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REV I EW OF L ITERATURE 

I n t ro duc t ion 

I n  t h i s  l i t erature rev i ew I will  bri e f l y  describe the 

general  b i o l ogy o f  t r an s f erab l e  antibiotic re sist an c e  i n  

b a c t er i a , t he genetic e l emen t s involved ( p l asmi ds ) a n d  

several spe c i f i c  p l asmid-assoc i at e d  pheno t yp e s . Th i s  wi l l  

b e  f o l l owed with a rev i ew o f  the genera l biology o f  Bac 

t ero i de s , the i n f o rmat ion  known concern ing i t s  p l asmi d 

rese rvo i r  an d final l y  a revi ew o f  t h e  info rmat ion docu

men t ing  t he emergence of  t ran s f erab l e  cl i n damy c i n  r e s i s t an c e  

i n  Bact ero i des . The l a t t e r  aspect represen t s  t he c en t r a l  

focus of research d e s c ribed i n  thi s the s i s . 

Transferable Ant i b i o t i c  Re s i stance : General Con s i de ration s 

I n  recent ye ars i t  has come t o  light t h at the  u s e  o f  

antibiotics i n  t he t r e atment o f  bact er i al d i seases i s  a 

doub l e  edged sword . W i t hout doubt , we are far bet t e r  o f f  

as a s o c i e t y  wit h t h e  use  o f  ant ibiot i c s . However , we 

h ave had t o  come t o  the realizat ion  t h at b act e r i a  l ike 

o t h er l ivi n g  cre ature s will obe y  Darwin's law of n at ural 

select ion in  response to ant ibio t i c s . 

The discovery of tran sfe rable mu l t ip l e  antibiotic 

resistance is generally credit ed t o  the Japan e s e  worker s , 

- 1 -
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Och i a i  and Akiba (2 5 , 102 ) . I ndependent l y  i n  1959  t h e y  

c arr ied  out exper iments in  wh ich  mut ip l e  ant ib iot i c  re 

s i s t ant Escher i ch i a  co l i  c e l l s  were mixed w i t h  ant i b i ot i c  

s en s i t ive Sh ige l l a  c e l l s .  Fo l l owing  the i r  i n cubat i on 

t ogether i t  was p o s s ib l e  t o  i dent i f y  Shige l l a  ce l l s  wh i c h  

n ow possessed  t he s ame mul t ip le  ant ibiot i c res i st an c e  

p at t ern as  t h e  � c ol i . Sub s e quent obs e rvat ions  by ot he r 

Japanese workers de l i n e at e d  t hat conj ugat i on was t h e  gene t i c  

event i nvolved i n  t he re s i s t ance  t rans fer ( 2 5,102 ) .  M i t su-
· 

hashi  i s  credi t e d  w i t h  n aming the propert y o f  t r an smi s s ab l e  

ant ib i ot i c  res i st an c e  as  t h e  R f actor . Thi s  t e rm was  ob

v i ously based on t he ea rl i e r  precedent  e s t ab l i shed w i t h  

t he propert y o f  t ran s f er ab l e  pheno t yp i c  t rai t s  b e i n g at t r i 

but abl e  t o  the  � c o l i K12 F factor  [F for  f e rt i lit y ]  ( 37 ) . 

Both t he t ran s fe r  o f  F factor  and R f a c t o r s  o c cur b y  

t h e  bac t e r i al gen et i c  process t e rmed conj ugat ion . Thi s  

event was i n i t i a l l y  d i scovered by Le derberg an d Tat um ( 5 7 ) . 

Con j ugat i on i s s t r i ctly dependent on d i rect c e l l  t o  ce l l  

cont act between dono r  an d rec ip ient ce l l s  ( 2 1 ) . Expe r i 

men t ally this geneti c event c an be differentiated from 

bact e r i a l  t ran s f o rmat i on ( upt ake and e xpression of n ake d 

DNA ) and t r ansduct i on ( t ran s f e r  me d i at e d  by bact e r i ophage ) 

by  showi ng that don or c e l l - f ree f i l t rat e s  o r  dono r ce ll ex

t r act s c annot e f f e c t  t ran s f er of what ever phen o t yp i c  tra i t  

i s  b e i n g  acqu ire d b y  re c ip i ent c e l l s . Add i t i o n a l l y  t he de 

pen den ce on d i rect  c e l l  t o  c e ll cont ac t i s  usually demon-
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s t rat e d  by dev i s i n g  an exper iment a l  s ys t em whe re donor an d 

re c i p ient  cel l s  s hare t he s ame l i qu i d  cul t ure med i um but 

where t hey are phys i c a l l y  separat e d  by  f i l t e r s  ( 2 1 ) . 

The mo lecular nature o f  the F and R f a ctors e luded 

workers for  several ye ars fol l owing t he charact e r i z at i o n  

o f  t h e i r  b i o l o g i c a l  prope rt i e s . I t  was c l e ar that  t h e  

f actors  were t ran s f erabl e at frequenc i e s  f a r  great e r  than 

any a s so c i at e d  t r an s f e r  of chromo somal det e rmi n e d  pheno t yp e s  

( 42 , 1 0 3 ) . Secon dl y , t he y  could be p i cked up by t ransdu c i n g  

v i ruses  as independent l inkage groups apart from a n y  l ink

age wit h chromo somal pheno t yp e s  ( 2 , 10 5 ) . From thes e  r e 

sult s ,  i t  seemed cert ain  t h at t h e  F an d R f actors  e x i ste d 

w i t h i n  t h e  bact e r i a l  c e l l  as ext rachromo s a l e l ement� or 

supe rnume rary chromosome s . I t  was a l s o  c l e a r  t hat t h e s e  

gene t i c  e l ement s we re d i spen s ib l e  s i n c e  F- c e l l s  and c e l l s  

"cur ed" o f  the i r  R factors we re phys i o l o g i c a l l y  s t ab l e . 

( 42 , 104 ) .  The d i re c t  demo n s t r ation  t hat t h e  F f a c t or was 

i n  fact  DNA was a ccomp l i shed by Marmur e t  a l  (66 ) . I n  

those experiments they were able to detect the acquisition 

o f  a n ew DNA spe c i e s subsequent to F fac t o r  t r an s f e r  f rom 

E .  coli to Serrat i a  marcescens . By e qu i l i b r ium d en s i t y  

u l t racent r i fugat ion , t hey de t e c t e d  i n  t h e  F+ S e r r at i a  an 

additional DNA spe c i e s  w i t h  a den s i t y  d i f f e rent  t h an t hat 

of the host DNA. The den s i t y  o f  the new DNA spec i e s  was 

s im i l ar to the  den s i t y  o f  t he don o r  � c o l i DNA. Th i s  

s ame approach permi t t e d  Falkow e t  a l  t o  det e c t  t h e  t ra n s f e r  
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o f  R f actor  DNA f rom � co l i  to  Prot eus mirab i l i s  ( 2 6 ) . 

Fre i fe lder and Frei f e l de r were t he f i rst  t o  sugge st  t h at 

ext rachromo somal genet i c  e l emen t s  wer e  circul ar DNA mo l e 

cul e s  ( 32 ) .  The unequivocal e v i dence  o f  t h e i r  c i rcular 

n at ure was seen i n  e l e c t ron mi crographs o f  puri f i e d  R f a c 

t o r  DNA acquired by Clowe s ' group ( 76 ) . Addit ion a l l y  

C l owes al so demonst rat e d  t h at one of the phy s i c a l  forms 

for t h e  c i rcul ar DNA was t he superco iled or s upertwi s t e d  

s t at e  ( 76 ) . 

B acter i a l  Pl asmids : Mol e cu l ar Nature 

The term p l asm i d  was c o i n ed by Joshua Lederb e r g  l o ng 

be fore anyone had a c lue as t o  t he i r  phys ical s t at e . He 

de f i ned it as an y ext ranuc l ear st ruct ure cap abl e  of aut o n o 

mou s  reproduct i on within the  bac t e r i al c el l  ( 56 ) . Now w e  

know bact e r i a l  p l asmids  e x i s t  as extrachromosomal cova l e n t 

l y  c losed  c i rcul ar DNA dup lexe s which rep l i c at e  i n  a p hy s i 

c a l l y  aut onomous f as h i on f rom the chromosomal DNA mo l e cu l e . 

When t hey are i s o l at e d  f rom b act e r i a l  ce l ls they  are foun d 

t o  be predomi n an tly i n  a supertwi s t e d  tert i a ry s t ru c t u r e  

wh ich i s  a f e ature common t o  al l known c irc u l a r  dup l e x  DNA 

mo l e c u l e s . Upon s t orage or l imit ed DNase tre atme n t  it i s  

possibl e  t o  obs e rve t wo addit ional  phys i cal f orms . A s i n 

g l e  break in  an y o f t he phospho d i e s t e r  bon d s  wi l l  r e s u l t  

i n  a n i cke d or op e n  c i rcu l ar form. Th is occurs b ecau s e  t h e  

supertwist ed DNA dup l e x  n ow c an rele ase  t orsi on a l  s tre ss 
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about a free axis of rotation. 

Plasmids can vary in mol ecular size f rom approximately 

6 1x10  da l t o n s  ( 1  Mdal) t o  gr eater than 2 5 0  Mdal ( 25 ) . One 

c r i t er i on used i n  c l ass i fy ing plasmids is the number of cop-

ies of the plasmid p e r  chromosomal equ i va l e n t  pre sent  with -

i n  t he cell. Most of t he known l arger pl a smi ds (>25 Mdal) 

are present only i n  a few cop i e s  per c e l l . The smaller 

p l asmi ds are o f t en present  in numbers as high as 40  copies 

per c e ll .  Plasmids c an represent several  percen t  of the 

e ntire DNA cont e n t  o f  a cell (25). More t han a single 

plasmid species c an b e  foun d i n  a bacterial cell. Strains 

o f  E. coli have been isolated which stably maintain as 

many as e i ght d i f ferent  p l asmid spec ie s  of d i ff e r in g sizes 

(62) . 

P l asmi ds are autonomous units o� DNA r eplicat ion . The r e-

fore they fit Jacob's de f i n it i on of a rep l i con and mos t  

probably f i t  t he as sociat ed replicon model. Namely t h e r e  

are t wo ent i t i e s  requi red for autonomous units of replica-

ti on. They are a repli case [or i n i t i at or ]  and an origin 

of replication [the operator of replicator] (43). The 

great e st amoun t o f  work performe d on plasmi d repli cation 

has been done with t he E. coli plasmids Col EI and R6K. In 

the case of Col EI i t  is known that replication begins at a 

unique or i gin and proceeds in  an undirectional man n er (61 ) . 

R6K on the other han d has t wo different or igi n s  whe re 

replication may begin at e i ther or both sites simultaneous-
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ly. (16). The other steps in plasmid replication are essen

tially the same as those seen in the synthesis of any DNA 

molecule. There is a need for an RNA primer and the elonga

tion process appears to be a discontinuous process (90). 

The dependency of plasmid replication on chromosomal 

gene products and its sensitivity to different inhibitors 

are two areas where different plasmids have different pro

perties. For instance, most small � coli plasmids (e. g. , 

Col EI) will continue to replicate once protein synthesis 

is prevented by chloramphenicol treatment. However, larger 

plasmids (e. g. ,  R222) will cease replication very soon 

after the addition of chloramphenicol (25). 

Bacterial Plasmids: Associated Phenotypes 

In well studied plasmid systems where extensive genetic 

mapping has been performed, the total proportion of genetic 

information devoted to the replicative functions is rela

tively small. A large proportion of plasmid DNA has been 

found to encode for what could be termed adaptive functions. 

It is really these adaptive functions which brought plas

mids to the attention of microbiologists and biochemists. 

Table 1 is a representative summary of significant plasmid 

encoded phenotypes. It should be noted that combinations 

of these and similar phenotypes are also possible on a 

single plasmid species. At this point in the literature 

review it would be appropriate to focus specifically on 



Phenotype Representative 

fertility F, R6K 

surface F 
exclusion 

incompatability F 

antibiotic pSC101 
resistance 

bacteriocin 

antibiotic 
production 

toxin production 

plant tumorgen
ecity 

catabolic 
activity 

CloDF13 

SCP1 

Ent 

TI 

Oct, Cam 

Table 1 

Plasmid Phenotypes 

Remarks 

Conjugal donor ability 

Reduced ability to conjugationally 
transfer a plasmid to a recipient 
cell already harboring a closely 
related plasmid 

The unstable maintenance and segre
gation of two closely related plasmid 
species within a cell 

Resistance to tetracycline 

Synthesis of protein with antibac
terial action but generally specific 
for a narrow range of closely related 
organisms 

Synthesis of broad range antibiotic 
materials 

Synthesis of enterotoxins 

Enables plant pathogen Agrobacterium 
tumefaciens to cause crown gall 
tumors 

Enzymatic ability to acquire energy 
from degradation of such hydrocarbons 
as octane and camphor 

Reference 

(25) 

(25) 

(25) 

(14) 

(100) 

(111) 

(91) 

(17) 

(11) ...J 
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two classes of plasmid phenotypes especially germane to the 

research involved in this thesis: bacterial fertility and 

plasmid-mediated antibiotic resistance. Lincosamide-macro

lide and tetracycline resistance will be described in some 

detail. 

Bacterial Fertility 

Conjugative ability enables a plasmid to mediate its 

own physical transfer and in some instances transfer of 

other plasmids or portions of the donor chromosome to a 

recipient cell. As mentioned before, the conjugational 

process is dependent on cell to cell contact but unlike 

classic zygote formation only a single strand of donor DNA 

enters with no cytoplasmic mixing occurring (19). At least 

in the Enterobacteriaceae, surface appendages (donor pili) 

encoded by the conjugative plasmid aid specific pair for

mation and may take part in the actual tranfer process. At 

present the best studied conjugative plasmid is the F 

factor or E. coli. For this element, seventeen plasmid

linked genes have been identified which are necessary for 

its transfer. Most of the genes appear to encode for pro

teins involved in pili synthesis; it is felt that many of 

the genes involved in the later stages of the transfer have 

yet to be identified (25). 

Plasmids displaying conjugative ability have been 

found in numerous genera ranging from members of the 
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En terobact e r i aceae , Pseudomon ads , Nei s ser i ae , Agrob ac ter , 

Vibr i io and Bactero i des t o  gram pos i t i ve genera such a s  

S t rept omy ces , Clo s t r i d i a  and S t repto coccus ( 8 , 24 , 25 , 11 0 ) . 

As a rule , most con j ugat i ve p l a smids h ave a l imited range of 

i nfect ivi t y --something amount i ng to an i n t r a gener ic range . 

However , there a re examples o f  p l asmids with  wide interge-

ner i c  host r an ges . The archet ype wi de hos t  range p l asmid i s  

RP1 wh ich was or i g i n a l l y  f ound i n  Pseudomonas  aerug i n o s a  an d 

known t o  be t ransm iss able t o  Enterobacter i aceae , Pseudomo n a d� 

a ceae , Rh i zob ium , Azo t obacter and Ac i net obacter ( 9 , 8 0 ) . 

W i t h  t he excep t i on o f  the c l a s s i c  F f ac t or ( F ) , mo s t  p las -

m i d s  h aving  conj ugat ive ab i l i t y  are repres sed 10r t he con -

j ugat i ve funct ion an d t he i r  transfer o c curs  at a f requen c y  

- 5  6 o f  on l y  once per 100 , 0 0 0  ( 10 ) t o  1 , 0 00 , 00 0  ( 10
- ) don o r  

cel l s  (26 ) .  I deal l y , t he t rans f er o f  t he F f a c t o r  approach-

es 100% .  I n  a manner poorly understood , F w i l l  p romote t he 

t ran s f e r  o f  a port i o n  o f  t he chromosome t o  a rec ip ient at a 

-5 -6 
f requen c y  o f  1 0  t o  10 recomb in an t s  per donor cel l . I n  

r ar e  i n s t an c e s  i t i s  p o s s ible t o  iso late clones o f  F con -

t ain ing c e l ls  whe re t he f requen c y  o f  chromos ome t rans fer i s  

very h i gh (-1%). On a molec u l a r  bas i s  t hese h igh f requency 

of  recomb i n at i on ( H f r ) c lo n e s  represent t he i n st ance where 

t he F f act o r  has i n t egrated i n t o  t he chromo s ome and sub s e -

quent l y  permits an enhanced means of  chromos ome t rans fer . 

In the case of tran smi s s ab l e  R p l asmids and o t her conj uga-

t ive p l a sm i ds, t he chromosome t ran s fer is rare  but det ect able 
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-8 - 9  
at a frequency of 10 to 10 recomb inants p e r  dono r  c e l l . 

It i s  pos s ib le t o  isolate mut ant s of t ran smi s s ab l e  R fac-

tors wh ich promo t e  the i r  own t r an s f e r  and sub s equent chromo -

s om a l  mob ilizat ion aT enhanced frequen c i e s  amount i n g t o  

100 to 1,000% better t ran s f er ( 2 5 ) . 

Mechan i sms of Pl a smid Ye d i a t e d  An t ib i ot ic Re s i st an c e  and  

Tran spo s i tion 

P l asm i d  encoded re s i st ance  gen e s  have been  foun d t o  

o c cur for  n e arly every f am i l y  of ant ibiotics. It i s  not 

wit h in t he scope of th is rev i ew t o  desc ribe t he mechan i sms 

for res i s t ance t o  all the d i f f erent c l a s s e s  o f  antibiotics. 

Tab l e  2 is a summation of some o f  the known enzymatic 

mechan isms for antibiot i c  re s i s t an c e  t hat are p l asmi d-me d i -

ate d . 

A great deal of the pre sent  p l asmid re s e arch i s  f o c u sed 

o n  t ransp o s ab l e  DNA element s. The y  rep r e s e n t  c a ses  of unusu-

al recombin at ion a l  e\"en t s  where spec i f i c  ant i b i otic res i stan c e  

gen e s  move a s  physically well - def ine d  and d i s cr e t e  s e gments 

o f  DNA from one s i t e  on a r ep l icon to o t h e r  s i tes on t he 

r ep l i con or to sit es on a d iffe rent repl i co n  p resent  w i t h in 

the c e ll (9,13,50,53). The d i s c ret e genet i c  ent i t i e s  have 

been g iven t he name transposons and t h e ir movement t ranspo-

s ition . Tr an poson s  fac i l i t at e the spread o f  antibiotic re-

sistance from one c e l l to anot her by movin g in t o  repl icons 

such as conjugat ive pl a smids  and bacte r i opha ge genome s wh ich 



Tab le 2 

Me chanisms o f  Plasmid-Me d iate d Ant ibiotic Resistan c e  in Bacteri a (4) 

Antibiotic family 

Penicillin 

Cepha losporin 

Ch loramph enicol 

Aminoglycoside 

Tetrycycl ine 

Macrolide 

Mechanism 

Enzymati c hy dro l ys is of the S-l actam r ing present 
on penic i l l i n 

Same as above 

I n activat ion of t he antib iot i c  by direct structur
al alter ation: acet ylation o f  the chloramphenicol 
mol ecu le 

Inactivati o n  of the antibiotic: acety lation , 
adenylation or phosphory l at ion of the aminogl y
coside mo lecul e 

Not un derstood but probably involves alteration 
in cell membrane resu lting in incre ase d impermea
bi l ity of tet ra cycl ine o r  possibly e n hanced export 
of tetracycline from the cell. 

Alteration of t he drug's target site; me t hyla t ion 
of r ibosoma l RNA resu lting in an inhi b ition of 
macro l i de b ind ing  to t he r ibo some . This mecha
n ism results in cross re sist ance to l in co sam i de 
and strept ogramin B antibiotics. 

,... ,... 
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s e rve a s vehic l e s o f  gen et i c exc hange. Re s i s t an c e gen e s  

f o r  ampicillin ,  su l fon amide s , kan amyc i n , t etracyc l i n e  and 

c hloramphen i col have been foun d to be pre sent  as t ran spos

ab l e  genet i c  e l ement s (9). The r e  are a numb e r  o f  very good 

revi ews det aili n g  the b io l o g i c a l  and phy s i c a l  nature of 

ant ibiot i c  resis t an c e  tran sposons and t h e i r  c l in i cal  imp a ct 

(9,13,50,53) . 

S in c e  plasmi d-me diate d re s i stan c e  t o  cl in damycin , ery

t hr omy c in and t e t racyc l in e  is  t he fo cus o f  my t he s i s  r e s e a r ch, 

the l i t erat ure con c e rn i n g  t he s e  re s i stan c e s  wi l l  be de s c r i b e d  

i n  more det ail . 

P l asmi d-Me d i a t ed Clindamyc i n-Erythromy c i n  Resi s t an c e  

Cl i n damycin an d e rythromycin a r e  two protein s y nt h e s i s  

inhib itors which be l ong t o  dif fe rent structural cl a s s e s  of 

antibiot i c s, r e s p e ctive l y  the l in cos amide and macro l i de 

f ami l i es . However , p lasmi d  encoded res i s t ance t o  the s e  

ant i b i o t i c s  represe n t s t he unusua l c a s e  whe r e  a s i n g l e  

enzymati c  event resul t s in  c r o s s  r e s i st an c e  t o  the  t wo 

different c l as s e s  o f  an tib io ti c s  (107). It s houl d b e  n o t e d  

t hat a th i rd antibiot i c c l as s  is a l so i nvo l v e d  in t h i s  re

s i s t an c e  eve n t  n ame l y  streptogramin B,but the ant ib iot i c  

h a s  vi rtuall y  n o  c l in i c a l  u s e . The p re c i s e  mo l e cu l a r  eve n t  

r e su l t i n g  i n  t he macrolide -lin cos amide r e s i stan c e  is t he N6-

_dimethy l at ion o f  aden i n e  o f  t h e  23S rRNA (33,108). Sub s e-

que nt to this event, t he aff i n i t y  between th e antib i oti c s 
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an d t he r ibosome i s  re duce d . Thi s  imp l i e s  t hat the  a ctive 

o r  b in d ing s i t e s  f o r  both ant ibiot i c s  are probab l y  i n  clo s e 

j ux t apos i t ion . 

The f i rst  sugge s t ion t hat the r e s i s t an c e  t o  bot h ery 

t hr omyc i n  and l i ncomycin was a p l asmi d  borne t r ait was pub

l i sh e d  b y  Mit suhash i and co-worker s  (72). He f ound t hat t he 

t r e atment o f  cultures w i t h  a plasmid cur i n g  a gent (acrifla
v i n ) r e su l t e d  in l o s s  o f  both eryt hromyc i n  an d l in c o s ami de 

r e s i s t an c e s  simu l t aneous l y. Thi s  genet i c  l i nk age o f  r e 

s i �t ance phenot ypes w a s  100% .  I n  1967  Novi ck demon s t r at e d  

t he ext rachromosoma l l inkage o f  t he erythromy c i n  re s i s t an c e  

gene i n  Staphylococcus aureus ( 77 ) . Si n c e  t hat t ime p l asmi d

en coded macrol i de - l i n c o s ami de re s i s t an c e  has been des c r i b e d  

i n  s e v e r a l  st rept ococcal  specie s ,  C l os t r i d i um p e r f r i n gen s 

and  Bact e ro i des  f ragi l i s  (8 , 15 , 44 , 96,1 1 0 ) .  We i sblum an d 

co-w�kers have demons t r at e d  b y  DNA-DNA homo l ogy e xper ime n t s 

at  l e ast in t he c a s e  o f  St aphy lo coccus an d St r ept ococcus t he 

genetic det e rminant f o r  macro l i de - l i ncosam i de re s i s t an c e  are 

c lo s e l y  homo l o gous (108 ) .  Th i s  sugge s t s a common evolu

t ionary origin even though these two genera have no t been 

demon s t r at e d  a s  exchangers o f  genet i c  i n f ormat ion . I t  h a s  

b e e n  h ypothes ize d  that t he n atural  p ro ducer s  o f  ant ib iot i c s  

p robab l y  represent  t h e  o r i g i n  o n  t h e  r e s i st ance gen e s  i n 

volved ( 4 ) . Weisblum has i n  f act  foun d  t h a t  i n  macrol i de 

producing Streptomyces the 23 S rRNA i s  i n  f act met hyl at e d  

i n  a man n er simi l ar to t hat i n  erythromy c i n  re s i st an t  



14 

Staphylococcus(33). 

The regulatory nat ure of t he express i on of macrolide

lincosamide resistance has been the  subjec t  o f  sever a l  publi
cations . It was observed in  s t aphy lococci that res i st an c e  ex
pression seeme d t o  require exposure to erythromyc in  ( 10 6 ) .  

In other  words, o n l y  a small proportion of cells wou l d  f orm 

c o l o n i e s  on agar me dia contain i n g  high levels of eryt hromy

c i n. On the other hand i f  t h e  s ame cells had been growi n g  

i n  t he presence o f  even very l ow concentrations of eryt h ro

mycin ( 0 . 0 01 � g /ml ) for  o n l y  an hour, nearl y the entire popu

lation of cells woul d  survive t o  form colonies on media con

taining 100 � g /ml of erythromyc in ( 106) . This phenomenon 

has been  t ermed eryt hromy c i n - indu c ible resistance (107). 

Howeve r , n at ural l y  occur rin g isolates of both staphylococci 

and s t r ep t o coc c i  have been foun d  i n  wh ich the expre s s ion o f  

macro l i de and l i nco samide re s i s t ance  i s  c on s t i t ut ive (78, 

112). In t his c ase , the  e f f i c i enc y w i t h  wh i ch t he en tire 

popu l a t i on of c e l l s  survives when ch a l len ged with erythro 

mycin does not chan ge whet her o r  not there has been p r e 

e xp o sure t o  erythromyci n . 

Novick has recent l y demon st rat e d  that the macrolide

lincosamide resistance gene present on t he S. aureus 

plasmid pI258 is p art o f  a t ran sposab le DNA element c a l l e d  

Tn 551 (79). 
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Tet racycl ine Res ist an c e  

Te tracyc lin e  is a n  inhibitor of protein s yn t hes is . Its 

mode o f  act ion i nvo lve s blocking the binding o f  aminoac y l  

t-RNA t o  the  30S  ribosoma l un i t  ( 94 ) . The mo lec ular basis 

for plasm i d�encoded t e tracy c l ine resistance is not under

stood  ve ry we l l  but some fact s are known. It ha s been demon

s t ra t e d  t hat E .  co l i  harbor ing this resistan c e fail to 

accumu l at e  radioactivel y  labeled tetracycline to the same 

ext ent as sens i t i ve isogenic strains not harbo r ing a t etra

cyc l in e  re s i s t an c e  p l asmi d ( 30 , 4 1 ) . Secon dly, in  the en

ter i c bact er i a  t here i s  no suggest ion t hat tet racyc l i ne 

r e s i stance invo lves inact ivat ion by st ruc t u ral alt e r a t ion s 

or  a l t erat ions of the t ar get s i t e  ( 58 , 6 0 ) . 

P l asmid-me d i at ed t e t r acyc l i n e  resist ance has b e e n  

des c ribed in  many d i f f�rent genera of bact eria: B e s ide s t h e  

ente r i c bacteria it has been found to o ccur i n  st ap hy l oc occ i , 

s t reptococ c i, c l o st r i di a  and Bact eroide s (8,44,5 5,83) . The 

gene t i c  homo logy of the t e t racyc l in e  re s i stance determin ant 

across wide genera d iff erenc e s  (St aphylococcus versu s  !.:. co li) 

has not been approached exp e r iment a l l y . Within the enteric 

genera , Levy has i de n t ifi e d  at least a common membrane bound 

prot e in synthe s i ze d  in t he presan c e  o f  various R pla sm i da 

wh i c h  encode t e t racycl i n e  re s i s t an c e  (58) .  Levy has called 

t h i s  t h e  Te t prot e i n  sin ce it is asso ciat ed w i t h  induced 

tetracycline re s i stanc e ( 5 9 ) . 
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The regulat i on and expre s s i on o f  p l a sm i d -med i at e d  

t et racy c l ine  re s i s t an c e  has been mo s t  t horoughly s t ud i e d  

i n  E .  co l i . T . J . Frank l in i n i t i a l l y  demon s t r at e d  t ha t  p r e -

exposure t o  sub in h ib i t ory concent rat ion s ( 0 . 5  � g /ml ) o f  

t et rac y c l in e for a short per i od of t ime re su l t e d  i n  an i n -

c reased  percent age o f  survival when c e l l s  wer e  chal l en ged 

with  a h i gh concen t rat ion o f  t et racycl i n e  [ 5 0  � g /ml ] ( 2 9 ) . 

Levy and McMur ry have shown t hat i n  conj unct i on with t h i s  

b ehavior  i t  i s  pos s ib l e  t o  detect  i n  R p l a sm i d  cont a i n i n g  

m i n i ce l l s  a spec i f i c  membrane bound pro t e i n  ( t e t  prote i n ) 

wh i c h  i s  syn t he s i ze d  in  response t o  the  add i t i on o f  sub i n -

h i b i tory amount s  o f  t et racyc l in e  ( 59 ) . I t  i s  Levy ' s  h ypo t h e -

s i s  t h at t h e  t et pro t ein i s  involved i n  either preventi on 

o f  t et r acycl i n e  upt ake or t o  enhancemen t  o f  i t s  e xport  ( 113 ) . 

Th i s  i s  based  on two f act s , f i rst Frank l in ' s  " i n i t i a l  obs e r -

v a t  i o n  th at t etrac y c l ine  d o e s  n o t  accumu l a t e w i t h i n  res i s -

t ant  c e l ls t o  the s ame extent a s  sen s i t ive c e l l s  ( 2 9 ) . S e c -

ondl y , t h e  add i t ion  o f  oxi dat i ve phorphoryl a t ion i n h ib i t or s  

such as din i t roph e n o l  c ause norma l l y  p l asmi d -med i a t e d  t e t r a -

c yc l ine res i s t an t  ce l l s  t o  b e g i n  ac cumul at ing t e t racyc l in e  

( 6 0 ) . Th i s  sugge s t s  inhibi t i on o f  an act i v e  t ran sport s y s t em 

for t e t racycl i n e  export . A l t hough i n duc i b l e  p l asmi d-me d i -

a t e d  t e t racyc l in e  re s i s t an c e  s e ems t o  b e  t h e  common o c cur-

ren c e  among ent e r i c  bacter i a ,  Frankl in demon s t rat e d  t h at mu -

t an t s  wh i ch c o n st i t ut i ve l y  express t e t r ac yc l i n e  r e s i s t an c e  

c an be r e ad i l y  i so l at ed i n  the l aboratory ( 31) . 
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I n  some i n st ances  f or t he e n t e r i c  bac t e r i a , t he t etra 

c y c l i ne r e s i s t an ce det erminan t s  a r e  con t a ined w i t h i n  a t ra n s 

poson . For examp l e , Kleckner et  a l  have i dent i f i e d  a t e tra 

cycl ine re s i s t an c e  t ran sposon c a l l e d  Tn 1 0 . Tn 10 has t he 

ab i l i t y  t o  f re e l y  move f rom i t s re s i st an c e pl a smi d background 

( R- 100 ) to e i t her  bacte r i ophage P22 or to the host chromo some 

in S almon e l l a  or � col i (51) . However , in t h e  case  of the 

E .  c o l i p l asmid pSC10 1 , t he t e tracy c l i n e  re s i s t an c e  det e rm i 

n ant  doe s not appe ar t o  be a t ransposable gene sequenc e  

( pe rson al commun i c a t i on D . J .  Kopecko ) .  

B ac t e ro i de s : General Con s i derat ions  

The  members o f  t he Bact e ro ide s genus  are des cribe d  a s  

ob l i gat ory anaerob i c , non -mot i l e , non - spore forming ,  gram 

n e gat ive bac i l l i . They are foun d  i n  assoc i at i o n  w i t h  warm 

b looded an imal s  wher e t hey normal l y  inhab i t  t he oral  c av i t y , 

i n t e s t i n a l  t r a c t  an d f emale  gen ito-urin ary t ract . Ext e n s i v e  

spe c i at ion o f  t h i s  phenot yp i cal l y  d i ve rs e  genus h a s  r e su l t e d 

i n  a rather bewi l der i n g  array or organ i sms de s c r ibe d in  t he 

l i t e r ature . A mon o g r ap h  publ i shed by t he V i rg i n i a  Po l y t e chn i c  

I n s t i t u t e  ( VP I ) i s  p r e s e n t l y  t h e  best  synop s i s  o f  Bact ero i de s 

t axonomy ( 39 ) . The spe c i e s  wh i ch inhab i t  t h e  human bo dy c an 

be d i v i de d int o t hree group s based rough l y  on d i f f e r in g e co 

l og i cal  n i ches an d phenot ype s . John John son h a s  r e cen t l y  

de f ined b y  u s e of DNA-DNA homo l o gy an d phen o t yp i c  s imi l ari 

t i e s  t h e  int es t i nal B a c t e r o i d e s  group a s  comp r i s i n g  a t ot a l  
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of s even named spec i e s  and t hree addit ion al unn amed spe c i e s  

( 46 , 47 ) . The spe c i e s  o f  John son ' s  group i n g  o f  i n t e s t i n a l  

Bac t e ro i de s  are ; � f ragi l i s , � thet a i o t ami c ron , � ovatu s , 

� un i formi s , � vu lgatus ,  � dist ason i s , � e gge rt h i i  an d 

t he t hree unnamed spe c i e s  des ign at e d  � fragi l i s  s ubspe c i e s  

a ,  " 3 4 5 2 -A" and "T4 - 1 " . The se  t en spec i e s  represent  t he 

f i rs t  me thodi cal  t axonomic  orde r i ng for t h e  Bact e ro i de s  

genus . I t  shou l d  be  t aken into account t hat t he r e  are 

addit ional  i n t e s t i n a l  Bact e ro ides i s o l a t e s  wh ich may des e rve 

addi t ional  spe c i e s  ranking  but t h e s e  have ye t to b e  t h o r ough

ly chara�t e rized  f rom a t axonomi c v i ewpoint  ( 74 ) .  The s e c o n d  

group ing o f  human Bac t e r o i de s  spe c i e s  con s i s t s  o f  t ho s e  o r 

gan i sms more commo n l y  found in  t h e  oral c avi t y  t han t he l ower 

a l iment ary can al . The more notab l e  spe c i e s  i n  t h i s  group 

are � me l an i nogen i cus , � ora l i s , � orchraceus an d � 

c o rroden s . Last l y , t he t h i rd grouping  o f  Bact ero i d e s  based 

on  e co l o g i c a l  n i che are t hose spe c i e s  more c ommon l y  i s o l at e d  

f rom t he fema l e  gen i t o -urinary t ract . The spec i e s  mos t  o f t e n  

p l aced i n  t h i s  group i n g  are B .  b i v ius , B .  a s a c charo lyt i cu s  

an d  B .  d i s i e n s  ( 3 9 ) . 

Li t t l e  i s  known con c e r n i n g  t he spe c i f i c  i n t e rp l ay o f  

the  i n t e s t in a l  Bact ero i de s  with the  human body . The f ac t s 

we do know sugges t s  t h at rese arch on t h i s  go up o f  o r g an i sms 

wi l l  l ead t o a bet t e r  un derst an ding o f  human m i c rob i a l  

e co l ogy . St u d i e s  t yp l i f ie d  by the  Moore an d Ho l deman i n 

ve s t i gat i on o f  t he normal feca l f lora  o f  twen t y  Jap an e s e -
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Hawa i i an s  has shown that the  int e st i n a l  Bac t e ro i de s  group 

i s  f ar and away t he p redominat i n g  i n t e s t i n a l  organ i sm i n  

t erms o f  numbe r s  and mass  ( 74 ) . I t  would b e  n a ive t o  sup 

pose  t hat t he great p reponderance o f  Bact ero i de s  has come 

t o  res i de in t he human i n t e s t ine un der ent i r e ly n eut r a l  c i r 

c umst ances . Studie s have shown t hat regime n s  o f  chemo 

t herap y  wh i ch l ower the  number o f  normal anaerob i c  i n t e s t i 

n al inhab i t ant s great l y  increases the l ik e l i hood o f  i n fect i on 

and suscept ib i l i t y t o  pathogens such a s  S almon e l l a  an d 

super i n f ect ion s by st aphylococci  and p s eudomonads ( 6 ) . This 

sugge s t s  that t he obl i g at e  an aerob i c  organ i sms in an i l l 

understood mann e r , out -compet e pathogen s an d other organ i sms 

i n  t he i n t e st i nal lumen and t hus prot ect s u s  f rom inva s i v e  

bact e r i a l  di sease . 

Bac t e ro i des  f ragi l i s : An Opportun i s t i c  Pat hogen 

The d i st i n c t ion between i n d i genous and p a t hoge n i c  

m i crof lor a i s  d i f f i cu l t  t o  make . There  are man y exam

p l e s  of spe c ies  of i n d i genous organ i sms wh i c h  have ex

t reme l y  p at hoge n i c  potent i al when int rodu c e d  i n t o  are as  

of  t he body whi c h  are  devo i d  o f  host  de fen s e s  or whe r e  t he 

r es i s t a n t  mi cro f l o r a  have been comprom i s e d  by p r e op e r at i v e  

o r  can c e r  chemotherap y . The t e chnologi cal a dvan c e s  i n  t he 

c u l t i vat ion an d i dent i f i cat ion o f  an ae rob i c  bact e r i a  f rom 

c l in i c a l  mat e r i a l s  have resu l t e d  i n  the r e c o gn i t i on among 

i n f e c t ious d i sease  phy s i c i an s  t hat there  a r e  c l e a r l y  viru

lent  ob l i g a t e  an aerob i c  bact er i a  b e s i de s  the  we l l  known 
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c lo s t r i d i a l  sp e c i e s  ( 2 7 , 4 9 , 95 ) . I n  t h i s  re gard � f r ag i l i s  

has c ome under s c rut i n y  a s  an opport un i st i c  pathoge n  ( 2 7 , 4 9 ,  

9 5 ) .  I n dependent s t u d i e s  h a v e  shown i t  t o  b e  t he mo st  c om

mon l y  i so l at ed ob l i gat e an aerob ic sp e c i e s  in e i t he r  pure 

o r  mixed i n f ect i o n s  ( 71 , 75 , 95 ) . Ver y  l i t t le i n fo rmat i o n  i s  

ava i l ab l e  o n  i t s  me an s  o f  virulen ce o r  invas iven e s s  a l t hough 

it appears that a p o l y s acchar i de c apsu l e  p o t en t i at e s ab sces s 

f o rmat ion in  an i n t r abdomi n a l  rat mo del s y st em .  Add it ion a l l y , 

t he encapsu l a t e d  s t ra i n s  o f  � frag i l i s have been sh own t o  

adhere t o  rat p e r i t oneal  meso t h i lum bett e r  t han une n c apsu

l at e d  strains  of  ot he r  i n t e s t inal  Bac t e ro i d e s  spe c i e s  ( 8 2 ) . 

There are several report s des c r i b i n g  t he product i on o f  

e xt r ac e l lular enzymes assoc i a t e d  wit h t i s sue  de s t ru c t i on 

( e . g . , hyaluron i dase , DNas e )  by B .  f r ag i l i s  ( 5 , 8 7 ) . A 

l ipopo l ys acchar ide i s  cont a in e d  in  the  out e r  memb rane o f  

s t r a i n s  o f  � fragi l i s  ( 4 8 ) . S t ructur a l l y  i t l acks hept o se 

and  2 -keto - 3 deoxyoctonate sugars . wh i c h  are charac t e r i s t i c  

o f  c l a s s i c  endo t oxin  mo lecul e s  f ound i n  t he f acul at at i ve 

anaerob i c  gram n egat ive rods . B i o l o g i c a l l y  t he � f r a g i l i s  

l ipopo l y s acchar i de a l s o  se ems t o l ack many o f  the  prop e rt i e s  

exhib i t e d  b y  c l as s i c  en dot oxin . I t  i s  not  l e t ha l  for  c h i ck 

embryos nor doe s  i t  i n duce l o c a l  Schwart zman react i o n s  i n  

rabb i t  mo de l s  even a t  i nordinat e l y  h i gh do s e  l eve l s  ( 4 8 ) . 

I t  doe s seem c l ear th at �. f r agi l i s  mus t  pos s e s s  s ome 

f ac t o r s  resul t ing in an i n v a s i ve c apacit y .  � f r a g i l i s  ranks 

only  t w e n t y - s e ve n t h  i n  p r e v a l e n c e  o f  a l l  t h e  anaerob i c  b a c 

t e r i a  i d e n t i f i ab l e  in  the  f e c e s  ( 4 0 ) . Yet B .  fragi l i s  r anks 
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a s  t h e  number one an aerob i c  spe c i e s  found i n  i n f e c t i o n s  i n -

vo l v i n g  anaerob e s  ( 74 , 95 ) . I f  many i n f e c t i on s  we r e  t h e  

d i rect resu l t  o f  cont amin at i on o f  wounds by f e c a l  o r  i n t e s 

t inal mat ter  one wou l d  t hen expect that t he o r gan i sms mo st 

prevalent in th at mat t e r  to be t he mos t  frequent c a u s at ive 

agent . Clearly  wi t h  the  i n t e st inal  f l ora t h i s  i s  not  t he 

case , s ince  anaerob i c  or gan i sms such a s  � vUlgatu s  an d 

Fusobact e r ium p rausn i t z i i  ( ranked No . 1 and No . 2 )  are i n 

f r e quent l y  cultured f rom t i ssue i n f e c t ion s ( 3 8 , 40 ) . 

I n fe ct i ons by  � fragi l i s present an unusua l  p rob l em 

i n  chemot he rapy s i n c e  t h i s  organ i sm i s  refractory  t o  t re at 

ment w i t h  common l y  emp loyed p en i c i l l in , ceph a l o spor i n  an d 

aminog l y c os i de ant i b i ot i c s . Cl indamy c i n  an d c h l o r amphen i 

c o l  are an t ib i o t i c s  recommended for t r e at me n t  o f  i n f e c t i o n s  

c aus e d  by .� f r ag i l i s ( 2 5 ) . Un fortunat e l y , t h e s e  drugs are 

respe c t ive l y  assoc i at e d  wi t h  pseudomembraneous co l i t i s  an d 

hematopo i e t i c  probl ems ( 99 ) . The ant iprot o z o an drug met ro 

n i dazo l e  i s  e f f e c t i ve again s t � f r ag i l i s i n fect i o n s but 

i t s  s a f e t y  has been que s t ione d ( 8 8 , 98 ) . C l in damyc i n  h a s  

b ecome t he drug o f  cho i c e  but report s o f  c l i n i c a l  i so l at e s  

r e s i s t an t  t o  t h at drug . have appe ar ed i n  t he l i t er a t ure � ( 7 3 , 

8 3 , 8 9 , 96 , 1 1 0 ) . I f re s i s t an c e  t o  c l in damy c i n  wer e  t o  b e come 

wi de sp re ad in Bact ero i de s , a ser ious chemot he r apy p robl em 

wou l d  e n s ue s ince t here are f ew a l t e rn at i ve s  t o  c l in damy c i n  

and t ho s e that are avai l ab l e  ( ch l oramp h en i co l  an d met ron i 

dazo l e ) are un at t ract ive due t o  p o s s i b l e  d a n ge ro u s  seq u e l a . 
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Bact�roides : P l asm i ds an d Tran sferab� e An t i b i ot i c  Re s i s 

t ance 

On ce  t h e  importan c e  o f  bact e r i a l  p l asm i ds became es

t ab l i shed in  the e a r l y  1 9 70 ' s ,  it became obv ious to s ome 

t h at t he re s i dent m i c ro f l ora m i gh t  s e rve as a repos itory of 

c l i n i c al l y  importan t  p l asmi ds . The t h reat t o  tr e atment of 

future i n f e ct ions  posed  by wi de l y  d i s s eminated res i s t an ce 

p l asmi ds became app arent . The normal m i c ro f l o r a  a l s o  became 

a c an d i dat e for t he o r i gin of some of t he an t ib iot i c  res i s

t an c e  gen e s . Members o f  t he Bacteroides genus became l ike l y  

c an d i dat e s in  t h i s  re gard s ince they are a r i ch p art of t he 

human microf l o ra an d they  are inhe r i t an t l y  re s i s t ant to man y 

an t ib i o t i c s . 

The f i r st . publ i c a t ion on t he i sol at ion o f  p l asmi d DNA 

f rom an y Bactero i d e s  s pe c i e s  app e ared in  1 9 7 4  ( 9Z ) . S t i f f l er 

e t  a l  examined four d i f ferent c l in i c a l  i s o l at l� s o f  � f r a g i 

l i s  an d f oun d p l asm i d  DNA in t hree out of t h e  four strains . 

F i rst  they  pur i f i e d  t h e  DNA by CsCI -EB dye -bouy an t  den s ity 

equi l ib r i um u l t racen t r i fugat ion . The y  t hen charact e r i z e d  

t h e  s i ze of  t he p l asm i ds by  sucro s e  gradient  cent r i fugat i o n  

and e l e c t ron m i c ro s copy . They found two s t rains t o  harbor 

a 4 Mda l p l a smid an d t he t h i rd st rain t o  p o s s e ss two p l asmi d  

sp e c ies 2 . 7 an d 1 6  M d a l  in s i ze . The s e  work e r s  wer e  unabl e  

t o  co r r e l a t e t he p r e s e n c e  o f  p l asmi d DNA wi t h  an y  phen oty

p i c  p rop e rt y  inc lud i n g  a ntib i ot i c  re s i s t an c e . 

N e x t  c ame t wo re p o r t s on t he iso l at ion o f  p l a sm i d DNA 

in  o r a l  B a ctero i d e s  s p e cie s . Damle and Sve d f oun d a 1 7  
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Mda l p l asm i d  i n  a s t r a i n o f  � me l an ino ge n icus an d a 5 

Mdal p l asmi d  in  � ochraceus ( 2 0 ) . I n  bot h s t r a in s , t he 

aut hors were  unab l e  t o  ascr ibe a phenotype t o  the  p l a smi ds . 

Gu iney an d Dav i s  foun d  in a s t rain o f  � oc h raceus ( 2 2 2 8 ) 

t wo p l asmid spec i e s  2 5  and 7 0  Mdal in s i z e  ( 35 ) . At t he 

t ime o f  t h i s  in i t i al report , these  worke r s  were un ab l e  t o  

a t t r ibut e a phenotype  t o  t h e s e  p l asmids . However , i n  a 

pub l i c at i on wh i c h  wi l l be de scr ibe d l a t e r  i n  t h i s  r e v i ew , 

they  eventua l l y  were ab l e  t o  ass ign seve r a l  an t i b i o t i c  r e 

s i st an c e s  t o  the  l arger p l asmi d spe c i e s . 

I n  1976 Tinne l l  and Mac r i n a  pub l ished a survey o f  t he 

presence  o f  p lasmi d DNA in the i nt e s t i n a l  Bact e r o i d e s  

group ( 10 1 ) . Th i s  surve y was performed i n  o rder t o  pro

v i de a b e t t e r  i dea  as t o  whether o r  not t he i n t e s t i n a l  

Bact e r o i de s  represent e d  a s i zeab l e  p l asmi d re s e rvo i r . The y  

examine d a s t r a i n  f rom e ach o f  John son ' s  n ine DNA-DNA h omo 

l o gy group s ( t he group s g iven spe c i e s  n ame ) f or t h e  p r e se n c e  

o f  p l asmi d DNA u s i n g  t he t e chn i que s of CsCl -EB dye -buoyant  

den s i t y  u l t racent r i fugat ion and sucrose gradient  an a l y s i s . 

Four o f  t he n ine  s t r a i n s  gave s at e l l i t e  b an d s  i n  CsCl -EB 

grad i e n t s  sugge s t in g t h e  pre sence of CCC DNA . From suc r o s e  

grad i e n t  analys i s  t he y  det e rmined the mo l e cu l ar s iz e  o f  

t h e  p l asmids and f ound t hem t o  vary in s i z e f rom 3 t o  3 1  

Mdal w i t h  no mul t i p l e  p l asmi d cont ain ing st ra i n s  b e i n g  

e v i dent . Again no phenotypes were  accorded and t he se 

p l a sm i d s  remain  o f  crypt i c  nature . 
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To dat e the  mos t thorough anal y s i s  o f  the  p l a sm i d  con

t ent in  t he i n t e s t i n a l  Bact ero i de s has been per forme d  by 

Mays an d John son o f  t he VP I An aerob e  Laborat o ry . As  p ar t  o f  

h i s  do c toral t he s i s  work , Dr . Mays examined 1 2 0  strai n s o f  

Bact ero i des for p l asmids ( 6 7 ) . He employed the Curr ier and 

Ne s t o r  t echn i que for  p l asm i d  i s o l at i on and used agaros e  g e l 

e l e c t rophore s i s  for s i z e characterization ( 1 8 , 6 8 ) . I t  was 

foun d  t hat 4 3  pe rcent of the s t ra i n s examin e d  had p l a sm i d DNA 

an d p l asmi ds were present in i so l at e s  of e a c h  of John son ' s  

DNA-DNA homo lo gy groups. This work best  i n d i c at es that t he 

i n t e st i nal Bact e ro i des group i s  a rich reservoir o f  extra

chromo somal DNA . A summary o f  Mays ' dat a is p re s en t ed on 

Tab l e 3 .  Mays employed a comput e r  an al ys i s  i n  order to s e e  

i f  an y o f  8 1  d i f ferent  phenot yp i c  traits cou l d  be  as sign e d  t o  

any o f  four dif f erent r e f e rence p l asmi d cont a i n i n g  strain s .  

No corre l at ion was seen an d {t was con c lude d t h at a l l  o f  

t h e  p l asmi ds found were crypt i c . 

Mays a l s o  carr i e d out p l � smid-p l asm i d  DNA-DNA homo l ogy 

studie s .  A very i n t erest ing f i n din g  was a small 3 Mdal p l a s 

m i d  ( T1 - 1 ) possesse d  moder at e  ( 30 - 6 0% )  o r  h i gh ( 6 1- 100% ) 

homo l o gy w i t h  p lasmi d DNA found in 34 out o f  5 2 p l a smid con 

t ai n i n g s t r a in s . Th i s  sugge s t s  the  wi de d i ssemin at ion o f  a 

common extrachromo somal s e quen c e . The mean s o f  t h i s  d i s 

s em i n at�on and t he n ature of  the genet i c  i n f o rmat i on encoded 

by th i s mo l e cu l e  i s  a specu l at ive mat t er . 

I n i t i a l at t emp t s at demon s t rat i n g t r an s f e r ab l e  an t ib i o t -



DNA-DNA 
homo l o gy g roup 

B .  f r agil i s I 

B .  f r a g i l i s  I I  

Tab l e  3 

D i st r ibut ion and S i z e  o f  P l a sm i d  DNA Foun d i n  1 2 0  S t r a i n s  o f  
Ba �te�6i des ( 6 7 )  

Numb e r  o f  
s t r a i ns 

e x am in e d . 

Number o f  
s t ra in s w i th 
p l asm i d  DNA 

P l a sm i d  
s i z e  

( Md a l ) 

2 - 5 9  
2 2  

Numb er of Mu lt i p l e  
p l a sm i d  con t a i n i n g 

s t r a i n s  

B .  t he t a i o t aom i c ron 

16 

3 
5 

7 

1 

3 2 - 2 3  

2 
o 
2 

B .  ovatus 

" 34 5 2 -A "  

B .  un i f o rmi s 

B .  e g g e rthi i 

B .  ira g i l is subs . A  

B .  vu l gatu s 

B .  d i s t ason i s  
" 1'4 - 1 "  

N o  d e s i gn at e d  
g r o u p  T l -4 2  

1 1  

1 2  

26 

6 

6 

1 4  

1 1  

9 

1 

3 

8 

1 1  

2 

1 

7 

7 

1 

1 

2 - 2 3  

2 - 4 0  

2 - 5 3  

3 - 7 

3 

2 - 6 5  

2 - 6 0  

6 2 

2 , 5  

3 

3 

5 

2 

o 

4 

6 

o 

1 

l:\:) C}l 
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i c  re s i s t an c e  f rom re s i s t an t  Bact e ro i de s  t o  o t her s en s i t ive  

bact e r i a  we re not suc c e s s ful  ( 1 , 2 3 ) . The re are three r e -

port s o f  i n t e r  gene r i c  t r an s f e r  o f  an t ib io t i c  res i st an c e  b e -

t ween i n t e s t inal  Bact e ro i de s  an d E .  co l i  b u t  i n  each in s t an c e  

t he re i s  a f a i lure t o  phys i c a l ly demon s t r a t e  a p l asmi d i n  

t he donor  or  in rec i p i e n t s  upon inhe r i t ance  o f  t he ant i b i o t i c  

re s i s t ance s ( 10 , 6 5 , 1 14 ) . The t ran sfer  o f  S - l a c t am ,  t e t racy-

c l i n e  an d ch loramphen i c o l  re s i s t an c e  f rom � f r agi l i s  t o  � 

c o l i has  been c l a imed b y  Man c in i  and Behme , a s  has t h e  t ran s -

f e r  o f  amp i c i l l in re s i st an c e  from � c o l i  t o  Bact ero i de s  b y  

Burt a n d  Woods ( 10 , 6 5 ) . Youn g an d Mayer c l a im t o  have 

t ran s forme d  E .  co l i  to amp i c i l l in resi s t an c e  u s ing a sma l l 

Bac t e r o i de s  p l asm i d  ( 1 14 ) . As o f  yet t hey have f a i l e d  to 

demo n s t rate  the s t ab l e -maint enance of t h i s  p l a smid an d t he 

drug re s i s t an c e  i n  � c o l i .  Addit ional l y , t h e y  de s c r i b e  

t he " co n j ugat ion a l " t ran s f e r  o f  amp i c i l l in re s i s t an c e  f rom 

r e s i s t ant � fragi l i s  st rains  to � col i but aga i n  the  r e 

s i st ance  phenotype appe ars t o  be un s t ab l e  i n  t he recip i e n t s .  

The un equivocal demon s t r at ion o f  p l asmi d-med i at e d  i n t e r-

g en e r i �  t ran s f e r  o f  an t ibiot i c  res i s t an c e  h a s  been shown by 

Gu iney  an d Dav i s  ( 36 ) . They demon st rat e d t hat  B .  ochraceu s  

s t r a i n  2 2 2 8  which  i s  res i s t an t  t o  k an amyc i n , c hloramphen i c o l  

a n d  t e t racycl i n e  coul d t ran s f e r  t ho s e  re s i s t an ce s  t o  a n  E .  

c o l i  st rain  i n  a man n e r  sugge st ive o f  bact e r i a l  conj ugat ion . 

Asso c i at e d  w i t h  the  t ran s f e r  o f  t h e  t hree  drug re s i s t a n c e s  

w a s  t he t ran s fer an d ma i n t e n an c e  o f  a 7 0  M d a l  p l a smi d 

s pe c i e s  i n  the  E .  co l i  r e c i p i ent .  
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I n  1 9 7 9 , report s o f  t ran ferab l e  c l indamyc i n -erythromy

c i n  r e s i s t ance i n  � f r agi l i s  appe ared f rom t h e  l aborat o r i e s  

o f  Tal l e y , Seba l d  an d Macr ina  ( 8 3 , 96 , 1 10 ) . 

I n  Tal l e y ' s  case , � fragi l i s  s t r a i n  TMP 1 0  wh i ch i s  

r e s i s t ant t o  c l in damy c i n  and erythromyc in  c ou l d  t ran f e r  t ho s e  

r e s i s t ances  t o  a drug s en s i t i ve s t ra i n  o f  � f ragi l i s  us i n g  

t h e  f i l t e r  mat in g t e c hn i que ( 96 ) . The drug re s i st an t  pro

geny in  this  mat ing cou l d  i n  turn s erve as  donors o f  c l in da

myc i n -erythromycin  re s i s t an c e  to a sens i t i ve s t r a i n  of B .  

t he t aiot aomicron . Thus , Ta l l ey  demon s t rat e d  an appare n t  

ma i n t en an ce of conj ugal pro f i c i en c y  in  the  progeny upon 

inherit an c e  o f  t he drug res i s t an c e s . When t h e  p l asmi d con 

t en t  o f  TMP 10  was examin e d , i t  was found t o  harbor s e v e r a l  

p l a sm i d  spe c i e s  vary i n g  in  s i ze f rom 2 t o  ove r 2 0  Mdal . When 

t he drug re s i s t an t  progeny were exam i n e d  for  p l a smi d con 

t ent , t h e y  were found t o  bear d i f ferent  comb in at ion s o f  t he 

p l asmi d spe c i e s  seen i n  t h e  donor . However , i t  app e ar e d  

t hat two pl asm i ds were common l y  foun d i n  al l t r an s f e r  pro

f i c ient , drug re s i s t ant progeny ( a  2 and a 2 0  Mdal  spe c i e s ) .  

A spon t an eous l y  occur r i n g  c l in damy c i n -erythromy c i n  sen s i 

t ive var i ant o f  one  o f  t he drug re s i s t an t progeny was s ee n  

t o  have undergone t he l o s s  of t he 2 Mdal p l asmi d . From t h e s e  

result s ,  Ta l l ey e t  a l  con c luded t hat t h e  2 0  Mdal p l a sm i d  

con f erred t he t r an smi s s ab i l i t y  of  re s i st an c e an d t ha t  the 

2 Mdal p l asmi d  bore t he res i s t ance  gene ( s ) . Rec e n t l y  t here  

has be en a reeval uat i on o f  these  result s .  I n  abs t rac t s  for 

t h e  1 9 t h I n t e r s c i en c e  Con f erence on Ant im i c rob i a l  Agen t s  
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and  Chemot herapy , Tal l e y  e t  a l  n ow report t hat n e i t he r  t he 

2 nor t h e  2 0  Mdal p l asmid i s  invo lve d , i n st e ad a s i n g l e  1 0  
Mda l p l asmi d pBF104 con f e r s  b o t h  c l indamyc i n -eryt hromy c in 

r e s i s t ance  an d t r an smi s s ab i l i t y  ( 97 ) .  I n  t h e  same abs t r act  

Tal l e y  report s for the f i rst t ime e xperiment s  des i gn e d  t o  

e luc i date  t he me chan i sm o f  the  genet i c  t r an s fe r  event . 

C l o s e  c e l l  t o  c e l l cont act i s  requ i r e d  betwe en TMP 10 an d 

any rec ip ient s t ra i n s  for  t ran s f e r  t o  o c cur . Add i t i on a l l y  

t he t ran sfer  i s  i n sens i t ive t o  DNase t r e atment . From t h e s e  

resul t s  t hey ' ve conc luded t hat con j ugat ion i s  t h e  mos t  l ik e 

l y  genet i c  event for  t h e  r e s i s t an c e  t ran s f e r  i n  TMP 10 . 

Seb a l d ' s  group has report e d  t hat t wo d i f ferent  s t r a i n s  

o f  Bact eroides  ( BEN and 92 ) r e s i s t an t  t o  c l i ndamyc i n , 

eryt hromycin  an d v i r g i n i amyc i n  ( a  s t rept ogramin B ant i b i o t 

i c ) can t ran s f e r  t hose re s i s t an c e s  en b l o c  t o  a s en s i t i v e  

s t rain  o f  � frag i l i s  . (  8 4 ) . The i r  t ran s f e r  p r o t o c o l  i n 

vo lves  growing the  donor an d rec ip ient c e l l s  i n  m i xed cul 

ture on the  sur f ace o f  a nut r i ent agar med i a . The BEN 

s t r a i n  is a B .  di st ason i s  wh i ch i s  t et r acy c l i n e  r e s i s t an t  

an d c ap ab l e  o f  a l s o  t r an s f e r r i n g  t hat re s i st an c e . I n  t h e i r 

o r i g inal  pub l i cat ion , s t rain 92 i s  described as be i n g  t e t ra 

c y c l ine  re s i s t an t  but i n c ap ab l e  o f  t r an s f er r i n g  t hat r e s i s 

t an c e . They report e d  t h at both s t r a i n s  cou l d  be observe d 

t o  un dergo spon t aneous l o ss o f  t h e  c l in damy c i n -eryt hromyc i n  

re s i s t an c e  but not t he t e t racycl i n e  re s i s t an ce . The f r e 

quen cy at wh i c h  t h e  spon t aneous l o s s  o f c l i n damy c i n-eryt h r o

myc in re s i s t ance  occurr e d  among c o l on i e s  scored  f o r  drug 
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re s i s t an c e  was one  p e rcent . From t h i s  evidence t he y  co n �  

c l uded t hat t he c l i n damy c i n -ery t hromyc in  re s i st ance gene ( s )  

were l ike l y  t o  be o f  an extrachromo soma l n ature . The y  d i d  

not p rov i de any phy s i c a l  ev i dence for p l a sm i d-medi at e d  

drug res i st ance t r an s fer  w i t h  e ither s t rain . Addit i on a l l y  

n o  e xper imen t s  were d e s c r ibed wh ich  woul d i dent i f y  what 

t yp e  o f  genet i c  event was respon s i b l e  f o r  the r e s i s t an c e  

t ran s f er . 

I n  a s e con d pub l i c at i on , t h i s  same r e s e arch group 

descr ibes for s t r a i n  92 what i s  app a.ren t l y a " t e t racyc l i n e 

i n du c i b l e " me chan i sm f o r  t h e  t r an s f e r  o f  t e t r acyc l in e  r e 

s i st ance ( 84 ) . When s t rain  92 � s  grown overn i ght i n  t h e  

pre sence 6 f  5 � g /ml t e t racyc l in e , the  s t r a i n  t hen b e c ome s 

p ro f i c i ent in t h e  t r an s f e r  o f  t e t r acy c lin e  r e s i s t an c e . The 

i n du c i b i l i t y  o f  t he t e t racyc l ine re s i s t an c e  t r an s f e r  was 

f oun d t o  be revers ib l e . When a t ran s f e r  p ro f i c i en t  s t r a i n  

wa s sh i ft ed t o  t e t r acyc l in e - f re e med i a  i t  l o s t  the  ab i l i t y 

t o  t r an s f e r t et racyc l i n e  res ist an c e  a f t e r  several overn i ght 

subcultures . A f t e r  twent y  sequent i a l  overn i ght subcu l t ure s 

in t he p r e s en c e  o f  5 V g /m1 t e t racycl ine , they f oun d  t hat a 

s t r a i n  o f  92  had be come const itut ive for t r an s fer  o f  t e t ra 

cyc l i n e r e s i st ance . In t h i s  inst an c e , t h e  i n duc it i l it y o f 

t r an s f e r  was not revers ibl e . Furt her , t h e y  p r ov i d e d  e v i 

dence t h at t he e xp re s s ion o f  t et racy c l i n e  r e s i st an c e  i n  

s t r a i n  9 2  was i n du c i b l e  by expo sure t o  sub i n h i b i t o r y  amoun t s 

o f  t e t r a c y c l i n e . Two overn i ght subcultures  o f  s t r a i n  92 

were made , one grown in the presence of 0 . 5  � g/ml t et r a c y �  



c l i n e  and t h e  ot he r grown i n  t h e  basence  o f  t e t ra c y c l i n e . 

Growt h o f  t he two c u l t ures then was mon i t o r e d  op t i c -

3 0  

a l l y . The cul t ure  in oculat e d  wi t h  t h e  t e t r a cyc l ine  cont a i n 

i n g  over n i ght cul t ure soon be gan t o  grow i n  a logar i t hm i c  

f ash ion w i t h  v i rtual l y  no l ag phase . The o t h e r  cul ture  

wh i c h  had n ot b een pre -expos e d  t o  t e t racyc l in e  began l o g ar i t h 

m i c  growt h on l y  a f t e r  a l ag phase o f  t hr e e  hours . 

The pub l i c at i o n s  on t rans ferab l e  c l i n damyc in -ery t h r o 

my c i n  re s i s t an c e  o rgin at i n g  f rom Mac r i n a ' s  l aboratory i n vo l ve 

S e ba l d ' s  s t r a i n  9 2  ( 10 9 , 11 0 ) . Thi s  t he s i s  i s  in f a c t  b a s e d 

upon t he r e su l t s  o f  e xpe r iment s performed w i t h  st rain  92 

( V4 7 9  in  t h i s  l aborat ory ) .  The de s c r ipt i o n  o f  t h e s e  r e s u l t s  

can b e  f oun d i n  t h e  f o l l owing t ext . 
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MATER I AL AND METHODS 
Bact e r i a l  S t r a in s 

The p r i n c ip a l  bact e r i a l  s t r a i n s emp l o y e d  in  t h i s  s t u dy 

a lon g wi t h  t he i r  l aborat o r y  des i gnat i on  and  source are l i st e d  

o n  Tab l e  4 .  The des i gn at i on an d Source o f  addi t i on a l  s t r a i n s  

resul t in g  f rom mat i n g s  a n d  de let i on s t ud i e s  wi l l  be de s c r i b e d  

a s  t hey o c cur i n  the  results sect ion . 

Chem i c al s  

The source an d han d l i n g  o f a l l  chemi c a l s emp lo y e d  i n  

t h i s  s t udy wi l l  b e  de s c r ibed a s  t h e i r  use o c curs in  t h e  

mat er i a l s  an d me t hods . 

Ant i b iot i c s  

A l l  ant ib iot i c s  w i t h  t he e xcept i on o f  amp i c i l l in were 

made as  solut i on s  and f i l t e r  st er i l ized  ( 0 . 4 5 m i c ro n  f i l t e r , 

M i l l ipore Corp . ) .  

C l in damyc in RCI and l i n c omy c i n  H CI wer e  prov i d e d  c o ur 

t e sy of  t he Up j ohn Company . Bot h  drugs we re made a s  1 0  V g / ml 

aqueous s t o ck so lut i o n s  an d s t o red at 40 C .  

Eryt hromy c i n  ( Sigma ) was made as a 5 0  V g/ml e t h an o l  

so lut i on an d t he n  dilut e d  1 t o 1 wi t h  d i s t i l l e d  H2 0 f o r  a 

s t ock s o l u t ion o f  2 5  V g /ml . 

R i f amp i c i n  ( S i gma ) was made a s  a 1 V g /m l  1 0% me t hano l 

solut ion  and  u s e d  p rompt l y  in a l l  me di a . 
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Tab l e  4 

Princ i p l e  Bact e ro i de s  strains  emp l o yed i n  t h i s  s t udy 

St ra i n  De s i gnat ion 

V4 79  

V4 7 9 - 1  

V5 14 

V2 1 8  

V5 3 1  

Bact ero i de s  
spe c i e s  

fragi l i s  

fragi l i s  

f ragi l i s 

un i formi s 

frag i l i s  

Source o r  der i v i a t ion 

M .  Sebal d  ( st ra i n  9 2 ) 

Th i s  l aborat o r y  

Thi s  l aborat o ry 

P .  Hy l emon ( st ra i n  0 0 6 1- 1 ) 

T .  W i l k i n s  ( st ra i n  B - 7 0 ) 
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N a  amp i c i l l i n was g i ven court e s y  o f  Br i st o l  Lab o r at o r i e s . 

I t  was d i rect�y adde d as  powder t o  cooled  aut o c l ave d me d i a  

an d c areful l y  mon i t ored  f o r  con t aminat ion . 

Tetracyc l in e  RCI ( Leder l e  and S i gma ) was made a s  a 

f re s h  1 � g/ml a queous s o lu t i on an d u s e d  p romp t l y  in a l l 

me d i a .  

Bu f f e r s  

TE : 5 0  mM Tr i s  ( h y droxyme t h y l ) aminome t h an e  [ Tr i s  b a s e , 

S i gma ] an d 5mM d i so d ium et hylenediamin e t e t r a ac e t at e  [ EDTA , 

S i gma ] . The pR was brought t o  8 . 0  with  con c en t r at e d  RCI . 

TES : S ame a s  for  TE with  addi t i o n  o f  5 0  mM NaCI 

( Bake r ) . 

TB : 8 9  mM Tr i s  ( hy droxymethyl ) aminomet h an e  [ Tr i s  

base ] , 8 9  mM bor i c  ac i d  -[ S i gma ] an d 2 . 5  mM d i sodium 

e t h y l en e d i ami n e t e t raacet at e [ EDTA ] . The pR b r o u g h t t o  

8 . 0- 8 . 2  with RCI . 

En zyme s 

The source an d p reparat ion o f  c ommerc i a l  e n z yme s u s e d  

i n  p reparat ive t e chn i ques wi l l b e  des c r ib e d  in  the  t ex t  a s  

t h e i r  use  a r i s e s . 

A l l re s t r i c t i on en donuc l e a s e s  u s e d  in  p l a smi d charac 

t e r i zat ion w i t h t h e  except i on o f  B am H I  ( Mi l e s Lab o r at or i e s , 

E lkhart , Ind i an a ) we r e  o b t a i n e d  f rom Bet h e s d a  Re s e a r c h  

L ab o r a t o r ie s  ( BRL , Ro ckv i l l e , Md . ) .  The e n z y m e s  we re 

store d  at _ 2 0o C a s  s u g g e s t e d  b y  t h e  man u f a c t u re r s . A s s a y  
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buf f e r s  for t h e  r e s t r i ct i on en donu c l e a s es were made as  1 0 -

f o l d  concent rat ed solut ions o f  t he buf fe r s  r e commen ded i n  

t he BRL i n format ion bul l e t in  accompan y i n g  e a c h  enzyme .  Com

p l e t e  an d approp r i a t e  d i ge s t i on of DNA was mon i t or e d  by 

subj ect i n g  bact e r i ophage l ambda DNA ( BRL ) to each r e s t r i c 

t ion enzyme . The d i ge s t  produc t s  were ana l y z e d  by agarose 

ge l e l ect rophore s i s . 

Medi a and Main t e n an c e  of St ock Cu l t ur e s  

A s ingle  compl ex growt h me dium ( PHC ) w a s  emp lo y e d  i n  

growin g  l ar ge cul t ures  o f  Bact ero i de s . Thi s  me dium con

s i st e d  o f  1 7 . 6  g / £ Ant ibiot i c  me dium No . 3 ( Di fco ) supp l e 

men t e d  wi t h  1 9  o f  c ys t e ine HCI / £  ( s i gma ) , 1 9  D-glucose / £ 

( Di f co ) and 1 0 ml o f  a Vit amin K-heme solut i o n / £ ( 3 9 ) . The 

pH was adj ust e d  to 7 . 0  by t he addi t ion o f  IN NaOH . 

A min imal me d i um deve loped by D .  Cal l i h an and  F . E .  

Youn g cal l e d  Bact e ro i de s  Genet i c  Medium ( BGM ) was emp l o y e d  

i n  s everal mat in g  e xper iment s .  The BGM f o rmul at ion i s ; 

glucose 0 . 5 g / £ ,  hemin 0 . 5  � g / £ ,  cyst e in e  HCI O . 12g / £ ,  

L-met h io n i n e 0 . 0 1 8  g / £ , CaC1 2 · 2H2 0 0 . 5  � g / £ ,  KH2P04 1 . 05g / £ , 

K2HP04 0 . 9  g/9.; NaCI 0 . 5 2 g / £ , ( NH4)i0 40 . 04 5  g / £ an d MgC 1 2 ' 

6H 2 0 0 · 04 5  g /  £ ( D .  Cal l i han person al c ommun i cat ion ) .  The 

l ast f ive s a l t s were  made as a l OX min ima l s a l t s  s o l ut ion . 

Whenever a so l id agar me d i um was requ i r e d  a gar ( D i f co ) · 

at a f i n a l  concent r at ion o f  1 . 5  percent  was adde d . A l l 

s o l i d  me d i a  was usua l l y prepared on t h e  day i t  was t o  b e  

u s e d . St oppered l i qu i d  me d i a was s t o r e d  f o r  per i o d s  o f  up 
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t o  t en day s . 

Stock culture s  wer e  maint a in e d  i n  10 m l o f  choppe d  me a t  

medium and s t o r e d  at  room t emper ature u n d e r  1 0  percent  c a r 

b o n  d i ox i de and 9 0  percent n i t rogen as  de s c r ibed  in  t h e  VP I 

An aerobe Manual ( 3 9 ) . Tran s f e r s  were made approximat e l y 

every two mont h s . St r a i n s  d i sp l ay ing  t e t racyc l ine re s i s

t ance  ( e . g . , V5 14 ) were  kept in  a s t o ck cult ure cont a i n in g  

1 p g /ml t et racyc l in e  t o  i n sure the maintenan c e  of  t e t ra cy 

c l ine re s i s t ance . Cl indamyc in Was not put i n t o  t he s t o ck 

cultures s ince t he cultures d i d  not appear t o  lose  t hat 

r e s i s t ance  readi l y . Freezer stocks o f  Bact ero ides  were made 

by suspen ding a he avy l awn of c e l l s  grown on so l i d  PRC in 

a 3 0  percent g l ycerol -PRC bro t h  so lut ion . The ce l l  suspen 

s ion was divided i n t o  two a l i quot s , one s t o r e d  at -2 0oC a n d  

t he o t h e r  a t  -700
C . 

Culture  Techn iques 

Cu l t ure p l at e s  were incubat e d  anaerob i c a l l y  us i n g  the  

Gas -Pak syst em ( BBL , Cockeysv i l l e , Md . ) .  L i qu i d  tube an d 

f l ask cultures were  i ncubat e d  under an oxyge n - free , 1 0  p e r 

c en t  c arbon d i ox i de and 90  pe r cent n i t rogen atmo sphe r e  

d e l ivered b y  an an aerobic g a s  f lushing  syst em de s i gn e d  by 

t he VP I An aerobe Laboratory ( VP I  An aerobe Cu l t ure Sys t em , 

Be l l co , Vin e l and , N . J . ) .  

An t i b i o t i c  Sen s i t i v i t y Test ing 

Th e m i n ima l  inh i b itory concentrat ion ( M I C )  f o r  an ant i -
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b iot i c  was  det ermi n e d b y an agar d i lut ion  te chn i que ( 6 3 ) . 

Overn i ght PRC bro t h  cul t ures  we re d i l ut e d  i n  phosphat e 

buf f ered s a l i n e  t o  y i e l d  an inoculum s i ze o f  approx imat e l y  
3 1 0  co lony formin g un i t s  per agar p l at e .  The inocu l um was  

spread on t o  PRC agar  p l at e s  cont a i n in g vari ous  st epwi se 

con cent rat ions  o f  an ant ibiot i c . The M I C  w a s  j udge d  t o  b e  

t he h i ghest an t ib io t i c  concent rat i on where t h e  inoculum 

y i e l de d  1 00% recove ry o f  re s i s t an t  c o l on i e s  ver sus  an 

ant ib i ot i c  f re e  cont rol  p l at e . Th i s  t echn i que y i e l de d  

repro duc ib l e  result s .  

R i f amp i c i n  Res i s t an t  Mut ant I so l at i on 

The f o l low i n g  p rot ocol  was developed i n  order t o  i s o l a t e  

spont aneou s l y  occurr i n g  r i f amp i c i n  re s i s t an t  mut ant s o f  

var ious Bac t ero i de s  s t r a in s . An overn ight PRC brot h cul -

t ure was d i lut ed  t e n  f o l d  i n t o  a PRC brot h cont a i n i n g  

0 . 1  � g /ml r i f amp i c i n . Th i s  t hen w a s  i ncubat e d  unt i l  t u r 

b i d  ( 2 4 -72 hours ) at 3 70C .  On c e  t urb i d , t h i s  cul t ure  wa s 

u s e d  t o  inoculat e a 0 . 5  � g /ml r i f amp i c i n PRC broth . Th is 
st epwise sub cu l t ure process  was carried out at 1 � g/ml 

an d f i nal l y  10 � g / ml r i f amp i c in . On c e  a s t r a i n  had  grown 

t o  turb i d it y  at 10 � g /ml , i t  wa s s t r e aked f o r  s i n g l e  c o l o n y  

i s o l at ion onto PRC a g a r  p l at e s  cont a i n i n g  1 0  � g /ml r i f am-

p i c i n . A s in g l e  c o l o n y  on t h i s  p l at e  then was st ocked c u l -

t u r e d  i n  chopped me at b r o t h . 
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Mat ing Proc e dure 

S t o ck cu l t ure s of e ach donor an d rec i p i ent s t r a i n  were  

used  t o  inocu l at e  1 0  ml PRC brot h cu l t ure s an d  t he s e  bro t h s  

wer e  in cubat e d  overn i ght a t  3 7
o

C . Each PRC broth  t hen was 

d i lut e d  10 - f o l d  an d a l lowed t o  grow t o  m i d - t o - I a t e  e xponen -

t i a l  phase . Growt h was mon i t ored with  a Spect ron i c  2 0  

( Bausch and Lamb , Roche s t e r , N . Y . ) and ce l l s  were general l y  

co l l e c t e d  a t  a n  absorbance o f 0 . 5  t o  0 . 6  corre spond�ng t o  

8 
- lx 1 0  ce l l s / � l .  On e ml o f  rec ip i ent and 0 . 5  ml o f  donor 

then  were p l aced in  a s t er i l e  1 . 5  ml p o l ypropy lene Epp e n -

do r f  cent r i fuge t ube  ( AGon i c s , Brooklyn , N . Y . ) .  The c e l l 

m i xture was p e l l e t e d  by a two minut e cent r i fugat ion at 

room t emperature in a Eppendorf  cent r i fuge mode l 5412 . 

Ne ar l y  al l o f  t h e  supernat ant t hen was drawn o f f  wit h  a 

s t e r i l e  past eur p i p e t t e  l e aving the  c e l l  p e l l et and appro x i -

mat e l y  0 . 2 ml o f  supe rnat ant . The c e l l p e l l et then was  

r e suspen de d in t he rema i n i n g  supern at ant . The resusp e n s i o n  

w a s  p i p e t t e d  o n t o  a s t er i l e  membrane f i lt e r  ( t ype RA , 2 5  mm 

d i amet er , 0 . 4 5 � m  pore s ize ; Mi l l ipore Corp . ) which  had b e e n  

p l aced onto fre s h l y  prepared ant ibiot i c - f r e e  PRC a g a r  p l at e . 

The f i l t e r s an d p l at e s  t hen were incubat e d  anaerob i c al l y  i n  

Gas -Pak j ars for  2 4  hours ( un l e s s  otherw i s e  s t at e d ) . Fo l -

l owing t h i s  i n cubat ion , t h e  f i l t e r s  were t ran s f e r r e d  t o  a 

s t er i l e  4 0  ml s c r ewc ap , Nal gene cent r i fuge t ub e . On e ml  

o f  st e r i l e  pho sphat e -buf f e r e d  phys i o l o g i c a l  s a l ine  was adde d 

an d t h e  t ub e  was ag i t at e d  v i gorou s l y  on a Vortex mixer f o r  
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approx imat e l y  3 0  seconds . Approp r i at e  d i l ut ions  o f  t he c e l l 

susp e n s i on were  then  p l a t e d  on PHC agar supp l ement e d  wit h 

t he appropr i at e  an t ib i ot i c s . An t ib io t i c s  we re emp l oy e d  at 

t he f o l l owing concent rat i o n s  un l e s s  not e d  o t herwi se ;  r i f amp i 

c i n  1 0  p g /ml , l in damy c i n , cl incomy c i n  and eryt hromyc i n  5 p g /  

ml , t e t racyc l i n e  1 0  � g/ml an d amp i c i l l i n 1 � g/ml . Occa

s i on a l l y the  BGM me dium was subst i t ut e d  for  t h e  PHC me d i um 

i n  progeny s e l e c t ion . When BGM was emp l o ye d , r i f amp i c i n  

was n o t  ut i l ized  t o  count e r s e l e c t  aga i n st t h e  donor . I n 

s t e a d  a c arbohydrat e ( e . g .  arab i no s e ) wh i c h  t h e  rec i p i ent  

but  not  t he donor cou l d  ut i l i z e  for growt h was subs t i t ut e d  

f o r  gluco se  i n  t h e  BGM formu l at ion . Drug r e s i st an t  progeny 

( t ran s c i p ient s )  were  r e i so l at ed twice b y  s t r e ak i n g  we l l  

i so l at e d  s ingle  c o l on i e s  o n  t he medium emp lo y e d  i n  t h e  

i n i t i a l  s e l e ct i on . On ce the  subcu l t ur i n g  p r o c e s s  was com

p l e t e d , t he new t r an s c i p i ent s were s t o cked  and exam i n e d  

for  un s e l e c t e d  phenot ype s  an d p l asmi d cont e n t . 

P l asmi d DNA Prep arat i on : M i n i - l y s at e  Te chn i que 

A f a st , s imp l e  p l asmid i so l at ion p r o c e dure f o r  Bact e r 

o i de s  s t r a i n s  wa s deve loped by s c a l i n g  down what i s  e s se n t i 

a l l y  t h e  SDS -h i gh NaCl t e chn i qu e  o f  Gue rry e t  a l  ( 34 ) . The 

mini - l y sate  t e chn i que r e su l t s  i n  p l asm i d  prep arat ion s 

r e l a t i v e l y h i gh i n  con t amin at ion wi t h  l in e ar c hromo somal 

f ragment s t hereby prevent ing  t h e  use  o f  t h i s  t echn i que f o r  

p l asmi d preparat i o n s  s u i t ab l e  for  e l e c t ron m i c ro scopy an d 

re s t r i ct i on endonuc l e as e  d i ge s t ion . Howeve r , t h i s  t e chn i qu e  



wa s i de a l l y su i t e d  for  qui ck scree n i n g  o f  n ewl y acqu i r e d  

Bac t eroides  strains  and t ranc ip ie n t s  for p l a sm i d  con t e nt . 

A chopped meat s t o ck cul t ure was used t o  inocu l a t e  a 

1 0  ml PHC bro t h  cul t ur e  wh i ch t hen was grown overn i ght at 

3 7o C .  Depending upon t he c e l l y i e l d  anywh e r e  f rom 6 t o  

3 9  

1 0  ml s o f  t he PHC b ro t h  c u l t ure was harve s t e d  b y  c e n t r i fu

gat i on ( SS34 rotor , 8 , 000  rpm , 1 0  minut e s , 4 oC ) , t h e  sup e r

n a t ant d i s carded and t h e  c e l l  p e l l e t  t r an s f e rred t o  a 1 . 5 m l  

p o l ypropy lene Eppendorf  cent r i fuge t ube . The p e l l e t  t he n  

was re suspended i n  approximat e l y  1 . 2  ml o f  1 X  TES buf f e r  

a n d  repe l le t e d  i n  a t ab l e mode l Eppendorf cent r i f uge ( - 4 

minut e s , room t emperature ) .  The supernat ant was d i s c ar d e d  

and the washed c e l l  p e l l e t  r e suspended in 0 . 2 5 ml o f  a 2 5% 

sucrose solut ion ( 0 . 05 M Tr i s , pH8 ) . Add e d  t o  the  c e l l  

suspen s ion was 6 � l  o f  RNase  1 5  mg/ml in  0 . 2 5 M Tr i s , pH8 ] 

( S i gma ) , 13  � l  EDTA [ 0 . 2 5M ]  an d 17 � l  o f  e g g  wh i t e  l y sozyme 

[ 1 0 mg /ml in  0 . 2 5 M Tr i s , pH8 ] ( S i gma ) . Th i s  mixture was 

t hen in cubated for  10 - 15 minut e s  at room t emperature . Next , 

2 0  � l  o f  20 percent SDS [ 0 . 01 M Tr i s , pH8 ] ( Pi erce Chern . , 

Ro c k f o r d , I l l . ) was added and incubat e d  at room t empe r at u r e  

unt i l  v i s ab l e  c e l l  l y s i s  had o c curred ( c l e a r i n g ) . 5 0  � l  o f  

a 5 M  NaCl solut ion  t h e n  was added and the l y s at e  incub at e d  

a t  40c f o r  a t  l e ast t hree hours . Fo l l owi n g  t h e  SDS -h i gh 

s a l t  prec ip i t at ion , t he chromosomal DNA an d ce l l u l ar deb r i s  

was separat e d  f rom t h e  p l asmid  DNA b y  c en t r i fugat i o n  at 

1 2 , 0 0 0  rpm for 20 minut e s  at 4
o

C .  The pe l l e t i n g - was p e r 

f o rme d in a Sorval l RC5 re f r i gerat ed  preparat ive c e n t r i f uge 
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u s i n g  a S S - 34 rot o r  f i t t e d  wi t h  adap t e r s  f o r  1 . 5  ml Eppe n -

dorf c en t r i fu ge tub e s . The p e l l e t  was gent l y  removed an d 

d i s carded u s i n g  a past eur p ipet t e . 0 . 3 ml o f  fre s h l y  r e -

d i st i l l e d  phenol  ( s at urated w i t h  1 X TE m wa s added t o  t h e  

sup e rn at ant an d t he mixture was br i e f l y  vort exed . Next , 

0 . 3  ml chloroform : i soamy l al cohol ( 2 4 : 1 ) was adde d and t he 

mi xture was again vort e xe d . Phase separat i o n  t he n  was 

achi eved by cent ri fugat i on o f  t h e  1 . 5 ml tube i n  t h e  E pp e n -

dorf cent r i fuge for  one  minut e . The t op aqueous l a y e r  

( - 0 . 5  ml ) w a s  removed with  a past eur p ipet t e  an d p l a c e d  

i n t o  a n ew 1 . 5  m l  Eppendo r f  cent r i fuge t ub e . The t ub e  

t hen was f i l l e d  w i t h  et han o l  ( 2 0oC ,  - 2  volumes ) a n d  1 3 ]J I 

o f  5M NaCI adde d . 
o 

The t ube t hen was kept at - 70 C f o r  a t  

l e a s t  one hour and the ethan o l -precipatated DNA t he n  was 

o 
p e l l e t e d  by cent r i fugat i on at 7 , 000 rpm , - 2 0  C for 2 0 m i n -

ut e s . The et han o l  was poured o f f  and t he Eppen do r f  t ub e  

was kept inverted  unt i l  al l t he e t h an o l  h a d  evaporat e d . 

The precipatated DNA t hen was brought i n t o  s o l ut ion by t he 

addi t i on o f  6 0 ]J I  o f  s t er i l e  de i on i z e d  wat er . App ro ximat e l y  

1 5  ]J I  o f  p lasmi d DNA prepare d i n  t h i s  man n e r  w a s  i n  s u f -

f i c i en t  con c en t r at i on t o  ertab l e  easy  v i sual i zation o f  

p l asmi d  DNA i n  agaros e  ge l s  s t a ined  wi t h  et h i d i um bromi de . 

Pur i f i cat i o n  o f  P l a smi d DNA 

The fo l l ow� ng pro c e dure wa s emp l o y e d  t o  acqu i r e  l arge  

amount s  o f  concen t r at e d  p l a sm i d DNA suf f i c i e n t l y  f r e e  o f  

chromo somal c on t am i n at i on f o r  use i n  e l ect ron m i c ro s copy 
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and r e s t r i c t ion en donuc l e a s e  dige s t ion . A 3 0 0  ml PHC b ro t h  

cu l t ure  o f  l at e  l o g  phase ce l l s  was harve s t e d  b y  p e l l e t i n g  

o 
i n  a Sorva l l  RC5 r e f r i ge rat e d  cent r i fuge ( S , O OO rpm , 4 C . , 

1 5  minut e s ) u s i n g  a GS - 3 _ r o t o r . The supe rnat an t  wa s d i s-

carded and t he p e l l et r e suspended i n  5 0  m l s  TE S buf f er . 

The c e l l  suspen s i on was repe l l e t e d  as b e f o r e  an d again t h e  

supernat ant was d i scarde d . The TE S washed c e l l  p e l l e t  t he n  

was r e suspended in  1 0  ml o f  2 5% sucro se ( 0 . 0 5 M Tr i s ,  pHS ) 

and t h e  suspen s ion spl i t  into  f i ve 2 ml a l i quo t s . To e ach 

a l i quot 0 . 5  ml of f r e s h l y  p re p a r e d  5 mg / ml lysozyme ( 0 . 2 5 M 

Tr i s , pHS was added and t h e  lysozyme -ce l l suspen s ion incu-

bat ed for  1 5  minut es  at r o om t empe r at ure . Next 0 . 5  ml o f  

0 . 2 5 M EDTA ( pHS ) al ong w i t h  0 . 2 5 m l  o f 1 mg /ml RNas e  

( 0 . 2 5 M Tr i s , pHS ) w a s  adde d an d the  ent i r e  mixture kep t  

f o r  1 0- 15  minut e s  a t  room t emperature . To ach i e ve c e l l u l a r  

l y s i s ,  0 . 16 ml o f  2 0% SDS ( 0 . 02 M Tr i s , pHS ) w a s  a d d e d  an d 

i nc uba t e d  at room t empe r at ure for  1 5  mi nut e s t o  3 0  minut e s . 

On c e  c e l l u l ar l ys i s had b e come ev i dent , 0 . S 5 ml o f  5M NaCI 

o 
was adde d  and t he prep arat ion kept at 4 C .  f o r  at l e a s t  3 

hours . On s ome o c c as i o n s  t h e  de t e rgen t s  Br i j 5 8  ( I CI ,  

Wi lmi n gt on , De l . ) o r  Tr i t on X - l O a  ( New En g l an d  Nuc l e ar , 

Boston , Mass . )  were used inst e a d  o f  t h e  SDS - h i gh N a C I . I n  

t he c ase of Br i j  5 S , 3 . 2  ml s . o f  a 2% B r i j  5 S , 2% DOC 

( O . 0 5M EDTA , 0 . 0 5M Tr i s ) was added t o  each a l i quo t . For 

Tr i t on X - l a O , 3 . 2 ml s . of a 1% Tr i t o n  X - l a O  ( O . 0 5M EDTA , 

0 . 0 5 M  Tr i s , p H S ) was added t o  achieve l y s i s . The c e l l u l a r  

debr i s  a n d  chromo s omal DNA w a s  separat e d  f rom t h e  p l asmi d 
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en r i c h ed  supern at an t  by c en t r i fugat i on o f  t h e  preparat i on s 

in  t h e  RC5 c en t r i fuge u s i n g  t h e  S S 34 r o t o r  at 2 0 , 0 0 0  rpm , 

o 
2 0  minut e s  - 2 0  C .  ( for t he SDS -NaCI prepar a t i on s ) o r  

( f o r  t h e  Br i j  5 8  an d Tr i t on X - 1 0 0  prep arat ion s ) . 

The sup ernat ant acqu i r e d  fo l l owin g t h e  c l e a r i n g  spin  

t he n  w a s  subj e c t e d  t o  c e s ium c h l o r i de-et h i d ium bromi de dye 

bouyant den s i t y  u l t racen t r i fugat ion pat t e r n e d  on t h e  t e ch-

n i que deve loped by Vin ogra d  an d a s so c i at e s  for  pur i f i c at i o n  

o f  c i r cu l a r  v i rus DNA mo l e cu les ( 95 ) . The met hod deve l op ed 

f o r  Bact e ro i de s  p l asmi d  DNA involved m i x i n g  6 . 0  ml s o f  

c l eared l y s at e  ( t he supern at ant ) ,  7 . 7 g c e s i um chl o r i de 

( Kaweck i -Bery l co , Re ad i n g , Pa . ) and 0 . 5 7 ml o f  10  mg/ml 

e t h i d i um b r omide . Th i s  Cs CI · EB · DNA so l ut i o n  t hen was 

poured i n t o  1 0  mI . p o l ypropy l e n e  t ub e s  ( Be ckman ) an d p a r a -

f i n o i l  ( Bake r ) w a s  l ayered on top . T h e  t ub e s  then  wer e 

s e a l e d  w i t h  Beckman c ap a s s emb l ie s  and t h e  t ub e s  p l a c e d  

in  a Beckman f ixed an g l e  5 0  Ti rot e r . Equ i l ibrium u l t r a -

c en t r i fugat ion t h e n  w a s  a ch i e ve d by subj e c t i n g  t h e  p r e 

p a r a t i o n s  t o  4 0 , 0 0 0  RPM at 18-2 0oC f o r  4 8 -72  h o u r s  i n 

e i t h e r  a Be ckman L2 - 6 5  or L5 - 5 0  preparat i ve u lt ra ce n t r i -

fuge . Fo l l owing  u l t racen t r i fugat ion , t h e  p l asmid  DNA 

p r e s e n t  i n  such gradient s was v i su a l i z e d  by i l lum i n at i n g  

. t he gradient  t ube  w i t h  a lon g-wave u l t r av i o l e t  l i gh t  s our c e  

( Ul t ra-V i o l e t  Product s ,  S an Gabr i e l , Cal i f o rn i a ) . The 

l ower f l our e s c e n t  b an d  corre spon d i n g  to CCC DNA ( pl a sm i d 

DNA ) t hen was remove d by  n e e d l e  an d s y r i n g e  asp i rat i on f rom 

t h e  s i de of t h e  t ube . E t h i d i um brom i de was  removed b y  
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ext r act ion wi t h  c h l o ro form : i soamyl a l coho l ( 2 4 : 1 ) and t h e  

c e s ium chlor i de e f fect ive l y  removed by d i a l y s i s  aga i n s t  

at least 8 £  o f  1 X T E  buf f e r . The DNA concent rat ion was 

measured spect rophot omet r i c a l ly u s i n g  e ither a Ze i s s  M4 

Q I I I  or Beckman mode l 35 spect rophotomet e r .  One O . D .  

un i t  at 2 6 0  nm was t aken t o  represent a DNA concent rat ion 

of  5 0  � g /ml ( 64 ) .  Pur i f ie d  p l asmid DNA p reparat ions  were 

o 
stored  at 4 C i n  2 ml screw cap g l a s s  v i al s . 

Agaro se Ge l E l e c t rophore s i s  

I dent i f i c at ion a n d  approximate s ize det e rminat i on s  o f  

p l asm i d  DNA prep ared e it her b y  t he mi n i - l y s a t e  o r  CsCl -EB 

t ec hn i que were performed by t he agaro se s l ab ge l  e l e c t r o -

phore s i s  t e chn i que o f  Meyers e t  a l  ( 6 8 ) . Agarose s l ab ge l 

e l ectrophor es i s  was a l so used to est imat e t h e  s i zes o f  

l in ear DNA f ragmen t s  f o l l owing d i gest ion o f  p l asmid DNA 

w i t h  rest r i c t i on endonuc leases  ( 7 ) . 

Agaro se ( Se achem , Rockl an d , Me . or  BRL , Rockvi l l e , Md . ) 

i n  1 X TB buf fe r  at concentrat ions vary i n g  f rom 0 . 6% t o  

0 . 8% d e p e n d i n g  o n  t h e  exper iment  was cast i n t o  sl ab gels 

b y  pour ing  the mo l t en agarose  between two c l e an g l as s  p l at e s  

separa t e d  wi t h  luc i t e  spacer s . I mme d i at e l y  a f t e r  pour i n g  

t he agarose , a l uc i t e  comb was inserted i n t o  t he t o p  o f  

t he g e l  c reat i n g  s amp l e we l l s . The f i n a l  s l ab ge l d imen s io n s  

were 15  X 10 X 0 . 3 8 CM . On ce  t h e  ge l had s o l i d i f i e d , the  c omb 

w a s  r e mo v e d  an d t he g e l  was c l amped i n t o  a v e r t i c a l  s l ab 

g e l  e l e c t rophore s i s  un it  ( S avant , Long I s l an d C i t y , N . Y . ) .  
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Approx imat e l y  600 mls o f  1 X TB run n i n g  b uf f er  t h e n  was 

sp l i t  between  t he t op and bot t om buf f e r  chambers . DNA 

mixed  w i t h  one quart er vo l ume of a bromphe no l  blue  t rack

ing  dye  s o l ut ion ( 0 . 07 mg/ml bromphen o l  blue  [ S i gma ) and  

0 . 07 g/ml SDS i n  a 3 3% g l ycerol aqueous s o lut i on ) was  

put i n t o  the  s amp l e  we l l s  wit h  a 100 � l  c ap i l l ary p ip et t e . 

I n a l l  cases  betwe en 0 . 5  � g  an d 2 . 0  j.I g  o f  DNA was app l i e d  

t o  e ach we l l . Power was supp l i e d  with a Heathk i t  r e gu l at e d  

h i gh volt age power supp l y , Mode l SP2 7 17 . E lect rophore s i s 

was usua l l y  performed at 4 0  rnA ( - 1 2 0V )  un t i l  the  b l ue t r ac k 

i n g  dye h a d  m i grat e d  int o t he bot t om supp or t ing sponge 

( - 2 hours ) .  The runn i n g  buf f e r  t he n w a s  poured i n t o  a 

g l a s s  bak i n g  d i s h  and et h idium brom i de adde d t o  a c h ieve a 

f in a l  concen t r at ion  o f  approx imat e l y  3 j.I g /m l . The g e l  was 

s t a i n e d  in  the s o lut i on 10-15 m i nut e s  an d t hen dest a i n e d  i n  

a runn i n g  wat e r  bat h for app rox imat e l y  on e -hal f hour . The 

gel  t hen was i l l umi n a t e d  on a short -wave u l t rav i o l e t  t ran s 

i l lumi n at o r  ( Mode l C-6 1 , Ult ra-Vi o l e t  Product s I n c . , S an 

Gab r i e l ,  Ca l i forn i a )  an d phot ographed wit h  a Pol aro i d  

MP4 Lan d Camera f i t t ed w i t h  a Wrat t en No . 9 f i l t e r . The 

f i lm used was a 4 x 5 po s i t i ve / negat ive b l ack an d wh i t e  

P o l aro i d  Type 5 5  I n s t an t  Lan d F i lm . 

The p o s i t i ve p hot ograph i c  image t he n  was u s e d  t o  me a 

sure t he re l at i ve mi grat ion d i s t an c e  o f  t he unknown p I  a s 

mids  or l i near DNA f ragment s versus a n  i n c luded known 

s t an dard re f erence  o f  t he appropr i at e  DNA phys i c a l  form . 

The mi grat i on b e h av i o r  o f CCC DNA can on l y  be comp a r e d  t o  
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t he behavior o f  other  CCC spe c i e s  an d b y  an a l ogy t h e  s ame 

is t rue for l inear DNA spe c i e s . Mo l e cu l ar s i ze  e s t imat e s  

o f  unknown CCC DNA or l inear  DNA spe c i e s  were made b y  com

p a r i n g  the  logar i t hm of t he i r  mi grat ion d i st an c e s  to a 

s t an dard curve o f  t he l o gar i t hm o f  t he mo l e cu l a r  we i ght 

of  known DNA spe c i e s  versus t he l o gar i t hm of  t he re spe c 

t ive migrat ion d i s t an c e s  for  the  known DNA ' s [ t he t wo 

f ac t o r s  are inv� r s e l y  r e l at e d] (6 8 ) . The re f e rence st andard s 

for  CCC DNA were t h e  8 p l asmids  present  i n  a s in g l e  s t r a i n  

o f  � co l i , V5 1 7  ( 6 2 ) . P l asmi d DNA f rom V5 1 7  pur i f i e d  

b y  CsCI -EB u l t racen t r i fugat ion was run on every ge l whe r e  

s iz e  e s t imat e s  o f  unknown p l asmi d s  we re made . The p l asmids  

i n  V5 17 are  3 5 . 8 ,  4 . 8 ,  3 . 7 ,  3 . 4 ,  2 . 6 ,  2 . 0 , 1 . 8 and 1 . 4  M d a l  

i n  s ize . The l i n e ar DNA s t an dard emp loyed i n  rest r i c t i on 

endonu c l e ase  d i ge s t s was e i t her H i n d  I I I  or  EcoRI d i ge st e d  

b act er i ophage l ambda DNA . The s i ze s  o f  t h e s e  fragment s  

are ( H in d  I I I ) 1 5 , 6 . 4 ,  4 . 3 ,  2 . 9 , 1 . 6  and 1 . 4  an d ( EcoRI ) 

1 3 . 7 , 4 . 5 ,  3 . 5 ,  3 . 0  an d 2 . 3  ( BRL product in f o rmat i on ) . The 

m i grat i on d i s t an ce s  were me asured f rom t h e  e dge o f  t h e  s am

p l e  we l l  t o  th e  l e a d i n g  e dge o f  t he DNA b an d . A draf t s 

man ' s  d i v i der wa s u s e d  t o  span the  mi grat i o n  d i st an c e  an d 

t h i s  span was me asured on an engineers  ru l e r  ( 1 / 6 0 t h  i n  

s c a l e ) .  The l o gar i t hms o f  migrat ion  d i st an c e  for t h e  

known DNA spec i e s  were e n t e r e d  wi t h  t he l o g a ri t hm o f  t he i r  

kn own mo l e cul ar s i ze i n t o  a l inear  regres s i on pro gram p r o 

v i de d  b y  a Te x a s  I n s t rumen t s  p r o g r ammab l e  c a l cu l a t o r  

( Mo de l s  T I 5 8  an d T I 5 9  we re b o t h  used ) . Onc e  t he c a l cu l a-
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t o r  generat e d  a st andard curve , t h e  logar i t hm o f  t he mi 

grat ion d i s t ance o f  an unknown DNA spec i e s  was entered  

into  t he program and an est imat e of i t s mo lecular s ize was 

provided . 

The photographic  ne gat ives of g e l  p i ct u r e s  con t a i n i n g  

p l asm i ds digested  w i t h  rest r i ct ion endonuc l e a s e s  were ex

ami n e d  by  dens i t ome t ry . A Corn ing 7 5 0  s c ann i n g  den s i t omet e r  

( wave length  sett i n g  5 5 0  nm ) p r i n t e d  den s i t ome t r i c  t rac i n g s  

o f  t he p l asmid d i ge s t s a n d  c a l c u l a t e d  t he a r e a s  o f  p e ak s  

corre sponding  t o  e ach DNA fragmen t . A rat i o  t hen was made 

for e ach p e ak area to the t o t a l  of peak are a s . Th i s  rat i o  

was compared t o  t he rat i o  o f  t he respect ive fragmen t  s i ze t o  

t o t a l  p l asmi d s i z e . Hence , a fragment was j udged t o  b e  a 

doub l e t  spe c i e s  when i t s  represent at ive p eak area appeared t o  

be twice  t h e  p roport i on pre d i c t e d  b y  t h e  s i z e  rat io . 

Part i a l digest  f ragment s were t ho s e  f a i n t  bands appe a r 

i n g  in t h e  p i ctures o f  r e st r i ct ion endonu c l e a s e  d i ge s t s 

carr i e d  out un der l im i t in g  condit ions . The i n comp l e t e  d i 

g e s t s  we re accomp l i shed b y  d i l ut ing the rest r i c t ion e n do 

nuc l e a s e , b r i e f  d i g e s t i o n  p e r i o d s  ( - 5 minut e s ) o r  d i gest i o n s  

at OO C . 

I so l at ion of C l in damy c i n -Eryt h romyc i n  Sen s i t i ve Var i an t s  

o f  Re s i s t an t  S t r a i n s : Spont aneous Oc cu r r i n g  Sen s i t i ve 

S t r a i n s  

Chopped meat s t o ck cu ltures  of  c l in damy c in -eryt hro

myc i n  re s i s t an t  s t r a i n s  we re used to inoc u l at e  a PRe 

bro t h  wh i c h was grown ove rn i ght at 3 7o
c . The overn i ght 



4 7  

c u l t ure t hen was d i lut e d  a n d  p l at e d  on t o  p l a in PHC agar 

so  a s  to y i e l d  approx imat e l y  1 5 0-2 00 c o l on i e s  per p l at e . 

The p l at e s  were i n cubat e d  48  hours at 3 70C unt i l  l arge 

we l l  i so l a t e d  colon i e s  appeared . The c o lon i e s  t hen were 

i n d i v i dua l l y  t ouche d wit h a s t er i l e  wooden t oothp i ck an d 

t h i s  was used t o  i n oculat e a p l a in PHC agar p l at e  and a 

PHC p l at e  cont a i n i n g  5 ].l g /ml c l indamy c i n  and / or e ryt hro 

myc i n . I n  t h i s  manner 100 co lon i e s  were  t e s t e d  per set  

of  p l at e s . Any s en s i t ive c l on e s  were s t o cked an d t hen 

t e s t e d  for s evera l  ke y  phenot yp e s  ( in do l e , c a t a l ase an d 

obl i gate anaerob i c  growt h ) . Approp r i a t e  c l o n e s  then were  

s creened for p l asmid content b y  the min i - l y sate t e chn i que 

and agarose gel e l ect rophore s i s . 

I so l at i on o f  Drug S en s i tive Var i ant s Fo l l ow i n g  Growth in  

t he Presence o f  Et hi d ium Bromide 

Overn i ght PHC brot h cu l t ures o f  c l in damyc i n -e ryt hromy

c i n  re s i s t ant s t r a i n s  were used to inocu l a t e  PHC b roths  c on 

t a in i n g  e t h i dium bromide ( S i gma ) . Three d i f ferent e t h i 

d i um b romi de concen t rat ions were usua l l y  emp loye d : 0 . 5 ,  

0 . 05 and 0 . 005  mM . The e t h i dium brom i de PRe broth cultures  

t hen were i ncubat ed at 3 70
C un t il t urb i d  ( 4 8 -72 hours ) .  

Sens i t i ve c lones f o l l owi n g  t h i s  t reatment were i s o l at e d  i n  

t he manne r previ ous l y  det a i l e d . 

Revers ion t o  Cl i n damy c i n -Eryt hromy c i n  Res i st an c e  

Cl in damy c i n -er yt hromy c i n  s e n s i t ive c l o n e s  i so l at e d  b y  

t he p rev i ous proc e dures were t e s t e d  for  spontaneous reve r 

s ion t o  t he cl in damy c i n -eryt hromyc in re s i st ance phenot y pe 
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i n  t h e  f o l l owing manner . Plain  PRC broths were inocu l at e d  

f rom s t o ck cultures a n d  in cuba t e d  overn ight a t  37
0

C .  The 

f o l l owing day 0 . 1 ml of t h i s  cult ure was spread ont o  PRC 

agar p l at e s  cont a i n i n g  5 p g /ml c l in damyc in and / or e ryt hro 

myc i n . At the  same t ime a v i ab l e  coun t  o f  t h e  c e l l s  i n  t h e  

overn i ght culture was made by p l at in g  approp r i at e  d i l ut i o n s  

o n t o  PRC p l at e s . A f t e r  7 2  hours o f  incubat ion at 3 70C J a I l  

p l at e s  were examined for  c l i n damycin -eryt hromyc in res i st an t  

revert ant s a n d  the v i ab l e  count o f  the ove r n i ght brot h  cul 

ture was de t e rmi n e d . 

The sens i t ive c lone s  were a l s o  t e s t e d  t o  see  i f  various 

chemical mut agen s cou l d  cause a reve r s i on t o  c l indamyc i n 

eryt hromycin  re s i st an c e . The t echn i que emp l oyed in t h i s  

i n ve s t i gat ion was e s sent i a l l y  t hat o f  Balbinder a s  mod i f i e d  

a n d  des c r ibed i n  M i l l e r ' s  Experi ment s in Mo l e cul ar Gen e t i c s  

( 3 , 7 0 ) . Fi l t e r  paper d i s c s  ( - 1 cm d i ame t e r ) were  s o ake d 

i n  one o f  t he f o l l ow ing  chemi c a l  s olut ions : 1 0  mg/ml 

a c r i dine orange ( Ca lb i ochem ) ,  1 0  Mg/ml ethi dium bromide , 

e t h y l  met hyl s u l f onat e ( Eastman ) ,  1 M hydroxy l amine RCI 

[ pH6 ] ( Fi sher S c i ent i f i c ) a n d  2 mg /ml n i t rosoguan i d i n e  

( A l d r i ch , M i lwaukee ) .  The mut agen so aked d i s c  then was 

p l aced i n  t he cen t e r  of a PRC agar p l at e  c o n t ain i n g 5 p g /ml 

c l i n damy cin . Th i s  p l a t e  had j ust been seede d with 0 . 1  m l  

o f  a n  overn ight PRC cu l t ure o f  a drug sen s i t ive c l on e . 

These  p l a t e s  t hen  we re i ncubat e d  and e xam in e d  per io di c a l l y  

f o r  up t o  s i x days f o r  col ony format i on . 
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P l asmid Copy Number De t ermi n at i on 

Choppe d me at s t ock cu l tu re s  were used  t o  i no c u l at e  - 6  m l  

o f  PHC bro t h  c on t a i n i n g  5 0  � C i /ml 
3

H-thym i d i n e  and t h e  cul -

t ur e  t hen was permi t t e d  t o  grow unt i l  mid-log  phase . The 

c e l l s  t hen were harve s t e d  an d washed twice  w i t h  10  ml 1 X TES 

buf fe r . Aft e r  t h e  se c o n d  wa sh , the c e l l  p e l l e t  wa s  r e su s -

p e n de d  i n  0 . 4  ml o f  a 2 5% sucrose [ 0 . 05 M Tr i s , pH8 ] , 1 mg/ml 

RNas e , 1 mg /ml lysozyme mixture . The suspen s ion was incu

bat e d  3 0  minut e s  at  3 70C t hen p l a ce d  on ice  for on e  minut e . 

Next , 0 . 2  ml o f  2%  S arko sy l  NL 97  [ 1  X TES ] ( Ge i gy Chern . ) was 

a dde d and t he mixt ure i n cubat e d  on i c e  for  3 0  minut e s . 0 . 6ml 

1 X TE S buf fer t he n  was added and the l ysat e she are d by 

drawing it i n  and out of a 10 m l  p ipet 20 t imes . 0 . 5  ml o f  

t he lysate  t hen was sub j e c t ed t o  CsCI -EB d y e  buoyan t den s i t y 

ul  t r acent r i fugat i on by centrifugation at o 
4 0 , 0 0 0  RPM , 2 0  C 

f o r  4 8  hours . Fo l l owing  cent r i fugat ion t h e  grad i en t s  were  

punc tured f rom t he bot t om an d 7 drop f r act i o n s  co l l e ct e d  i n  

1 3  X 1 0 0  mm g l a s s t ube s . 50  � l o f  each f r a c t ion wa s p l ac e d  

ont o  What man 3 mm d i s c s  a n d  t he DNA prec ip i t at e d  b y  t wo wash-

es i n  i c e cold 5 p er cent TCA fo l l owe d  b y  two washes  in 9 5  

percent  et hano l . E ac h  d i s c  t hen was p l aced i n  1 dram glass 

v i a l s  and 3 m l of 0 . 8  perc ent 2 . 5 -b� s - [ 2 - ( 5  t e r t -bu t y lbenzo -

xazo l y l ] t h i ophene i n  t oulene adde d . S c int i l l at ion c ount i n g  

o f  each f ract i o n  wa s per forme d  u s i n g  a Be ckman LS- 3 5 0  l i q�i d  

S c i n t i l l at i on Sy s t em . 

E l e c t r o n  M i c r o s c o p y : Cont our Le n g t h  Me a s u remen t s  

The mo l e c u l a r  we i ght o f  a n  unknown p l a smi d spe c i e s  was 
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det ermined b y  me asuri n g  the cont our lengths  o f  t he i r  open 

c i rcular forms in  e le c t ron micrographs . Tho s e  l engths  t he n  

were c ompared t o  t he length  o f  a known DNA s p e c i e s  i n c lude d 

i n  t he s ame mi c ro s copy preparat i on . The method o f  prepar i n g  

DNA mo l ecul e s f o r  e l e c t ron microscopy was e s sent i a l l y  t hat 

o f  Kl e in s chmi dt as mo di f ie d  by Kopecko et al  ( 52 , 5 3 ) . 

Pur i f i e d  p l asmi d DNA i n  1 X TE buf fer  was convert e d  

from predominant l y  t he CCC form t o  t he open c i rcular form b y  

one  o f  three d i f ferent met hods : prolonged s t orage a t  40C 

heat ing  a t  75
0

C for 10-15 minut e s  and t imed expo sure to 

gamma irradi at ion in  a 
6 0

Co i rradiat or ( Gamma ce l l 2 2 0 ) . The 

i rrad i at i on method was performed by Dr . Denn i s  J .  Kope cko 

u s i n g  a radiat ion source ava i l ab l e  at the Department  o f  Bac -

t e r i a l  Immun o logy , Wal t e r  Ree d  Army Res earch I n st i t ut e . 0 . 1 

t o  0 . 2  � g  o f  DNA was made int o a hyperphase by adding ammon i -

urn ace t a t e  ( f inal  concent rat ion 0 . 5  M ) . The DNA hyperphase 

was spread onto a 0 . 2 5 M ammon ium acet at e hypophase b y  gent -

l y  p ipet t ing t he hyperphase j ust above the i n t erface on a 

c l ean glass  s l i de h a l f - immersed i n t o  the  hypophase . The 

hy perpha se was p e rmit t e d t o  spread acro s s  t h e  hypophase  an d 

s t ab i l i ze  for  approximat e l y  7 minut e s . P ar l odiom ( E . F .  

Fu l l am , Schenec t ady , N . Y . ) coat e d  copper gr i ds ( 3 0 0  me sh , 

E . F . Ful l am ) t hen were used t o  p i ck up t he DNA r e st i n g  o n  

t h e  h ypoph a s e . The DNA then was s t a in e d  i n  0 . 05 mM uran y l  

acet at e ( Fi sher S c i e n t i f i c ) i n  9 5  percent  e t hano l f o r  3 0  

secon ds a n d  t hen washed 3 0  seconds i n  9 5  pe rc e n t  e t h an o l . 

The gr i d s  w e r e  rot ary -shadowed w i t h p l at i num-p a l l i d i um 

( 8 0 : 2 0 ,  Ted Pe l l a  I n c . , Tus t i n , Ca . )  i n  a Denton Vacuum 
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DV- 5 1 5  shadower . The gr i ds t hen wer e  scann e d  in  an H i t ac h i  

H S -7 s  e l ect ron mi c ro s cop e a t  magn i f icat ions vary ing  f rom 

6 , 7 5 0  t o  9 , 74 0  X . Approp r i at e  mol ecules were phot o graphed 

wi t h  Ko dak E l e c t ron Image Fi lm 446 3 . Cont our length s t hen 

we re measure d e ither  by e n l arging the negat i ve s  with a S im

mon s -Omega 4 X 5 D-2 en l arger and t ra c i n g  t h e  mo l e cular 

images  with a map mea suring devi c e  o r  by use o f  a Numo n i c s  

pro j ec t i on dev i c e  int e grat e d wit h a Numon i c s  e l e ctron i c  

graph i c s  c al cul ator . The open c i rcular  forms o f  p S C 1 0 1  

[ 6 . 02 Mda l ] or pSC 185 [ 9 . 2  Mda l ] or  pBR 32 2 [ 2 . 9  Mdal ] 

were used as int ernal  re ference st an dards ( 14 , 54 , 93 ) . 
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Bact ero i des  f r agi l i s  V4 7 9  ( Seba l d ' s  92 ) was t es t e d  f o r  

obl i gat e an aerob i c  growt h , gram st ain  react ion , i n do l e  p ro

duc t ion , cat a l ase product ion and a c i d  produc t i o n  from 

v ar i ous c arbohydrat e s  us i n g  t he protoco l s  d e s c r ibed i n  t h e  

VP l An aerobe Manual  ( 3 9 ) . V4 7 9  prove d t o  be  an obl i g at e -

l y  an aerob i c , i rregu l ar l y  shaped gram n e gat ive  rod whi ch 

was n e gat ive for i n do l e  product ion , po s i t ive for  cat a l as e  

p roduct ion an d produc e d  a n  a c i d  p R  « 5 . 8 ) when glucose , 

f ru c t o se , raff inose, sucrose an d  xy l o s e  we re i n corporat e d  

i n t o  a peptone-yeast  ext ract brot h . N o  a c i d  was produ c e d  

when arab inose , in o s i t o l  and mann i t o l  wer e  u s e d . The s e  

r e su l t s were con s i s t an t  wi t h  t h e  c l as s i f i cat i on o f  Bac t e ro i de s  

f ragi l i s . 

An t ibiot i c sen s i t i v i t y  t e st i n g  y i e l de d  t h e  f o l l owi n g  

m i n i mal inhib itory  con c en t rat ions  ( M . I . C . ) f o r  V4 7 9 ; 5 0 0  � g /ml 

e ryt hromy c i n , 100 � g/ml  c l in damycin  an d < 10 � g /ml t e t ra c y c l i n e . 

Seba l d  had repor t e d  t hat s t r a i n  92 was t e t racyc l in e  r e s i s 

t ant t hus prompt i n g  t he sub cul t ure o f  several  o f  t h e  

co l on i e s  app e a r i n g  on t h e  10  � g / ml t et racyc l i n e  PRC agar 

plates  us�d i n  t he M . l . C .  t e st i n g . The se co l 6n i e s  wer e  

s t r e aked t o  PRe a g a r  p l at e s  con t a i n in g  2 5  � g /ml t e t racyc l in e . 

The c l on e  d e s i gn at e d  3 - 1 0  s u r v i v e d  t h e  subcu l t ur e  pro c e s s  

an d y i e l d e d  co l o n i e s o f  t y p i cal  s i ze an d app e arance .  Th i s  
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c l one was r an dom l y  cho s e n  among sever al  t hat surv ived t he 

subcu l t ure in  h i gher t e t racyc l ine  concent rat ion and was 

g iven t he f in a l  l aboratory de s i gnat ion V5 1 4 . M . l . C . t e s t i n g  

w a s  repeated  u s i n g  a s in g l e  colony i so l at e  o f  4 7 9  de s i g 

n a t e d  V4 7 9- 1 and t he t e t racyc l i ne re s i st ant c lone o f  V47 9 , 

V514 . Bot h  V4 79-1  and V514 ret a i ned t he same M . l . C .  for  e r y

t hr omyc i n  and c l indamy c i n  t hat had been seen for  V4 7 9 . 

V4 7 9 - 1  s t i l l  demon strated  the t et racyc l in e  M . l . C .  o f  l e s s  t han 

10 � g /ml where V5 14 showed an M . l . C .  of 25 � g /ml t e t racy

c l in e . Figure 1 i s  a schemat i c  represen t at i on o f  t he 

derivat i on o f  V4 7 9 - 1  and V514 . 
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F i gure 1 

STRA I N  PED I GREE 

Seb al d ' s st rain  92  

/ 
S i n g l e  c o l o n y  i so l at e 
f rom PRC agar p l at e  

/' 
V4 7 9 - 1  

(M o l o C o  < 1 0 � g / ml Tc , ) 
\1 0 0  � g /ml c l in d amy c i n  

v 4 7 9  

~ 
S i n g l e  c o l on y  i so l at e  
f rom PRC p l u s  1 0  � g /m l  
t et r a c y c l i n e  a g a r  p l at e  

� 

3f 
� c o l on y  subcu l t ur e  t o  
PRC p l u s  2 5  � g /m l  t e t ra 
cyc l in e  a g a r  p l at e  

t V5 14 
(M . r . C . 2 5 � g /ml Tc , ) 
\10 0  � g /ml c l i n damy c i n  
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Tran s f e r  Studies  

S t ra in s  V4 7 9 - 1  and V5 14 we re t e s t e d  for  t he i r ab i l i t y  

t o  t ran s f e r  t he i r  r e spe c t i ve ant ibiot i c  r e s i s t an c e s  t o  a 

spon t aneous l y  o c curr i n g  r i f amp i c i n  re s i st an t  der i v at ive o f  

� un i formi s V2 18 ( VP I  n o . 0 0 6 1 - 1 ) .  Th i s  r i f amp i c i n  r e 

s i st an t  rec ip i ent , de s i gn a t e d  V5 2 8 , was mixed separat e l y  

wi t h  e ach o f t he prospect i ve donor s t r a in s  u s i n g the  f i l t e r  

mat i n g  prot ocol  de s c r ibed i n  t h e  Mat e r i a l s  a n d Met hods . The 

dat a shown in Tab l e  5 i n d i c a t e  i n t erspe c i e s  t ran s f e r  o f  

r e s i s t an c e  t o  erythromy c i n , c l in damy c i n  and l in comy c i n  f rom 

� f ragi l i s  V4 7 9 - 1  t o  � un i formi s V5 2 8  ( Cro ss  1 ) . I t  i s  

a l s o  shown that V4 79 - 1 , as expe c t e d  f rom i t s ant ibi o gr am ,  

c annot serve as a . donor o f  t e t racy c l in e re s i s t an c e . Co l o 

n i e s  recove red i n  suc c e s s ful  mat in gs a r e  shown t o b e  comp e 

t ent donors of  t he ant ibiot i c  re s i st an c e  t o  a second r e c i p i 

en t , � fra g i l i s  V5 3 1  ( Cross 2 ) . Con t r o l s  were a lways i n 

c luded in wh ich comparab l e numbers o f  don o r  o r  re c i p i en t  

ce l l s  alone we re t aken t hrough t he s ame mat i n g  procedure 

and p l at e d  ont o s e l ect ive med i a . The s e  con t r o l s  showe d  n o  

growt h except f o r  o c c a s ional  i n st anc e s  whe r e  seve r a l  c o l o 

n i t e s  o f  t h e  donor  V4 7 9 - 1  woul d  appe ar . The s e  colon i e s  

represented  spon t an eous r i f amp i c in re s i st an t  v ar i an t s o f  

V4 7 9 - 1  and accoun t e d  f o r  o n l y  0 . 1% o f  t h e  c o l on i e s  obs e r v e d  

on the  me d i a  used  f o r  p l at in g  t h e  mat i n g  m i x t ures . The 

rec ip ient  phe n o t yp e  o f  the drug re s i st ant progeny wa s 

ver i f i e d  b y  t h e i r  charact e r i s t i c  r e sp o n s e s i n  t h e  c at a l as e  

and i n do l e  t e s t s  an d b y  r i f amp i c i n  sen s i t i v i t y  i n  t he c a s e  



T ab l e  5 

Tran s � e r  Freque n c i e s  t o r  Y4 7 9 -1 

Don o r Re c ip i e n t  

Cross 1 B .  fragil is  B .  un i formi s -
V4 79 - 1 V52 8  

Cro s s  2 B .  un i formis  � fragil i s  

V5 44 ( c ) V5 31 

( a )  = Ave rage o f  four sep arat e exper imen t s  
( b )  Ave r a g e  o f  t h ree separ a t e  exp e r imen t s  
( c )  = Cc , Ln , Em r e s i st ant p r o g e ny o f  Cro ss 1 
( d )  = Ave rage o f  two sep arat e �xp e r iment s 

An t ib i o t i c s  u s e d  
in s e l e ct ion 

Cc , Rf 

Ln , Rf 

Em , Rf 

Cc , Ln , Em , Rf 

Tc , Rf 

Cc , Ln , Em , Ap 

Tran s t e r frequen cy 
( drug re s i s t an t  p r o 

g e n y  p e r  i nput 
don or c e l l  

_7 ( a )  
7 . 6 ( :!: 2 . 2 ) x 1 0  

_6 ( b ) 
1 . 1 ( ±0 . 2 3 ) x 1 0 

1 . 2 ( :!:0 . 16 ) x 1 0 - 6 ( b ) 

_ 7 ( a ) 
7 . 6 ( ±4 . 1 ) x 1 0 

° 

( d )  
4 . 9 ( :!: 0 . 7 ) x 1 0 -6 

c.n cr: 



5 7  

o f  Cro ss  2 .  Each donor and rec ip ient  p a i r  was t e st e d  re c ip 

roca l l y  f o r  t h e  product i on o f  bact e r i o c i n - l i ke act i v i t y  

u s i n g  t h e  s t an dard ove r l ay method . No such act i v i t y  was 

det e c t e d  in any of the as says . 

Tab l e  6 presen t s  t h e  t rans f e r  dat a for V514 w i t h  t h e  

s t an dard rec i p i ent V5 2 8 . V5 14 c an be seen  t o  t rans f e r  

l in c o s am i de -macro l i de re s i s t an c e  but i n  a dd i t ion , i t  c an 

act  a s  a donor o f  t e t racyc l i n e  re s i st an c e . Drug re s i stant 

p rogeny i n  t h i s  c ro s s  were also  e xamin e d  f o r  the  approp r i at e  

r e spons e s  i n  t he c at a l as e  and i n do l e  t e st s . 

Evidence imp l i cat i ng � e l l  t o  ce l l  cont act i n  the t r an s fe r  

proce s s  

Exper imen t s  des i gn e d  t o  e luc i date  whe t h e r  t r an s for

mat ion , t ransduct i on o r  conj ugat i on was respon s i b l e  for  t h e  

l incosami de -macro l i de re s i s t ance t rans f e r  wer e  un de r t ake n  u s 

i n g  V4 7 9 - 1  a n d  t he st an dard V52 8  r e c i p ient . Ce l l -f re e f i l 

t ra t e s  o f  donor c u l t ures pr�pare d  us i n g  e i t h e r  n it r o c e l lu l o se 

( Mi l l ipore Corp . , HA t yp e , pore s i ze 0 . 4 5 p m )  o r  p o l y c a r 

bonate  ( Nuc l eopore c o rp . , P l easanton , La . ,  pore s i z e  0 . 4 0 pm )  

f i l t e r  membran e s  cou l d  not p romot e the  t ran s f er o f  t h e  

an t ib i o t i c  r e s i s t ance . The chloro form-t reat e d  sup e rn a t ant  

f lu i d  o f  p e l l e t e d  donor  ce l l s  was  mixed w i t h  rec ipient  c e l l s  

an d t h i s  m i x t ure was i ncubat e d  under n i t rogen gas f o r  o n e  

hour a t  3 7 ° C . The mixture t hen was c o l l e ct e d  by  suct i on 

o n t o  mat i n g  f i l t er s  an d  t hen t r e at e d  i n  t h e  normal fashion . 

Un de r t he s e  c on d i t ions  the t r a n s f er o f  l i n c o s am i de -mac ro l i d e  



( a ) 
( b )  

Donor 

V5 14 ( b )  

Tab l e  6 

Tr an s f e r  F r e que n c ie s  f o r  Y5 14 

Re c i p i e n t  

V5 2 8  

Ant ib i o t i c s  u s e d  
i n  s e l e c t ion 

Cc , Em , Rf 

Tc , R:J; 

Cc , Em , Tc , Rf 

= Ave rage of t h re e  sep ar at e exp e r imen t s  
= C c r , Emr , Tc r , Rf

r progeny i s o l at e d , g i ven V6 0 1  de s i gn at ion 

Transf e r  f r e quency 
( drug re s i s t ant p r o 

geny p e r  input 
donor c ell ) ( a.. ) 

1 . 2  ( ±2 . 1 ) x 1 0  - 6  

2 . 3  ( :1:7 . 5 ) x 1 0  
-5 

1 . 6  ( ± 1 . 6 ) x 1 0  
_6 ( b ) 

CJl 
00 
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r e s i st an c e s  was not s e e n  t o  occur . DNase ( S i gma ) was added 

t o  s ep arat e l i qu i d  cultures  o f  t he donor an d r e c i p i ent  c e l l s  

a t  a f in a l  con cen t r at io n  o f  1 0  � g /ml and t h e s e  mixtures in cu

b at e d  for o n e  hour at 370C . The dono r  and r e c ip i en t  c e l l s  

t hen were d o l l e c t e d  and mixed u s i n g  the  normal mat i n g  p ro t o 

c o l  w i t h  t he except ion  t h at 0 . 1  m l  o f  1 0 0  � g/ml DNas e  was 

spread onto  the PHC agar mat i n g  surface . Un der t he s e  con 

d i t i on s  t he re was anywhere f rom a t hre e - f o l d  t o  a t en - fo l d  

dec r e a s e  i n  the l in co s am i de -macro l i de re s i st ance  t r an s fer . 

Howeve r ,  a s imi l ar lowe r i n g  o f  t h e  t ran s f e r  f requen c y  w a s  

o b s e rved when t he DNas e  buf fer  ( 0 . 005 M MgS04 ) alone w a s  

a d d e d  t o t he mat ing mixture a n d  me d i a  indi cat i n g  t hat t he 

t rans f er event was not s en s i t ive t o  the  act ion o f  DNas e . 

To j udge the  n e c e s s i t y  o f  c e l l -t o -ce l l  cont act , mat i n gs 

we re performe d i n  whi ch donor an d r e c i p i e n t  c e l l s  were 

s eparat e d  by membrane .f i l  t e r s . The don o r  c e l l s  a l o n e  we r e  

c o l l e cted o n  e i t he r  n i t ro c e l l u l o s e  or  p o l y c arbonate f i l t e r s . 

The s e  f i l t e r s  t he n  were p l ac e d  ce l l - s i de -up d i rect l y  ont o 

f i l t ers  on whi ch t he r e c i p i e n t  has been co l l ected . The 

f i l t e r " s a n dwi c h e s " we re i n c ub a t e d  2 4  h ours on P H C  a g a r . 

The se  c e l l s  we re co l l e c t e d  a s  described under Mat e r i a l s  an d 

Methods an d p l at e d  o n t o  s e l e ct ive me di a . I n  n o  case  was  

t he t rans fer  o f  an t ib io t i c  re s i s t an c e  observe d from c e l l s  

t r e at e d  in t h i s  f a s h i on . 

Tran s f e r  o f  r e s� s t ance  was not observed when don o r  an d 

rec i p i ent  s t ra i n s  we re mixed i n  l i qu i d  PHC b ro t h  cu l t ure  an d 

an aerob i c a l l y  incub a t e d  for  2 4  hours . 



Tab l e  7 p re s en t s  a summary o f  dat a from expe rime n t s 

de s i gned t o  e luc i dat e  the  n ature o f  t h e  gen e t i c  t ran s f e r  

e vent  wh i ch i s  respon s ib l e  f o r  l i n cos ami de -macro l i de r e 

s i st an ce t ran s f e r  b y  V4 79- 1 .  

Rec ip i ent survey 

6 0  

A l imited  survey o f  Bacteroides s t r a i n s  whi c h  wou l d  
s e rve a s  re c ip i e n t s  o f  l incosamide -macro l i d e  re s i s t an c e  

f rom V4 7 9 - 1  was undert aken . The resu l t s  o f  t he survey are 

p r e s e n t e d  i n  Tab l e s  8 an d 9 .  Spont aneous r i f amp i c i n  res i s 

t ant v ar i ant s o f  the s t r a i n s  with VP I des i gnat i on s  l i s t e d  

i n  t h e  s e cond column o f  Tab l e s  8 an d 9 we re i s o l at e d  and 

g iven the V number des ignat ions  l ist ed i n  the f i rst co lumn 

o f  t he t ab l e s . The s e  r i f amp i c in re s is t an t  p rospect ive 

r e c i p i e n t s  t hen we re mat e d  with  V4 7 9 - 1  an d c l in damy c i n  

r e s i s t ant progeny s c o r e d  as de s c r ib e d  i n  t h e  Mat e r i a l s  an d 

Me t hods . Each mat i n g  was performe d at l e a s t  twice with  t h e  

except ion o f  V5 3 5  whi c h  was at t emp t e d  on l y  once . Tab l e  8 

l i s t s  t he 7 s t r a i n s  wh i ch p rove d t o  act  as  r e c ip ient s o f  

c l i n damycin  re s i st anc e  and Tab l e  9 l i st s t he 12 s t r a i n s  f o r  

wh i c h  t ran s f e r  o f  c l in damyc in res i s t an c e  was unde t e c t ab l e . 

I t  shou l d  be  n ot e d  t hat t he V4 7 9 - 1  x V52 8  mat i n g  p a i r  was 

a lway s  i n c l ude d i n  t h e s e  t ran s f e r  s t u d i e s  as  a p o s i t ive 

cont r o l  for t ran s f e r . 
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Tab l e  7 

Summary o f  e v i dence imp l i c at ing t he nece s s i t y  for ce l l -t o-ce l l  
con t act i n  l incosami de -macrol i de r e s i s t an c e  

t ran s f e r  by B .  f ragi l i s  st rain V4 79-1 

Tran s f e r  condit ion s 

A )  St andard t ran sfer  
( V4 7 9- 1 x V5 2 8 ) 

B )  DNase in  mat ing mixture 
an d spread on agar mat 
i n g  sur face 

C)  DNase buf f e r  a l on e  a s  in B 

D )  F i l trat e of V4 79 - 1 mixed 
wit h re c i p ient  

E )  Ch loro f orm-t reated  super
n at an t  o f  V4 7 9 - 1 

F )  Dono r  and r e c i p i ent ce l l s  
separat e d  b y  membran e  
f i l t e r  

G )  Donor an d re c i p ient ce l l s  
mixed and in cubat ed i n  
l i qu i d  cu l t ure 2 4  hours 

Frequen cy of B .  un i fo rm i s  
l in c o s am i de -macro l i de r e 
s i s t an t  progen�y per i nput 

donor ce l l ( a ) 

1 . 1  x 1 0 -6 

2 . 2  x 10-7 

3 . 4  x 10-7 

Non e det e c t ab l e ( b ) 

None det e c t ab l e  

Non e det e c t able  

None  det e c t ab l e  

( a )  The s e  f requen c i e s  a r e  from a s i n gl e  e xperiment 
but repre sent at ive o f  dat a acqu i re d  i n  two 
separat e experiment s .  

( b )  Le v e l o f  det e c t ion = 1 0 - 9 



Laboratory VPI 
De s i gn at ion De s i g

n at ion 

V5 2 9  2 5 5 3  

V528 0 0 6 1 - 1 

V7 0 0  C54 - 2 

V701 2 3 02 

V7 0 2  282 2  

V5 6 7 0 0 3 8 - 1 

V5 32  B-7 0  

Tab l e  8 

Lincosam i de - Macro l i de Res i s t an c e  Tran s f e r  by 

Bactero i de s  Frag i l i s  V4 7 9 - 1 : Ho st Ran ge Study 

Bact ero i de s  Spec i e s  G+ C Mo l e  Fract i on 
o f  Re c ip i e n t  S t r a i n  

( 4 6 ) 

f ragi l i s  - 1 4 2  

un i f orm i s  4 6 

f ag i l i s  subsp . A 4 5  

the t a i o t aomicron 4 2  

ovatus 4 0 

ovatus 4 0  

f ragi l i s  4 2 -44 

Ran ge o f  Fre quen c i e s  
o f LMR Tran s f e r  ( LM

R 

Pro geny / input Donor ) 

1 0 -6 

1 0 - 5 _ 1 0 - 7  

1 0 -6 

1 0 - 5 _ 1 0 - 6  

10-7 

1 0 -6 

1 0 -6 

0) � 



Tab l e  9 

Linco s arnide -Macro l ide Re s i s t an c e  Tran s fer by Bactero i de s  

Frag i l i s  V4 7 9 - 1 : Hos t  Ran ge Study 

S t r a i n s  Where  LMR Tr an s f e r  i s  not Det e ct ab l e  « 1 0
- 8 

LM
R

/ l nput Donor ) 

Laboratory Des ignat ion VP I Des i gn at ion  Bact eroi des Spe c i e s  G+ C Mo l e  Fract ion  o f  
Rec i p ient  Strai n  ( 46 )  

V5 3 0  4 2 4 5  vUl gatus 4 1  

V5 3 5  4 5 3 3  C oral  i s  4 7  

V70 3  C5 1 - 2 7  un i forrn i s  4 6 

V704 C2 0 - 2 5  un i f orrni s  4 5 - 4 7 

V705 JA-2 un i f orrni s 4 5 - 5 7  

V706 J 7 - 5 4  " 3 4 5 2 -A "  4 0 -4 2  

V 7 0 7  2 3 0 8  " 3 4 5 2 -A "  4 1  

V708 8 6 0 8  " 3 4 5 2 - A "  4 0  

V7 09 C 5 0 - 2  di st ason i s  4 4  

V7 1 0  C 3 0 - 4 5  d i s t ason i s  4 4  

V7 1 1  C4 1 - 3 5  ovatus 4 0  

V7 12 6 94 7  fragi l i s  - 1 42  
0) w 



K i n e t i c s  o f  res i st ance  t rans f e r  

T o  assess  t he t ime course o f  l i nco sami de-macro l i de 

re s i st ance t rans f e r , a r i f amp i c i n  re s i s t ant mut ant o f  B .  

f r ag i l i s  V5 3 1  ( VP I n o . B-70 ) was i s o l at e d . Th i s  s t ra i n  

6 4  

des i gnated  V5 32 was used as  a rec ip i ent  i n  t rans f e r  exper i -

men t s with  � fragi l i s  V545 ( l inco s am i de -mac rol i de r e s i s t an t  

progeny f rom Cro s s  2 seen in  Tab l e  5 ) , t hus y i e l din g an 

i sogen i c  mat ing  s y s t em ( V5 3 1  gene t i c  background ) . 

As c an be seen i n  F i gure 2 ,  t ranscipien t s are det e c t e d  

( 1 . 1  x 1 0-5 drug res i s t ant progen y / input donor ce l l ) a t  2 

hours fol l owing mixing  o f  dono r  and r e c i p i e n t  c e l l s . Th i s  

leve l  o f  drug res i s t an t  progeny increases  t o  about 3 . 3  x 1 0-4 

drug re s i s t ant progen y / input donor ce l l  at 3 hours ; t he r e -

a f t e r , incre ase i n  numbers  o f  drug res i s t ant progeny 

para l l e l s the growt h of dono r s  an d rec i p i en t s in the mat i n g  

m i xture . Three sep arat e exp e rimen t s  o f  t h i s  t ype , u s i n g  

V 5 4 5  and V5 3 2  g ave s im i l ar r e sul t s . As s een in  F i gure 2 ,  

t h e  frequency o f  drug re s i s t ant p rogeny / input dono r  c e l l  i s  

- 3 approximat e l y  7 . 5  x 1 0  at 24  hours repre s e n t ing a 1 0 0 0 -

f o l d  e l e v a t i on o ve r  t h e t r an s f e r  f re quen c i e s  s e e n  i n  i n t e r -

spe c i e s  ( non - i sogen ic )  mat i n g s  ( se e  Tab les  5 and 8 ) . 
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F i gure Legen d 

F i gure 2 .  Kinet i c s  of re s i st an c e  t ran s f e r . Seven i n d i 

vi dual mat ing mi xture s ( V5 4 5  was t he donor  an d V5 3 2  t h e  

r e c i p i ent ) were co l l e c t e d  ont o  n i t ro c e l l u l o s e  f i l t e r s  

s imul t aneousl y  an d incubat e d  separat e l y  i n  Gas -Pak 

anaerob ic j ars . At e ach t ime po i n t , t he resp e c t ive 

j ar was opened an d t h e  ce l l s  were washed from the 

f i l t ers as  described un der Mat e r i a l s  an d Met h o d s . 

The s e  c e l l suspen s i on s  t hen were approp r i at e l y  d i -

lut e d  an d p l at ed o n t o  med i a  enabl i n g  the  e nume r at i o n  

of don or s ( 0 ) ,  rec i p i ent s ( A ) , an d progeny ( D ) .  
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Demon s t r at i on o f  pl a sm id-me d iated  �tn t ib i ot i c  r e s i st anc e  

t r an s fer 

The observat ion that s t r a i n s  V4 79 - 1 and V5 14 c ou l d  s e rve 

as donors  o f  ant ibiot i c  res i st ance l ead t o  t h e  exam inat ion 

of t ho s e  strains  and t h e i r  r e spect ive drug r e s i s t an t  pro 

geny  for  p l asm i d  DNA . The mi ni -l y s at e  t e c hn i que ( s e e  

Mat e r i a l s  and Met hods ) was ut i l ized  i n  i so l at i n g  p l asmid 

DNA from t hese  s t r a in s . The re sul t s  of t h i s  examinat ion 

c an be  seen i n  Fi gure 3 .  Bot h  s t ra i n s  V4 79- 1 and V5 14 c an 

be s een t o  pos s e s s  s i ngle  p l asmi d spe c i e s . The p l a smid of 

V4 7 9 - 1  des i gnated  pBF4 c an be seen t o  migrat e further  t h an 

t he p l asm i d , pBF5 o f  s t r a i n  V5 14 . The respect ive drug r e 

s i s t ant progeny o f  V4 79 - 1 a n d  V514 ( l ane s  E a n d  F )  c a n  b e  

s e e n  t o  con t a i n  p l a sm i d  DNA apparen t l y  e qual  i n  s i z e  

b a s e d  o n  s im i l ar mi grat ion  t o  the i r  coun t e rpar t s  in  l a n e s  

B an d C .  The secondary rec i p i ent , V5 3 1  can b e  seen t o  

p o s s e s s  t wo sma l l  c rypt i c  p l asmids ( l ane G )  a n d  upon t h e  

t ran s f er o f  l incos am i de -macro l i de re s i s t an c e  f rom V544 , 

t h i s  p l asmid  background acqu i r e s  a p lasm i d  app arent l y  

e qual in s ize t o  t he pBF4 p l asmi d in  V4 7 9 - 1 ( l ane B )  

and t h e  p l asm i d  o f  V544 ( l an e  E ) . 

6 7 
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F i gure � 

m i d  DNA . 

F i gure Legend 

Agaro se ge l e l e c t rophores i s  o f  Bact e ro i de s  p l as �  

Pl asmi d DNA i s o l at e d  b y  the min i� l y s at e t e chn i que was 

app l i e d  to t h e  t op s l ots an d e l e c t rophores i s  was f rom t op t o  

bot t om . Agarose concent rat ion for t h i s  part i cul ar s l ab g e l  

w a s  0 . 75% . Lane A i s  t h e  CsCl �eth idium bromi de gradient 

pur i f i e d  p l asmid DNA from V5 1 7  wh i ch provi des p l a smi d s i z e  

r e ferences  r an g i n g  f rom 1 . 4  to  36  Mdal . Lane B c on t a in s  

t h e  p l asmi d DNA from V4 79 � 1 ; Lane C t h e  p l a smid DNA from 

V5 14 ; Lane D con t a i n s  j ust  t he chromo somal DNA o f  the 

st an dard r e c i p ient st r a i n  V52 8  wh i ch as  been shown t o  be  

p l asmi d l e s s  ( 10 1 ) . Lan e E con t a in s  t he p l asmi d DNA f rom 

t h e  l in cosami de�macro l ide res ist ant p rogeny V544 , i s o l at e d  

f rom t he 4 7 9 - 1  x V52 8  mat in g ; Lane F pl asmi d DNA f rom V6 0 1 , 

t he l in c o sam i de -macro l i de and t et racyc l in e  re s i s t ant pro -

geny f r om the  V5 14 x V5 2 8  mat in g ; Lan e G t he p l asmid DNA 

f rom V5 3 1  wh i c h  was the  se condary rec ip ient  used in mat -

i n gs wit h V54 4 ; Lane H i s  t he l in c o s am i de -macro l i de res i s -

t ant progeny V54 5 f rom the V544 x 5 3 1  mat i n g . The d i f fu s e  

b an d  i n  t h e  cent er  of  l an e s  B t h rought H repre s en t s  con t am i -

n at in g  chromo somal DNA co - i so l a t e d  wi t h  p l a smi d DNA in t he 

min i - l y s at e  t e chn i que . 
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Fi gure 3 

Agaros e  g e l  e l e c t rophores i s o f  Bac t e r o i des 

p l asmid DNA 

�pBF5 
�pBF4 

1 
cryptic 



Phys i c a l  c harac t e ri z at i on o f  pBF4 an d pBF5 

a )  S ize An a l y s i s  

7 0  

Over t he course  o f  t h e s e  studi e s  nume rous agaro s e  e l ec 

t rophore t i c  ge l det e rminat i on s  o f  p l asmid s i ze wer e  p e r f o rmed 

w i t h  bot h CsCl -e t h i d i um bromi de gradient  pur i f ie d  pBF4 an d 

pBF5 DNA an d p reparat i on s  acquired  by t he min i - l y s at e  t ech

n ique . I n  add i t i on , s i z e  an a l y s i s  was p e r f ormed b y  me a 

sur i n g  t h e  con t our l en gt h s  o f  the  open c i rcular  f o rms o f  

t h e  t wo p l a smid spec i e s  in  t he e l e c t ron m i croscop e . Last l y 

s ize an a l y s i s  o f  t h e  t wo p l asmid  spec i e s  was  a l s o  e s t imat e d 

by t he add i t ion o f  l i near  fragment s i z e s  o f  p l asmi d DNA 
d i ge s t e d  with t he res t r i c t i on endonuc l e a s e  EcoRI . The 

s i z e  of t he s e  l in e a r  fragment s was det e rmin e d  by t h e i r  

re l at i ve mi grat i on in  agaros e  e l ect rophoret i c  ge l s  v e r s u s  

a known l in e ar DNA s t an dard .  

A summary o f  t he f i n dings  on the  mo l e cu l a r  s i z e  an a l y s i s  

u s ing t h e  t hree d i f f e rent  exper imen t a l  app ro ache s c an b e  

seen  in Tab l e 10 . Throughout t he rema i nder o f  the  t he s i s  

t h e  s i z e s  o f  pBF4 an d pBF5 wi l l  b e  t aken t o  b e  2 7 . 2  an d 

5 9 . 8  Mdal respect ive l y . The s e  are t he s i z e s  as  t he y wer e  

det e rmi ned  b y  con tour length me asuremen t s . 

Two represent ative e l ect ron micr6 graphs o f  t h e  open 

c i rcu l ar forms o f  pBF4 and pBF5 c an be  seen  i n  F i gure s 

4 an d 5 .  



pBF4 

pBF5 

E l e c t rophor e t i c  
M i gr at i o n o f  CCC 

f o rm 

2 7 . 7 ± 1 . 9 C a )  

5 8 . 9 + 3 . 6 ( b ) 

Tab l e  1 0  

Summ a r y  o f  p l a sm i d  s i z e  a n a l y s i s  

( Mo l e cu l a r s i z e  l i s t e d  i n  Mda l ) 

Con t.our 
Le n g t h  

2 7 . 2  ± 1 . 1 ( c ) 

5 9 . 8  + 2 . 5 ( c )  

C a )  Based  on 1 3  s e p arat e det e rm i n at i o n s  
( b )  Based o n  1 0  s e p a r a t e  de t e rm i n a t i o n s  
( c )  B a s e d  o n  me a s u reme n t  o f  t e n s e p a r a t e mo l e c u l e s  
C d )  B a s e d  on  8 s e p a r at e d e t e rmi n a t i o n s  

Summat i o n  o f  
EcoR I 

t r a gme n t s  

2 7 . 2 ± 1 . 2 C a )  

6 0 . 2 + 2 . 1 ( d ) 

-..] f-4 



Fi gure le gen d 

F i gure s  i a n d  �.  

P l asmid  DNA pur i f i e d  b y  CsCl -e t h i dium bromide u l t r a 

cent r i fugat ion was n i cked b y  gamma i rrad i at i on t o  produ c e  

o p e n  c i rcul ar f o rms wh i c h  were spread by t h e  K l e in sc hm i dt 

t echn i que ( 5 2 ) . The DNA was p i cked up on p ar l o di um 

c o at e d  copper g r i d s , st a i n ed with uranyl  ace t at e  an d 

shadowe d w i t h  pal l i dium : p l at inum ( 8 0 : 2 0 ) . The gr i d s  

t hen were phot ographe d a t  9 , 0 0 0  t o  12 , 000  X l  magn i f i 

c at i on wit h a HS - 7S Hit ach i e l ect ron mi croscope . Fi gure 

4 is a represent at ive e i erit ronmicrograph o f pBF4 f rom 

V47 9 - 1 . Fi gur e  5 i s a  phot ograph -o f pBF5 f rom -V5 14 . 

p S C 1 8 5  serve d as  an i n t ernal refe rence mo lecule  i n  

bot h preparat i o n s . 



Figure 4 

E l e ctron micrograph pBF4 

w/pSC185 

73 



Figure 5 

E l ect ron m i c rograph 

pBF5 w/pSC 1 8 5  

7 4  



b )  P l a smi d DNA quan t it at i on 

75 

Bact ero i d e s  DNA radioact i ve l y  l abe l e d  i n  vivo w i t h  3H_ 

t hymi d ine was i s o l a t e d  and subj ect e d  to CsCI -e t h i d ium b r o -

m i de u l t racent r i f ugat i on . Fract i o n s  f rom t h e  bottom o f  

gradient  were c o l l e c t e d  an d the radioact iv i t y  me asure d b y  

s c i n t i l l at ion coun t ing . The f r act ions repre sent i n g  t h e  

p l asmi d DNA wer e  poo l e d  a s  we re t h e  fract i o n s repre sent i n g  

t h e  l in e ar chromos omal fragmen t s . 
3

H-thym id i n e  l abe l in g  o f  

p l asm i d  and chromo somal DNA i n  B act e ro i de s  h a s  been shown t o  

b e  un i form ( 10 1 ) . The Bact ero ides  chromos ome h a s  been e s t i 

mat e d  t o  b e  2 . 5  x 1 09 daltons  i n  s iz e  ( 10 1 ) . The p e r c en t a ge 

o f  t he t ot al radioact i v i t y  o c curr ing in t h e  poo l e d  f r a c t i on s  

repre s en t i n g  p l asmi d DNA ( CCC DNA ) was mul t i p l i e d  b y  t he 

mo l e cul ar we i ght e s t imat e for t h e  Bact e ro i de s  genome . Th i s  

re su l t e d  i n  an e s t imat e o f  the  amoun t o f  DNA i s o l a t e d  in t h e  

CCC f o rm i n  t he s e  gradient s .  Th i s  e s t ima t e  t hen wa s d i v i d e d  

by t he mo lecular  s i z e s  o f  two p l asm i ds pBF4 an d pBF5 t o  g i ve 

an e s t imat e o f  t h e  number o f  cop i e s  o f  t h e  respect ive p l asm i d s  

p e r  2 . 5  x 10
9 

da l t on chromosome e quival en t s .  The r e su l t s  o f  

t h i s  an alys i s  c an b e  s e e n  in  Tab l e  1 1 . The s e  resul t s  r ep r e -

sent a min imum copy numb e r  e s t imat i on s in c e  t h e  open c i r c u l a r  

an d l i n e a r  forms o f  t he pBF4 a n d  pBF5 p l asm i ds woul d  b an d  i n  

t he chromosoma l port ion o f  t he gradi ent . T h e  percent a ge o f  

radioact i v i t y  t he y  woul d cont r ibut e t o  t h e  an a l y s i s i s  

t h e r e f o re l o s t  f r om t he p l asmid e qu iva l e n t  and added t o  

t h e  chromo s oma l equivalent . 

Hen c e , i t  app e ar s t hat bot h  pBF4 and pBF5 a r e  i n  t h e  

l ow c opy numb e r  cat e gory o f  bact e r i a l  p l a sm i ds . 



Tab l e  1 1  

P l asmid DNA copy number  

P l asm i d  S ize ( Mdal ) % o f  Chromo some ( a )  

pBF4 2 7  1 . 6  + 0 . 3  

pBF5 6 0  1 . 9 + 0 . 4  

( a )  Based on three  s ep ar a t e de t e rm i n a t i on s  

Cop i e s / 2 . 5 x 1 0 9 da l  
equ i v al en t s  

1 . 5  + 0 . 3  

0 . 8  + 0 . 2  

...:) 0) 



Mo l e cu l ar organ i zat i o n  o f  Bact e ro i de s p l a smi d s  

a )  pBF4 an d  pBF5 s e quence re l at ion s h i p . 

7 7  

S i nce pBF4 an d  pBF5 p resumab l y  arose f rom a s in g l e  c l i n i 

c a l  i s o l a t e  an d oc curred i n  s t r a i n s  pheno t yp i c a l l y  a l ike 

e xcept for t et ra cy c l ine  re s i st ance i t  was of i n t e r e s t  t o  

inve s t i g at e  t h e  p l a sm i d  seque n c e  r e l at ionship . Var ious 

r e s t r i c t ion e n donuc l eases  we re chosen t o  di ge s t  the two 

p l a smi d s  in an a t t emp t  to d i s ce rn i f  f ragme n t s  of s imi l a r  

s ize cou l d  b e  seen t o  oc cur in each p l asmid . I f  p art i cu l ar 

r e s t r i ct i on endonuc l e ase c l e avage s i t e s  were  s imi l ar l y  s p a c e d  

in e ac h  p l asmid t h i s  woul d  suggest  that t h e  two p l a sm i ds 

shared a common anc e s t ry . 

F i gure 6 i s a repre s ent at ive p i cture o f  an agaros e  

e l e c t rophor e t i c  ge l o f  pBF4 an d pBF5 d i gest e d with t h e  r e 

s t r i ct i on e n donuc l e as e  EcoRI . Four o f t h e  EcoRI f r agme n t s  

o f  pBF4 are seen t o  h ave s imi l arly s iz e d  coun t erpart s i n  

t he pBF5 f r agmen t pat t ern . Fragmen t s  B ,  C ,  E an d F o f  

pBF4 a r e  s e en t o  o c cur in pBF5 . Fr agmen t A o f  pBF4 and  t he 

l argest f ragment o f  pBF5 app e ar t o  b e  t he s ame s i z e  an d 

furt h e r  dat a i n  t h i s  re gard wi l l  be  p r e s e n t e d  be l ow . 

S im i l ar r e su l t s  f o r  o t h e r  re st r i c t i o n e n donuc l e as e s  

such as  Hin d I I I , Xba I ,  Hpa I , Kpn I ,  B amHI a n d  Av a I 

we re seen . A l t hough gel  p i cut r c s  o f  t h e s e  d i ge s t s wi l l not 

be shown , it is app a r e n t  t h at b y  t he c r i t e r i on o f  re st r i c t i on 

e n do n u c l e a s e  f ragme n t  p a t t erns , pBF5 i s  in f act made up o f  

pBF4 p l u s a n in s e rt i o n o f  n e a r l y  32  Md a l  o f  addit i on a l  DNA . 
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A summary o f  the  number a n d  s i ze o f  t he DNA f ragmen t s  r e 

su l t i n g  f rom t he d i f f erent r e s t r i c t ion enconucl e a s e s  i s  

p r e s e n t e d  in Tab l e s  15  and 1 8  an d wil l be d i s cussed b e l ow . 
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Fi gure l e gend  

F i gure � Agarose  � e l e c t rophore s i s  of pBF4 an d pBF5 

DNA d i ge s t e d  w i t h  the rest r i ct ion endonuc lease  EcoRI . 

P l asm i d  DNA pur i f ie d  by CsCl - e t h i di um bromi de u l t r a 

cen t r i fugat ion was sub j e c t e d  t o  d i gest ion w i t h  the r e 

s t r i ct ion en donuc l e ase  EcoRI a s  described in  the  M at e r i 

a l s  an d Methods . Lambda DNA acquired  comme r c i a l l y  was 

also d i ge s t e d  wi t h  EcoRI . The EcoRI d i ge s t e d  l ambda 

can b e  seen in l an e  L EcbR I dige s t e d  pBF4 and pBF5 

c an be s.een in l ane s 2 and 3 re spect ivelY � ,Agaros e  

g e l  concent rat ion ' fo r  t h i s  part icul ar s l ab was 0 . 8% .  



Fi gure 6 

EcoRI digest 

80 
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b )  I so l at ion and charact erizat ion o f  p l asm i d  de l e t i o n s  

i )  I so l at ion o f l incosamide-mac ro l i de s en s i t i ve 

v a r i a n t s  o f  s t r a i n s  harboring e it her pBF4 or pBF5 . 

Experiment s were undert aken in  at t empt t o  i s o l a t e  l in -

c o s amide -macro l i de sen s i t ive var i ant s o f  Bac t e r o i d e s  s t r a i n s 

harboring  t he pBF4 an d pBF5 res i s t anc e  p l asmi ds . S t r a i n s  

V4 79-1 , V544 an d V54 5  harbor ing pBF4 an d V5 14 an d V6 0 1  whi c h  

h arbor pBF5 we re subj ect e d  t o  t h e  screen i n g  procedure de -

s c r ibed in Mat e r i al s an d M�thods for t h e  i s6 l at i on o f  drug 
. . . . . 

s en s it ive var i an t s .  The se  experiment s were c arried out w i t h  

t he int ent . o f  scre e n i n g  any s en s i t ive var i an t s  f o r  t he l o s s  

o f  p l asmid DNA . Such exper iment s  wou l d  prov i de an add i t i on - . 

a l  arguement support i n g  t he not i on t hat pBF4 an d pBF5 a r e  

respon s ib l e  for the l in c osami de -macro l i de re s i s t an c e  pheno -

t yp e  i f  drug sen s i t ive vari ant s c an be  shown t o  be  " cured " · 

o f  t he i r  respect iv� p l a sm i d  DNA . 

A number o f  c l i n damy c i n  sens i t ive var i an t s  o f  t h e  

p l asm i d-harboring  s t r a i n s  �erS f outid . A l l  o £  t h e s e  c l inda� 

my c i n  sen s i t ive var i an t s  a l s o  were found t o  have l o s t  s imu l -

t aneous ly  t he eryt hromy c i n  re s i st ance  phen o t ype . A summary 

o f  these  resu l t s u s i n g  t he pBF4 bearing  st r a i n s  can  b e  seen  

in  Tab l e  12 . Tab l e  1 3  i s  a s im i l ar summary f or t h e  s t r a i n s  

harbo r i n g  pBF5 . S t r a i n s  V5 36 , V5 3 7 , V5 9 8 , V5 9 9 , V6 0 0  a n d  

V6 8 9  were checked for  t h e i r  spont an eous reve r s ion t o  

l inco s am i de -macro l i de res i s t an c e . The pro c e dure f o r  t e s t -

in g t h i s  reve r s i on i s  descr ibed i n  t h e  Mat e r i a l s  an d Methods . 



Tab l e  1 2  

Screening  :f o r  l o s s  o f  t he l i,n c o samide -ma c r o l i de (LM ) resi.st an ce  

p he n o t ype in st r a i n s  harbo r in g  pBF4 

S t r a i n  

V4 7 9 - 1  

Growt h con d it ion s 
p r i o r  t o  s c r e e n in g  

Growt h a t  3 70C 

Growt h at 4 20 C 

Growt h in presence o f  
0 . 0 05mM e t h i d ium bro 
mide 

V5 4 4  Growt h at 3 70 C 

V54 5 Growt h at 3 7 0 C  

Numbe r o f  c o lon ie s  
p e r  i n de p e n d e n t  e x 

per iment  t e st e d  

2 32 
5 0  

5 3 0  
:1 0 5  

5 5 0  
2 5 0  

5 5  
5 8 

. 5 4 

1 98 

:1 7 7  . 

Numbe r o ;f  LM 
s e n s it ive 

c o l o n ie s  d e t e c t e d  

0 
1 ( a )  

0 
0 

3 ( a ) 
0 
2 
0 
0 

0 

0 

LM s en s i t ive 
s t r a i n s  i so l a t e d  

V5 9 9  

V5 9 8 , V6 0 0  ( b )  

V6 8 8 , V6 8 9  

( a ) Chron o l o g ic a l l y ,  V5 9 9 , V5 9 8  an d V6 00 we re i so l at e d  a t  t h e  s ame time . The se 

i so l at ion s o c curred n e a r l y  a ye a r  aH er V4 7 9 -1 had oeen kep t  in st ock c u l t ure 

i n t he absen c e  of c l indamyc in . 

( b )  Th i r d  LM s en s i t ive c l one e xam i n e d  for pl a smi d  c o n ten t  but n o t  g iven V 
de s i gn ati on . 

00 I:'V 



S t r a in / p l asm i d  

V5 14 / pBF5 ( a ) 

V5 14 / pBF5 ( b )  

V6 0 1 / pBF5 ( a ) 

V6 0 1 / pBF5 ( a ) 

Tab l e  1 3  

S c r e en in g f o r  l o s s  o f  li n c o s am i de -m 8.. c r o l i de ( LM )  r.e s i s t an c e  
P henot ype i n  st r a in s  harb o r i n g  pBF5 

Growt h c o n d i t i on s 
p r i o r  t o  
s c r e e n i n g  

Growt h i n  p r e s e n c e  
o t 

Numb e r  o f  co l on ie s 
t e s t e d  i n  sep a r a t e  

e xp e r iemn t s  

42 8 

0 . 005  mM e t h i d i um bro 
m i de 

o 
Growt h at 3 7  C 

Growt h at 3 70 c 

Growt h i n  p r e s e n c e  
o f  

0 . 005  .rnM e t hi d ium 
brom i de 

181 

2 4 

745  

Numb e r  o f  LM 
s e n s it ive 
c o l o n i e s  

� 2  

5 5  

4 

15 

LM s en s i t i v e  
s t r a i n s  
i s o l at e d  

V5 3 6 , V5 3 7  

V5 3 8  

V6 9 0 , V6 9 1 , V6 9 2 , V6 9 3  

V6 94 , V6 9 5 , V6 9 6 , V6 9 7  

V6 9 8 , V6 9 9  

( a ) The s t ock c u l t ure s f o r  t he s e  st r a in s  were main t ained in t he p r e sence o f  1 ll g /ml 
t e t racy c l i n e . 

( b )  
I 

The s t o ck cu l t ur e  in t his c a se has been sub - c u l t ured 8 -1 Q  t ime s in  t h e  ab s e n c e  

o f  an y t etracyc l ine oye� a y e ar and a ha l f  p er i o d . 

ex> w 
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No reve r t an t  c o l on i e s  were seen  t o  spon t aneou s l y  ar i se . 

S t r a i n s  V5 36 , V5 3 7  an d V6 00  were t e s t e d  t o  s e e  i f  t he y  wou l d  

revert t o  t he c l i n damy c i n  re s i s t an c e  phen o t yp e  when grown 

i n  t he presence o f  a c r i d i n e  o r ange , ethyl  met h y l  sul fo n at e , 

h y d r o x y l am i n e , et h i dium bromi de an d n i t rosoguan i di n e . No 

drug re s i s t ant revert ant colon i e s  were observe d unde r  t h e se 

condi t i on s . 

i i )  Pl asmid cont ent o f  l incos amide-mi c ro l i de s en s i t i ve 

var i an t s . 

Where feas i b l e  al l o f  t h e  l in c o s am i de-macro l i de s en s i t i v e  

var i an t s  i s o l a t e d  i n  a n  i n div i dual expe r iment we re examin e d  

fo r  plasmi d cont ent . The min i -l y s at e  t e chn i qu e  in  comb i n a

t ion w i t h  agarose ge l e l e ct rophore s i s  was emp loyed for t h e s e  

screen ings . The p l asmid con t en t  o f  e a c h  o f  t h e  sen s i t i v e  

s t r a i n s  was comp ared  t o  t he p lasmi d con t en t  o f  i t s  resp e c 

t i ve re s i st an t  parent . 

A l l  s i x  o f  t he l in c o s amide-macro l i de sen s it ive de r iva

t ive s o f  V4 79-1  were screened for p l asm i d  DNA . Four o f  t he 

s i x  sens i t ive c lone s  wer e  free o f  p l asmi d DNA det ect ab l e  b y  

t h e  min i - I y s at e -agaro s e  gel  procedur e . The rema i n i n g  t wo 

s e n s i t i ve c l on e s  ( V6 0 0  and V6 89 ) we re i s o l a t e d  i n dependent l y  

an d  seen t o  h a r b o r  p l asmi d s  smal l e r  in  s i z e  t h an t h e  paren 

t al pBF4 pl asmi d . 

No p l asmi d- f r e e , l i n c o s ami de -macro l i de s en s i t i ve d e riva

t i ves o f  s t r a i n s  or i g i n a l l y  harbor i n g  pBF5 wer e  observed . 

Howeve r ,  t h e  f r e q u e n c y  o f  l i n co s amide -macro l i de s en s it i v e  
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der ivat ives o f t he s e  s t r a i n s  harbo r i n g  p l asmids sma l l e r  t han 

pBF5 i s  much great er t han in t h e  case  for  pBF4 . 

Presen t e d  in Tab l e  14 i s  a summary o f  t h e  p l asmi d con 

t en t  o c curring in  l in cosamide -macrol i de sen s i t ive var i an t s  

o f  s t ra i n s  harbo ri n g pBF4 o r  pBF5 . I t shou l d  be not e d  t hat 

any pair o f  strains seen t o  have p l a smi ds s im i l ar i n  s i ze 

were i n dependen t l y  i so l at e d . 

Presen t e d  i n  F i gure 7 i s  a phot o graph o f  an agaros e  ge l 

demon s t r at ing  the p l a smid DNA or p l asmi d-free  st at e  o f  e ac h  

o f  t he l incosamide-ma c ro l ide sen s i t i ve c l on e s  l i s t e d  in  

Tab l e  14 . 

Here aft e r , t he sma l l e r  p l asmi ds foun d i n  the l in c o s a 

m i de -macrol i de s e n s i t ive s t r a i n s  wil l be r e f erred t o  a s  

delet i on der ivat i ve s  o f  pBF4 o f  pBF5 . Evi den c e  for t h e  

de l e t ion event wi l l  f o l l ow in the  t ext . 



Tab l e  14 

Summ a r y  of p l asm i d  c on t e n t  i n  LM s en s i t i v e  var i an t s  of LM r e s i st an t 
s t r a i n s V4 7 9 -1 , V5 l4 an d  V6 0 l  

I so l at ion Procedure 
P a r e n t Pl asm i d LM S e n s i t i ve P l a smid (S ize , Mda l ) (a ) 
S t r a i n  ( S i z e , Var ian t  Spon t an eous Growt h in 

M d a l ) E t h i d i um B r om i de 

V4 7 9 - 1  pBF4 ( 2 7 . 2 ) V5 9 8 P l asmi d - f r e e  X 

V5 14 

V6 0 1  

V5 9 9  P l a smid - f r e e  .x 
V6 00  pBF4 6 LM- l  ( 2 1 . 7 ) X 
V6 8 9  pB1'4 C1LM-2 ( 2 5 . 6 )  X 

pBF5 ( 5 9 . 8 )  V5 3 7  pB1'5 tl LM-l (5 3 )  X 
V6 9 0  pBF5 tl LM-2 (3 0 . 5 ) .x 
V6 9 1  pB1'5 C1 L M- 3 ( 3 5 . 5 )  X 
V6 9 3  pBF5 6 I  M-4 ( 2 8 ) X 

pBF5 ( 5 9 . 8 ) V694 pBF5 tl L M- 5  ( 19 . 4 ) X 
V6 95 pBF5 tl LM-6 ( 36 . 2 )  X 
V6 9 7 pBF5 il LM- 7 ( 2 2 . 8 )  .x 
V6 9 8  pru'5 il LM - 8  (36 . 0 ) X 
V6 9 9  pBF5 tl LM- 9 ( 2 0 . 6 ) X 

( a )  S i z e  e s t imat e s  made by compar i n g  t he migrat ion di st ances o f  t he s e  p l asm i ds 
t o  t he m i g r at ion d i st an c e  o f  p l a smids o �  kn own mo l e cu l ar s ize in agaro s e  
gel  e l e c t rophore sis a s  de t a i l e d i n  t he Mat e r i a l s  an d Me thods . 

00 0') 
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F i gure l e gend 

Figure L Agarose s l ab ge l e l ect rophore s i s  of  p l asmi d 

DNA from l in c o s amide -macrol i de seris i t ive der i vat ives  

o f  strains  V4 7 9- 1 , V5 14 an d V60 1 . 

Each l in c o s amide -mac ro l i de s en s i t i ve der i vat ive  a s  

wel l as the  p arent a l  s t r a i n s  V 4 7 9 - 1  and V5 14 wer e  sub-

j ected t o  t he min i - l ysate  t e c hn i que for  i so l at ion o f  

p l asmid  DNA . Agaro se concent rat ion was 0 . 7% .  Lan e A 

c on t a i n s  the  st andard re ference p l asmid mol e cule s  o f  

� col i s t r a i n  V 5 1 7  wh i c h  vary i n  s i ze f rom 1 . 4 t o  

3 5 . 8  Mdal . The order o f  s t r a i n s  i s  as f o l l ows : 

l ane  B ,  V4 7 9 - 1  ( pBF4 ) ; l an e  C ,  V5.98 ; l an e  D ,  V5 9 9 ; 

l an e  E ,  V6 00 ; l an e  F , V6 8 9 ; l an e  G ,  V5 14 ( pBF5 ) ; 

l an e  H ,  V5 3 7 ; l an e  I ,  V6 90 ; l ane  J , V6 9 1 ; l an e  K ,  V6 9 3 ; 

l an e  L ,  V694 ; l an e  M ,  V6 95 ; l ane N ,  V6 97 ; l an e  0 ,  V6 9 8  

a n d  l ane  P ,  V6 9 9 . 
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Fi gure 7 

Agarose s l ab ge l  e l e c t rophore s i s  of p l asmi d DNA 



i i i ) Re st r i ct i on en donuc l e a se d ige st  an al y s i s  of  

p l a sm i d  DNA f rom LM sen s i t ive der ivat i ves  o f V4 7 9- 1 an d 

V5 14 . 

8 9  

W i t h  t h e  i s o l at ion o f  sma l l e r  derivat ives  of  pBF4 and  

pBF5 i t  was  o f  i n t e re s t  t o  see  what seque n c e  re arrangement s 

had o c curre d wit h t he s e  p l asmi d s . Re st r i ct i on e n donuc l e a s e  

fragmen t  anal y s i s  w a s  ca rr i e d  out w i t h  the p l asm i d s  f rom 

s t r a i n s  V6 00 ( pBF4 11 LM- l ) , V68 9  ( pBF4 11LM-2 ) an d V5 3 7  ( pBF5 

ll LM- l ) . The se p art i cular  s t r a i n s  were chosen because t h e y  

repre sent e d  the  c a s e s  where the  smal l e s t  change in  p l a smi d  

s iz e  h a d  o c curre d . A s  app arent de let ion der ivat ives o f  pBF4 

and pBF5 , these  wou l d  provide the  best opportun i t y  f o r  l o c a l i z 

i n g  the  l in cosami de-macrol i de res ist an c e  gene t o  a spec i f i 6  r e 

s t r i c t ion  en donuc l ease fragment . Plasm i d  DNA f rom t he s e  s t r a i n s  

was pur i f i e d  by CsCI - et h i d i um b romide cen t r i fugat ion , d i 

ge s t e d  w i t h  di f ferent  r e st r i ct i on endonuc l e a s e s  an d t h e  

d i g e s t s subj e c t e d  t o  s l ab ge l e l e c t rophore s i s  along w i t h  

d i ge s t s o f  t he p aren t a l  p l asmids . I n  al l three  c as e s  t h e  

d i ge s t  fragment  pat t erns  c on f i rmed t hat t he smal l e r  p l asm i d s  

we re de r ivat ives o f  e it h e r  pBF4 or pBF5 . A maj o r i t y  o f  t h e  

d i gest f ragment s f rom t h e  sma l l e r  p lasmids  wer e e qual i n  

s i z e  t o  t he d i ge s t  f r a gmen t s  o f  t he respe c t ive p a r e n t al 

p l asm i ds . Add i t i o n a l l y , i t  was obse rve d t h at common d i ge s t  

f r agme n t s  f rom t h e  p a ren t al p l asmi ds we re mi s s in g  i n  t h e  

d i ge s t s  o f  t he t hree  de l e t ion p l a sm i ds . F i gure 8 i s  a 

phot ograph o f  a rep r e se n t at ive EcoRI d i ge st o f  the  p l a smi d s  

pBF4 , pBF4 11 LM-L an d pBF4 11 LM- 2 . pBF4 11 LM- l has f r agmen t s  B ,  
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C a n d  E i n  common w i t h  pBF4 . pBF4 � LM- 2  has f ragmen t s  A ,  

B ,  C ,  E and F in common wit h pBF4 .  The mo l e c u l ar s i z e  o f  

t he EcoRI f ragme n t s o f  pBF4 an d t he two de l e t i o n  de r ivat ives 

wi l l  b e  pre sen t e d  l at e r  i n  t he  resul t s  s e c t i o n . 

F i gure 9 i s  a p i c t ure o f  an agarose  e l e c t rophoret i c  

g e l  showin g  t h e  repre sen t at i ve H i n d  I I I  dige st  o f  t he pBF4 , 

pBF4 � LM- l , pBF5 an d pBF5 �LM-l p l asmids . I n  both c a s e s , t he 

A f ragment o f  pBF4 an d pBF5 i s  absent in  t h e  H i n d  I I I  d i ge s t s  

o f  t he p l a smids cont a i n e d  i n  t h e  l in co s amide -macro l i de s en s i 

t ive derivat ives  o f  V4 7 9 - 1  an d V-5 14 . The n ew B '  f ragment  

seen i n  l ane  C repre sent s t he case where the  de let�on has  

short e n e d  t he d i s t an c e  between Hin d I I I  c l eavage s i t e  r e 

su l t i n g  i n  a n e w  smal l e r  Hind  I I I  fr agmen t  in  pBF4 � LM - l . 
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Fi gure legen d  

F i gure � Agaro s e ge l e l e c t rophore s i s  o f  pBF4 , pBF4 6 LM- 1 

an d pBF4 6 LM-2 DNA digest e d  b y  EcoRI . 

Agarose concent rat ion was 0 . 7% .  Lane D con t ain s t h e  

EcoRI  d i ge s t  f r a gment s  o f  l ambda DNA u s e d  as  a l i ne ar DNA 

r e f erence st andard . Lane A i s  pBF4 d i g es t e d  wit h  EcoRI . 

Lan e B cont ain s pBF4 6 LM- l d i g e s t e d  w i t h  EcoRI an d Lane 

C has  t he pBF4 6 LM-2 EcoRI  d i gest . Fragment s are o r de r e d  

A ,  B ,  C ,  D ,  E an d F go ing  f rom t h e  t op t o  t h e  bot t om i n  

l ane  A .  
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EcoRI d i gest 
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Fi gure legen d  

F i gure � Agaro se gel e l e c t rophores i s  o f  pBF4 , pBF4 � LM- l , 

pBF5 an d pBF5 � LM-l  DNA dige s t e d  wi t h  Hind I I I . 

Agaros e  con cen t rat ion was 0 . 7% .  Lane A i s  l ambda 

d i ge s t e d  wi t h  H i n d  I I I  wh i ch s e rve s as t h e  re f e r e n c e  

s t an dard o f  l in e ar DNA . Lan e s  B ,  C ,  D an d E r e s p e c 

t iv e l y  con t a i n  pBF4 , pBF4 �LM- l , pBF5 an d pBF5 � LM- l DNA 

d i ge st e d  wit h H i n d  I I I . Den s i t omet ry reve a l e d  t hat 

fragment D o f  pBF4 , A '  o f  pBF5 and pBF5 � LM- l ,  an d F 

o f  pBF5 � LM- l were doub let  spe c i e s . Fragmen t s  a r e  

o rdered A t , A ,  B ,  C ,  D ,  E ,  F ,  an d G go i n g  f r om t op 

t o  bot t om in l an e  D .  



F i gure 9 

Hind I I I  digest  

9 4  
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Re s t r i ct i on en don uc l e as e  f r a gment s i ze an a l y s i s  an d f rag

m e n t m a p p i n g  o f p BF4 . 

Tab l e s  1 5 , 16 , 1 7  a n d  1 8  p re s en t  t h e  r e spe c t i ve s um

mar i e s  o f  r e s t r i ct i o n  e n donuc l e as e  f r agme n t  s iz e s  for p BF4 , 

p BF4 6 LM - l , pBF4 6 LM-2 a n d  pBF5 . Fr agme n t s  gen erat e d  by a 

s in g l e e n z yme f rom each  o f  t he p l a smi ds were given c ommon 

l e t t e r  de s i gn at i on s  i f t he i r mi gr at i on d i st an c e s  wer e  i n 

d i s t i n gu i s h ab l e . The ( ' ) des i gn at ion  g i ve n  t o  f r a gment s  o f  

the pBF4 deletion plasmids and the pBF5 p l a smi d i n d i c at e s  t hat 

t he part i cu l ar f r a gme n t mi gr at e s d i f ferent  but c l o s e s t to 

a p B F 4  f r agmen t o f  the s ame l e t t e r  de s i gn at i on . 

Us i n g  t he dat a on f r agme n t s i z e s , a phy s i c a l  map 

of . pBF4 was gen era t e d
.
wit h  t he f r a gmen t s  o f  Hp a I d i g e s -

t ion . Th i s  was m a d e  po s s ib l e b y  p i e c i n g  t oge t he r t he com

p l e t e  d i ge s t f ra gme n t s  w i t h  t h e  p a r t i a l  d i ge s t f r agme n t s 

s e e n i n  Hp a I d i ge s t s o f  t he pBF4 6 LM-2 p l a smi d . For 

p BF4 6 LM -2 f r a gme n t s B '  and C added t o g e t h e r  g i v e  a t o t a l  

o f  8 . 6  Md a l . Fragmen t s  C an d D g i v e  a t ot a l o f  7 . 5  M d a l . 

The t wo p a r t i a l d i g e s t  f r a gmen t s  seen i n  i n c omp l e t e d i ge s t s 

o f  p BF4 6 LM - 2  a r e  8 . 3  ± 0 . 3  an d 6 . 9  ± 0 . 6  Mda l r e sp e c t i v e l y . 

T h e  d e l e t i o n e v e n t  ob s e r ve d f o r pBF4 6 LM - l  a n d  t he Hp a I 

d i ge s t f r a gmen t s  f r om t h i s  p lasm i d i n d i c at e  t h at Hp a I 

f r a gme n t s A an d B mu s t b e  con t i guous i n  pBF4 . The r e f ore , 

t h e p a r t i a l  d i ge s t f r agmen t s  s e e n  i n pBF4 6 LM - 2  Hp a I d i ge s t s 

mus t  r e p r e s e n t  t h e  c a s e  whe r e  f r a gme n t  C i s  c o n t i gu o u s  t o  

f r a gme n t  B '  an d f r a gme n t  D i s  c o n t i gu o u s  t o  Fr a gmen t C . 

The p o s s i b i l i t y  t h a t  p a r t i a l d i ge s t  fr a gmen t B r e p r e s e n t s 



Tab l e  1 5  
Summary o f  r e s t r i c t i on en donuc l e a s e  f r agme n t  s i z e s  f o r  pBF4 . 

Re s t r i ct i o n  Cl e avage S i t e  Fr agme n t  Fr agme n t  S i ze ( Md a l ) Summat i on o f  

e n donuc l e as e  ( BRL Cat a lo g ) Fragment S i z e s  

E c o R I  5bAATTC 3 '  A 1 3 . 0  ± 0 . 7  2 7 . 2 ± 1 . 2 ( a )  
t B 5 . 2  ± 0 . 3  

C 2 . 8  ± 0 . 1  
D 2 . 4 ± 0 . 1  
E 2 . 1  + 0 . 1  
F 1 . 7 ± 0 . 2  

H i n d  I I  I 5AAGCTT 3 '  A 7 . 8  ± 0 . 3  2 8 . 7 ± 1 . 8 ( b )  

t B 6 . 4  ± 0 . 3  
C 3 . 7  ± 0 . 4  
D 3 . 1  ± 0 . 3  ( doub l e t ) 
E 1 . 7  ± 0 . 1  
F 1 . 5  ± 0 . 1  
G 1 . 2  ± 0 . 1  

Hpa I 5'GTTAAC 3 '  A 13 . 3  ± 0 . 3 2 7 . 9  ± 0 . 9 ( c )  
t B 7 . 0  ± 0 . 4  

C 4 . 8  ± 0 . 3 
D 2 . 9  ± 0 . 1  

Xba I 5'TCTAGA 3 ' A 1 0 . 9  ± 1 .  0 3 0 . 3  ± 2 . 7  ( d )  

t B 1 0 . 3  ± 1 .  0 
C 4 . 9  ± 0 . 4  
D 4 . 2 ± 0 . 4  

Ava I 5 ' CtPyCGpuG 3 '  A 2 4 . 8  2 7 . 2 ± 1 . 1  ( e )  
B 2 . 4  ± 0 . 1  

Kpn I 5 ' GGTACC 3 '  
t 

A 2 7 . 2  ± 1 . 1  2 7 . 2  ± 1 . 1 ( e ) 

Bam H I  5 ' �GATCC 3 '  A 2 7 . 2  ± 1 . 1  2 7 . 2  ± 1 .  1 ( e )  

S al  I 5 ' Gt-TCGAC 3 '  No c le avage s i t e  

S ma I 5 ' CC C"...GGG 3 '  No c l eavage s it e  

( a ) B a s e d  on  1 3  separat e d i ge s t s  ( c )  B a s e d  on 4 separat e d i ge s t s 
( b )  Ba s e d  o n  7 separat e d i ge s t s  ( d )  Bas e d  on 3 separat e d i ge s t s <.0 

( e ) Based on 2 d i ge s t s , l a rge s t  l i n e ar fra gmen t  s i z e  e s t imat e d by s i ze o f  DNA 
(j) 

ne eded t o  t ot a l con t ou r  l en gt h o f  pBF4 . 



Tab l e 16 

S umma r y o f  r e s t r i c t i o n  e n d o n u c l e a s e  f r a gme n t  s i z e s  f o r pBF4 6 LM 1  

Re s t r i c t i on C l e avage S i t e  Fragme n t  Fr agme n t  S i z e  ( Md al ) Summa t i o n  o f  
e n do n u c l e a s e  ( BRL Ca t a l o g ) F r a gme n t  S i z e s  

E c o R I  5 I G/ATTC 3 I A " I I 1 2 . 5  ± 1 .  2 2 2 . 6  ± 1 .  5 ( a ) 
B 5 . 1  ± 0 . 4  
C 2 . 8  ± 0 . 1 
E 2 . 1  ± 0 . 1  

Part i a l  
d i ge s t f r ag - 8 . 6  ± 0 . 3 ( b )  

me n t  a 

Par t i a l 
d i ge s t  f r ag - 6 . 9  ± 0 . 2  ( c )  

m e n t  b 

Hp a I 5 ' GTTAAC3 ' A '  1 3 . 8  ± 0 . 4  2 1 . 3  ± 0 . 1 ( d )  
t C 4 . 7  ± 0 . 3  

D 2 . 8  ± 0 . 1 
Part i a l  

d i ge st f r ag- 6 . 9  ± 0 . 6  ( d )  
ment b 

Ava I 5 I ClyCGpuG3 I A '  2 1 . 7 ( e )  

Kpn I 5 ' GGTACC3 ' l' A '  2 1 .  7 ( e )  

BamH I 5 -GGATCC3 ' A '  2 1 . 7 ( e )  
It 

( a )  Based on 7 separat e d i ge s t s  ( c )  Based o n  6 sep arat e d i g e s t s 
( b )  Based on 8 s ep ar at e d i ge s t s ( d )  B a s e d  o n  3 s ep arat e d i ge s t s  

( e )  S i n g l e f r agme n t  evident  i n  d i ge st s , mo l e c u l ar s i ze t aken t o  b e  t h e 
s i z e  as j udged by c o n t our l e n gt h  me a s uremen t s . 

to -.J 



Tab l e  1 7 

Summary o f  r e s t r i c t ion en donuc l e as e  f r agment s 

Re st r i ct i on C l e avage S i t e 
e n donuc l e a se 

E c o R I  5 I GlATTC3 ' 

Hp a I 5 ' GTTAAC 3  I 
t 

Ava I 5 ' CPy CGPuG3 '  
t 

Kpn I 5 I GGT Aq.C3 I 

Bam H I 5 ' GGATCC3 I 
1-

( a ) Based on 7 separat e d i ge s t s  
( b )  Based on 3 separat e d i ge s t s  
( c )  Based on 2 separat e d i ge s t s  

o f  pBF4 I1 LM-2 

Fr agmen t · Fr agment S i ze ( Mdal ) 

A 1 3 . 1  ± 0 . 6  
B 5 . 3  ± 0 . 3 
C ? . 8  ± 0 . 1 
E 2 . 1  ± 0 . 1 
F 1 . 6  ± 0 . 1 

A 1 3 . 1  ± 0 . 2  
B '  3 . 9  ± 0 . 1  
C 4 . 7  ± 0 . 3 
D 2 . 8  ± 0 . 1  

Part ial  
digest  f rag- 8 . 3  ± 0 . 3  

men t  a 

P art i al 
d i ge st f rag- 6 . 9  ± 0 . 6  

men t  b 

A "  On ly s ingle l in e ar 
fragment det e c t ab l e  

( c )  

A '  , On ly  s ingle  l in e ar 
f ragment  det e c t ab l e  

( c )  

A " On ly  s in g l e  l in e ar 
fragment det e c t able  

( c )  

Summat ion o f  
Fra gment  S i z e s  

2 4 . 8  ± 0 . 9 ( a )  

2 4 . 5  ± 0 . 2 ( b )  

to 00 



Tab l e  1 8  

Summary o f  rest r i c t i on endonuc l e as e  fragment  s izes  for pBF5 

Re s t r i ct ion C l e avage S i t e  Fragment Fr agment  S iz e  ( Mdal ) Summat i on o f  
e n donuc le ase ( BRL Cat alog ) Fragment S i z e s  

( Mdal ) 

E c o R I  5 ' GAATTC3 , A '  1 3 . 7  ± 0 . 8  6 0 . 2  ± 2 . 1  ( a )  
t A "  12 . 1  ± 0 . 8  

A " ' 9 . 9  ± 0 . 8  
B 5 . 3 ± 0 . 2  
B '  4 . 8 ± O .  2 ( doublet ) (b)  
C 2 . 9  ± 0 . 1  
E 2 . 2  ± 0 . 2  
F 1 .  7 ± 0 . 3 (doublet ) (b )  
G 1 . 1 ± 0 . 3  

Hind I I I  5 ' AAGCTT3 ' A '  16 . 4  ± 1 . 5 ( doublet ) (b) 6 0 . 0  ± 3 . 4 ( c )  
t A 7 . 8  ± 0 . 3  

B 6 . 4 ± 0 . 3 
C 3 . 7  ± 0 . 4  
D 3 . 1  ± 0 . 3  
E 1 .  7 ± O . l (doublet ) (b)  
F 1 . 5  ± 0 . 1 
G 1 . 2  ± 0 . 1 

( a )  Based on 8 separate dige s t s  
( b ) ' doub let spec i e s  i dent i f ied  by us e  o f  s c an n i n g  den s i t omet e r  
( c )  Based · on 7 separat e d i ge s t s 

to to 



1 00  

f r a gment s B '  p lus D b e i n g  con t i guous is  rul e d  out  s in c e  f r ag

ment B '  is m i s s i n g  in pBF4 A LM- 1  d i ge s t s yet t he part i a l  f r ag

men t  b is st i l l  observab l e  i n  pBF4A LM- 1 Hpa I diges t s .  F i gure 

1 0  dep i c t s  the c i rcul ar Hpa I  f r agment  map for pBF4 d e du c e d  

f rom t he i n f ormat ion gathered  f rom t he two pBF4 de l e t ion 

p l asmids and  p ar t i a l  Hpa I d i ge s t  f ragmen t s  ob serve d  wi t h  

t he s e  p l a smids . Some port ion o f  t he tran s f erab l e  l in c o s a

mide -macro l i de re s i st an c e  gene woul d  appear t o  be l o c a t e d  

on t he Hp a I B f r agment s i n c e  t he de l e t ion  o f  pBF4 A LM2 i s  

l im i t e d  t o  j us t  t h i s  f ragmen t . 



Fi gure 10  

Hpa I r e s t r i c t ion endonuc l e a s e  

f ra gmen t  map o f  pBF4 

' 13.3 Mdal 

A 

H p a  I f ragment ma p 

1 0 1  
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An o rder i n g  o f t he EcoRI f ragment s o f pBF4 was accom

p l i shed  by  use of part i a l  d i ge s t s  an d s imu l t an eous doub l e  

d i g e s t ions ( he r e a f t e r  r e f e rred t o  a s  doub l e  d i ge s t i on s ) w i t h  

Ava I .  EcoRI f r a gment s B ,  C and E wer e  ordered by e s t imat -

i n g  t he s izes  o f  t h e  part i a l  digest  fragment s  o f  E c o R I  d i ge s t e d  

pBF4 � LM- l . The part i a l  d i ge s t  fragment s  a and b were e s t imat e d  

t o  b e  8 . 6 an d 6 . 9  Mdal r e spect ivel y .  Fragme n t s B p l u s  C g i ve 

a t o t al o f  7 . 9  Mdal , B p lus E give a t o t a l  o f  7 . 2  Mdal and  C 

p lus E t o t a l s  4 . 9 .  The s i ze o f  t he part i a l  d i ge s t s  c an onl y 

be  exp l a i n e d  i f  t he o r der o f  f ragment s  i s  C ,  B an d E .  Par-

t i al  d i ge s t  f ragment  � woul d  represent f ragmen t  B p lu s  C 

an d part i al digest  fragmen t  b would  be  fragment s  B an d E .  

Th i s  l e ave s f ragment s A ,  D an d F t o  be  ordere d . A s sum

i n g  a s i n g l e  de l e t i on event gave r i se to pBF4 � LM- 1 , fragmen t s  

D an d  E must b e  con t i guous wi t h  one another and not  sp l i t 

between f ragmen t  A .  Thus , t he f ragment order t o  b e  d i f f ere n 

t i at e d  i s  ADF o r  AFD . Ava I d i ges t ion  o f  pBF4 y i e l ds a 2 . 4  

Mdal f ragment an d 2 4 . 8  Mdal f ragment . Ava I d i gest ion o f  

e it her pBF4 de l e t ion p l asmids  reve a l s  t hat one  Ava I c l e avage 

s i t e  is l os t  s in c e  on l y  a s in g l e  l arge fragment is det e c t ab l e  

in  Ava I digest  o f  pBF4 � LM- l  o r  pBF4 � LM-2 . 

I n  doub l e  d i g e s t s o f  pBF4 w i t h  EcoRI  an d Ava I ,  a l l  o f  

t he Ec oRI f r a gme n t s a r e  obs ervab l e  except for  f ragme n t  D .  

The on l y  n ew fragmen t  ob s e rved i s  2 . 0  Mda l i n  s i z e  and  h e n c e  

t h i s  new f r agme n t  mus t  have a n  E c o R I  c l e avage s i t e  a t  on� 

end and an Ava I c l eavage s i t e  a t  the o t h e r . In doub l e  

Av a I an d EcoRI d i g e s t s o f  p BF4 , t h e  2 . 4  Mda l d i s t an c e  b e tween 
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A v a  I s i t e s  ( on e  A v a  I c l e avage s i t e  mus t  be  in t h e  EcoRI  D 

f ragment ) must span f r agmen t s  A an d D s in c e  Ava I d i gest i on 

i n t o  any other EcoRI f r a gmen t s  wou l d  e a s i l y  be det e ct e d . From 

t he s e  resul t s  t h e  EcoRI  fragmen t  order i s  conc luded t o  b e  ADF . 

The r i ght han d Ava I c l e avage s i t e  i s  bel ieved  t o  b e  0 . 4  Mdal 

f rom the  EcoRI c l e avage s it e  between f ragme n t s D an d F .  I f  

i t  were l o c at e d  0 . 4  Mdal f rom the  A an d D EcoRI  c l e avage s i t e 

n e a r l y  2 . 0  Mda l  o f  t he EcoRI A f ragment woul d  be c l e ave d a n d  

a 1 1 . 0  M d a l  f r agmen t  i n  doub l e . Ava I an d EcoRI  d i ge s t s  wou l d 

be  observed . A f r a gmen t  o f  t h i s  s ize  i s  n o t  det e c t a b l e  i n  

doub l e  d i ge s t s  o f  pBF4 . 

F i gure 1 1  dep i c t s t he orde r i n g  o f  t h e  EcoRI  f r a gmen t s  

o f  pBF4 . A comp l e t e  c i r cular  map o f  the  EcoRI f ragment s 

has not  b een po s s i b l e , t here f ore - t h e  t o t a l  fragment o� der 

coul d b e  A ,  D , F ,  C ,  B an d  E or A ,  D ,  F ,  E ,  B an d  C .  Doub l e  

EcoRI  a n d  Kp n I d i g e s t s reve al  t h at t h e s i n gl e Kpn I s i t e  

i s  3 . 5  Mdal from t he l e f t  han d en d o f  t he A fragment . 

Thus , t here i s  compe l l in g  e v i dence  t hat some port ion o f  

the l incosam i de -macro l i de res i s t an c e  gen e  o f  pBF4 may be  

l o c at e d  between the  left  han d Av a I c l e avage s i t e  an d 

r i ght hand EcoRI c l e avage s i t e  o f  fragmen t D s in c e  t h i s  i s  

t he approx imat e span o f  t he de l e t ion  f o r pBF4 6 LM-2 .  
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EcoR I , A v a  I and Kp n I r e s t r i c t i on endonuc l e a s e  
m a p  of  pBF4 

Ee o R I  f ra g ment Eeo R I  

A (13 .0 Mdal )  

D (2 .4 ) 

F (1 .7) 

C (2 .8) 

B (5 .2 )  

E (2.1 ) 

Eco R I  

Eco R I  

E co R I  
Eco R I  

Eco R I  

Eeo R I  

Eeo R I  

1 04 

Kp n I 

Ava I 0.4 1Mda 
, 

2 .0 (Mdal )  
/ Av a I :;-.... 0.4 [Mda l l  
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It  i s  c l e ar f rom t h e  Hind I I I  d i gest s o f  pBF4 an d pBF5 

t hat t he 32 Mdal DNA in sert ion occurs wi t h i n  the H i n d  I I I  D 

f ragmen t  of  pBF4 . However ,  t he EcoRI d i ge s t  p a t t e rn s  f o r  

pBF4 an d pBF5 a r e  e qu ivocal . I t  i s  c l ear t h at t h e  E c o R I  D 

f ragme n t  i s  m i s s i n g  i n  t he pBF5 d i ge s t s but whet her  o r  n o t  

t h e  pBF4 A f ragment i s  represented by e i t her t he pBF5 A '  an d  

A"  fragment s  i s  que s t i on abl e .  Henc e , EcoRI f r agment map p i n g  

o f  pBF5 presen t s  d i f f icul t i e s  and thi s f act w i l l  be brought 

up in  t he di scus s ion . 

L i n c o s am i de -macro l ide res i s t an c e  expre s s i on 

A review of  t he l it erature concerning t ran s f e r ab l e  

l in c o s amide -macrol ide re s i s t an c e  in bact e r i a l  genera reve a l e d  

t hat t he expres s ion o f  l in co samide -macro l i d e  r e s i st an c e  c an 

be e i t her a con s t i t ut ive or an erythromyc i n - i n duc i b l e  phe 

n omenon . Therefore , we wan t e d  t o  e s t ab l ish t h e  natur e  o f  t he 

e xpr e s s i o n  in Bact e r o i d e s  s t r a i n s  harbo r i n g  t h e  t r an s f e r ab l e  

l in c o s amide-mac ro l i de re s i s t ance  p l a smid  pBF4 . The exper i 

ment al app roach emp loyed was t o  det e rmine t h e  e f f e c t  o f  p r e 

e xpo sure t o  l o w  concen t rat ions  o f  eryt hromy c i n  on t he growt h 

behavior o f  l iqu i d  cultures chal lenged w i t h  h i gh con c e n t r at i o n s  

o f  e rythromyc in . F i gure 1 2  i s  a graph i c a l r e pre s en t a t ion o f  

t h e  growt h re spon s e  o f  V544 ( pBF4 ) measured i n  un i t s  o f  

opt ical  den s i t y  ve rsus t ime . F i gure 1 2  i s  r e p r e s e n t at ive 

o f  the  growt h re spon s e s  seen in  two separat e e xp er ime n t s 

u s i n g  V544 an d a s imi l ar r e spon s e  was seen  i n  a s i n g l e  ex 

p r� iment with  V4 79- 1 .  The rat e o f  growt h a s  j udged by t he 



i n c rease  in opt i c a l  den s i t y  for  culture s cha l l enged  w i t h  

5 0 0  � wml o f  erythromyc i n  appears t o  b e  s imi l a r  t o  t h e  rat e 

f o r  unch a l l en ged cu l t ur e s  whe ther  o r  not  t h e  c u l t ure has  

been pre-exposed t o  e ryt hromyc in . Thus , i t  appears t hat 

1 0 6  

t he e ryt hromyc i n  r e s i st an c e  g e n e  i s  con s t i t ut i ve l y expre s s e d  

in  Bac t e ro i de s s t rain s b e ar i n g  pBR4 . 
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Fi gure l e gen d 

F i gure 1 2 . Growth re spon s e  o f  V544 i n  cul t u r e s  c on t a i n 

i n g  e ryt hromy c i n . 

( 0  0 )  overn i ght inoculum wit hout erythromy c in 

inocu l at e d  at 2 0-f o l d  d i lut ion in t o  PRe brot h without 

eryt hromy c i n . ( 0 0 ) overn i ght inoculum wit hout 

e ryt hromy c i n  inocul at e d  at 2 0- f o l d  d i lut ion i n t o  PRe 

c on t a i n i n g  5 0 0  � g /ml erythromy c i n . ( 6  6 )  overn i ght 

i n oculum grown in p resence o f  5 � g /ml erythromy c i n  used  

t o  i n o cu l a t e PRe con t a in i n g  5 0 0  � g /ml eryt hromyc in . 

Op t i c a l  den s i t y  wa s measured u s i n g  a Bausch an d  Lomb 

Spect ron i c  2 0  at a wave l ength  s et t in g  o f  6 6 0  nm .
. 



0 
ID ID 

ci 
0 

Q 
0> 

.Q 

Fi gure 12 

Growt h response o f  V544 i n  cul t ur e s  
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Te t rac ycl i n e  res i s t an ce e�pre s s i on : growt h r e spon s e  s t u d ie s . 

Expe r i ment s were pe rformed t o  s tudy t h e  e xpre s s ion  o f  

t et r ac yc l in e res i st an c e .  Bes ides employ ing  s t rain s harbo r 

i n g  t he t ran s f erab l e  t e t racyc l in e  re s i s t ance  p l asmi d pBF5 , 

V4 7 9 - 1  was ut i l i zed  s in c e  i n  M . I . C . t e s t ing i t  cons i s t ent l y 

gave r i se t o  a f ew c o l on ie s  on PRC agar p l at e s  con t a in in g  

1 0  � g /ml t et racyc l ine . 

F i gure 13  shows t he growt h re spon s e  as  measured by 

.opt i c a l  den s i t y  un i t s  versus t ime of PRC bro t h  cul t u r e s  f o r  

t hree  d i f ferent s t r a i n s . The t op pan e l  ( A )  s hows t he growt h 

respon se o f  V4 7 9 - 1  wh i ch con t ains t h e  t ran s ferab l e  l in c o s a 

m i d e -macrol i de res i s t an c e  p l asmi d pBF4 . As previou s l y  n o t e d  

( Tab l e  5 ) , V4 7 9 - 1  has a t e t racycl i ne re s i s t an c e  phenot ype o f 

< lO � g/ml . Pan e l  ( B )  dep i c t s t he growt h respon se of V599 , 

a spon t aneou s l y  o c cur r i n g  p l asmi d l e s s  derivat i ve of V4 7 9 - 1 . 

The bot t om panel  ( C )  shows t h e  growt h  r e spon se  for  V5 14 

wh i ch has t h e  t ran s fe r ab l e  l incosami de -mac ro l i de an d t e t ra

c yc l ine  re s i s t an c e  p l asmi d pBF5 . 

For e ach st rain , t h e  c i r c l e s  repre sent t h e  c a s e  whe r e  

c e l l s  grown in  t h e ab s e n c e  of  t e t r a c y c l i n e  are inoculated  

i n t o  ant i b i o t i c -free  PRC . The squares  in  each p an e l repre

sent t he case  where t he overn i ght inocu l a  grown i n  t h e  

absence  o f  t e t racyc l i n e  are int roduced i n t o  f l asks cont a i n 

i n g  t e t racyc l i n e  a t  a con cent rat ion  o f  5 � g / ml . The t r i an 

g l e s  show t h e  re spon s e  o f  PRC cul tures con t a in i n g  5 p g /ml 

but wh i ch we re inocu l a t e d  with overn i ght  c u l t u res  grown in 

the  p re s ence o f  t e t racyc l in e  at the  sub inb i t ory c on c e n t r a-
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t i on o f  0 . 1  � g/ml . I t  i s  c l e ar l y  s e e n  in t h i s  f i gure t hat  

the  growt h respon s e s  under  t he s e  condit ions  f o r  V4 7 9- 1 

an d V 5 9 9  d i f fe r  f rom V5 14 . I t  s hou l d  b e  not e d  t hat i n  

s imi l a r  e xper iment s  invo l vi n g  t h e  t e t racyc l i n e  res i s t an t  

progeny o f  V514 , V6 0 1  shows the  same re spon s e  as  V5 14 

even at  a chal l enge do s e  of 20 � g/ml of t e t r a c y c l ine . 

Thus , t he growt h re spon s e  stud i e s  for expres s ion o f  

t e t r acyc l in e  re s i s t an c e  reve a l s  t hat t h e r e  wer e  apparent l y  

two qu al i t at ively d i f f e rent  t et racyc l in e  re s i s t an c e  pheno

t yp e s  observab l e . For V47 9- 1 and V599 t here  i s  an i n duc i 

ble  t e t racyc l ine  res i s t an c e  phenot ype  and f o r  V514 t he 

t et racyc l in e  res i s t an c e  i s  const i t ut ive l y  expre s s e d . 
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Figure legend 

Figure 1 3 . Growt h respon se  o f  V4 7 9 - 1 , V599  an d V5 14 

i n  cult ures cont ain ing t et r�cyc l in e . 

Pan e l  A shows t he growt h re spon se for V4 7 9 - 1 . 

Pan e l  B shows t he growt h response o f  V5 99 an d Pane l  C 

dep i ct s  t he response  for V5 14 . I n  e ach pane l , ( 0  0 )  

represen t s  t he c a s e  where an overn i ght culture wit hout 

t et racyc l in e  is ino cu l a t e d  at a 2 0-f o l d  d i lut ion  i n t o  

non -ant ibiot i c con t ain ing PRC bro t h . The ( 0 0 ) 
symbol represen t s t he case where t he s ame inoculum i s  

put into  PRC con t a in in g  5 � g /ml o f  t et racycl i n e . 

( �- 6 )  repre s e n t s t he case  where the overn i ght 

inoculum i s  grown i n  the presence of 0 . 1  p g/ml of 

t et racyc l in e  an d t h en used t o  inocu l a t e  PRC c on t ai n i n g 

5 p g /ml o f  t e t racyc l in e . Opt i c a l  den s i t y  was me asured 

using a Bausch an d Lomb Spect ron i c 20 at 6 6 0  nm . 
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Fi gure 1 3  

Growth re spon se o f  V4 79- 1 , V5 99 an d V5 14 i n  

cul ture s cont a i n i n g  t e t racyc l i n e  
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Tet ra c yc l in e r e s i s t an c e  expre s s i on :  e f f i c i en c y  o f  p l a t i n g  

s t ud i e s . 
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The growt h re spon se  s t u d i e s  f o r  expre s s i on o f  t e t racy

c l in e  r e s i s t ance  reve a l e d  t hat t here  were app arent ly two 

qual i t at i ve ly d i f f erent t e t racycl ine  re s i st an c e  pheno t yp e s  

observab l e . V4 7 9 - 1  an d V5 9 9  demon st rat e d  a c l e ar r e s i s t a n c e  

t o  5 � g /ml of  t e t racyc l in e  i f  t h e s e  strains  we re preexpos e d  

t o  t et racyc l i n e . V514 on t he o t he r  han d , d i s p l ayed r e s i s

t an c e  t o  concent rat ions as h i gh as  2 0  � g/ml whether  o r  not  

i t  had been  preexpos e d  t o  t e t racy c l ine . Addi t ional s t u d i e s  

u s i n g  a d i f f e rent exper ime n t a l  approach were p e rformed i n  

o r d e r  t o  c l ar i fy t he s e  re s i s t an c e  phenotypes an d t o  de 

t ermin e more c le a r l y  t he genet i c  l o c at ion o f  t he t e t racy

c l in e  re s i s t an c e  determi n an t s . The met ho d  emp loyed s imp l y  

involved growing various Bact eroides  s t r a i n s  i n  overn i ght 

brot h cultures wi t h  an d without 1 � g/ ml o f  t et racyc l i n e . 

The overn i ght cul t ures t hen  were approp r i at e ly d i lut e d  an d 

approx imat e l y  1000 colony  formin g  un i t s we re spread o n t o  

p l ai n  PRC agar p l at e s  an d  PRC agar p l at e s  cont a i n i n g  10 , 

2 0  an d 5 0  � g/ml o f  t e t r a c y c l i n e . The s e  p l at e s  t he n  we re 

i ncubat ed an d t he number of colon i e s  r e ad a f t e r  48 hou r s . 

The e f f i c iency  o f  p l at i n g  i s  expre s s e d  a s  t h e  numb e r  o f  

t et racyc l in e  re s i st ant co l on i e s  d i v i de d  b y  t h e  numb e r  o f  

c o l on i e s  appe ari n g  o n  p l a i n  PRC t ime s 100 . The r e su l t s  o f  

t h i s  app roach f o r  a number  o f  key s t r a i n s  i s o l at e d  i n  t h i s  

st udy can be seen i n  Tab l e  19 . As was t he c a s e  i n  growt h 

re spon s e  e xp e r ime n t s ,  s t ra i n s  V4 7 9 - 1  an d V5 9 9  demon s t r at e d  



st ra in 

V4 7 9 - 1  

V5 9 9 

V5 14 

V5 3 7  

V6 9 1  

V5 2 8  

V544 

V6 0 1  

Tab l e  1 9  

Expr e s s ion o f  t et racyc l in e  re s i st ance : e f f i c i ency  o f p l at in g ( E . O . P . ) 

B act e roides  

spe c i e s  

f r ag iJi s 

f ragi l i s  

f r ag i l i s 

fragi l i s  

fragi l i s  

un i f ormi s 

un i formis  

un i fo rmi s 

p l asmi d / s ize ( Mdal ) 

pBF4 / 2 7 . 2  

LM sen s i t ive 
var i an t  o f  V4 7 9 - 1 , 
p l asmid-free  

pBF5 / 60  

pBF5 11 LM-1 / 5 3  

pBF5 l1 LM- 3 / 3 5 . 5  

p l a smid-free 

pBF4 / 2 7 . 2  

pBF5 / 6 0 

t r an s f e r - cul t ure grown 

ab l e  r e - w i t hout or w i t h  
s i s t an c e  t e t racyc l in e  

( 1 ]..i g /ml )  

LM 
+ 

+ 

LM , Tc 
+ 

Tc 
+ 

+ 

LM 

LM , Tc 
+ 

Tc r CFU/ t o t a l  CFU ( x 1 0 0 ) 

tetracycline concentrations 

1 0  � g / ml 2 0 � g / m l  5 0 � g / ml 

0 . 1 0 0 
100  0 0 

0 . 1  0 0 
10 0 0 0 

1 0 0  1 0 0  0 
1 0 0  1 0 0  0 

1 0 0  1 0 0  0 
1 0 0  1 0 0  0 

0 . 1  0 0 
1 0 0  0 0 

0 0 0 

0 0 0 

100  1 0 0  0 
1 0 0  1 0 0  0 

f-l f-l � 
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a c l e ar t et racyc l in e res i s t an c e  phenot ype on l y  when t he y  we r e  

expo sed t o  t e t racyc l in e  pr ior t o  p l at ing on a g a r  me d i a  con 

t a i n in g 1 0 � g /ml o f  t et r acyc l ine . S t r a i n  V5 14 on t he o t h e r  

hand d i s p l ayed a h i gher tet racyc l i n e  re s i s t an ce phenot ype 

an d t h i s  h i gher res ist ance  occurred whe t her o r  not V5 14 was 

pre grown in  the presence of t et racy c l ine . Thi s  s ame re s i s 

t an c e  phenot ype was observed f o r  strain V5 3 7  but n o t  for  

V6 9 1 . Bot h  s t r a i n s  are l incosamide -macro l i de s en s i t ive 

var i ant s of V5 14 but V6 9 1  has undergone a much l arger p l as 

mid  de let i on t han V5 3 7 . V6 9 1  d i sp l ays t he s ame t e t racy-

c l ine res i s t ance  phenot ype as V4 7 9 - 1  and V5 9 9 . Add i t i on a l l y , 

V5 37 st i l l  demon st rat e s  a t rans f erab l e  t e t r a c y c l ine res i st an c e  

whe reas  V6 9 1 doe s  no t . 

When the  st andard r e c i p i en t  s t r a i n  V52 8  i s  examined u s i n g  

t h i s  p r o t o c o l , t h e  overn i ght subcul t ure cont a i n ing  1 � g/ m l  o f  

t e t racyc l in e  wi l l  n o t  even grow . The l in c o s amide-ma cro l i de 

res i st an t B .  un i formi s  progeny o f  the V4 7 9 - 1  and  V5 2 8  mat i n g  

( V544 ) al so wi l l  n o t  grow i n  t h e  subcu lture  cont a i n i n g  1 p g / ml 

o f  t e t racyc l in e . V6 0 1  wh i .ch  i s  the  B .  un i f o rmi s I i n c o s am i d e 

-macro l ide a n d  t e t racyc l ine  re s i st an t progeny o f  t h e  V5 14 x 

V5 2 8  cro s s demon st r at e s  the  s ame t e t racycl i n e  res i st an c e  b e 

h av i o r  as V5 14 . Thus , there appe ar s  t o  b e  p o s i t ive  evi den c e  

for  the l i n k age o f t he con s t i t ut ive t et racyc l i ne re s i st an c e 

t o  pBF5 . 

Expre s s i o n  o f  t e t r acyc l ine res i st anc e t r an s f er . 

Seb a l d ' s  group has report e d that  � f r a gi l i s s t rain 92 

d i sp l ay s a t et racy c l i n e - in duc ib l e  re s is t an c e  s imi l ar to the  

e xpr e s s i on we h a v e  ob served for V4 7 9 - 1 ( 84 ) . Add i t i o n a l l y , 
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s h e  h a s  pub l i shed  t hat t he t r an s f e r  o f  t e t racyc l i ne  r e s i s 

t an c e  b y  st r a in 9 2  occurs on l y  a ft e r  growt h  i n  t he pre s en c e  

o f  t et racyc l in e . Hence we at t emp t e d  t o exam i n e  i f  V4 7 9 - 1  coul 

be  s im i l a r l y  i n duced  by tet racycl in� to t ran s f er t e t racy

c l i n e  re s i s t an ce . V5 14 was exc lude d f rom t h i s  study s in c e  

t he p l asm i d -me d i a t e d  const i t ut ive l y  exp re s s e d  h i g h  l evel  

t e t racyc l ine re s i st an c e  phenotype s een by V5 14 is n ot the  

same t et r acycl ine  r e s i st anc e  phenot ype whi c h  had  been obs e rve d 

for  s t ra i n  92 . V4 7 9 - 1  was grown in  a s e r ie s  o f  t hr e e  over-

n i ght bro t h  culture s , cont ain ing 0 . 5  � g /ml t et racyc l i n e  

an d a f t e r  e ach overn i ght i ncubat ion a n  a l i quot w a s  remove d 

f o r  use i n  a 2 4 hour mat i n g  w i t h  the  st andard re c ip i e n t  

V5 2 8 . A paral l e l  s ubcult ure rout i n e  an d mat i n g  procedure 

was carried out  f o r  V4 7 9 - 1 but with t e t racyc l ine ab sent  f rom 

t he c u l t u re s . Fo l l owing  t he mat in gs , proge n y  were s c o r e d  

for  t rans f e r  o f  c l i n damy c i n  res i s t an c e  above a n d  t e t racyc l i n e  

re s i st an c e  a l one . The frequency o f  t r an s f e r  o f  c l in damyc i n  

res i s t an c e  rema i n e d  w i t h in t h e  1 0-6 ran ge f o r  c l i ndamy c i n  

r e s i s t ant  progeny p e r  i nput dono r  ce l l  in e a c h  o f  t hr e e  

suc c e s s ive mat in gs for  bot h t h e  t e t racyc l in e  e xpo se d an d  

non -expo sed  V4 7 9 - 1  ce l l s . The re was n o  t r an s fe r  o f  t e t r a 

c y c l ine  res i st ance  ob served for  V4 7 9 - 1  t re a t e d  i n  a n y  f as h ion . 

Th i s  e xper imen t was repeat e d  in a secon d i n s t an c e  Where t h e  

t e t racyc l in e con cen t r at ion i n  t he overn ight c u l t ure s was 

i n c r e as e d  to l � g /ml an d s t i l l  V4 7 9 - 1  was not ob served  t o  

t ran s f e r  t e t racy c l i n e  re s i s t ance . 
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D I S CUS S I ON 

At t he t ime t h i s  research was i n i t i at e d  t here was c l e a r  

evidence  for  t he e x i st ence o f  e xt rachromo soma l DNA or p l a sm i d s  

in  members  o f  t he Bact�ro�de s genus . However ,  a t  t hat p o i n t  

n o  phenot yp i c  t r a i t  h a d  been shown t o  be pl asm i d  as soc i ated . 

I n  f a c t , no mean s o f  genet i c  t r an sf e r  o f  phenot ypes h a d  been 

demo n s t rat e d  t o  occur i n  Bact e ro i de s . Research int e r e s t  

i n  t he genet i c s  a n d  p lasmid b i o logy of  t h i s  group o f  o r g an 

i sms deve l oped i n  the  early  1970 ' s  when i t  b e c ame apparent 

t h at Bac t ero i de s f r ag i l i s  was a s i gn i f i cant opportun i s t i c  

pat hogen an d a member o f  a genus o f  bact e r i a  found f ar mor e  

prevalent in  t he human micro f lora t h an e v e r  previou s l y  

t hought . Addi t i on al l y , i t  was d i s covered t h a t  memb e r s  o f  

t h e  Bact ero i des genus we re inherent l y  r e s i s t ant  t o  a w i de 

ran ge o f  ant imicrob i a l s . The re fore , i t  was hypot hes iz e d  

t h at Bact ero i de s  may s e rve as a source o f  an t ib iot i c  r e s i s 

t an c e  gen es  an d/ or re servior o f  r e s i s t ance  p l asmids . 

Lincosamide re s i s t an c e  i s  an unusual an d c l i n i c a l l y  

s i gn i f i cant propert y i n  Bac t e ro i de s  fragi l i s . The report 

t hat s t rain 92 f rom Sebald ' s  l aborat ory was l i ncosam i de  

res i s t an t  promp t e d  t he genet i c  and p l asmi d -r e l a t e d  s t ud i e s 

rel at e d  in  t h i s  inve s t i gat ion . Upon receipt  o f  t h i s  s t r ai n  

wh ich  was rename d V4 7 9 , t h e  s t rain  was i de n t i f ie d  a s  B a c 

t e ro i de s  fragi l i s  based  o n  s imp le phen o t yp i c  c r i t er i a  out 

l ined  in t he VP I Anae robe Manual . I t  h ad b e e n  report e� t o  

b e  r e s i s t ant t o  c l in damy c i n  an d e ryt hromy c i n . M . I . C . t e st -
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i ng w i t h  t hese  ant ibiot i c s  c on f i rmed Sebal d ' s  f in d i n g s . How

ever , she had repor t e d  t h at t h i s  st rain  was t e t rac yc l i n e  

re s i s t ant . When approx imat e l y  1 , 000  c o l ony f o rming un i t s  

o f  t h i s  s t r a i n  were spread on t o  agar p l a t e s  c ont a i n i n g  

1 0  � g /ml o f  t e t r acyc l i n e  on l y  a f ew « 10 ) c o l o n i e s  woul d  

app e ar a f t er 4 8  hours o f  in cubat i on . The r e f o r e  i t  was j udged 

t hat V4 79  as a p opu l at i on o f  ce l l s  had a M . l . C . for  t e t ra 

c y c l ine l e s s  t hat 1 0 � g /ml and thus cou l d  not  be de scrib e d  

a s  t et racyc l ine  r e s i s t an t  i n  phenotyp i c  t e rms . One o f  t h e  

c o l o n i e s  f rom t h e  V47 9  M . l . C . t est i n g  whi c h  d id �pear on t h e  

1 0  � g/ml t e t racyc l ine p l at e  was s t r e aked ont o a PHC agar 

p lat e con t a in ing 2 5  � g /ml o f  t e t racyc l in e . Th i s  c l on e  ( V5 14 )  

readi l y  grew on p l at e s  cont a i n i n g  2 5  � g /ml o f  t e t racyc l i n e  

a n d  demon s t rat e d  a de f in it e  tet racyc l i n e  r es i st an c e  pheno

t yp e  i n  M . l . C .  t e st i n g . V514 a l s o  ret a ined t h e  h i g h  l eve l 

l incosamide-macro l i de r e s i st ance phen o t ype  o f  i t s  p aren t a l  

s t r a in . 

The h i gh leve l  l in c o s amide -macrol ide res i s t an c e  pheno

t ypes  for strains  V4 7 9 - 1  ( a  s in g l e  colony i so l at e  of  V47 9 ) 

and V514 promp t e d  an i nve s t i gat ion o f  t he ab i l i t y  o f  t h o s e  

s t r a i n s  to  t rans f er t he ant ibiot i c  res i st an c e s  t o  l in c o s a

mide-macrol i de s e n s i t ive i n t e s t inal  Bactero i de s  s t r a i n s . 

Spon t an eous l y  occurr i n g  r i f amp i c in res i st an t  der ivat ive s  o f 

s everal l incosam i de -macro l i de sen s i t ive int e s t i n a l  Bac t e r 

o i d e s  s t r a i n s  were i s o l at e d  a n d  used as  prosp e c t i v e  r e c ip i 

ent s o f  l incosami de -macro l i de re s i s t an c e  t ran s fe r  i n  f i l t e r  

mat ings w i t h  V47 9 - 1  and V514 . The f i l t e r  mat i n g  t e chn ique 

was  c h o s e n  s ince t he donor and rec i p i en t  ce l l s  are m a i n -
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t ai n e d  i n  c l o s e  con t act w i t h  on e anot her an d t he i n t e r f e r e n c e  

o f  f lu i d  movement in bro t h  cultures i s  avo i d e d . There fore , 

t he f i l t e r  mat i n g  t e chn i que p rov i de d  t he be s t  chan c e  of 

obs e rving  a genet i c  t ran s f er even t t hat m i ght  occur at a 

l ow frequency . S t ab l e  l incosamide -macro l ide r e s i st an t  pro-

geny  were  obt a in e d  in t hese  mat ings u s i n g  e i t he r  o f  t h e  

donors . When the d i r e c t  s e l ect ion was for erythromy c i n  

r es i s t an t  p rogeny alone , these  progeny were always found 

t o  b e  � l i n damy c i n  r e s i st ant as  we l l . The c on verse was 

a l so found to be t rue . Thus , t h i s  was the f i r s t  sugge st ion 

t h at the  single enzymat i c  me chan i sm resul t in g  in c ro s s  r e -

s i st ance  t o  l incosamide an d macrol ide f ami l i e s  o f  an t ib i o t i c s  

wh i c h  i s  common l y  seen in  other bact e r i a  may be t ak i n g  p l ac e  

w i t h  Bact ero i de s  frag i l i s st r a i n s  V4 7 9 - 1  an d V5 14 ( 2 5 ) . The 

frequency at wh i ch e i t he r  donor s t rain t r an f e r s  l in c o s am i de -

-6 -7 
macro l i de res i st an c e  are c omparab l e  an d t he 10 - 1 0  

f r e quency i t s e l f  represent s a f requency ran g e  comparab l e  t o  

other  n atural l y  o ccurr i n g  res i s t ance  t ran s f e r  syst ems . The 

d i s covery of t ran s f e r ab l e  l incosamide -mac ro l i de res i st an c e  

in  � f r a g i l i s  represen t s  t h e  most c l i n i c a l l y  r e l evant f i n d -

i n g  in t h i s  inve s t i gat ion s i n c e  c l in damyc i n  i s  the  an t ib io t i c  

o f  c ho i c e  fo r use i n  i n f e ct i on s invo l v i n g  t h i s  or gan ism . The 

demon s t r a t ion t hat V5 14 i s  a donor o f  t e t racyc l in e  r e s i st an ce 

i s  o f  l e s s  c l i n i c a l  i n t e rest  s ince that d rug i s  r a r e l y  used  

in  Bact ero i de s  i n f e c t ion s . However , furt her  s t u d i e s on t he 

gene t i c s  an d expre s s i on o f  t e t racyc l in e  r e s i s t an c e  i n  V4 7 9 - 1 

and V5 1 4  we re undert aken  s in c e  they revea l e d  t hat r e comb i -
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n a t ion a l  even t s  were c l e arl y oc curr in g with t he s t ra i n s . I t  

shou l d  b e  not ed that  t he bu l k  o f  t h e  exper imen t s  invo l v i n g  

t h e  b as i c  b i o l o g i c a l  charact e r i zat ion o f  t he gen et i c  t ran s f e r  

event we re undert aken wi t h  t he t ran s f e r  o f  t he c l in i c a l l y  

r e l evant l i n co s ami de -macro l i de re s i s t an c e  phenotype by V4 7 9- 1 . 

The l in co s amide-macro l ide  t ran s f e r  p ro c e s s  by V4 7 9 - 1  

proved  t o  be insen s i t i ve t o  DNase t r e at men t , rul i n g  out 

t ran s format i on as  t he mode  o f  gen e t i c  exchan ge . Don o r  c e l l  

f i l t ra t e s  o r  chloroform-t reat e d  c e l l  supern at ant s we re n o t  

ab l e  t o  med i at e  t h e  re s i st an c e  t ran s f e r . The s e  fact s argue 

aga i n s t  a t r an sduct ional  ( bact e r i ophage -medi at e d )  event . 

The l in co s ami de -macro l i de re s i s t an c e  t ran s f e r  was preven t e d  

when t he donor an d re c i p i en t  ce l l s  were separat e d  b y  mem

bran e  f i l t e r s . Al l o f  t he s e  fact s t aken t o ge t h e r  imp l y  that  

a conj ugal -l ike event  r e su l t s  i n  the  t ran s fe r  o f  res i s t an c e s . 

The c l e ar dependen ce  on c e l l -t o -ce l l  cont act between  dono r  

an d rec ip i ent i s . a ver y  s t ron g arguement i n  f avor o f  t h i s  

c on c l u s i on based o n  t h e  c l ass i c  de f i n i t ion o f  con j ugat i o n  

p u t  forth  by Dav i s  ( 2 1 ) . Howeve r , t he fact  t hat t h e  t ran s 

f e r  e v e n t  i s  n o t  d e t e c t ab l e  i n  m i x e d  b r o t h c u l t ur e s  o f  t h e  

don or an d r e c i p i en t  c e l l s  i n d i c at e s  that  there  i s  a qual i t a

t ive d i f f erence betwe e n  the  conj ugal even t i n  the  en t e r i c  

bact e r i a  an d t h e  gen e t i c  t ran s f e r  event i n  Bact ero i de s . 

Cl ar i f i c at ion o f  t h e s e  d i f ferences  awa i t  e xp e r imen t s whi ch 

demon s t rat e the ab sence  o r presence  o f  sex p i l i  an d t h e  

i dent i f i c at i on o f  gen e s  respon s ib l e  for t h e  t r an s f e r  phen o 

t ype . 
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T h e  l imit ed surve y o f  B.cterb i de s  rec i p i ent s revea l s  

t h at t here  i s  probab l y  no spe c i e s  barr i e r  amo n g t h e  i n t e s t i -

n a l  Bact e ro i de s  t o  l in cosami de-macro l i d e  res i s t an c e  t r an s f e r  

by  V4 7 9 - 1 . However ,  f in d i n g  a det e c t ab l e  r e c i p i ent o f  

l in cosamide -macro l i de re s i s t ance i s  a s t ra i n - spe c i f i c  phe -

n omenon . Although no st rain o f  " 3 4 5 2 - A "  t e s t e d  prov e d  t o  

b e  a det e ct ab l e  r e c ip i ent i t  i s  no mor e  unr e l at e d  t o  t he 
-

f r a g i l i s  spe c i e s  by the c r i t e r ion o f  G+C mol e  fract ion t h an 

t h e  ovatus spec i e s  whi ch i s  a det ect ab l e  rec i p ient . Like -

w i s e , n o  d i s t ason i s  s t rain  appeared t o  b e  a r e c i p ient  but 

a un i f ormi s strain  wi t h  a greater d i f f e re n c e  i n  G+C r a t i o  

f rom t h e  f ragi l i s  spe c i e s  proved t o  b e  a rec ip ient . Ther e -

f ore , i f  a l arge bat t ery o f  i n t e st inal  Bact e r o i de s  s t r a i n s  

wer e  ava i l ab l e  the  result s o f  t h i s  survey wou l d  pre d i c t  

t h a t  a suit ab l e  re c i p i ent st rain would be f oun d for e ach o f  

t h e  members  o f  t he int e s t i n al DNA-DNA homo l o gy group s . Thi s 

s t at ement i s  further  suppor t e d  by t h e  knowl e dge t hat amon g 

a l l  of the  DNA -DNA homo l o gy group s , � un i f o rmi s st rain s 

have t h e  l e ast aver age DNA-DNA homo l o gy wit h � f ragi l i s  

2 5 5 3  ( 1 7% ) and a l l  o f  t he other homo l o gy group in gs f a l l 

wi t b in t h e  1 7  t o  90% range with � f r agi l i s  2 5 5 3  ( 4 7 ) . I t  

i s  f u r t h e r  sugge s t e d  b y  these  i n  v i t ro s t u d i e s that  t b e  i n  

v ivo t r an s f e r  o f  t h i s  l incosamide -macr o l i d e  re s i s t an c e  ge n e  

c ou l d  l e ad t o  a d i s semin at ion o f  t h e  re s i st a n c e  gene t o  

spec i e s  f a r  mo re preva l e n t  in t h e  normal in t e st in a l  f l ora 

t h an B .  frag i l i s . Thu s , t he d i s t i n c t  pos s ib i l i t y  exi s t s  

t hat t h e  l i n co s am ide -macro l i de re s i s t an c e  g e n e  may come t o  
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r e s i de i n  t he gene p o o l  o f  or gan i sms whi ch c omp r i s e  t he b u l k  

o f  o u r  n o rma l intest inal  micro f l ora . 

Another  b io l o g i c a l  parame t e r  o f  l in c o sami de -macro l i de 

re s i s t an c e  t ran s f e r  was the  invest i gat i on o f  t he k i n e t i c s  

o f t he re s i s t an c e  t ran s f e r . The result s  o f  t h e  k i n e t i c  

t ran s f e r  exp e r ime n t s  involving  t he i so gen i c  p a i r  V54 5  an d 

V5 3 2  i n d i c at e  t h at t h e  r e s i st an c e  t ran sf e r  b e g i n s  w±t h in 

t wo hours o f  mixing donor and recipient s and i s  e s s en t i al l y  

c omp l e t e  wi t h i n  four hours . Pre c i se evaluat ion  o f  t he e a r l y  

even t s  in t he res i s t an c e  t ran s f er are l imit e d  b y  use  of t he 

Gas -Pak system wh i c h  cannot produce imme d i at e  an d t horough 

c on d i t ion s of  an aerob i o s i s . Experiment s in t h i s  re gard woul d  

b e  p o s s i b l e  with an an aerob i c  g l ove -box and wou l d  p robab l y  

result  in t h e  det e c t i on o f  t r an s fer a t  a n  e ar l i e r  t ime . 

The great l y  enhan c e d  t ran s fer freque n c y  seen  in  t h e  

- 3  
i sogen i c  mat i n gs ( - 1 0  ) as compared t o  i n t e r sp e c i e s  mat i n gs 

( - 1 0-6 ) sugge st s t he presence  o f  a host r e s t r ic t i on -mod i f i -

c at ion syst em i n  t he Bact e ro i de s  genu s . However , t h i s  i s  

specul at ion and wou l d  requ i re further t est i n g .  For examp l e , 

t h e  ob served d i f feren c e s  in  t ran s f e r  might b e  due i n  p a r t  t o  

i n t e r s t r a i n  d i f feren c e s  i n  surf ace recept o r s  n e e de d  for  

t ran smi s s i on o r  d i f f e ren c e s  i n  t he ab i l i t y  t o  expre s s  the  

l incosami de -macro l i de re s i s t an c e . 

The o b s e rvat i o n  t hat V4 7 9 - 1  an d V 5 1 4  cou l d s e rve a s  

don ors  o f  l in co sam i de -macro l i de r e s i st an ce comb i n e d  wi t h  t h e  

e v i dence t hat t h e  t ran s f e r  event was con j uga l - l i k e  l e d t o  

t he exami n at i on o f  t h o s e  s t r a i n s  and t he i r  drug r e s i st an t 
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progeny for  p l asm i d  DNA . The drug res i s t an t  progeny o f  V4 7 9 - 1  

we re s e e n  t o  h arbor a p l asm i d  equ a l  i n  s i z e  t o  t he s in g l e 

p l asmi d spe c i e s  seen in  t h e  o r i g i n a l  dono r . The asso c i at ion 

o f  t he p l asm i d  ( pBF4 ) wi t h  t h e  l incosamidemac ro l i de re s i s 

t an c e  pheno t ype i s  furt her s t rengt hened b y  t he demon st rat i o n  

o f  a p l asmi d s imi l a r  in  s ize in t h e  drug re s i st ant progeny 

in  t he secondary c ro s s e s  o f  out o f  t he � un i formis background 

( Cr o s s  2 ,  Tab l e  5 ) . The demonst rat i on o f  p l asmid t r an s f er i n  

the  se condary mat ings a l so sugge s t s  that t he genes r e spon s ib l e  

f o r  t h e  conj ugal - l ike t r an s f e r  are l o c a t e d  o n  t h e  pBF4 p l as 

m i d  an d not l o c at e d  o n  t h e  V4 7 9 - 1  chromo some , s ince  t h e  pBF4 

p l asm i d  is t ran s f erred out of a gen e t i c  backgroun d ( V5 2 8 )  

wh i c h  pre sumab l y  doe s  not  p o s s e s s  any t ran s f e r  gene s . 

Of addit i on a l  i n t e r e s t  was t he observat i o n  t hat V4 7 9 -1 

and V5 14 harbo red s in g l e  p l asm i d  spec i e s  o f  d i f f e r i n g  s i z e s . 

V5 14 harbors pBF5 and a p l asm i d  equal in s i z e  t o  th i s  p l asm i d  

i s  s e en i n  the  l i n c o s am i de -macro l i de an d t e t racyc l i n e  re s i s 

t an t  progeny o f  V5 14 . Hen ce , i t  appears  t ha t  pBF5 wh i ch i s  

b i gger t h an pBF4 , med i a t e s  t r an s f erab l e  res i st an c e  t o 

t et racyc l ine as  we l l  as l inco sami de -macro l i de ant i b i o t i c s . 

A t horough i n vest i gat ion o f  t he mo l e c u l a r  s i ze o f  t he 

two p l asmids  u s i n g  e s t imat e s  based on three d i f f e re n t  phys i 

c a l  c r i t e r i a  i s  present e d  i n  Tab l e  10 . Con t our l engt h 

me asurement s are usua l l y  t aken t o  be t h e  b e s t  e s t imat e s  o f  a 

p l asm i d s ize n ext t o  actual  s eque n c e  an a l ys i s . Howeve r , 

t h i s  i n v e s t i gat i o n  s hows t h at e l e ct rophore t i c  mi grat ion  o f  

e i ther  t h e  CCC DNA or l inear DNA fragmen t s i n  agaro s e  ge l s  

c an p ro duc e  mo l e c u l ar s i ze e s t imat e s  i n  very c l o s e  agreemen t 
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to  t he cont our length  measurement s .  I n  fact , the  s i z e  d i f 

f e r e n c e s  between e a ch o f  t h e  met hods are l e s s  t han t h e s t a n d

a r d  d e v i at i o n  seen fo r  t he cont our l e n gt h  me asurement . 

Be s i de s the  phys i c a l p arame t e r  o f  s i ze for  pBF4 and 

pBF5 , an in vest i gat i on o f  t h e  number o f  cop i e s  o f e a ch 

p l asmi d spe c i e s  per chromo somal equiva l ent reve a l e d  t h at b o t h  

p l a smi ds were o f  l o w copy numbe r .  Th i s  i s  not  an unusual 

f in d i n g  when c omp ared  t o  t he p l asmi d s y s t ems o f  other bac

t er i a  whe re p l a smi ds i n  the  size  r an g e  o f  pBF4 an d pBF5 ar e  

rare l y seen t o  o c cur in  mul t ip l e  cop i e s  p e r  genome e qu i v a 

l en t . ( 2 5 ) . 

I t  was o f  int erest  t o  e l uc i dat e t h e  phy s i ca l  r e l at ion 

ship  b e t we e n  pBF4 an d  pBF5 . Pr ior  t o  t he d i s c overy o f  

s it e  spe c i f i c  re s t r ic t ion en ctonuc l e a s e s  t h i s  r e l at i on sh ip 

wou l d  have been p robe d  w i t h  DNA-DNA hybr i d i z at ion t e chno l o gy 

and e l e c t ron mi c r o scopy of he t e rodup l e x  mo l e cu l e s . However ,  

t he use o f  a bat t ery  o f  r e st r i ct ion endonuc l e a s e s  enab l e s  a 

s im i l ar st udy t o  be p e r fo rme d  with  much l e s s  t ime an d e f fort . 

Wi t h  t h i s  rat i on a l e  in min d , several rest r i c t i on en donuc l e a s e s  

e ach w i t h  d i f f e r e n t  c l e avage s i t es we re u s e d  t o  d i ge s t  t he 

pBF4 an d pBF5 p l asmids . The resul t in g  fragment s were  s e p a 

rat ed on the  b as i s  o f  mo l e cu l a r  s i z e  b y  e l e c t r o p h o r e s i s  i n  

agarose  s l ab ge l s . E ach o f  the fr a gme n t  p at t e r n s  r e s u l t i n g 

f rom e n z y me s  w i t h mul t i p l e  c l e av a g e  s i t e s  l e d  t o  a s i m i l ar 

c on c l u s i on . Usua l l y  a l l  but a s in g l e  f r a gm e n t  o f  pBF4 h a d  

a s i st e r  f r a gme n t of  e q u a l  s i z e i n  t h e  pBF5 di g e s t . Thu s  

i t  appea r s that pBF5 r e s u l t e d  f rom t he i n s er t i on o f  app rox i -
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mat e l y  3 2  Mdal s e quence o f  DNA i n t o  pBF4 o r  t he pos s ib i l i t y  e x 

i s t s  t hat t he paren t a l p l asm i d  i s  pBF5 an d pBF4 i s  t h e  r e su l t  

o f  a 3 2  Mda l de l e t i on o f  pBF5 . The l a t t e r  p o s s i b i l i t y  i s  

t hought t o  b e  un l ike l y  s ince an exami n at ion o f  the  p l asm i d  

c o n t e n t  in t he o r i g in a l  pare n t a l  s t r a i n  V4 7 9  reve a l e d  a 

p l asmi d e qual i n  s i ze t o  pBF4 . Thus , i t  appears t he unusual 

t e t racyc l ine re s i st an t  strain V5 14 i s  the  result  o f  a recomb i 

n at ional  event where a 3 2  Mdal DNA segmen t  encoding t e t ra

c y c l i n e  r e s i s t ance  c ame t o  r e s i de b y  in sert i o n  i n t o  a s in g l e  

s i t e  on t he t ran s f e r ab l e  l in c o s am i de -macro l i de r e s i s t an ce 

p l asmi d pBF4 whi c h  was o r i g in a l l y  foun d  in  V4 7 9  ( Sebal d ' s  

s t r a i n  92 ) .  The o r i gi n  and b i o l o g ic a l  nature o f  t h i s  t e t r a 

c y c l i ne r e s i s t an c e  w i l l  be t aken u p  l a t e r  i n  the  d i s cus s i on . 

The i so l at ion  o f  l in cosamide-macro l i de sen s i t i ve v a r i  

o f  V4 7 9 - 1  an d V5 14 wh i ch had  un dergone s e l e c t ive p l asmi d l o s s  

( cur i n g ) was i n t ended  t o  s t rengthen t h e  asso c i at ion o f  t h e  re 

s i s t ance pheno t yp e s  wi t h  t he p l a sm i d s . The ab i l i t y  t o  i s o l at e  

s t r a i n s  harbor i n g  p l asmid de l e t ions  rather t h an j ust  p l asmid-

l e s s  var i an t s  o f  V47 9 - 1 and V5 14 repre sen t s  a s i gn i f i cant f in d

i n g  i n  t h i s  i nve s t i gat ion . Th i s  d i s cove ry l e ad t o  t h e  a s s o c ia

t i on of  t he l o s s  o f  t he l in cosami de -macrol i de res i s t ance 

phenot ype w i t h  t he loss  o f  a spec i f i c  re s t r i ct i on e n donu c l e as e  

d i ge s t  f ragmen t . The l i ncosamide-macro l i de re s i st ance  gen e  

i n  part  o r  pos s i b l y  i n  who l e  t here fore app e a r s  t o  re s i de on 

t he Hp a I B f ragmen t  o r  EcoRI D f ragment . Th i s  l o c a l i z a t i o n  

o f  t he c l i n ic a l l y  s i gn i f i c an t  r e s i s t an c e  gene wi l l  p e rmit  

future  homo logy studies  be tween t h e  gene  found  i n  V4 79 an d 
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l in c o s am i de-macro l i de re s i st an c e  gen e s  foun d in oth e r  bacter i a .  

Add i t i on a l l y , i f  recomb in an t DNA c l on in g t ec hn o l o gy be come s 

app l i c ab l e  with t he Bact e ro ides  genus , spec i f� c  rest r i c t ion 

e ndonuc l e ase fragment s harbo r in g  a re s i st an c e  gene are now 

ava i l ab l e  for use i n  ve ctor con st ruct ion . 

There are several con c lusions  t o  be drawn from the dat a 

gathered on t he i so l at ion o f  l incosam i de -macrol ide sens i t i ve 

var i ant s ( Tabl e s  12 , 1 3 , and 14 ) .  F i r s t , pBF5 appears 

to be a phys i c a l l y  l e s s  s t able  pl asm i d  than pBF4 s i n c e  

l in c o s ami de-macro l i de sen s i t i ve var i an t s bear� n g  sma l l e r  

p l asmids a r e  more readi l y foun d in t h e  s t ra i n s  harb o r i ng 

pBF5 . Based on t h i s  di f f e rence in  phy s i c a l  st ab i l it y , we 

submit that pBF4 is the  st ab l e  anc est ral p l a smi d and pBF5 i s  

t he result o f  an i n t egrat i on event leaving  pBF5 i n  a " de 

l e t i on pron e "  s t at e . Such a phys i c a l s t a t e  i s  very s imi l ar 

t o  t he de let ion phenomenon asso c i at e d  wi t h  t h e  t et r ac y c l in e  

t ran sposon Tn 10 described by Kle ckner e t  al ( 5 1 ) . When 

Tn 10  is inserted  into a genome , i t  can often  resu l t  in de

l e t i on s  borde r in g e i t he r  s i de o f  t h e  in sert i o n  s i t e . Al 

t h ough t h e t e t r a c y c l i n e  r e s i s t an c e  i n s e rt i on d e s c r i b e d  i n  

t h i s  inve s t i gat ion h a s  not been demonstrat e d  t o  behave a s  

a t ran sp o s ab l e e l emen t ,  t h e  h i gh percen t age o f  de l e t i o n  

format ion a s so c i at e d  with its p re sen c e  in pBF5 i s  sugge s t ive 

�hat i t  may be such a genet i c  e l ement . 

Et h i d i um bromi de i n i t i a l l y  was ut i l ized  s i n c e  i t  h a s  

been emp l oyed  in t h e  past  as a p l a smi d  " cu r in g agent " . How� 

ever , in t h i s  inve st i g a t ion , t h i s  c ompoun d di d not s i gn i f i -



1 2 7  

c an t l y  increase the  number o f  l in c osam i de -macro l i de sen s i t ive 

der i va t ives i so l at e d . I n s t ead , the  i s o l at i o n  o f  t he drug 

s e n s i t i v e  c lones appears t o  be a fun ct i on of whether o r  nor 

a s e l e c t i on for resi s t an c e  gen e s  was  ma in t a i n e d . Sub

c u l t u r e s  m a d e  over a l on g  per i o d  o f  t ime i n  t he abs e n c e  o f  

l in c o s amide-macro l i de ant ib i o t i c s  were foun d  t o  cont a i n  

n umerous drug sen s i t i ve c lones  as t h e  result o f  spont aneous 

de l e t i on o f  the l incos amide -macrol ide res i st ance gene . 

The de let ions appe a r  t o  be heterogenous i n  s iz e  a l t hough 

several  i n de p e n d ent l y  i so l at e d  drug s en s i t i ve var i an t s appear 

t o  have p l asmi ds very s imi l ar in  s ize ( V6 9 1 , V69 5 an d V6 98 ) . 

Whe t her or not these  are chan ce i s o l at e s  o r  represen t at i ve 

of a sp e cif i c  c l as s  of de l e t ions c annot be an swered  unt i l  

many more i n dependent drug s e n s i t i ve var i an t s are i s o l at e d . 

A d d i tio n a l l y , a t horough res t r i ct i on endonuc l e ase f r a gmen t  

an a l y s i s  comb in e d  w i t h  het erodup lex s t u d i e s  wou l d  be requ i r e d  

t o  mea sure t h e  l en gt h  and p o i n t s o f  de l e t ion . 

T h e  ac cumu l at e d  r e s t r i c t i on en donu c l e a s e  f ragmen t  dat a 

presented  in Tabl e s  1 5 , 16 , 1 7  an d 1 8  repre s en t s  the  f i r s t  

st ructural  an alys i s  of  any  B a c t e ro i de s  R p l asmids . The 

obj e c t  i n this p ort i on o f t he st udy was t o  gen erat e a r e 

s t r i c t i o n  e n d o n u c l e a s e  fragment map wh ich wou l d  b e  emp l oyed  

i n  f u t u r e  g en e t i c s t u d i e s  o f  pBF4 med i a t e d  phenotyp e s  ( e . g . ,  

t r an s f e r , p l a smi d incomp at ab i l i t y , e t c . ) .  A c i rcul a r  Hpa I 

f r a g me n t  map w a s  con s t ru c t e d  ( Fi gure 10 ) a s  w a s  a part i a l  

EcoRI  f r a gme n t  map ( F i gu r e 1 1 ) . At t empt s  t o  c i rcul a r i ze 

t h e  EcoRI  f r a gme n t  m a p  b y  p e rform i n g doub l e  H p a  I an d E c o R I  
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d i ge st s were unsuc c e s s ful . The largest  Hpa I fragment ( A ) 

and EcoRI  f ragmen t  ( A )  c l o s e l y  over l ap one an o t h e r . Th i s  

preven t s  a d i scernab l e  o rde r i n g  o f  t he sm a l l e r  Hp a I an d 

EcoRI  fragment s s i n c e  the  doub l e  d i ge st f ragment s are al l 

w i t h in a n arrow s i z e  ran ge . Another prob l em w i t h  t he 

doubl e  Hp a I and EcoRI  digest s i s  t h at d i ge s t i on to  com

p l et ion has not been observed . The occurrence o f  p art i a l  di� 

gest  f ragme n t s  have  provi ded an  add i t i onal source  o f  con 

fus i on . 

The fragmen t  an alys i s  has permi t t e d  t h e  local i zat i o n  

o f  some port ion of  the l in c o s amide-macrol ide r e s ist an c e  

g e n e  t o  an are a  st art ing  f rom t h e  le f t  hand Ava I s i t e  t o  

t h e  r i ght han d  EcoRI  s i t e  o f  fragment D .  ( Se e  F i gure 1 1 ) . 

Th i s  repres ent s t he d i s t an c e  o f  the de l e t ion found t o  o c cur 

wit h pBF4 � LM-2 . Th i s  l o c al i zat ion amount s  to  approx imat e l y  

2 . 0  Mda l o f  DNA an d t he i so l at i on o f  addi t io n a l  sma l l e r  

d e l e t i on derivat ives may y i e l d  a more accurat e mapp in g . 

The act ive de l e t ion phenomenon assoc i at e d  with  t h e  pBF5 

p l asmi d and its 32  Mdal t et racycl i n e  re s i s t an c e  in sert i o n  has 

a n o t her t r an s p o s on - l i k e  a s p e c t  wh i c h  i s  app ar e n t  i n  t h e  

c ompari son o f  pBF4 an d pBF5 E c o R I  di gest  fragment s. From t he 

s i ze an al ys i s  o f  f ragment  A o f  pBF4 an d A '  an d A"  o f  pBF5 ,  

i t  i s  not c l ear i f  fragmen t  A '  or  A "  o f  pBF5 i s  t he s i z e  

equ i val ent o f  A f o r  pBF4 . There i s  n o  bas i s  f o r  con c l ud i n g 

t hat e i ther A '  or A "  fragmen t  i s  fragment  A .  I f  one a s sumes 

t h at they  do  n ot repre sent  fragment A ,  there  a re t wo s c e n ar i o s  

f o r  t h e  g e n e r at i on o f  pBF5 . pBF5 may have r e s u l t e d  f r om t wo 



separat e i n sert i on event s s i n ce both EcoRI f r a gmen t s  A and 

D o f  pBF4 are mi s s i n g  i n  EcoRI d i ge s t s o f  pBF5 . On t h e  
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o t h e r  h an d , t he l o s s  o f  the t wo E c o R I  f r a gme n t s may h ave been 

t he result  o f  an insert i on very c l o s e  t o  t he EcoRI  s i t e  b e 

tween f r a gmen t s  A a n d  D .  At the  t ime o f  the in sert ion , 

a smal l de l e t i on span n i n g  t hat EcoRI s i t e  may have occurred 

r e su l t i n g  in  t he loss  o f  f ragmen t s  A an d D .  The Hind I I I  

dat a sugge s t s  the  l at t er poss ib i l it y  s in ce on l y  a s in g l e  

H i n d  I I I  fr agmen t  ( 3 . 1 Mdal ) o f  pBF4 i s  m i s s i n g  in  t h e  pBF5 

H i n d  I I I  d i ge s t . De l e t ions  wh i ch occur upon insert ion o f  

a t ran sposon have been docume n t e d  ( 5 1 , 54 ) . Het erodup l e x  

anal y s i s  o f  pBF4 an d pBF5 m a y  d i f ferent i a t e  wh i ch o f  t h e  

t wo event s occurre d .  Howeve r , the  re l at i ve l y  l arge s i ze 

of  t he p l asmi d mol e cul e s  i n vo l ve d  make het e rodup l e x  an a l y s i s  

a d i f f i cu l t  t e chn i que t o  app l y  i n  t h i s  i n s t an c e . 

S in c e  t h i s  inve s t i gat ion rep r e s en t s  t h e  i n i t i al de s c r i p 

t ion o f  p l asmi d phenotypes  f o r  t he i n t e s t i n a l  Bac t e ro i de s  

group , i t  was l o g i ca l t o  invest i gate  t h e  regu l at ion o f  

t he s e  n ewl y d i scovered pheno t yp e s . I n  add i t i o n  t o  t h i s  

r at i o n a l e , t h e  r e gu l a t i o n  o f  an t ib i o t i c  r e s i s t an c e  g e n e s  

has b e e n  t he f ocus o f  nume rous i n t e r e s t i n g  s t ud i e s . I n  

p art i cu l ar there  i s  ve ry good evi de n c e  f o r  t wo d i f f e r e n t  

k i n ds o f  regu l at ion for  the  l i n co s ami de -macro l i de r e s i s

t an c e  gen es foun d i n  st aphy l o c o c c i  an d st rep t o co c c i ( 1 12 ) The 

con s t i t ut ive - t ype e xp re s s i on wh ich i s  c ommon f o r  ma n y  o f  

an t i b i ot i c re s i s t an ce g e n e s  i s  demon s t r ab l e  fo r s ome o f  t h e 

l i n c o s am i de -ma cro l i d e  r e s i st an c e  g e n e s .  The s e c o n d  ob served  
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cur ious . Be s id e s  act ing as  j ust an i n duc e r  for  a h i gher  

l eve l o f  eryt hromy c i n  re s i s t an c e , erythromyc i n  act s as an  

i n ducer  o f  a h i ghe r level  o f  r e s i st ance  e xpres s i on f o r  

l in c o s amide drugs as we l l .  On the other  hand , no l in c o s a

mide ant ib i o t i c  wi l l  demon s t r at e  i n duc i n g  behavio r . W i t h  

a l l  t h i s  in m i n d  exper imen t s  p a t t e r n e d  on pub l i s hed prot o 

c o l s  used t o  study l incosami de -macro l i de re s i st ance ex

p re s s i on in st rept ococc i were carr i e d  out with s t r a i n s  

harbo r i n g  pBF4 ( 1 12 ) . 
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T h e  resu l t s  repre sented i n  F i gure 12  sugge st  t h a t  a t  

l east  macro l i de res i s t an c e  i s  cons t itut ive l y  e xpre s s e d  i n  

s t r a i n s harbor i n g  pBF4 . .  The apparent growt h rat e o f b r o t h  

cul t ur e s  remain s un chan ged when chal l enged w i t h  h i gh c on c e n 

t rat i o n s  o f  eryt hromy c i n  whe t her o r  not  t he y  have b e e n  p re 

e xp o s e d  t o  sub in h ib i t ory con centrat i o n s  o f  eryt hromy c i n . 

I n  order t o  st udy t he exp re s s ion o f  t e t racyc l in e  r es i s 

t an c e , t he best  de s i gn e d  e xp e r iment s re l ie d  on  t h e  i so l at i o n  

o f  t he st rains  l i st e d  on Tab l e  19 . From the  b e g i nn i n g  o f  

t h i s  inve s t i g at i o n  t h e  n at ure or  e x i s t an ce of  a t e t r a-

c yc l i n e  r e s i s t an c e  de t e rminant  i n  the  V4 7 9- 1 b ackgroun d was 

que s t i on e d . F i r s t , a p l a smi d l e s s  vari ant o f  V4 79 -1 was 

sought s in ce t h i s  wo u l d permit s tudy o f  t h e  n ature  o f  

t e t rac y c l ine r e s i s t an c e  e n c o d e d  by t he chromos ome . D i f 

f er e n t d e l e t i on de r i vat ives  o f  pBF5 wer e s ought t o  perm i t  

t he l o c a l i z at ion  o f  t he p l a smid -me d i at e d  t ran s ferab l e  

re s i s t an c e . 
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The growth  beh�vior  experimen t s  proved t o  be t e l l in g  

f o r  V4 7 9 - 1 , i t s  p l asmi d l e s s  var i an t V59 9  an d V514 . CUl 

t u r e s  o f V4 7 9 - 1  an d V 5 9 9  pre -expos e d t o  sub inh ib i tory con 

cent rat i o n s  o f  t e t r acyc l in e  cont i nue t o  grow when chal lenge d  

w i t h  a n  i n h i b i t o ry concent rat i on o f  t et racycl i n e . However , 

c u l t ur e s  o f  V4 79-1  an d V5 9 9  not pre -grown in t he pre sence 

of  t et racyc l ine demon st rat e  a comp l e t e l y  d i f f e ren t growt h 

behavior when chal l en ge d  with 5 � g/ml o f  t et racyc l i n e  ( Fi g

ure 1 3 ) . The re i s  an in i t i al l ag in the  inhib i t o ry e f fort  

of  t et racyc l ine  whi ch i s  f o l l owed by a two hou r  perio d  whe r e  

t he app arent growth r at e  i s  e s sent i a l l y  zero . After  t he 

t wo t o  t hree hour l a g  i n  growth , the  cul t ure s begin t o  show 

a l o g  pha s e growth  beh av i or sugge s t in g  a de -repre s s ion o f  

a t e t r a c y c l i n e  res i s t an c e  gen e . Th i s  i n duc ib l e  tet racyc l i n e  

r e s i s t an c e gene mus t  be locat e d  o n  t he chromos ome o f  V4 7 9- 1 

s i n c e t h e  p l a smi d  l e s s  V5 9 9 var i ant d i sp l ay s  t h e  s ame be

h a v i o r . T h e  s i t uat ion for  V514 i s  qui t e  di f f e rent s i n c e  

t he pre -exposure t o  t e t r acyc l in e  appears t o make l i t t l e  

d i f f e r e n c e  i n  i t s  growt h behavior when chal l en ged wi t h  

5 � g /ml o f  t e t racyc l in e . Hen ce , t he t e t r ac y cl in e  re s i s t an c e  

p he n ot yp e f o r  V5 14 app e a r s  t o  be con st itut ive l y  expre s s e d . 

The resu l t s  for  t e t racy c l i n e r e s i st an ce e xpr e s s i on 

u s in g  t he e f f i ci en c y o f  p l at in g  approach were foun d t o  be 

con s i s t an t  wi t h  the g rowt h behavior  experiment s .  The 

e f f i c i en cy of p l at i n g t echn i que was emp l oye d s in c e  i t  

e n ab l e d  t he s t udy o f  a l ar ge number o f  st ra i n s  i n  a s in g l e  

exp e r iment . T h e  re sul t s  shown in Tab l e  1 9  demon s t rat e t hat 
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t h e  V4 7 9 - 1  chromosome encode s  a t e t racycl i n e - i n duc i b l e  t et ra

cyc l ine  r e s i s t an ce of  1 0  p g/ml . The V514 ge n e t i c  backgroun d 

p o s s e s s e s  a qual i t at i ve l y  d i f ferent t e t racyc l i n e  r es i s t an c e  

phenot ype where t h� re i s  a con st i t ut ively exp r e ssed r e s i s 

t ance t o  2 0  p g /ml o f  t e t racyc l ine . Th i s  part i cu l ar r e s i s 

t an c e  gene appears t o  b e  l oc at e d  o n  t he pBF5 p l a smi d s in c e  

a l arge de let ion re sul t s  in  a l o s s  o f  t h i s  phenot ype . In 

addit i on , the  const i t ut ive t e t racyc l ine  re s i s t an c e  pheno 

t ype i s  co - t r an s ferred with pBF5 t o  t he V52 8  genet i c  b ack

groun d ( s t r a in V6 0 1 ) .  

The o r i g in o f  t he con s t itut ive tet racyc l in e  r e s i s t an c e  

gene o n  pBF5 i s  specu l at ive . I t  cou l d  be t o t a l l y  non -homo

l o gous t o  t he chromo s oma l l y  born gene an d c ou l d  have o r i g i 

n at e d  from a c omp l e t e l y  d i f ferent sourc e . Perhap s i t  

represen t s  a t ran sposed gen e  from an a n  an c e s t ral  p l a sm i d  

o r  bact e r i ophage . On t h e  other hand , the  gene may repr e s e n t  

a case  whe re the  V4 79 - 1 c hromosome and pBF4 p l asm i d  u n de r

wen t a re comb inat ion a l  event . The chromosomal i n duc i b l e  

gene may have been p i cked u p  b y  t h e  pBF4 p l asmi d  an d i n  t h e  

reconlb i n at ion a l  pro c e s s  t he repre s sor b in d i n g  s i t e  l o s t  

resul t i n g  i n  a n ew con s t i t ut ive t e t racycl i n e  r e s i s t an c e  

phenotype . 

The inab i l i t y  t o  reproduce t h e  resul t s  on  i n duc i b i l i t y  

o f  t et racy c l i n e  re s i st ance t ran s f e r  fis i n g  V4 7 9 - 1  t h a t  S eba l d  

h a d  ob served f o r  s t r a in 92 sugge st s t hat st r a i n  9 2  m a y  be 

a mixed popu l at i on o f c e l l s  w i t h  di f fer i n g  p l a sm i d  b a ckgroun ds . 
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The i n duc ib i l it y  phen omenon s he obs e rve d may have b e en a s e 

l e c t ion for ce l l s  harbo r i n g  a pBF5 - l ike backgroun d . Add i t i on al 

con fus i on i s  int roduced when one con s i de rs t h at she report s 

t hat t h e  t ran s f er ab l e  in duc ib l e -tet racycl i n e  r e s i st an c e  pheno 

t yp e  i s  assoc i at e d  wi th a 1 7  Mdal p l asmi d i n  s t rain 9 2 . How

ever , t h i s  p l asmi d spe c i e s  was i dent i f i e d  in a derivat ive 

of s t r a i n  92 whi ch had been " cure d "  o f  l in co s amide-macro -

l i de r e s i s t ance . A p l asmi d o f  t h i s  s iz e  c ou l d  eas i l y  be 

at t r ibut e d  t o  a de l et i on of pBF4 . They ident i fy the  1 7  Mdal 

p l asmi d spe c i e s  on l y  in  t h e  donor ce l l s  o f  t et racyc l i n e  re 

s i st ance  an d d o  n o t  demon st rate t h i s  p l asmi d i n  any t et ra

cyc l i n e  re s i s t an t  progeny . We have not obs e rved a 17 Mdal 

p l asmi d spe c i e s  in  any of our t et racyc l ine re s i st an t  progeny . 

I n  c on c l u s i on , p l asmi d-medi at ed t ran s ferab l e  l in c o s a 

m i d e -ma c r o l i de re s i st an c e  h a s  b e en demon st rat e d in t h e  

ob l i ga t e  anaerob i c  opportun i s t i c  p at hogen , Bac t e ro i de s  

frag i l i s  V4 79- 1 . I n  addit i on , t wo d i f f erent  t et racyc l in e  

res i s t ance  phen o t yp e s  have been observe d . On e i s  l o c at e d  

o n  t he chromosome o f  V4 79-1  an d t h e  other i s  l ocated on 

t he t ran s ferab l e  l in c o s amide-macro l i de r e s i s t ance p l asmi d 

pBF5 . The t ran s ferab l e  l i ncosami de -macro l i de res i s t an c e  

p l asmi d  p BF4 h a s  b e e n  an alyzed st ructural l y  us i n g t he r e 

s t r i c t ion en donuc l e a s e s  EcoRI , Ava I ,  Kpn I an d Hp a I .  From 

the re s t r i c t i on en donuc l e ase fragment an aly s i s , t he c l i n 

i ca l l y  s i gn i f i cant c l in damycin  res i s t an c e  gene  has b e e n  

l o c a l i zed t o  a 2 . 0  Mda l rest r ic t i on en donuc l e ase fragment . 

Of adde d s i gn i f i c an ce , t h i s  inves t i gat ion h a s  l a i d  t h e � 



n e c e s s ary groun dwork for fut ure genet i c  s t u d i e s  o f  Bac 

t ero i de s . Be cause o f  t h i s  research , i t  i s  n ow po s s ib l e 

1.34 

t o  c arry out exp e r iment s  on t he t ran s fe r  o f  c h romo s omal 

gen e s , studie s  on p l a smid repl i c at i on an d the t ranspo sable 

n ature o f  genet i c  det ermin ant s in  an obl i gate an aerob i c  

b act eri um . 
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