 2 j ’ 

alone (s e c t io n  5 .5 ) .  This represents h y b r id iz a t io n  o f  the probe 

o ve r  an area o f  the  1.22 gene lo c u s  where th e  b a s ic  copy and 

expression l in ke d  copies have the same r e s t r i c t io n  map. From 

t h i s  i t  is  p o s s ib le  to  conc lude  t h a t  f o r  a l l  ELC e x p re s s o rs  

examined th e  l i m i t  o f  th e  1.22 gene d u p l i c a te d  segment l i e s  

upstream o f  the area e q u iv a le n t  to  probe 5C and downstream o f  the 

area e q u iv a le n t  to  probe 5A; th e  a rea  c o n t a in in g  th e  70 bp 

repeats.

On pane ls  B and C o f  F ig u re  5 .8 ,  p robe  5C can be seen t o  

d e te c t  an a d d it io n a l  band o f  1250 bp and 1600 bp re s p e c t iv e ly ,  

which was not seen in  F igure 5.5,  panel B, because the s p e c i f ic  

a c t i v i t y  o f  the probe was h igher in  t h i s  experiment. These bands 

were f e l t  t o  be a r e s u l t  o f  the  p robe  c o n t a in in g  sequence 

p a r t i a l l y  homologous w ith  another VSG transposed segment, and not 

due to  the re  being a t h i r d  copy o f  the 1.22 gene environment in  

these  trypanosomes. In  o rd e r  t o  t e s t  t h i s ,  a p robe was 

cons truc ted  which contained ju s t  the 3 ’ 280 n t o f  the fragment 

from which probe 5C was derived (probe 5D, Figure 5 .1 ) .  This was 

generated by the c lo n in g  o f  in te rm ed ia tes  in  M13 complementary 

s trand  syn thes is  (s e c t io n  2.20; M a te r ia ls  and Methods). In  b r ie f ,  

the  u n ive rsa l sequencing prim er was used to  prime synthes is  o f  

M13mp18 DNA c o n ta in in g  the  1540bp P s t I  f ra g m e n t  o f  pMG7.1-1
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F igure  5 .9 ; Panel A; Sampling o f  the intermedia tes in synthes is  
dur ing  the c o ns t ruc t ion  o f  probe 5D. Lane 1 contains the pooled 
double stranded products o f  extension a f t e r  d iges t ion  w i th  S1 
nuc lease ( w i t h  the  DNA p o p u la t i o n s  a t  each t im e  p o i n t  be ing  
la b e l le d  1-5) .  Lane 2 is  the pooled DNAs, digested and re l i g a te d  
i n to  M13, according to  the methodology o u t l ined  in Figure 2.1.  
The b l o t  was hyb r id ized  w i th  probe 5C, O.IxSSC, 65°C.
Panel B; represen ta t ion  o f  the region o f  the 1540bp Pst I  f ragment 
o f  pMG7.1-1 subcloned in to  M13mp19, as M13mp19P2 and used as 
probe 5D.
F igure  5 .9 ; Panel C; M13mp19P2 hybr id ized w i th  the b lo t  used in 
Figure 5 .8 ,  panel A and B.The lanes are as descr ibed in the 
legend f o r  Figure 5.8.  The cross reac t ing  band o f  1.2kb seen in 
Figure 5 .8 ,  panel B, is  no longer detected ( i t s  former p o s i t io n  
i s  marked by an arrowhead).
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(e q u iv a le n t  to  probe 5C), and t h is  was allowed to  proceed f o r  

d i f f e r i n g  t im es. The re s u l ta n t  p a r t ia l  duplex molecules were 

s u b je c te d  to  S1 nuc lease  t re a tm e n t ,  d ig e s te d  w i th  P s t I  and 

l ig a te d  in to  P s t l / H inc l l  d igested M13mp19. The reac t ion  products 

were monitored before  and a f t e r  l i g a t io n  by v is u a l is a t io n  on a 

g e l ,  and subsequent Southern h y b r id iz a t io n  w ith  the 1540bp P s tI  

fragment (F igu re  5 .9 . a ) .  A f te r  t ran s fo rm a tion ,  one re s u l t in g  

c lone , M13mp19P2, was sequenced to  determine the ex ten t o f  i t s  

in s e r t ,  and then ra d io la b e l le d  and hyb r id ized  to  the b lo t  used in  

F igure 5.8 panel A and B, which had been s tr ip p e d  o f  I t s  o r ig in a l  

probe. F igure 5.9.C revea ls  th a t  in t h is  case on ly  the basic copy 

and ELC are d e te c te d ,  w i th  th e r e  b e in g  no e v id e n c e  o f  

h y b r id iz a t io n  to  the cross reac t ing  band ( i t s  p o s i t io n  when t h i s  

b l o t  had been h y b r id iz e d  w i th  p robe 5C is  i n d ic a te d  by an 

arrowhead in  F igure 5 .9 .2 )

5.7 Does the 1.22 gene always transpose to  the same expression 

s ite  or can m u ltip le  expression loci activa te  the gene?

Having d iscovered th a t  the 1.22 gene was able to  undergo gene 

c o n v e rs io n  e v e n ts ,  i t  was o f  i n t e r e s t  t o  d e te rm in e  how many 

e x p re s s io n  s i t e s  were a c t in g  t o  a c c e p t  and a c t i v a t e  th e  1.22 

gene. To de te rm ine  t h i s ,  s ix  o f  th e  DNAs from  p o p u la t io n s  

e x p re s s in g  1.22 v ia  an ELC were d ig e s te d  w i th  f o u r  d i f f e r e n t  

r e s t r i c t i o n  endonucleases and Southern b lo ts  hybr id ized  w ith  a 

250 bp P s t l / EcoRI fragm en t d e r iv e d  from  pMG7.1-1 (p ro b e  5E, 

F igure  5.1B). Th is  probe, f o r  a l l  r e s t r i c t io n  d iges ts ,  would 

d e te c t  both a s in g le  bas ic  copy derived band o f  known s ize  and an 

ELC de r ived  band o f  unknown s iz e ,  a l low ing  a r e s t r ic t io n  map fo r  

the ELCs to  be cons truc ted . Thus, f o r  each DNA shown in  Figure 

5.10, the  bands o f  a constant s ize  between the d i f f e r e n t  DNAs 

were bas ic  copy der ived  and o f  the s ize  pred ic ted  from previous 

mapping (no t shown), w h ile  the v a r ia b le  bands are ELC derived. 

The r e s t r i c t i o n  maps generated (F igure 5.11) a l l  d isp la y  a barren 

reg ion  f o r  the endonucleases tes ted  o f  a t  le as t  7 Kb, im ply ing 

the  ex is tence  a t  these expression s i te s  o f  extensive 70bp repeat
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a rra ys .  Because o f  t h i s  long barren region on each ELC, i t  was 

d i f f i c u l t  to  s iz e  a c c u r a te ly  th e s e  f ra g m e n ts  f o r  m apping. 

Ins tead , then, the respec t ive  order o f  r e s t r ic t io n  s i te s  on each 

was used to  determine the presence o f  d i s t i n c t  expression s i te s .  

This is  p o t e n t ia l l y  prone to  e r ro r ;  i t  is  poss ib le  th a t  every 

p o p u la t ion  is  using the same expression s i t e ,  but th a t  t h e i r  map 

d i f f e r s  due to  r e s t r i c t i o n  s i t e  degeneracies w i th in  the barren 

re g io n  in t ro d u c e d  by su cce ss ive  c o n v e rs io n s  and a b o r t i v e  

convers ions. The approach has been used ex tens ive ly  by o the rs , 

however, and, in  cases where the same expression s i t e  appears to  

have been used, the re  is  l i t t l e  d iscrepancy in  the maps (Michels 

e t a l . . ,  1983; Pays e t  a l .  , 1983a; M y le r e t  a j . ,  1984; 1988).

Beyond the barren reg ion , the r e s t r i c t io n  maps f a l l  in to  a t

le a s t  th re e  d i s t i n c t  p a t te rn s ,  one o f  which appears to  be used in

two pop u la t ions ,  1.22a and 1.22d. The expression s i t e  f o r  the 

ELCs in  the popu la t ion  1.22e could not be determined, because o f  

the presence o f  2 ELCs. I t  was c le a r ,  however, th a t  the two ELCs 

c o u ld  no t re p re s e n t  use o f  the  same e x p re s s io n  lo c u s  w i th  a 

d i f f e r e n t  s ized barren region in  a non c lona l popu la tion ; there 

was not a constant s ize  d i f fe re n c e  between the two bands in  each

d i s t i n c t  d ig e s t  (F igure  5 .10 ).  In  1.22f there were a lso two ELC

bands, a t  le a s t  in  lanes con ta in ing  BamHI and Hind l l l  d igested 

DNAs ( lanes 3 and 4; F igure 5.10, Panel F). These are probably 

no t  th e  p rodu c ts  o f  p a r t i a l  DNA d ig e s t i o n ,  as th e r e  is  no 

evidence o f  p a r t ia l  d ig e s t io n  o f  the basic copy. These bands were 

not seen in  F igure 5.8 and may, th e re fo re ,  represent the presence 

o f  2 ELCs which comigrated on BamHI/PvuII d ig e s t io n .  This is  not 

u n l ik e ly ,  even in  a c lona l popu la tion . The 1.22f popula tion was 

cloned a f t e r  c y c l i c a l  transm iss ion  i n i t i a t e d  by 1.22d and m ight, 

th e re fo re ,  have both a l in g e r in g  ELC from the 1.22d trypanosomes 

and a newly a c t iv a te d  one (see F ig u re  5 . 6 ) .  A l th o u g h  t h i s  i s  

d i f f i c u l t  t o  d e te rm ine ,  the  p a t t e r n  o f  bands in  Panel F 1s 

com patib le  w ith  t h is  hypothesis.

Thus, from an a n a ly s is  o f  s i x  IL T a t  1.22 e x p re s s o r  

p o p u la t io n s ,  es tab l ished  in  the bloodstream, there appears good 

evidence th a t  a number o f  d i s t i n c t  expression s i te s  can be used 

t o  a c t iv a te  the 1.22 gene.
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5 .8  Chromosomal lo catio n  o f the 1 .2 2 j ’ expression linked copy

In  p rev ious analyses o f  the chromosomal lo c a t io n  o f  the ELCs 

f o r  m e ta cyc l ic  VSG genes, i t  has been found th a t ,  l i k e  the basic 

c o p ie s ,  th e y  are a l l  on the  p a r a s i t e s ’ la rg e  chromosomes 

(C o rne l i ssen e t  a l .  , 1985a; Delauw e t  a l .  , 1987).  I t  was o f  

in te r e s t ,  th e re fo re ,  to  determine the chromosome, o r  chromosome 

s iz e  c la s s ,  which the  1.22 gene c o n v e r te d  when u n d e rg o in g  

d u p l i c a t i v e  a c t i v a t i o n .  I t  was a ls o  hoped t h a t  by f o l l o w i n g  

s im i la r  c o n d it io n s  to  those used by Van der Ploeg e t  a l .  (1989) 

f o r  the improved separa tion  o f  la rge  chromosomes, i t  would be

p o s s ib le  t o  re s o lv e  th e  b a s ic  copy and ELC gene h a rb o u r in g

chromosomes away from the s lo t  m a te r ia l .

There fo re , chromosome blocks were prepared from ILTat 1.2 

trypanosomes (n o t  e x p re s s in g  th e  1.22 gene) and from  1 .2 2 j  ’ 

trypanosomes, the ELC expressor examined in  sec t ion  5.5. These 

samples were then separa ted  on a 0.7% agarose  g e l ,  u s in g  a 

Rotaphor r o ta t in g  f i e l d  e le c tro p h o re s is  system w ith  a ramped 

pulse time decreasing on a log scale from 4500 seconds to  800 

seconds. The gel was run f o r  96 hours a t 46 v o l ts ,  11°C. The gel 

was then re -run  f o r  a f u r t h e r  20 hours a t 220 v o l ts ,  13°C using a

pulse in te r v a l  ramped from 80 to  20 seconds. This was c a r r ie d  out

by J .D .B a rry .

A f te r  b lo t t in g ,  the f i l t e r  was hyb r id ized  w ith  probe 5C, 

wh ich would d e te c t  both  the. b a s ic  copy and ELC h a rb o u r in g  

chromosomes. The re s u l t in g  autoradiogram shown in  Figure 5.12, 

shows th a t  the chromosome harbouring the 1.22 gene basic copy

has, f o r  the f i r s t  t im e, probably been resolved a t  approximate ly 

2 o r  3 .5  Mb ( la b e l le d  BC? on F ig u re  5 . 1 2 ) ,  a l th o u g h  th e r e  i s  

s t i l l  h y b r id iz in g  m a te r ia l  in  th e  ge l s l o t .  S ince  two bands 

h y b r id iz e ,  i t  is  not poss ib le  to  determine which is  the t ru e  BC 

and wh ich i s  r e s u l t  o f  c ross  r e a c t io n  w i t h  th e  probe 5C.

U n fo r tu n a te ly ,  an a t te m p t t o  r e s o lv e  t h i s  q u e s t io n  by 

re h y b r id iz a t io n  o f  the b lo t  w ith  a d i s t i n c t  probe (probe 5A), 

which does not de tec t cross reac t ing  bands, f a i le d .

In  lanes con ta in in g  the chromosomes o f  1 -22j  trypanosomes a
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band is  detected a t approx im ate ly  4Mb, which is  not seen ILTat 

1.2 DNA. This probably represents h y b r id iz a t io n  to  the expression 

l in ke d  copy chromosome in  these trypanosomes, which, as be fore , 

has not been p re v io u s ly  resolved from the s lo t  m a te r ia l .

5.9  Attempt to  clone a 1.22 expression linked copy gene locus.

The unusual nature o f  the basic copy locus f o r  the 1.22 gene 

( S h le ls  e t  a_l. , s u b m it te d )  prom pted an e x a m in a t io n  o f  th e  

bloodstream expression locus f o r  t h is  gene, f o r  the purpose o f  

comparison. I t  was decided to  attempt t h is  using DNA from the 

1.22e pop u la t io n ,  s ince t h i s  contained two expression lo c i .  This 

was advantageous because a s in g le  rep resen ta t ive  genomic l i b r a r y  

might a l low  the is o la t io n  and c h a ra c te r iz a t io n  o f  two expression 

lo c i .  A d d i t io n a l ly ,  i t  has been found in  the past by o thers  th a t  

e x p re s s io n  s i t e s  can be u n c lo n a b le ,  p ro b a b ly  because o f  th e  

r e p e t i t i v e  nature o f  the barren region (Van der Ploeg e t  a l . ,  

1982, d iscussed  in  ch a p te r  4 o f  t h i s  t h e s i s ) .  By p ro d u c in g  a 

l i b r a r y  from DNA w ith  two lo c i  con ta in ing  ELCs o f  the 1.22 gene, 

i t  was hoped th a t  the p r o b a b i l i t y  o f  success would be Increased; 

i f  one s i t e  were r e f r a c t o r y  to  c lo n in g ,  th e  o th e r  m ig h t  be 

presen t. The l i b r a r y  was constructed by l i g a t in g  100ng o f  EcoRI 

d iges ted  1.22e DNA in to  EcoRI d igested lambda DASH. This vec to r  

w i l l  accept DNA in s e r ts  o f  between 9 and 22Kb, an in s e r t  s ize  

com patib le  w ith  the der ived EcoRI map f o r  both 1.22e ELCs (F igure 

5 .10 ) .  Because the re  was in s u f f i c i e n t  DNA fo r  s ize  s e le c t io n ,  i t  

was p o s s ib le  t h a t  the  b a s ic  copy 1130bp EcoRI f ra g m e n t  would 

c lo n e  as a m u l t ip le  i n s e r t  in  a d d i t i o n  t o  th e  ELC f ra g m e n ts ,  

producing a fa ls e  p o s i t iv e  when the l ib r a r y  was hyb r id ized  w ith  

probe 5E o f  pMG7.1-1. To m in im ize  t h i s ,  th e  l i g a t i o n  o f  th e  

l i b r a r y  was c a r r ie d  out in  a r e la t i v e ly  la rge volume (3 0 u l) ,  w i th  

the  genomic DNA a t low concen tra t ion  w ith  respect to  the vec to r .  

Th is  would favour the recovery o f  in s e r ts  derived from la rg e r  

f ra g m e n ts .  A d d i t i o n a l l y ,  the  l i b r a r y  was screened w i th  two 

probes, probe 5E and a 400 bp EcoRI~PvuII fragment o f  pMG7.1-1 

(corresponding to  probe 5F, Figure 5 .1 ) .  Probe 5E would de tec t 

the  reg ion immediately 3 ’ to  the t ra n s p o s i t io n  l i m i t  and would
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de tec t  both basic copy and ELC derived in s e r ts ,  w h ile  probe 5F,

being beyond the l i m i t  o f  the transposed segment, would de tec t

on ly  bas ic  copy der ived  fragments. Thus, plaques h y b r id iz in g  w i th  

both probes would con ta in  on ly  the 1130 bp basic copy fragment 

and could be re je c te d ,  w h ile  plaques p o s i t iv e  w ith  probe 5E, but 

not w i th  probe 5F, should be ELC derived.

Using the spi s e le c t io n  system fo r  lambda replacement vec to rs  

(see s ec t ion  4 .14 ) ,  a t o t a l  o f  60,000 recombinants were p la ted  

and screened, in  the manner described above. This revealed no 

p laques which h y b r id iz e d  to  one, b u t  n o t  th e  o th e r  p ro b e , 

a lthough 4 plaques were detected th a t  hyb r id ized  to  both probes 

and presumably represented a c lon ing  o f  the basic copy fragment,

in  combination w ith  o thers  (no t shown). The f a i l u r e  to  de tec t an

ELC-derived recombinant was probably not due to  the screening o f  

i n s u f f i c i e n t  plaques because screening o f  the same f i l t e r s  w ith  

the EcoR I /Xbal  fragment o f  pMT1.61—1 had detected more than 8 

cop ies  o f  th e  22kb EcoRI f ragm en t in  th e  1.61 lo c u s  ( s e c t i o n  

4 .1 4 ) .  Th is  in d ic a te s  th a t  both 1.22 ELCs were absent from, o r  

und e rre p re se n te d  in ,  the  l i b r a r y .  The p o t e n t i a l l y  h i g h l y  

r e p e t i t i v e  nature o f  a 1.22 ELC extending fo r  g rea te r than 10 Kb 

d iscouraged f u r t h e r  attempts to  clone these lo c i .

5.10 Confirmation th a t the expression linked copy was the one 

transcribed .

Despite the presence o f  an ELC, there  was a p o s s i b i l i t y  th a t  

the  1.22 gene was s t i l l  being expressed from i t s  basic copy locus 

in  th e  p o p u la t io n s  ana lysed  above. T h is  would  n o t  be 

unprecedented : the  co n ve rs ion  o f  t r a n s c r i p t l o n a l 1y s i l e n t

express ion lo c i  has been noted f re q u e n t ly  by o thers (Myler e t  

a l . . ,  1988; A l in e  e t  a l . , 1989). To te s t  t h is  p o s s ib i l i t y ,  a run- 

on t r a n s c r ip t io n a l  ana lys is  was performed upon nuc le i der ived 

from 1 . 2 2 j ’ trypanosomes expressing ILTat 1.22 in  es tab lished  

b loodstream in fe c t io n .  The r e s u l t ,  presented in  F igure 5.13, 

in d ic a te s  th a t  i t  i s ,  indeed, the ELC th a t  is  t ra n s c r ib e d .  The 

h y b r id iz a t io n  observed extends from the VSG gene u n t i l  the 70bp 

repea ts , but not beyond. Thus, fragment 1 is  p o s i t iv e  (though
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weak; 1t has on ly  400bp o f  trypanosome derived DNA w ith  the re s t  

be ing  v e c t o r ) ,  as are  the  c o -m 1 g ra t in g  f ra g m e n ts  2 and 3, 

fragments 4 and 5. Beyond fragment 5, however, which conta ins the 

70 bp repeats, the re  is  no h y b r id iz a t io n ,  t h is  being most c le a r  

f o r  band 6. This is  what would be expected f o r  ELC t r a n s c r ip t io n ,  

s ince the t ra n s c r ib e d  locus on ly  shares homology w ith  the basic 

copy locus  downstream o f  the  l i m i t  o f  t r a n s p o s i t i o n .  T h is  

co n tra s ts  w ith  the s i t u a t io n  w i th  expression from the basic copy 

gene locus in  m e tacyc lic  der ived c lones, where t r a n s c r ip t io n  is  

seen to  extend 2 kb upstream o f  th e  70bp r e p e a ts ,  and 

h y b r id i z a t io n  to  band 6 is  c l e a r l y  d e te c te d  (S .Graham , 

unpub lished). Lane 2 o f  F igure 5.13 represents h y b r id iz a t io n  o f  

the run-on products to  pTg221-8 from the VSG 221 expression s i t e  

(K o o te r  e t  al_. , 1987). The h y b r i d i z a t i o n  on t h i s  p la s m id

in d ic a te s  th a t  ESAGs 1, 2 and 3 are t ra n s c r ib e d  (bands 10, 11, 12 

and 13 are  p o s i t i v e ) ,  w h i le  t h e re  i s  no h y b r i d i z a t i o n  t o  th e  

pseudo VSG gene from the  221 lo c u s  (band 9 ) ,  as wou ld  be 

expected.

Since the 1.22j  * ELC had a barren region o f  approxim ate ly 

12 Kb (F igu re  5 .11 ) ,  most o f  which is  probably composed o f  70 bp 

repeats (Shah e t  a l . , 1987), i t  would be expected th a t  a very 

in tense  h y b r id iz a t io n  o f  run-on products would be detected in  

Figure 5.13 on the 70 bp con ta in ing  region o f  pMG7.1-1. This is  

not seen, the in te n s i t y  o f  h y b r id iz a t io n  to  fragment 5 being, 

ins tead , approxim ate ly equ iva len t to  the in te n s i t y  o f  band 4, 

which is  1.5kb in  length . This apparently  poor t r a n s c r ip t io n  o f  

the 70bp repeats is  poss ib ly  an a r t i f a c t  o f  the run-on assay. 

Alexandre e t  a l .  (1988) noted a s im i la r  e f fe c t  and ascribed i t  to  

g rea t I n s t a b i l i t y  o f  t r a n s c r ip ts  from the barren reg ion, a lthough 

they used a fa r  longer period f o r  "runn ing on" which may have 

allowed more primary t r a n s c r ip t  processing than in  the s h o r te r  

Incuba tion  period used here. An a l te r n a t iv e  exp lana tion  is  th a t  

the polymerases i n e f f i c i e n t l y  t ra n s c r ib e  t h is  very r e p e t i t i v e  

sequence under the cond it ion s  used fo r  the run-on assay.

Lane 2 o f  the  b lo t  a ls o  shows an a b n o rm a l ly  in te n s e  

h y b r id iz a t io n  in te n s i t y  to  the fragment con ta in ing  the 5 ’ end o f  

ESAG 2 (band 12). T h is  m igh t be due t o  one, o r  b o th ,  o f  two
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p o s s i b i l i t i e s .  The f i r s t  concerns  th e  c o n s e rv a t io n  o f  ESAGs 

between d i s t i n c t  trypanosome s to c k s  and d i s t i n c t  e x p re s s io n  

s i t e s .  The plasmid in s e r t  in  lane 2 o f  F igure 5.13 was derived 

from  a d i f f e r e n t  s to c k  o f  trypanosom es (S427) and from  a 

d i f f e r e n t  expression s i t e  (VSG 221) to  th a t  used f o r  t h is  run-on 

experiment. Since ESAGs appear to  be q u i te  d ive rse  (probes f o r  

ESAG 1 d e te c t  17-25 bands o f  v a r y in g  i n t e n s i t y ;  C u l l y  e t  a l . 

1985), i t  is  poss ib le  d i f f e r e n t  ESAGs on the 1.22 bloodstream 

expression s i t e  w i l l  show v a r ia b le  s im i l a r i t y  w ith  genes in  the 

VSG 221 s i t e .  Thus, the g rea te r  h y b r id iz a t io n  to  ESAG 2 might 

r e f l e c t  a h igher degree o f  s im i l a r i t y  between the 1.22 and 221 

express ion s i te s  f o r  t h i s  gene than f o r  o the r  expression s i t e  

genes. This is  in  agreement w ith  a previous ana ly s is ,  where ESAG 

2 has been found to  show r e la t iv e  conserva tion between expression 

s i t e s  in  the S427 stock (Kooter e t  a l . , 1988). The a l te r n a t iv e  

p o s s i b i l i t y  is  th a t  the ESAG 2 gene is  t ra n sc r ib e d  from more than 

one expression locus in  the 1,22j ’ popu la t ion , thereby inc reas ing  

th e  p ro d u c t io n  o f  t r a n s c r i p t s  a b le  t o  h y b r id i z e  w i th  th e  

co r re s p o n d in g  re g io n  on the  p la s m id  c lo n e .  A l th o u g h  t h i s  

c o n t ra s ts  w ith  models f o r  a s in g le  a c t iv e  expression s i t e  in  

trypanosomes, an uncoupling o f  ESAG 2 from VSG t ra n s c r ip t io n  has 

been observed by o th e rs ,  a t  l e a s t  in  in s e c t  s ta g e s  o f  th e  

p a ra s i te  (Alexandre e t  a l . , 1988).

5.11 Sequence o f  the transposed segment

The e n t i r e  n uc leo t id e  sequence o f  the 1.22 gene basic copy 

locus has been determined from the Hind l l l  s i t e  w i th in  the VSG 

gene (a t  the 3 ’ l i m i t  o f  pMG7.1-1) to  the PvuIX s i t e  upstream o f  

the  70 bp repeat c o n ta in in g  reg ion. This approximate ly represents 

the  p o r t io n  o f  the expression s i t e  cloned in  pMG7.1-1 which is  

d u p l ic a te d  when the 1.22 gene converts bloodstream expression 

lo c i .  Th is sequencing p ro je c t  was in i t i a t e d  a t a time when i t  was 

thought t h a t  the s t a r t  o f  t r a n s c r ip t io n  f o r  the 1.22 expression 

s i t e  used in  m e tacyc lic  der ived trypanosomes was w i th in  the area 

o f  th e  1.22 b a s ic  copy locus w h ich  i s  t ra n s p o s e d  i n t o  a 

bloodstream expression locus dur ing  es tab lished  in fe c t io n  ( i . e

140



w i th in ,  o r  downstream o f ,  the 70bp repea ts ) . Thus, i t  was hoped

to  id e n t i f y  the s ig n a ls  respons ib le  f o r  M-VSG gene a c t iv a t io n .  

A l th o u g h  t h i s  was subse quen t ly  found  n o t  t o  be th e  case , th e  

p ro je c t  was completed w ith  the fo l lo w in g  aims;

(1) To d e r ive  in fo rm a tion  about the p red ic ted  VSG p ro te in ;  i . e  

was i t s  p red ic te d  primary and secondary s t ru c tu re  co n s is te n t  w i th  

those de r ived  f o r  o th e r ,  t y p ic a l  bloodstream, VSGs?

( i i )  To de te rm ine  whether th e re  were any open re a d in g  fram es  

w i th in  the transposed segment o ther than the VSG i t s e l f  which

could p o t e n t ia l l y  encode p ro te in .

I t  was a ls o  f e l t  t h a t  an e x a m in a t io n  o f  th e  n u c le o t id e

com position o f  the 1.22 gene and i t s  env irons might prov ide some,

a lb e i t  t e n ta t iv e ,  in fo rm a tion  concerning the s u s c e p t i b i l i t y  to  

c o n v e rs io n  by o th e r  b loods tream  VSG genes. For exam ple , I  

wondered whether the r e la t iv e  s t a b i l i t y  o f  the 1.22 gene in  the 

f i e l d  over long periods (Barry e t  al_., 1983) might have pe rm itted  

a d r i f t  in  the codon usage toward th a t  o f  housekeeping genes and 

away from th a t  o f  bloodstream VSG genes, which show a complete 

absence o f  b ia s ,  p o s s ib ly  due t o  t h e i r  r a p id  e v o lu t i o n  

(M ic h e ls ,1986).

The s t r a te g y  chosen f o r  the  sequ enc ing  p r o j e c t  was th e  

c lo n in g  o f  s p e c i f i c  r e s t r i c t i o n  f ra g m e n ts  o f  pMGT.1-1 i n t o  

bacteriophage M13 vec to rs . These could then be used to  produce 

s in g le  stranded DNA template fo r  DNA sequencing using the dideoxy 

method, m o d if ie d  f o r  use w i th  T7 po lym erase  (T abo r  and 

R icha rdson , 1987). Th is  was chosen in  p re fe re n c e  t o  o t h e r  

approaches, such as the  p ro d u c t io n  and seq u e n c in g  o f  n e s te d  

d e le t io n  fragments o f  the region, because o f  the la rge  amount o f  

r e s t r i c t i o n  s i t e  in fo rm a tion  a va i la b le  f o r  pMG 7.1-1 .

The o v e ra l l  s t ra te g y  f o r  the p ro je c t  is  summarized in  Figure 

5 .14, w i th  the sequence being assembled using the GCG sequence 

a n a ly s is  programmes (Devereux e t  al_., 1984). The area has been 

sequenced on both strands throughout, w ith  the exception o f  one 

a rea ,  rep resen ted  by an open box in  F ig u re  5 .1 4 .  The la c k  o f
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r e s t r i c t i o n  s i t e s  upstream o f  th e  Xba l  s i t e  in  t h i s  a rea  had 

n e c e s s i ta te d  the  use o f  s y n th e t ic  o l i g o n u c le o t i d e s  t o  a l lo w  

polymerase prim ing from w i th in  an e x is t in g  c lone spanning t h is  

reg ion . These o l lo n u c le o t id e s  were synthesised by Dr V. Hath a t 

th e  Department o f  B io c h e m is t ry ,  Glasgow U n i v e r s i t y .  Two 

o l ig o n u c le o t id e s  were constructed which were the complement o f  

each o th e r ,  thereby a l low ing  sequence to  be derived both upstream 

and downstream o f  the  reg ion  t o  wh ich  th e  o l i g o n u c le o t i d e  

h y b r id iz e d  (marked " o l i g o M in  F ig u re  5 . 1 4 ) .  W h i l s t  e a s i l y  

in te rp re ta b le  data were derived from the o l ig o n u c le o t id e  prim ing 

the sequencing reac t ion  running toward the upstream Dra I  s i t e  

(sequence 12, F igure 5 .14 ),  sequencing in  the opposite  d i re c t io n  

produced u n in te rp re ta b le  data. This appeared to  be because the 

o l ig o n u c le o t id e  was able to  anneal to  two s i t e s ;  the expected 

s i t e  and an a d d it io n a l  one, e i th e r  in another p a r t  o f  the phage 

in s e r t  o r  w i th in  the vec to r sequence. Further attempts were not 

made to  attempt to  sequence t h is  downstream region; the sequence 

f o r  the area had been determined on the o ther strand w ith ou t 

d i f f i c u l t y  (sequence 13, Figure 5.14).

5.12 The ILTat 1.22 VSG gene nucleotide and predicted amino acid 

sequence.

A n a lys is  o f  the nuc leo t ide  sequence (F igure 5.15) on the 1.22 

transposed segment revea ls  on ly  one extensive open reading frame 

beg inn ing a t  nuc leo t id e  1463 (numbering from the PvuII hyb r id  

s i t e  a t  th e  s t a r t  o f  the  sequence) and e x te n d in g  down t o  th e  

te rm in a l H in d l l l  s i t e  in  pMG7.1-1. The f i r s t  methionine codon 

begins 187bp downstream o f  the beginning o f  t h is  open reading 

frame wh ich then  extends f o r  a f u r t h e r  886 bp, p r e d i c t i n g  a 

p r o t e in  o f  295 amino a c ids  o r  la r g e r  ( th e  open re a d in g  fram e 

extends beyond the  l i m i t  o f  the sequenced reg ion). Comparison o f  

the  sequence o f  a cDNA f o r  the ILTat 1.22 mRNA (k in d ly  supp lied 

by Dr M .C arr ing ton , U n iv e rs i ty  o f  Cambridge) reveals th a t  t h i s  

open read ing frame is  equ iva len t to  the VSG gene coding s t re tc h  

( lo w e r  sequence, F ig u re  5 .1 5 ) .  The cDNA sequence i s  in  f u l l
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agreement w i th  the  genomic sequence e x c e p t  a t  i t s  v e ry  5 ’ 

te rm inus , where the two sequences d iverge (boxed in Figure 5 .15). 

This is  due to  the presence o f  pa r t  o f  the mini exon sequence on 

th e  5 ’ o f  the  cDNA. Th is  sequence is  s p l i c e d  i n  t r a n s  o n to  

apparen t ly  a l l  trypanosome t ra n s c r ip ts  (see sec t ion  1 .10), a fa c t  

w h ic h  was used in  t h e  p r e p a r a t i o n  o f  t h e  cDNA c lo n e ;  

complementary o l ig o n u c le o t id e s  to  the sp l iced  leader and a 14 

n u c le o t id e  sequence r e la t i v e ly  conserved between VSG gene 3 ’ 

ends were used to  prime c y c l ic a l  a m p l i f ic a t io n  o f  the VSG cDNA 

(H .C a rr ing ton ,  personal communication). The divergence between 

the  cDNA and genomic sequence i s  a t  an AG d i n u c l e o t i d e , th e  

consensus 3 ’ s p l ic e  acceptor f o r  t rans  s p l ic in g .  Upstream o f  t h is  

s i t e  is  none o f  the branch po in t  sequences c h a r a c te r is t ic  in  

mammalian o r yeast c is  s p l ic in g ,  in agreement w ith  analyses o f  

o the r  trypanosome genes (Mount e t  a l . , 1982). There is ,  however, 

a r e la t i v e l y  p y r im id in e - r ic h  s t re tc h  preceding the s p l ic e  s i t e  

(o v e r l in e d  in  Figure 5 .15), which has been suggested to  fu n c t io n  

in  message s p l ic e  s i t e  s e le c t io n  in trypanosomes (Layden and 

Eisen 1988). There is  also an app ro p r ia te ly  spaced m o t i f  which 

is  p a r t i a l l y  complementary to  a region on the trypanosome small 

r ib o n u c le o p ro te in  U2 which might be involved in  base p a ir in g  

d u r in g  s p l ic e  s i t e  recogn it ion  (Paze lt e t  a l . , 1989). This s i t e  

a lso  con ta ins  the sequence TTTCA which resembles the TTTCR (where 

R is  pu r ine )  m o t i f  which appears upstream o f  many s p l ic e  s i te s  

(reviewed in  L a ird ,  1989).

There is  the p o te n t ia l  f o r  a second s p l ic e  s i t e  upstream o f  

the  one seen here, which is  located at nuc leo tide  1491 (over 

c rossed  in  F igu re  5 .1 5 ) .  Th is  p o t e n t i a l  s p l i c e  s i t e  has th e  

conserved C/TNNAG (where N is  any nuc leo tide) s p l ic e  s i t e  seen 

f r e q u e n t l y  a t  o th e r  trypanosome s p l i c e  s i t e s  and a ls o  has a 

p o ly p y r im id in e  t r a c t  a t a s im i la r  spacing to  th a t  on the more 3 ’ 

s p l ic e  s i t e .  The p o te n t ia l  f o r  a l te rn a te  s p l ic in g  o f  VSG gene 

t r a n s c r ip t s  has been seen by others (Layden and Eisen, 1988; 

Coquelet e t  a l . , 1989). There is  no evidence o f  in tro n s  w i th in  

the 1.22 gene, in  agreement w ith  a l l  o ther trypanosome genes

s tud ied  to  date.
The 1.22 gene nuc leo tide  sequence and the pred ic ted  p ro te in
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have been analysed fo r  re la t io n s h ip  to  sequences in the Genbank 

and NBRF (Nationa l Biomedical Research Foundation) databases 

using a m od if ied  W ilbur and Lipman (1983) a lgo r ithm  implemented 

on the  GCG sequence a n a ly s is  programmes. As e xpe c ted  f o r  th e  

p re d ic te d  N -te rm ina l two th i r d s  o f  a VSG p ro te in ,  no s ig n i f i c a n t  
homologies were found.

There is  no a v a i la b le  p ro te in  ana lys is  f o r  ILTat 1.22 and so 

th e  m ature N -te rm inus  o f  the  p r o t e in  can o n ly  be e s t im a te d .  

However, the r e la t iv e  conserva tion o f  the p o s i t io n  o f  the f i r s t  

cys te in e  in  analysed VSG p ro te in s  (Olafson e t  a l . , 1984) a llows 

an es t im a te  f o r  the N-term ina l amino ac id . I t  has been found in  

a l l  VSG sequences ana lysed t h a t  th e r e  i s  a c y s te in e  re s id u e  

lo c a te d  a p p ro x im a te ly  15-17 amino a c id s  from  th e  m atu re  N 

te rm inus . A na lys is  o f  the ILTat 1.22 pred ic ted  sequences reveals 

a cys te ine  residue 31 amino acids down from the f i r s t  methionine 

and no o th e r  f o r  a f u r t h e r  112 amino a c id s .  I f  th e  a la n in e  

re s id u e  16 amino a c id s  upstream o f  t h i s  c y s te in e  marked th e  

mature N-term inus, then t h is  would p re d ic t  a loss o f  16 amino 

a c id s  from  th e  p r o te in  d u r in g  m a tu ra t io n .  T h is  s t r e t c h  o f  

r e l a t i v e l y  hydrophob ic  amino a c id s  is  l i k e l y  t o  re p re s e n t  a 

cleaved N -te rm ina l s igna l sequence, as has been seen f o r  o the r  

VSGs, a lthough in  these cases the s t re tc h  is  normally longer, 

ex tend ing between 20 and 30 residues (McConnell e t  a l . , 1981).

The p re d ic te d  amino ac id  sequence has a number o f  o th e r  

fe a tu re s  in  common w ith  published VSG primary sequences. Using an 

a r b i t r a r y  numbering system, p lac ing  the f i r s t  cys te ine  a t residue 

16, th e  p re d ic te d  sequence d is p la y s  h y d ro p h o b ic  r e s id u e s  a t  

p o s i t i o n s  11, 12, 15 and 25 , wh ich i s  s i m i l a r  t o  o th e r  VSGs 

(O la fs o n  e t  a l .  , 1984). A lso ,  th e re  are  c y s te in e  re s id u e s  a t  

p o s i t io n s  16, 128, 142, 200, 243 and 263 in ILTat 1.22 (numbered 

below th e  p re d ic te d  p r o te in  sequence in  F ig u re  5 .1 5 ) .  The 

p o s i t io n  o f  the f i r s t  th ree  is  very s im i la r  to  th a t  seen f o r  

o the r  p red ic te d  VSG sequences (reviewed in  Turner, 1988). There 

i s  th e  p o t e n t ia l  f o r  the  fo rm a t io n  o f  a 126 amino a c id  lo o p  

between th e  f i r s t  and t h i r d  c y s te in e  re s id u e s ,  w h ich  is  

c o n s is te n t  w i th  the approximate ly 140 amino acid loop pred ic ted  

f o r  many o th e r  VSG amino ac id  sequences (T u rn e r ,  1988). The
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P v u l l  . . . . . .
C_TGGT GAACT CGCT AT AAAT AGT AGGTT AATT ACCT CTTTT GCAT GT CAGAGTT ACGACG

TT GT AT AT AGCAAAAATAATAATAATAATAATAGGAGAGTGTT GT GAGT GTGTGTATATA 
R EP E A T S - ) : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :

CGAATCTTATAATAAGAGAAGCAGTAATAATAATAATAATGATAATAATGATGATGATGA 

T GAT AGT AAT ACGAGGAAAGT GT GTT GTT AGT GCAAAAGAAT GGACAAGCCACAGCAGAC

GCCTTCCAACAATTTAGT GGCCCCAGGAAGGGAACCAAAAACTGAGAGAGCGCGAGGAAT 
: < -

GTT AAAGGGAAAAGACAAT AAGACAGAGGAATT GAGAAGGAGATTT GAAT AT AT GCAGGT

TT CGCAAGACAAAACGAT ACT GT AAATT CT CTT GCACGCT GT AAATTT CT CTT GCACGAA 

Pst I
ACAAAAGCGGCACGGCGCT GCAGGAAGAGGAGGCCT CGCTT AACCCGGGT GGAGT AGCCA

T AAAAT CT GCGCCT AT AAAAGCAGT AGT CGACAT AGAAGGGAAGGCAGAT GT AAAT GAAA

T GAAAT GACAAAAT AAT AAACAT ACCAT CACT AAAGAAAAT GGT ACGAT AAT AATT AAT A

AT GOT CCGCATTT GACAT AAAAGGGAT AAATT CCACCCTT GAAACAAT GGT CGCAACT GC 

EcoR I
AATT ATT AATTTT AT GGCGAATT CT AAT AT GCAACT GAAAGAAAAACAAACAT AAAAAAA

TATTTGAT AAGT GT GAT GT AATTT CGAAGT ATT CTT AT CT AAAATTTTTTT AAT GTT CAA

.Dra I
CATTTTTTGTAAAACATATAACATTATATGAAGAAAATCTTTTAAAATATTACAACTATT

Dra I
G AATTTTAT GT GAATAGAAAAAAGAATTAAAACGCATGAAAT GCCTAAAATAGCCCATU

T AAAAGTTGAGAAAGAACCCTAT AAAGTGCATGAGGTTTGTAAAT GACACT CCGCAGACG 

CGCTATTGGAGCAAGT GACAGTCCCTGCAT CCATGGCACAGCAGCTAATT CACGT GAATA
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1021

1081

1141

1201

1261

1321

1381

1441

1501

1561

1621

1681

1741

1801

CAT ACTTCCGAGGCATTGAT GT AGCAT ATT AAT CAT GT GGAAAAAAAT CAGAATGCAGTT 

CGAACT AAAATGCCT AAAT CTTGAGTGC AAACAGACGACACGCACCAAGGAT AT AAAAAT 

GT AAT GAAAGGAAAGCCATGT CTGT GACGAAGAGCAACTATACCT GTATATGTGGCCAGA

AT AT AATT GAT AATT GT CGAAAAACAAGAGCAAAT ACCAT AAGGTTT GT GTTTTT ACACA

AT AAAAT GT GT AAGAT ATTT GAAC AGAT GCGT GGAAGCGAGTT GCTT ACAGT GAAGACAG

ACGCAATACGAAAATGGAAACACGACAT CAGTGTGATCATGCTAGAAGTAATAATAGGTG

AAT CACT GT AAAAAGTTCAACAAAAGCAGCAGAAATGCTGTTTTTGTAGACAAATCACAA

Xba I  . . , , ffTTF-FFl .
CGAAGGGCICTAGAAATT CT AAAAACTTTT ATTT AT ACGT GT ACT AGTTTCTJaTAGCAT C

> ORF START A lte rn a te  s p l ic e  s ite?

CGCAGTT AAAGACT GT CGT CT ACAAT GCCGCGGGCGTTT CACT CGCTT AAT ACTT ACCCC
[CAATGAGACTA]

  . . ^  Sp lice  ju n c t io n  .
T CACAAACTT AAT GAGGCAAAGACGCT AT CT AT CGCCATTTT AGCCACCT ACACACGGT G 
cDNA > ff TT CT GT ACTaTATTGACGCT AT CT AT CGCCATTTT AGCCACCT ACACACGGT G

mini exon

GCACGCAACACAAGCAGT AAATT CT CT AAT GGACACAGCCCAGGTTTT CGCCCTTTTTT A 
GCACGCAACACAAGCAGT AAATT CT CT AAT GGACACAGCCCAGGTTTT CGCCCTTTTTT A

MetAspThrAlaGlnValPheAlaLeuPheTy 
-16-15-14-13-12-11-10-9 -8  -7 -6

CAT GGCGACCGT CAT GGCAGCAGGGACAAAAAACAAAGCGT CT CAAGCAGTGT CAGACCC 
CAT GGCGACCGT CAT GGCAGCAGGGACAAAAAACAAAGCGT CT CAAGCAGT GT CAGACCC 
rMetAlaThrValMetAlaAlaGlyThrLysAsnLysAlaSerGlnAlaValSerAspPr 
-5  -4  -3  -2 -1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

TT GCAGCGAAATT CATTT CGACGAGCAACT AGCGAACT ACTT CGAAAACGAAGTTT CCGC 
TTGCAGCGAAATT CATTT CGACGAGCAACT AGCGAACT ACTT CGAAAACGAAGTTT CCGC 
dCy^SerGl u I le H i s P h e A s p G luGlnLeuAlaAsnT yrPheGluAsnGluValSerAl 
[ l6J l7  18 19 20 21 22 23 24 25

GGCAACGACGCAGCT CGACGAGAAT CAGAACTT CGAACGAAGCT GGAAGCT GCT GCAAT A 
GGCAACGACGCAGCTCGACGAGAATCAGAACTT CGAACGAAGCTGGAAGCTGCTGCAATA 
aAl aThrThrGln L e u A s p G luAsnG1nAsnPheGluArgSerTrpLysLeuLeuGlnT y
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Pst I
1861 T CJGCAGAT GGAT CACCAAAAGT CAAAAGGCGCGGCAGCGTT AGCT GCAT ACGCAT CT AC 

TCIGCAGAT GGAT CACCAAAAGT CAAAAGGCGCGGCAGCGTT AGCT GCAT ACGCATCTAC 
rL e u G ln M e tA s p H ls G ln L y s S e rL y s G ly A la A la A la L e u A la A la T y rA la S e rT h

1921 GAT AAACATCAGAACGGCTGCAAACGTAAAAGCAGCGAGCGGAGAGCTGCTGACGGCAGC 
GAT AAACAT CAGAACGGCT GCAAACGTAAAAGCAGCGAGCGGAGAGCTGCTGACGGCAGC 
r l 1eAsn l1eArgThrAlaAlaAsnValLysAlaAlaSerG1yGluLeuLeuThrAlaA1

P v u I I /P s t I
1981 T AGCCT ACT CCGGCAGCGAGCAGCAAAT GT CT CAGCCGCGTTTCAGCT GCAGGGCCAAGG 

T AGCCT ACTCCGGCAGCGAGCAGCAAATGT CT CAGCCGCGTTT CAGCTGCAGGGCCAAGG 
aSerLeuLeuArgGl nArgAl aAl ajAsnVal SerAl aAl aPheGl nLeuGl nGl yGl nGl 

p o te n t ia l  N -g lyco sy la t io n  s i t e

2041 T GT CAT CAAGCT GGGCACACCAGAT AT CGACAACGGAGCGAAGT CGAT AACGCAT GCAGA 
T GT CAT CAAGCT GGGCACACCAGATATCGACAACGGAGCGAAGTCGATAACGCATGCAGA 
yVal11eLysLeuGlyThrProAspI1eAspAsnGlyAlaLysSerlleThrHi sAlaAs

2101 CGCCGGCT GCAACT ACGCAGCCATT AGCAAGACGGTT CCAACACAGCGAT GCACACCGCC 
CGCCGGCT GCAACT ACGCAGCCATT AGCAAGACGGTT CCAACACAGCGAT GCACACCGCC 
pAl aGl ypysAsnT yrA l aAl a l  leSerLysThrVal ProThrGl nArgCysfThrProPr

1128 (142.1
PvuII .

2161 GCAACAGCAAGCT GACACGATT ACAGCT GCGGACAT GCAACCAGACAAGCT AGACGAGCT 
GCAACAGCAAGCT GACACGATT ACAGCT GCGGACAT GCAACCAGACAAGCT AGACGAGCT 
oGlnGlnGlnAlaAspThrl1eThrAlaAlaAspMetGlnProAspLysLeuAspGluLe

2221 T CAACT GAT AACAGAAGCCT ACACGACAACGAT AACAATAGCAGCGAGTGCTTACAGCAA 
T CAACT GAT AACAGAAGCCT ACACGACAACGAT AACAATAGCAGCGAGT GCTT ACAGCAA 
uG lnLeu Ile rh rG luA laTyrThrThrThrl leThrl leA laA laS erA laTyrS erLy

2281  AGGGACACCGGCGACAGGACACACCGTATACACTTACGGCAACTGCCAAAGCACAGGTGG 
AGGGACACCGGCGACAGGACACACCGTATACACTTACGGCAACTGCCAAAGCACAGGTGG 
s G ly T h r P r o A la T h r G ly H i s T h r V a lT y rThrTyr G lyAsnfcysGlnSerThrGlyG l

(200J

BamHI
2341 GAGCGCTT CGGCACAGCT AGGT GACACCCAT GCACT CGGGAT CCAT GT CAAGACGATT GG 

GAGCGCTT CGGCACAGCT AGGT GAC ACCCAT GCACT CGGGATCCAT GT CAAGACGATT GG
ySerAlaSerAlaGlnLeuGlyAspThrHisAlaLeuGlylleHisValLysThrlleGl
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2 401 CACCAAGGCAGTAACGGAAAAAACGACACT GCAACCAAGCAGCAGT AACAAAT GCCCAGA 
CACCAAGGCAGT AACGGAAAAAACGACACT GCAACCAAGCAGCAGT AACAAAT GCCCAGA 
y T h rL y s A la V a lT h rG lu L y s T h rT h rL e u G ln P ro S e rS e rS e rA s n L y s iC y s P ro A s

[243]

2461 CGAAGGAACAACCGCGGAGCTCACACCAATTAAACGGCTGGCACGTGCCAT CTGCTTAGC 
CGAAGGAACAACCGCGGAGCT CACACCAATT AAACGGCT GGCACGT GCCAT CT GCTT AGC 
pGluGlyThrThrAlaG1uLeuThrProIleLysArgLeuAlaArgAlallejCysleuAl

!263|
H ln d l l l  

2521 ACGCAAAGCAAGCTT 
ACGCAAAGCAAGCTT 
aArgLysAlaSer..

F igure 5.15; Sequence o f  the ILTat 1.22 gene transposed 
segment. R e s t r i c t i o n  s i t e s  are  shown as u n d e r l in e d .  The 70 
bp repea ts  are  in d ic a te d  by c o lo n s  be low  th e  sequence and 
d e l in e a te d  by a rrow s . “ ORF" marks th e  b e g in n in g  o f  th e
1.22 gene open reading frame. Features p o te n t ia l l y  concerned w i th  
a d d i t io n  o f  th e  m in i-e x o n  sequence t o  th e  mRNA a re  boxed, 
as are  c y s te in e s  in  the  p r e d ic te d  amino a c id  sequence . 
The sequence in  parentheses in d ica te s  a p o te n t ia l  branch p o in t  
r e c o g n i t io n  re g io n  f o r  the  trypanosom e U2 s m a ll  r i b o n u c le a r  
p a r t i c l e  ( P a t z e l t  e t  a l .  , 1989). The p r e d ic t e d  amino a c id
sequence is  numbered using the f i r s t  cys te ine  as an a r b i t a r y  
p o s i t io n  16. The nuc leo t id e  sequence is  numbered from the PvuI I  
h yb r id  s i t e .  Throughout, the upper l in e  is  genomic sequence, and, 
where p resen t, the second l in e  is  the sequence o f  the cDNA f o r  
the  ILTa t 1.22 gene. The lowest l in e s  g ive the th ree  l e t t e r  codes 
f o r  the p red ic te d  amino ac id  sequences.
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GENE ANALYSIS BASE COMPOSITION (PERCENT) 

A T G C

1.22 TOTAL NUCLEOTIDES 31 16 24 28

1.22 THIRD BASE FREQUENCY 31 13 24 31
(ALL CODONS)

1.22 THIRD BASE FREQUENCY 37 16 27 19
(ISOACCEPTING CODONS)

OTHER TOTAL NUCLEOTIDES 36 15 24 26
VSGs

OTHER THIRD BASE FREQUENCY 38 12 20 29
VSGs (ALL CODONS)

HOUSE- TOTAL NUCLEOTIDES 12 25 27 36
KEEPING

HOUSE- THIRD BASE FREQUENCY 23 23 28 26
KEEPING (ALL CODONS)

1.22 TOTAL NUCLEOTIDES 38 26 19 18
TRANSPOSED 
SEGMENT 
(NOT VSG)

Table 5.1 N uc leo tide  com position and codon frequency o f  the ILTa t
1.22 gene and upstream e n v i ro n m e n t  compared t o  th e  
average o f  th re e  o th e r  VSG gene sequences and e ig h t  
housekeeping genes (M iche ls ,  1986)
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the electron withdrawing inductive effect of the chlorine atom 

enhancing chain scission. Main chain scission proved

especially awkward, however, when attempts were made to prepare 

the monochlorinated derivative as the products obtained in these 
cases were oils.

When the reaction was carried out in air, the IR spectra 

showed no significant increases in the carbonyl stretching 

absorption (1775 cm''1) relative to that for the ether C-O-C 

asymmetric stretching band (1120 cm_1). This suggests that 

under these experimental conditions oxygen does not enhance chain 

scission via the formation of carbonyl compounds. Kagiya et al"'"11

investigating radiation induced degradation of PEO in the atmosphere 

of chlorine compounds observed the appearance of a variety of 

carbonyl absorption bands in the IR spectrum when PEO powder was 

subjected to y radiation in air. These included ester type 

carbonyl (1750 cm 1), aldehydic (1733 cm 1) , ketonic (1721 cm 1), 

and carbonyl (1715 cm 1) absorptions. In addition, hydroxyl

bands were observed (3400 cm 1). Similar oxidative degradation

occurred when UV radiation was employed. In similar experiments

in CCl^ little change in the IR spectrum was noted apart from the 

appearance of an acid chloride absorption. Chlorine appeared

to have the greatest effect on the degradation of PEO when the 

polymer was irradiated with UV light. This was seen by the 

decrease in molecular weight and the presence of IR bands at 1760 cm 

and 800 cm’1 due to acid chloride and C-Cl ansorptions respectively 

in the irradiated product. Also it was noted that when UV

irradiation of PEO was carried out in vacuum, cross linking took 

place. Thus the results obtained in the present investigation



n u c le o t id e  composition in favour o f  A and T and aga inst C.

The n u c le o t id e  c o m p o s it io n s  f o r  b o th  th e  c o d in g  and non 

coding s tre tch e s  o f  the 1.22 transposed segment were determined 

using the "Composition" program in  the GCG sequencing ana lys is  

so ftw are . The codon usage f o r  the p o r t io n  o f  the ILTat 1.22 gene 

was determined using the "Codon Frequency" program. Table 5.1 

revea ls  th a t  the 1.22 gene is  remarkably s im i la r  in  both o v e ra l l  

and t h i r d  base nuc leo t ide  composition to  o the r  VSG genes. The 

n u c le o t id e  composition o f  the transposed segment, however, seems 

p a r t i c u la r l y  r ic h  w ith  A and T w ith  respect to  the coding regions 

o f  housekeeping genes.
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D iscu ss io n

This chapter has examined the s t ru c tu re  o f  the locus f o r  the 

gene encoding ILTat 1.22 and has stud ied  the a c t iv a t io n  o f  t h is  

gene in  e s tab l ishe d  bloodstream in fe c t io n .  In  a previous an a lys is  

t h i s  gene has been found to  be expressed j_n s i t u  in  m e tacyc lic  

clones using the model l in e  o f  trypanosomes employed in  Chapter 3 

o f  t h i s  t h e s is  (S h ie ls  e t  al_. , s u b m i t t e d ) .  S h ie ls  e t  a l . 

(subm it ted ) have a lso  in ve s t ig a te d  the 1.22 gene environment; 

most o f  i t  was less r e p e t i t i v e  in the genome than the ILTat

1.61 e x p re s s io n  locus  (C hap te r 4, t h i s  t h e s i s )  and f a r  le s s  

r e i t e r a te d  than bloodstream VSG expression s i te s  (Kooter e t  a l . . 

1 987 ; A le x a n d r e  e_t aJL. , 1 988 ; Pays ej, a l-  ; 1 9 8 9 a ) .  The

experiments described here have confirmed e a r l i e r  analyses which 

in d ic a te d  th a t  when the gene is  expressed la te r  than about 7 days 

a f t e r  l e a v i n g  t h e  t s e t s e  f l y ,  i t  o n l y  does so f o l l o w i n g  

d u p l ic a t iv e  t ra n s p o s i t io n  (Cornelissen e t  a l . , 1985a); the gene 

converts  what is  presumably a normal bloodstream VSG expression 

s i t e .  This is  compatib le w ith  the independence o f  M-VAT and 13- 

VAT expression mechanisms: because the m etacyc lic  expression

s i t e  has l i t t l e  in  common w ith  a bloodstream expression s i t e ,  the

1.22 gene requ ires  to  be transposed f o r  a c t iv a t io n  a t t h i s  t im e.

A n a ly s is  o f  the  e xp re ss io n  lo c u s  f o r  th e  p resence  o f  th e  

t ra n s p o s i t io n  associated 70bp repeat m o t i fs  has revealed th a t ,  

l i k e  on the ILTat 1.61 gene locus (Chapter 4, t h is  t h e s is ) ,  the 

ex te n t  o f  these repeats is  very sho r t .  This is  in  co n tra s t  to  

what has been found fo r  o the r  . M-VAT genes where none has been 

detected (Lenardo e t  a l . , 1986) and s t r i k in g l y  d i f f e r e n t  from

te lo m e r ic  bloodstream VSG expression lo c i  where several k ilobases 

o f  repeats are o f te n  present. Despite t h e i r  b re v i ty ,  however, the 

very sho r t  region con ta in in g  the 70bp repeats has been found to  

a c t  always as the  5 ’ c o n ve rs io n  l i m i t  when th e  1.22 gene

undergoes d u p l ic a t iv e  t ra n s p o s i t io n .  Th is ,  toge ther w ith  the 

observed s t a b i l i t y  o f  ILTat 1.22 in  the M-VAT re p e r to ire  o f  the 

EATRO 795 stock w ith  time (Barry  e t  a l . , 1983), has im p l ic a t io n s  

f o r  the mechanism o f  expression s i t e  conversion.
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1. M-VAT S w i t c h in g  Mechanisms

I t  has been proposed th a t  VSG gene conversions may occur by 

employing a n o n -s p e c if ic  mechanism because the observed sw itch ing
_ o — 7

frequency (10 to  10 per c e l l  per genera tion ; Lamont e t  a l

1986) is  approxim ate ly equ iva len t w i th  the le v e ls  o f  background 

m i t o t i c  recombination in  yeast (Pays 1985; Borst and Greaves, 

1987; Timmers e t  a j [ . , 1987). Using t h is  model, homologies between 

VSG gene lo c i  would i n i t i a t e  conversion, w i th  regions showing 

ex tens ive  homology being more f re q u e n t ly  invo lved than those 

w ith  less homology. Thus, the high degree o f  s im i l a r i t y  between 

d i s t i n c t  bloodstream expression s i te s  a t telomeres could a l low  

t h e i r  frequen t in te rcon ve rs ion ,  w h ile  the homologies between 

chromosomal in te rn a l  genes and expression s i te s ,  being r e s t r ic te d  

to  the VSG gene 3 ’ region and upstream f la n k s  (70bp repeats and 

regions o f  the transposed segment), would be less f re q u e n t ly  

invo lved  in  recombination.

The te lo m e r ic  nature o f  expression s i te s  might a lso  enhance 

the i n i t i a t i o n  o f  such a n o n -sp e c if ic  conversion mechanism. For 

example, the double strand breaks at the ends o f  chromosomes 

might be recombinogenic (Szostak e t al_., 1983), as might the

nicked s trands on re p l ic a t in g  telomeres (Blackburn and Challoner, 

1984; Meselson and Radding, 1975). In te r - te lo m e r ic  recombinations 

might a lso  be promoted by the non-Watson and C rick  base p a ir in g s  

which can form w i th in  the telomere repeats (Henderson e t  a l . ,

1987), o r  be s ta b i l iz e d  by the p o s s ib i l i t i e s  f o r  in te r  duplex 

a s s o c ia t io n ,  mediated by Hoogsteen bond ing  between runs  o f  

guanosines (Will iamson e t  a l . , 1989). This bonding, which can 

r e s u l t  in  the fo rm ation  o f  a fo u r  stranded DNA molecule, has 

been s u g g e s te d  t o  p la y  a r o l e  in  s y s te m s  i n v o l v i n g  DNA 

re c o m b in a t io n ,  w i th  i n t e r a c t io n s  between th e  S-sequences 

invo lved  in  immunoglobulin heavy chain gene rearrangement being 

one example (Sen and G i lb e r t ,  1988). With respect to  VSG genes, 

such te lo m e r ic  events could promote conversion progressing 

upstream , away from the  chromosome end and t e r m in a t i n g  in  

homologous regions fu r th e r  along the expression s i t e  such as 70bp
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repeat m o t i fs  or ESAGs (F lo re n t  e t  a l . , 1987).

A lthough  co m p a t ib le  w i th  i n t e r c o n v e r s io n  between h i g h l y  

r e la te d  b loods tream  e x p re s s io n  s i t e s ,  th e  above s c e n a r io  is  

incom patib le  w i th  the frequency and d i r e c t i o n a l i t y  o f  conversion 

events in v o lv in g  the 1.22 gene. F i r s t l y ,  homology alone does not 

seem to  govern d u p l ic a t iv e  t ra n s p o s i t io n  o f  the gene. The ILTat

1.22 bas ic  copy locus has on ly  1.5 70bp repeat m o t i fs  in  common 

w i th  b loods tream  e x p re s s io n  l o c i  b u t  g e n e ra te s  an ELC 

c o n s is te n t ly  a f t e r  sw itch ing  away from in  s i t u  expression. This 

c o n t r a s ts  w i th  the  M-VAT 4 and 7 gene l o c i  w h ich  a re  a ls o  

te lo m e r ic ,  have g rea te r s im i l a r i t y  to  bloodstream expression 

s i t e s  ( th e y  have a conserved ESAG), b u t  have no 70bp re p e a t  

m o t i f ,  and have never been reported to  generate an ELC (Son e t 

a l . .  1989). S im i la r ly ,  chromosomal in te rn a l  VSG genes w ith o u t any 

repeats do not seem to  be able to  undergo d u p l ic a t iv e  a c t iv a t io n  

(Pays e t  a l . , 1983d). This im p l ies  th a t  a s in g le  in ta c t  70 bp 

repeat m o t i f  might be necessary and s u f f i c ie n t  f o r  e f f i c i e n t  ELC 

genera tion , regard less o f  the presence o the r  homologies, and in  

c o n tra s t  to  previous proposals in which the ex ten t o f  repeats 

a s s o c ia te d  w i th  the  gene c o n v e rs io n  don o r was su g g e s te d  t o  

determine i t s  t ra n s p o s i t io n  frequency (Timmers e t  a l . , 1987).

Secondly , a conve rs ion  even t i n i t i a t e d  a t  th e  chromosome 

te lomere cannot exp la in  the s t a b i l i t y  o f  the 1.22 gene in  the M- 

VAT r e p e r t o i r e :  i f  t e lo m e r ic  e v e n ts  3 ’ o f  th e  VSG gene were 

d r iv in g  the conversion process, the te lo m e r ic  1.22 gene would be 

i t s e l f  converted as f re q u e n t ly  as i t  converts  o the r  te lomeres. 

T h is  is  not so; i t  can be d is p la c e d  from  i t s  b lo o d s t re a m  

expression locus (J.D. Barry, personal communication), but has 

not been seen to  be replaced in the m e tacyc l ic  expression locus 

te lomere (exept ra re ly ,  where the whole locus appears to  have 

been absen t;  S h ie ls ,  1990). An argum ent a g a in s t  a 3 ’ t o  5 ’ 

convers ion o r ie n ta t io n  has a lso  been ra ised  re c e n t ly  by o the rs ;  

S c h o l le r  e t  a l . ( 1 9 8 9 )  have obse rved  t h a t  a new ly  c o n v e r te d  

chromosome has a te lom ere  le n g th  i d e n t i c a l  t o  t h a t  o f  th e  

c o n v e rs io n  donor. They e x p la in  t h i s  in  te rm s  o f  an ups tream  

i n i t i a t i o n ,  conversion m ig ra t ion  and then te rm in a t io n  a t the 

te lom ere.
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The o b s e rv a t io n  t h a t  the  1 .22 gene r e a d i l y  a c ts  as a 

c o n v e rs io n  donor em ploy ing  i t s  70bp r e p e a ts ,  b u t  i s  i t s e l f  

r e l a t i v e l y  re s is ta n t  to  convers ion, can be exp la ined 1n terms o f  

a more d i re c te d  conversion mechanism than background m i t o t i c  

recom bination processes (Barry , 1989). In  t h i s  model, the long 

a rrays  o f  70bp repeats on bloodstream expression s i t e s  might be 

recogn ised  by a s p e c i f i c  end o n u c le a se , a n a lo g o u s  t o  th e  HO 

endonuclease in  yeast mating type s w itch in g  (K os tr icken  e t  a l . ,  

1983), p rodu c ing  a double  s t ra n d  b re a k .  T h is  c o u ld  th e n  be 

co n ve r te d  by the  donor sequence ( th e  IL T a t  1 .22  t ra n p o s e d  

segment). In  t h i s  process the 1.22 gene locus, l i k e  chromosomal 

in te rn a l  VSG genes, would be r e la t i v e l y  r e s is ta n t  to  conversion 

because the  p r o b a b i l i t y  o f  t h e i r  very sh o r t  70bp repeat m o t i f  

being recognised and cu t would be low.

A convers ion mechanism o f  t h i s  type would be advantageous to  

the  trypanosome; as w e ll as keeping the H-VAT VSG system apart 

from the bloodstream system (Chapter 3, t h i s  th e s is ;  S h ie ls  e t  

a l . ,  subm it ted ) ,  i t  would l i m i t  the l i k e l ih o o d  o f  bloodstream 

expression s i t e s  becoming in te rn a l is e d  in to  chromosomes. A lso, by 

using a s p e c i f i c  conversion i n i t i a t i o n  mechanism r e l i a n t  upon a 

homology b lock found w ith  the vast m a jo r i ty  o f  VSG genes, the 

trypanosome could avoid the p o s s i b i l i t y  o f  becoming trapped in to  

a c o n t in u a l  c y c le  o f  c o n v e rs io n s  between v e ry  r e la t e d  genes 

(Timmers e t  a l . , 1987).

Support f o r  t h i s  form o f  s p e c i f i c  conversion mechanism has

come from recent analyses on the frequency o f  antigen s w itch ing .

In  trypanosome l in e s  able to  be t ra n s m it te d  through f l i e s  and,

th u s ,  more c lo s e ly  resembling those in  the f i e l d  than the rodent

adapted l in e s  p r e v io u s ly  a n a ly s e d ,  i t  has been found  t h a t
— 1 -3s w itc h in g  frequencies may be as high as 10 to  10 per c e l l  

per generation (Turner and Barry, 1989). S im i la r ly ,  an ana lys is  

o f  t r a n s p o s i t i o n  even ts  o c c u r r in g  w i t h o u t  a change in  th e  

expressed VSG gene has im p lied  th a t  conversion frequenc ies  may be 

h ig h e r  than had been supposed, even in adapted l in e s  (Myler e t  

a l . , 1988; A l in e  e t  a l . , 1989). W h ils t  these e levated frequenc ies  

cou ld  be accounted fo r  by a system r e l i a n t  on simple homology 

(background telomere recombination frequencies may be very h igh ;
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P lu ta  and Z ak ian , 1989) i t  c o u ld  n o t  e a s i l y  a cc o u n t  f o r  th e  

reduc t ion  o f  t h is  frequency w ith  adap ta t ion  to  rodent hosts.

A r e l a t i v e l y  s p e c i f i c  system i s  n o t  c o n t r a d i c t e d  by th e  

observed frequency w i th  which sequences o the r  than 70bp repeats 

mark the t ra n s p o s i t io n  l i m i t  when te lo m e r ic  genes are a c t iv a te d  

by convers ion (Kooter e t  a l . , 1988; Pays e t  a l . , 1983b; Lee and 

Van der Ploeg, 1987). F i r s t l y ,  i t  is  q u i te  poss ib le  th a t ,  a f t e r  

the i n i t i a t i o n  o f  convers ion, the g rea t s im i l a r i t i e s  between 

bloodstream expression s i t e s  could r e s u l t  in  ex tens ive  branch 

m ig ra t io n  o f  a H o l l id a y  in te rm ed ia te  in  the process, r e s u l t in g  in  

re s o lu t io n  o f  the conversion event a t a p o in t  d is ta n t  from i t s  

i n i t i  a t  io n .  T h is  mi g ra t  ion c o u ld  o c c u r  b o th  s id e s  o f  th e  

convers ion i n i t i a t i o n  p o in t ;  the double s trand  break conversion 

model (Szos tak  e t  aJL. ,  1983) p roposes  th e  in v o lv e m e n t  o f  two 

H o l l id a y  in te rm ed ia tes  a t  e i th e r  s ide  o f  the double s trand  gap 

which i n i t i a t e s  convers ion. This could perm it b i - d i r e c t io n a l  

conversion as has been observed a t  the yeast MAI locus (M cG ill e t  

a l . ,  1989). A lthough the ex ten t o f  the conversion m ig ra t ion  a t 

one s id e  o f  the  HO endonuclease c u t  s i t e  i s  l i m i t e d  in  t h a t  

system, t h i s  appears to  be due t o  th e  p resen ce  o f  a s p e c i f i c  

mechanism f o r  ensuring the p o la r i t y  o f  the conversion process 

(White and Haber, 1990).

Secondly, sequences o u tw ith  the 70 bp repeats might a lso  mark 

the  d u p l ic a t io n  l i m i t ,  i f  the re  were a degree o f  over lap  between 

th e  f re q u e n c ie s  o f  s p e c i f i c  c o n v e rs io n s  and non s p e c i f i c  

convers ions. This is  not u n l ik e ly ,  because any recombination 

i n i t i a t i n g  machinery would need to  be a t  a low le ve l to  prevent 

the  trypanosome surface being in  con t in ua l a n t ig e n ic  f lu x .

F in a l l y ,  the proposal o f  a r e la t i v e l y  s p e c i f i c  conversion 

mechanism does not preclude the ex is tence  o f  o the r  recombination 

processes c o n t r ib u t in g  to  VSG gene s w itch in g .  For example, the 

e n d p o in t  f o r  a number o f  c o n v e rs io n  e v e n ts  d u r in g  a n t ig e n  

s w itch in g  has been seen to  be c lose  to ,  o r  w i th in ,  the ESAG 2 

sequence on bloodstream expression s i t e s  (Kooter e t  a l  1988; 

Shea e t  a l . , 1987). This gene bears great s im i l a r i t y  to  both the 

s o -c a l le d  "companion sequence", which accompanies the AnTat 1.1 

gene dur ing  d u p l ic a t iv e  t ra n s p o s i t io n  (Pays e t  a l . , 1983a), and
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the reg ion c lose  to  the proposed RNA polymerase I  promoter on 

the VSG 118 expression s i t e  (Shea e t  a l .  , 1987). A lthough t h is  

pol I  p ro m o te r- l ik e  sequence does not appear to  be the promoter 

c o n t r o l l i n g  VSG t r a n s c r ip t io n  (C ro z a t ie r  e t  a l . , subm it ted ) ,  i t s  

s u b s id ia ry  a c t i v i t y  may act to  promote conversion in  an analogous 

way to  the HOT 1 sequence in  Saccharomvces cerev isae (K e i l  and 

Roeder, 1985). This sequence is  c lo s e ly  l in ked  to  the promoters 

f o r  r ibosom a l gene e x p re s s io n  and app ea rs  t o  p rom ote  th e  

i n i t i a t i o n  o f  m i t o t i c  c o n v e rs io n ,  p ro v id e d  i t s  lo c u s  i s  

t r a n s c r i p t i o n a l l y  a c t iv e  (Voelkel-Meiman e t  a l . - , 1987).

A system f o r  inducing gene conversions a t  VSG expression s i te s  

need not be as s p e c i f i c  as the h ig h ly  regu la ted  yeast HAT locus 

(reviewed in  Herskow itz, 1989). Indeed i t  m ight be b e t te r  f o r  the 

trypanosome to  have a more sloppy system f o r  c o n t r o l l in g  antigen 

s w i tc h in g  as t h i s  cou ld  c o n t r i b u t e  t o  th e  r e l a t i v e  

u n p r e d i c t a b i l i t y  o f  the  sequence o f  VATs p roduced  by a 

pop u la t ion .  Thus, instead o f  a s t r i c t  ta rg e t  sequence, the system 

may s im ply show a pre ference f o r  70bp repeats because o f  t h e i r  

c a p a c i ty  f o r  secondary s t r u c t u r e  o r  r e l a t i v e  e xp o su re  in  

chromatin . For example, and as has been noted p re v io u s ly  (L iu  e t  

a l , 1983), the TRR s t re tc h  (where R is  pu r ine ) and a l te r n a t in g  

p u r in e :p y r im id in e  m o t i fs  o f  the 70 bp repeat m o t i f  is  s im i la r  to  

many o the r  sequences associa ted w ith  genes known to  be able to  

undergo gene conversion and recombination. Examples inc lude  the 

TCA, TCC r e p e t i t i v e  t r i p l e t s  seen a t the f la n k s  o f  the v a r ia b le  

heavy chain genes encoding immunoglobulins (Cohen e t  a j . ,1 9 8 2 ) ,  

the TGGGG m o t i fs  associated w ith  the S elements o f  heavy chain 

constant region genes (Shimizu and Honjo, 1984) and the (CT) 27 

“ z ip pe r"  repeat ad jacent to  sea u rch in  h is tone  genes (Kedes, 

1979). As pointed out by Kedes (1979), the r e p e t i t i v e  nature  o f  

such m o t i fs  can ac t to  increase g re a t ly  the frequency o f  i n t e r -  

gene base p a i r in g  which a p p a re n t ly  p recede  re c o m b in a t io n  

p rocesses . Long a r ra y s  o f  th e  A-T r i c h  70bp re p e a ts  may a ls o  

promote sequence re co g n it io n  by a conversion i n i t i a t i n g  enzyme by 

t h e i r  being r e la t i v e l y  excluded from compaction In to  chromatin. 

For example, the Z DNA and c ruc ifo rm  s t ru c tu re s  such as have 

been p re d ic te d  f o r  the  repea ts  ( L iu  e t  a 1 . , 1983 ),  have been
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observed to  l i m i t  the assembly o f  h is to r ies onto DNA (N icko l e t 

a l .  , 1982), and can be recombinogenic (reviewed in  H o l l id a y ,

1989). S im i la r l y ,  the a l te r n a t in g  pu r ine : py r im id in e  s tre tch e s  

wh ich com prise one s e c t io n  o f  th e  70bp r e p e a ts ,  when under 

to rs io n a l  s t re s s  might form unusual h e l ix  conformations and, 

thus , be less r e a d i ly  assembled in to  chromatin (Eissenberg e t  

a l . , 1985). Tors iona l s t re s s  associated w i th  t r a n s c r ip t io n  might 

f u r t h e r  enhance the  p o s s i b i l i t i e s  f o r  r e c o m b in a t io n  a t  th e  

repeats, i f  they are cleaved du r ing  the r e l i e f  o f  t h i s  s t re s s  by 

to p o i  somerases (Tsao e t  a l .  , 1989 ).  Topo i somerase I I ,  f o r  

example, generates t ra n s ie n t  double s trand breaks in  t ra n s c r ib e d  

DNA and p r e f e n t i a l l y  b inds  t o  b o th  A T - r i c h  s t r e t c h e s  and 

a l te r n a t in g  pur ines and p y r im id in e  arrays (S p itz n e r  e t  a l. 1990). 

A l th o u g h  t h i s  cou ld  be advantageous t o  th e  trypanosom e by 

p r e f e r e n t i a l l y  d i r e c t in g  new genes in to  an a c t iv e  expression 

s i t e ,  i t  could less re a d i ly  account f o r  the frequen t conversions 

a t  s i l e n t  VSG gene lo c i  (Myler e t  a l . , 1988; A l in e  e t  a l . , 1989).

2. The Timing o f  ELC generation f o r  the 1.22 gene.

Why would the 1.22 gene generate an ELC upon the in a c t iv a t io n  

o f  the M-VAT system, but not before? There might be a number o f  

reasons. F i r s t l y ,  the s p e c i f i c  conversion mechanism supposed 

above might not become a c t iv e  u n t i l  the bloodstream VSG system is  

in  o pe ra t ion ,  not being requ ired  beforehand. This p o s s i b i l i t y  

c o u ld  be addressed by lo o k in g  f o r  e v id e n c e  o f  s i l e n t  VSG 

gene rearrangements w h ile  the m etacyc lic  VSG system was s t i l l  

e x ta n t ,  o r  dur ing  ±n v i t r o  c u l tu re  o f  p ro c y c l ic  trypanosomes.

Secondly, trypanosomes generating an ELC dur ing  the f i r s t  few 

days in  th e  mammal hos t m igh t n o t  be s e le c te d  u n t i l  th e  

b loods tream  system is  a c t i v a t e d  and th e  ELC i s  a b le  t o  be 

expressed. These organisms would be u n l ik e ly  to  increase in  the 

po p u la t io n  w i th  respect to  those w ith ou t an ELC and, th e re fo re ,  

m ight not be detected.
F in a l l y ,  w i th  movement in to  bloodstream mode VSG expression, 

the  p re v io u s ly  a c t iv e  M-VSG gene might ac t as a p r e fe re n t ia l  

donor in  gene conversion events because o f  i t s  nuc lear lo c a t io n .
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I f  s p e c i f i c  s i te s  e x is t  w i th in  the nucleus f o r  M-VAT o r  B-VAT 

gene t r a n s c r ip t io n  or both, the fo rm e r ly  expressed M-VAT gene 

m igh t more r e a d i l y  c o n v e r t  a new ly  a c t i v a t e d  b lo o d s t re a m  

expression locus because o f  t h e i r  c lose  s p a t ia l  p ro x im i ty  a t  the 

sw itch  from one system to  another. La te r  on, M-VAT genes might 

less r e a d i ly  convert bloodstream expression lo c i ,  being s i l e n t ,  

and p o t e n t ia l l y  compacted in to  chromatin.

3. The acceptor expression s i te s  f o r  the 1.22 gene ELCs.

S e c t io n  5.7 in v e s t ig a te d ,  by r e s t r i c t i o n  a n a l y s i s ,  th e  

r e c ip ie n t s  f o r  con ve rs io n  by th e  1 .22  gene and fo und  t h a t  a 

number o f  expression s i te s  could ac t as acceptors (assuming th a t  

the r e s t r i c t i o n  map is  in d ic a t iv e  o f  the s i t e  used). Although 

on ly  a very small sample was analysed, the re  was on ly  one case 

where the same expression s i t e  seemed to  be used (exc lud ing  the 

poss ib le  l in g e r in g  ELC in  1 .2 2 f ) .  This in d ic a te s  th a t  the gene is  

n o t  b e in g  p r e f e r e n t i a  11y t a r g e t t e d  t o  i t s  m ost r e l a t e d  

bloodstream locus, and supports the hypothesis th a t  homologies 

o u tw ith  the 70bp repeats are not respons ib le  f o r  d i r e c t in g  VSG 

gene conversions. I t  a lso  suggests th a t  the re  is  not a t i g h t  

r e s t r i c t i o n  on the in te ra c t io n s  o f  the 1.22 te lom ere, which may 

have been one exp lana tion  f o r  i t s  s t a b i l i t y  in  the genome.

There may s t i l l ,  however, be a r e s t r i c t i o n  on the c lass  o f  

chromosome w ith  which the locus can in te r a c t ,  a t  le a s t  a t  the 

sw itch  from M-VAT to  B-VAT mode expression. Although on ly  one 

case has been looked a t ,  the 1.22j  ’ ELC was found to  be on a 

very la rge  chromosome. This is  in  agreement w i th  the work o f  

Delauw et al- (1987) who found, as here, th a t  a number o f  s i te s

could accept M-VAT genes and th a t  these were confined to  la rge

chromosomes a t le a s t  e a r ly  in  in fe c t io n .  I t  i s  a lso  in  agreement 

w i th  the analyses o f  Cornelissen e t  a l .  (1985a). This might imply

t h a t ,  a t  the sw itch from M-VAT to  B-VAT mode a c t iv a t io n ,  M-VAT

genes can on ly  in te ra c t  w i th  expression s i t e s  on o the r  la rge  

chromosomes. Although t h i s  obv ious ly  needs f u r t h e r  s tudy, t h i s  

m ight l i m i t  the p o te n t ia l  f o r  these genes to  be converted, as 

most o the r  VSG genes are harboured in  sm a lle r  chromosomes (Van
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der Ploeg and Corne lissen, 1984). Experiments to  lo c a l iz e  the 

ELCs f o r  the remaining expressor popu la t ions  analysed in  t h is  

chap ter are underway (0. Shonekan, personal communication).

4. A Comparison With Other M-VAT Loci.

I t  i s  i n t e r e s t i n g  to  observe t h a t  b o th  o f  th e  M-VAT l o c i  

examined in  t h i s  study have been found to  a have a very sho r t  

70bp repea t sequence, w h i le  th o s e  a n a ly s e d  by Lenardo  e t  a l . 

(1986) had none.

The reason f o r  t h i s  is  p o s s ib ly  a consequence o f  how th e  

genes in  each case have been se lec ted  f o r  s tudy. Corne lissen e t  

a l .  (1985a) is o la te d  t h e i r  cDNAS from bloodstream organisms which 

had Independently a c t iv a te d  M-VATs, using a procedure developed 

by B a rry  e t  aJL- (1979 ).  T h is  in v o lv e d  i s o l a t i n g  th o s e  

trypanosomes expressing VATs in  c h ro n ic a l ly  in fe c te d  ra b b i ts  

immediate ly p r io r  to  the d e te c t io n  o f  M-VAT r e a c t i v i t y  in  t h e i r  

serum. T h is  i s  Im p o r ta n t ,  because th o s e  most r e a d i l y  a b le  t o  

e n te r  a b loods tream  e xp re s s io n  s i t e  w i l l  be p r e f e r e n t i a l  1 y 

se lec te d ;  i . e  those w ith  the s ig n a ls  f o r  t ra n s p o s i t io n ,  70bp 

repeats. In  c o n t ra s t ,  Lenardo e t  a l .  (1984) is o la te d  t h e i r  M-VAT 

cDNAs from p o p u la t io n s  o n ly  f i v e  days from  th e  f l y ,  b e fo r e  

in a c t iv a t io n  o f  the m etacyc lic  VSG expression system. This w i l l  

no t have s e le c te d  f o r  those M-VAT genes most a b le  t o  undergo  

d u p l ic a t iv e  t ra n s p o s i t io n  and these , a cco rd ing ly ,  may lack 70bp 

repeats. An ana lys is  o f  the basic copy locus f o r  the M-VAT genes 

s tud ied  by Delauw e t  a l .  (1'987) d id  not in vo lve  a search f o r  70 bp 

repea ts , although no barren region was detected . These genes were 

expressed from an ELC, however, 10 days a f t e r  c y c l i c a l  

transm iss ion  and may, th e re fo re ,  have had a very sho r t  "barren 

reg ion" as on those s tud ied  in  t h i s  th e s is .

5. The Transposed Segment

The sec t ion  o f  the 1.22 locus transposed segment represented 

w i th in  pMG 7.1-1 has been sequenced. Most no tab le  is  the open 

reading frame con ta in ing  the ILTat 1.22 gene coding sequence. In
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a l l  re s p e c ts  t h i s  gene appears l i k e  o t h e r  c h a r a c t e r i z e d  VSG 

genes. This is  as would be expected; a lthough the gene is  f i r s t  

expressed in  the ts e ts e  f l y  s a l iv a r y  g land, t h i s  is  on ly  as a 

p readap ta t ion  f o r  l i f e  in  the manvnalian bloodstream. Although the 

p re d ic te d  primary amino ac id  sequence appears un re la ted  to  o the r  

VSGs in  the databases, i t  shows a l l  the fe a tu re s  which have been 

noted by o th e rs  to  show a degree o f  c o n s e r v a t io n  in  VSG 

sequences. Thus, the p red ic te d  VSG has an N-term1nal hydrophobic 

s ig n a l  sequence, c lo s e ly  fo l lo w e d  by a c y s t e in e  w i t h  nea rby  

hydrophobic res idues, and a p a i r  o f  cys te ines  a t  residues 128 and 

142. The c o n s e rv a t io n  o f  these  m o t i f s  i s  c o m p a t ib le  w i t h  th e  

observed o v e ra l l  s im i l a r i t y  in  t e r t i a r y  s t ru c tu re  which has been 

seen between unre la ted  VSG molecules (M e tc a l f  e t  a l  1986). This 

probab ly  r e f le c t s  s t ru c tu ra l  c o n s t ra in ts  on VSGs in  s p i te  o f  

t h e i r  s e le c t io n  f o r  d i v e r s i t y .  They may need s u f f i c i e n t  

conserva tion  in  shape to  a l low  them to  pack e f f e c t i v e l y  on the 

trypanosome surface and thereby form an e f fe c t i v e  b a r r ie r  to  non 

s p e c i f i c  immune mechanisms, f o r  example. S im i la r l y ,  a r e la t iv e  

conserva tion  between the secondary and t e r t i a r y  s t ru c tu re  o f  VSG 

molecules is  l i k e l y  to  a s s is t  the trypanosome in  m a in ta in ing  the 

i n t e g r i t y  o f  i t s  coat when two VSG types are on the trypanosome 

su r fa ce ,  a f t e r  a sw itch  1n the expressed VSG gene.

An ana lys is  o f  the nuc leo t id e  composition f o r  the region o f  

the gene sequenced revealed no apparent codon b ias desp ite  the 

abundance o f  the VSG p ro te in  in  trypanosomes. Both the n u c leo t id e  

composition and absence o f  bias a t the t h i r d  base in  the codon is  

in  f u l l  agreement w ith  o the r  VSG gene analyses (summarised in  

M iche ls , 1986). For o the r  VSG genes, i t  was suggested th a t  t h i s  

la c k  o f  b ia s  is  a consequence o f  th e  v e ry  r a p id  e v o l u t i o n  o f  

these sequences re s u l t in g  from frequent t ra n s p o s i t io n s ,  p a r t ia l  

c o n v e rs io n s  and r e c ip ro c a l  r e c o m b in a t io n s .  T h is  i s  n o t  

incom patib le  w ith  the absence o f  b ias in  the 1.22 gene, which is  

appa ren t ly  q u i te  u n su scep t ib le  to  these processes (see above). In  

the longer term i t  is  very l i k e l y  th a t  new genes w i l l  be brought 

in to  the m etacyc lic  re p e r to ire  from the bloodstream re p e r to i re  by 

even improbable conversion events o r  re c ip ro c a l recombinations. 

A lthough p o te n t ia l l y  ra re , the t im esca le  o f  these events would be
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f a r  less than th a t  needed fo r  the development o f  a de tec tab le  

codon b ias .

An a n a ly s is  o f  th e  non cod ing  re g io n  o f  th e  t ra n s p o s e d  

segment between the 70bp repeats and the VSG gene revea ls  th a t  

the n u c le o t id e  sequence is  very r ic h  in  adenosine and thym id ine ; 

the GC content is  36.5% compared to  55% over the VSG gene. This 

has a lso  been noted by Michels (1986) who suggested th a t  the b ias

may have a ro le  a t VSG te lo m e r ic  expression s i t e s .  For example,

i t  was suggested th a t  an A - r ic h  sequence might be re la te d  to  the 

req u ire m e n ts  f o r  a p a r t i c u l a r  c h ro m a t in  s t r u c t u r e  on th e  

te lom ere. A l t e r n a t i v e ly ,  an A /T - r ic h  n uc leo t id e  sequence might 

a s s is t  in  the displacement o f  successsive transposed segments 

from the expression s i t e ;  the h igher m e lt ing  capa c ity  o f  A /T - r ic h

DNA d u p lices  could ac t to  promote progress ion o f  a conversion

event from the  70bp repeats down in to  the VSG gene and beyond. 

These in te r p r e ta t io n s  are s p e cu la t ive ,  however, as more recent 

analyses o f  non coding s tre tch e s  in  the trypanosome genome away 

from VSG expression s i t e s  have revealed th a t  they, too , are q u i te  

A-T r ic h  (Dr P.M iche ls , personal communication).
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Chapter 6

Concluding Remarks.
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This th e s is  has examined two m e tacyc l ic  VSG genes when 

a c t iv a te d  e i th e r  1n the bloodstream o r ,  I n d i r e c t l y ,  in  the ts e ts e  

f l y .  I  have found th a t  one m e tacyc l ic  VSG gene locus appears very 

d i f f e r e n t  t o  th e  more complex e x p r e s s io n  l o c i  used by 

trypanosomes e s tab l ishe d  in  the bloodstream. The expression s i t e  

s t r u c t u r e  appears ve ry  s im p le ,  w i t h  j u s t  a re m a rk a b ly  s h o r t  

r e s t r i c t i o n  s i t e  “ barren" region and a sequence h y b r id iz in g  w ith  

Expression S i te  Associated Gene 1. An a n a ly s is  o f  the nascent 

t r a n s c r ip t s  der ived from the expression locus has revealed th a t  

the expression s i t e  does not inc lude  t h i s  upstream ESAG re la te d  

sequence, bu t in s te a d  appears t o  b e g in  a p p r o x im a te ly  5 kb in  

f r o n t  o f  the VSG gene. This is  in  s t r i k i n g  c o n tra s t  to  the huge 

t r a n s c r ip t io n  u n i ts  observed in  bloodstream expression s i t e s ,  

which may extend f o r  55 kb in  f r o n t  o f  the VSG gene. I  have a lso  

examined th e  p o t e n t ia l  s ig n a ls  f o r  M-VSG gene a c t i v a t i o n  by 

in fe c t in g  ts e ts e  f l i e s  w ith  trypanosomes expressing M-VSG genes 

as th e y  are  b e l ie v e d  t o  be a c t i v a t e d  in  th e  f l y  and t h i s  has 

revealed, 1n c o n tra s t  to  the bloodstream system, th a t  the re  is  no 

p re s e rv a t io n  o f  the  s ig n a ls  f o r  e x p r e s s io n .  F i n a l l y ,  I  have 

examined the  r e a c t i v a t io n  o f  a n o th e r  M-VSG gene d u r in g  more 

e s tab l ishe d  bloodstream in fe c t io n  and have found th a t  t h i s  always 

e n t a i l s  th e  g e n e ra t io n  o f  an a d d i t i o n a l  gene copy ,  m e d ia te d  

through the very sho r t  barren region on the M-VSG gene te lomere.

Taken to g e th e r ,  these f i n d i n g s  have em phasised th e  

d i s t i n c t i o n s  between the bloodstream and m etacyc lic  VSG systems 

and provided c lues to  the reasons f o r  these. The most s t r i k in g  

f e a tu re s  o f  the  M-VAT system, i t s  l i m i t e d  n a tu re  and 

p r e d i c t a b i l i t y ,  f o r  example, can be exp la ined by the apparent 

absence o f  a d u p l ic a t iv e  a c t iv a t io n  mechanism and the s im p l i c i t y  

o f  the expression s i t e .  Thus, the system might be l im i te d  because 

th e  M-VSG genes are a c t iv a te d  w i t h o u t  d u p l i c a t i o n ,  th e r e b y  

l i m i t i n g  the  number o f  p o t e n t i a l  M-VATs t o  th e  number o f  

m e ta c y c l ic  exp ress ion  s i t e s .  A l t e r n a t i v e l y ,  d u p l i c a t i v e  

t ra n s p o s i t io n  might be poss ib le  in  the m e tacyc lic  system, but 

o n ly  between a p a r t ic u la r  VSG gene subset. The p r e d i c t a b i l i t y  o f  

the  M-VAT re p e r to ire  could be a consequence o f  the s im p l i c i t y  o f  

these expression s i te s :  being r e la t i v e l y  non r e p e t i t i v e ,  they are

163



r e la t i v e l y  in s u s c e p t ib le  to  invas ion  from w ith o u t and th e re fo re  

r e la t i v e l y  s t a t i c  in  the genome.

Th is  th e s is  has a lso  suggested th a t  the reason the p a ra s i te  

m a in ta ins  a d i s t i n c t  bloodstream and m e tacyc l ic  VSG system is  

t h a t  a t  each s tage th e re  are d i f f e r e n t  p r i o r i t i e s .  In  th e  

m e ta c y c l ic s  i t  i s  more im p o r ta n t  t o  e n s u re  a h e te ro g e n e o u s  

r e p e r t o i r e  than a ve ry  d iv e rs e  one because t h i s  s ta g e  i s  

concerned w i th  the  in v a s io n  o f  new h o s ts .  A l th o u g h  in  th e  

la b o ra to ry ,  the bloodstream VSG system could accomplish t h i s  

e f f i c i e n t l y ,  in  the f i e l d  the s i t u a t io n  is  very d i f f e r e n t .  The 

c o n t in u a l exposure o f  game animals to  these p a ra s i te s  can lead to  

th e  development o f  a to le ra n c e  t o  i n f e c t i o n .  T h is  t o le r e n c e  

perm its  the  development o f  immunity to  the trypanosomes, w ith  

the predominant VAT types most f re q u e n t ly  cha l le ng in g  and, thus , 

r e in fo r c in g  t h i s  immunity. In  the absence o f  a separate pool o f  

m e tacyc l ic  VSGs, i t  is  these VATs which would be expressed f i r s t  

o f  a l l  in  a new host and there  would be a high p r o b a b i l i t y  o f  

t h e i r  e l im in a t i o n .  By m a in ta in in g  th e  m e ta c y c l i c  r e p e r t o i r e  

d i s t i n c t  from t h a t  employed in  th e  b lo o d s t re a m ,  th e  h o s t  i s  

presented w i th  a p a ra s i te  popu la tion  aga ins t which i t  is  u n l ik e ly  

to  have maintained immunity, because these m e tacyc l ic  VSG genes 

are  r a r e ly  a c t iv a te d  in  c h ro n ic  b lo o d s t re a m  i n f e c t i o n .  T h is  

hypothesis is  not con tra d ic te d  by the apparent frequency w i th  

which b loods tream  exp resso rs  o f  th e  IL T a t  1 .22 gene were 

generated in  chapter 5 o f  t h is  th e s is .  These MVAT genes were 

be ing  moved in to  a b loods tream  s i t e  a t  a s p e c ia l  t im e ;  

im m ed ia te ly  f o l l o w in g  t h e i r  e x p re s s io n  i n  s i t u

Once es tab l ished  in  the bloodstream, i t  is  the d i v e r s i t y  o f  

the VSG system which is  most im portan t. I f  the m e tacyc l ic  system 

were s t i l l  ex tan t a f t e r  some time in  the blood, the p a ra s i te  

would ra p id ly  exhaust i t s  VSG re p e r to i re  and i t s  p r o b a b i l i t y  o f  

being t ra n s m it te d  to  a new ts e ts e  f l y  vec to r  would be reduced. 

Ins tead , then, i t  is  advantageous a t t h i s  stage to  a c t iv a te  a 

d i s t i n c t  re p e r to ire  which shows f a r  less p r e d i c t a b i l i t y .  W h ils t  

t h i s  w i l l  in e v i ta b ly  r e s u l t  in  a h igh frequency o f  a c t iv a t io n  o f  

more predom inant VATs, a g a in s t  w h ich  im m u n ity  w i l l  q u i c k l y
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develop and be m ainta ined, the popu la t ion  w i l l  be in  s u f f i c ie n t  

numbers in  the bloodstream to  ensure th a t  even VATs w i th  a very 

sm a ll p r o b a b i l i t y  o f  e x p re s s io n  can appea r and evade Immune 

responses. These minor VATs, e s s e n t ia l  to  the long term s u rv iv a l  

o f  the p a ra s i te ,  m ight on ly  be produced s u f f i c i e n t l y  f re q u e n t ly  

in  the presence o f  a s p e c i f i c  mechanism f o r  the i n i t i a t i o n  o f  

t h e i r  convers ion o f  expression lo c i .  Th is c o n t in u a l p resen ta t io n  

o f  new VATs, as w e ll as the constant re a c t iv a t io n  o f  former VATs, 

i s  l i k e l y  t o  c o n t r ib u te  to  the  h o s t  Immune response  becoming 

overwhelmed du r ing  in fe c t io n  (Turner and Barry , 1989).

Future Experiments.

The work presented here Immediately suggests a number o f  

q u i t e  s t r a ig h t fo r w a r d  f u tu r e  e x p e r im e n ts ,  many o f  w h ich  a re  

c u r re n t ly  underway. The most immediate concerns the apparent 

t r a n s c r ip t io n  i n i t i a t i o n  region f o r  the ILTat 1.61 gene. That 

t h i s  area indeed represents the t r a n s c r ip t io n  s t a r t  w i l l  need to  

be con f irm ed  in  independent c lo n a l  p o p u la t i o n s ,  as w i l l  th e  

r e la t i v e  s e n s i t i v i t y  o f  t h i s  t r a n s c r ip t io n  u n i t  t o  in h ib i t i o n  by 

a lpha -am an it in .  Assuming c o n f irm a t io n ,  sequence an a lys is  o f  the 

i n i t i a t i o n  region must be performed . Once obta ined, t h i s  should 

be compared w i th  the  analogous re g io n  on a n o th e r  M-VAT gene 

locus, such as the ILTat 1.22 , where the t r a n s c r ip t io n  u n i t  has 

a lso  been de l inea ted . I f  t h is  revealed re la te d  m o t i fs  between the 

two lo c i ,  then an ana lys is  f o r  fa c to rs  b ind ing  such sequences 

m ig h t  be c a r r ie d  o u t .  These e x p e r im e n ts  w ou ld  be r e l a t i v e l y  

d i f f i c u l t  because o f  the l im i t i n g  amounts o f  m a te r ia l a v a i la b le  

from such trypansomes.

The hypothesis th a t  d u p l ic a t iv e  a c t iv a t io n  o f  £loodstream VSG 

genes can be mediated by a s p e c i f i c  f a c t o r  may ^add ressed  by 

examining trypanosome e x t ra c ts  f o r  the presence o f  p ro te in s  able 

t o  b ind and cu t 70 bp repeat sequence. Although t h i s  has been 

t r i e d  u n s u c c e s s fu l ly  by o th e r  g roups  ( J . D . B a r r y ,  p e rs o n a l  

communication), t h is  has been in v a r ia b ly  c a r r ie d  out using the
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rodent adapted trypanosome l in e s  which may have fa r  lower le v e ls  

o f  such a m o lecu le .  T h is  sea rch ,  th e n ,  s h o u ld  be c a r r i e d  o u t  

nuc lea r e x t ra c ts  from f l y  t ra n s m is s ib le  pa ra s ite s  and using an 

ex tens ive  a rray  o f  70bp repeats as a tem plate . An ex tens ive  a rray  

would be advantageous over the sho r t  a rrays cloned 1n t h i s  th e s is  

because a low le v e l  s p e c i f i c  p r o t e in  may need t o  b in d  co 

o p e ra t iv e ly  to  i t s  template i^^ensure  cleavage o f  the long arrays 

a t  e x p re s s io n  s i t e s ,  ra th e r j^ th e  l a r g e r  number o f  d is p e r s e d  

repeats associated w i th  chromosome in te rn a l  genes. A s u i ta b le  

c o n t ro l  would be e x t ra c ts  from rodent adapted trypanosome l in e s .  

These experiments are underway.

A r e c e n t ly  opened ro u te  to  th e  i n v e s t i g a t i o n  o f  many o f  

f e a tu re s  revea led  in  t h i s  t h e s is  has been p ro v id e d  by th e  

development o f  t ra n s fe c t io n  technology f o r  the k in e to p la s t id a  

(Be l l o f a t t o  and Cross, 1989; Laban e t  al_. , 1990; K a p le r  e t  

aj.. ,1990). Using t h i s  technology i t  may be poss ib le  to  design 

s u i t a b le  v e c to rs  f o r  “ t r a p p in g "  r e c o m b in a t io n  s t im u l a t i n g  

pathways, should they e x is t .  For example, i t  may be poss ib le  to  

c o - t r a n s f e c t  exogenous e x tra c h ro m o s a l e le m e n ts ,  c o n t a in in g  

sequences which, i f  recombined a t a 70bp repeat ta rg e t  on each, 

would be s e le c te d ,  o r  l e t h a l .  T h is  m ig h t  p e r m i t  th e

id e n t i f i c a t io n  o f  e i th e r  hyper o r  hypo-sw itch ing  mutants.

T rans fec t ion  w i l l  a lso  be inva luab le  in  the in v e s t ig a t io n  o f  

th e  prom oter e lements f o r  M-VAT genes. F i r s t l y ,  i_n v i t r o  

m a n ip u la t io n  o f  i d e n t i f i e d  p ro m o te r  re g io n s  w i l l  p e r m i t  an 

an a ly s is  o f  sequences re g u la t in g  M-VAT gene expression. Secondly, 

i t  may be poss ib le  to  unambiguously v e r i f y  the l i n k  between the 

proposed M-VSG prom oter s tu d ie d  in  th e  e a r l y  b lo o d s t re a m

organ ism s used here and t r u e  m e ta c y c l i c s ,  by p la c in g  some

exogenous gene under i t s  c o n t ro l .  A c t iv a t io n  o f  the promoter

m igh t  then be " tagged" in  t r u e  m e ta c y c l ic s  u s in g  i n  s i t u  

h y b r id iz a t io n  to  id e n t i f y  expression o f  the fo re ig n  t r a n s c r ip t .  

Th is  would re ly  on s u f f i c i e n t l y  s ta b le  t ran s fo rm a tion  to  perm it 

c y c l i c a l  transm iss ion , which might be d i f f i c u l t  to  achieve in  the 

absense o f  s e le c t io n  in  the  f l y .  F i n a l l y ,  and in  th e  s h o r t e r  

te rm , i t  m igh t be p o s s ib le  to  f o l l o w  th e  t r a n s f o r m a t i o n  from  

m e ta cyc l ic  to  bloodstream mode VSG expression by using vec to rs
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c o n ta in in g  prom oters  f o r  both sys tem s c o n t r o l l i n g  d i f f e r e n t  

se le c ta b le  markers. This might a lso  be manipulated to  prov ide  a 

s e le c t io n  f o r  trypanosomes show ing  p ro lo n g e d  use o f  th e  

m e ta c y c l ic  system, o r  even d e v e lo p m e n ta l m u ta n ts ,  u n a b le  t o  

progress to  use o f  the bloodstream VSG re p e r to i re .

W h i ls t  many o f  th e  exp e r im e n ts  d e s c r ib e d  above a re  v e ry  

s p e c u la t iv e ,  they demonstrate the p o te n t ia l  f o r  In v e s t ig a t io n s  

w i th in  what now appears to  be a manipulable gene tic  system.
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