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CHAPTER 1

G eneral In tro d u c tio n

• I  w rote and p r in te d  a book in  which I  d isc u ss  th i s  d o c tr in e  

and adduce arguments o f g re a t cogency in  i t s  fav o u r, w ithou t p re se n tin g  

any s o lu t io n  o f th e se ; and fo r  th i s  cause I  have been pronounced by th e  

Holy O ffice  to  be vehem ently su sp ec ted  o f H eresy . . .

The C onfession o f G a lileo  G a l i le i  to  C ard in a l B e lla rm in e .

1.1 In tro d u c tio n

B a c te r ia l  co n ju g atio n  i s  a  p ro cess  o f  p lasm id-m ediated  DNA t r a n s f e r  

re q u ir in g  th e  form ation  o f s p e c i f ic  p h y s ic a l c o n ta c t between the  

p a r t i c ip a t in g  donor and r e c ip ie n t  c e l l s .  In  view o f  i t s  e a r ly  d isco v ery  

(L ederberg  and Tatum, 1946a,b) and th e  q u a n ti ty  o f l i t e r a t u r e  devoted to  

th i s  s u b je c t ( f o r  re c e n t review  a r t i c l e s  see  C lark  and W arren, 1979;

Manning and Achtman, 1979» W il le t ts  and S k u rray , 1980) i t  i s  p a ra d o x ica l 

th a t  many a sp e c ts  o f co n ju g a tio n  rem ain o b scu re . This d e fic ie n c y  in  our 

knowledge i s  a t t r ib u ta b le  p a r t ly  to  the  sh e e r  number o f d i f f e r e n t  

co n ju g atio n  system s which appear to  e x is t  in  n a tu re .  C onjugative p lasm ids, 

i s o la te d  from G ram -negative b a c te r i a l  sp e c ie s  a lo n e , so f a r  com prise more 

than  20 d i s t i n c t  in c o m p a tib il i ty  groups (D a tta , 1979). S ince  co n ju g a tio n  

re q u ire s  the  a c t i v i t i e s  o f many plasm id-encoded t r a n s f e r  gene p ro d u c ts , and 

members o f d i f f e r e n t  plasm id in c o m p a tib i l i ty  groups u s u a lly  sh a re  l i t t l e  

DNA homology, as evidenced by bo th  DNA-DNA h y b r id is a t io n  experim ents and 

he te ro d u p lex  a n a ly s is  (G uerry and Falkow, 1971; G rind ley  e t  a l . , 1973; 

Falkow e t  a l . , 1974; Anderson e t  a l . , 1975; R oussel and C habbert, 1978; 

G orai e t  a l . ,  1979), as many g e n e t ic a l ly  d i s t i n c t  co n ju g a tio n  system s may



e x i s t  as th e re  a re  in c o m p a tib il i ty  groups (Achtman and S kurray , 1977).

In  c o n tr a s t  to  th i s  d iv e r s i ty ,  however, most s tu d ie s  concern ing  co n ju g a tio n  

have invo lved  th e  a rc h e ty p a l plasm id F (In cF I; D a tta , 1979)* O ther 

c o n ju g a tiv e  p lasm ids have y e t to  be in v e s t ig a te d  in  such d e t a i l ,  and so our 

u n d e rs tan d in g  o f th e se  t r a n s fe r  system s has proceeded la rg e ly  by analogy 

w ith  F . O bviously , t h i s  im balance must be re d re sse d  b e fo re  a t r u ly  

g e n e ra lis e d  model o f  b a c te r ia l  co n ju g a tio n  can be c o n s tru c te d .

This th e s is  in v o lv es  s tu d ie s  on th e  r o le  o f a  p lasm id-encoded DNA 

prim ase enzyme d u ring  co n ju g a tiv e  t r a n s f e r  o f th e  a rc h e ty p a l In c Ia  (=

In c l^ ;  Coetzee e t  a l . , 1982) p lasm id C olIb-P 9, and examines the  

im p lic a tio n s  o f th e  mode o f a c tio n  o f  th i s  p ro te in  on e x is t in g  models o f 

I n c ia  plasm id t r a n s f e r .  This in tro d u c to ry  c h ap te r w i l l  th e re fo re  d e sc r ib e  

what i s  known about th e  b io logy  o f th i s  p lasm id  and i t s  co n ju g a tio n  system  

b e fo re  co n sid e rin g  th e  metabolism  o f  plasm id DNA during  t r a n s f e r .  In  o rd e r 

to  p la c e  the  p h y s io lo g ic a l r o le  o f th e  plasm id-encoded DNA prim ase in  i t s  

c o r r e c t  c o n te x t, i t  w i l l  s ls o  be n ecessa ry  to  in c lu d e  a c o n s id e ra tio n  o f 

o th e r  p rim er-g en e ra tin g  enzymes, and a rev iew  o f  p ro k a ry o tic  DNA r e p l ic a t io n ,

1 .2  An overview  o f th e  a rc h e ty p a l In c ia  plasm id ColIb-P9

Many s t r a in s  o f th e  E n te ro b a c te r ia ce ae  su p p o rt th e  p ro d u c tio n  of 

b a c te r ic id a l  p ro te in s  c a l le d  c o l ic in s ,  and a la rg e  range o f b io ch em ica lly  

d i s t i n c t  c o l ic in s  has been id e n t i f i e d  ( f o r  a review  see  Hardy, 1975)* The 

e x is te n c e  o f the  c o lic in o g e n ic  f a c to r  CoHb-P9 was f i r s t  re p o r te d  by 

F re d e ric q  in  1954, b u t a  decade passed  b e fo re  i t  was f u l ly  r e a l i s e d  (Monk 

and Clowes, 1964b) th a t  the  g e n e tic  f a c to r s  sp e c ify in g  th e se  p ro te in s  were 

autonomous plasm id m olecu les, com prised o f  d o u b le -s tran d ed  c o v a le n tly  

c lo sed  c i r c u la r  (CGC) DNA. Follow ing i t s  d isco v ery  in  S h ig e lla  so n n ei P9



(F re d e r ic q , 195^)» i t  was dem onstrated  th a t  C olIb-P9 could  promote i t s  own 

t r a n s f e r ,  and hence a lso  a b i l i t y  to  produce c o l i c in ,  between s t r a i n s  o f 

E sc h e rich ia  c o l i  K-12 (Clowes, 1961) and Salm onella  typhimurium LT2 

(Ozeki and Howarth, 196I ) .  Taking advantage o f  th i s  p ro p e rty . S i lv e r  and 

Ozeki ( 1962) estim ated  th e  s iz e  o f  th i s  c o l ic in  f a c to r  to  be about 60 k i lo -

Fl4 1bases (Kb) o f DNA, by th e  measurement o f th e  amount o f  [ Cj-thymidine- 

la b e l le d  DNA tra n s fe r re d  from c o lic in o g e n ic  donor c e l l s .  However, i s o la t io n  

o f p u r i f ie d  ColIb-P9 DNA by sed im en ta tio n  in  n e u tr a l  su c ro se  d e n s ity  

g ra d ie n ts  (C lew ell and H e lin sk i, 1970) le d  to  th e  more a c c u ra te  e s tim a te  

o f a m olecular w eight (XW) o f about 6 l.5x10^ (abou t 93 Kb). This v a lu e  i s  

in  agreem ent w ith  e s tim a te s  drawn from th e  s iz e s  o f  r e s t r i c t i o n  endo

n u c lea se -g en e ra ted  fragm ents o f C olIb-P9 DNA. Uremura and Mizobuchi 

( 1982a) p laced  th e  m olecular w eight o f CoUb-P9 a t  between 56.3x10^ (from 

d ig e s t io n  w ith  Hindl l l  and S a i l ) and 58.7x10^ (Hind l l l ) , w hile W alia e t  a l . , 

( 1982) re p o rte d  v a lu es  between 60.1x10^ (Hind l l l )  and 63.8x10^ ( Xhol) .  

Although Skorupska e t  a l .  (1979) d e sc rib ed  e s s e n t ia l ly  id e n t ic a l  MW v a lu es  

fo r  C olIb-P9, a lso  c a lc u la te d  from r e s t r i c t i o n  enzyme a n a ly s is ,  t h e i r  

Hind l l l  d ig e s t  d if f e r e d  co n sid e rab ly  from th a t  re p o rte d  by both  Uremura and 

Mizobuchi (1982a) and W alia e t  a l .  ( 1982) .  As w ith  most la rg e  b a c te r i a l  

p lasm id s, C olIb-P9 i s  p re se n t as one o r a t  most a  few co p ies p e r c e l l  

(C lew ell and H e lin sk i , 1970; Isaac so n  and Konisky, 1974a).

C olIb-P9 sh a res  membership o f  th e  l a  in c o m p a tib i l i ty  group w ith  th e  

c lo se ly  r e la te d  co n ju g a tiv e  p lasm ids R64 and Rl44 (Hedges and D a tta ,

1973) .  O ther members o f th e  l a  in c o m p a tib i l i ty  group have been id e n t i f i e d ,  

such as R483 and R648 (Hedges and D a tta , 1973), b u t a re  no t as w ell 

c h a ra c te r is e d  as th e  a fo re-m en tioned  examples, and th e re fo re  w i l l  n o t be 

considered  in  d e t a i l  h e re . Comparison o f r e s t r i c t i o n  endonuclease-



g e n e ra te d  d ig e s ts  (C habbert e t  a l . ,  1978) and DNA-DNA re a s s o c ia t io n  

experim ents (G uerry and Falkow, 1971; Falkow e t  a l . , 1974) have re v e a le d  

th a t  l a  plasm ids sh a re  a  c o n s id e ra b le  degree o f homology. Falkow _et a l . 

( 1974) estim ated  th a t  ColIb-P9 and R64 were 8 l .4  and 7 ^  homologous 

re s p e c t iv e ly  w ith  R l44, and a sc rib e d  th i s  h igh  le v e l  o f hom ogeneity to  

p h y lo g en e tic  re la te d n e s s  between genes re sp o n s ib le  fo r  p i lu s  b io sy n th e s is  

and t r a n s f e r  fu n c tio n s . Furtherm ore, Lehrbach and Broda (1984) have 

r e c e n t ly  examined th e  r e la t io n s h ip s  between v a rio u s  c o lic in -p ro d u c in g  

p lasm ids and dem onstrated th a t  C olIb-P9 sh a re s  between 44 and 51 Kb o f  DNA 

in  common w ith  th e  l a  plasm id ColIa-CA53« These au th o rs  propose a  common 

o r ig in  fo r  th ese  two p lasm id s, b u t the  la c k  o f  common r e s t r i c t i o n  endo

n u c lea se  fragm ents p o in ts  to  ex ten s iv e  e v o lu tio n a ry  d ivergence  as w e ll .

Thus, i t  seems j u s t i f i e d  to  a l lu d e  to  a sp e c ts  o f  Rl44 and R64-m ediated 

t r a n s f e r  throughout th i s  th e s i s ,  s in c e  th e  co n ju g atio n  system s o f th e se  

p lasm ids a re  co n sidered  to  be e s s e n t ia l ly  s im ila r  to  th a t  o f C o lIb -P 9 . 

However, i t  must be noted  th a t  R l44, and i t s  d e rep ressed  d e r iv a t iv e  Rl44 

d rd -3 , a re  incom patib le  w ith  th e  I 7 p lasm id  R621a (B ird  and P i t t a r d ,  1982) .

I t  may th e re fo re  be th e  case  th a t  Rl44 p o ssesses  two d i s t i n c t  in c o m p a tib i l i ty  

l o c i ,  and hence cannot be considered  as a  ty p ic a l  In c ia  p lasm id . This 

o b se rv a tio n  em phasises th e  p o te n t ia l  shortcom ings o f c la s s i f y in g  p lasm ids 

on th e  b a s is  o f in c o m p a tib i l i ty  in te r a c t io n s  a lo n e .

The above members o f  th e  l a  group o f p lasm ids appear to  have a 

f a i r l y  r e s t r i c t i v e  h o s t ran g e , l im ite d  to  sp e c ie s  o f E s c h e r ic h ia ,

S a lm o n e lla , S h ig e lla  and K le b s ie l la  (D a tta  and Hedges, 1972; Jacob e t  a l . ,

1977) ,  and th i s  p ro p e rty  i s  ap p a ren tly  sh ared  by n a tu r a l ly  o c cu rrin g  

p lasm ids which a re  incom patib le  w ith  members o f th i s  group (G ran t e t  a l . ,  

1980) .  D e riv a tiv e s  o f C olIb-P9 c a rry in g  a n t ib io t i c  r e s is ta n c e  genes have 

a lso  been i s o la te d  from pathogen ic  organism s (Anderson and Sm ith , 1972;

S.K . W alia, in :  W alia e t  a l . , 1982; Hughes and D a tta , 1983)*



As suggested  by th e  a b i l i t y  to  t r a n s f e r  c o l ic in  p ro d u c tio n  between 

b a c te r ia ,  C olIb-P9 i s  a co n ju g a tiv e  p la sm id , capab le  o f  prom oting th e  

t r a n s f e r  o f  i t s  DNA to  p la sm id -fre e  r e c ip ie n t  c e l l s .  A lthough th is  

p ro p e rty  i s  considered  in  g re a te r  d e t a i l  in  s e c t io n  1 .7  o f  th i s  c h a p te r , 

i t  i s  im portan t to  n o te  a t  th i s  s ta g e  th a t  much o f  th e  experim en tal work 

perform ed on co n ju g atio n  m ediated by C olIb-P9 has made use  o f d e rep ressed  

( d rd ) m utants o f th i s  p lasm id , which t r a n s f e r  a t  a  h ig h e r frequency than  the  

w ild -ty p e  p lasm id . The t r a n s f e r  system  o f  C olIb-P9 i s  norm ally  re p re s se d , 

so th a t  on ly  a  sm all p ro p o r tio n  o f  a p o p u la tio n  o f  c o lic in o g e n ic  c e l l s  a re  

i n i t i a l l y  competent donors (Ozeki and Howarth, 1971; Monk and Clowes,

1964a). The drd m utation  removes th i s  r e p re s s io n ,  ap p a ren tly  a llow ing  a 

c o n s t i tu t iv e  mode o f t r a n s f e r  to  o p e ra te  (M eynell and D a tta , 1967; Ohki 

and O zeki, I 968; Edward and M eynell, 1968) .  The p ro p e r t ie s  o f drd m utants 

w i l l  be considered  in  g re a te r  d e t a i l  in  s e c t io n  1 . 7 #

Although b a c te r i a l  p lasm ids e x is t  a s  independent autonomous re p l ic o n s , 

i t  appears to  be a  g en e ra l p ro p e r ty  o f th e se  m olecules to  in te g r a te  in to  

the  h o s t chromosome. In  th i s  in te g ra te d  o r H fr ( f o r  h igh  frequency o f 

recom bination) s t a t e  the  c o n ju g a tiv e  p lasm ids F , R100, ColV2, R6K and RP1 

a re  a b le  to  trs in s fe r  chromosomal DNA to  r e c ip ie n t  c e l l s  a t  a h ig h  frequency 

(B in d er, 1960a and b; Moody and Range, 1972; N ishim ura e t  a l . , 1973)# In  

con tre ist however, th e  t r a n s f e r  o f  chromosomal m arkers d u ring  C olIb-P 9-  

m ediated co n ju g a tio n  was found to  occur a t  on ly  a low frequency o f  about 

10 ^ to  10 ^ per donor (Ozeki and S to c k e r, 1961) ,  and Clowes and Moody 

( 1966) d e tec te d  no such t r a n s f e r  u s in g  re c o m b in a tio n -d e f ic ie n t donors.

The in te g ra t io n  o f a t ra n s m is s ib le  plasm id in to  i t s  h o s t chromosome can 

a lso  le a d  to  su p p ress io n  o f te m p e ra tu re -s e n s it iv e  dnaA m utations th a t  a f f e c t  

i n i t i a t i o n  o f chromosomal r e p l ic a t io n  a t  th e  r e p l ic a t io n  o r ig in  oriC  (Marsh 

and W orcel, 1977), by i n i t i a t i o n  in s te a d  a t  th e  in te g ra te d  plasm id



r e p l ic a t io n  o r ig in  (N ishim ura e t  a l . ,  1971). Moody and Runge (1972) were 

unable  to  dem onstrate  th e  in te g ra t io n  o f any o f  th e  l a  p lasm ids C o llb - 

P9 d rd -1 , R64drd-11 and R l44drd-3 in to  th e  h o s t chromosome by th i s  c r i t e r io n ,  

b u t D atta  and B arth  (1976) were a b le  to  dem onstrate  th a t  Rl44 and the  a ty p ic a l  

l a  plasm id R483 could  su ppress  th e  DnaA phenotype by an u n s ta b le  recom bin- 

a t io n a l  event a p p a re n tly  re q u ir in g  th e  recA* gene p ro d u c t. Thus i t  appears 

th a t  C olIb-P9 can form only  an u n s ta b le  c o in te g ra te  w ith  th e  chromosome in  

c o n tr a s t  to  th e  behav iour o f most o th e r  c o n ju g a tiv e  p lasm id s.

C olIb-P9 has a  number o f  o th e r  in te r e s t in g  fe a tu re s  b e s id e s  i t s  

co n ju g a tiv e  a b i l i t y  and th e  p ro d u c tio n  o f ,  and immunity to ,  c o l ic in  Ib -P 9 .

The plasm id i s  a lso  a b le  to  co n fe r a  l im ite d  r e s is ta n c e  to  u l t r a v i o l e t  

(UV) l i g h t  and to  i n h i b i t  the  growth o f th e  b ac te rio p h ag es  BF23 and T5 

(Howsurth, 1963; S tro b e l  and Nomura, 1966; N isioka  and O zeki, 1968). S ince 

th e se  phenomena a re  n o t c e n tr a l  to  th i s  th e s i s ,  c o n s id e ra tio n  o f th e se  

sispects w il l  be k e p t b r i e f .

The c o l ic in  Ib-P9 p ro te in  i s  a b a c te r io c id a l  m olecule o f  about 80,000  

MW, and shows a n tig e n ic  re la te d n e s s  to  an o th er c o l ic in  o f a p p a re n tly  

id e n t ic a l  s iz e ,  Ia-CA33 (Konisky and Cowell, 1972), a lthough  th e  immunity 

system s o f the  r e s p e c tiv e  plasm ids ColIb-P9 and ColIa-CA53 a re  a b le  to 

d is t in g u is h  between th e  two p ro te in s  (S to ck e r, 1966) .  Both o f  th e se  

c o l ic in s  can cause im pairm ent o f  th e  en erg ised  s t a t e  o f c e l lu ls ir  membranes, 

p o s s ib ly  by a c tin g  on th e  potassium  ion  tr a n s p o r t  system  o f th e  c e l l  

(McCorquodale e t  a l . , 1979)» and c o l ic in  Ib -P 9  has a lso  been shown to 

in h ib i t  th e  s y n th e s is  o f c e l l u la r  macrom olecules (Levisohn e t  a l . , 1967)0 

Only about 0 .1#  o f a  p o p u la tio n  o f C o lIb -P 9 -co n ta in in g  b a c te r ia  produce 

c o l ic in  a t  any one tim e (Ozaki e t  a l . , 1959)» a lthough  exposure to  UV 

l i g h t  can induce c o l ic in  sy n th e s is  in  a  g re a te r  p ro p o r tio n  o f  th e se  c e l l s



(Ozeki e t  s tlg , 1959; Monk and Clowes, 1964b). C o lic in  sy n th e s is  i s  thus 

norm ally  re p re sse d ; i t  i s  presumed th a t  c leavage o f  a  re p re s s o r  m olecule 

by UV r e s u l t s  in  th e  exp ress io n  o f th e  c o l ic in  Ib-P9  gene, c ib  (Isaacso n  

and Konisky, 1974a ,b ). This re p re s s o r  i s  thought to  be th e  lexA gene 

p roduct in  E .c o l i , from s tu d ie s  on b o th  ColIb-P9 and th e  r e la te d  I^ p lasm id 

TP110, which a lso  s p e c i f ie s  c o l ic in  Ib-P9 p ro d u c tio n  (Kenyon and W alker, 

I 98O; P ugsley , 1981 ; Glazebrook e t  a l . , I 983)# The c o l ic in  Ia-CA55 

s t r u c tu r a l  gene ( c i a ) has been c loned  by Weaver e t  a l .  ( 1981) ,  w hile the  

c ib  gene o f C olIb-P9 has been c loned  independen tly  by B oulnois ( 1981) ,  

Uemura and Mizobuchi (1982b) and P in k e rto n  e t  a l .  ( 1981) .  The lo c a t io n  o f 

c ib  has been mapped by h y b r id is a t io n  o f p lasm id r e s t r i c t i o n  fragm ents to  

cloned  DNA and Tn5 m utagenesis (W alia  e t  a l . , 1982) and a lso  by a n a ly s is  o f 

Cib ColIb-P9-R222 recom binant p lasm ids ( Uemura and M izobuchi, 198 2 a ,b ).

The mechanism by which C olIb-P9 co n fe rs  immunity to  th e  e f f e c t s  o f 

c o l ic in  upon i t s  h o s t c e l l  i s  unknown, bu t th e  system  i s  h ig h ly  s p e c i f ic ,  

and i s  thought to  fu n c tio n  a t  th e  le v e l  o f th e  cy toplasm ic membrane (Hardy, 

1975; Weaver e t  a l . , 1981) .  Presum ably the  gene fo r  immunity ( imm) i s  

expressed  c o n s t i tu t iv e ly ,  s in c e  a l l  C o lIb -P 9 -co n ta in in g  c e l l s  a re  r e s i s t a n t  

to  th i s  c o l ic in .  Levisohn e t  a l .  ( 1968) have shown th a t  immunity i s  n o t 

a b so lu te , s in c e  i t  can be overcome by a 50- f o ld  in c re a se  in  c o l ic in  

c o n c e n tra tio n . The immunity genes o f  ColIa-CA53 (Weaver e t  a l . ,  1981) and 

C olIb-P9 (Uemura and M izobuchi, 1982a,b) have been c loned , and in  each case  

l i e  c lo s e ly  lin k e d  to  the  s t r u c tu r a l  c o l ic in  genes o f each p lasm id .

I n f e c t io n  o f c e l l s  h a rb o u rin g  C olIb-P9 by e i th e r  o f th e  c lo s e ly -  

r e la te d  b ac te rio p h ag es  BF25 (S tro b e l  and Nomura, I 966; N isioka  and O zeki, 

1968) or T5 (Moyer e t  a l . , 1972) r e s u l t s  in  th e  in h ib i t io n  o f phage p ro te in  

s y n th e s is  and in fe c t io n  f a i l s .  T h is a b o rtio n  o f phage in fe c t io n  i s



a s s o c ia te d  w ith  ex ten s iv e  merabrsine damage and d e p o la r is a tio n  (Glenn and 

Duckworth, 198O) le ad in g  to  an e f f lu x  o f and ATP and leakage  o f 

P -g a la c to s id a se  (Cheung and Duckworth, 1979)» e v en tu a lly  r e s u l t in g  in  c e l l  

ly s is #  S ince  th i s  form o f membrane damage i s  s im ila r  to  th a t  caused by 

c o l ic in  Ib-P9» McCorquodale e t  a l .  (1979) su g gested  th a t  th i s  p ro te in  was 

th e  agen t fo r  c e l l  l y s i s  during  a b o r tiv e  in f e c t io n .  However, the  g e n e tic  

in fo rm atio n  fo r  a b o r tiv e  phage in fe c t io n  was found to  be encoded by a 2 .2  

Kb EcoRI fragm ent o f ColIb-P9 DNA, and c ib  to  be lo c a te d  on a s e p a ra te  2 .8  

Kb fragm ent (B ou lno is , 1981) .  S im ila r  r e s u l t s  were o b ta in ed  by P in k e rto n  

e t  a l .  ( 1981) and Uemura and Mizobuchi ( 1982a ,b ) .  The l a t t e r  au th o rs  a lso  

re p o r t  th a t  two genes a re  invo lved  in  t h i s  p ro c e ss , and th a t  m utation  o f 

on ly  one o f th e se , ib fA , was re q u ire d  fo r  lo s s  o f  th e  I b f  phenotype. The 

p roduct o f the  ibfB  gene appeurently a c ts  in  tra n s  to  promote ibfA a c t i v i t y .  

These p ro te in s  have y e t to  be id e n t i f i e d ,  however, and so the  mechanism o f 

th i s  phenomenon rem ains unknown, a lthough  i t  appears to  be complex and 

in v o lv es  h o s t ,  p lasm id and bac te rio p h ag e  gene p ro ducts  (McCorquodale e t  a l . ,

1979).
Like many o th e r  b a c te r ia l  p lasm ids, C olIb-P9 a lso  a p p re n tly  encodes 

o r s t im u la te s  a  DNA r e p a ir  mechanism, capab le  o f in c re a s in g  th e  r e s is ta n c e  

o f  i t s  h o s t c e l l  to  UV l ig h t  (Howarth, 1965*, Khmel e t  a l . , 1979)* This 

p ro c e ss , being  e rro r-p ro n e , a lso  r e s u l t s  in  a  g re a te r  r a t e  o f  m utagenesis 

in  such c e l l s  fo llow ing  exposure to  UV o r o th e r  m utagenic ag en ts  causing  

re p a ira b le  s in g le - s t r a n d  gaps in  DNA (Howarth, 1966; Hanawalt e t  a l . ,

1979; Khmel e t  a l . , 198O). This m utagenic, U V -pro tective  phenotype (Mut,

Uv; Novick e t  a l . , 1976) has a lso  been found to  be a s so c ia te d  w ith  

members o f th e  in c o m p a tib ility  groups B, FIV, I j ,  J ,  L, M and N as  w ell as 

l a  (M olina e t  a l . , 1979; P inney, 1980) ,  b u t th i s  range i s  thought to  r e f l e c t



a number o f d i f f e r e n t  mechanisms (dhern in  and Mikoyan, 198l)* In  the  

case  o f C olIb-P9, involvem ent o f th e  plasm id i s  thought to  be in d i r e c t ,  

in v o lv in g  a s t im u la tio n  o f a  h o s t r e p a i r  system , r a th e r  than  the  d i r e c t  

involvem ent o f a  plasm id-encoded p ro d u c t (Khmel e t  a l . , 1979; Chernin and 

Mikoyan, 1981) .  One fu r th e r  ColIb-P9-”encoded p roduct o f i n t e r e s t  to  th i s  

th e s i s ,  namely an E D IA -resis tan t endonuclease (Winans and W alker, 19&3) 

which could be involved  in  th i s  DNA r e p a ir  a c t i v i t y ,  w i l l  be considered  

f u r th e r  in  C hapter 5* F i r s t l y ,  however, I  s h a l l  tu rn  to  th e  s u b je c t of 

b a c te r i a l  DNA r e p l ic a t io n .

1 .3  B a c te r ia l  DNA r e p l ic a t io n

The s y n th e s is  o f  b a c te r i a l  DNA i s  a  complex p ro cess  in v o lv in g  the  

s e q u e n tia l  a c tio n s  o f a  la rg e  number o f DNA r e p l ic a t io n  enzymes. Many 

re c e n t review s a lre a d y  d ea l w ith  t h i s  su b je c t  (W ickner, 1978; Ogawa and 

O kazaki, 198O; Kornberg, 198O, 1982; N ossal, 1983) » and s in c e  th i s  th e s is  

i s  concerned w ith  the  s ta g e s  in  th i s  p ro cess  by which new DNA chains sure 

i n i t i a t e d ,  th i s  s e c t io n  w il l  a tte m p t to  p lace  th e se  re a c t io n s  in  c o n te x t .

DNA sy n th e s is  i s  c a r r ie d  o u t by polym erase enzymes, b u t no known DNA 

polym erase i s  a b le  to  i n i t i a t e  DNA s y n th e s is  ^  novo on an exposed tem pla te  

s t r a n d . In s te a d , th e  p resence  o f th e  3*-hydroxyl term inus o f  a po ly 

n u c le o tid e  prim er m olecule b a se -p a ire d  to  the  tem plate  s tra n d  i s  re q u ire d  

(Ogawa and O kazaki, 1980) .  There a re  two requ irem en ts fo r  p rim er sy n th e s is  

du ring  r e p l ic a t io n  o f th e  b a c te r i a l  chromosome; f i r s t l y  in  th e  i n i t i a t i o n  

o f r e p l ic a t io n  o f th e  genome a t  th e  s in g le  v e g e ta tiv e  o r ig in ,  oriC  (Marsh 

and W orcel, 1977)» and su b seq u en tly  in  th e  d isco n tin u o u s sy n th e s is  o f DNA 

fragm ents during  e lo n g a tio n . I n i t i a t i o n  a t  oriC  i s  a r i f a m p ic in - s e n s i t iv e  

p ro c e ss , re q u ir in g  RNA polym erase and th e  a c t i v i t i e s  o f the  dnaA, dnaC,



10

dnal and dnaP gene p ro d u c ts  (Beyersmann e t  a l . , 19?4; Wada and Yura, 1974; 

N u s s le in -C ry s ta lla  e t  a l . , 1982; Walker e t  a l . , 1982) ,  and i t  a lso  appears 

th a t  th e  o r ig in  i s  a s s o c ia te d  w ith  the  c e l l  membrane a t  th i s  s ta g e  (se e  

H endrickson e t  a l . , 1982, fo r  a re c e n t d is c u s s io n ) .  Sem iconservative 

r e p l ic a t io n  (M eselson and S ta h l ,  1958) proceeds b id i r e c t io n a l ly  from th i s  

p o in t  to  th e  term inus (P re s c o tt  and Kuempel, 1972) by th e  p ro g re ss  o f 

m obile r e p l ic a t io n  fo rk s  and th e i r  a s so c ia te d  enzymic a c t i v i t i e s .  A 

c u r re n t  scheme fo r  the  s t r u c tu r e  and com position o f such a r e p l ic a t io n  fo rk  

i s  d ep ic ted  in  F ig u re  1- 1.

S e p a ra tio n  o f th e  double s tra n d s  o f DNA in  o rd er to  p rov ide  s in g le 

s tra n d ed  tem pla te  fo r  DNA sy n th e s is  i s  g en era ted  by the  a c tio n  o f DNA 

unwinding enzymes (G eider and H offm ann-B erling, I 981) ,  and s in g le - s t r a n d  

b in d in g  p ro te in  (SSB) s t a b i l i s e s  th e  sep a ra te d  s tra n d s  (M olineux e t  a l . , 

1974; Meyer e t  a l . , 1979). The ssb  gene has been mapped a t  about 90.8 

min on th e  E .c o l i  chromosome (G lagsberg e t  a l . , 1979) and i t s  p roduct a c ts  

as a te tra m e r p re se n t a t  about 270 cop ies per r e p l ic a t io n  fo rk  (K ornberg, 

1980) .  S ince DNA polym erase may on ly  u t i l i s e  th e  3*-OH term inus o f p rim er 

m olecu les, p o ly m erisa tio n  can proceed only  in  a  5 '-3*  d i r e c t io n  (Ogawa 

and O kazaki, 198O). As a consequence o f both  th i s  and the  a n t ip a r a l l e l  

n a tu re  o f DNA, sy n th e s is  o f th e  lag g in g  s tra n d  must be d isco n tin u o u s 

(Okazaki e t  a l . , 1968) ,  and i t  seems l i k e ly  th a t  th e  le ad in g  s tra n d  may 

a lso  be r e p l ic a te d  in  a s im ila r  fa sh io n . Thus, e lo n g a tio n  re q u ire s  m u ltip le  

prim ing even ts on a t  l e a s t  one, and p o s s ib ly  b o th , strands©

Prim ers a re  extended by th e  major r e p l ic a t iv e  enzyme o f E .c o l i ,

DNA polym erase I I I  holoenzyme, which c a ta ly s e s  th e  a d d itio n  o f deoxy- 

r ib o n u c le o tid e s  to  th e  3*-OH term inus o f the  p rim er m olecule. T his complex 

holoenzyme c o n s is ts  o f a t  l e a s t  seven su b u n its  (N ossa l, 1983) ,  o f  which



F ig u re  1-1 B a c te r ia l  DNA r e p l ic a t io n  fo rk

The f ig u re  shows a schem atic re p re s e n ta t io n  o f a r e p l ic a t io n  fo rk , 

p ro g re ss in g  in  th e  d ire c t io n  in d ic a te d  by the  heavy arrow . A more 

d e ta i le d  d isc u ss io n  o f th e  enzymology a sso c ia te d  w ith  th is  s t r u c tu r e  

i s  p rovided  in  s e c tio n s  1 .3  and 1 .4 . The double h e l ix  sihead o f th e  

fo rk  i s  unwound by th e  a c tio n  o f DNA unwinding enzymes, and the  

s in g le -s tra n d e d  reg io n s  s t a b i l i s e d  by s in g le - s t r a n d  b ind ing  p ro te in  

(SSB). P rim ers fo r  lag g in g  s tra n d  s y n th e s is  a re  extended by DNA p o ly 

merase I I I  holoenzyme and removed and re p laced  by th e  a c tio n  o f DNA 

polym erase I .  D iscontinuous DNA fragm ents a re  jo in e d  by DNA l ig a s e .  

Leading s tra n d  sy n th e s is  i s  d ep ic ted  as a continuous p rocess in  the  

5 * to  3 * d i r e c t io n .
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th re e  ( th e  a ,  e , and 0 s u b u n its )  form th e  co re  enzyme. The l40  k ilo d a lto n  

(k d a l | a - s u b u n it ,  th e  p ro d u c t o f  th e  dnaE gene (Welch and McHenry, 1982) has 

been shown to p o sse ss  polym erase a c t i v i t y  (Spanos e t  a l . ,  1981) ,  b u t the  

r o le s  o f  th e  e and 0 su b u n its  rem ain unknown. A dd ition  o f th e  Ç-subunit 

to  th e  co re  c o n s t i tu te s  p o l I I I  enzyme, which a llo w s s y n th e s is  o f  DNA on 

s in g le - s t r a n d e d  fd  tem p la te  (McHenry, 1982) , im ply ing  th a t  t h i s  su b u n it a ll| 

th e  c o re  enzyme to  s y n th e s is e  lo n g  s t r e tc h e s  o f  DNA. The f u r th e r  in te ra c ts  

o f  th e  6- ( dnaX p ro d u c t; Hübscher and K ornberg, 1979) and y -su b u n its  ( dnaZ 

p r o te in ;  Wickner and H urw itz , 1976) forms th e  p o lI I I*  complex, and th e  final 

a s s o c ia t io n  o f th e  0 -su b u n it ( dnaN p r o te in ;  B urgers e t  a l . , 1981) completes 

th e  holoenzyme com plex. In  t h i s  form , DNA polym erase I I I  i s  a b le  to  carry  

o u t th e  p ro c e ss iv e  s y n th e s is  o f  DNA on prim ed s in g le - s t r a n d e d  tem p la te  

s t r a n d s  (McHenry and K ornberg, 1977), and presum ably th e  holoenzyme extends 

p rim er m olecu les on b a c t e r i a l  DNA u n t i l  i t  re a ch e s  th e  5* te rm inus o f an 

a d ja c e n t p rim er. P rim ers a re  th en  env isaged  to  be ex c ised  and re p la c e d  wit 

DNA by th e  5 '- 3 '  exonuclease  and polym erase a c t i v i t i e s  o f  DNA polym erase I, 

and gaps a re  s e a le d  by DNA l ig a s e  (K ornberg, 1980) .

1 .4  B a c te r ia l  p r im e r-g e n e ra tin g  enzymes

Two p r im e r-g e n e ra tin g  enzymes have been id e n t i f i e d  fo r  DNA 

r e p l i c a t i o n  in  E .c o l i .  These enzymes, DNA-dependent RNA polym erase and 

p rim ase , w i l l  be d e sc rib e d  w ith  re fe re n c e  to  th e  s in g le - s t r a n d e d  b a c te r io 

phage r e p l i c a t io n  system s which e x p lo i t  th e  s p e c i f i c i t i e s  o f  th e se  enzymes 

towcurds d i f f e r e n t  b a c te rio p h a g e  DNA tem p la te s  (s e e  F ig u re  1 -2 ) .  A ll o f  the 

system s in v o lv e  th e  co n v ersio n  o f  th e  v i r a l  s in g le - s t r a n d e d  DNA to  the  

d o u b le -s tra n d ed  r e p l i c a t i v e  form . ^  v i t r o  r e c o n s tru c t io n  o f th e se  

r e p l i c a t i o n  sy stem s, u s in g  p u r i f ie d  phage DNA and c e l l  e x t r a c ts  from define



F igure  1-2 A ction o f  b a c te r ia l  p rim er-g en e ra tin g  enzymes on s in g le -  

s tran d ed  b ac te rio p h ag e  DNA tem pla tes  in  E .c o l i

The scheme d e p ic ts  th e  form ation  o f p rim ers fo r  v i r a l  (+) s tra n d  

s y n th e s is  o f (1) M13:, (2) G4 and (3) j^Xiy4 DNA. In  each case , th e  temp

l a t e  ( - )  s tra n d  i s  coated  w ith  E .c o l i  s in g le - s t r a n d  b ind ing  p ro te in  

(SSB) excep t fo r  a unique re g io n  o f p o te n t ia l  secondary  s t ru c tu re  

in d ic a te d  h e re  as a  s in g le  h a i rp in .  This re g io n  se rv es  as a s i t e  fo r  

th e  re c o g n itio n  and i n i t i a t i o n  o f prim er sy n th e s is  by th e  b a c te r ia l  

enzymes su p p lie d  by th e  h o s t c e l l .  As in d ic a te d  in  th e  f ig u re , p rim er 

s y n th e s is  i s  c a r r ie d  o u t by a d i f f e r e n t  enzym atic mechanism in  each 

c a se . D e ta i ls  o f th e se , and o f th e  enzymes in v o lv ed , a re  given in  

s e c tio n  1 .4  o f  th e  t e x t .

I';
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m utant s t r a in s  of E .c o l i  has enabled the  b io ch em istry  o f th e  prim ing 

re a c t io n s  o f th e se  enzymes to  be un d ers to o d , and in  th e  case  o f th e  0X17^ 

system , p rov ides an analogy fo r  the  prim ing o f chromosomal DNA s y n th e s is .

In  the case  o f M13 (o r th e  c lo s e ly  r e la te d  b ac te rio p h ag es  fd and f l ) , 

th e  s in g le -s tra n d e d  c i r c u la r  DNA m olecule i s  coated  w ith  E .c o l i  s in g le 

s tra n d  b ind ing  p ro te in  (SSB) excep t fo r  a unique reg io n  o f p o te n t ia l  

secondary  s t r u c tu r e  as shown in  F ig u re  1 -2 , which i s  tra n s c r ib e d  by RNA 

polym erase to  g en era te  a  30 r ib o n u c le o tid e  p rim er (B ru tlag  e t  a l . , 1971; 

G eider and Kornberg, 1974; G eider e t  a l . , 1978) which i n i t i a t e s  DNA 

sy n th e s is  by DNA polym erase I I I  holoenzyme (G eider and Kornberg, 1974). 

Three o th e r  f a c to r s  have been im p lica ted  in  th e  s p e c i f i c i t y  o f  th i s  prim ing 

r e a c t io n ,  b u t t h e i r  r o le  in  th i s  p ro cess  i s  ob scu re , and on ly  one o f  th e se  

fa c to r s  (RNase H) has been id e n t i f i e d  (Vicuna e t  a l . , 1977a; Vicuna e t  a l . , 

1977b ) .  I t  a lso  appears th a t  i f  th e  i n i t i a t i o n  s i t e  sp e c ify in g  the  prim er 

sy n th es ised  by RNA polym erase i s  made u n a v a ila b le , due to  d e le t io n  o f th i s  

reg io n  o f  M13 DNA, then  th e  b ac te rio p h ag e  r e p l ic a t e s  by means o f prim ing 

re a c t io n s  a t  secondary s i t e s  (Ray e t  a l . , I 981) .

RNA polym erase holoenzyme i s  composed o f  a t  l e a s t  two a -s u b u n its  

(gene = rpoA) , and one each o f  the  su b u n its  6 ( rpoB) , 0* ( rpoC) and O 

( rpoD) , w hile the  ro le  o f  an a d d it io n a l  s u b u n it ,  w, has y e t to  be d e te r 

mined (W illiam son and Doi, 1979)» Detachment o f  the  a su b u n it co n v erts  

RNA polym erase to  th e  co re  polym erase, which cannot u t i l i z e  am i n t a c t  

duplex tem p la te , b u t i s  s t i l l  ab le  to  fu n c tio n  on s in g le -s tra n d e d  DNA 

(H a rris  e t  a l . , 1978). The enzyme i s  in h ib i te d  by r ifa m p ic in , am a n t i 

b io t ic  which b inds to  th e  0 su b u n it amd p re v e n ts  th e  i n i t i a t i o n  o f t r a n s 

c r ip t io n ;  r i f a m p ic in - r e s is ta n t  m utations map w ith in  th e  rpoB gene (W ehrli 

and S ta e h e l in , 1971)»
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In  c o n tra s t  to  the  apparen t s im p lic i ty  o f  the  RNA polym erase prim ing 

re a c t io n ,  E .c o l i  p rim ase, the  p roduct o f th e  dnaG gene (Rowen and K ornberg,

1978) can p a r t i c ip a te  in  a t  l e a s t  th re e  d i f f e r e n t  prim ing system s. The 

s im p le s t re a c tio n  i s  observed on v i r a l  s tra n d s  o f G4 DNA coated  w ith  SSB 

(Bouche e t  a l . , 1975; Bouche e t  a l . , 1978; Rowen and K ornberg, 1978), in  

which prim ase sy n th e s is e s  a 26 to  29- r ib o n u c le o tid e  prim er a t  a  unique 

o r ig in  sequence. Prim ase b inds s p e c i f ic a l ly  to  the  DNA a t  o r n ear th i s  

s i t e  p r io r  to  prim er s y n th e s is  (Sims and Benz, 1980) by th e  re c o g n itio n  o f 

two h a irp in  s t r u c tu r e s  in  th i s  re g io n . The enzyme cannot be c la s s i f i e d  as 

am RNA polym erase, s in c e  i t  i s  a b le  to  in c o rp o ra te  deox y rib o n u c leo tid es  in to  

i t s  p rim er m olecules (W ickner, 1977)* Hybrid p rim ers c o n ta in in g  bo th  deoxy- 

r ib o -  and r ib o n u c le o tid e s  a re  s h o r te r  than corresponding  r ib o n u c le o tid e  

m olecules (Rowen and Kornberg, 1978).

The dnaG gene has been cloned  and sequenced (Lupski e t  a l . , 1982;

Sm iley e t  a l . , 1982) and has been lo c a te d  a d ja c e n t to  the rpoD gene
0

(Gross e t  a l . , 1978) w ith  which i t  i s  thought to  be c o -o rd in a te ly  expressed  

(Sm iley e t  a l . , I 982) .  The dnaG gene p roduct i s  a r ifa m p ic in  r e s i s t a n t  

monomeric p ro te in  w ith  a  MW o f about 60,000 (Rowen and K ornberg, 1978) and 

i s  m ain tained  a t  a low copy number ap p a ren tly  s in c e  la rg e  amounts o f prim ase 

can k i l l  h o s t c e l l s  (Wold and McMacken, 1982) .  Prim ase can th e re fo re  be 

d is tin g u ish e d  from RNA polym erase by the  a c t io n  o f r ifa m p ic in , th e  d i f f e r e n t  

prim er com positions, and the  s p e c i f i c i t y  o f each enzyme fo r  DNA te m p la te s .

Prim ase i s  a lso  a b le  to  sy n th e s is e  p rim ers  on s in g le -s tra n d e d  DNA 

in  th e  absence o f SSB, b u t th i s  a c t i v i t y  r e q u ire s  in s te a d  th e  p resence  o f 

th e  dnaB gene p roduct (Bouche e t  a l . , 1978; A rai and K ornberg, 1981b ), a 

300 k d a l hexamer (Reha-Krantz and H urw itz, 1978). Prim er m olecules formed 

a re  composed o f between 10 and 60 r ib o n u c le o tid e s  (A rai and K ornberg, 1 9 8 le ) ,
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and a wide range o f  s in g le -s tra n d e d  DNA tem p la tes  can be u t i l i s e d  in  th i s  

way. This g e n e ra lis e d  prim ing system  appears  to  proceed by th e  ATP-depend- 

e n t  b in d in g  o f dnaB p ro te in  to  th e  DNA, which enab les the  dnaG p ro te in  to  

s y n th e s is e  p rim ers  on the  uncoated tem p la te  s tra n d  (A rai and Kornberg, 

1981c ) .  However, th e  co o p era tio n  between th e  dnaB and dnaG p ro te in s  i s  n o t 

y e t f u l l y  u n d ers to o d , and i t  rem ains p o s s ib le  th a t  the  dnaB p roduct may 

a c t  in  an o th er c a p a c ity  than th a t  o f  a  m obile prom oter in  th i s  system .

The dnaG and dnaB p ro te in s  a ls o  p a r t i c ip a te  in  the  sy n th e s is  o f 

p rim ers  on v i r a l  s tra n d s  o f SSB-coated 0X174 DNA (F ig u re  1 -2 ) . This prim ing 

system  i s  more complex than  those  p re v io u s ly  d e sc rib e d , and se rv es  as a  

c u r re n t model fo r  th e  prim ing o f d isco n tin u o u s  b a c te r ia l  DNA r e p l i c a t io n .

The p ro cess  r e q u ire s  a  p reprim ing  r e a c t io n  in v o lv in g  a t  l e a s t  s ix  p ro te in s  

in  a d d itio n  to  prim ase and SSB (W einer e t  a l . ,  1976); dnaB and dnaC 

p ro d u c ts  and th e  p ro te in s  n , n* , n" and i  (W ickner, 1978; Meyer e t  a l . ,

1978; Shlomai and Kornberg, I 98O; A rai e t  a l . , 1981; Low e t  a l . , I 982) .
0

This complex o f  p ro te in s  i s  termed th e  primosome, and i s  envisaged to  be 

assem bled on SSB-coated 0X174 DNA a t  the  p ro te in  n* re c o g n itio n  s i t e ,  a f t e r  

which i t  m ig ra tes  along  th e  DNA in  th e  5 ' to  3 ' d ir e c t io n  prim ing d i s 

con tinuous DNA s y n th e s is  a t  subsequent s i t e s  (A rai and Kornberg, 1981a;

A rai e t  a l . , 1981)* P ro te in  n ' i s  thought to  re co g n ise  a  unique re g io n  o f 

secondary s t r u c tu r e  on 0X174 DNA (Z ipursky  and M arians, 1980) ,  and 

s t im u la te  th e  b in d in g  o f  p ro te in  n (Low e t  a l . , 1982) .  N ext, dnaB and 

dnaC p ro te in s  form a p ro te in  complex, which a lso  a s s o c ia te s  w ith  th e  

p ro te in s  n , n* and n" in  a r e a c t io n  re q u ir in g  p ro te in  i  (Kobori and 

Kornberg, 1982) b e fo re  th i s  s t r u c tu r e  can be u t i l i s e d  by p rim ase . The 

p re c is e  ro le s  o f th e  su b u n its  o f  th e  primosome a re  la rg e ly  o b scu re , b u t i t  

i s  proposed th a t  dnaB p ro te in  re c o g n ise s , and perhaps m od ifies th e  secondary
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s t r u c tu r e  o f, s p e c i f ic  b u t as  y e t undefined  DNA sequences as th e  primosome 

m ig ra te s  along the  tem pla te  s tra n d  (McMacken e t  a l . , 1977; A rai and 

K ornberg, 1981b ) .  P ro te in  n * , b e s id e s  being  invo lved  in  th e  i n i t i a l  s i t e -  

re c o g n itio n  r e a c t io n ,  may a lso  be invo lved  in  th e  movement o f  the  primosome 

(A ra i e t  a l . , 198I! )# I t  should  be p o in ted  o u t, however, th a t  movement o f 

th e  primosome has n o t y e t been dem onstrated  d i r e c t ly ,  b u t i s  in s te a d  in fe r r e d  

from the  a b i l i t y  o f th e  0X174 system  to  sy n th e s is e  p rim ers a t  lo c a t io n s  

o th e r  than  a t  th e  p ro te in  n ' re c o g n itio n  s i t e .  This assem bly o f p ro te in s  

i s  assumed to  a c t  in  a s im ila r  fa sh io n  during  d isco n tin u o u s chromosomal DNA 

r e p l i c a t io n .

1 .5  B acteriophage-encoded prim ing enzymes

E .c o l i  a lso  su p p o rts  th e  r e p l ic a t io n  o f c e r ta in  b a c te rio p h a g e s , which, 

u n lik e  th e  s in g le -s tra n d e d  phages d esc rib ed  in  the  p rev io u s  s e c t io n ,  supply  

t h e i r  own prim ing enzymes r a th e r  than  re ly in g  on h o s t gene p ro d u c ts . The 

b ac te rio p h ag e  T7 genome i s  a d o u b le -s tran d ed  l in e a r  DNA m olecule o f some 

40 Kb in  le n g th , which r e p l ic a te s  b id i r e c t io n a l ly  p r im a ri ly  from a unique 

internsQ. o r ig in  (W olfson e t  a l . ,  1972a; 1972b), a lthough  secondary  o r ig in s  

have a lso  been id e n t i f i e d  (Tamanoi e t  a l . , I 980) .  The gene 4 p roduct o f T7 

i s  a  m u ltifu n c tio n a l enzyme, p o ssess in g  both  DNA prim ase and ATP-dependent 

h e l ic a s e  p ro p e r t ie s  (S ch erz in g er e t  a l . ,  1977; Romano and R ichardson ,

1979) .  This 58 k d a l p ro te in  fu n c tio n s  d u ring  T7 DNA r e p l ic a t io n  to  

s e p a ra te  th e  two DNA s tra n d s  and to  then  sy n th e s is e  s h o r t  o lig o r ib o n u c le o -  

t id e  p rim ers on th e  s in g le -s tra n d e d  tem p la te ; th i s  l a t t e r  r e a c t io n  i s  

s tim u la te d  approxim ately  1 0 -fo ld  by th e  p resence  o f  e i th e r  E .c o l i -  o r 

T7“s p e c if ie d  SSB (Romano and R ichardson, 1979a). The prim ase reco g n ise s  

a  9 bp tem pla te  sequence, y ie ld in g  c h a r a c te r i s t i c  te t r a n u c le o t id e  p rim ers
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(Tabor and R ichardson , 198I ;  Fujiyam a e t  a l . ,  1981) which a re  e longated  by 

T7 DNA polym erase (Romano and R ichardson , 1979b) to  y ie ld  d isco n tin u o u s 

fragm ents up to  6 Kb in  le n g th .

The re p re s e n ta t iv e  T-even phage T4 p o sse sse s  a  I 65 Kb l in e a r  duplex 

DNA m olecule, which i s  r e p l ic a te d  by a more complex s e r ie s  o f  ev en ts .

Follow ing in fe c t io n  o f E .c o l i , t h i s  l in e a r  m olecule i s  ap p a ren tly  r e p l ic a te d  

b id i r e c t io n a l ly  from a unique o r ig in  by th e  h o s t RNA polym erase (Luder and 

M osig, 1982) .  Secondary i n i t i a t i o n s  le ad  to  the  form ation  o f a  h ig h ly  complex 

and branched in te rm e d ia te  s t r u c tu r e ,  w ith  up to  s ix ty  r e p l ic a t io n  fo rk s , 

b e fo re  th e  in h ib i t io n  o f  RNA polym erase a c t i v i t y  by T4-encoded p ro te in s  

(Luder and Mosig, 1982) .  Form ation o f th e se  in te rm e d ia te s  ap p a ren tly  

re q u ire s  recom bination  between r e p l ic a t in g  m olecules (B roker and Doermann,

1975).
Prim ing o f d isco n tin u o u s T4 DNA sy n th e s is  i s  c a r r ie d  ou t by th e  

p ro d u c ts  o f th e  phage genes 4 l and 6l ; th e se  p ro te in s ,  a c tin g  in  co n ce rt 

on s in g le -s tra n d e d  DNA, s y n th e s is e  p e n tan u c le o tid e  p rim ers composed on ly  o f 

r ib o n u c le o tid e s  (L iu  and A lb e r ts , I 980) .  Gene 4l p ro te in  p o ssesses  bo th  

n u c le o tid a se  and h e l ic a s e  p ro p e r t ie s  (L iu  and A lb e r ts , 198I ;  Venkatesan 

e t  a l . , 1982) ,  and i s  thought to  a c t  as an oligom er in  a s s o c ia t io n  w ith  a 

monomer o f  gene 6l  p ro te in  in  o rd e r to  sy n th e s is e  p rim ers (S i lv e r  and N ossa l, 

1982) .  This complex i s  p o s tu la te d  to  m ig ra te  along th e  tem pla te  DNA s tra n d  

in  a  5 * to  3 * d i r e c t io n ,  sy n th e s is in g  p rim ers , w ith  th e  h e l ic a s e  a c t i v i t y  

d e s ta b i l i s in g  the  h e l ix  ahead o f th e  r e p l ic a t io n  fo rk  (A lb e rts  e t  a l . ,  1980) .
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1 .6  Plasm id DNA r e p l ic a t io n

Although b a c te r ia l  p lasm ids a re  g e n e ra lly  regarded  as autonomous 

r e p l ic o n s ,  a l l  examples so f a r  s tu d ie d  r e ly  on h o s t gene p ro ducts  a t  some 

s ta g e  o f t h e i r  r e p l ic a t io n  c y c le . The 6 .4  Kb m ulticopy n o n -con jugative  

p lasm id  ColEI (C lew ell and H e lin sk i , 1972) i s  perhaps unusual in  th i s  

r e s p e c t ,  in  th a t  i t  i s  e n t i r e ly  r e l i a n t  on e x is t in g  h o s t r e p l ic a t io n  enzymes 

fo r  th i s  purpose (Donoghue and Sharp , 1978). R e p lic a tio n  in  E .c o l i  re q u ire s  

a t  l e a s t  RNA polym erase, dnaB, dnaC and dnaG gene p ro d u c ts , gyrase, DNA 

polym erases I  and I I I  and RNase H (review ed in  Tomizawa and S e lz e r ,  1979)* 

I n i t i a t i o n  a t  the  ColEI o r ig in  in v o lv es  th e  sy n th e s is  o f  a  long  RNA prim er 

m olecule (term ed RNAII) a t  a re g io n  upstream  from th e  o r ig in  on th e  H 

(heavy; more dense) s tra n d  by RNA polym erase ( I to h  and Tomizawa, I 98O ). This 

RNA i s  c u t by RNase H to  y ie ld  a 555-bp p rim er which i s  e longated  by DNA 

polym erase I ,  and i s  su bsequen tly  removed by RNase H a c tio n  (S taudenbauer 

e t  a l . , 1979; H illen b ran d  and S taudenbauer, I 982) .  DNA sy n th e s is  from th i s  

p o in t proceeds u n id i r e c t io n a l ly  (S taudenbauer, 1979)* A second, l a b i l e ,

RNA m olecule o f  IO8 bp (RNAI) i s  sy n th e s ise d  from th e  L s tr a n d , and a c ts  to  

p rev en t i n i t i a t i o n  by p rev en tin g  the  p ro cess in g  o f the  RNAII prim er m olecule, 

perhaps by m odifying the  secondary s t r u c tu r e  o f  th i s  p rim er t r a n s c r ip t  

(Tomizawa and I to h ,  1981) .  The DNA sequence fo r  RNAI i s  lo c a te d  w ith in  

th e  RNAII coding re g io n ; thus th e se  two m olecules a re  presumed to  h y b r id is e  

w ith  each o th e r  to  ach ieve  th i s  e f f e c t  (Conrad and Cam pbell, 1979;

Tomizawa and I to h ,  1981) .  A fte r  th e  i n i t i a l  ex ten s io n  o f RNAII p rim er by 

DNA polym erase I ,  prim ing and e lo n g a tio n  re a c t io n s  a re  assumed to  be 

analogous to  d isco n tin u o u s chromosomal DNA r e p l i c a t io n .  The p lasm ids 

CI0DFI3 , RSF1010 and pBR322 a re  a lso  thought to  r e p l ic a t e  by a  s im ila r  

p ro cess  to  th a t  o f ColEI (N o ssa l, 1985)*
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Less i s  known o f th e  r e p l ic a t io n  system s o f l a r g e r ,  co n ju g a tiv e  

p la sm id s, b u t i t  i s  ap p aren t th a t  a number o f d i f f e r e n t  mechanisms e x i s t .

R6K (IncX) i s  a 38 Kb a n t ib io t i c  r e s is ta n c e  plasm id w ith  a  copy number o f 

between 10 and 15 p e r c e l l  (Konto m ich a lo u  e t  a l . , 1970), fo r  which th re e  

o r ig in s  o f r e p l ic a t io n  have been id e n t i f i e d  (Shafferm an e t  a l . ,  1981) .  

R e p lic a tio n  i s  s e q u e n t ia l ly  b id i r e c t io n a l ,  o ccu rrin g  predom inan tly  in  one 

d i r e c t io n  a t  f i r s t ,  and then  in  the  o p p o s ite  d ir e c t io n  from th e  same o r ig in  

(C rosa e t  a l . , 1976). A 1565 bp fragm ent o f R6K has been cloned  which i s  

capab le  o f autonomous r e p l ic a t io n ,  c o n ta in in g  both  a  r e p l ic a t io n  o r ig in  

and the  gene fo r  a  p ro te in  termed tt th a t  i s  re q u ire d  fo r  t h i s  p ro cess  

( s t a lk e r  e t  a l . , 1982; K o lte r  and H e lin sk i , 1982) .

The c lo s e ly - r e la te d  p lasm ids R1, R12 and R100 ( In c F I l)  (D iaz e t  a l . ,

1981 ; Miki e t  a l . , I 980) r e p l i c a t e  u n id ir e c t io n a l ly  from a s in g le  o r ig in ,  

which i s  e s s e n t ia l ly  id e n t ic a l  in  a l l  th re e  cases  (Armstrong e t  a l . , 1981) .  

S y n th e s is  o f  repA p r o te in ,  which i s  re q u ire d  fo r  i n i t i a t i o n  o f .r e p l ic a t io n  

from o riV , i s  c o n tro l le d  by th e  a c t io n  o f th e  copA and copB gene p ro d u c ts  

(L ig h t and M olin, 1981). The copA t r a n s c r i p t  (RNA I)  h y b r id is e s  to  th e  le ad e r 

sequence o f  th e  RNA I I  t r a n s c r i p t ,  which encodes th e  repA p ro te in ,  to  p re v e n t 

t r a n s la t io n  o f  RNA I I ,  w h ile  copB p ro te in  re p re s se s  RNA I I  sy n th e s is  by b ind ing  

to  th e  RNA I I  prom otor re g io n  ( see S c o t t ,  1984 fo r  a r e c e n t  re v ie w ).

Follow ing i n i t i a t i o n  o f r e p l ic a t io n  o f  such la rg e  p la sm id s, p rim ers 

fo r  d isco n tin u o u s  s y n th e s is  o f th e  lag g in g  s tra n d  a re  presum ably made by the  

a c t i v i t y  o f the  primosome, as suggested  by th e  requ irem en t o f dnaB p ro te in  

fo r  r e p l ic a t io n  o f  F and In c ia  p lasm ids (M arinus and A delberg , 1970;

Vapnek and Rupp, 1971; Fenwick and C u r t is s ,  1973a; W ilkins and Hollom,

1974) and id e n t i f i c a t io n  o f a primosome assem bly s i t e  in  the  reg io n  o f  th e  

o r i2  r e p l ic a t io n  o r ig in  o f  th e  m ini-F  p lasm id  (Im ber e t  a l . ,  1983)#
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1 .7  B a c te r ia l  co n ju g a tio n

T ran sfe r o f the  c o l ic in  Ib -P9  gene to  bo th  S.typhim urium  LT2 and 

E .c o l i  K-12 s t r a in s  was found to be accom panied, a t  a much low er frequency , 

by tra n sm iss io n  o f  chromosomal m arkers (Ozeki and Howarth, 196I ;  Clowes,

1961) and a lso  by m o b ilis a tio n  o f th e  n o n -co n ju g a tiv e  p lasm ids ColEl and 

ColE2 (Sm ith e t  a l . , 1963). I t  was th e re fo re  r e a l is e d  th a t  C olIb-P9 

t r a n s f e r  proceeds by a  p ro cess  analogous to  th a t  re p o rte d  fo r  F (B inder, 

i 960) .  However, s in c e  the  t r a n s f e r  system s o f th ese  two p lasm ids sure gen e t

i c a l l y  d i s t i n c t ,  and th i s  ch ap te r i s  in ten d ed  as a  review  o f ColIb-P9 

t r a n s f e r ,  I  s h a l l  r e f e r  to  th e  F system  on ly  by way o f analogy where d e ta i l s  

o f In c Ia  plasm id t r a n s f e r  a re  ob scu re .

The t r a n s f e r  system  o f  C olIb-P9 i s  norm ally  re p re s se d , so th a t  only 

about 0 .02# o f S .typhim urium  LT2 (Ozeki and Howarth, 1961) and 0 .1#  o f 

E .c o l i  K-12 (Monk and Clowes, 1964a) c o lic in o g e n ic  c e l l s  a re  i n i t i a l l y  

competent donors. However, i f  such a  C ollb* c u ltu re  o f  S . typhimurium LT2 

was mixed w ith  a v a s t  excess o f p la sm id -fre e  r e c ip ie n t  c e l l s ,  then  a f t e r  l 8h 

between 30 and 70# o f th i s  c u ltu re  acq u ired  th e  a b i l i t y  to  s y n th e s is e  

c o l ic in  Ib -P 9 , and th e se  n ew ly -in fec ted  c e l l s  were in  tu rn  shown to  be 

capab le  o f t r a n s f e r r in g  the  p lasm id  to  f r e s h  r e c ip ie n t s  w ith  a  frequency  o f 

between 50 and 90# in  subsequent 2h m atings (S to ck er e t  a l . , I 963) .  T his 

HFCT (h ig h  frequency co lic in o g en y  t r a n s f e r )  s t a t e  can a lso  be a t ta in e d  w ith  

E .c o l i  s t r a in s  (Monk and Clowes, 1964a). The HFCT s t a t e  i s  a r e f l e c t io n  o f 

th e  p h y s io lo g ic a l escape o f p lasm id  t r a n s f e r  genes from s e l f - r e p r e s s io n ,  

s in c e  those  few plasm ids t r a n s fe r re d  i n i t i a l l y  a re  a b le  to  t r a n s f e r  cop ies 

to  f r e s h  r e c ip ie n t s  b e fo re  th e  h o s t can sy n th e s is e  those  p ro te in s  re sp o n s ib le  

fo r  re p re s s io n  o f t r a n s f e r  ( W il le t t s ,  1974; Cullum e t  a l . ,  1978). This 

model ex p la in s  why th e  ep id em io lo g ica l sp read  can be m ain tained  fo r  only  3



20

to  7 g en e ra tio n  tim es in  such c u l tu re s  (S to ck e r e t  a l . , 1963; Monk and 

Clowes, 1964a), s in c e  presum ably the  re p re s s io n  system  i s  e v e n tu a lly  r e 

e s ta b lis h e d  as fewer r e c ip ie n t  c e l l s  a re  l e f t  in  the  c u l tu r e .

D erepressed ( d rd ) m utants o f  ColIb-P9 and o f  th e  o th e r  Incloc p lasm ids 

R64 and Rl44 can be ob ta in ed  which mimic th e  HFCT s t a t e  and t r a n s f e r  a t  a  

h ig h  frequency (M eynell and D a tta , 1967, Edward and M eynell, 1968). Such 

’’a u th e n t ic ” drd m u ta tio n s , which r e s u l t  in  c o n s t i tu t iv e  ex p re ss io n  o f t r a n s f e r  

genes, can be accompanied by a fu r th e r  m uta tion  on th e  plasm id le a d in g  to  

an even h ig h e r e x te n t o f t r a n s f e r  p ro f ic ie n c y , a t  l e a s t  fo r  th e  I n d y  

plasm id R621a (Sasakawa and Yoshikawa, 1978). The drd m utation  o f l a  

p lasm ids may r e f l e c t  a  tw o -p ro te in  re p re s s io n  system  s im ila r  to  th e  finO -  

finP  system  o f F - l ik e  p lasm ids (W il le t ts  and F innegan, 1972). The th re e  l a  

p lasm id s, C olIb-P9 d rd -1, Rl44drd-3  and R64drd-11 have auLl proved u s e fu l in  

the  e lu c id a tio n  o f l a  plasm id t r a n s f e r ,  and w i l l  be r e f e r r e d  to  throughout 

th i s  c h a p te r .

L i t t l e  i s  known about the  o rg a n is a tio n  o f th e  t r a n s f e r  ( t r a ) genes 

o f l a  p la sm id s, so re fe re n c e  w i l l  be made h e re  to  the  F and RP4 t r a n s f e r  

system s, which have been examined in  much g re a te r  d e t a i l .  So f a r  23 t r a  

genes o f  F have been mapped, and a re  lo c a te d  w ith in  a  s in g le  re g io n  com prising 

approx im ately  one th i r d  o f  the  plasm id DNA (W il le t ts  and S k urray , 198O).

The p ro d u c ts  o f the  finO and finP  genes n e g a tiv e ly  re g u la te  th e  t r a n s c r ip t io n  

o f t r a J , which in  tu rn  p o s i t iv e ly  c o n tro ls  t r a n s c r ip t io n  o f th e  o th e r  t r a n s 

f e r  genes (Finnegan and W il le t t s ,  1973; W i l le t t s ,  1977)* F i t s e l f  i s  finO 

f in P ^ , and so ex p resses  t r a n s f e r  fu n c tio n s  a t  a h igh  le v e l ,  b u t c lo s e ly  

r e la te d  plasm ids such as  R100 can complement th i s  d e fic ie n c y  s in c e  th e i r  

re p re s s io n  and t r a n s f e r  system s a re  very  s im ila r  and, in  c o n tra s t  to  finP  

p ro d u c t, the  finO p ro te in  i s  r e l a t i v e ly  n o n sp ec if ic  (W il le t ts  and S kurray , 

1980) .  The o rg a n is a tio n  o f F t r a n s f e r  genes i s  d ep ic ted  in  F ig u re  1 -3a ,



F ig u re  1-3 O rg an isa tio n  o f  th e  t r a n s f e r  reg io n  o f  F and RP4

a) The f ig u re  d e p ic ts  th e  t r a n s f e r  reg io n  o f th e  F p lasm id . T ran sfe r 

( t r a ) genes, d e sc rib ed  in  s e c tio n  1 .7 , a re  denoted by th e i r  ass ig n ed  

l e t t e r  and th e i r  p o s i t io n s  w ith in  th e  operon in d ic a te d  by the  c lo sed  

boxes above th e  s c a le  fo r  k ilo b a se  c o o rd in a te s  (65 to  100 Kb). T rans

c r ip t io n  o f th e  e n t i r e  traY  to  traZ  operon, in d ic a te d  by th e  l a r g e r

h o r iz o n ta l  arrow , i s  p o s i t iv e ly  re g u la te d  by th e  p roduct o f t r a J , which 

i s  in  tu rn  n e g a tiv e ly  c o n tro l le d  by th e  finO and fin P  p ro d u c ts . S ince

F i s  finO , th e  traY to  traZ  operon i s  expressed  c o n s t i tu t iv e ly .  The

l a s t  two genes in  the  operon a re  a lso  expressed  c o n s t i tu t iv e ly  from a 

second, weaker, prom otor (smsü.ler h o r iz o n ta l  a rro w ). See W ille ts  and 

W ilkins (1984) fo r  f u r th e r  d e t a i l s .

b) The map re p re se n ts  RP4 DNA l in e a r i s e d  by c u t t in g  a t  th e  unique 

EcoRI  s i t e  o f  th i s  p lasm id . Numbers denote k ilo b a se  c o -o rd in a te s  

proceed ing  clockw ise from th i s  s i t e  acco rd ing  to  th e  map o f Lanka e t  

a l .  ( 1983) ,  and th e  p o s it io n s  o f  th e  genes fo r  r e s is ta n c e  to  a m p ic il l in  

(A p), te t r a c y c l in e  (Tc) and kanamycin (Km), and the  o r ie n ta t io n s  o f the  

o r ig in s  o f DNA r e p l ic a t io n  ( o riV ) and t r a n s f e r  ( o r iT ) d e rived  from maps 

in  Lanka and B arth  ( 1981) and Lanka e t  a l .  ( 1983)* The th re e  groups of 

t r a n s f e r  genes in  RP4 a re  denoted by c lo sed  boxes and th e  l e t t e r s  A to  

E re p re se n t th e  f iv e  com plem entation groups d esc rib ed  by B arth  ^  a l . 

( 1976) and Lanka and B arth  ( 1981) .  The p o s i t io n  o f th e  prim ase gene 

( p r i ) i s  in d ic a te d  below th e  k ilo b a se  s c a le .  DNA r e p l ic a t io n  from oriV 

proceeds from r ig h t  to  l e f t  and DNA tr a n s f e r  from o riT  runs from l e f t  

to  r ig h t  w ith  T ral being  t r a n s fe r r e d  l a s t .
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from which i t  can be seen  th a t  t r a J  re g u la te s  t r a n s c r ip t io n  o f the  long  

traY to  ^  operon and traM. The t r a l  and ^  genes a re  a lso  expressed  

c o n s t i tu t iv e ly  a t  a low le v e l  in d ependen tly  o f  t r a J  a c tio n  (Achtraan e t  a l . ,  

1978; W il le t t s  and W ilk ins, 1984). The p ro d u c ts  o f  traA , L, E, K, B, ]/,

W/C, U, F, H and G a re  involved  in  fo rm ation  o f th e  F p i lu s ,  w hile  traM ,

Y, D, and Z a re  needed fo r  co n ju g a tiv e  DNA m etabolism . T ran sfe r genes N 

and G a re  re q u ire d  fo r  th e  s t a b i l i s a t i o n  o f m ating p a i r  fo rm ation , and traS  

and 2  fo r  su rfa c e  ex c lu s io n  (review ed in  W il le t ts  and S kurray , 198O and 

W il le t ts  and W ilk in s, 1984).

The IncP p lasm id , RP4, has a lso  been analysed  g e n e t ic a l ly  and th re e  

t r a n s f e r  reg io n s  id e n t i f i e d  (B arth  e t  a l . , 1978; Lanka and B arth , I 98I ;

Lanka e t  a l . , 1983; see  a lso  F ig u re  1-3b) through s tu d ie s  o f  d e le t io n  and 

Tn^ m u tan ts . A lthough f iv e  com plem entation groups have thus been id e n t i f i e d ,  

th e  p o la r  e f f e c t s  o f Tn7[ in s e r t io n  have r e s u l te d  in  some o f  th e se  g ro u p s  

c o n ta in in g  more than  one phenotypic c lass*  The t r a n s f e r  reg io n s  o f the  

c lo s e ly  r e la te d  IncP plasm ids RK2 and R751 appear to  be o rg an ised  in  a 

s im ila r  fa sh io n  (Meyer and S h ap iro , 198O), and two t r a n s f e r  reg io n s  have 

been proposed fo r  th e  IncP -10  p lasm id R91-5, each co n ta in in g  the  re s p e c tiv e  

genes fo r  c o n ju g a tiv e  DNA m etabolism  and p i lu s  sy n th e s is  (C orrigan  e t  a l . ,  

1978; Moore and K r i s n a p i l l a i , 1 982a ,b ).

B a c te r ia  c o n ta in in g  C olIb-P9drd-1 c o n s t i tu t iv e ly  produce I  p i l i  

a tta c h e d  to  the  o u ts id e  o f the  c e l l .  These filam en tous s t r u c tu r e s  a re  about 

2 pm in  le n g th  w ith  a  d iam eter o f between 6 and 12 n.m (Lawn, 1966;

Tomoeda e t  a l . , 1975) and a re  d i s t i n c t  from F -sp e c if ie d  sex  p i l i  by t h e i r  

morphology, a n tig e n ic  s p e c i f i c i t y  (Lawn and M eynell, 1970; B rad ley , 198O) 

and s e n s i t i v i t y  to  F - s p e c if ic  and I - s p e c i f i c  b ac te rio p h ag es  ( W il le t t s ,

1977)* The I  p i lu s  i s  composed o f  su b u n its  o f  I  p i l i n ,  d is t in g u is h a b le
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from F p i l i  by am ino-acid com position (B rin to n , 1965) and s u s c e p t ib i l i t y  

to  p r o te o ly t ic  cleavage by try p s in  (B rin to n  and B ear, 1967) .  The b a c te r io 

phages If1  (M eynell and Lawn, 1968) ,  PR64FS (C oetzee e t  a l . ,  I 98O) and loc 

(C oetzee _et a l# , I 982) a l l  in f e c t  l a  p la sm id -co n ta in in g  b a c te r ia  by a t ta c h 

ment to  th e  I  p i lu s .  The p i l i  o f C olIb-P9, R144 and R64 a re  a l l  s im i la r ,  

a lth o u g h  R 6 4 -sp ec ified  p i l i  a re  d is t in g u is h a b le  s e r o lo g ic a l ly  from th e  

form er (Lawn and M eynell, 1970). B radley  ( 1983) has a lso  re p o rte d  th a t  

R l44drd-3  and R64drd-11 determ ine a second, th ic k e r ,  type o f  p i lu s  w ith  a 

diaimeter o f about 10.5  n.m* These th ic k  p i l i  have knobs a t  one end and a 

p o in t a t  th e  o th e r ,  d i s t a l ,  te rm in u s. I - s p e c i f i c  b ac te rio p h ag es  do n o t 

adsorb to  th e se  p i l i ,  and th e i r  r o le  rem ains u n c e r ta in  a t  p re s e n t .

A lthough sex  p i l i  a re  e s s e n t ia l  fo r  c o n ju g a tiv e  t r a n s f e r  o f th e se  

p la sm id s, th e  p re c is e  r o le  o f th i s  s t r u c tu r e  i s  s t i l l  in  doub t. I t  i s  

known, however, th a t  th e  F p i lu s  i s  re sp o n s ib le  fo r  th e  fo rm ation  o f 

s p e c i f ic  c o n ta c ts  between the  donor bacterium  and r e c ip ie n t  c e l ls #  This 

s h e a r - s e n s i t iv e  union i s  subsequen tly  s t a b i l i s e d  by a p ro cess  in v o lv in g  th e  

traG  and Df gene p ro d u c ts  (Manning e t  a l . , 1981) and the  p i l i  a re  then 

thought to  r e t r a c t ,  b rin g in g  th e  c e l l s  in to  w a ll- to -w a ll  c o n ta c t (C u r t i s s ,  

1969; C lark  and W arren, 1979)# In  th e  case  o f  I  sex  p i l i ,  th e  re c e p to r  fo r  

p i lu s  re c o g n itio n  i s  a lip o p o ly sa cc h a rid e  p re s e n t in  th e  r e c ip ie n t  c e l l  

w a ll, and c o n ju g a tio n -d e f ic ie n t (Con ) c e l l s  w ith  a l te r e d  lip o p o ly sa c c h a rid e  

component can be o b ta in ed  (Havekes e t  a l . , 1977a). There i s  a lso  evidence 

th a t  I  p i l i  can c o n tra c t  (Lawn and M eynell, 1972).

I t  has been proposed, by analogy w ith  in fe c t io n  by sm all filam en tous 

b a c te rio p h a g e s , th a t  th e  p i lu s  might conduct DNA between m ating c e l l s  along  

i t s  a x ia l  channel, a lthough  th e re  i s  no d i r e c t  evidence fo r  th i s  su g g es tio n  

(B rin to n , 1965; Ou and Anderson, 1970). A lte rn a t iv e ly ,  s in c e  w a ll- to -w a ll
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c o n ta c t appears e s s e n t ia l  fo r  t r a n s f e r  (Achtman e t  a l . , 1978), the  DNA 

may t r a v e l  v ia  a channel formed e i th e r  by fu s io n  o f the  o u te r  membrane o f 

m ating c e l l s  and h o le s  in  the  pep tid o g ly can  la y e r s  o f th e  c e l l  envelopes 

o r by some o th e r  s p e c ia l is e d  s t r u c tu r e  b r id g in g  the  c e l l s  (C lark  and W arren, 

1979)* In  th e  case o f C olIb-P9, th e  amount o f  p lasm id DNA tra n s fe r re d  to  

r e c ip ie n t s  i s  l im ite d  by the  a c tio n  o f a  p ro te in  o r  p ro te in s  sy n th es ised  

from th e  incoming DNA (B oulnois and W ilk ins, 1978). C olIb-P9 DNA tr a n s f e r  

can be am p lified  approxim ately  4 - fo ld  by m ating r i f a m p ic in - r e s is ta n t  

( rpoB) donors and s e n s i t iv e  r e c ip ie n t s  in  th e  p resence  o f  th e  d rug , 

presum ably due to  the  p rev en tio n  o f t r a n s c r ip t io n  o f p lasm id gene(s) 

norm ally  re sp o n s ib le  fo r  th e  l im i ta t io n  o f DNA tr a n s f e r  (B oulnois and 

W ilk ins, 1978). This a p p ro p ria te  gene p ro d u c t(s )  appears to  d e s tro y  th e  

competence o f newly formed tran sco n ju g an ts  to  a c t  fu r th e r  as r e c ip ie n t s  

(B oulnois and W ilk ins, 1978), b u t th e  p re c is e  mechanism i s  unknown. F 

plasm id t r a n s f e r  i s  a f fe c te d  by two gene p ro d u c ts ; t r a S , which l im i t s  DNA 

t r a n s f e r  by a f f e c t in g  co n ju g ativ e  DNA m etabolism , and t r a T , which in h ib i t s  

th e  fo rm ation  o f m ating p a ir s  to  l im i t  DNA t r a n s f e r ,  and a lso  to  p rev en t 

F^ c e l l s  a c tin g  as r e c ip ie n ts  (Achtman e t  a l . , 1980) .  The e f f e c t  o f such 

p ro te in s  during  a normal m ating i s  to  h a l t  DNA t r a n s f e r  and d e s ta b i l i s e  

c e l l  to  c e l l  c o n ta c ts  so th a t  the  b a c te r ia  s e p a ra te .

In  c o n tra s t  to  DNA t r a n s f e r ,  th e re  i s  no evidence th a t  RNA o r p ro te in  

m olecules a re  tr a n s fe r re d  during  c o n ju g a tio n . P rev ious a ttem p ts  to  

q u a n t i ta te  p ro te in  and RNA t r a n s f e r  by s e le c t iv e ly  la b e l l in g  th ese  

components in  donor c e l l s  have f a i le d  to  d e te c t  such m a te r ia l  in  u n la b e lle d  

r e c ip ie n t s  a f t e r  m atings m ediated by e i th e r  C olIb-P9 o r F (S i lv e r  and 

O zeki, 1963; S i lv e r ,  1963; S i lv e r  e t  a l . , 1963)# Thus, i f  co n jugal t r a n s f e r  

o f p ro te in  o r RNA o ccu rs, i t  in v o lv es  l e s s  than  0 .3#  o f th e  t o t a l  c e l l u l a r  

p ro te in  o r RNA co n ten t o f m ating c e l l s ,  which was the  l im i t  o f r e s o lu t io n
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o f th e se  experim ents (S ilv e r  and O zeki, 19&3)# Such a r e s u l t ,  however, 

does n o t p rec lu d e  th e  s e le c t iv e  t r a n s f e r  o f s p e c i f ic  m olecules a s so c ia te d  

w ith  th e  c o n ju g a tiv e  p ro c e ss , and th i s  p o in t  w i l l  be reco n sid e red  l a t e r  in  

th i s  t h e s i s .

1 .8  C onjugative DNA m etabolism

Having summarised re le v a n t  a sp e c ts  o f both  DNA r e p l ic a t io n  and 

co n ju g a tio n , a c o n s id e ra tio n  w i l l  be given o f  th e  m etabolism  o f plasm id DNA 

d uring  i t s  t r a n s f e r ;  a s e r ie s  o f even ts  c e n t r a l  to  th i s  th e s i s .  T ran sfe r 

o f  p lasm id DNA a p p a re n tly  re q u ire s  th a t  th e  su p e rc o ile d  plasm id m olecule 

i s  converted  to  a 'r e la x e d ' open c i r c u la r  form by th e  in tro d u c tio n  o f a  n ick  

in to  one o f DNA s t r a n d s .  In  the  cases o f ColEI (Warren ^  a l . , 1978), R12 

(M orris e t  a l . , 1973) and RK2 (Guiney e t  a l . , 1979), th i s  re a c t io n  has been 

shown to  be h ig h ly  s p e c i f ic ,  w ith  the  n ick  being  in tro d u ced  in to  a  s p e c if ic  

s tra n d  o f  th e  plasm id  DNA a t  o r n ea r a unique s i t e  termed th e  o r ig in  o f 

t r a n s f e r  Vo riT ) .  The t r a n s f e r  o r ig in s  o f C olIb-P9 ( th i s  th e s i s ;  C. Wymbs 

and B. W ilk ins, p e rso n a l com m unication), F (E v e re tt  and W il le t t s ,  1982),

R46, R1, R100 (se e  W il le t ts  and W ilk ins, 1984), RK2 (Guiney and Yakobson, 

1983) and RP1 (Watson e t  a l . , 198O) have been c loned , a s  w ell as the  

o r ig in s  o f t r a n s f e r  o f  o th e r ,  sm a lle r , n o n -co n ju g a tiv e  p la sm id s. In  a l l  o f 

the  above in s ta n c e s , a  s h o r t  sequence, o f te n  co n ta in in g  reg io n s  o f dyad 

symmetry, i s  re q u ire d  fo r  DNA t r a n s f e r .  The n ick in g  re a c t io n  im p lic a te d  

w ith  F plasm id t r a n s f e r  i s  p o s tu la te d  to  occur a t  one o f  two d is c r e te  s i t e s  

con ta ined  w ith in  th e  in v e r te d  re p e a ts  found w ith in  the  cloned  t r a n s f e r  

o r ig in  (see  W il le t ts  and W ilk ins, 1984), and re q u ire s  th e  a c t i v i t i e s  o f 

bo th  th e  traY  and traZ  gene p ro d u c ts  (E v e re tt  and W il le t ts ,  I 98O ). A 

complex o f th e  two p ro te in s  i s  thought to  a c t  as a  s i t e - s p e c i f i c  endo

n u c lea se , re c o g n is in g  the  t r a n s f e r  o r ig in  and in tro d u c in g  a s in g le - s t r a n d  

n ick  in to  th e  DNA a t  th i s  p o in t .
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Although bo th  ColIb-P9 (C lew ell and H e lin sk i , 1970) and R64 

(K upersztoch-P ortnoy e t  a l . , 1974) have been re p o rte d  to  e x is t  as r e la x a 

t io n  com plexes, no s t r a n d -  o r s i t e - s p e c i f i c  n ick in g  event has y e t  been 

dem onstrated . The p o s s ib i l i t y  rem ains th a t  re la x a t io n  may be a t t r ib u ta b le  

to  th e  e f f e c t s  o f  a  plasm id-encoded endonuclease, n ick in g  th e  plasm id DNA 

a t  random s i t e s .  Such endonucleases have been re p o rte d  fo r  C olIb-P9, R64 

and R l44drd-3  by Winans and Walker ( 1983) ;  see  a lso  C hapter 5 o f th i s  th e s i s .

I t  rem ains u n c e r ta in  whether n ick in g  a t  o riT  i s  th e  t r ig g e r  fo r  DNA 

t r a n s f e r .  E v e re tt  and W il le t ts  ( I 98O) have proposed th a t  th e  o riT  s i t e  o f 

F i s  re p e a te d ly  n icked  and r e l ig a te d  in  c e l l s  n o t involved  in  c o n ju g a tio n , 

so th a t  an e q u ilib riu m  between th e se  two s t a t e s  i s  reach ed . I t  may th e re 

fo re  be m ating p a i r  form ation  th a t  i n i t i a t e s  DNA t r a n s f e r  and co n ju g a tiv e  

DNA m etabolism , r a th e r  than  th e  n ick in g  e v e n t. Once th i s  event has 

o ccu rred , th e  n icked  s tra n d  i s  t r a n s fe r r e d  to  the  r e c ip ie n t .  T ran sfe r o f a  

s p e c if ic  s in g le - s t r a n d  o f  DNA has been dem onstrated  fo r  R64drd-11 (Vapnek, 

Lipman and Rupp, 1971) as w ell as fo r  F (Cohen e t  a l . , 1968; Vapnek and 

Rupp, 1970, 1971)» The g ra d ie n t o f  recom binants gen era ted  in  m atings w ith  

R l44-m ediated  H fr donor s t r a in s  in d ic a te s  u n id i r e c t io n a l  t r a n s f e r  o f the  

In c ia  plasm id s t r a n d , b u t i t  i s  n o t known w hether i t  i s  t r a n s fe r re d  w ith  a 

le a d in g  5* te rm in u s, as in  th e  case  o f F (Rupp and I h l e r ,  1968; Ohki and 

Tomi zawa, 1968) .

C onjugative t r a n s f e r  o f l a  p lasm ids appears to  in v o lv e  genomic le n g th s  

o f DNA. Fenwick and C u r tis s  (I9 7 3 a ,b ) observed only  monomeric le n g th s  o f 

s in g le -s tra n d e d  R64drd-11 DNA tra n s fe r r e d  to  m in ic e ll  r e c ip ie n t s ,  w ith  a 

de lay  o f s e v e ra l  m inutes between su cc e ss iv e  rounds o f t r a n s f e r .  S im ila r  

r e s u l t s  have been re p o r te d  by B oulnois and W ilkins (1978) u sin g  r ifa m p ic in -  

t r e a te d  r e c ip ie n t s  o f  C olIb-P 9, and th e  concept i s  fu r th e r  supported  by 

th e  requ irem en t o f an RNA prim er fo r  s y n th e s is  o f DNA to  re p la c e  th e  s tra n d  

tr a n s fe r r e d  to  the  r e c ip ie n t  c e l l  (se e  l a t e r  c h a p te rs ) .
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Jacob e t  a l .  (19&3) proposed th a t  DNA sy n th e s is  in  th e  donor prov ided  

th e  fo rce  d riv in g  DNA t r a n s f e r  to  r e c ip ie n t s ,  an h y p o th esis  e lab o ra te d  by 

G ilb e r t  and D re ss ie r  ( 1968) in  th e i r  r o l l i n g  c i r c l e  model o f  t r a n s f e r ,  in  

which ex ten s io n  o f th e  3 *-OH term inus a t  a  n icked  o r ig in  o f t r a n s f e r  d is 

p la c e s  th e  5 ' term inus o f  th i s  s tra n d  in to  th e  r e c ip ie n t  c e l l .  However, 

s tu d ie s  u s in g  thymine s ta r v a t io n  (P r i tc h a r d ,  1965; I s h ib a s h i ,  1966;

M aturin and C u r t is s ,  1981) r e fu te  th i s  c o n c lu s io n . In  the  case  o f  F, the

180,000 MW product o f  t r a l  (W il le t ts  and M aule, 1979), DNA h e l ic a s e  I ,  i s  

p o s tu la te d  to  b ind  to  a  s in g le -s t ra n d e d  re g io n  o f plaismid DNA and m ig ra te  

in  a 5* to  3* d i r e c t io n  to  d isp la c e  the  t r a n s fe r r e d  s tra n d  in  an ATP- 

dependent p ro cess  (Kingsman and W il le t t s ,  1978;Abdel-Monem e t  a l . , 1983)# 

R oles may a lso  e x i s t  fo r  DNA gyrase  ( G e l le r t ,  1981) and s in g le - s t r a n d  b in d in g  

p ro te in  (SSB) (G eider and H offm ann-B erling, 1981) .  Evidence fo r  the  

involvem ent o f DNA gy rase  (Fenwick and C u r t is s ,  1973c), a h o s t  enzyme which 

in tro d u ce s  n e g a tiv e  s u p e rc o ils  in to  duplex DNA (G e lle r t  e t  a l . , 1976), i s  

dependent on s tu d ie s  in v o lv in g  the  in h ib i to r  n a l id ix ic  a c id  (Sugino _et a l . , 

1977) ,  and they  a re  open to  c r i t ic i s m  s in c e  i t  appears th a t  th e  drug may 

cause gyrase-DNA complexes th a t  r e s u l t  in  breakage o f DNA as w e ll as 

d is ru p tio n  o f DNA m etabolism  ( G e l le r t ,  1981) .  U n til  th e  involvem ent o f 

gy rase  in  DNA t r a n s f e r  i s  te s te d  by a d i f f e r e n t  means, perhaps by u t i l i z i n g  

th e  te m p e ra tu re -s e n s it iv e  gyr m utants re p o rte d  (K reuzer and C o z z a re l l i ,

1979; O rr e t  a l . , 1979), the  involvem ent o f  DNA gyrase in  bo th  F and I  

p lasm id  t r a n s f e r  must rem ain u n c e r ta in ,

C onjugative  DNA t r a n s f e r  o f C olIb-P9 i s  a  r e p l ic a t iv e  even t 

accompanied by s y n th e s is  o f a rep lacem ent DNA s tra n d  in  the  donor and o f a 

complementary s tra n d  in  the  r e c ip ie n t ,  (W ilk ins and Hollom, 1974), as shown 

in  F ig u re  1 -4 . These se p a ra te  p ro cesses  can be measured by th e  s p e c if ic



F igu re  1-4 C onjugative sy n th e s is  o f ColIb-P9 DNA

The f ig u re  d e p ic ts  a  s im p lif ie d  scheme fo r  th e  co n ju g a tiv e  

sy n th e s is  o f  C olIb-P9 DNA, w ith  even ts o ccu rrin g  in  th e  donor and 

r e c ip ie n t  b a c te r ia  d isp lay ed  r e s p e c t iv e ly  on the  l e f t  and r i g h t  o f th e  

v e r t i c a l  l i n e .  Follow ing th e  n ick in g  o f the  unique plasm id s tra n d  

d e s tin ed  fo r  t r a n s f e r  a t  th e  o r ig in  o f t r a n s f e r ,  o riT  ( l ) ,  t h i s  s tra n d  

i s  d isp la ce d  in to  th e  r e c ip ie n t  c e l l  w ith  i t s  5 * term inus le a d in g  ( 2 ) .  

The c irc u la ir  s tra n d  r e ta in e d  in  th e  donor se rv es  as  tem plate  fo r  the  

sy n th e s is  o f  a  rep lacem ent s tra n d  (RSS), w hile  th e  t r a n s fe r re d  s tra n d  i s  

converted  to  duplex m a te r ia l in  th e  r e c ip ie n t  c e l l  by complementary 

s tra n d  sy n th e s is  (CSS; 3)* RSS may proceed co n tin u o u sly , b u t CSS i s  

thought to  be a  d isco n tin u o u s p ro cess  and hence to  re q u ire  m u ltip le  

prim ing e v e n ts . (4) Second rounds o f  t r a n s f e r  may r e s u l t  from t r a n s 

m ission  o f th e  rep lacem ent s tra n d  gen era ted  during  the  p rev io u s  round 

o f  t r a n s f e r .
T'

Key: _________________ Plasm id DNA s tra n d  re ta in e d  in  donor

■ '  ..... .................. T ran sfe rred  plasm id s tra n d

C o n ju g a tiv e ly  sy n th e s ise d  plasm id DNA

A/WW Prim er



1
DONOR RECIPIENT

oriT

Primer

5 CSS



27

in c o rp o ra tio n  o f r a d io a c t iv e ly - la b e l le d  thymine in to  donor o r r e c ip ie n t  

s t r a i n s  (Vapnek and Rupp, 1971; W ilkins and Hollom, 1974)* In c o rp o ra tio n  

o f  la b e l le d  thymine by e i th e r  p a re n ta l  s t r a i n  can be p reven ted  by u sing  

tdk b a c te r ia  d e f ic ie n t  in  thym idine k in a se  a c t i v i t y  ( F re i f e ld e r  and 

F r e i f e ld e r ,  1968) and hence unable  to  in c o rp o ra te  exogeneous thymine o r 

thym idine in to  DNA (H igara  e t  a l* , 1967)* The use o f tem p era tu re- 

s e n s i t iv e  dnaB m utants as donors o f ColIb-P9 has allow ed d e te c tio n  of 

rep lacem ent s tra n d  sy n th e s is  s in c e  v e g e ta tiv e  r e p l ic a t io n  o f an In c ia  

p lasm id , b u t n o t c o n ju g a tiv e  DNA s y n th e s is ,  i s  dependent on dnaB p ro te in  

(Fenwick and C u r t i s s , 1973a; W ilkins and Hollom, 1974). Complementary 

s tra n d  sy n th e s is  in  r e c ip ie n t s  can in  tu rn  be d e tec te d  e i th e r  by u s in g  a 

dnaB( t s )  s t r a i n  a t  r e s t r i c t i v e  tem peratu re  (B re s le r  e t  a l * , 1973; W ilkins 

and Hollom, 1974) o r  by u l t r a v io l e t  (UV) i r r a d ia t io n  o f r e c ip ie n t  c e l l s  

p r io r  to  mating to  ren d e r the r e s id e n t  DNA u n s u ita b le  as tem pla te  fo r  DNA 

s y n th e s is  ( F r e i f e ld e r  and F r e i f e ld e r ,  1968)*

S y n th e s is  o f th e  complementary s tra n d  in  r e c ip ie n ts  i s  c a r r ie d  ou t 

by DNA polym erase I I I  holoenzyme (W ilkins and Hollom, 1974), n e c e s s i ta t in g  

a requ irem en t fo r  p rim er sy n th e s is  during  co n ju g a tiv e  DNA metabolism* In  

th e  case  o f In c ia  p la sm id s , RNA prim ers a re  gen era ted  by a plasm id-encoded 

DNA prim ase, which w i l l  be considered  in  more d e ta i l  in  th e  n ex t s e c t io n .  

This accoun ts  fo r  th e  re p o rte d  independence fo r  co n ju g a tiv e  DNA s y n th e s is  

o f the  h o s t prim ing enzymes RNA polym erase and dnaB and dnaG p ro te in s  

(W ilkins and Hollom, 1974; B oulnois and W ilk ins, 1979) and presum ably 

ex p la in s  th e  d ecrease  in  tran sco n ju g an t frequency  when RNA sy n th e s is  in  

dnaB donors o f R64drd-11 was in h ib i te d  by th e  p rev en tio n  o f c y tid in e  

u t i l i s a t i o n  (M aturin and C u r t is s ,  I 981) ,  s in c e  prim ers sy n th e s ise d  by 

plasm id prim ase p o sse ss  a  c h a r a c te r i s t i c  c y tid in e  re s id u e  a t  t h e i r  5 * 

term inus (E . Lanka unpublished  d a ta  in  W il le t t s  and W ilk ins, 1984).
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Presum ably th e  p o s t-p rim in g  s ta g e s  o f co n ju g a tiv e  DNA s y n th e s is ,  such 

as  th e  removal o f p rim ers , th e i r  rep lacem ent w ith  DNA, and th e  l ig a t io n  o f  

d isco n tin u o u s  fragm ents i s  analogous w ith  th e  corresponding  s te p s  in  d is 

con tinuous chromosomal DNA r e p l ic a t io n  (S ec tio n  1*3)» There may a lso  be 

a requ irem en t fo r  a p la sm id -sp e c if ie d  s in g le - s t r a n d  b ind ing  p ro te in  in  th i s  

p ro c e ss , s in c e  th e se  p ro te in s  a re  a s so c ia te d  w ith  bo th  phage and b a c te r ia l  

DNA r e p l i c a t io n .  Both F and R64drd-11 (b u t n o t th e  re p re sse d  plasm id R64) 

have been shown p a r t i a l l y  to  su p p ress  te m p e ra tu re -se n s itiv e  ssb-1  m uta tions 

in  E .c o l i  (Kolodfe'iM e t  a l . , 1983; W il le t ts  and W ilk ins, 1984). The F gene 

re s p o n s ib le  fo r  th i s  su p p ress io n  has been d esig n a ted  s s f  and i t s  p roduct has 

ex ten s iv e  homology w ith  the  h o s t SSB, im plying a s im i la r i ty  o f ro le s  in  DNA 

s y n th e s is  (Chase e t  a l . , I 983)#

C ir c u la r i s a t io n  o f the  tr a n s fe r r e d  s tra n d  in  th e  r e c ip ie n t  i s  

n ecessa ry  fo r  th e  s ta b le  in h e r ita n c e  o f th e  p lasm id . This p rocess does n o t 

r e q u ire  t r a n s c r ip t io n  o f plasm id DNA in  r e c ip ie n t s ,  thus im plying th a t  i t
I';

in v o lv es  d o n o r-su p p lied  p roducts  in  th e  cases o f  C olIb-P9 (B oulnois and 

W ilk ins, 1978) and F (H iraga and S a ito h , 1973)» I t  has been proposed, by 

analogy w ith  c i r c u la r i s a t io n  o f 0X174 (E isenberg  e t  a l . , 1976), th a t  a 

p ro te in  w ith  both  endonuclease and l ig a s e  a c t i v i t i e s  c o v a le n tly  a tta c h e s  to  

th e  5 ' term inus c re a te d  as i t  n ick s  a t  o riT  and a f t e r  each round o f DNA 

t r a n s f e r ,  re co g n ise s  the  3 '“OH term inus o f the  same s tra n d  and r e l ig a te s  

th e  two ends (Warren e t  a l# , 1978). Upon com pletion o f the  sy n th e s is  o f 

th e  rep lacem ent s t r a n d , a  topoisom erase such as DNA gyrase co n v erts  the  

re la x ed  duplex DNA m olecule to  a n e g a tiv e ly  su p e rco ile d  form.
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1o9 P lasm id-encoded DNA prim ases

The f i r s t  ev idence fo r  the  e x is te n c e  o f  plasm id-encoded prim ing 

enzymes stemmed from th e  o b se rv a tio n  th a t  th e  In c ia  p lasm ids C olIb-P9, R64 

and R144 p a r t i a l l y  suppressed  te m p e ra tu re -se n s itiv e  dnaG3 m u ta tio n s , 

a llo w in g  chromosomal DNA sy n th e s is  to  proceed a t  r e s t r i c t i v e  tem perature 

(W ilk in s , 1973)» S uppression  was in c re ase d  i f  th e  p lasm ids c a r r ie d  an 

a u th e n tic  drd m uta tion  d e re p ress in g  t r a n s f e r  genes (W ilk ins, 1973) and 

was enhanced fu r th e r  by a second p la sm id -lo c a te d  m utation  causing  an even 

h ig h e r le v e l  o f  t r a n s f e r  gene ex p ress io n  (Sasakawa and Yoshikawa, 197&)»

In c ia  p lasm id DNA prim ase was i n i t i a l l y  p u r if ie d  from c e l l s  harbou ring  

R64drd-11 and shown to  be capable o f  i n i t i a t i n g  DNA sy n th e s is  on a wide 

range o f DNA tem p la tes  (Lanka e t  a l . , 1979)» This p lasm id prim ase can 

prim e DNA s y n th e s is  on s in g le -s tra n d e d  phage tem pla tes  o f fd  (Ml3 ) ,  G4 eind 

0X174 _in v i t r o , thus s u b s t i tu t in g  fo r  the h o s t prim ing enzymes RNA p o ly 

merase and dnaB, C and G p ro te in s  (Lanka e t  a l . ,  1979)» The enzyme can 

cilso s u b s t i t u te  fo r  dnaG p ro te in  during  d isco n tin u o u s r e p l ic a t io n  o f 

b ac te rio p h ag e  X DNA, l a  amd C o lE I-lik e  p lasm ids and the  E .c o l i  chromosome 

(W ilk in s, 1973» Lanka e t  a l . , 1979» W ilkins e t  a l . , 1981) a lthough  i t  can

n o t bypass the  requ irem en t fo r  dnaB p ro te in  in  th i s  l a t t e r  p ro cess  

(W ilkins and Hollom, 1974; B oulnois and W ilk in , 1978).

Plasm id DNA prim ase i s  d is t in g u is h a b le  a n t ig e n ic a l ly  from dnaG 

p ro te in  and, u n lik e  RNA polym erase, i t  s y n th e s is e s  prim ers in  a r ifa m p ic in -  

r e s i s t a n t  p ro cess  (Lanka e t  a l . , 1979; W ilkins e t  a l . , 1981) .  F u n c tio n a l 

p rim ers made in  v i t r o  c o n s is t  o f between on ly  2 and 10 n u c le o t id e s , w ith  

a  c h a r a c te r i s t i c  c y t id in e  o r c y t id in e -5 '-m onophosphate a t  th e  3 ' term inus 

fo llow ed by an adenosine-3*-m onophosphate n u c le o tid e  (E . Lanka, unpublished  

d a ta  in  W il le t ts  and W ilk ins, I 983)» This c o n tra s ts  w ith  p rim ers



30

sy n th e s ise d  by dnaG prim ase, which a re  i n i t i a t e d  by a 5* p u rin e  n u c le o tid e  

(Rowen and Kornberg, 1978; A rai and K ornberg, 198l c ) .  The plasm id enzyme 

thus reco g n ise s  a t  l e a s t  a  3*-dG-dT-3* sequence on s in g le -s tra n d e d  DNA fo r  

p rim er s y n th e s is ,  and in te r e s t in g ly ,  i t  can use  th e  3 * te rm in a l n u c le o tid e  

o f a l i n e a r  tem pla te  to  sy n th e s is e  a complementary primer-DNA complex w ith  

a  f lu s h  end (W il le t ts  and W ilk ins, 1984). P rim ers a re  extended by E .c o l i  

DNA polym erase I I I  holoenzyme (Lanka e t  a l . , 1979; W ilkins e t  a l . , 1981) .

The ColIb-P9 gene fo r  p lasm id DNA prim ase has been d esig n a ted  sog 

( f o r  su p p re ss io n  o f dnaG; B oulnois and W ilk in s , 1979) and shown to  be 

homologous w ith  th e  prim ase genes o f  R64, R l44, ( I n c ia ) ,  R621a ( I n d y ) ,  

R864a and RIP72 (in cB ). These plasm ids can be considered  as  producing the  

same prim ing enzymes as judged by measurements o f apparen t MW and immuno

lo g ic a l  c ro s s - r e a c tio n  (W ilkins e t  a l . , I 98I ;  Dalrymple e t  a l . , 1982; 

Dalrymple and W illiam s, I 982) .  The sog gene o f C olIb-P9 has been cloned 

on a 7 .9  Hb EcoRl  r e s t r i c t i o n  fragm ent in to  th e  m ulticopy v e c to r  plasm id 

PBR325 (B o liv a r , 1978) ,  and the  r e s u l ta n t  recom binant d e sig n a ted  pLG215 

(W ilkins e t  a l . , I 981) .  The sog lo c u s , (see  F ig u re  1r5) i s  thought to  

s p e c ify  two a n t ig e n ic a l ly  r e la te d  p o ly p ep tid es  o f ap p aren t m olecular w eight

240,000 and l80 ,000  (W ilkins e t  a l . , 198I ;  B oulnois e t  a l . , 1982) .  These 

p ro te in s  a re  a p p a ren tly  t r a n s la te d  in  th e  same read in g  frame from se p a ra te  

i n i t i a t i o n  s i t e s  on a s in g le  mRNA t r a n s c r ip t ,  so th a t  th e  two p o ly p ep tid es  

consequen tly  shsire a  common amino a c id  sequence such th a t  th e  sm alle r 

p ro te in  corresponds to  the  C -te rm in a l p o r tio n  o f the  la r g e r  p o ly p ep tid e  

(B oulnois e t  a l . , 1982) .  DNA prim ase a c t i v i t y  has been a s s o c ia te d  w ith 

th e  unique N -term inal p o r tio n  o f th e  la r g e r  p ro te in ,  re q u ir in g  a domain o f 

between J>6 and 75 k d a l, as judged by a n a ly s is  o f Sog amber and d e le t io n  

m utants (B oulnois e t  a l . , 1982) .  The 240 k d a l sog p ro te in  i s  th e re fo re  

l i k e ly  to  be m u ltifu n c tio n a l, b u t the  r o le  o f  the  C -te rm in a l re g io n  o f  th i s  

p o ly p e p tid e , and o f  the  e n t i r e  18O k d a l p ro te in  has y e t to  be determ ined .



F ig u re  1-5 Schem atic r e p re s e n ta t io n  o f  th e  sog lo cu s  o f ColIb-P9

The diagram , which i s  p u re ly  schem atic  and n o t drawn to s c a le ,  

d e p ic ts  c u r re n t  id e a s  on the  o rg a n is a tio n  and p ro d u c ts  o f the  sog 

lo cu s  o f  ColIb-P9« The sog gene i s  t ra n s c r ib e d  to  y ie ld  a s in g le  

m essenger RNA s p e c ie s ,  which in  tu rn  i s  t r a n s la te d  from two s e p a ra te  

ribosom e b in d in g  s i t e s  ( rb s )  to  g en e ra te  two p o ly p ep tid es  o f about 240 

and 180 k d a l .  The i n i t i a t i o n  codons a re  thought to  be in  th e  same 

re a d in g  fram e, g iv in g  two se q u e n c e -re la te d  sog p ro te in s  w ith the  e n t i r e  

amino a c id  sequence o f th e  sm a lle r p o ly p ep tid e  com prising the C -te rm in a l 

re g io n  o f th e  l a r g e r .  Prim ase a c t i v i t y  r e q u ire s  a t  l e a s t  p a r t  o f th e  

unique N -te rm ina l reg io n  o f the  240 k d a l p o ly p e p tid e .

The d e le t io n  in  the  sog gene p re se n t in  recom binant plasm id pLG2l4, 

i s  in d ic a te d  in  th e  f ig u r e .  I t  does n o t e lim in a te  th e  prim ase domain 

b u t a p p a re n tly  removes a  co n sid e ra b le  p o r tio n  o f th e  reg io n  common to  

bo th  sog p o ly p e p tid e s .
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Plasm id-encoded DNA prim ases appear to  be common amongst co n ju g ativ e  

p lasm ids (se e  Table 8 -1 ) i  and have been a s s o c ia te d  w ith  members o f 11 in 

c o m p a tib i l i ty  groups so f a r  (Lanka e t  a l . ,  1979; Lanka and B arth , I 98I ;  

Dalrym ple e t  a l . ,  1982; Dalrymple and W illiam s, I 982) .  Although some o th e r  

p la sm id s , most n o ta b ly  F , have been d e sig n a ted  as p rim ase -n e g a tiv e  (Lanka 

and B a r th , I 981) ,  they  might encode prim ases th a t  a re  unable  to  fu n c tio n  on 

th e  v i r a l  s tra n d s  o f  fd  o r M13 in  th e  in  v i t r o  assay  used to  determ ine 

p rim ase a c t i v i t y ,  and so the  range o f  such enzymes may be g re a te r  than  

assum ed. Three d i s t i n c t  plasm id DNA prim ase genes have been id e n t i f i e d  so 

fsu7, encoded by th e  p ro to ty p e  p lasm ids C olIb-P9 ( I n c i a ) , RP4 (IncP ) and RI6 

(IncB) (W ilk ins e t  a l . , 1981; Lanka and B a rth , 198I ;  Dalrymple e t  a l . ,

1982) .  The re s p e c tiv e  genes a re  d is t in g u is h a b le  by DNA h y b r id is a t io n  

te ch n iq u es , and t h e i r  p ro ducts  a re  a n t ig e n ic a l ly  d i s t i n c t  (Lanka and B arth , 

1981 ; Dalrymple e t  a l . , 1982) .

The prim ase gene (p r i ) o f RP4 has been ass ig n ed  to  th e  T ral re g io n  o f 

th e  plasm id  (B arth  e t  a l . , 1976; Lanka and B arth , 198I ;  Lanka e t  a l . , 1983) 

and shown to  produce two a n t ig e n ic a l ly  r e la te d  p o ly p ep tid es  o f I I 8 k d a l and 

80 k d a l as s e p a ra te  t r a n s la t io n  p roducts  from o v erlap p in g  genes (Lanka e t  

a l . , 1984) .  These two p o ly p ep tid es  a re  c o o rd in a te ly  re g u la te d  w ith  o th e r  

T ral gene p ro d u c ts , and a re  ap p a ren tly  t r a n s la te d  from a p o ly c is tro n ic  

m essenger RNA c o n ta in in g  the  in fo rm atio n  fo r  a t  l e a s t  th re e  o th e r  RP4 gene 

p ro d u c ts  (Lanka e t  a l . , 1984). Both p ro te in s  po ssess  DNA prim ase a c t i v i t y  

(Lanka and B arth , 1981; Lanka e t  a l . , 1984) and can o p e ra te  on fd , G4 and 

0X174 v i r a l  tem p la tes  (Lanka and B arth , 1981) .  A recom binant p lasm id 

c a r ry in g  th e  p r i  gene o f  RP4 and th e  r e la te d  IncP plasm id R68.45 (Ludwig 

and Johanson, 198O ), a re  capable  o f  dnaG su p p re ss io n , ap p a ren tly  as a r e s u l t  

o f  a m u ta tio n a l change in  the  prim ase gene (Lanka e t  a l . ,  1984). In  th i s
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re g a rd  th e  gene a lso  appears s im ila r  to  so g , s in c e  spontaneous d e le t io n  o f 

1*5 kb from th e  cloned  sog gene on pLG215 r e s u l t s  in  the  subsequent p lasm id 

(pLG2l4) sp e c ify in g  a tru n c a ted  DNA prim ase w ith  an in c re a se d  e f f ic ie n c y  o f 

dnaG su p p re ss io n  (W ilk ins e t  a l . , 198I ;  B oulnois e t  a l . , 19&2; see  a lso  

F ig . 3-1 and C hapter 3 )#

The RI6 (IncB) p r i  de term inan t has a lso  been cloned and shown to  

encode two p ro te in s  which can be a l te r e d  by d e le t io n s  in  a  s im ila r  fa sh io n  

to  th a t  re p o r te d  fo r  l a  and RP4 DNA p rim ases , and s t i l l  r e t a in  prim ing 

a b i l i t y  (D alrym ple, I 982) .  Furtherm ore, i t  has been suggested  th a t  th i s  

lo cu s  a lso  c o n ta in s  two o verlapp ing  genes, b u t d e le t io n  a n a ly s is  su g g es ts  

t h a t ,  u n lik e  sog (B oulnois e t  a l . ,  1982) , th e  p ro te in s  s p e c if ie d  by th e  RI6 

p r i  lo c u s  sheure a common N -term inal sequence (Dalrym ple, 1982) .  This DNA 

prim ase i s  a lso  a c t iv e  on MI3 v i r a l  DNA tem pla tes  ^  v i t r o , and in  dnaG 

su p p re ss io n  (Dalrym ple e t  a l . , 1982) .

As shown in  T able  8-1 » th e re  i s  no sim ple  c o r r e la t io n  between groups 

o f p lasm ids sh a r in g  homologous plasm id DNA prim ase genes and c l a s s i f i c a t i o n  

by in c o m p a tib i l i ty  g roup ing . Members o f th e  In c Ia  (R64, R l4 4 ), I y (= IncB; 

R621a) and B (R864a, RIP72) groups shaure n u c le o tid e  sequences homologous 

to  th e  sog lo cu s  o f  C olIb-P 9, w hile  homology w ith  th e  p ro to ty p e  RI6 p r i  

gene has been dem onstrated  fo r  plasm ids o f th e  IC (R 805a), K (R387) and 

B (TP123i pIÆIOl) in c o m p a tib i l i ty  groups (Dalrym ple e t  a l . ,  1982;

D alrym ple, 1982). The ex is ten c e  o f two such non-homologous DNA prim ase 

genes among a group o f r e la te d  co n ju g a tiv e  p lasm ids as ty p if ie d  by th e  B 

group p lasm ids presum ably r e f l e c t s  p rev ious ev o lu tio n a ry  gene exchange 

between d iv e rse  groups o f  p lasm ids.
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The b io lo g ic a l  r o le  o f plasm id DNA prim ase forms the  c e n tr a l  theme 

o f  t h i s  th e s i s .  C onjugative  DNA sy n th e s is  o f the  In c ia  p lasm id  R l44drd-3  

in  r e c ip ie n t  c e l l s  can proceed in  the  absence o f a c t iv e  h o s t prim ing enzymes 

RNA polym erase and dnaG p ro te in  (B oulnois and W ilk ins, 1979)» and so i t  was 

proposed th a t  p lasm id  prim ase c a r r ie d  o u t th e  i n i t i a t i o n  o f  complementary 

s tra n d  sy n th e s is  on th e  t r a n s fe r re d  p lasm id  DNA. Using th e  analogous 

RP4 system , i t  was su b seq u en tly  dem onstrated th a t  E .c o l i  donors o f  RP4::Tn7. 

P r i  p lasm ids were d e f ic ie n t  in  g e n e ra tin g  tra n sco n ju g a n ts  when mated w ith  

c e r ta in  o th e r  b a c te r i a l  sp e c ie s  in c lu d in g  S . typhimurium, P ro teu s  m ir a b i l i s  

and K le b s ie l la  aerogenes (Lanka and B arth , 1981) .  Back t r a n s f e r  experim ents 

w ith  th e se  s t r a in s  re v e a le d  th a t  th i s  d e fic ie n c y  was r e c ip ie n t  s p e c i f ic ,  

su g g es tin g  th a t  RP4 prim ase was involved  in  th e  prim ing o f plasm id DNA 

s y n th e s is  in  r e c ip ie n t  c e l l s  whose own p rim er-g en e ra tin g  enzymes were unable 

to  fu n c tio n  e f f i c i e n t l y  on s in g le -s tra n d e d  RP4 DNA (Lanka and B arth , 1981) .

S in ce  lo s s  o f RP4 prim ase a c t i v i t y  a lso  r e s u l te d  in  a d e te c ta b le  le v e l  o f
i

plasm id  i n s t a b i l i t y ,  th e se  au th o rs  c o n fe rre d  two p h y s io lo g ic a l ro le s  fo r  

th i s  enzym e(s), th e  prim ing o f th e  tr a n s fe r r e d  s tra n d  o f plasm id DNA during  

co n ju g a tio n  and a lso  o f  d isco n tin u o u s plasm id DNA r e p l ic a t io n  fo llo w in g  

t r a n s f e r .  These two fu n c tio n s  may c o n tr ib u te  to  th e  broad h o s t  range of 

RP4 (Lanka and B a rth , I 981) .

The p h y s io lo g ic a l ro le  and mode o f a c t io n  o f the  plasm id  DNA prim ase 

s p e c i f ie d  by C olIb-P9 w i l l  be d iscu ssed  in  th e  rem aining s e c t io n s  o f  th i s  

t h e s i s .
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1 .10  In tro d u c tio n  to  the  r e s u l t s

This th e s is  i s  a c o n tin u a tio n  o f an a n a ly s is  o f th e  co n ju g atio n  

system  o f In c ia  p lasm ids u sing  C olIb-P9 as  a r e p re s e n ta t iv e  o f th i s  group .

My s tu d ie s  have co n cen tra ted  on th e  involvem ent o f the  DNA prim ase encoded 

by th e  sog gene o f th i s  plasm id in  th e  c o n ju g a tiv e  p ro c e ss . As d e sc rib ed  

in  th e  p rev io u s  s e c t io n , B oulnois and W ilkins (1979) proposed a r o le  fo r  

th e  sog gene p roduct in  th e  co n ju g a tiv e  s y n th e s is  o f p lasm id DNA in  

r e c ip ie n t  c e l l s ,  based on the  o b se rv a tio n  th a t  th e  prim ing o f complementary 

s tra n d  sy n th e s is  o f R l44drd-3 in  r e c ip ie n t s  was independent o f host-encoded  

enzymes. The can d id a tu re  o f sog p roduct in  t h i s  re s p e c t was supported  by 

i t s  a s s o c ia te d  DNA prim ase a c t i v i t y  (Lanka e t  a l . , 1979) and th e  co o rd in a te  

ex p re ss io n  o f sog w ith  t r a n s fe r  fu n c tio n s  (W ilk in s, 1973)* Subsequent 

g e n e tic  a n a ly s is  o f sog has re q u ire d  th i s  h y p o th esis  to  be m od ified . The 

sog lo cu s  i s  com prised oj two o v erlap p in g  genes, and s p e c if ie s  two 

se q u e n c e -re la te d  p o ly p ep tid es  o f which on ly  th e  la r g e r  p o sse sse s  DNA 

prim ase a c t i v i t y ,  lo c a l is e d  in  the  N -te rm ina l p o r  t io n  unique to  th is  

l a r g e r  m olecule (W ilkins e t  a l . , I 98I ;  B oulnois e t  a l . , 1982) .  Thus the  

sog lo cu s  may encode gene p roducts  w ith  m u ltip le  fu n c tio n s  on ly  one o f 

which i s  invo lved  w ith  prim ing a c t i v i t y .  C le a r ly , th e re fo re , th e  mode o f 

a c t io n  o f  p lasm id prim ase may be more complex than p re v io u s ly  r e a l i s e d .

The f i r s t  p a r t  o f th i s  th e s is  i s  concerned w ith  th e  experim ental 

v e r i f i c a t io n  o f the  o r ig in a l  h y p o th esis  th a t  l a  plasm id prim ase i s  invo lved  

in  the  i n i t i a t i o n  o f complementary plasm id s tra n d  sy n th e s is  during  c o n ju g a tio n . 

The approach taken  invo lved  th e  c o n s tru c tio n  o f  Sog d e r iv a t iv e s  o f C o llb - 

P9drd -1 by th e  vivo recom bination  o f d e fin ed  m uta tions from a cloned 

sog gene in to  th e  p a re n ta l  l a  p lasm id . This p ro ced u re , and th e  subsequent 

c h a r a c te r is a t io n  o f th ese  plasm ids i s  d e sc rib e d  in  C hapter 3* Using th e se
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m utants (d e s ig n a ted  pLG250 and pLG25l) in  co n ju n c tio n  w ith  Sog^ recomb

in a n t  p lasm id s, th e  involvem ent of plasm id prim ase in  co n ju g a tiv e  and

r e p l i c a t iv e  sy n th e s is  o f  ColIb-P9 i s  examined in  C hapter 4 . Both Sog” l a  

p lasm ids were d e f ic ie n t  in  su p p o rtin g  complementary s tra n d  sy n th e s is  in  

r e c ip ie n t  c e l l s ,  and a r o le  i s  a lso  suggested  fo r  plasm id prim ase in  donor 

b a c te r i a .  The most im portan t conclusion  drawn from th e se  r e s u l t s  i s  th a t  

th e  enzyme ach ieves i n i t i a t i o n  o f complementary s tra n d  sy n th e s is  fo llow ing  

i t s  tra n sm iss io n  from th e  donor. This h y p o th esis  i s  supported  by the 

a b i l i t y  o f  r i f a m p ic in - tr e a te d  dnaG r e c ip ie n t s  to  sy n th e s is e  chromosomal 

DNA in  m atings w ith  Sog"*" donors. As d e ta i le d  in  C hapter 3 , th i s  conclusion  

i s  drawn from measurements o f co n ju g a tiv e  DNA sy n th e s is  in  UV tr e a te d  and 

u n tre a te d  dnaG r e c ip ie n t  c e l l s ,  and a n a ly s is  o f  c o n ju g a tiv e ly  sy n th e s ise d  

DNA by DNA-DNA re a s s o c ia t io n  experim ents. Requirem ents fo r  th i s  recovery  

p ro cess  a re  examined in  C hapter 6 , and models fo r  the  a c t io n  o f  plasm id

prim ase d iscu ssed  in  C hapter 8 .



36

CHAPTER 2

M a te r ia ls  and Methods

2.1 B a c te r ia l  s t r a in s  and p lasm ids

D e sc rip tio n s  and so u rces  o f  b a c te r i a l  s t r a in s  and plasm ids used in  

th i s  th e s i s  a re  g iven  in  Tables 2-1 and 2 -2 . BW92 was deriv ed  from BW82 

by s e le c t io n  fo r  c h lo r a te - r e s i s t a n t  m utants under anaerob ic  c o n d itio n s  by 

the  method o f Adhya e t  a l .  (1968) and sc ree n in g  o f c h lo r a te - r e s i s ta n t  

c o lo n ie s  fo r  s e n s i t i v i t y  to UV l i g h t .  BW92, which a lso  has a req u irem en t 

fo r  b io t in ,  i s  th e re fo re  co n sid ered  to  s p e c ify  a d e le t io n  covering  th e  

chlA -uvrB -bio re g io n . S e le c t io n  fo r  T6- r e s i s t a n t  m utants o f BW92 gave r i s e  

to  BW93" BW98 and BW101 were each i s o la te d  by p la t in g  BW6l o r BW82 on 

n u t r i e n t  agar co n ta in in g  n a la d ix ic  a c id  (50|igml ^) or r ifa m p ic in  (lOOjig 

ml ^ ) as a p p ro p r ia te . Plasm id c o n ta in in g  s t r a in s  a re  denoted by th e  con

v e n tio n  : s t r a in  number (p la sm id ).

2 .2  Media and chem icals

L iqu id  growth media fo r  b a c t e r i a l  s t r a in s  was e i th e r  n u t r i e n t  b ro th  

'E ' (London A n a ly tic a l and B a c te r io lo g ic a l  Media L td . ,  13g p er l i t r e )  o r 

L u ria  b ro th  (L b ro th  c o n ta in s  10g try p to n e  (O xo id ), 5g y e a s t e x t r a c t  

(Oxoid) and 5g NaCl (F iso n s) p e r  l i t r e  a t  a pH o f 7 .O ). SGC, a  s a l t s -  

glucose-casam ino a c id s  medium, c o n ta in ed , p e r l i t r e  : Na^HPO^, 6g;

KH^PO^, 3g; NH^Cl, 1g; NaCl, 0 .5 g ; MgSO^, 0 .12g ; CaCl^, 11mg; g lu co se ,

4g; Casamino ac id s  (D ifc o ) , 2g; th iam ine  HCl (Sigm a), Img. Where re q u ire d  

by auxo troph ic  s t r a i n s ,  both the  above l iq u id  media , and n u t r i e n t  agar 

(Oxoid No.2) p la te s  were supplem ented w ith  e i th e r  0.2mg o f b io t in  p e r l i t r e



Table 2-1 Bacterial strains

S tr a in Genotype or d e sc r ip tio n Source

E .c o l i  K-12

BW40

BW6l

BW68

BW69

BW82

BW84

BW86

BW88

BW89

BW92

BW93

BW96

dna tdk-1 uvrB3 rpsL31 tsx -3 3  proA2 

le u -8  th r -4  argE3 h is -4  th i  a r a - l4  

m tl-1 x y l-3  g a l-2  la c -1
RdnaG3 polAI le u  metE thyA drm C o ll

dnaB70 thyA deoB deoC rpsL tsx

lacY l4  rha  C oll^

dnaB70 thyA deoB deoC A(chlA-

uvrB -b io ) ts x  rpsL C oll^

dnaG3 le u  deoA deoC tdk  rpsL C oll^

dnaG3 le u  thyA deoB rpsL C oll^

dnaG3 le u  thyA deoB rpsL n (chlA- 

uvrB) C oll^

dna^ le u  thyA deoB rpsL C oll^  rpoB

+ Rdna le u  thyA deoB rpsL C oll

A(chlA-uvrB) 

dnaG3 le u  deoA deoC tdk rpsL C oll 

n ( chlA -uvrB -bio)

R

dnaG3 le u  deoA deoC tdk rpsL C oll 

A(chlA-uvrB) tsx

dna^ le u  deoA deoC tdk rpsL C oll^

rpoB

H

W ilkins e_t a l .

( 1971)

W ilkins (1974) 

B oulnois and 

W ilkins (1978) 

B oulnois and 

W ilkins (1978) 

B oulnois e_t a l . 

(1979)

B oulnois e^  a l .

(1979)

B oulnois and 

W ilkins (1979) 

B oulnois ^  a l . 

(1979)

B oulno is and 

W ilkins (1979) 

from BW82

from BW92

B oulnois and 

W ilkins (1979)



Table 2-1 Continued

S tr a in Genotype o r d e sc r ip tio n Source

E .c o l i  K-12

BW97 dna^ le u  thyA deoB rpsL C oll^ Boulnois and

A(chlA-uvrB) n a l W ilkins (1979)

BW98 dnaG3 polAI le u  metE thyA drm from BW6l

C oll^  n a l

BW101
p

dnaG3 le u  deoA deoC tdk rpsL C oll from BW82

rpoB

J08 + R dna le u  deoB rpsL C oll recAl L aborato ry  s to ck

DB56 dna'*’ metB trpR supE44 supF hsdM^ D. B urt

AB259 HfrH th i L aborato ry  s to ck

BC1304 dnaB1304 dnaC201 polAI thyA rpsL S h u ste r _et a l .

end arg (1977)

W3110 p ro to tro p h ic

S . typhimurium LT2

ST1 w ild  type Laboratory  s to ck

ST203 Ahis L aboratory  s to ck

Genotypic symbols a re
p

d efined  in  Bachmann ( 1983)® C oll i s  the  phenotypic

symbol fo r  r e s is ta n c e to  c o l ic in  Ib-P9*



Table 2-2 Plasmids

Plasm id Genotype o r d e s c r ip t io n Source o r 

re fe re n c e

V ector plasm id

pBR322 Ap^Tc^ B o liv a r ^e^ a l .

(1977)

pBR325 Ap^Tc^Cm^ B o liv ar (1978)

In c ia  plasm ids

pLG221 C olIb-P9drd-1 c i b : : Tn3 sog^ Boulnois ( 1981)

pLG250 pLG221 E08-217 This work

pLG251 pLG221 sog-220 This work

Recombinant p lasm ids

pLG211 pBR323il[sog~^, EcoRI 7 .9Kb, 0.27Kb] W ilkins e_t a l .

( 1981)

pLG2l4 pBR323a[sog'^, EcoRI 7.9Kb à1.3Kb] W ilkins _et a l .

( 1981)

pLG215 pBR323r2[sog'*~, EcoRI 7.9Kb] W ilkins ejk a l .

( 1981)

pLG217 pBR325n[sog-217, EcoRI 7 . 9Kb,] Boulnois ^  a l .

0.27Kb ( 1982)

pLG220 pBR3230[sog-220, EcoRI 7.9Kb,] B oulnois ^  a l .

0.27Kb ( 1982)

pLG2000 pBR3250 o riT , EcoRl], 3 fragm ents This work



Table 2-2 Continued

Plasm id Genotype or d e sc r ip tio n Source o r 

re fe re n c e

Recombinant plasm ids

pLG252 pBR323r?[eex'^, EcoRI 3.5Kb] This work

pKC3 pBR323/ 2l^eex^, EcoRI 3.5Kb] This work

pKC4 pBR323(][eex^, EcoRI 3«5Kb, and 
second sm all fragment]

This work

Plasm id nom enclature fo llow s th e  g u id e lin e s  in  Novick e t  a l .  (1976).
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or ROjig o f thymine (Sigma) p e r ml as a p p ro p r ia te . In  th e  case  of s t r a in s  

harbou ring  pBR325 o r recom binant plasm ids d e riv ed  from th i s  v e c to r ,  t e t r a 

c y c lin e  (Tc) was added to  7#3ngml  ̂ to  s e l e c t  fo r  th e  p resence  of the  

p lasm id . O ther a n t ib io t i c s  were used a t  th e  fo llow ing  c o n c e n tra tio n s ; 

a m p ic il l in  (Ap) 25ligml  ̂; kanamycin (Km) 30|igml  ̂; n a l id ix ic  (Nal) 50 

Hgml ^ ; r ifa m p ic in  (R if) 100̂ 1 gml  ̂ and s trep tom ycin  su lp h a te  (Sm) 100 

ligml A ll a n t ib io t ic s  were purchased from Sigma chem ical company w ith  

the excep tio n  o f Sm (Gleixo) , and s o lu tio n s  o f  th e se  s t e r i l i s e d  p r io r  to  

use e i th e r  by f i l t r a t i o n  o r ,  in  the  case o f Tc and R if ,  by making the  

s o lu t io n  in  50^ e th a n o l. For R if ,  the  s to ck  s o lu tio n  a lso  con ta in ed  0.03M 

K^CO  ̂ to  a id  d is s o lu t io n .

The ra d io  chem icals thymine, m ethy l-^H thym ine, |^methyl-^H j

thym idine, and Jm ethy l-^nj deoxythym idine 3*- tr ip h o s p h a te , were purchased  

from Amersham I n te r n a t io n a l .

2 .3  Stoilage and id e n t i f i c a t io n  of s t r a in s

B a c te r ia l  s t r a in s  were m ain tained  on n u t r ie n t  agar p la te s  supplem ented 

w ith  thymine o r Tc as a p p ro p r ia te  and s to re d  a t  4°C. For long -term  

s to ra g e , 3 mis o f 23^ g ly c e ro l s o lu t io n  in  n u t r i e n t  b ro th  was in o cu la ted  

w ith s e v e ra l  lo o p fu ls  o f c e l l s  grown p re v io u s ly  on n u tr ie n t  ag ar p la te s  

and vo rtexed  b r i e f ly .  A fte r  30 min a t  room tem peratu re , sam ples were 

frozen  a t  -20°C. B a c te r ia  were recovered  from s to ra g e  by thawing v i a l s  

u n t i l  j u s t  th e  top la y e r  o f th e  sample was l iq u id  and in n o c u la tio n  o f a  3 

ml o v e rn ig h t c u ltu re  w ith  0 .1 ml o f the c e l l  su sp en sio n .

The phenotype o f recovered  s t r a in s  was confirm ed p r io r  to  use in  

experim ents in  o rd er to  p rev en t c ro ss-co n tam in a tio n  o r m is - id e n t i f i c a t io n  

by app ly ing  the  s t r a in  to  th e  fo llow ing  t e s t s  as in d ic a te d  by th e  genotype 

o f th e  a p p ro p ria te  s t r a i n .  A uxotrophic m utants were s tre a k e d  to  s in g le
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co lo n ie s  ac ro ss  minimal medium (made up as SGC except fo r  the  om ission o f 

Casamino a c id s  and A ddition o f 15gl Davis ag ar) c o n ta in in g , as 

a p p ro p r ia te , thymine (Thy, 20|igml ) ,  le u c in e  (Leu, 40^igml ) ,  m ethionine 

(Met, 20|igml ) o r h i s t id in e  (H is , 20|igml ) and s t r a in s  ca rry in g  a n t i 

b io t ic  r e s is ta n c e  markers te s te d  on agar p la te s  co n ta in in g  the re le v a n t 

a n t i b i o t i c .  Amino ac id s  were purchased  from Sigma. The s e n s i t i v i t y  o f 

s t r a in s  to  u l t r a v i o l e t  l i g h t  was determ ined by exposure o f f r e s h ly -s tre a k e d  

c e l l s  on n u t r i e n t  p la te s  to a  range o f doses (0 to  60Jm ^) o f UV l i g h t

from a Hanovia g e rm ic id a l lamp. The dose r a t e  was s e t  u s in g  a L a ta r je t  
_2

dosim eter to  2Jm per s e c . o u tp u t and th e  s tre a k e d  c e l l s  sh ie ld ed  p a r t i a l l y  

w ith  a cardboard sc reen  fo r  v a rio u s  in te r v a l s ,  (O, 8 , 10, 15 and JO sec ) to  

ach ieve  a range o f exposures. P la te s  were incu b ated  o v e rn ig h t to  determ ine 

the  v i a b i l i t y  o f exposed c e l l s .  S u s c e p t ib i l i ty  o f s t r a in s  to b a c te r io 

phages was te s te d  by c ro s s -s tre a k in g  c e l l s  w ith  a suspension  o f e i th e r  T6

o r PR64FS. T em p era tu re -sen s itiv e  dnaG3 and dnaB70 m utants were te s te d  by 
T'

th e i r  a b i l i t y  to  form co lo n ie s  a t  r e s t r i c t i v e  tem pera tu re , as d e sc rib ed  

f u l ly  in  s e c tio n  2 .1 0 .1 . These s t r a i n s  were ro u t in e ly  grown a t  31°C and 

dna^ s t r a in s  a t  th e  optimum tem peratu re  o f  37°C, except where in d ic a te d .

The tdk and thyA genotypes o f s t r a in s  in tended  fo r  use in  vivo 

DNA la b e l l in g  and DNA sy n th e s is  experim ents was v e r i f ie d  by d e te c tio n  o f th e  

a b i l i t y  to  in c o rp o ra te  exogenous ĵ methyl-^u] thymine in to  t r ic h lo r o a c e t ic  

a c id  (T C A )-p rec ip itab le  m a te r ia l .  O vernight c u l tu re s  o f s t r a in s  to  be 

te s te d  were d i lu te d  0.25ml in to  4 .7 3  ml o f pre-warmed SGC medium 

supplem ented w ith  2|ig thymine and 200[ig deoxyguanosine (Sigma) p e r ml, 

and grown by shaking  fo r  90 min a t  31°C in  an o r b i t a l  shaker w a te r - b a th .

1 .5  ml o f th i s  ex p o n en tia lly  growing c u l tu re  was then added to 1 .5  ml o f 

pre-warmed SGC medium co n ta in in g  2|ig thym ine, 200 îg deoxyguanosine and
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15 pCi [meth y l-^ I î] thymine ml A fte r  a fu r th e r  90 min in c u b a tio n , 1

ml a l iq u o ts  were sampled by a d d it io n  to  2 ml o f ic e -c o ld  TCA s to ck  

s o lu t io n  {6,7% tri< c h lo ro a c e tic  a c id  and 154|ig thymine p er ml) to  g ive  

a  f i n a l  c o n c e n tra tio n  o f 4 .5^  TCA and 100|igml  ̂ thym ine. Samples were 

vo rtex ed  b r i e f ly  and k e p t on ic e  fo r  a t  l e a s t  one hour and T C A -precip it- 

a b le  r a d io a c t iv i ty  determ ined by f i l t e r i n g  th e  co n ten ts  o f each tube through 

a 27 mm S a r to r iu s  membrane f i l t e r  (po re  s iz e  0 .4 5  nm) p re-soaked  in  a 0 .2 ^  

thymine s o lu t io n .  Each f i l t e r  was washed through ten  tim es w ith  b o i l in g  

w ater and thoroughly  a i r - d r i e d .  5 ml o f  s c i n t i l l a n t  (5g 2 , 5-d ip h e n y l-  

oxazo le ; F iso n s , and 0 .5 g  of 1 ,4 - bL s-2(4-m ethy l-pheny loxazo ly l)benzene; 

F iso n s , p e r l i t r e  o f  to lu en e ; Cambrian Chem icals) was added to  each f i l t e r  

in  a s c i n t i l l a t i o n  v i a l ,  and th e  amount o f r a d io a c t iv i ty  p re se n t in  each 

v i a l  measured in  a  Packard l iq u id  s c i n t i l l a t i o n  spec tro p h o to m ete r. The 

tdk-1 m utant BW40 and th e  thyA s t r a i n  BW86 were ro u tin e ly  used as n e g a tiv e  

and p o s i t iv e  c o n tro ls  fo r  th i s  p ro ced u re . The r e te n t io n  o f background 

r a d io a c t iv i ty  by f i l t e r s  was e s tim a te d  by p ro cess in g  fou r a l iq u o ts  o f 1 ml 

c e l l - f r e e  c u ltu re  medium and 2 ml TCA s o lu t io n  in  th e  same way. The 

average va lu e  was su b tra c te d  from th o se  o b ta in ed  fo r  samples as a  c o r re c t io n  

fo r  n o n -s p e c if ic  r e te n t io n  o f  l a b e l .

2 .4  B a c te r ia l  m atings

B a c te r ia  were grown b e fo re  u se  in  m ating experim ents in  10 ml b ro th  

c u l tu re s  by a e ra t io n  a t  57°C o r ,  in  th e  case o f te m p e ra tu re -se n s itiv e  

s t r a i n s ,  a t  the  p e rm issiv e  tem pera tu re  o f  51°C. U su a lly , 0 .2  ml o f an 

o v e rn ig h t c u ltu re  was added to  10 ml o f b ro th  and c e l l s  grown fo r  a t  l e a s t
g

5 to  4 m ass-doublings to  a d e n s ity  o f 1-2x10 c e l l s  per m l. Growth was 

m onitored by th e  absorbance o f c u l tu re s  a t  600mm w ith  a  Bausch and
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Lomb sp ec tro p h o to m ete r. Donor and r e c ip ie n t  c u ltu re s  were mixed so th a t  

the  r e c ip ie n t  was p re se n t in  an excess (u s u a lly  1 : 10 ) and g e n tly  sw irle d  

in  c o n ic a l f la s k s  a t  th e  re q u ire d  tem peratu re  fo r  1 h o u r. T ransconjugants 

were a ssay ed , e i th e r  a t  tim ed in te r v a ls  d u rin g  the  m ating, o r a t  th e  end 

o f  th i s  tim e, by p la t in g  s e r i a l  d i lu t io n s  by th e  m ating m ixture in  sodium 

phosphate b u ffe r  (PB; 60 .9g  NaH^PO^ and 208.5g Nâ HPÔ  ̂ p e r  l i t r e  a t  pH7.5) 

on s e le c t iv e  agar p la t e s .  When re q u ire d  fo r  a c c u ra te  c a lc u la t io n  o f t r a n s -  

con ju g a n t frequency , donor c e l l s  in  th e  m ating m ixture were a lso  assayed  

in  t h i s  way, and in  in te r ru p te d  m ating experim ents samples (0 .3 5  ml) were 

added to  3*15 ml PB and vortexed  v ig o ro u s ly  in  a m echanical a g i ta to r  to  

s e p a ra te  m ating c e l l s .  U ndilu ted  0 .1  ml sam ples o f donor and r e c ip ie n t  

c u l tu re s  were always p la te d  to  th e  s e le c t iv e  medium used fo r  tran sco n 

ju g an ts  as c o n tro ls .

2 .5  B acteriophage p ro d u c tio n

B acteriophage PR64FS (Coetzee e t  a l . , 19&0) was produced by a la rg e  

sc a le  method e s s e n t ia l ly  s im ila r  to  th a t  d e sc rib ed  by Yamamoto _et a l .

( 1970) .  A 40 ml c u l tu re  o f W3IIO (pLG22l) in  LB was grown fo r 3 -4  mass- 

doublings a t  37°G to  a d e n s ity  o f about 2x 10^ c e l l s  ml  ̂ a t  37°C. 20 ml

o f th i s  c u ltu re  was added to 20 ml o f  pre-warmed LB a t  37°C to  g ive  

approxim ately  10^ c e l l s  ml  ̂ and PR64FS added a t  a m u l t ip l ic i ty  o f in f e c t io n  

(m .o .i)  o f around O.O5 .  This c u l tu re  was shaken a t  37°C fo r  Jh  and 1 ml 

samples e x tra c te d  a t  JO min in t e r v a l s .  These samples were t r e a te d  w ith  0 .1  

ml o f e th e r ,  and h e ld  a t  37°C fo r  10 min b e fo re  t i t r a t i o n  on n u t r ie n t  agar 

p la te s  w ith  a lawn o f W3 IIO (pLG22l) as in d ic a to r  b a c te r ia .  C on tro ls  

p la te d  on n u t r ie n t  agar p la te s  showed th a t  th e  e th e r  trea tm en t was 

com pletely  e f f e c t iv e  in  th e  k i l l i n g  o f b a c te r ia  from th e  c u l tu r e .  A fte r 

5h , th e  in c re a se  in  had ceased and th e  c u l tu re  co n ta in ed  approxim ately



4i

5x10^ p laque-form ing  u n i ts  ( p . f . u . )  p e r  ml. B a c te r ia  were sedim ented by- 

c e n tr i fu g a t io n  in  a B o rv a il SS34 r o to r  a t  10,000 rpm and 4°C fo r  10 min. 

P o ly e th y len e  g ly c o l (PEG ^^^; BDH Chem icals L td .)  and NaCl were added to  th e  

su p e rn a ta n t to  ach ieve  6̂  (w/v) and 0.5M re s p e c t iv e ly .  B acteriophage were 

sedim ented a t  4°C o v e rn ig h t, and p e l le te d  by c e n tr ifu g a tio n  as above. The 

p e l l e t  was resuspended in  1 ml o f  phosphate b u f f e r ,  and con tained  approx

im a te ly  5x10^^ p . f . u . .  Phage were s to re d  over 0 .1  ml o f e th e r  a t  4°C.

B acteriophages Ml3» fd  and T6 were o b ta in ed  from Dr B.M. W ilkins and 

t i t r e d  on AB259 (H fr) and W3110 (pLG22l) as a p p ro p r ia te .

2 .6  DNA p re p a ra tio n

2 .6 .1  I s o la t io n  of pBR323-based recom binant plasm id DNA

Large amounts o f recom binant p lasm id  DNA were is o la te d  by the  d e s ired  

ly s a te  method d esc rib ed  below . A 20 ml NB c u l tu re  o f the  p lasm id -co n t

a in in g  s t r a in  was grown o v e rn ig h t in  the  p resence  of Tc to  s e le c t  a g a in s t  

th e  lo s s  o f p lasm id s, and used to  In o cu la te  a l l  f la s k  of NB a lso  

c o n ta in in g  Tc. The c u l tu re  was grown to  an A^^^ o f 0 .6  and plasm id DNA 

a m p lified  o v e rn ig h t w ith  e i th e r  ch loram phenicol (Cm, 200|igml ^ ; Sigma) 

fo r  recom binant p lasm ids o r spectinom ycin  (300[igml ^ ; Sigma) in  the  case 

o f th e  Cm v e c to r  p lasm id  pBR323. The c u l tu re  was decanted in to  230 ml 

po lypropylene tubes and c e l l s  c o l le c te d  by c e n tr i fu g a t io n  in  an ic e -c o ld  

S o rv a ll  GS3 head a t  J ,0 0 0  rpm fo r  3 min. The p e l l e t s  were resuspended in  

a t o t a l  o f l 6 ml 23^ su cro se  in  50mM T ris  (tr is(hyd roxym ethy l)am ino- 

methane; Trizma) s o lu t io n ,  pH8.0, and d iv id ed  in to  four equal a l iq u o ts  in  

s i l ic o n e -c o a te d  S o rv a ll  SS34 tu b e s , in  an ic e - b a th .  To each was added 

0 .3  ml o f a f re sh ly -p re p a re d  lOmgml T lysozyme (Sigma) s o lu t io n ,  and 

sam ples h e ld  on ic e  fo r  5 min b e fo re  the  a d d it io n  o f  0 .2  ml 0.25M EDTA
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(e th y le n e d ia m in e te tra a c e tic  a c id ) pH8.0 to  ach ieve  fo rm ation  o f sphero - 

p l a s t s .  C leared  ly s a te s  were p rep ared  from t h i s  s o lu tio n  by th e  

a d d itio n  o f 4 ml l y s i s  m ix ture  (30mM T r is ,  62.3mM EDTA, 0 .1 ^  T rito n  X-100; 

pH8.0) to  each tu b e , and l e f t  a t  room tem peratu re  u n t i l  v isco u s  (about 

3 min)# C e l lu la r  d e b r is  was sedim ented a t  18,000 rpm fo r  40 min and the  

su p e rn a ta n t c e n tr ifu g e d  to  e q u ilib riu m  in  a caesium c h lo r id e  (CsCl) -  

eth idium  bromide g ra d ie n t .  G rad ien ts  co n ta in ed  7*7 ml su p e rn a ta n t, 8 .13g  

CsCl (F iso n s) and 0 .6  ml 3mgml  ̂ e th id ium  bromide (Sigma) s o lu t io n ,  and 

th e  r e f r a c t iv e  index (R .l)  measured u s in g  a Bellingham  and S ta n le y  

re f ra c to ra e te r . The R . l .  was a d ju s te d  to  1 .394 w ith  s a tu r a te d  CsCl s o lu t io n  

and spun a t  38,000 rpm fo r  40h a t  13°C in  a f ix e d  ang le  Beckman 30Ti r o to r ,  

which was allow ed to  c o a s t to  a s t a n d s t i l l  a t  the  end o f th e  ru n . DNA 

bands were v is u a l is e d  under UV l i g h t  (363 nm w avelength) from a UV t r a n s 

i l lu m in a to r ,  and th e  low er, more dense, band co n ta in in g  plasm id  DNA 

c o lle c te d  by p u n c tu rin g  th e  n i t r o c e l lu lo s e  tube w ith  a 0 .7  mm d iam eter 

s t a in le s s  s t e e l  n eed le  and w ithdraw ing the  DNA in to  a d isp o sa b le  s y r in g e . 

Samples were t r e a te d  fo u r tim es w ith  equal volumes o f  p ro p an -2 -o l s a t 

u ra te d  w ith  an aqueous s o lu t io n  o f  CsCl, w ith  th e  upper phase c o n ta in in g  

e x tra c te d  ethidium  bromide being  d isca rd ed  each tim e. The r e s u l t a n t  

s o lu t io n  was d ia ly sed  e x te n s iv e ly  a g a in s t  fo u r changes o f  1 1 lOmM T ris  

pH8.0 a t  4°C over 48 hours#

R apid, s m a ll-s c a le  p lasm id i s o la t io n  was perform ed by th e  method o f 

K le in  e t  a l .  ( 198O), u s in g  e i th e r  a 3 o r 10 ml c u ltu re  o f c e l l s  which had 

been t r e a te d  w ith  am p lify ing  a n t ib io t i c s  o v e rn ig h t. C e lls  were spun down 

and resuspended in  0 .3  ml 30 T r is  pH8.0 in  1 .3  ml c o n ic a l polypropy

le n e  tubes (E ppendorf). 30 |il o f  a lOmgml  ̂ s o lu t io n  o f f re sh ly -p re p a re d  

lysozyme was added and sam ples h e ld  a t  room tem peratu re  fo r  13 min, b e fo re  

the  a d d it io n  o f 0 .3  ml o f phenol m ix ture  (lOOg phenol (BDH Chem icals L td ) ,
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0 .1 g  8“hydroxyquino line  (BDH Chem icals L td ) , 4 ml iso-am yl a lco h o l 

(F iso n s) in  100 ml chloroform  (F iso n s ); s to re d  a t  4°C under lOmM T ris  

b u ffe r  pH7o5). Tubes were capped and in v e r te d  th re e  tim es, and c e n tr ifu g e d  

fo r  15 min in  a bench-top  Eppendorf m icrofuge a t  maximum speed . The upper, 

aqueous la y e r  was tr a n s fe r re d  to  a new tube usin g  a G ilson  hand p ip e t te  

and d isp o sa b le  t i p s ,  avo id ing  th e  f lo c c u le n t  m a te r ia l a t  th e  in te r f a c e .

This s o lu t io n  was e x tra c te d  w ith  0 .3  ml o f phenol m ixture in  the  same way, 

and ag a in  tr a n s fe r r e d  to  a  new Eppendorf tu b e . R esidua l phenol was removed 

by a d d it io n  o f an equal volume o f a chloroform  : iso-am yl a lco h o l m ixture 

(24:1 r a t i o  by volume), and th e  aqueous la y e r  ag a in  t r a n s fe r re d  to a new 

tu b e . DNA was p re c ip i ta te d  w ith  3 volumes o f  100^ e th an o l in  a b a th  of 

dry ic e  and methanol fo r  5 min, and p e l le te d  in  an Eppendorf m icrofuge.

The p e l l e t  was washed w ith  70^  e th an o l and d r ie d  under vacuum in  a 

d e s ic a to r ,  b e fo re  a f in a l  re su sp en sio n  in  100 |i l  o f au toclaved  d i s t i l l e d

w ater. 20 n l o f th i s  s o lu tio n  was norm ally  s u f f i c i e n t  fo r  a s in g le  d ig e s t
0

w ith  r e s t r i c t i o n  endonucleases.

2 .6 .2  I s o la t io n  o f th e  DNA o f la rg e  co n ju g a tiv e  plasm ids

In  th i s  s e c t io n ,  on ly  th e  p ro to c o ls  fo r  th e  d i f f e r e n t  methods of 

p lasm id i s o la t io n  used in  the  course  o f th i s  work eire d esc rib ed ; com parison 

o f th e  e f f ic ie n c ie s  and p ro p e r t ie s  o f th e  DNA samples o b ta in ed  by each 

method i s  given in  C hapter 5®

a) The procedure o f Hansen and Olsen (1978)

C u ltu re s  o f p la sm id -co n ta in in g  s t r a in s  were grown by shak ing  e i th e r  

o v e rn ig h t to  l a t e  lo g -phase  o r to  A^^^ o f 0 .6  fo llow ing  the  in o c u la tio n  

o f 1 1 volumes o f NB in  2 1 f la s k s  w ith  a 10 ml p r e - c u l tu r e .  A fte r 

growth, th e  c u ltu re  was d iv id ed  in to  250 ml a l iq u o ts ,  and th e  s te p s
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d esc rib ed  below r e f e r  to  th e  m an ipu la tions o f  each a l iq u o t .  C e lls  were 

p e l le te d  (S o rv a ll  GS3 r o to r ,  7 ,000 rpm fo r  10 m in), washed and resuspended 

in  6 ml 2.̂ /q su c ro se  in  T r is  pH8.0 in  p l a s t i c  Nalgene tubes w ith

s e a lin g  cap s . L ysis was ach ieved  by a d d itio n  o f  1 ml o f 5mgml lysozyme 

in  O.25M T ris  pH8.0 and tubes in v e r te d  fou r tim es to  mix th e  c o n ten ts  

tho rough ly . A ll in v e rs io n  s te p s  in  th i s  p rocedure  were perform ed g e n tly  

to  reduce m echanical breakage o f p lasm id DNA, a t  a r a t e  o f one in v e rs io n  

every 3 seconds. A fte r  5 min a t  room tem p era tu re , 2 .5  ml o f 0.25M EDTA 

pH8.0 was added, and mixed by a fu r th e r  15 sec  o f in v e rs io n . A fte r  a 

fu r th e r  5 min a t  room tem p e ra tu re , 2 .5  ml o f 20^ sodium dodecyl su lp h a te  

(SDS) in  50mM Tris/20mM EDTA pH8.0 was added, and samples t r e a te d  by 8 

cy c le s  o f  h e a t p u lse  and m ixing. One cy c le  was 15 sec a t  55°C in  a w ater 

b a th , fo llow ed by 15 sec  o f in v e rs io n  o u t o f th e  w ater b a th . This was 

su c c e ss fu l in  producing a c le a r ,  v isco u s ly s a t e ,  which was n ex t su b je c te d  

to  an a lk a l in e  d é n a tu ra tio n  s te p  designed to  improve th e  y ie ld  o f p lasm id  

DNA and ièmove r e s id u a l  broken chromosomal DNA (Hansen and O lsen , 1978).

At room tem p era tu re , 0 .7 5  ml o f JM NaOH was added to  each tu b e , and mixed 

by 20 in v e rs io n s . N ext, 6 ml 2M T ris  pH8.0 wais added, fo llow ed im m ediately  

w ith  3 ml 20% SDS and 6 ml 5M NaCl, and again  mixed by 20 in v e rs io n s .

A w hite f lo c c u la n t  p r e c ip i t a t e  in d ic a t in g  th e  s a l t - p r e c ip i t a t i o n  o f 

chromosome-membrane complexes was apparen t a t  th i s  s ta g e , and tubes 

r e f r ig e r a te d  a t  4°G o v e rn ig h t. This f lo c - l i k e  m a te r ia l was p e l le te d  by 

c e n tr ifu g a tio n  a t  l8 ,0 0 0  rpm in  an ic e -c o ld  SS34 head fo r  JO min, and th e  

su p e rn a ta n ts  pooled in  a c h i l le d  p la s t i c  m easuring c y lin d e r .  The volume 

(norm ally  about 85 ml p e r l i t r e  o f in p u t c u ltu re )  was n o ted , and -j volume 

o f a  42% PEG 6000 s o lu t io n  added. The c o n ten ts  were mixed by pouring  in to  

c h i l le d  po lypropylene  GSA b o t t l e s ,  and s to re d  a t  4°C o v e rn ig h t to  

encourage th e  p r e c ip i ta t io n  o f p lasm id DNA. P r e c ip i ta te d  DNA wais c o l le c te d
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by c e n tr i fu g a t io n  a t  7 ,000 rpm fo r  5 min a t  4°C, and th e  p e l l e t  d is so lv e d  

in  TE b u ffe r  (50mM T r is ,  5mM EDTA pH 8.0). The volume was made up to  8 ml 

p e r 250 ml in p u t c u l tu re  w ith  TE, and 0 .5  ml ethidium  bromide s o lu tio n  

(510mgml  ̂) and 8g CsCl (silso p e r 250 ml in p u t)  added to  g ive a s o lu t io n  

w ith  R . l .  1 . 587.  Caesium ch lo rid e -e th id iu m  bromide g ra d ie n ts  were spun to  

eq u ilib riu m  in  a  Beckman 50 Ti r o to r  and DNA samples c o lle c te d  as d e sc rib ed  

p re v io u s ly  in  th i s  s e c t io n .

M o d ifica tio n  o f th e  above method to  avoid  th e  use o f PEG 6OOO was

achieved  by p r e c ip i ta t in g  plasm id DNA a t  th i s  s ta g e  w ith  e th a n o l. The

su p e rn a ta n t o b ta in ed  a f t e r  SDS-NaCl p r e c ip i ta t io n  o f membrane-bound 

chromosomal DNA was e x tra c te d  w ith  b u ta n -2 -o l to  a volume o f  about 10 ml, 

to  which 2 volumes o f e th an o l and I/IO  volume o f  2M sodium a c e ta te  pH5.6 

were added. Samples were l e f t  a t  e i th e r  4°C o v e rn ig h t o r a t  -80°C fo r  2h,

b e fo re  sed im en ta tio n  o f DNA a t  7 ,000 rpm fo r  5 min a t  4°C in  a  GSA head.

Subsequent C sC l-eth idium  bromide d e n s ity  g ra d ie n t c e n tr ifu g a tio n  was 

c a r r ie d  c^ut as b e fo re .

b) The procedure o f  B arth  and G rin te r  (1975)

C e lls  were grown as d esc rib ed  above in  1 1 c u ltu re s  o f NB and 

sedim ented u sin g  a GS3 r o to r  a t  7,000  rpm fo r  10 min, washed w ith  100 ml

TES b u ffe r  (50mM T r is ,  5mM EDTA, 50mM NaCl, pH8.0) and f i n a l l y  resuspended

—1 —1 in  30 ml ic e -c o ld  TES c o n ta in in g  lOOmgml su cro se  and Imgml lysozym e.

A fte r 10 min on ic e ,  c e l l s  were ly sed  in  p l a s t i c  Corex tubes by th e

a d d itio n  o f 7*5 ml 5N NaCl and 1 .5  ml 20% SDS. In  l a t e r  experim ents EDTA

W c is  a lso  added to  a f in a l  c o n c e n tra tio n  o f 60mM. Samples were s to re d  a t

4°C o v e rn ig h t and c e n tr ifu g e d  in  a SS34 head a t  17,000 rpm and 4°C fo r  JO

min to  c le a r  th e  l y s a t e .  S u p e rn a tan ts  were decanted to  f re s h  Corex tubes

and e x tra c te d  w ith  a ^  volume o f phenol m ix tu re . A fte r c e n tr i fu g a t io n ,  th e
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aqueous la y e r  was e x tra c te d  w ith  24:1 chloroform  : iso-am yl a lc o h o l and 

DNA p r e c ip i ta te d  w ith  2 volumes o f e th an o l and 1/10 volume o f sodium 

a c e ta te  pH5«6 a t  -80°G fo r  2h . DNA was sedim ented in  a GS3 r o to r ,  r e 

suspended in  10 ml TES b u f fe r  and in cu b ated  fo r  1 hour in  th e  p resence  o f 

lOO^igml RNase A ( h e a t - t r e a te d  a t  100°C fo r  15 min p r io r  to  u s e ) .  The 

s o lu t io n  was ag a in  e x tra c te d  w ith  phenol m ix ture  and d ia ly se d  e x te n s iv e ly  

a g a in s t  lOmM T ris  pH8.0 a t  4^0.

c) The method o f  ïïemura and Mizobuchi (1982)

A 500 ml c u ltu re  o f  NB was in o c u la te d  w ith  a pre-grow n 10 ml over

n ig h t o f W3110 (pLG22l) Sind grown to  an absorbance a t  600 nm o f between 

0 .8  and 1 .2  a t  37°C. C e lls  were sedim ented (GS3 r o to r ,  7 ,000 rpm fo r  10 

min a t  4°C ), washed in  125 ml o f 50mM T ris  pH8.0 and f i n a l ly  resuspended 

in  12.5 ml 25% su cro se  in  50mM T ris  pH8.0. This suspension  was t r a n s fe r r e d  

to  two p la s t i c  Nalgene tu b e s , and to  each was added 1.25 ml 5 mgml 

lysozyme in  250mM .Tris pH8.0. Samples were h e ld  a t  0°C in  ic ed  w ater fo r  

5 min and 2 .8  ml 0.25M EDTA pH8.0 added b e fo re  a fu r th e r  5 min on ic e  to  

produce s p h e ro p la s ts . L ysis  invo lved  th e  a d d itio n  o f 10 ml o f  d e te rg e n t 

m ixture (1% B r ij  58 , 0.4% sodium d eo x ycho la te , 62.5mM EDTA and 50mM T r is ,  

pH8.0) to  each tube and a fu r th e r  10 min in c u b a tio n  a t  0°C. Samples were 

c e n tr ifu g e d  in  a  SS34 head 20,000 rpm and a t  4°C fo r  25 min and th e  

r e s u l ta n t  c le a re d  ly s a te s  decanted  in to  f r e s h  tu b es .

S arkosy l (N -lau ro y l s a rc o s in e  sodium s a l t )  (Geigy) was added to  a 

f i n a l  co n ce n tra tio n  of 1% and th e  s o lu t io n  incubated  a t  JO^C fo r  10 min, 

b e fo re  being  p u t in  an ic e  b a th  to  c h i l l .  NaCl and PEG 6OOO were added 

to  O.5M and 10% re s p e c t iv e ly  and allow ed to  s tan d  a t  4°C o v e rn ig h t. PEG- 

p r e c ip i ta te d  DNA was sedim ented by c e n tr i fu g a t io n  a t  top  speed in  a  bench- 

top c e n tr ifu g e , and th e  p e l l e t s  resuspended in  2 ml TES b u f f e r .  CsCl-
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eth id ium  bromide g ra d ie n ts  were made by th e  f u r th e r  a d d itio n  o f 0 .2  ml 

O.25M EDTA, 0 .2  ml 250mgml  ̂ s a rk o sy l s o lu tio n  in  TES b u ffe r  and 0 .84  ml 

5mgml  ̂ e th id ium  brom ide. A fte r g e n tle  mixing o f s o lu t io n s ,  a  f u r th e r  3*24 

ml TES b u f fe r  and 6 .3g  CsCl were added, and th e  R . l .  a d ju s te d  to  1 .392 . 

G rad ien ts  were spun a t  33,000 rpm in  a Beckman 50 Ti r o to r  fo r  40h a t  20°C 

and plasm id DNA c o l le c te d ,  t r e a te d  w ith  C sC l-sa tu ra te d  p ro p an -2 -o l and 

d ia ly sed  as d esc rib ed  in  S ec tio n  2 .6 .1 .

2 . 6 .3  P re p a ra tio n  o f chromosomal DNA

B a c te r ia l  DNA from BW86 was p repared  by a method e s s e n t ia l ly  s im ila r  

to  th a t  d e sc rib ed  by J e f f  rey s  and F la v e l l  (1977)* Two f la s k s ,  each 

c o n ta in in g  1 1 NB supplem ented w ith  thymine were in o c u la te d  w ith  2 ml from an 

o v e rn ig h t c u ltu re  o f BW86 and grown a t  31^0 in  an o r b i t a l  shaker to  l a t e  

lo g  phase o r s ta t io n a r y  phase o v e rn ig h t. C e lls  were sedim ented and r e 

suspended in  30 nil lOmM T ris  pH8.0 co n ta in in g  1% SDS p er l i t r e  o f o r ig in a l  

c u l tu r e .  A fte r phenol e x tra c tio n  and e th an o l p r e c ip i ta t io n  as  d esc rib ed  

p re v io u s ly , th e  r e s u l ta n t  p e l l e t  was resuspended in  JO ml o f 0 .1  x TNE 

(20 X  TNE co n ta in s  121g T r is ,  117g NaCl, 37*2g EDTA p e r l i t r e  a t  pH7.5)*

RNase A (b o ile d  fo r  15 min p r io r  to  use  to  remove re s id u a l  con tam inating  

n u c lease  a c t i v i ty )  was added to lOOpgml  ̂ and the  sample in cu b ated  a t  37°C 

fo r  15 min b e fo re  th e  fu r th e r  a d d it io n  o f J  ml 10% SDS, 1 .5  ml 20 x TNE 

and 0 .3  ml lOmgml  ̂ p ronase (p re d ig e s te d  fo r 2h a t  37°C). In cu b a tio n  was 

con tinued  fo r  an o th er 15 min, and th e  sample then mixed w ith  a  ^  volume 

o f phenol m ix tu re . Following a 2 min c e n tr ifu g a tio n  a t  10,000 rpm , th e  

aqueous phase was p r e c ip i ta te d  a t  -80°C fo r  2h w ith  2 volumes o f e th a n o l, 

and DNA p e l le te d  by a fu r th e r  c e n tr i fu g a t io n .  The p r e c ip i ta te  was n ex t 

resuspended in  10 ml lOmM T ris  pH8.0, and equal volumes of 2.5M potassium  

phosphate pH8.0 and m ethoxyethanol added and mixed. A fte r c e n tr i fu g a t io n
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a t  10,000  rpm fo r  2 min to  s e p a ra te  the two phases o f th i s  m ix tu re , the  

upper, aqueous phase was c o lle c te d  and p re c ip i ta te d  w ith  e th a n o l. The 

DNA p e l l e t  was washed w ith  70% e th an o l and resuspended in  1 ml lOmM T ris  

pH8.0 b e fo re  ex ten s iv e  d ia ly s i s  a g a in s t  th e  same b u ffe r  a t  4°C. Y ie ld s o f  

chromosomal DNA o b ta in ed  p e r l i t r e  o f in p u t c e l l s  ranged between 2 to  6 mg.

High m olecular w eight b a c te r i a l  DNA from P ro teu s  m ir a b i l i s  13 was 

p repared  e x a c tly  as d e sc rib ed  by Chow e t  a l .  (1977).

2 .6 .4  P re p a ra tio n  of b ac te rio p h ag e  DNA

S in g le -s tra n d e d  phage fd DNA was p repared  by growth of the  b a c te r io 

phage on th e  Hfr s t r a i n  AB259. A 10 ml o v e rn ig h t c u ltu re  o f AB239 in  NB 

was used to in o c u la te  300 ml NB in  a 1 1 f l a s k .  C e lls  were grown a t  37°0 

w ith  shak ing  to  an absorbance a t  600 nm o f 0 . 6 , and b ac te rio p h ag e  added a t  

a m .o .i .  o f 0 .1 .  In cu b a tio n  was con tinued  o v e rn ig h t, and the  c u ltu re  

c e n tr ifu g e d  the  n ex t day to  p e l l e t  c e l l s  (GSA r o to r ,  15 min, 5,000 rpm, 

4°C). The r e s u l ta n t  su p e rn a ta n t was decanted in to  a po lypropylene b o t t l e ,  

and PEG 6,000 and NaCl added to  g iv e  f in a l  c o n ce n tra tio n s  o f 4% and 0.5M 

re s p e c t iv e ly .  The m ixture was shaken o v e rn ig h t and c e n tr ifu g e d  a t  3,000  

rpm fo r  5 min. A fte r  re su sp en sio n  in  lOmM T ris  pH8.0 and e x tra c t io n  w ith  

phenol, b ac te rio p h ag e  DNA was p u r i f ie d  by c e n tr i fu g a t io n  in  a d isco n tin u o u s 

CsCl s te p  g ra d ie n t in  a  sw inging bucket Spinco SW27 r o to r  fo r  20h a t

23,000 rpm. G rad ien ts  c o n s is te d  o f th re e  la y e r s  o f CsCl s o lu t io n  (1 .2 , 1 .3  

and 1 .4  gml ^) and b ac te rio p h ag e  was added by la y e r in g  on th e  top  o f the  

g ra d ie n t .  Phage fd bands a t  a d e n s ity  o f 1.29 (Yamamoto e t  a l , , 1970) and 

was c o l le c te d  by a s p i r a t io n .  CsCl was removed by d ia ly s is  a g a in s t  lOmM 

T ris  pH8.0.

DNA was p u r i f i e d  f u r th e r  from t h i s  sam ple by pheno l e x t r a c t io n  and 

e th a n o l p r e c i p i t a t i o n ,  a s  d e s c r ib e d  below .
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2o6.5  F u r th e r  p u r i f ic a t io n  and measurement o f DNA co n ce n tra tio n

DNA c o n ce n tra tio n  and p u r i ty  o f  a l l  sam ples o b ta in ed  by th e  above 

methods was determ ined by measurement o f th e  absorbance o f  th e  s o lu tio n  

between 230 and 300 nm u sin g  a Unicam SP18OO spectrophotom eter©  A ^ ^  

a llow s e s tim a tio n  o f th e  DNA c o n ce n tra tio n  (one A^^Q u n i t  corresponds to  a 

n u c le ic  a c id  c o n ce n tra tio n  o f 30ngml and p ro te in s  absorb maximally a t  

280 nm# Measured v a lu es  were converted  to  a b so lu te  amounts u s in g  a nomograph# 

S ince RNA a lso  absorbs a t  260 nm, th i s  method may o v e restim ate  the  concent

r a t io n  o f  DNA in  th e  sam ple, and so con tam inating  RNA m olecules were 

d e tec te d  by agarose  g e l e le c tro p h o re s is  (S ec tio n  2 .8 )  as a d if fu s e  band 

running  w e ll ahead o f  DNA.

R esid u a l amounts o f RNA and p ro te in  were removed by d ig e s t io n  w ith  .

RNase A (p re -b o ile d  fo r  15 min a t  100°C) and p ro te in a se  K (p re -d ig e s te d  fo r  

2h a t  37°C) a t  c o n ce n tra tio n  o f JO to  150^gml  ̂ and 150|igml  ̂ r e s p e c t iv e ly  

fo r  1 to  2h a t  37°C. EDTA was then  added to  20mM and sam ples e x tra c te d  

w ith a h a l f  volume o f phenol m ix ture  in  1 .5  ml Eppendorf tu b e s . The 

aqueous phase was removed a f t e r  a 2 min c e n tr i fu g a t io n  in  an Eppendorf 

m icrofuge and e x tra c te d  w ith  an equal volume o f  24:1 chloroform  : iso -am yl 

a lco h o l m ix ture  to  remove re s id u a l  pheno l. The aqueous phase waus again  

c o lle c te d  suid DNA p r e c ip i ta te d  w ith  2 volumes o f e th an o l and I/IO  volume 

o f 2M sodium a c e ta te  pH5.6 in  a d ry  ic e /e th a n o l  b a th  fo r  5 min.

P r e c ip i ta te d  DNA was c o lle c te d  by sed im en ta tio n  in  an Eppendorf m icrofuge 

and washed w ith  70% e th a n o l. Samples were d r ie d  under a  vacuum and r e 

suspended in  lOmM T ris  pH8.0. DNA was s to re d  a t  4°C.
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o f [^h]2 .7  P re p a ra tio n  o f  L H Jlab e lle d  DNA

2 . 7.1  I s o la t io n  o f  L H.of k la b e l le d  BW86 DNA

A 5 ml o v e rn ig h t c u l tu re  o f BW86 in  SGC medium supplem ented w ith  20
- I

jigml thymine was spun down and c e l l s  resuspended in  1 ml SGC c o n ta in in g  

200ngml deoxyguanosine. This suspension  was used to  in o c u la te  two 10 ml 

volumes o f pre-warmed SGC and deoxyguanosine (200|igml ^ ) in  250 ml c o n ic a l

f la s k s .  One o f th ese  fla isks co n ta in ed m ethy l-^Ilj thymine a t  a s p e c i f ic

a c t i v i t y  o f 40 îCi ng  ̂ (5  Ci mmol and a c o n ce n tra tio n  o f 2^gml ^ . The 

second f la s k  con ta in ed  on ly  'c o ld ' thymine a t  th e  same c o n c e n tra tio n . Both 

f la s k s  were in o c u la ted  w ith  resuspended c e l l s  to  A ^ ^  o f O.O5 , and incu b ated  

a t  5 1 w ith  sh ak in g . The o f th e  u n la b e lle d  c u ltu re  was follow ed

u n t i l  i t  reached 0 .5  (4 m ass-d o u b lin g s), when the  [^ h ] la b e lle d  c e l l s  were 

c o l le c te d  by c e n tr i fu g a t io n  in  a S o rv a ll  SSj4 r o to r  fo r  5 min a t  10,000 

rpm and 4°C. U nincorporated  la b e l  was removed by th re e  cy c le s  o f  s e d i

m entation  and re su sp en sio n  in  f r e s h  ic e -c o ld  TES b u ffe r  and c e l l s  f i n a l ly  

resuspended in  1 ml 10% su cro se  s o lu t io n  made up in  0.1M T ris  pH8.0, and 

c h i l le d  fo r  5 min on i c e .  Lysozyme was added to  600|igml  ̂ from a f r e s h ly -  

made s to ck  s o lu t io n  o f 3mgml  ̂ in  0.1M T ris  pH8.0 and the  sample h e ld  on 

ic e  fo r  a fu r th e r  10 min. EDTA (0 .2 5  ml o f JOOÆ s to c k , pH8.0) was added 

and the  m ixture k ep t on ic e  fo r an o th er 5 min to  a llow  form ation  o f sphero 

p l a s t s ,  and a c le a re d  ly s a te  ach ieved  by th e  a d d itio n  o f 0 .25  ml o f a  2 . 8% 

s o lu tio n  o f  s a rk o sy l. The m ix ture  was he ld  a t  room tem perature  u n t i l  

c le a r  (about 3 to  5 m in). RNase A, p repared  as d esc rib ed  in  S e c tio n  2 .6 .5  

was added to  g ive  a f in a l  c o n c e n tra tio n  o f 150|igml” "̂ and the  m ix ture  in 

cubated a t  37°C fo r  1h . The ly s a te  was vortexed  tw ice fo r  7 sec  each tim e
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and p ro te in a se  K (s e c tio n  2*6 .5 )  added to  150M,gml  ̂ and re tu rn e d  to  37°C 

fo r  a  fu r th e r  2h. The ly s a te  (2 ml) was added to  8 ml TE b u f fe r  and 12o9g 

CsCl suid the  m ixture allow ed to  d is so lv e  s lo w ly , w ith  g e n tle  o cca s io n a l 

m ixing, a t  room tem p era tu re . R e f ra c tiv e  index  was a d ju s te d  to  1.4013 

and th e  g ra d ie n t c e n tr ifu g e d  to  eq u ilib riu m  a t  35,000  rpm fo r  40h in  a 

Beckman 30Ti r o to r  a t  13°C.

G rad ien ts  were punctured  a t  t h e i r  base u s in g  a f r a c t i o n s to r , and 23 

drop f r a c t io n s  c o lle c te d  in  p l a s t i c  Eppendorf tu b e s . 3 ^1 o f each f r a c t io n  

was s p o tte d  onto 2 .3  cm Whatman No.1 f i l t e r s  and d r ie d  under a  230W lamp. 

F i l t e r s  were washed th re e  tim es in  200 mis o f an ic e -c o ld  3^ TCA s o lu tio n  

co n ta in in g  thymine a t  100|igml  ̂ fo r  su cc e ss iv e  p e rio d s  o f 13 , 10 and 10 

min, and f i n a l ly  fo r  10 min in  200 mis o f m ethanol. F i l t e r s  were a i r -  

d r ie d , and r a d io a c t iv i ty  bound to  each measured sis d esc rib ed  above (S ec tio n  

2 . 3 ) .  The major f r a c t io n s  c o n ta in in g  chromosomal DNA were pooled and CsCl

removed by d is ily s is  a g a in s t  10mM T ris  pHB.O. T ypical p re p a ra t io n s  y ie ld e d
\

about 12 |ig o f DNA a t  a s p e c i f ic  a c t i v i t y  o f  226 cpm p er ng.

2 . 7 .2  I s o la t io n  o f r H j la b e l le d  pLG221 DNA
-1

N
A 7 .3  ml c u ltu re  o f BW86 (pLG22l) in  SGC medium c o n ta in in g  200|igml 

deoxyguanosine and [m ethyl-^H thymine (2|igml 30 |iCi fig  ̂; 6 .3  Ci mmol 

was s e t  up as  d e sc rib ed  in  S e c tio n  2.7*1 and grown from an absorbance o f 

0 .03  to  0 .3  a t  600 nm by a e ra t io n  a t  31°C. C e lls  were washed and cleaVed 

ly s a te s  formed by th e  procedure d e sc rib ed  above. The sample was c e n tr ifu g e d  

to  eq u ilib riu m  in  a  C sC l-ethidium  bromide g ra d ie n t c o n s is tin g  o f  7*4 ml 

ly s a te  (made up to  volume w ith  TE b u f f e r ) ,  230 fil lOmgml  ̂ eth id ium  

bromide s o lu tio n  and 7*1g CsCl w ith  a  R .I .  o f 1*3910. Two- o r th re e -d ro p  

f r a c t io n s  were c o lle c te d  from th e  g ra d ie n t as b e fo re  and th e  th re e  f r a c t io n s  

co n ta in in g  the  plasm id DNA poo led . F ra c tio n s  co n ta in in g  chromosomal DNA
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were used  to  determ ine th e  s p e c i f ic  a c t i v i t y  o f la b e l le d  plasm id DNA. 

Plasm id DNA was p u r i f ie d  fu r th e r  by a second CsCl ethidium  bromide g ra d ie n t 

c e n tr i fu g a t io n  (R .I .  = 1 .3 9 2 0 ), and two-drop f r a c t io n s  c o l le c te d .  P lasm id 

f r a c t io n s  were again  p o o led , and d ia ly sed  e x te n s iv e ly  a f t e r  e x tra c t io n  w ith 

C sC l-sa tu ra te d  p ro p a n -2 -o l.

This approach y ie ld e d  approx im ately  40 ng o f la b e l le d  plasm id DNA w ith  

a s p e c i f ic  a c t i v i t y  o f  1,680  cpm ng

2 . 7 .3  I s o la t io n  o f [^ h ] la b e lle d  DNA from r e c ip ie n t  c e l l s

C o n ju g a tiv e ly -sy n th e s ise d  DNA in  u n ir r a d ia te d  r if a m p ic in - t r e a te d

BW86 r e c ip ie n ts  was la b e l le d  w ith m ethyl-^H thymine (ifigml  ̂; 33-3  fiCi

fig  ̂; 4 .2  Ci mmol ^) in  th e  p resence  o f r ifa m p ic in  and deoxyguai^ine as  

d e sc rib ed  in  S e c tio n  2 .1 1 , excep t th a t  the  volume o f m ating m ix ture  was 10 

ml. C o n tro ls  fo r  the  m ating , c o n s is t in g  o f s e p a ra te ly - in c u b a te d  BW96 

(pLG22l) and BW86 s t r a i n s ,  a re  d esc rib ed  in  th e  te x t  o f C hapter 5 . A fte r

60 min o f m ating, 1 ml o f lOOmM T ris  pH c o n ta in in g  1 mg thym ine, 1 mg

thym idine and 6 .5  mg KCN were added, follow ed by 0 .2  ml 1M NaOH to  a d ju s t

the pH to  7 . 6 .  C e lls  were then  t r e a te d  as d e sc rib ed  in  th e  p reced ing

su b -se c tio n s  to  g ive  a c le a re d  ly s a te ,  and spun to  e q u ilib riu m  in  a CsCl 

d e n s ity  g ra d ie n t (R .I .  = 1 .4 0 1 5 ). F ra c tio n s  co n ta in in g  DNA (33*5 cpm ng ^) 

were pooled  and d ia ly sed  a g a in s t  fou r 1 1 changes o f lOmM T ris  pH8.0 a t  

4°C.

2 .8  R e s tr ic t io n  endonuclease d ig e s t io n  o f DNA and e le c tro p h o re s is  o f 

DNA fragm ents

D ig estio n  o f DNA sam ples w ith  the  r e s t r i c t i o n  endonucleases EcoRI  

(B oehringer Mann heim GMBH) and Hindl l l  (BRL I n c .)  was c a r r ie d  o u t acco rd ing
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to  the  m a n u fa c tu re r 's  in s t r u c t io n s .  D igests  co n ta in ed , as w ell as DNA,

1/5  volume o f a X 5 s to ck  o f s a l t  mix; 500mM T ris  pH7.5, 50mM MgCl^,

250mM NaCl (EcoRI b u ffe r )  o r lOOmM T ris  pH8.0, 35mM MgCl^, 2.5mM DTT,

300mM NaCl (Hindl l l  b u f f e r ) , and 1 u n i t  o f the  a p p ro p ria te  enzyme p er |ig 

o f DNA. Samples were incubated  a t  37°C fo r  1-2h and loaded im m ediately 

onto ag arose  g e ls  fo r  e le c tro p h o re s is .  M olecular w eight m arkers in c lu d ed  

phage \  DNA d ig e s ted  e i th e r  s in g ly  o r doubly w ith  EcoRI  o r Hindl l l  (D an ie ls  

e t  a l . ,  1980) and pBR322 DNA d ig e s ted  w ith  TaqYI (BRL In c .)  ( S u tc l i f f e ,  

1978) .  D ig estio n  o f pBR322 was perform ed a t  65°C in  the  a p p ro p ria te  b u ffe r  

(50mM T r is  pH8.4, J>OÆ MgCl^, 500®M NaCl, 30mM 2-mercap to  e th an o l) fo r  2h.

Agarose was o b ta ined  from Sigma, and g e ls  made up as an a p p ro p ria te  

p e rcen tag e  o f agarose  in  running b u ffe r  (25mM T r is - a c e ta te  pH7.7 and ImM 

EDTA) d iso lv ed  by b o i l in g .  Agarose s o lu tio n s  were cooled to  around 60°C 

b e fo re  pouring  in to  a h o r iz o n ta l t ra y  and allow ed to  s e t  w ith  a w ell mould 

in  p la c e . The g e l was freed  from i t s  mould sind tr a n s fe r re d  on i t s  g la s s  

base p la te  to  an e le c tro p h o re s is  tank c o n ta in in g  running  b u f f e r .  2 |i l  

o f tra c k in g  dye (80mM T ris  pH6 .8  co n ta in in g  10^ g ly c e ro l and 0 . 001# 

Bromophenol b lu e ) was added to  each d ig e s t  and mixed. Samples were loaded  

onto the  submerged g e l and e lec tro p h o resed  a t  e i th e r  20V (o v e rn ig h t) o r 

100V (2-3h) u n t i l  th e  lower dye band was about 2 /3  to  3 /4  down th e  g e l .

DNA fragm ents were s ta in e d  by p la c in g  th e  g e l in  a b a th  o f 0.5|igml 

eth id ium  bromide fo r  30 min, o r run  in  th e  p resence  o f th e  s t a i n .  The g e ls  

were then  photographed on top o f a long w avelength UV tra n s i l lu m in a to r  

u s in g  a P o la ro id  land  camera w ith  type 57 o r 55 P o la ro id  film  o r  a Nikon 

135mm SLR camera loaded  w ith  Kodak HS23 f ilm .



Table 2 -3  M olecular w eight m arkers fo r  agarose  g e l e le c tro p h o re s is

M olecular w eight s tan d a rd

ragment A H indlll XEcoRI X H indlll EcoRI

A 2 3 .1 3 2 1 .2 3 2 1 .2 2

B 9.42 7 .42 5 .1 5

C 6 .3 6 5 .8 0 4.97

D 4 .3 6 5 .6 5 4 .2 7

E 2 .3 2 4.88 3 .5 2

F 2 .0 2 3 .5 2 2 .0 2

G 0 .5 6 1.91

H 1.71

I 1 .3 8

J 0 .95

K 0 .8 3

L 0 .5 6

Numbers in d ic a te  th e  s iz e  o f  th e  r e s t r i c t i o n  fragm ents in  k i lo b a s e s .  

Data a re  drawn from Sanger e t  a l . , 1982.
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2 .9  T ransform ation  o f  b a c te r ia

Recombinant plasm id DNA was transform ed  in to  b a c te r ia l  c e l l s  by th e  

method d esc rib ed  below . A 10 ml c u l tu re  o f NB o r LB was in o c u la te d  from 

an o v e rn ig h t c u ltu re  o f  the  p la sm id -fre e  s t r a in  and grown by a e ra t io n  a t  

th e  a p p ro p r ia te  tem peratu re  from A^^^ o f 0 .05  to  0 .4  in  one s te p .  C e lls  

were sedim ented in  a p re -c o o le d  Sorvall 8854 r o to r  a t  7 ,000 rpm and 0°C fo r  

3 min, and resuspended in  10 ml ic e -c o ld  0 . 1M MgCl^. The c e l l  su spension  

was d iv id ed  between 2 c h i l le d  8334 tu b es  and sedim ented as b e fo re . Care was 

taken  throughout th e se  m an ip u la tio n s  to  keep b a c te r ia  a t  4°C as much as 

p o s s ib le , and to  use p re -c o o le d  s o lu t io n s ,  tubes and r o to r s .  C e lls  were 

resuspended in  5 ml volumes o f  0 . 1M CaCl^ and h e ld  on ic e  fo r  20 min. 

Follow ing an o th er sed im en ta tio n , b a c te r ia  were resuspended in  0 .75  ml 0.1M 

CaCl^, and decanted in  250 p.1 volumes to  s t e r i l e  1 .5  ml Eppendorf tu b e s , 

lug  o f plasm id DNA was added to  th e  com petent c e l l s  fo r  tra n s fo rm a tio n ; 

c o n tro ls  inc luded  the  a d d itio n  o f an equal volume o f phosphate b u ffe r  in s te a d  

o f DNA. 8amples were h e ld  on ic e  fo r  a t  l e a s t  1h, and c e l l s  k ep t in  su s 

pension  by o ccas io n a l f in g e r - f l ic k in g  b e fo re  a  3 min h e a t p u lse  a t  42°C 

w ith  very  g e n tle  sh ak in g . The transform ed c e l l s  were re tu rn e d  to ic e  fo r  

2 min and then used to  in o c u la te  a 3 ml shake c u l tu re  o f LB. C u ltu re s  were 

shaken fo r  1-J to  2h , and f i n a l l y  th e  c e l l s  were c o lle c te d  and resuspended in

0 .4  ml phosphate b u f f e r .  U n d ilu ted  sam ples from th i s  f i n a l  suspension  and 

-1  -210 and 10 d i lu t io n s  were p la te d  to  s e le c t iv e  media to  i s o l a t e  t r a n s 

fo rm an ts . 1 pig o f DNA u s u a lly  y ie ld e d  a  t o t a l  o f  about 2 -3 ,000  t r a n s 

form ants u sing  th i s  p ro ced u re .
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2*10 Measurement o f d n a ^  su p p ress io n  euid DNA prim ase a c t i v i t y

The a b i l i t y  o f v a rio u s  p lasm ids to supp ress the  tem p era tu re- 

s e n s i t i v i t y  o f the  h o s t dnaG3 le s io n  was determ ined by th e  methods d e ta i le d  

below*

2 .1 0 .1  Colony form ation

O vernight c u ltu re s  o f p la sm id -co n ta in in g  BW86 s t r a in s  (3 ml NB su p p le 

mented as n ecessa ry  w ith  thymine o r To) were grown a t  30°C and d i lu te d  to
7 —1g ive  an absorbance o f 0 .1  a t  600 nm (about 5x10 c e l l s  ml ) in  f r e s h  NB, 

warmed to  30°C p r io r  to  u s e . C e lls  were p la te d  a t  a p p ro p ria te  d i lu t io n s  

onto pre-warmed s e le c t iv e  agar p la te s  a t  30 and 40°C and in cu b ated  over

n ig h t .  Colony form ation  i s  th e  r a t i o  o f y ie ld s  o f co lo n ies  formed a t  40°C 

compared to  30°C.

2 .1 0 .2  DNA sy n th e s is  a t  4l°C

A 5 ml c u ltu re  o f th e  s t r a i n  under t e s t  was s e t  up in  SGC medium

supplem ented w ith  deoxyguanosine and thymine (and Tc i f  re q u ire d )  as

d e sc rib ed  in  S e c tio n  2 .3 , and grown in  a 50 ml f la s k  a t  30°C fo r  90 min in

an o r b i t a l  sh ak e r. Two 1 .5  ml a l iq u o ts  were drawn from th i s  c u l tu r e ,  and

used to  in o c u la te  two 1 .5  ml shak ing  s o lu tio n s  o f SGC and deoxyguanosine

m ethy l-^nj
-1  -1

(200|igml ) and thymine (2|igml ) .  One o f th e se  con tained

thymine a t  a s p e c if ic  a c t i v i t y  o f 320 mCi mmol  ̂ and was shaken a t  4l°C

methyl-^H thyminefo r  90 min. Two 1 ml a l iq u o ts  o f the  c u ltu re  co n ta in in g  

were taken  in to  2 ml o f TCA s to ck  s o lu t io n  and s to re d  on ic e  fo r  a t  l e a s t  

1h . A c id -p re c ip ita b le  r a d io a c t iv i ty  was determ ined as in  S e c tio n  2 .3 .  The

A^^Q o f the  o th e r  c u ltu re  was measured u sing  a G ilfo rd  300-N s p e c tro 

photom eter, and DNA sy n th e s is  in  c u ltu re s  a t  4l°C expressed  as  cpm ml 

p e r A^^Q to  s ta n d a rd is e  r e s u l t s .

-1
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2 ,1 0 .3  Plasm id DNA prim ase a c t i v i t y

DNA prim ase a c t i v i t y  in  crude c e l l  e x tr a c ts  (CCEs) was determ ined by 

th e  a b i l i t y  to  prime DNA s y n th e s is  on s in g le -s tra n d e d  phage fd or M13 DNA, 

GOES were p repared  from p la sm id -co n ta in in g  d e r iv a t iv e s  o f BW82. 5 ml over

n ig h t c u ltu re s  in  NB, supplem ented w ith  Tc in  the  case  o f  pBR325-based 

p lasm id s, were d i lu te d  0 .5  ml in to  10 ml f re s h  NB and grown a t  31°G in  an 

o r b i t a l  shaker to  l a t e  ex p o n en tia l-p h ase . C e lls  were c h i l le d  and c o lle c te d  

by c e n tr i fu g a t io n ,  washed in  1 ml N -2 -h y d ro x y eth y lp ip eraz in e-N '-2 -e th a n e -  

su lphon ic  a c id  (HEPES) b u ffe r  (Sigma) pH8.0 c o n ta in in g  50mM KCl and ImM 

d i t h io th r e i t o l  (DTT) and resuspended in  200 p.1 o f ic e -c o ld  sp h e ro p la s t 

b u ffe r  (5# su c ro se , lOmM KCl, 4mM sperm idine-3H C l, ImM DTT, ImM EDTA and 

0 .2  mg o f lysozyme in  25mM HEPES b u f fe r ,  pH8.0 in  1 .5  ml Eppendorf tu b e s ) .  

A fte r  30 min on ic e ,  c e l l s  were ly sed  w ith  B r i j  58 ( f in a l  c o n ce n tra tio n  

0 . 25#) and l e f t  on ic e  fo r  a fu r th e r  40 min. Samples were c en tr ifu g e d  to  

p e l l e t  d e b ris  in  an Eppendorf m icrofuge a t  4°C and the  su p e rn a ta n t decanted 

and s to re d  a t  -80°C. P ro te in  co n ten t o f CCE s was determ ined by th e  method 

o f B radford (1976) as m odified  by S pec to r (1978).

R eceptor e x tr a c t  fo r  the  v i t r o  prim ase a ssay  was p repared  from the  

dnaB dnaC s t r a i n  BC1304 by a m o d ifica tio n  o f th e  method o f Lanka ejt a l . 

( 1979)•  A 50 ml o v e rn ig h t c u ltu re  was grown a t  31^0 and used to  in o c u la te  

1 1 o f TY b ro th  (8g try p to n e  (D ifc o ) , 5g y e a s t  e x tra c t  (D ifco) and 5g NaCl 

made up to volume w ith  d i s t i l l e d  w a te r ) . A fte r  shaking o v ern ig h t a t  31°C, 

c e l l s  were c o lle c te d  and washed in  30 ml 50mM T ris  b u ffe r  pH7.5# The f i n a l  

p e l l e t  was weighed (wet w eight was about 2g) and resuspended in  1 ml 50mM 

T ris  pH7.5 c o n ta in in g  10# su cro se  p e r gram wet p a s te .  The c e l l s  were frozen  

in  l iq u id  n itro g e n  and s to re d  a t  -80°C o v e rn ig h t. 1 ml a l iq u o ts  were 

thawed below 10°C in  p o lycarbonate  tubes and, fo llow ing  the  a d d itio n  o f DTT 

(lOmM), EDTA (imM), sperm idine-3HCl (lOmM) and lysozyme (200|igml  ̂) ,  pH
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was a d ju s te d  to  7*5 w ith  1M T r is  b u f f e r .  Samples were l e f t  on ic e  fo r  

30 to  43 min to  a llow  th e  fo rm ation  o f sp h e ro p la s ts  and then  s h i f te d  to  

37°C to  allow  th e  tem peratu re  to  r i s e  to  20°C. Once th i s  tem peratu re  was 

reach ed , samples were ag a in  cooled  to 4°C on ic e  w ith  g e n tle  mixing u sin g  

a g la s s  ro d . Follow ing c e n tr i fu g a t io n  fo r  45 min a t  30,000  rpm in  a 

Beckman 45 Ti r o to r .  The su p e rn a ta n t was decanted  and f re s h  s trep to m y cin  

su lp h a te  added to  4#. Samples were s t i r r e d  a t  4°C and c e n tr ifu g e d  fo r 30 

min a t  30,000 rpm in  a Beckman 60 Ti head. S u p ern a tan t was decan ted , and 

th e  pH a d ju s ted  to  7*5 w ith  1M NaOH. R eceptor e x tr a c t  was fro zen  and s to re d  

under l iq u id  n itro g e n .

P la sm id -sp e c if ied  prim ing a c t i v i t y  in  CCE s was assayed  in  m ix tures 

(25 |i l )  co n ta in in g  25mM HEPES b u f fe r  pH8.0, 25mM KCl, 5mM magnesium a c e ta te ,  

0.2mM EDTA, 2.5mM sperm idine 3HC1, 1mM DTT, 20 îM n ico tin am id e  adenine 

d in u c le o tid e  (NAD) 4mM c re a t in e  phosphate (Sigm a), 3ng c r e a t in e  k in a se  

(Sigm a), 20pM c y c lic  adenosine 5 ' -monophosphate (cAMP) (Sigm a), 20mM
I"

adenosine tr ip h o sp h a te  (ATP) (Sigm a), 25|igml r ifa m p ic in , 125pM each o f 

rCTP, rGTP and rUTP (Sigm a), l2.5|iM each o f dATP, dCTP and dGTP (Sigm a),

650 pmol o f l̂ methyl-^H deoxythym idine 5*- tr ip h o sp h a te  ( 65O o r 1000 cpm p er 

pm ol), 0 .5^g  o f  s in g le -s tra n d e d  fd o r M13 DNA, 5 p i re c e p to r  e x tr a c t  and 

an a p p ro p ria te  amount o f CCE. A range o f volumes o f u n d ilu te d  and d i lu te d  

CCE s were assayed  in  p i l o t  experim ents to  ensure th a t  the  r e a c t io n  d id  n o t 

proceed to com pletion b e fo re  th e  end o f the  in cu b a tio n  p e r io d , and 2 .5  p i 

of a te n - fo ld  d i lu t io n  o f CCE was u s u a lly  found to  be op tim al in  th is  

r e s p e c t .  R eactions were c a r r ie d  ou t in  t r i p l i c a t e  in  s t e r i l i s e d  1.5ml 

Eppendorf tubes a t  30°C fo r  60 m in. M ixtures la ck in g  CCE were used as 

c o n tro ls .  The re a c t io n  was a r r e s te d  by th e  a d d itio n  o f  250 ^1 o f s to p  

mix (O.5M NaOH, 0 .5^  SDS, 10# sodium pyrophosphate, 0.5mgml  ̂ c a l f  thymus 

DNA; Sigma) and m ix tures s h i f te d  to  an ic e  b a th . A fte r 5 min, 500 |il 2M
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TCA was added to  each tube and h e ld  on ic e  fo r  a fu r th e r  J>0 min a t  le a s t*  

T C A -precip ita ted  r a d io a c t iv i ty  was determ ined as d esc rib ed  in  S ec tio n  2*3# 

One u n i t  o f prim ase a c t i v i t y  i s  de fin ed  as the  in c o rp o ra tio n  o f 1 pmol o f 

dïMP in to  T C A -precip itab le  m a te r ia l under th e  above co n d itions*

2*11 C o n ju g a tiv e  DNA s y n th e s is

Measurement o f co n ju g a tiv e  DNA sy n th e s is  in  mating b a c te r ia  was 

perform ed by th e  method o f B oulnois and W ilkins (1979)* B a c te r ia  were 

grown by a e ra t io n  a t  31°C (dnaG s t r a i n s ) , 33°0 ( dnaB) o r 37°C ( dna^) fo r
g

3 to  4 mass doublings to 2x10 c e l l s  per ml in  SGC medium* C u ltu re s  o f 

th y m in e-req u irin g  s t r a in s  were supplem ented w ith  2 pg thymine and 200pg 

deoxyguanosine p e r ml, and s t r a in s  harbou ring  recom binant p lasm ids grown 

in  the  p resence  o f Tc. The above supplem ents were removed p r io r  to  m ating 

by sed im en ta tio n  and re su sp en sio n  in  pre-warmed SGC (c o n ta in in g  deoxy-

thymine was

p reco n d itio n ed  by the  method o f B oulnois and W ilkins (1978). This p rocedure  

removes tra c e  amounts of undefined  la b e l le d  compounds p re se n t in  the  

s o lu t io n  which a re  in co rp o ra ted  in to  the  T C A -precip itab le  m a te r ia l o f  c e l l s .  

The rad iochem ica ls  were added to  a sm all c u l tu re  ( le s s  than 2 ml) o f 

e x p o n en tia lly  growing BW40 b a c te r ia  a t  about 10^ c e l l s  ml  ̂ and incu b ated  

a t  37°C fo r  30 min. The c u ltu re  was f i l t e r e d  to  remove c e l l s  and the 

f i l t r a t e  s to re d  on ic e  u n t i l  used in  m atings. C on tro ls  fo r  experim ents 

c o n s is te d  o f p a re n ta l  c u ltu re s  in cu b ated  s e p a ra te ly .

guanosine in  the  case o f th y m in e-req u irin g  s t r a i n s ) . 2-^ ^ C
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2 .11 .1  C onjugative DNA sy n th e s is  in  r e c ip ie n t  c e l l s

UV i r r a d ia te d  r e c ip ie n ts  in  m ating m ix tu res were grown as d esc rib ed

p re v io u s ly  and p e l le te d  by c e n tr i fu g a t io n .  Follow ing re su sp en sio n  in  20
_2

ml phosphate b u f f e r ,  c e l l s  were i r r a d ia te d  w ith  400Jm of UV l i g h t  and 

then resuspended in  prewarmed SGC medium c o n ta in in g  deoxyguanosine to  

o f 0 .65  (about 5x10^ c e l l s  ml ^ ) .  R ec ip ie n ts  were prewarmed a t  4l°C fo r  

10 min and in  the  p resence  o f r ifa m p ic in  fo r  5 min p r io r  to  m ating . Mating 

m ixtures (4 .7  ml) were s e t  up by adding 1 ml o f  r e c ip ie n t  c u l tu re  ( a t  10 

min b e fo re  the  s t a r t  o f m a tin g ), 1 ml o f prewarmed SGC co n ta in in g  200ngml  ̂

deoxyguanosine and 400pgml  ̂ r ifa m p ic in  ( a t  t  = -5  m in), 0 .7  ml o f p re -

warmed la b e l  medium (p reco n d itio n ed 2_l4c thymine in  SGC c o n ta in in g  100

-1  -1pgml deoxyguanosine and 200[igml r ifa m p ic in ; a t  t  = -2  min) and 2 ml o f

donor c e l l s  ( a t  th e  s t a r t  o f m ating) to  a 250 ml co n ica l f la s k  a t  4l°C

(45°C fo r  dnaB m atings) in  an o r b i t a l  shaking w ater b a th . M ixtures th e re -
8 -1  fo re  con ta ined  about 10 b a c te r ia  o f each paren teil s t r a i n  p e r ml, lOOpgml

r 1
2-^ C thymine (65 mCi mmol ^ ) .  Mating wasrifa m p ic in  and 2pgml ^

con tinued  fo r  1h , and 0 .5  ml sam ples e x tra c te d  from the  m ixture in to  2 ml 

ic e -c o ld  TCA s to ck  s o lu t io n  a t  10 min in te r v a l s .  D eterm ination  o f  TCA- 

p r e c ip i ta b le  r a d io a c t iv i ty  was c a r r ie d  ou t as d e ta i le d  in  S e c tio n  2 .5 .

2 .1 1 .2  C onjugative DNA sy n th e s is  in  donor c e l l s

Experim ents were c a r r ie d  ou t e s s e n t ia l ly  as  d esc rib ed  above, as

d e ta i le d  in  the te x t  o f C hapter 4 . P reco n d itio n ed methyl-^H thym idine

(2 .42  Ci mmol ^) was used as l a b e l ,  and m atings were perform ed a t  45°C, 

The dnaB donor c e l l s  were p re in cu b ated  fo r  15 min a t  th i s  tem perature  

p r io r  to a d d itio n  to  m ating m ix tu res .
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2 .1 2  C on.jugative DNA t r a n s f e r

E xperim en ts were e s s e n t i a l l y  s im i la r  to  th o se  d e s c r ib e d  in  S e c t io n  

2 .1 1 , ex ce p t f o r  th e  fo llo w in g  p o in t s .  Donor s t r a i n s  w ere grown in  10 ml

SGC medium co n ta in in g  2|igml ^ 2_l4c thymine (65 mCi mmol and deoxy

guanosine . Label was inc luded  as b e fo re  d u ring  m ating, so th a t  donors 

were la b e l le d  p r io r  to  and during  m ating . The volume o f mating m ix tures 

was 5 .5  m l. A fte r  60 min of m ating, 2 .5  ml was e x tra c te d  and added to 0 .6  

ml o f lOmM T ris  pH8.0 co n ta in in g  lOmM KCN, 40^gml  ̂ tryp tophan  and 100 

|igml  ̂ thym ine. Samples were blended fo r  5 sec  and 0 .5  ml o f T2 a d so rp tio n  

b u ffe r  (4 gl"1 NaCl, 5 g l“  ̂ K^SO^, 1 .5  g l"^ K^SO^, 5 g l”  ̂ Na^HPO^, lOmM 

MgSO^, 0.5mM CaCl^ and 10 mg p e r 1 g e la t in ,  pH ? .l) co n ta in in g  5x10^"* 

phage T6 , i r r a d ia te d  w ith  llOJm o f UV l i g h t  p r io r  to  u s e . A fte r a 5 min 

in c u b a tio n  a t  57°C, deoxyribonuclease (Sigma) and RNase A (Sigma) were 

added to  15O and 100|igml r e s p e c tiv e ly  and in c u b a tio n  con tinued  fo r  a 

fu r th e r  15 min, w ith  a g e n tle  s w ir l  given to  th e  s o lu tio n  every 5 min. 

Pronase (Sigma) was n ex t added to  375l^gml , and samples in cu b ated  fo r  a 

fu r th e r  15 min b e fo re  being  t r a n s fe r re d  to  a re p e l-c o a te d  S o rv a ll  SSj4 tube 

on ic e .  N ext, B r i j  58 was added to  0 .5#  and samples vo rtex ed  b r i e f ly  to

mix c o n te n ts . F in a l ly ,  1 ml o f packing c e l l s  (BW40 b a c te r ia  t r e a te d  w ith
-2  8 500Jra o f UV l i g h t  a t  a d e n s ity  o f 2x10 c e l l s  p e r ml in  phosphate b u ffe r

c o n ta in in g  lOOjigml  ̂ o f thym idine) was added to  encourage p e l l e t  fo rm ation ,

and sam ples washed by four cy c le s  o f c e n tr ifu g a tio n  (S o rv a ll  SS34 r o to r ,

10,000 rpm, 3 min, 0°C) and resu sp en sio n  in  phosphate b u f fe r  c o n ta in in g  100

ligml  ̂ thym idine. Each f in a l  sample (2.5m) was d iv ided  in to  0 .5  ml a l iq u o ts

and T C A -precip itab le  ra d io a c tiv e  m a te r ia l ,  re p re se n tin g  DNA tra n s fe r re d  to

T6 r e c ip ie n t s ,  determ ined as in  S e c tio n  2 .3 .
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2 .1 3  DNA-DNA re a s s o c ia t io n

DNA-DNA re a s s o c ia t io n  experim ents were perform ed by a method 

e s s e n t i a l ly  s im ila r  to  th a t  d esc rib ed  by B arth  and G rin te r  (1973)# The 

p re p a ra t io n  o f DNA sp ec ie s  fo r  use in  th ese  experim ents i s  desc rib ed  in  

S e c tio n s  2 .6  and 2 .7 , and d e ta i l s  o f in d iv id u a l experim ents in  C hapter 3# 

Salmon sperm DNA was purchased from Sigma Chemical Co.

2 . 13.1 P re p a ra tio n  o f h y b r id is a t io n  m ixtures

DNA was so n ica te d  u sin g  an MSE 13OW u l t r a s o n ic  d is in te g r a to r  o p e ra tin g  

a t  maximum o u tp u t ( s e t t in g  1 ; am plitude 18 to  20 |im) w ith  a 3 mm diam eter 

probe to  g en era te  fragm ents o f between O.3  and 0 .8  Kb.

Samples were k ep t on ic e  throughout the  p rocedure  in  1 .5  ml Eppendorf tubes 

and given tw elve 15 sec b u rs ts  o f so n ic a tio n  w ith  15 sec in te r v a ls  fo r  

c o o lin g . The amounts and r a t i o s  o f  DNA sp e c ie s  in c luded  in  h y b r id is a t io n

m ix tu res  fo r  each experim ent v a r ie d  (see  C hapter 5 ) , b u t norm ally  e i th e r
I';

2 .5  o r 20 mg o f r a d io a c t iv i ty - la b e l le d  probe DNA was mixed w ith  a  thousand

fo ld  excess o f u n la b e lle d  DNA. M ixtures (O .I ml) con ta ined  NaCl a t  a 

f i n a l  c o n ce n tra tio n  o f 0.42M, and were o v e r la id  w ith  3 drops o f p a ra f f in  

o i l  in  1 .5  ml Eppendorf tu b e s .

H y b rid isa tio n  m ix tures were h eated  to  105°C fo r 10 min in  a b a th  o f 

PEG 400 to  denatu re  DNA, and then s h i f te d  to  an o th er PEG 400 b a th  a t  75°C 

fo r  17h to  allow  re a s s o c ia t io n  o f sam ples. Cot v a lu es  fo r  r e a s s o c ia t io n  

re a c t io n s  a re  exp lained  and defined  in  C hapter 5# Assays were perform ed 

in  t r i p l i c a t e .
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2.13*2 A nalysis  o f re a s s o c ia te d  DNA

Follow ing r e a s s o c ia t io n  o f  DNA sam ples, 0 .9  ml prewarmed re a c tio n  

m ixture was added to  samples a t  75°C to  g ive f i n a l  co n ce n tra tio n s  o f 0.i68M 

NaCl, 30mM sodium a c e ta te  pH4.8, ImM ZnSO^ and 20|igml  ̂ sheared  denatured  

c a l f  thymus DNA (Sigm a). SI nu c lease  (B ethesda R esearch L abs.) was d i lu te d  

as re q u ire d  in  s to ra g e  b u ffe r  (20mM T ris  pH7.5, 30mM NaCl, O.ImM ZnCl^ and 

50# g ly c e ro l)  and 150 u n i ts  (5 ^1) added to  r e a c t io n  m ix tu res . In cu b a tio n  

a t  75°C was con tinued  fo r  20 min, and re a c t io n s  h a lte d  by a d d itio n  o f 0 .2  

ml 2M TCA and immersion in  an iced  w ater b a th . A fte r 1h , samples were 

washed through f i l t e r s  w ith  b o il in g  w ater. F i l t e r s  were d r ie d  and t r a n s 

fe r re d  to  s c i n t i l l a t i o n  v ia ls  co n ta in in g  5 ml o f F is o - f lu o r  1 non-aqueous 

s c i n t i l l a t i o n  f lu id  (F iso n s ) . R a d io a c tiv ity  was determ ined as in  p rev ious 

s e c t io n s .

C o n tro ls  fo r  th e  SI a ssay , id e n t ic a l  in  com position to h y b r id is a t io n  

m ixturesJ^w ere e i th e r  denatured  o r l e f t  as dou b le -s tran d ed  m a te r ia l ,  and 

s im i la r ly  assayed by the  SI nu c lease  method. The number o f in p u t counts 

was determ ined by p ro cess in g  duplex DNA sam ples to  which 81 nu c lease  was 

no t added.
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CHAPTER 3

C o n stru c tio n  and c h a r a c te r is a t io n  o f C olIb-P9drd-1 plasm ids mutant in  sog,

3 .1  In tro d u c tio n

As s ta te d  in  the  in tro d u c to ry  c h a p te r , sy n th e s is  o f th e  complementary 

s tra n d  o f  ColIb-P9 DNA in  r e c ip ie n t  c e l l s  i s  c a r r ie d  ou t by h o s t- s p e c if ie d  

DNA polym erase I I I  holoenzyme (W ilkins and Hollom, 1974), c re a t in g  a r e 

quirem ent fo r  a p rim er-g en e ra tin g  enzyme in  t h i s  p ro c e ss . B oulnois and 

W ilkins (1979) dem onstrated th a t  co n ju g a tiv e  DNA s y n th e s is  o f  th e  c lo s e ly -  

r e la te d  la  plasm id R l44drd-3  was independent o f  th e  two d efin ed  E .c o l i  

p rim ing enzymes, dnaG p ro te in  and RNA polym erase, le ad in g  to  the  p ro p o sa l 

th a t  a p la sm id -sp e c if ie d  p roduct i s  re sp o n s ib le  fo r  th e  prim ing o f 

complementary s tra n d  sy n th e s is  in  r e c ip ie n t s .  The obvious can d id a te  fo r  th is  

r o le  i s  th e  p roduct o f th e  la  plasm id gene so g , which has been shown to 

p o ssess  DNA prim ase a c t i v i t y  in  v i t r o  (Lanka e t  a l . , 1979) and to  p a r t i c ip a te  

in  chromosomal DNA r e p l ic a t io n  in  dnaG m utants (W ilk ins, 1975; W ilkins e t  

a l . , 1981 ) .  C o -o rd in a te  ex p ress io n  o f sog w ith  t r a n s f e r  genes fu r th e r  

im plied  a  r o le  fo r  th i s  p ro te in  in  co n ju g atio n  (W ilk ins, 1975)*

In  o rd e r to  s u b je c t th i s  h y p o th esis  to  g e n e tic  in v e s t ig a t io n ,  i t  was 

n ecessa ry  to  o b ta in  Sog d e r iv a t iv e s  o f  a  d e -re p re sse d  ( d rd ) la  p lasm id , 

d e fe c tiv e  in  a b i l i t y  to  sp e c ify  DNA prim ase a c t i v i t y .  The la  plasm id 

pLG221 (B ou lno is, 1981) was chosen fo r  th i s  pu rpose , and i s  a  d e r iv a t iv e  o f 

C olIb-P9drd-1 co n ta in in g  Tn^ in  th e  s t r u c tu r a l  gene fo r  c o l ic in  Ib-P9 

( c ib ) .  The advantage o f pLG221 i s  th a t  i t  does n o t s p e c ify  sy n th e s is  o f 

c o l ic in ,  thus avo id ing  th e  need to  work w ith  c o l i c in - r e s i s t a n t  b a c te r ia ,  and
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th e  Tn5“s p e c if ie d  kanamycin r e s is ta n c e  p ro v id es  a convenien t g en e tic  

m arker.

This s tudy  has a lso  made use o f a number o f recom binant plasm ids 

c a r ry in g  sog and v a rio u s  d e r iv a t iv e s  o f th e s e . A 7*9 kb EcoRI  fragm ent o f 

C olIb-P9drd-1 DNA had p rev io u s ly  been l ig a te d  (W ilkins ^  a l . , 19&1) in to  

th e  unique EcoRI  s i t e  in  the  chloram phenicol a c e ty l t r a n s fe ra s e  gene o f  the  

v e c to r  p lasm id  pBR325 (B o liv a r, 1978) and shown p a r t i a l l y  to  suppress the  

te m p e ra tu re -se n s it iv e  phenotype o f dnaG3 m utants and to  sp e c ify  DNA prim ase 

a c t i v i t y  (W ilkins e t  a l . , 1981) .  L ig a tio n  o f  EcoRI-g e n e ra te d  fragm ents o f 

C olIb-P 9drd-1 DNA in to  pBR323 y ie ld e d  th e  Sog^ recom binant plasm id pLG211, 

which was found to  co n ta in  two EcoRI  fragm ents o f C olIb-P9drd-1 DNA; one 

minor fragm ent o f 0 .27  Kb and a 7*9 Kb fragm ent sp e c ify in g  DNA prim ase 

a c t i v i t y .  Removsü. o f th e  sm a lle r fragm ent by EcoRI  cleavage and r e l ig a t io n  

g en era ted  th e  Sog^ recom binant plasm id pLG215 (W ilkins e t  a l . , 1981) .  This 

p lasm id  i s  d esc rib ed  in  F igure  3-1#

B oulnois ^  a l . ( 1982) had a lso  i s o la te d  a number o f  hydroxylam ine-induced 

Sog d e r iv a t iv e s  o f pLG211 d e fe c tiv e  in  the  gene fo r  p lasm id DNA p rim ase .

Two o f th e se  p lasm ids, pLG217 and pLG220 each a p p a ren tly  c o n ta in  a t  l e a s t  

a s in g le  p o in t m utation  in  th e i r  cloned sog gen es . SDS polyacry lam ide g e l 

e le c tro p h o re s is  o f the  p roducts  sy n th e s ised  from th e se  p lasm ids in  sup° 

m in ic e l ls ,  coupled w ith  a  sc reen  fo r  amber m uta tions by ly s o g é n isa tio n  w ith  

a supF lambdoid recombineint phage, showed th a t  th e se  le s io n s  a re  n e i th e r  

ex ten s iv e  d e le t io n s  nor amber m utations (B oulnois e t  a l . ,  1982) .  Thus 

pLG217 and pLG220 a p p a ren tly  po ssess  amino a c id - s u b s t i tu t in g  m uta tions in  

sog*

Given the  a v a i l a b i l i t y  o f th e se  p lasm ids and th e  absence o f e i th e r  a 

d e ta i le d  p h y s ic a l map o f ColIb-P9 o r a  l i b r a r y  o f c h a ra c te r is e d  t r a n s f e r



F ig u re  3-1 R e s t r ic t io n  endonuclease map o f  pLG215

The f ig u re  d e sc rib e s  th e  p o s i t io n s  o f s i t e s  fo r  the  r e s t r i c t i o n  

enzymes BamHI  (B ), B g lll  (B g), EcoRI  (E) , Hindl l l  (H ), H in d i  (He) and 

S a i l  (S) on th e  Sog"*" recom binant p lasm id pLG215, based on th e  d a ta  o f 

B oulnois e t  a l .  ( 1982) .  The plasm id was g en era ted  by th e  l ig a t io n  o f a 

c loned  EcoRI  fragm ent o f  C olIb-P9 DNA s p e c ify in g  sog in to  the  v e c to r  

p lasm id  pBR325 (W ilkins e t  a l . , I 981) .  pBR325 DNA i s  in d ic a te d  by th e  

double l in e s  a t  th e  l e f t  hand s id e  o f the  map. The e x te n t o f the  

d e le t io n  in  sog s p e c if ie d  by pLG2l4 i s  denoted below th e  r e s t r i c t i o n  

map.
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m utan ts, i t  wsus decided to  o b ta in  Sog d e r iv a t iv e s  o f pLG221 by in  vivo 

recom bination  w ith  th e  m utant sog genes o f pLG217 and pLG220 , r a th e r  than  

by d i r e c t  m utagenesis o f pLG221 i t s e l f .  Such a procedure  n o t on ly  o f f e r s  

th e  advantage o f  u sin g  w e ll-c h a ra c te r is e d  m u ta tio n s , b u t i t  avo ids bo th  the  

p o s s i b i l i t i e s  o f  p o la r  e f f e c t s  on ne ighbouring  genes and o f m utagenesis o f 

o th e r  p lasm id genes th a t  could  be in c u rre d  by th e  use o f transposon  in 

s e r t io n s  o r chem ical mutagens such as n i tro so g u a n id in e . As w il l  be 

d e sc rib ed  in  th e  rem ainder o f th i s  c h a p te r , t h i s  approach y ie ld e d  two 

d e r iv a t iv e s  of pLG221 c a rry in g  the  re s p e c tiv e  m uta tions sog-217 and sog- 

220, each d e fe c tiv e  in  sp e c ify in g  an a c t iv e  plasm id DNA primeuse.

3*2 I s o la t io n  o f pLG221 d e r iv a t iv e s  m utant a t  sog

The s tr a te g y  follow ed fo r  recom bining th e  sog-217 and sog-220  

m u ta tions in to  the  l a  p lasm id (pLG22l )  from th e  pB R 323-derivatives (pLG217

and pLG22G) i s  exp lained  d ia g ra ra a tic a lly  in  F ig u re  3 -2 . BW84 was used as

the  h o s t s t r a i n  fo r  th e  vivo recom bination  s in c e  i t  i s  rec*  and 

d e r iv a t iv e s  harbouring  pLG217 and pLG220 were a v a i la b le .  Thus, pLG221 was 

tr a n s fe r r e d  by co n ju g atio n  from the  donor s t r a i n  W3110(pLG22l) in to  th e  two 

r e c ip ie n t  s t r a in s  BW84(pLG217) and BW84(pLG220) g en e ra tin g  tra n sco n ju g a n ts
7

a t  th e  h igh  frequency o f approx im ately  3x10 p e r  ml o f m ating m ix tu re .

S ince th e  7*9 Kb EcoRI  fragm ents o f pLG217 and pLG220 co n ta in in g  th e  sog 

lo cu s  w i l l  sh are  alm ost com plete homology w ith  th e  correspond ing  re g io n  o f 

pLG221, recom bination  even ts can be expected to  occur between the  r e s p e c tiv e  

p a i r s  o f  sog a l l e l e s  p re se n t in  BW84 (pLG221, pLG217) and BW84 (pLG221, 

pLG220) such th a t  the  le s io n s  sog-217 and sog-220 a re  in tro d u ced  in to  th e  

sog gene o f pLG221.

The d e te c tio n  o f such Sog recom binants i s  made s im p le r by th e  i n a b i l i t y  

o f  sog-217 and sog-220  to  su p p ress  th e  te m p e ra tu re - s e n s i t iv i ty  o f  dnaG3



Figure 3-2 Construction of the Sog~ loc plasmid pLG230

The r a t io n a le  behind th e  scheme p re sen te d  o p p o site  i s  desc rib ed  

in  d e t a i l  in  s e c t io n  3*2. DNA o f th e  Sog^ recom binant plasm id pLG211 

was m utagenised ^  v i t r o  w ith  hydroxylam ine (HA) to  g en era te  the  Sog 

plasm id pLG217* BW84 was transform ed  w ith  pLG217 and th e  l a  plasm id 

pLG221 was in tro d u ced  in to  th e  r e s u l ta n t  s t r a i n  by co n ju g a tio n . Re

com bination between th e  homologous reg io n s  o f th e se  two plasm ids r e 

s u l te d  in  th e  form ation  o f  Sog d e r iv a t iv e s  o f  pLG221. Mating BW86 " 

(pLG221 , pLG217) b a c te r ia  w ith  th e  dnaG3, polA1 s t r a i n  BW98 , and 

r e p l ic a  p la t in g  o f  tra n sco n ju g a n ts  to  h igh  tem peratu re  r e s u l te d  in  the  

i s o la t io n  o f th e  Sog l a  p lasm id  pLG250. An id e n t ic a l  scheme, u s in g  

th e  Sog recom binant plasm id pLG220 in  p lace  o f pLG217, y ie ld ed  pLG231,
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b a c te r ia  (B oulnois e t  a l . , 1982; see  a lso  Table 3-1)♦ so th a t  sog m utants

o f pLG221 should  f a i l  to  allow  growth o f such a h o s t a t  40°C# This

d e f ic ie n c y  can be screened  fo r  by r e p l ic a  p la t in g  co lo n ie s  and in cu b a tin g

r e p l ic a s  a t  h igh  tem p era tu re , b u t in  o rd e r to  perform  th i s  t e s t ,  i t  was

f i r s t  n ece ssa ry  to  o b ta in  seg re g a tio n  o f pLG221 from th e  pBR325-derived

p lasm id s , pLG217 and pLG220* This was ach ieved  by m ating BW84 (pLG221,

pLG217) and BW84 (pLG221, pLG220) s t r a in s  w ith  the  n a l dnaG3 polAI r e c ip ie n t

s t r a i n ,  BW98, a t  30°C and s e le c t in g  fo r  Kah^ Nal^ tra n sc o n ju g a n ts . The

s t r a i n  BW98 was o b ta in ed  from BW6l  ( dnaG3 po lA I; W ilk ins, 1975) by s e le c t io n

f o r  r e s is ta n c e  to  n a la d ix ic  a c id  (n a l ) .  S ince  pBR325 i s  a n o n -m o b ilisab le

v e c to r  p lasm id (B o liv a r , 1978), pLG217 and p l/j220 should  n o t be in h e r i te d

by r e c ip ie n t s  u n le ss  in te g ra t io n  in to  pLG221 has occurred  to  c r e a te  a co-

in te g r a te  m olecule. This r a r e  even t was d e te c te d  in  e q u iv a len t m atings

in v o lv in g  pLG221 and o th e r  pBR325-based recom binant p lasm ids c a rry in g  EcoRl-

g en era ted  fragm ents o f C olIb-P9drd-1 DNA from rec*  donors (see  C hapter 7)
-4a t  th e  low frequency o f approxim ately  1x10 p e r pLG221 tra n sc o n ju g a n t.

T his even t is  recA -dependent, s in c e  m atings u s in g  th e  same p lasm ids in  a

recA donor s t r a i n  y ie ld e d  no tran sco n ju g an ts  co n ta in in g  th e  pBR325-based

plasm id  (se e  C hapter 7)# However, should  such a recom bination  even t r e s u l t

in  th e  t r a n s f e r  o f e i th e r  pLG217 o r pLG220 to  BW98 , th e se  p lasm ids should

n o t be m ain tained  in  th i s  polAI h o s t ,  s in c e  th e  v e c to r  pBR325 i s  d e riv ed

from a C0IE I-d e riv e d  plasm id (B o liv a r , 1978) and so re q u ire s  th e  polA

gene p ro d u c t, DNA polym erase I ,  fo r  r e p l ic a t io n  (S taudenbauer, 1978).

This approach was v a lid a te d  by assay in g  tran sco n ju g an ts  from m atings

o f BW84 donor c e l l s  c o n ta in in g  pLG221 and a pBR323-based recombineint plasm id

w ith  e i th e r  BW98 (n a l  po lA l) o r BW97 (n a l polA^) r e c ip ie n t s .  In  the
R ^m atings w ith  BW97, Tc t r a n ^ n ju g a n ts  h a rb ou ring  th e  pBR325-based  recom binant
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were id e n t i f i e d  a t  a frequency o f about 4x10 ^ p e r Kan^ tra n sc o n ju g a n t. 

D esp ite  th e  re p o rte d  19̂  r e s id u a l  DNA polym erase I  a c t i v i t y  o f  polAI m utants 

(DeLucia and C a im s , 1969; Lehman and C hien, 1973), n o t a  s in g le  Tc t r a n s 

con jugan t o f BW98 was o b ta in ed  in  th ese  m atings, so th a t  i t  appears th a t  

th e  combined e f f e c t s  o f th e  r e c ip ie n t s  polAI m utation  and th e  s e le c t io n  fo r  

s e g re g a tio n  o f pLG221 by co n ju g a tio n  a re  s u f f i c i e n t  to  i s o la te  pLG217- o r

pLG220-free c e l l s .
R RKan Nal tra n sc o n ju g a n ts , i s o la te d  from m atings a t  a frequency o f 

about 5x10^ c e l l s  p e r ml o f m ating m ix tu re , were grown a t  to  y ie ld

sm all c o lo n ie s  and then r e p l ic a  p la te d  to  40°C. Most o f  th e se  r e p l ic a s  grew 

a t  th e  h ig h e r tem peratu re  due to  su p p ress io n  o f  th e  dnaG3 m uta tion  o f BW98 

by pLG221, b u t te m p e ra tu re -se n s itiv e  c lones were d e te c te d  a t  a frequency o f 

about 2x10 A number o f such c lo n e s , from s e p a ra te  m atings in v o lv in g  

e i th e r  pLG217 o r pLG220 , were i s o la te d  and p u r i f i e d .  Two o f th e se  c lones 

were chosen as r e p re s e n ta t iv e  o f Sog d e r iv a t iv e s  o f pLG221 as a  r e s u l t  o f 

g e n e tic  exchange w ith  e i th e r  pLG217 o r pLG220, suid r e s p e c tiv e ly  d esig n a ted  

as pLG250 (so g -217) and pLG251 ( so g -220) .

3 .3  C h a ra c te r is a tio n  o f pLG230 and pLG231

The a b i l i t y  o f dnaG3 s t r a in s  h arbou ring  v a rio u s  p lasm ids to  form 

c o lo n ie s  and make DNA a t  r e s t r i c t i v e  tem peratu re  were determ ined as  d e sc rib ed  

in  C hapter 2 , and v a lu es  a re  g iven  in  Table 3-1» Plasm id DNA prim ase 

a c t i v i t y  in  crude c e l l  e x tra c ts  o f  th e se  s t r a in s  was a lso  determ ined (Table 

3- 1) u s in g  an in  v i t r o  system  to  a ssay  th e  a b i l i t y  o f th e se  e x tr a c ts  to  

i n i t i a t e  DNA sy n th e s is  on s in g le -s t ra n d e d  phage Ml3 DNA. I t  i s  im p o rtan t 

to  n o te  th a t  th e  v e c to r  plasm id pBR325 does n o t sp e c ify  DNA prim ase a c t i v i t y .  

By a l l  th re e  c r i t e r i a ,  th e  l a  p lasm ids pLG250 and pLG251 a re  judged to  be



Table 3-1 DNA primase properties of plasmids

Host s t r a in s  and d e f in i t io n  o f u n i ts  a re  g iven  in  s e c tio n  2.10© 

F u rth e r  d e t a i l s  o f d a ta  and o f p lasm ids used in  th i s  ta b le  a re  to  be 

found in  s e c t io n s  3*2 and 3»3 o f th i s  c h a p te r .
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d e fe c tiv e  in  sog .  The v a l id i ty  o f th ese  measurements i s  supported  by the  

equ ivaden t v a lu es  o b ta in ed  in  th e se  experim ents w ith  th e  d e fin ed  Sog 

p lasm ids pI/3217 and pLG220 and by the  p o s i t iv e  v a lu es  o b ta in ed  w ith  pLG221 

and pLG215. I t  should  be noted  th a t  th e  Sog* recom binant p lasm ids pLG211 

and pLG215 gave approxim ately  equal v a lu es  fo r  bo th  colony form ation  and DNA 

s y n th e s is  measurements; thus th ese  two p lasm ids can be regarded  as 

e q u iv a len t in  Table 3-1•

The Sog* recom binant plasm id pLG2l4, which w i l l  be r e f e r r e d  to  through

o u t th e  rem ainder o f th i s  th e s i s ,  i s  in tro d u ced  a t  th i s  p o in t .  This plasm id 

(W ilkins e t  a l . , 19&1) was de riv ed  from th e  re c lo n in g  experim ent which 

g en era ted  pLG215 from pLG211. The Sog* EcoRI-g e n e ra te d  fragm ent o f C o llb - 

P9drd-1 c a r r ie d  by pLG2l4 has undergone an in te r n a l  d e le t io n  o f about 1 .3  

Kb, mapping w ith in  th e  coding reg io n  o f sog (F ig u re  3 -1 ) , and r e s u l t s  in  the  

p ro d u c tio n  o f tru n c a te d  sog p o ly p ep tid es  o f MWs 87,000  and 42,000 (W ilkins

e t  a l . , 1981) .  This d e le t io n , r a th e r  than  im p a irin g  prim ase a c t i v i t y ,
0

r e s u l t s  in  a more e f f i c i e n t  re scu e  o f chromosomal DNA s y n th e s is  in  dnaG 

c e l l s .

Complementation s tu d ie s  in v o lv in g  th e  p a ir in g  o f pLG250 o r pLG251 w ith

v a rio u s  recom binant plasm ids in  th e  same, dnaG3 s t r a i n  (T able 3-1) confirm

th a t  pLG250 and pLG251 re s p e c tiv e ly  po ssess  th e  sog-217 and sog-220  le s io n s
e

c a r r ie d  by th e  pBR325-^rived p lasm ids used in  t h e i r  g e n e s is . E i th e r  o f  th e  

Sog* recom binant p lasm ids, pLG215 o r pLG2l4, a re  capab le  o f complementing 

th e  Sog phenotype o f th ese  p lasm ids, whereas p a ir in g  o f th e  homologous 

m utants pLG217 and pLG250 o r pLG220 and pLG231 f a i le d  to  r e s u l t  in  any 

d e te c ta b le  su p p ress io n  o f th e  h o s t dnaG3 m u ta tio n . However, form ation  o f 

c o lo n ie s  a t  40°C a t  an in te rm e d ia te  frequency was observed when e i th e r  pLG250 

was p a rtn e re d  w ith  pLG220 , o r pLG231 w ith  pLG217. This o b se rv a tio n  im p lie s  

th e  fo rm ation  o f Sog* recom binants as a r e s u l t  o f in tr a g e n ic  recom bination
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and in d ic a te  th a t  th e  sog-217  and sog-220  le s io n s  map a t  d i f f e r e n t  

p o s i t io n s  w ith in  th e  gene. As th e  frequency o f  such recom binants d id  n o t 

exceed 10 t h e i r  p resence  was n o t s u f f i c i e n t  to  be d e te c te d  by measure

ment o f  DNA sy n th e s is  a t  h igh  tem p era tu re .

In  o rd e r to  c h a ra c te r is e  th e  le s io n s  determ ined by pLG250 and pLG251, 

i t  was decided  to  sc reen  c e l l s  c o n ta in in g  th e se  p lasm ids fo r  spontaneous 

re v e rs io n  to  Sog^. However, th e  o n ly  p r a c t ic a l  way o f s c ree n in g  la rg e  

numbers o f b a c te r ia  fo r  th i s  even t i s  by s e le c t io n  fo r  su p p ress io n  o f  th e  

te m p e ra tu re - s e n s i t iv i ty  o f  a dna03 h o s t ,  and t h i s  may be occluded by 

re v e rs io n  o f th e  dnaG m u ta tio n . I t  was decided  to  make use  o f  the  t r a n s f e r  

p ro p e r t ie s  o f pI/5250 and pLG251 to  d is t in g u is h  between th e se  two c la s s e s  of 

r e v e r ta n t .  S tr a in s  o f BW98 ( dnaG3) co n ta in in g  e i th e r  pLG250 o r  pLG251 were 

p la te d  o u t a t  40°C and te m p e ra tu re - re s is ta n t  c o lo n ie s , a r i s in g  a t  a  

frequency  o f about 10 were su b seq u en tly  mated a t  30°C w ith  the  dnaG3

s t r a i n  BW82. Transeon jugan ts were te s te d  fo r  a b i l i t y  to  form co lo n ie s  a t
0

40°C and where th i s  occurred  w ith  h igh  e f f ic ie n c y , i t  was judged th a t  

re v e rs io n  o f th e  sog m utation  in  th e  plasm id had o ccu rred . Sog^ re v e r ta n ts  

o f  pLG251 were d e te c te d  a t  a  frequency o f about 10 so th a t  th i s  p lasm id 

p robab ly  has a  s in g le  p o in t  m u ta tio n , bu t the  p rocedure f a i l e d  to  d is c e rn  

s im i la r  r e v e r ta n ts  o f pLG250. I t  th e re fo re  appears th a t  the  sog-217 

le s io n  may a f f e c t  more than  one base  p a i r .

3 .4  D iscussion

The in  vivo recom bination  o f th e  defin ed  m utations sog-217 and sog-220  

from a cloned sog gene in to  th e  l a  p lasm id pLG221 re p re se n ts  a  p o te n t ia l ly  

v a lu ab le  g en e ra l s t r a te g y  fo r  th e  i s o la t io n  o f plasm ids m utant a t  s p e c if ic  

l o c i ,  s in c e  th e  approach avoids any requ irem en t fo r  g e n e tic  mapping 

in fo rm a tio n . The method s u c c e s s fu lly  y ie ld e d  th e  p rim suse-defective l a
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plasm ids pLG250 and pLG251o Each was shown to  c a rry  the  le s io n  s p e c if ie d  

by th e  a p p ro p ria te  pBR325~sog recom binant plasm id used in  t h e i r  co n stru c tio n *  

S ince  sog i s  common to  each o f th e  l a  p lasm ids C olIb-P9, R144 and R64 

(Dalrym ple e t  a l* , 19&2), th e  c o n s is te n t  r e s u l t s  o b ta in ed  w ith  pLG250 and 

pLG251 in  subsequent ch ap te rs  in d ic a te  th a t  th e  behaviour o f  th e se  may be 

taken  as  r e p re s e n ta t iv e  o f a  p rim ase -d e fec tiv e  l a  plasmid*

The d a ta  expressed  in  Table 3-1 i s  in  agreem ent w ith  p rev ious r e s u l t s  

re p o r te d  by W ilkins e t  a l*  ( 1981) ,  and bo th  show th a t  pLG215» although  

encoding an in t a c t  sog gene, i s  l e s s  e f f i c i e n t  than  pLG221 in  prom oting 

colony form ation  o f BW86 a t  40°C. H eterogenous co lo n ie s  a re  formed by BW86 

(pLG213) a t  a low er frequency than th e  homogeneous co lo n ie s  o f  BW86 (pLG22l ) ,  

su g g es tin g  some d e fic ie n c y  in  pLG215-mediated dnaG suppression*  W ilkins 

e t  a l .  ( 1981) have dem onstrated th a t  BW86(pLG215) i s  d e f ic ie n t  in  

accum ulating  DNA a t  h igh  r e s t r i c t i v e  tem p era tu re , and proposed th a t  an 

undefined  m utation  was re q u ire d  fo r  colony fo rm ation  by th i s  s t r a i n .

A nalysis  (Lf p lasm ids e x tra c te d  from ind ep en d en tly  is o la te d  c o lo n ie s  o f BW86 

(pLG215) showed th a t  the  m utation  was n o t p la sm id -lo c a te d , and s in c e  p lasm id- 

f r e e  seg reg an ts  o f  th e se  s t r a in s  ob ta ined  a f u l l y  th e rm o -re s is ta n t pheno

type upon tran sfo rm a tio n  w ith  pLG215t the  m uta tion  was deduced to  be 

chromosomal (W ilkins e t  a l . , I 981) .  This m uta tion  does n o t r e v e r t  the  

dnaG3 le s io n  (W ilkins e t  a l . , 1981) .

One in s ig h t  in to  th i s  d e f ic ie n c y , and perhaps in to  th e  mechanism by 

which plasm id prim ase a c ts  in  chromosomal DNA r e p l ic a t io n ,  may be o f fe re d  

by th e  o b se rv a tio n  th a t  the  com plem entation o f  pLG215 by e i th e r  pLG250 

(T able 3 -1) o r pLG251 (d a ta  n o t shown) r e s u l t  in  the  fo rm ation  o f  

co lo n ie s  s im ila r  in  h e te ro g e n e ity  to  those  formed by BW86(pLG215)t b u t a t  

th e  in c re ase d  frequency o f 3x10 This in te rm e d ia te  frequency , 5 0 -fo ld  

h ig h e r than  th a t  o f BW86(pLG215)» may imply th e  e x is ten c e  o f a c o - fa c to r
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fo r  p lasm id  prim ase fu n c tio n in g  in  dnaG su p p re ss io n . The gene fo r  th is  

p ro te in  would presum ably be lo c a te d  on pLG250, o u ts id e  th e  7*9 Kb EcoRl  

c leavage fragm ent encoding so g , and be a fu n c tio n a l analogue ' o f th a t  m utated 

h o s t gene n ecessa ry  fo r  e f f i c i e n t  colony form ation  by BW86CpLG215)•

The e x is ten c e  o f th is  accesso ry  p ro te in  could  be in v e s t ig a te d  once the  

chromosomal m utation  s p e c if ie d  by th e rm o -re s is ta n t co lo n ie s  o f  BW86(pLG215) 

i s  id e n t i f i e d .  P la sm id -free  seg reg an ts  o f th e se  s t r a in s  might be s u i ta b le  

h o s ts  fo r  th e  c lo n in g  o f  th e  is o - fu n c t io n a l  gene c a r r ie d  by C olIb-P 9.
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CHAPTER 4

Plasm id DNA prim ase i s  invo lved  in  con.jugative DNA sy n th e s is  in  donor 

and r e c ip ie n t  b a c te r ia

4.1 In tro d u c tio n

I t  was dem onstrated by B oulnois and W ilkins (1979) th a t  s y n th e s is  o f 

th e  complementary s tra n d  o f an In c la  plasm id in  r e c ip ie n t s  was independent 

o f h o s t- s p e c if ie d  prim ing enzymes, a d isco v ery  which l e d • th e se  au th o rs  to  

propose th a t  th e  p roduct o f th e  p la sm id -lo ca ted  gene sog was th e  enzyme 

re sp o n s ib le  fo r  th i s  p ro c e ss . The purpose o f th i s  c h ap te r i s  to  d e sc rib e  

experim ents which t e s t  th i s  h y p o th esis  by th e  use o f  th e  Sog d e r iv a tiv e s  

o f th e  co n ju g a tiv e  l a  plasm id pLG221 (pLG250 and pLG25l) d e sc rib e d  in  the  

p rev io u s  c h a p te r . These plasm ids were a lso  used to  examine the  involvem ent 

o f plasm^i^i prim ase in  o th e r  forms o f  DNA s y n th e s is .

Measurements o f  tran sco n ju g an t form ation  in  m atings m ediated by pLG221 

sog'*' and pLG250 sog between E .c o l i  and S .  typhimurium s t r a in s  show th a t  

pLG250 i s  only  p a r t i a l l y  d e fe c tiv e  in  co n ju g a tio n , in d ic a tin g  an involvem ent, 

b u t n o t an a b so lu te  req u irem en t, fo r  plasm id prim ase in  th e  co n ju g atio n  

p ro cess  between dna* b a c te r ia .  However, u s in g  an experim en tal system  

designed  to  measure complementary s tra n d  s y n th e s is  o f p lasm id  DNA in  

r if a m p ic in - t r e a te d  E .c o l i  dnaG re c ip ie n t s  (B oulnois and W ilk ins, 1979), 

plasm id prim ase a c t i v i t y  i s  shown to  be re q u ire d  fo r  e f f i c i e n t  i n i t i a t i o n  

o f th i s  co n ju g a tiv e  DNA s y n th e s is .  The l im ite d  t r a n s f e r  p ro f ic ie n c y  o f 

the  Sog l a  plasm ids i s  exp lained  by the  a b i l i t y  o f h o s t- s p e c if ie d  dnaG 

p ro te in  to  s u b s t i tu te  p a r t i a l l y  fo r  d e fe c tiv e  sog p roduct du ring  co n ju g a tiv e  

DNA m etabolism , as  shown by experim ents u s in g  dna^ r e c ip ie n t s .  This
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f in d in g  i s  com patib le  w ith  th e  n o tio n  th a t  DNA prim ases from d i f f e r e n t  

so u rces  a r e ,a t  l e a s t  to  some e x te n t ,  in terchaingeab le  between d i f f e r e n t  

tem pla tes  fo r  DNA r e p l ic a t io n  (W ilkins e t  a l . , 1981) and su p p o rts  th e  id e a  

o f fundam ental s i m i l a r i t i e s  between p ro k a ry o tic  prim ing mechanisms.

The d e fic ie n c y  o f co n ju g a tiv e  DNA s y n th e s is  o f  pLG250 can be r e c t i f i e d  

by the  in c lu s io n  o f a  8og^ recom binant p lasm id , e i th e r  pLG215 o r pLG2l4, 

in  th e  donor o r  r e c ip ie n t  c e l l s .  Such s tu d ie s  rev ea led  more e f f i c i e n t  

com plem entation when the  donors con ta ined  a c t iv e  plasm id p rim ase, im plying 

ro le s  fo r  th i s  enzyme in  both  p a re n ts  du ring  co n ju g a tio n . Measurements 

o f  both  tran sco n ju g an t form ation  and co n ju g a tiv e  DNA sy n th e s is  in  mated 

dnaB donors o f pLG221 and pLG250 in d ic a te  th a t  th e  a c t iv e  enzyme i s  

re q u ire d  fo r  e f f i c i e n t  t r a n s f e r  o f  p re -e x is t in g  plasm id s tra n d s  and fo r  

th e  i n i t i a t i o n  o f plasm id DNA sy n th e s is  in  th e  donor to  re p la c e  th e  t r a n s 

fe r re d  m a te r ia l .  Im p lica tio n s  o f th e se  f in d in g s  on models fo r  p lasm id DNA 

tr a n s f e r  and i t s  m etabolism  during  co n ju g a tio n  a re  d iscu ssed .
T'

Plasm id prim ase i s  n o t a p p a re n tly  re q u ire d  fo r  v e g e ta tiv e  r e p l ic a t io n  

o f  e i th e r  C olIb-P9 o r the  DNA o f th e  filam en tous b ac te rio p h ag e  PR64FS 

(C oetzee e t  a l . , I 98O), a lthough  r e s u l t s  may a lso  be in te rp re te d  as  r e 

f le c t in g  the  la c k  o f an a b so lu te  requ irem en t fo r  th e  enzyme in  th e se  forms 

o f DNA r e p l ic a t io n ,  by analogy w ith  th e  in te rc h a n g e a b i l i ty  o f  plasm id 

prim ase w ith  dnaG p ro te in .  Thus, th e  b io lo g ic a l  s ig n if ic a n c e  o f  plasm id 

prim ase a c t i v i t y  appears to  be l im ite d  to  c o n ju g a tiv e  e v en ts , in  keeping 

w ith  th e  c l a s s i f i c a t io n  o f th i s  enzyme as a  t r a n s f e r  gene p roduct (W ilk ins,

1975).
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4q2 Plasm id prim ase and co n ju g a tio n

The involvem ent o f plasm id prim ase in  b a c te r ia l  co n ju g a tio n  was 

i n i t i a l l y  in v e s t ig a te d  by comparison o f th e  numbers o f  tran sco n ju g an ts  

formed in  1h b ro th  m atings m ediated re s p e c t iv e ly  by the  l a  p lasm ids 

pLG221 and pLG250. M atings were perform ed u s in g  E pcoli K-12 and 

S . typhimurium LT2 s t r a i n s ,  s in c e  In c ia  group p lasm ids a p p a ren tly  have a 

narrow  h o s t ran g e , w ith  m aintenance only  in  E s c h e r ic h ia , S a lm o n e lla , 

K le b s ie l la  and S h ig e lla  h o s ts  (Jacob e t  a l . ,  1977)# For E .c o l i  m atings,

BW96 donors o f  e i th e r  pLG221 o r pLG250 were mixed w ith  a te n - fo ld  excess 

o f BW97 (n a l ) r e c ip ie n t  c e l l s  in  n u t r ie n t  b ro th  a t  37°C and mated w ith  

g e n tle  sh ak in g . In te r ru p te d  sam ples from th e  m ixture were assayed  over a 

1h p e rio d  by s e le c t io n  fo r  Kan^ Nal^ tran sco n ju g an ts  (F ig u re  4 -1 a ) . 

Comparison o f th e  two m atings in d ic a te s  th a t ,  by th i s  c r i t e r io n ,  pLG250 

i s  p a r t i a l l y  t r a n s f e r  d e fe c t iv e , g en e ra tin g  on ly  299  ̂ o f  th e  number of 

transconi:jigants formed in  the  e q u iv a len t Sog* m ating a f t e r  one h o u r. A 

s im ila r  p a t te rn  was observed in  S.typhim urium  m atings in v o lv in g  ST1 (w ild - 

type) and ST203 (A his) s t r a i n s ,  w ith  s e le c t io n  fo r  Kan^His* tra n sco n ju g a n ts  

c a r ry in g  pLG221 o r pLG250. A fte r  1h , m ating c u ltu re s  c o n ta in in g  pLG250 

y ie ld e d  87^ le s s  tran sco n ju g an ts  than  Sog* c u l tu re s  (F ig u re  4 -1 b ) . The 

low er o v e ra l l  e f f ic ie n c y  o f tran sco n ju g an t fo rm ation  by Salm onella  as 

opposed to E .c o l i  c u l tu re s  i s  in te rp re te d  to  r e f l e c t  th e  l e s s  s ta b le  m ating 

ag g reg a tes  formed between c e l l s  o f th e  former sp ec ie s  (Sanderson ^  a l . ,

1981) .

Lanka and B arth  ( 1981) ,  u sing  p rim ase -d e fec tiv e  p r i  m utants o f th e  

IncP group plasm id RP4 gen era ted  by TnT. in s e r t io n ,  a lso  dem onstrated  th a t  

lo s s  o f RP4 DNA prim ase a c t i v i t y  a f fe c te d  th e  e f f ic ie n c y  o f co n ju g a tio n  in  

c ro sse s  between E .c o l i  donors and c e r ta in  o th e r  b a c te r ia l  s p e c ie s ,  in c lu d in g



F ig u re  4-1 Transcon.jugant fo rm ation  in  m atings m ediated by pLG221 

and pLG250

The f ig u re  shows th e  number o f transconjugein ts formed p er in p u t 

donor c e l l  d u ring  m atings u sin g  th e  co n ju g a tiv e  p lasm ids pLG221 (Sog*; 

o) and pIÆ250 (Sog ; • ) •  B a c te r ia l  s t r a in s  used as  donors and r e c ip ie n t s  

o f th ese  p lasm ids were a) E sc h e rich ia  c o l i  K12 : BW96 and BW97, and b) 

Salm onella  typhimurium : ST203 and STI. The in p u t numbers o f E .c o l i  and 

S . typhimurium donors were assayed  on n u t r i e n t  agar o r minimal media as 

a p p ro p ria te  c o n ta in in g  kanamycin (50|igml ^ ) .  M atings were perform ed a t  

37°C w ith  g e n tle  a g i ta t io n  in  a  t o t a l  volume o f 10 ml n u t r ie n t  b ro th  w ith  

a d o n o r :re c ip ie n t r a t i o  o f 1 :1 0 . T ransconjugants were assayed  by the  

removal o f 0 .35  ml o f  m ating m ixture in to  3*15 ml o f co ld  phosphate b u f f e r ,

q u ick ly  fo llow ed by m echanical sh ea rin g  to  s e p a ra te  m ating c e l l s .  S e r ia l
R R R +d i lu t io n s  were assayed  fo r  a) Kan Nal o r b) Kan His tra n sc o n ju g a n ts .

Data a re  th e  average o f a) 2 and b) 3 experim ents.
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S. typhimurium and K le b s ie l la  aerogenes. These au th o rs  dem onstrated  th a t  

th i s  re d u c tio n  in  tran sco n ju g an t frequency was dependent on the  r e c ip ie n t  

s t r a i n  used in  c ro s se s , and fo r  S . typhimurium r e c ip ie n t s  th e  d e fic ie n c y  

was up to  95^» This i s  s im ila r  to  th e  87% re d u c tio n  observed w ith  pLG250 

m atings (F igu re  4 -1 b ) , b u t w hile t r a n s f e r  o f  RP4 P r i  plsismids between 

E .c o l i  b a c te r ia  i s  a p p a ren tly  normal (Lanka and B arth , 1981) ,  th e  y ie ld  o f 

E .c o l i  tran sco n ju g an ts  in  m atings w ith  e i th e r  BV/96 (F igu re  4-1a) and ST203 

donors (d a ta  n o t shown) was reduced by 71% and 88%j r e s p e c t iv e ly ,  when the  

In c Ia  plasm id was p rim ase -n eg a tiv e . The u n ifo rm ity  o f th e  pLG 250-associated 

d e fic ie n c y  in  th e se  experim ents and th e  r e s t r i c t i o n s  imposed by th e  nsirrow 

h o s t range o f l a  p lasm ids p reven ted  fu r th e r  g e n e tic  a ttem p ts  to  in v e s t ig a te  

th e  r o le  o f plasm id prim ase in  co n ju g a tio n , and i t  was in s te a d  decided  to 

co n ce n tra te  on the  p h y s io lo g ic a l even ts o c cu rrin g  in  g e n e t ic a l ly  amenable 

E .c o l i  r e c ip ie n t  c e l l s .

C'
4 .3  Plasm id prim ase and co n ju g a tiv e  DNA sy n th e s is  in  r e c ip ie n t  b a c te r ia  

The m ating system  used to  examine the  e f f e c t  o f sog p ro te in  on 

complementary s tra n d  sy n th e s is  o f plasm id DNA in  r e c ip ie n t  b a c te r ia  du rin g  

co n ju g a tio n  has been d esc rib ed  p re v io u s ly  (B oulnois and W ilk ins, 1978,

1979)* BW96 ( td k , rpoB) donors o f pLG221 o r pLG250 were mated w ith  BW86 

( thyA, dnaG3, A(chlA-uvrB))  r e c ip ie n t  c e l l s  in  th e  p resence  o f r ifa m p ic in  

(I00(igml"^) and [ t hymi ne (0 .5 |iC i pg , 2|ig ml ^ )a t  4 l°C . In c o rp o ra tio n  

o f  exogeneous la b e l  by donor c e l l s  i s  p reven ted  by th e  absence o f thym idine 

k in a se  a c t i v i t y .  Chromosomal DNA s y n th e s is ,  which would mausk plasm id DNA 

sy n th e s is  in  th y m in e -req u irin g  r e c ip ie n t s ,  i s  p reven ted  by two s e p a ra te  

mechanisms; the  high  m ating tem perature  o f 4l°C in a c t iv a te s  tem p era tu re- 

s e n s i t iv e  dnaG p ro te in  in  r e c ip ie n t s ,  thus p rev en tin g  d isco n tin u o u s  DNA
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r e p l i c a t io n ,  and i r r a d ia t io n  o f c e l l s  p r io r  to  m ating w ith  UV l i g h t ,  

p re v e n ts  th e  usage o f  n a tiv e  DNA as tem p la te . The 400Jm” dose o f UV 

l i g h t  used in  th e se  experim ents i s  c a lc u la te d  to  induce approx im ately  

24,000 pyrim id ine  dim ers p e r E .c o l i  chromosome (d a ta  o f Rupp and Howard- 

F la n d e rs , 1968) and i s  s u f f i c i e n t  to  p rev en t th e  in c o rp o ra tio n  o f  exo

genous la b e l  in to  th e  T G A -precip itab le  m a te r ia l  o f BW86 c e l l s  under th ese  

c o n d itio n s , as shown by th e  c o n tro l v a lu es  fo r  F igu re  4 -2 . Thus, in co rp 

o ra t io n  o f thymine by m ating c u ltu re s  p redom inantly  r e f l e c t s  s y n th e s is  o f 

p lasm id  DNA complementary to  th e  t r a n s fe r r e d  s tra n d  in  r e c ip ie n t s .

R ifam picin  was added to  m ating c u ltu re s  in  o rd er to  maximise con

ju g a tiv e  DNA s y n th e s is ,  s in c e  i t  has been shown th a t  the  a n t ib io t i c  p rev en ts  

developm ent o f a  t r a n s f e r  l im i t a t io n  system , presum ably by in h ib i t in g  

t r a n s c r ip t io n  o f p lasm id genes in  th e  d ru g -s e n s i t iv e  r e c ip ie n t s  (B oulnois 

and W ilk in s, 1978). Use o f rifam p c in  - r e s i s t a n t  donors th e re fo re  r e s u l t s  

in  an a m p lif ic a tio n  o f the  number o f p lasm id s tra n d s  tra n sm itte d  under 

th e se  co n d itio n s  (B oulnois and W ilk ins, 1978). I t  should a lso  be noted  

th a t  th e  r if a m p ic in - tr e a te d  dnaG r e c ip ie n t s  a re  d e f ic ie n t  in  th e  prim ing 

a c t i v i t i e s  o f th e  two defined  prim ing enzymes, RNA polym erase and b a c te r ia l  

p rim ase .

The r e s u l t s  d ep ic ted  in  F ig u re  4-2a show th a t  co n ju g a tiv e  DNA sy n th e s is  

in  r i f a m p ic in - tr e a te d  dnaG r e c ip ie n t  c e l l s  was v i r t u a l ly  a b o lish ed  during  

m atings w ith  th e  Sog loc plasm id pLG250. I t  was shown in  C hapter 3 th a t  

th e  Sog^ recom binant p lasm ids pLG215 and pLG2l4 were a b le  to  complement 

p a r t i a l l y  th e  Sog phenotype o f pLG250 in  te m p e ra tu re -se n s it iv e  BW86 

b a c te r i a ,  and th e  r e s u l t s  o f F ig u res  4 -2b and c ( l i n e  c in  bo th  diagram s) 

dem onstrate  th a t  th e  presence  o f  e i th e r  o f th e se  recom binants in  the  

p a re n ta l  s t r a in s  was a lso  a b le  to  re so lv e  th e  sy n th e s is  o f complementary



Figure 4-2 Conjugative DNA synthesis in UV irradiated, rifampicin-
treated recipient cells at 41^C

Growth o f b a c te r ia  and measurement o f co n ju g a tiv e  DNA sy n th e s is  have

been d esc rib ed  in  s e c tio n  2 .1 1 . R ec ip ie n t s t r a in s  were i r r a d ia te d  w ith 
_2

400Jm o f UV l i g h t  im m ediately p r io r  to  m ating . M atings were c a r r ie d  out

a t  4l°C in  the  p resence  o f thymine (0 . 5^Ci^g , 2 |ig ml ) and rifam 

p ic in  (lOO|igml fo r  60 min. Samples (0 .5  ml) from m ating m ix tures were 

taken  in to  TCA emd in so lu a b le  r a d io a c t iv i ty  determ ined as d esc rib ed  in  

s e c t io n  2 .1 1 . C on tro l m ix tu res , c o n s is t in g  o f  p a re n ta l  s t r a i n s ,  were 

in cu b ated  s e p a ra te ly  and t r e a te d  as fo r  m ating c u l tu r e s .  C on tro l va lues 

fo r  donor and r e c ip ie n t  b a c te r ia  incubated  s e p a ra te ly  d id  n o t exceed a 

maximum o f about 10^ cpm ml  ̂ in  t o t a l ,  and r e s u l t s  a re  p re sen ted  a f t e r
, I '-L

s u b tra c t io n  o f th e se  am ounts. Data p re sen ted  i s  the  average o f a t  l e a s t  

th re e  s e p a ra te  experim en ts.

S tr a in s used

a) 0 BW96

# BW96

b) A BW96

▲ BW96

■ BW96

c) A BW96

A BW96

■ BW96

□ BW96

l i n e  r
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plasm id DNA in  th e  r e c ip ie n t .  Complementation ap p a ren tly  r e l i e s  to  a 

g re a te r  e x te n t on th e  p resence  o f a c t iv e  plasm id prim ase in  the  donor c e l l ,  

s in c e  experim ents l im it in g  the  n o n -m o b ilisab le  8og^ recom binant to  on ly  

one p a re n t o f each m ating ( l in e s  d and r )  dem onstrate th a t  re scu e  o f 

co n ju g a tiv e  DNA s y n th e s is  was most e f f i c i e n t  when th e  plasm id was p re se n t 

in  th e  donor. These r e s u l t s  a re  c o n s is te n t  w ith  the  enzyme being  su p p lied  

by the  donor c e l l  in  o rd e r to  promote co n ju g a tiv e  DNA sy n th e s is  in  

r e c ip ie n t  c e l l s ,  and a lso  imply an o th er r o le  fo r  p lasm id prim ase in  the  

donor, such as in  the  sy n th e s is  o f rep lacem ent p lasm id stram ds.

M atings u sin g  r if a m p ic in - tr e a te d  BW89 (dna^) r e c ip ie n t s  (F ig u re  4 -2 c , 

l i n e  g) in d ic a te  th a t  a c t iv e  dnaG prim ase o f r e c ip ie n t  c e l l s  can i n i t i a t e  

weak complementary s tra n d  sy n th e s is  o f pLG250. S ince  sog can p a r t i a l l y  

complement the  dnaG3 le s io n  ceurried by BW86 , as shown in  C hapter i t  

appears th a t  th e  converse can occur during  c o n ju g a tio n . This f in d in g  

prompts an ex p lan a tio n  fo r  the  l e s s  pronounced e f f e c t  o f  sog m utations on 

tra n sco n ju g a n t fo rm ation  (F igu re  4-1) in  dna^ s t r a in s  compared w ith  

measurements o f co n ju g a tiv e  DNA sy n th e s is  in  dnaG r e c ip ie n t s ,  s in c e  the  

h o s t- s p e c if ie d  DNA prim ase could  s u b s t i tu te  fo r  m utant sog p roduct in  

tra n sc o n ju g a n ts .

When BW101 ( dnaG3, rpoB, td k ) donors were mated w ith  dnaG re c ip ie n t s  

(F ig u re  4 -3 ) , co n ju g a tiv e  DNA sy n th e s is  in  th e  r e c ip ie n t s  was d e tec te d  

p rov ided  th a t  th e  plasm id was Sog^. This dem onstrates th a t  donor s p e c if ie d  

prim ase i s  n o t re q u ire d  fo r  co n ju g a tiv e  DNA metabolism# The low er le v e ls  

o f  co n ju g a tiv e  DNA sy n th e s is  supported  by m atings u sing  BW101 donors as 

opposed to  BW96 (dna^) c e l l s  a re  a t t r ib u te d  to  decreased  f e r t i l i t y  o f 

r i f a m p ic in - r e s i s ta n t  dnaG3 donor c e l l s .  BW101 was d eriv ed  from BW82 

( dnaG3, td k ) by s e le c t io n  on n u t r ie n t  agar p la te s  c o n ta in in g  100|igml  ̂ o f



Figure 4-3 Conjugative DNA synthesis in Sog'*' and Sog matings between
bacteria mutant at dnaG

E xperim ental procedure  and m ating c o n d itio n s  were as d e sc rib ed  fo r  

F ig u re  4 -2 . P a re n ta l  c o n tro l v a lu es  fo r  s e p a ra te ly  incu b ated  s t r a in s  

d id  n o t exceed 200 cpm ml  ̂ each, and r e s u l t s  a re  p re sen te d  a f t e r  sub

t r a c t io n  o f a p p ro p r ia te  c o n tro l  vsdues. M ating c u l tu re s  con ta in ed  

(donor x r e c ip ie n t ) :

A BW101 dnaG3 (pLG221sog*) x BW86 dnaG3

▲ BW101 dnaG3 (pLG230sog) x BW86 dnaG3
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r ifa m p ic in , and a l l  fou r c lones is o la te d  showed lo n g e r m ass-doubling tim es 

than homogenic s t r a in s  mutant a t  on ly  rpoB o r dnaG3 (C hapter 6 )# This 

im pairm ent o f  growth r a te  could account fo r  th e  low f e r t i l i t y  o f BW101 

donor c e l ls #

Experim ents d e sc rib ed  in  th i s  s e c tio n  u s in g  pLG250 were re p e a te d  w ith  

th e  s e p a ra te ly  i s o la te d  Sog plasm id  pLG251$ and id e n t ic a l  r e s u l t s  o b ta in e d . 

Thus th e  d a ta  a re  regarded  as r e p re s e n ta t iv e  o f th e  behaviour o f  a  p rim ase- 

d e fe c tiv e  loc co n ju g a tiv e  p lasm id .

4 .4  Plasm id prim ase and co n ju g a tiv e  DNA sy n th e s is  in  donor b a c te r ia

Measurement o f co n ju g a tiv e  DNA sy n th e s is  in  donor, r a th e r  than r e c ip 

ie n t  b a c te r ia ,  i s  le s s  amenable to  in v e s t ig a t io n  s in c e  donor c e l l s  cannot 

be i r r a d ia te d  w ith  UV l i g h t  to  p rev en t chromosomal DNA r e p l ic a t io n  w ithou t 

damaging plasm id DNA. In s te a d , te m p e ra tu re -se n s itiv e  dnaB70 m utants were 

used as  donors to  e x p lo it  th e  requ irem en t fo r  dnaB p ro te in  in  d isco n tin u o u s 

b a c te r i a l  DNA r e p l ic a t io n .  This enzyme i s  n o t needed fo r  th e  co n ju g a tiv e  

s y n th e s is  o f  plasm id DNA during  loc t r a n s f e r  (Fenwick and C u r t is s ,  1973a; 

W ilkins and Hollora, 1974), and so in c o rp o ra tio n  o f thym idine by BW6S 

(dnaBTO, thyA) donors o f  pLG221 (F ig u re  4-4a) i s  taken  to  r e f l e c t  sy n th e s is  

o f MA to  re p la c e  th e  t r a n s fe r re d  s t r a n d . In  c o n tr a s t ,  a  c le a r  d e fic ie n c y  

was observed  in  homogenic m atings w ith  pLG250 (F ig u re  4 -4 a ) , and s im ila r  

r e s u l t s  were ob ta in ed  w ith  BW68 (pLG25l) donor c e l l s  in  e q u iv a len t m atin g s. 

R e c ip ie n ts  (BW96) were dna^ and con ta ined  th e  Sog* plasm id pLG2l4 in  o rd e r 

to  maximise the  i n i t i a t i o n  o f  th e  complementary s tra n d  on t r a n s fe r re d  

p lasm id . Thus, even ts  in  r e c ip ie n t s  were k e p t as n ear to  normsil eis p o s s ib le .



F ig u re  4-4  C onjugative DNA s y n th e s is  and transcon.jugant form ation  

during  m atings w ith  Sog~ (pLG230) donor and Sog*

(pLG2l4) r e c ip ie n t  s t r a in s

a) BW68 dneiByO donor c e l l s  o f pLG221 sog* (o) o r pLG250 sog (#) 

were mated w ith  BW96 dna* (pLG2l4 sog*) r e c ip ie n t s  a t  43°C in  the  

p resence  o f  P h ] thym idine (2 .4 2  Ci mmol ^) and co n ju g a tiv e  DNA s y n th e s is  

in  donor c e l l s  determ ined as d e sc rib ed  in  s e c tio n  2 .1 1 .2 . R esu lts  a re  

p re sen te d  a f t e r  c o r re c t io n  fo r  th e  c o n tro l v a lu es  de riv ed  from the  

id e n t ic a l  in c u b a tio n  and trea tm en t o f in d iv id u a l p a re n ta l  s t r a i n s .  C on tro l 

v a lu es  in c re ase d  p ro g re s s iv e ly  to  about 5»750 cpm ml  ̂ a t  60 min. Data 

a re  the  average o f th re e  experim en ts.

b) S tr a in s  and m ating c o n d itio n s  were id e n t ic a l  to  those  d esc rib ed  

above. T ransconjugan ts were assayed  by p l a t in g s e r i a l  d i lu t io n s  o f m ating 

m ix tu res fo llo w in g  mechauiical in te r ru p t io n  o f mating c e l l s ,  and s e le c t io n  

fo r  growth a t  37°C on n u t r i e n t  ag ar p la te s  co n ta in in g  kanamycin ( 50^gml ^) 

and te t r a c y c l in e  (7»5l^gml "*)• The in p u t number o f  donor c e l l s  was d e te r 

mined by assay in g  sam ples o f th e  donor c u l tu re  a t  th e  s t a r t  o f m ating on 

n u t r i e n t  agar p la te s  c o n ta in in g  kanamycin.
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M atings were re p ea ted  under id e n t ic a l  c o n d itio n s  (w ith  th e  s in g le  

om ission o f la b e l le d  thym idine) in  o rd e r to  e v a lu a te  the  frequency w ith  

which tra n sco n ju g a n ts  were formed in  Sog"*” and Sog c u ltu re s  (F ig u re  4 -4 b ) . 

This was n ecessa ry  s in c e  th e  d e fic ie n c y  o f  c o n ju g a tiv e  DNA s y n th e s is  in  

BW68 (pLG250) donor c e l l s  may r e f l e c t  some involvem ent o f plasm id prim ase 

in  th e  t r a n s f e r  o f p re -e x is t in g  s tra n d s  o f p lasm id DNA, as w ell as  in  the  

prim ing o f rep lacem ent s tra n d  s y n th e s is .  S ince  tra n sco n ju g a n ts  were 

formed in  pLG250-mediated m atings under th e se  c o n d itio n s , i t  appears th a t  

plasm id prim ase i s  n o t e s s e n t ia l  fo r  th e  t r a n s f e r  o f p re -e x is t in g  DNA. How

e v e r , an involvem ent in  th i s  p ro cess  cannot be ru le d  o u t, s in c e  th e  y ie ld  

o f  tra n sco n ju g a n ts  a t  one hour was reduced by about 6 ^  when th e  p lasm id  

was Sog .  In  t h i s  re g a rd , i t  should  be p o in ted  ou t th a t  measurement o f 

tra n sco n ju g a n t fo rm ation  in  th e  Sog* m ating may o v e re stim a te  f i r s t - r o u n d  

DNA t r a n s f e r ,  due to  th e  tran sm iss io n  o f rep lacem ent p lasm id s tra n d s  

sy n th e s ise d  d u ring  m ating . Taking th e se  p o in ts  to g e th e r , i t  i s  concluded 

th a t  th e  r e s u l t s  a re  c o n s is te n t  w ith  a r o le  fo r  the  enzyme in  rep lacem ent 

s tra n d  s y n th e s is ,  b u t no firm  co n clusion  may be drawn concern ing  i t s  

involvem ent in  th e  t r a n s f e r  o f p re -e x is t in g  DNA s tr a n d s .

4 .5  Plasm id prim ase and v e g e ta tiv e  DNA r e p l ic a t io n

So f a r ,  r o le s  have been a ss ig n ed  to  plasm id prim ase in  bo th  co n ju g a tiv e  

DNA sy n th e s is  and in  dnaG-d e f ic ie n t  DNA r e p l ic a t io n  (W ilkins e t  a l . ,  1981) .  

These f in d in g s , to g e th e r  w ith  the  wide range o f  DNA tem pla tes  which can be 

used by th e  enzyme in  v i t r o  (Lanka e t  a l . , 1979)» prompted in v e s t ig a t io n  

o f  a r o le  in  th e  v e g e ta tiv e  r e p l ic a t io n  o f  C olIb -P 9 . C u ltu re s  o f BW97 

c o n ta in in g  e i th e r  pLG221, pLG250 o r pLG251 were grown fo r  20 g e n e ra tio n s , 

a f t e r  which 200 c o lo n ie s  is o la te d  from each c u ltu re  were te s te d  fo r  the
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p la sm id -a sso c ia te d  kanamycin r e s i s ta n c e .  S in ce  th e se  p lasm ids a re

c o n ju g a tiv e , i t  was n ecessa ry  to  p rev en t r e in f e c t io n  o f p o s s ib le  p lasm id-

f r e e  seg reg an ts  by c o n ju g a tio n . The pBR325-based recom binant p lasm id

pLG252 (Tc^ Ap^ E ex*), which c o n ta in s  a 3*5 Kb EcoRI fragm ent o f ColIb-P9

drd -1  s p e c ify in g  an a c t iv e  e n try  ex c lu s io n  (Eex) system , was in tro d u ced

in to  th e  above s t r a in s  and m ain tained  by th e  p resence  o f te t r a c y c l in e

(7.3ngm l ^ ) .  This plasm id i s  d esc rib ed  in  g re a te r  d e t a i l  in  C hapter 7 ,

b u t i t  i s  enough a t  th i s  s ta g e  to  know th a t  th e  plasm id e f f e c t iv e ly  p rev en ts

DNA tra in s fe r  to  i t s  h o s t c e l l .  A re c o n s tru c tio n  experim ent, in v o lv in g  the

in c u b a tio n  o f a  mixed c u ltu re  o f BW97(pLG221, pLG252) and BW97(pLG252),
R R S Rshowed th a t  th e  r a t i o  o f Kan To to  Kan Tc b a c te r ia  was v i r t u a l l y  un

changed a f t e r  20 g e n e ra tio n s .

A nalysis  o f co lo n ie s  o b ta in ed  from c u l tu re s o f  BW97(pLG252) a lso  

ha rb o u rin g  e i th e r  pLG221 , pLG250 o r pLG251 (T able  4-1a) showed th a t  a l l  

co lo n ie s  te s te d  were r e s i s t a n t  to  kanamycin, im plying th a t  th e  l a  p lasm ids 

were s ta b ly  m ain tained  over 20 g en e ra tio n s  o f growth d e sp ite  th e  Sog 

phenotype o f pLG230 and pLG251. Thus, no requ irem en t was dem onstrated  fo r  

plasm id prim ase in  th e  m aintenance o f l a  p la sm id s, and v e g e ta tiv e  r e p l i c 

a t io n  o f  C olIb-P9 presum ably r e l i e s  on h o s t prim ing enzymes.

The e f f ic ie n c y  o f p laque fo rm ation  on BW86 (pLG250) and BW86(pLG25l) 

by th e  I - s p e c i f i c  b ac te rio p h ag e  PR64FS (C oetzee e t  a l . , 198O) a t  30°C d id  

n o t d i f f e r  s ig n i f ic a n t ly  from th a t  o b ta in ed  w ith  BW86(pLG22l), a s  shown in  

Table 4 -1 b . P laques formed on th e  Sog s t r a i n s  were s l i g h t l y  sm a lle r  than  

those  gen era ted  on th e  c o n tro l s t r a i n ,  so th a t  a lthough  an a b so lu te  r e q u ir e 

ment fo r  p lasm id prim ase in  PR64FS r e p l ic a t io n  can be ru le d  o u t by th e se  

r e s u l t s ,  a  minor involvem ent in  th i s  p ro cess  rem ains a form al p o s s i b i l i t y .  

S ince  PR64FS adsorbs to  th e  t ip s  o f p i l i  s p e c if ie d  by l a  p lasm ids



Table 4-1 Plasmid primase and vegetative DNA replication

a) Plasm id m aintenance

P la sm id -co n ta in in g  s t r a in s  were grown fo r  20 g en e ra tio n s  fo llow ing  

th e  a d d it io n  o f 0.1  ml o f a  10 ^ d i lu t io n  from a p re -c u ltu re  (A^QQ=0 #35) 

to  10 ml o f n u t r i e n t  b ro th  co n ta in in g  thymine (2|ig ml and Tc (7*5M-g 

ml , and in c u b a tio n  fo r  17b in  an o r b i t a l  shaker a t  29°C. The in p u t 

numbers o f  c e l l s  were assayed  on n u t r ie n t  ag ar p la te s  co n ta in in g  thymine 

and Tc. A fte r  growth, s in g le  co lo n ie s  were is o la te d  by p la t in g  s e r i a l  

d i lu t io n s  on n u t r ie n t  a g a r , and 200 c o lo n ie s  o f each s t r a i n  sco red  fo r  

r e s i s ta n c e  to Km by to o th p ic k in g  to  a p p ro p r ia te  media c o n ta in in g  o r 

la c k in g  th e  a n t i b i o t i c .

b) P ro p ag a tio n  o f  PR64FS
11 —1B acteriophage PR64FS, from a s to ck  c o n ta in in g  about 10 p . f . u .  ml ,

was t i t r e d  on th e  s t r a in s  in d ic a te d  in  th e  ta b le .  0 .5  ml o f an o v er-
L'

n ig h t  c u l tu re  was added to  2 ml o f n u t r i e n t  b ro th  and shaken fo r  2^h a t  

50°C. 0 .1  ml a l iq u o ts  were mixed w ith  ml o f  s o f t  n u tr ie n t  agar and

poured onto  n u t r i e n t  ag ar p la te s  to  g ive  a  b a c te r i a l  law n. When d ry , 20 

^il a l iq u o ts  o f d i lu te d  phage suspension  were sp o tte d  onto the lawn, and 

a llow ed to  dry b e fo re  in c u b a tio n  a t  50°C o v e rn ig h t.



Table 4-1

b)

S tr a in Phenotype o f  co lo n ie s

Kan^ Kan^

BW97(pLG221sog*,pLG252eex*) 200 0

BW97(pLG250sog,pLG252eex*) 200 0

BW97 ( pLG251 ^ 1  pLG252eex* ) 200 0

S tr a in T i t r e o f  PR64FS ( p . f .u .  ml"*^)

BW86(pLG22l) 1.45x10^1

BW86(pLG250) 1.50x10^1

BW86CÎ)LG251) 0.83x10^1
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(C oetzee e t  a l . ,  198O; Coetzee e t  a l . , 1982) ,  i t  appesirs th a t  th e  m uta tions 

in  sog c a r r ie d  by pLG250 and pLG251 do n o t a f f e c t  the  ex p ress io n  o f 

t r a n s f e r  genes re q u ire d  fo r  p i lu s  s y n th e s is .

4 .6  D iscussion

Use o f th e  Sog l a  plasm ids pLG250 and pLG251 c le a r ly  confirm  a r o le  

fo r  plasm id prim ase in  th e  s y n th e s is  o f C olIb-P9 DNA during  c o n ju g a tio n , and 

as no such requ irem en t was d e te c te d  in  v e g e ta tiv e  r e p l ic a t io n  o f th e  

p lasm id , the  enzyme i s  deduced norm ally  to  fu n c tio n  on ly  in  co n ju g a tiv e  

ev en ts . This conclusion  i s  in  keep ing  w ith  th e  c l a s s i f i c a t i o n  o f  sog as 

a t r a n s f e r  gene (W ilk ins, 1975)• Presum ably, th e re fo re , ColIb-P9 

r e p l ic a t io n  i s  i n i t i a t e d  by a h o s t-sy p p lie d  prim ing enzyme.

Plasm id prim ase i n i t i a t e s  co n ju g a tiv e  DNA sy n th e s is  in  bo th  donor and 

r e c ip ie n t  b a c te r ia .  Measurements o f  complementary s tra n d  sy n th e s is  in  

r i f a m p ic in - tr e a te d  dnaG r e c ip ie n t  c e l l s  (F ig u re  4-2) d i r e c t ly  im p lic a te  

th e  enzyme in  th i s  p ro c e ss , b u t th e  behaviour o f dna* r e c ip ie n t s  (F igu re  

4 -2 c , l i n e  (g ))  a lso  shows th a t  th e  dnaG p ro te in  o f th e se  c e l l s  can sub

s t i t u t e  weakly in  th i s  re g a rd . This o b se rv a tio n  would ex p la in  th e  p a r t i a l  

t r a n s f e r  p ro f ic ie n c y  o f pLG250 and pLG251» s in c e  both  s y n th e s is  o f the  

complementary l a  s tra n d  and subsequent r e p l ic a t io n  o f the  plasm id would be 

c a r r ie d  o u t by th e  h o s t dnaG p r o te in .

The a c tio n  o f plasm id prim ase in  th e  donor bacterium  i s  l e s s  cleeur 

than th e  co rresponding  even ts in  th e  r e c ip ie n t .  A r o le  in  the  donor i s  

im plied  by th e  a b i l i t y  o f th e  Sog* recom binant p lasm ids pLG2l4 and pLG215 

to  complement pLG250 more e f f e c t iv e ly  when p re se n t in  th e  donor r a th e r  than  

r e c ip ie n t  c e l l .  One l ik e ly  reaso n  fo r  th i s  i s  th a t  th e  enzyme i s  re q u ire d  

in  th e  donor to  i n i t i a t e  sy n th e s is  o f rep lacem ent s tra n d s  o f  pLG250, so
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th a t  o n ly  p re -e x is t in g  DNA s tra n d s  were tra n sm itte d  to  r e c ip ie n t s  from 

Sog donors, thus l im it in g  th e  amount o f tem p la te  fo r  rep lacem ent s tra n d  

sy n th e s is  in  r e c ip ie n t s  (F igu re  4-2b and c , l i n e  ( r ) ) .  The use o f  dnaB 

donors o f pLG221 and pLG250 (F ig u re  4-4) c le a r ly  shows th a t  th e  enzyme 

i s  n o t re q u ire d  fo r th e  t r a n s f e r  o f  p re -e x is t in g  s tra n d s  o f pLG250, s in c e  

Sog* r e c ip ie n t s  were a b le  to  form about 3 ^  o f th e  normal y ie ld  o f  t r a n s 

c o n ju g an ts . In  c o n tr a s t ,  co n ju g a tiv e  DNA s y n th e s is  in  th e  donor c e l l s  

was reduced  by over 95^» so th a t  i t  appears th a t  plasm id prim ase i s  

e s s e n t ia l  fo r  th e  sy n th e s is  o f DNA to re p la c e  th e  t r a n s fe r re d  m a te r ia l .  

Furtherm ore, s in c e  r i f a m p ic in - r e s i s ta n t  ( rpoB) dnaG* donors were used in  

th ese  experim ents, i t  appears t h a t ,  u n lik e  even ts  in  th e  r e c ip ie n t  c e l l ,  

the  h o s t prim ing enzymes cannot s u b s t i tu te  fo r  d e fe c tiv e  sog p ro d u c t.

Thus, s in c e  a  unique s tra n d  o f l a  plasm id DNA i s  tra n sm itte d  to  r e c ip ie n t s  

(Vapnek e t  a l . ,  1971), plasm id prim ase can ap p a ren tly  i n i t i a t e  DNA sy n th e s is  

on bo th  s tra n d s  o f C olIb-P9 during  co n ju g a tio n .

A requ irem ent fo r  a  p rim er-g en e ra tin g  enzyme in  rep lacem ent s tra n d  

s y n th e s is  c o n tra s ts  w ith  a c e n tr a l  fe a tu re  o f the  r o l l in g  c i r c l e  model fo r  

DNA t r a n s f e r  proposed by G ilb e r t  and D re ss ie r  (1968). This model i s  

d ep ic ted  and exp lained  in  F ig u re  4 -5 , and i t  can be seen th a t  i t  re q u ire s  

ex ten s io n  o f th e  3*-OH term inus formed by n ick in g  th e  s tra n d  d e s tin e d  fo r  

t r a n s f e r  a t  o riT  to  i n i t i a t e  rep lacem ent s tra n d  s y n th e s is .  The rep lacem ent 

s tra n d  i s  produced as a  m ultim eric  m olecule which i s  d isp la ce d  from i t s  

tem pla te  s tra n d  and tra n sm itte d  w ith  the  5 * term inus le a d in g  to  r e c ip ie n t  

c e l l s ,  where i t  i s  re so lv ed  in to  monomeric le n g th s , presum ably by in te r n a l  

recom bination  a f t e r  i t s  conversion  to  d o u b le -s tran d ed  m a te r ia l .  This model 

i s  c o n tra d ic te d  n o t on ly  by the  requ irem en t fo r  plasm id p rim ase, b u t a lso  

by th e  requ irem en t fo r  ^  novo p ro te in  sy n th e s is  fo r  each round o f DNA



Figure 4-5 The original rolling circle model

The scheme p re sen ted  i s  d iscu ssed  in  s e c t io n  4 .6 , and in  a 

m odified  form o f th a t  o r ig in a l ly  proposed by G ilb e r t  and D re ss ie r  

( 1968) .  Events o c cu rrin g  in  th e  donor and r e c ip ie n t  c e l l s  a re  d ep ic ted  

on the  l e f t  and r i g h t  o f the  v e r t i c a l  l i n e  r e s p e c t iv e ly ,  and the  s ta g e s  

in  the  p ro cess  o f  co n ju g a tiv e  DNA m etabolism  p re d ic te d  by th e  r o l l in g  

c i r c l e  model a re  as fo llow s: I )  The plasm id s tra n d  d e s tin ed  fo r  t r a n s f e r

i s  n icked  a t  o r iT , c re a t in g  a f r e e  5*-OH te rm in u s. 2) The nicked s tra n d  

i s  t ra n s fe r re d  to  th e  r e c ip ie n t  c e l l  w ith  i t s  5* term inus le a d in g , w hile  

th e  5*-OH end i s  e longated  by DNA polym erase I I I  holoenzyme to sy n th e s is e  

a rep lacem ent s t r a n d .  5 ) Continued rep lacem ent s tra n d  sy n th e s is  (RSS) 

and DNA tr a n s f e r  r e s u l t  in  th e  tran sm iss io n  o f  a m ultim eric  s tra n d  o f DNA 

which a c ts  as tem pla te  fo r  complementary s tra n d  s y n th e s is  (CSS). 4) The 

m ultim eric  s tra n d s  a re  re so lv ed  in to  c i r c u la r i s e d  monomeric m olecules by 

recom bination  le a d in g  to  th e  s ta b le  in h e r i ta n c e  o f th e  plasm id by both  

m ating c e l l s  ( 5 )*
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t r a n s f e r  (Fenwick and C u r t is s ,  1973b), th e  re p o r te d  de lay  o f s e v e ra l  

m inutes between su ccess iv e  rounds o f  t r a n s f e r  (Fenwick and C u r t is s ,  1973a) 

and th e  accum ulation o f monomeric le n g th s  o f p lasm id DNA in  m in ic e lls  

(Fenwick and C u r t is s ,  1973a) and in  r e c ip ie n t s  t r e a te d  to  enhance DNA tr a n s 

f e r  (B oulnois and W ilk ins, 1978). Thus, t r a n s f e r  o f C olIb-P9 DNA appears 

to  be a d isco n tin u o u s p ro c e ss , whereby su cc e ss iv e  monomeric s tra n d s  a re  

i n i t i a t e d  in d iv id u a lly  by th e  a c t io n  o f plasm id prim ase in  th e  donor c e l l ,  

and tra n sm itte d  s e p a ra te ly  to  r e c ip ie n t s .

The conclusion  th a t  plasm id prim ase i s  n o t re q u ire d  fo r  f i r s t  round 

t r a n s f e r  o f p r e -e x is t in g  l a  plasm id DNA a lso  c o n tra d ic ts  models th a t  r e q u ire  

th a t  t r a n s f e r  o f R64drd-11 be i n i t i a t e d  by RNA sy n th e s is  c a r r ie d  o u t by 

RNA polymeraise (C u r tis s  and Fenwick, 1973)* These models r e s t  on the  

evidence th a t  DNA t r a n s f e r  from dnaB donors was more s e n s i t iv e  to  r ifa m p ic in  

than to  chloram phenicol a t  42°C (Fenwick and C u r t is s ,  1973a). However, 

r ifa m p ic in  d id  n o t b lock  f i r s t  round t r a n s f e r  o f C olIb-P9drd-1 from dna^ 

donors a t  37°C (B oulnois e t  a l . , 1979) and i t  was a lso  shown th a t  th e  drug 

caused a g en era l d is ru p tio n  o f DNA m etabolism  in  c e l l s  c o n ta in in g  an l a  

p lasm id which was more pronounced a t  e lev a te d  tem p era tu re . Thus, i t  was 

proposed th a t  the  r e s u l t s  o f Fenwick and C u r tis s  r e f le c te d  d is ru p tio n  o f 

R64 m etabolism  r a th e r  than a s p e c i f ic  requ irem en t o f RNA s y n th e s is  fo r  

t r a n s f e r  (B oulnois e t  a l . , 1979). The re d u c tio n  in  tra n sco n ju g a n t 

frequency observed when RNA sy n th e s is  in  dnaB donor c e l l s  o f  R64drd-11 was 

b locked by c y tid in e  s ta r v a t io n  (M aturin and C u r t is s ,  1981) may be 

in te r p r e te d  as evidence fo r  involvem ent o f plasm id prim ase in  rep lacem ent 

s tra n d  s y n th e s is ,  s in c e  prim ers sy n th es ised  by th i s  enzyme a re  i n i t i a t e d
II

w ith  c y tid in e  o r c y tid in e  5*-monophosphate (Lanka and F u rs t e ,  1984).

The re p o rte d  requ irem en t o f  RNA sy n th e s is  fo r  the  i n i t i a t i o n  o f f i r s t  round
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t r a n s f e r  o f R64drd-11 DNA (M aturin and C u r t is s ,  I 981) c o n tra s ts  w ith  th e  

r e s u l t s  o f th i s  c h ap te r u s in g  C olIb-P9 drd-1@ C la r i f i c a t io n  o f th e  r o le  

( i f  any) o f plasm id prim ase in  th i s  re s p e c t r e q u ire s  fu r th e r  und ers tan d in g  

o f th e  r e la t io n s h ip  between DNA t r a n s f e r  and prim ing  even ts  in  th e  donor 

c e l l .

In  co n clu sio n , ro le s  a re  a ss ig n ed  to  p lasm id  prim ase in  co n ju g a tio n  

fo r  i n i t i a t i n g  sy n th e s is  o f  rep lacem ent s tra n d s  in  th e  donor bacterium  

aind o f  complementary plasm id DNA in  the  r e c ip ie n t .  The mechanism by which 

th e  enzyme c a r r ie s  o u t th i s  l a t t e r  fu n c tio n  i s  th e  s u b je c t o f th e  n ex t two 

c h a p te rs .
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Chapter 3

Plasm id DNA prim ase su p p lied  by donor c e l l s  can promote chromosomal DNA 

s y n th e s is  in  mated dnaG r e c ip ie n t  b a c te r ia

" In  o rd e r to  a s c e r ta in  th e  c o s t o f any one luncheon, i t  must 

come to  th e  same amount upon two d i f f e r e n t  a ssu m p tio n s '.

C harles Lutwidge Dodgson (Lewis C a r ro ll)

3.1 In tro d u c tio n

In  the  p rev io u s  ch ap te r I  defin ed  a p h y s io lo g ic a l r o le  fo r  the  DNA 

prim ase o f C olIb-P9 in  r e c ip ie n t  b a c te r ia  d u ring  c o n ju g a tio n . Under the  

ro u tin e  co n d itio n s  o f  r ifa m p ic in  trea tm en t used to  enhance plasm id t r a n s 

f e r ,  d ru g -s e n s i t iv e  r e c ip ie n ts  a re  presum ably unab le  to  t ra n s c r ib e  

im m igrant p lasm id DNA, and hence cannot su p p o rt sy n th e s is  o f  th e  p lasm id- 

s p e c if ie d  enzyme. Furtherm ore, i t  was shown th a t  the  p resence  o f a non- 

m o b ilisa b le  Sog^ recom binant p lasm id in  th e  donor could r e c t i f y  th e  

d e f ic ie n c y  in  co n ju g a tiv e  DNA sy n th e s is  in  r e c ip ie n t s  d u ring  m atings w ith  

th e  Sog” plasm ids pLG250 and pLG251. One c o ro l la ry  o f th e se  o b se rv a tio n s  

i s  th a t  the  enzyme must be sy n th es ised  and su p p lie d  by th e  donor c e l l ,  

even though i t s  p roduct o f re a c t io n  i s  u t i l i s e d  in  th e  r e c ip ie n t .  This 

p ro p e rty  o f plasm id prim ase could be exp la in ed  i f  the  enzyme were t r a n s 

m itte d  to  r e c ip ie n t  c e l l s  during  c o n ju g a tio n , and i t  i s  th i s  p o s s ib i l i ty  

which i s  examined in  th i s  and th e  fo llow ing  c h a p te r .

The approach taken  ex p lo ite d  the  a b i l i t y  o f  dnaG r e c ip ie n t s  to  

re g a in  th e  c a p a c ity  to  sy n th e s ise  chromosomal DNA under co n d itio n s  th a t  

p rev en t th e  ex p ress io n  o f sog on incoming p lasm id  DNA. Using t h i s  system .
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co n ju g a tiv e  DNA sy n th e s is  in  r e c ip ie n t  b a c te r ia  i s  s ig n i f i c a n t ly  g re a te r  

when th e  dnaG r e c ip ie n t s  were l e f t  u n tre a te d , r a th e r  than  i r r a d ia te d  w ith  

UV l i g h t  p r io r  to  m ating . S ince UV trea tm en t render^s the  r e s id e n t  chromo

some u n a v a ila b le  as tem p la te , DNA sy n th e s is  in  UV i r r a d ia te d  r e c ip ie n t s  

r e f l e c t s  co n ju g a tiv e  sy n th e s is  o f p lasm id DNA (C hapter 4 ) .  A d d itio n a l 

s y n th e s is  d e tec te d  in  eq u iv a len t m atings in v o lv in g  u n ir r a d ia te d  c e l l s  i s  

taken  to  re p re se n t u se  o f undamaged chromosomal DNA as tem p la te . This i s  

confirm ed by a n a ly s is  o f the  DNA sy n th es ised  in  r i f a m p ic in - t r e a te d  dnaG 

re c ip ie n t s  o f pLG221 by DNA-DNA re a s s o c ia t io n  experim ents, which demon

s t r a t e  ex ten s iv e  homology between th i s  c o n ju g a tiv e ly  sy n th e s ise d  DNA and 

chromosomal DNA o f r e c ip ie n t  c e l l s .

Recovery o f chromosomal DNA sy n th e s is  i s  a t t r ib u te d  to  th e  su p p ress io n  

o f th e  h o s t dnaG phenotype by th e  a c tio n  o f p lasm id  p rim ase, t r a n s fe r r e d  

from donor c e l l s .  The p o s s ib i l i t y  th a t  re scu e  i s  m ediated by m obile , 

t r a n s - a c t in g  prim er m olecules su p p lied  by th e  donor c e l l ,  i s  open to  

c r i t i c i s m .  There a re  two ways in  which such p rim ers could o p e ra te ; they 

could e i th e r  be conducted to  r e c ip ie n t s  in  th e  form o f RNA-DNA dup lexes, 

presum ably a t  prim ing s i t e s  on the  t r a n s fe r re d  s tra n d  o f  plasm id DNA, o r 

as f r e e  RNA m olecu les . The a c tio n  o f f r e e  RNA m olecules a c tin g  in  tra n s  

i s  co n sidered  u n l ik e ly , s in ce  s h o r t  prim ers a re  g e n e ra lly  accep ted  to  be 

gen era ted  a t  t h e i r  s i t e  o f o r ig in ,  and degraded fo llow ing  th e i r  e x te n s io n . 

F urtherm ore, the  p rim ers sy n th es ised  by plasm id prim ase in  v i t r o  a re  no
II

more than  10 r ib o n u c le o tid e s  in  le n g th  (Lanka and F u rs te , 1984) and so 

would presum ably re q u ire  s t a b i l i s a t i o n  during  t r a n s f e r .  A lthough i t  i s  

a t t r a c t i v e  to  sp e c u la te  th a t  th e  p rim er-g en e ra tin g  enzyme i t s e l f  p a r t i c ip a te s  

in  th i s  r e s p e c t ,  th i s  p o s s ib i l i ty  s t i l l  r e q u ire s  t r a n s f e r  o f  th e  plasm id  

prim ase enzyme, which rem ains a  more p robab le  can d id a te  than  t r a n s - a c tin g  

prim er m olecules fo r  th e  i n i t i a t i o n  o f  chromosomal DNA sy n th e s is  in  

r e c ip ie n t s .
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3#2 Conjugative DNA synthesis in UV irradiated and unirradiated dnaG

r e c ip ie n t s  o f pLG221

The e f f e c t  o f UV i r r a d ia t io n  o f dnaG r e c ip ie n t  c e l l s  on co n ju g a tiv e  

DNA sy n th e s is  was determ ined by m ating i r r a d ia te d  and u n ir r a d ia te d  b a c te r ia  

w ith  r i f a m p ic in - r e s is ta n t  ( rpoB) , tdk  donors o f  th e  C olIb-P9drd-1 

d e r iv a t iv e  pLG221. The r if a m p ic in - s e n s i t iv e ,  UV s e n s i t iv e  ( n(chlA -uvrB ) ) ,  

dnaG3 r e c ip ie n t  b a c te r ia  were e i th e r  i r r a d ia te d  w ith  UV l i g h t  p r io r  to  the  

s t a r t  o f m ating, o r l e f t  u n tre a te d , and then mated a t  41°C in  th e  p resence  

o f r ifa m p ic in  to  maximise plasm id DNA t r a n s fe r  (B oulnois and W ilk ins, 1978). 

R e su lts  o b ta in ed  a re  d ep ic ted  in  F igu re  5-1•

C o n tro ls  o f unmated b a c te r ia ,  incubated  s e p a ra te ly  under th e  same 

c o n d itio n s , gave no more than 400 cpm ml ^ , w ith  th e  ex cep tio n  o f  th e  un

i r r a d ia te d  dnaG r e c ip ie n t  (F ig . 5-1) which p ro g re s s iv e ly  in c o rp o ra te d  up 

to  approx im ate ly  1500 cpm ml a f t e r  1 hour o f in c u b a tio n . S ince  both  

b a c te r i a l  prim ase and RNA polym erase were in a c t iv a te d  in  th e se  c e l l s  under 

th e  c o n d itio n s  used (B oulnois and W ilk ins, 1979)* th is  r e s id u a l  DNA 

sy n th e s is  presum ably r e f l e c t s  weak le ad in g  s tra n d  s y n th e s is  a t  p re 

e x is t in g  r e p l ic a t io n  fo rk s  on the  h o s t chromosome, which i s  p rev en ted  in  

th e  co rresponding  i r r a d ia te d  c o n tro l by th e  p resence  o f UV-induced 

pyrim id ine  d im ers. The dose o f UV l i g h t  given to  th ese  c e l l s  i s  s u f f i c i e n t  

to  ren d e r the  chromosomal DNA u n s u ita b le  as a  tem pla te  fo r  DNA s y n th e s is .  

However, s in c e  the  r e s id u a l  DNA sy n th e s is  d e tec te d  in  u n ir r a d ia te d  BW86 

amounts to  only  some y/o o f the  r a d io a c t iv i ty  in c o rp o ra te d  in  i t s  m ating 

w ith  BW96 (pLG22l), the  e f f e c t  o f th i s  DNA sy n th e s is  i s  in s ig n i f ic a n t  to  

the  co nclusions drawn from th e se  experim ents.

I t  i s  c le a r  from F igure  5-1 th a t ,  a f t e r  60 min o f m ating , approx

im ate ly  3#7 tim es more ^ ^ c jth y m in e  was in co rp o ra ted  in to  T C A -precip itab le



F igure  5-1 ‘ E f fe c t  o f UV i r r a d ia t io n  on con jugation-dependen t DNA s y n th e s is

in  dnaG3 r e c ip ie n t  b a c te r ia

BW96 (pLG22l) was mated w ith  r i f a m p ic in - s e n s i t iv e  BW86 r e c ip ie n t s  a t  

4l°C in  th e  p resen ce  o f thymine (0*5 tiCi ng and r ifa m p ic in  (IOO

jigml ^ .  R ec ip ie n t b a c te r ia  were e i th e r  i r r a d ia te d  w ith  400Jra ^ o f UV l i g h t  

im m ediately p r io r  to  m ating ( • )  o r l e f t  u n tre a te d  ( o ) .  Samples (0 .5  ml) 

were taken  in to  TCA, and in s o lu b le  r a d io a c t iv i ty  determ ined . C o n tro l samples 

o f donors and i r r a d i a te d jin c u b a te d  s e p a ra te ly  each in c o rp o ra te d  about 25O and 

400 cpm ml  ̂ r e s p e c t iv e ly  a f t e r  1h o f m ating . Counts in c o rp o ra te d  by th e  

u n ir r a d ia te d  c o n tro l c u ltu re  o f  BW86 a re  shown (o ) . D ata p re sen ted  fo r  

the  m ating m ix tures have been c o rre c te d  by s u b tra c t io n  o f  the  c o n tro l v a lu e s .
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m a te r ia l  in  m atings in v o lv in g  u n ir r a d ia te d  r e c ip ie n t s  (48,000 cpm ml 

than UV i r r a d ia te d  c e l l s  (13,000 cpm ml This l a t t e r  amount o f conjug

a t iv e  DNA sy n th e s is  i s  in  accordance w ith  p rev io u s  r e s u l t s  u s in g  UV tr e a te d  

c e l l s  (C hapter 4; F ig u re  4 -2 ) ,  and r e f l e c t s  complementary s tra n d  sy n th e s is  

o f pLG221 DNA in  th e  r e c ip ie n t s  o f the  m atings. I t  i s  re a so n a b le , th e re -

f l4  1fo re , to  assume th a t  a t  l e a s t  one fo u r th  o f th e  |_ C jthym ine in c o rp o ra te d  

in to  th e  u n ir r a d ia te d  r e c ip ie n t  c e l l s  i s  due to  complementary s tra n d  

s y n th e s is  o f plasm id DNA, and th e  obvious can d id a te  as tem plate  fo r  the  

rem ainder o f th i s  DNA sy n th e s is  i s  th e  undamaged r e c ip ie n t  chromosome.

However, when comparing amounts o f co n ju g a tiv e  s y n th e s is  o f plasm id 

DNA in  UV i r r a d ia te d  and u n ir r a d ia te d  r e c ip ie n t  b a c te r ia ,  i t  i s  n ecessa ry  

to  a llow  fo r  any red u c tio n  in  the  e f f ic ie n c y  o f DNA t r a n s f e r  to  r e c ip ie n t s  

as a r e s u l t  o f UV induced damage. T herefo re , b e fo re  an a c c u ra te  e s tim a tio n  

o f th e  r e l a t i v e  amounts o f p lasm id and chromosomal DNA sy n th e s is  in  un

i r r a d ia te d  r e c ip ie n t s  could be de riv ed  u sing  th e  d a ta  in  F igu re  5 -1 t the  

e f f e c t  o:  ̂ UV i r r a d ia t io n  on the  competence o f b a c te r ia  to  a c t  as r e c ip ie n t s  

in  such m atings was in v e s t ig a te d .

5 .3  E f fe c t o f UV i r r a d ia t io n  of r e c ip ie n t  b a c te r ia  on plasm id DNA

tr a n s f e r

A lthough UV i r r a d ia t io n  o f  b a c te r ia l  c e l l s  ren d e rs  th e  r e s id e n t  DNA 

u n s u ita b le  as a  tem pla te  fo r  e i th e r  DNA o r RNA s y n th e s is ,  i t  has been 

shown th a t  th e  c e l l s  r e t a in  th e  a b i l i t i e s  to  a c t  as r e c ip ie n t s  in  conjug

a tio n  (F re if e ld e r  and F r e i f e ld e r ,  1968; Falkow e t  a l . , 1971; W ilkins and 

Hollom, 1974) and su b sequen tly  as donors (Falkow e t  a l # , 1971), and a lso  

to  s y n th e s is e  RNA and p ro te in s  from undamaged DNA tem pla tes  in tro d u ced  

a f t e r  i r r a d ia t io n  (H endrix, 1971). However, i t  has a lso  been re p o r te d  

(B ou lno is , 1980) th a t  a dose o f  400 Jm of UV reduced by about 50^ th e
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amount o f F lac  DNA tra n s fe r re d  to  r e c ip ie n t  b a c te r ia  in  a  60 min m ating . 

Thus i t  i s  p o s s ib le  th a t  the  r e s u l t s  in  F ig u re  5-1 might r e f l e c t  d i f f e r in g  

e f f ic ie n c ie s  o f DNA t r a n s f e r  to  u n ir r a d ia te d  and i r r a d ia te d  r e c ip ie n t s .  

However, r e c ip ie n t  a b i l i t y  would have to  be reduced by about 75^ in  o rd e r 

to  account fo r  th ese  r e s u l t s .

Two methods fo r  e s tim a tin g  DNA t r a n s f e r  were used to  in v e s t ig a te  th i s  

p o s s i b i l i t y .  The f i r s t  invo lved  measurement o f co n ju g a tiv e  DNA s y n th e s is  

in  r i f a m p ic in - tr e a te d  dnaB r e c ip ie n t s ,  s in c e  i t  has p re v io u s ly  been shown 

th a t  th i s  sy n th e s is  a c c u ra te ly  r e f l e c t s  complementary s tra n d  s y n th e s is  

(B oulnois aind W ilk ins, 1978). BW96 donors o f  pLG221 were th e re fo re  mated 

w ith  i r r a d ia te d  o r u n ir r a d ia te d  dnaB70 r e c ip ie n t  b a c te r ia  to  e s tim a te  th e  

r e l a t i v e  amounts o f  plasm id DNA tra n s fe r re d  in  th ese  m atings. R e su lts  

o b ta in ed  a re  p re sen te d  in  F ig u re  5 -2 . The c o n d itio n s  o f m ating , in c lu d in g  

the  donor s t r a i n ,  r ifa m p ic in  trea tm en t and UV dose were id e n t ic a l  to  th o se  

d e sc rib ed  fo r  F ig u re  5 -1 1 except th a t  m ating tem perature  was in c re a se d  

from 4l G to  45°C, s in c e  th i s  h ig h e r tem pera tu re  i s  n ecessa ry  fo r  

e f f i c i e n t  in a c t iv a t io n  o f m utant dnaB70 p ro te in  (B.M. W ilk ins, p e rso n a l 

com m unication). As a c o n tro l ,  th e re fo re , th e  experim ents d esc rib ed  in  

F ig u re  5-1 were perform ed a t  45°C. Comparison o f F ig u res  5-1 and 5-2 

re v e a ls  very  l i t t l e  d if fe re n c e  in  le v e ls  o f co n ju g a tiv e  DNA s y n th e s is  in  

dnaG r e c ip ie n t s  a t  4l°C and 45°C.

I f  co n ju g a tiv e  DNA sy n th e s is  in  u n ir r a d ia te d  dnaG3 r e c ip ie n t  b a c te r ia  

occurs on bo th  plasm id and chromosomal te m p la te s , then  le v e ls  o f DNA 

s y n th e s is  in  UV tr e a te d  and u n tre a te d  dnaB r e c ip ie n t s  o f pLG221 sh o u ld  be 

approxim ate ly  eq u a l, s in c e  pLG221 cannot bypass th e  requ irem en t fo r  dnaB 

p ro te in  in  chromosomal DNA r e p l ic a t io n .  C onversely , i f  UV s e r io u s ly  

a f f e c t s  the  competence o f p o te n t ia l  r e c ip ie n t  c e l l s ,  then s u b s ta n t ia l ly  

more DNA sy n th e s is  should  be observed in  u n tre a te d  r a th e r  them i r r a d ia t e d



Figure 3-2 : Effect of UV-irradiation on conjugative DNA synthesis in

dnaB re c ip ie n ts

o f r ifa m p ic in  (lOO|igml and

BW96 (pLG22l) was mated w ith  a p p ro p r ia te  r e c ip ie n t s  in  th e  presence

thymine (O.3  |iCi lig” "*) a t  43°C. 

R e c ip ie n ts  in  each m ating were : (o) u n ir r a d ia te d  BW86 ( dnaG) , ( • )  

i r r a d ia te d  BW8 6 , ( a )  u n ir r a d ia te d  BW69 (dnaB) and ( A )  i r r a d ia te d  BW69# 

A ll fou r m atings were perform ed in  each s in g le  experim ent, and d a ta  

shown a re  th e  averages o f  2 experim en ts.
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dnaB r e c ip ie n t s .  The r e s u l t s  (F ig u re  5-2) c le a r ly  show th a t  th e  

s t im u la tio n  observed in  u n ir r a d ia te d  dnaG r e c ip ie n t s  i s  n o t d e te c te d  i f  

c e l l s  a re  d e fe c tiv e  in  dnaB p ro d u c t. A d ecrease  in  co n ju g a tiv e  DNA 

sy n th e s is  o f approxim ately  26^ was observed a f t e r  i r r a d ia t io n  o f dnaB 

r e c ip ie n t s ,  in s u f f i c i e n t  to  account fo r  the  r e s u l t s  o b ta in ed  w ith  dnaG 

r e c ip ie n t s .

These co n c lu sio n s  a re  supported  by th e  d i r e c t  measurements o f DNA 

t r a n s f e r  to  i r r a d ia te d  and u n ir ra d ia te d  BW40 r e c ip ie n t s  d e sc rib ed  in  

Table 5-1# BW40 ( dna~*~) was s e le c te d  as r e c ip ie n t  in  th e se  experim ents 

a f t e r  i t  wsLS found th a t  a tdk ts x  o f BW86 ( dnaG3) was u n s u ita b le  fo r  th i s  

pu rpose . BW95 ( dnaG5 tdk ts x  A(chlA-uvrB) ) was c o n s tru c te d  in  two s ta g e s  

from BW82 ( dnaG3 td k ) , f i r s t l y  by s e le c t io n  fo r  spontaneous c h lo ra te -  

r e s i s tance  under anaerob ic  c o n d itio n s  (Adhya e t  a l . , 1968) and sc reen in g  o f 

m utants fo r  s e n s i t i v i t y  to UV l i g h t ,  and then  by s e le c t io n  fo r  r e s is ta n c e  

to  phage T6 .  A ll fou r c lones c o n stru c te d  showed m ass-doubling tim es o f
I';

more than  5b, and so were considered  unusab le  fo r  r e l i a b l e  measurements 

o f DNA t r a n s f e r .  BW88 donors o f pLG221 were la b e l le d  p r io r  to  and during  

m ating w ith  tdk ts x  BW40 r e c ip ie n t  c e l l s  fo r  1h a t  4l°C in  th e  p resence  

o f r ifa m p ic in  to  s tim u la te  DNA t r a n s f e r .  P lasm id DNA tr a n s fe r r e d  to  e i th e r  

i r r a d ia te d  o r  u n ir r a d ia te d  r e c ip ie n t s  by th i s  tim e was determ ined by TCA- 

p re c ip i  t a  t io n ,  a f t e r  s e le c t iv e  l y s i s  o f th e  donor c e l l s  w ith  phage T6 and 

DNeise and RNase d ig e s t io n  o f  exposed n u c le ic  a c id s .  As c o n tro ls ,  

id e n t ic a l  m atings were perform ed w ith  th e  p resence  o f pLG252 in  th e  

r e c ip ie n t  bac te riu m . pLG252 i s  a pBR525-based recom binant p lasm id 

c a rry in g  th e  e n try  ex c lu sio n  gene(s) from C olIb-P9 (see  C hapter 7 ) ,  and 

i t  can reduce co n ju g atio n  by more than 50- f o ld  between th ese  s t r a in s  

under id e n t ic a l  co n d itio n s  as measured by tran sco n ju g an t frequency .



t r a n s f e r

a
M ating (M)

. b 
Eex C on tro l (C) T ran sfe r (M-C)

+ UV 5948 112 5836

-  UV 6644 88 6556

Ratio-UV/+ UV 1.12

-1BW88 (pLG22l) was la b e l le d  w ith  [ Cjthym ine (0 .25  nCi ng ) bo th  

b e fo re  and during  m ating w ith  tdk BW40 r e c ip ie n t  c e l l s .  Mating was 

perform ed fo r  1h a t  41°C in  th e  p resence  o f r ifa m p ic in  (200p,gml  ̂) .  

I r r a d ia te d  r e c ip ie n t s  were tr e a te d  w ith  400Jm ^ o f UV l i g h t  im m ediately 

p r io r  to  m ating . T C A -precip itab le  r a d io a c t iv i ty  tr a n s fe r re d  to  r e c ip ie n t  

c e l l s  was determ ined a f t e r  s e le c t iv e  l y s i s  o f donors w ith  i r r a d ia te d  T6 .

a .  F ig u res  re p re se n t cpm per ml o f m ating m ix tu re .

b . C on tro l m atings used BW40 (pLG252, Eex^) as r e c ip ie n t  to  i n h ib i t  

plasm id DNA t r a n s f e r .  These b a c te r ia  were grown in  th e  p resence  

o f te t r a c y c l in e  (7 . 5ngml ^ , which was removed by sed im en ta tio n  

p r io r  to  m ating, to  s e le c t  fo r  the  p resence  o f pLG252.
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Table 5-1 th e re fo re  shows th a t  DNA tr a n s f e r  to  UV i r r a d ia te d  b a c te r ia  

was reduced by about 11#i. C o rrec tio n  o f the  d a ta  d isp lay ed  in  F ig u re  5-1 

fo r  th i s  re d u c tio n  in  th e  e f f ic ie n c y  of DNA t r a n s f e r  to  UV tre a te d  

r e c ip ie n t s  p re d ic ts  th a t  69^ o f th e  DNA sy n th e s ise d  in  u n ir r a d ia te d  dnaG 

r e c ip ie n t s  was b a c t e r i a l ,  and 51% was p la sm id -s p e c if ic .

Use o f chromosomal DNA as tem plate  in  th e  absence of fu n c tio n a l 

r e c ip ie n t - s p e c i f ie d  prim ing enzymes forms th e  co re  o f  th e  experim en tal 

evidence p resen ted  in  support o f th e  n o tio n  o f t r a n s f e r  o f a p rim er- 

g e n e ra tin g  enzyme from the  donor c e l l ,  and so the  p ro p o rtio n s  o f  p lasm id 

and chromosomal DNA la b e l le d  in  such a m ating were a lso  determ ined using  

DNA-DNA re a s s o c ia t io n  experim ents in v o lv in g  th e  s in g le - s t r a n d  s p e c if ic  

n u c lease  SI from A sp e rg illu s  o ry zae .  A d e s c r ip t io n  o f th i s  method forms 

the  n ex t s e c tio n  o f th e se  r e s u l t s .

5 .4  Param eters fo r  81 endonuclease assay  and DNA-DNA re a s s o c ia t io n

experim ents

The enzyme 81 from A sp e rg illu s  o ry zae , f i r s t  c h a ra c te r is e d  by Ando 

( 1966) and more e x te n s iv e ly  by Vogt (I973î 198O), i s  a s in g le - s t r a n d  

s p e c if ic  n u c lea se , h y d ro ly sin g  bo th  RNA and s in g le -s t ra n d e d  DNA in  th e  

p resence  o f Zn^^ io n s  to  y ie ld  5 ' -m ononucleotides (Ando, 1966) .  Under 

a p p ro p r ia te  co n d itio n s  81 shows a very  high  s p e c i f i c i t y  fo r  s in g le 

s tra n d ed  n u c le ic  a c id  s u b s t r a te ,  a lthough  the  enzyme can in tro d u ce  breaks 

in  duplex DNA a t  h igh  c o n c e n tra tio n s  (Vogt, 198O). 8u tto n  (1971) was the  

f i r s t  to  e x p lo it  th e se  p ro p e r t ie s  in  a method fo r  assay in g  re a s s o c ia te d  

eu ca ry o tic  DNA m olecules in  DNA h y b r id is a tio n  experim ents, u s in g  the  

n u c lea se  to degrade th e  s in g le -s tra n d e d  n o n -re a sso c ia te d  m olecules and 

le av e  predom inantly  d o u b le -s tran d ed  m a te r ia l .  8ubsequent re fin em en t o f
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th i s  procedure fo r  use w ith  b a c te r ia l  and plasm id DNA-DNA h y b r id is a t io n s  

(C rosa _et 1973) and a t  the  e lev a ted  tem peratu re  o f 75°C (B arth  and 

G r in te r ,  1975)i has le a d  to an e f f i c i e n t  and a c c u ra te  q u a n t i ta t iv e  assay  

fo r  d o u b le -s tran d ed  DNA. S ince  the  SI assay  o b v ia ted  the  need fo r 

im m obilising  DNA on n i t r o c e l lu lo s e  f i l t e r s  (D enhardt, 1966) and had 

advantages in  term s o f equipment and re p o rte d  accuracy  (C rosa _et a l . ,

1973; B arth  and G r in te r ,  1975) over th e  techn ique  using  h y d ro x y ap a tite  

(ha) (B renner e t  a l . , 1969), t h i s  method was s e le c te d  to  determ ine r e 

a s s o c ia te d  DNA in  h y b r id is a t io n  sam ples.

In  o rd e r to  ensu re  th a t  th i s  method was rep ro d u c ib ly  a cc u ra te  in  my

hands, i n i t i a l  experim ents were perform ed u s in g  P h] th y m in e -lab e lled

chromosomal DNA from BW86 ( thyA, dnaG) as r a d io a c tiv e  probe in  assays w ith

u n la b e lle d  DNA from P ro teu s  m ir a b i l i s  13, BW86 , salmon sperm and c a l f

thymus. P re p a ra tio n  o f % la b e l le d  DNA by th e  lysozyme-SDS l y s i s  method

o f W il le t ts  e t  a l .  ( 1981) was r e je c te d  in  favour o f  the  lysozym e-sarkosy l
0

l y s i s  method d esc rib ed  in  d e t a i l  in  C hapter 2 , s in c e  sam ples o f TCA- 

p r e c ip i ta b le  m a te r ia l taken during  an experim ent w ith  th e  form er method 

showed th a t  a s u b s ta n t ia l  p ro p o rtio n  o f in c o rp o ra te d  la b e l  was l o s t  du ring  

phenol e x tra c t io n  o f th e  l y s a t e .  This problem was e a s i ly  circum vented by 

th e  use o f caesium c h lo rid e  g ra d ie n ts  to  p u r ify  and c o n ce n tra te  th e  

la b e l le d  DNA in  the  f in a l  method adopted . I s o la t io n  o f u n la b e lle d  BW86 

DNA was perform ed ro u tin e ly  by the  method o f J e f f r e y s  and F la v e l l  (1977), 

and salmon sperm and c a l f  thymus DNAs were purchased from Sigma Chemical 

Company. As B arth  and G rin te r  (1975) re p o r te d  0^ homology between the  

chromosomes o f P ro teu s  m ira b i l i s  13 and E .c o l i  s t r a in  J62 , i t  was o r ig in a l ly  

decided  to  use P .m ir a b i l i s  DNA as a  n e g a tiv e  c o n tro l in  h y b r id is a t io n s  

w ith  p n j  la b e l le d  BW86 p robe . However, d i f f i c u l t i e s  in  i s o la t io n  o f th i s  

DNA by th e  method o f Chow e t  a l .  (1977) and th e  b e t t e r  perform ance of
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salmon sperm in  th i s  re s p e c t le a d  to  the  ro u tin e  use o f salmon sperm DNA 

as th e  non-homologous c o n tro l fo r  th i s  system .

Although th e  81 assay  was e s s e n t ia l ly  as  d e sc rib ed  by B arth  and 

G rin te r  (1974; 1975) (see  C hapter 2 fo r th e  f i n a l  procedure ad o p ted ), sm all 

m o d if ica tio n s  in  th e  methodology were in tro d u c e d . An a p p ra is a l  o f c e r ta in  

s te p s  in  th e  p ro cess  a re  th e re fo re  a p p ro p r ia te  a t  th i s  p o in t .

A ll DNA sam ples fo r  h y b r id is a t io n  and 31 assay  were sheared  by 

u l t r a s o n ic  trea tm en t w ith  an MSE u l t r a s o n ic  d is in te g r a to r  a t  100W energy 

o u tp u t. A t o t a l  o f tw elve 15-sec b u rs ts  w ith  15-sec in te r v a l s  fo r  co o ling

were found to  be s u f f i c i e n t  to  sh ea r th e  m a jo rity  o f DNA m olecules to

between 1000 and 300 bp in  s iz e  , ,  n ea r to  th e  2 . 5x10^ m olecular

w eight o f fragm ents used by B arth  and G rin te r  (1975)* D én atu ra tio n  o f 

DNA san p le s  (0 .1  ml) was by h e a t a t  105°C fo r  10 min in  a  PEG600 b a th . 

Samples were then  s h i f te d  d i r e c t ly  to  a 75°0 b a th  fo r  e i th e r  r e a s s o c ia t io n  

o r a ssay  by 81, r a th e r  than fa s t-c o d ed  in  ic e  w ater f i r s t ,  s in c e  th i s  was 

found to  cause some immediate re a n n ea lin g  (d a ta  n o t shown).

H y b rid isa tio n  o r assay  sam ples com prised a f in a l  DNA c o n ce n tra tio n  

o f 200|igml  ̂ in  0 .1  ml o f 0.42M NaCl. To th e se  samples a t  75°G was added 

0 .9  mis o f r e a c t io n  m ixture to  g ive  f in a l  c o n c e n tra tio n s  o f  0.168M NaCl,

ImM Zn80j^, 30mM sodium a c e ta te  b u ffe r  (pH4.6) and 20|igml  ̂ sh eared

denatu red  c a l f  thymus DNA in  a  1 .0  ml f in a l  volume. D enatured c a l f  thymus 

DNA was added s in c e  i t  has been re p o rte d  th a t  th i s  p r a c t ic e  overcomes the  

problem imposed by th e  i n a b i l i t y  o f 81 n u c lea se  com pletely  to  degrade low 

c o n c e n tra tio n s  o f  s in g le -s tra n d e d  s u b s tr a te  (8u tto n , 1971; B arth  and 

G r in te r ,  1975)* H y b rid isa tio n  sam ples ro u t in e ly  con ta ined  20pg o f  un

la b e l le d  DNA and 20ng o f la b e l le d  probe DNA. D if fe re n t r a t i o s  o f probe

and excess u n la b e lle d  DNA were t r i e d  over th e  range o f 1:500 to  1:3000,
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and a th o u san d -fo ld  excess f i n a l ly  s e le c te d  fo r  s tan d a rd  u se . 150 U 

o f SI were found to  be optim al fo r  each a ssay  (d a ta  no t shown), and th e  

r e a c t io n  allow ed 20 min a t  75^0 fo r  com ple tion . S t e r i l i s e d  eppendorf tubes 

(1 .5  ml) were used as  re c e p ta c le s  fo r  bo th  DNA sam ples and re a c t io n  sam ples, 

s in c e  th e se  proved e a s i ly  m anipulable and d is p o s ib le .  Perform ance was n o t 

improved by re p e l-c o a tin g  tu b e s , b u t o v e rlay  o f th e  sample w ith  5 o r 4 

drops o f p a r r a f in  o i l  improved r e p r o d u c ib i l i ty  o f r e s u l t s  by p rev en tin g  

ev ap o ra tio n  during  in cu b a tio n  a t  75°C and d é n a tu ra tio n .

Table 5-2 dem onstrates th e  a c t i v i t y  o f SI n u c lease  on s in g le 

s tran d ed  and d o u b le -s tran d ed  BW86 chromosomal DNA, under the  above cond

i t i o n s .  The 96% and 5% a c t i v i t i e s  on denatu red  and n a tiv e  DNA d esc rib ed  

in  Table 5-2  a re  in  accordance w ith  th e  p re v io u s ly  re p o rte d  d a ta  o f  B arth  

and G rin te r  (1975), and so confirm  the  v a l id i t y  o f th i s  a ssay  fo r  our 

pu rp o ses.

S ince  pLG221 i s  much sm a lle r than th e  E .c o l i  chromosome, and 

r ifa m p ic in  trea tm en t o f r e c ip ie n ts  causes tra in s fe r  o f m u ltip le  s tra n d s  o f 

pLG221 to  each c e l l  in  a 60 min m ating (B oulnois and W ilk ins, 1979), the  

plasm id component in  la b e l le d  DNA e x tra c te d  from m ating c e l l s  would be 

expected to  re a s s o c ia te d  a t  a f a s t e r  r a t e  than  th e  chromosomal DNA f r a c t io n  

(B r i t te n  and Kohne, 1968). I t  was th e re fo re  decided  to  s e t  the  Co_t va lue  

(C^ = i n i t i a l  c o n ce n tra tio n  o f DNA : Jb = tim e allow ed fo r  h y b r id is a t io n , 

B r i t te n  and Kohne, 1968) fo r  r e a s s o c ia t io n  experim ents to  10 tim es the  

Cot^ v a lu e  de riv ed  fo r  BW86 DNA in  0.42M NaCl a t  75^C« Cot^ i s  th e  Cot 

va lu e  a t  which re a s s o c ia t io n  i s  50% com pleted, and i s  a s p e c i f ic  va lue  fo r  

d i f f e r e n t  sp e c ie s  o f DNA m olecules, dependant on the  s iz e  and com plexity  o f 

each genome. This v a lu e  was determ ined e m p ir ic a lly  by m easuring the  

p ro p o rtio n  o f re a s s o c ia te d  DNA in  a  number o f s e p a ra te  sam ples c o n ta in in g



Table 5-2  ; A ction o f S1 n u c lease  on s in g le -s tra n d e d  and double

s tran d ed  DNA a t  75°C

T r ic h lo ro a c e tic  a c id - p re c ip i ta b le  m a te r ia l  {%)-

D enatured DNA N ative  DNA N ative  DNA

+ SI + SI -  SI

3 - 2 9 6 - 5 100^

DNA samples (0 .1  ml) co n ta in ed  20p.g sheared  BW86 DNA and 20 ng o f 

sh eared  [^ I ljla b e lle d  BW86 DNA (226 Cpm ng ^) in  0.42M NaCl. Samples 

were e i th e r  h ea t-d en a tu red  as d esc rib ed  o r l e f t  as n a tiv e  form, and then 

assayed  in  d u p lic a te  by a d d itio n  o f pre-warmed re a c tio n  m ix ture  and 15O U 

o f  SI endonuclease a t  75°C fo r  20 min. Data a re  th e  average r e s u l t s  o f 

th re e  s e p a ra te  experim en ts.

a .  R e su lts  a re  expressed  r e l a t i v e  to  the  in p u t o f l a b e l ,  as

determ ined by cpm recovered  from n a tiv e  DNA w ithout a d d itio n  o f SI,
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denatu red  BW86 DNA incubated  over a wide range o f Co_t values*  R e su lts  a re

expressed  in  F igu re  5 -3  as a  p lo t  o f pe rcen tag e  re a s s o c ia t io n  a g a in s t  the

lo g a rith m ic  v a lues o f Co_t* The lo g arith m  o f Got^ i s  measured as th e  va lue
2

on the X axis of this plot when 50f̂  reassociation is reached, and
4 — 1conversion  g ives a Cot-, va lue  o f 2.14x10 |igml x min in  0.42M NaCl a t  

75°0. U n its  o f |igml  ̂ x min w i l l  be used in  p re fe re n c e  to  th e  more u su a l

Co_t u n i t s  o f moles o f  n u c le o tid e s  per l i t r e  x se c ; conversion  o f th e  form er

to th e  l a t t e r  r e q u ire s  d iv is io n  by a fa c to r  o f 5 ,542 (B arth  and G r in te r ,  

1975).

D enatured DNA samples were th e re fo re  incu b ated  to a  Co_t va lu e  o f lOx

Cot-, , equal to approxim ately  2 .l4x10^ |igml x min (B r i t te n  and Kohne,
2

1968; B arth  and G r in te r ,  1974; 1975)* S ince  C^ = 200 |igml ^ , the  in cu b a tio n  

time fo r  samples was 17h 45 min. This compares favou rab ly  w ith  c o n d itio n s  

fo r  h y b r id is a t io n s  in v o lv in g  b a c te r ia l  DNA (B r i t te n  and Kohne, I 968 ; Crosa 

e t  a l . , 1973; B arth  and G r in te r , 1975)* Table 5 -3  confirm s th a t  

h y b r id is a t io n s  u sin g  th ese  co n d itio n s  allow  the  homologous re a s s o c ia t io n  

re a c t io n  to proceed to  v i r t u a l  com pletion . The s e le c t io n  o f salmon sperm 

DNA as a DNA sp ec ie s  w ithout s ig n i f ic a n t  homology w ith  b a c te r ia l  DNA i s  

a lso  v a l id a te d  by th e  low recovery  o f T C A -precip itab le  r a d io a c t iv i ty  from 

the  non-homologous r e a s s o c ia t io n  re a c t io n .

5*5 P re p a ra tio n  o f L H Jlab e lled  probe DNA from u n ir r a d ia te d ,  r ifa m p ic in -  

t r e a te d  thyA, dnaG3 r e c ip ie n t s  o f pLG221

To ensure f i d e l i t y  w ith  the  m ating c o n d itio n s  and b a c te r i a l  s t r a in s  

d esc rib ed  in  F igu re  5 -1 , BW96 ( td k , rpoB) donors o f  pLG221 were mated w ith 

u n ir r a d ia te d  BW86 (thyA, dnaG3) r e c ip ie n t s  in  th e  p resence  o f r ifa m p ic in  

(I00|igml ^) and deoxyguanosine (200pgml a t  4l°C in  a t o t a l  volume o f



Figure 5-3 : The kinetics of BW86 DNA reassociation

0.1  ml sam ples o f la b e l le d  and excess u n la b e lle d  BW86 DNA in

0.42M NaCl s o lu t io n  were denatu red  and incubated  a t  75°C over a range o f

C ^  v a lu es  from 1.5x10^ to  3x10^ figml  ̂ x min. This d is t r ib u t io n  was

achieved by s e t t in g  th e  i n i t i a l  c o n ce n tra tio n  o f DNA in  samples (C^)

a t  e i th e r  200 , 500 o r 1000 (igml and v ary ing  in cu b a tio n  tim e up to  4h

45 min. A ll h y b r id is a t io n s  were perform ed in  d u p lic a te  and samples

assayed by SI endonuclease fo r  re a s s o c ia te d  DNA. D enatured and n a tiv e

DNA c o n tro ls  showed 95 and 3% a c t i v i t y  o f th e  enzyme on th e  r e s p e c tiv e

s u b s t r a te s .  D ata a re  expressed  as a  pe rcen tag e  o f th e  in p u t c o u n ts , and

have been c o rre c te d  by s u b tra c t io n  o f  the  denatured  DNA c o n tro l v a lu e s .

R e su lts  a re  expressed  as a p lo t  o f p e rcen tag e  re a s s o c ia t io n  a g a in s t

C t  va lue  on a lo g a rith m ic  s c a le  to a llow  the  d e te rm in a tio n  o f  C t^ fo r  o -  o Y
BW86 DNA under th e se  c o n d itio n s . C a lc u la tio n  o f th i s  v a lu e  i s  exp la ined  

in  the  t e x t .
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10 ml & thymine (33«3 [iCi |ig was added to  th e  m ating m ixture a t  a

c o n c e n tra tio n  o f 1^gml . A fte r  1h o f m ating, 2x0*5 ml sam ples were 

e x tra c te d  fo r  aneilysis by T C A -p rec ip ita tio n , and a m ixture o f KCN and 

excess thymine and thym idine added to  the  rem ain ing  9 mis to  h a l t  conjug

a t iv e  DNA sy n th es is*  P a re n ta l  donor and r e c ip ie n t  c o n tro ls ,  incubated  

s e p a ra te ly  under id e n t ic a l  c o n d itio n s , in c o rp o ra te d  approxim ately  4,600 

and 12,000 cpm ml  ̂ re sp e c tiv e ly *  These v a lu e s  amount to  on ly  0*6% and 

1*4% o f the  r a d io a c t iv i ty  in c o rp o ra te d  in  th e  m ating m ix ture  (8*3x10^ cpm 

ml ^ ) ,  and so a t  l e a s t  98% of th e  r a d io a c t iv i ty  in c o rp o ra te d  in to  th e  TCA- 

p r e c ip i ta b le  m a te r ia l o f the  m ating m ixture i s  a t t r ib u ta b le  to  co n ju g a tiv e  

DNA sy n th es is*  E x tra c tio n  o f DNA from the  m ating c u ltu re  was d esc rib ed  

in  C hapter 2 , and m ating probe DNA was. so n ic a te d  ( s e c tio n  5#4) 

b e fo re  use in  DNA-DNA re a s s o c ia t io n  experim ents*

5*6 A nalysis  o f DNA sy n th es ised  in  u n ir r a d ia te d  dnaG r e c ip ie n t  u s in g

DNA-DNA re a s s o c ia t io n  experim ents

The i s o la t io n  o f ColIb-P9 DNA o f s u f f i c i e n t  q u a n tity  and q u a l i ty  

fo r  use in  DNA-DNA re a s s o c ia t io n  experim en ts, a lthough  te c h n ic a l ly  a rd u o u s, 

prov ided  fu r th e r  in s ig h ts  in to  th e  p ro p e r t ie s  o f th i s  p lasm id , and so w il l  

be d iscu ssed  in  th e  f i r s t  p a r t  o f th i s  s e c t io n  in  some depth* P re c is e  

d e ta i l s  o f the  d i f f e r e n t  methods used in  the  i s o la t io n  o f pLG221 DNA 

have been d esc rib ed  in  C hapter 2*

The method o f  Hansen and O lsen (1978) a f fo rd s  a  r e l i a b l e  procedure 

fo r  th e  i s o la t io n  o f la rg e  b a c te r ia l  p lasm ids o f comparable s iz e  to  

pLG221. The p ro to c o l makes use o f g e n tle  m an ipu la tions to  reduce 

m echanical breakage o f c i r c u la r  p lasm id DNA by p ip e t t in g  (C u rr ie r  and 

N e s te r , 1976), and in v o lv es  a lysozyme-sodium dodecyl su lp h a te  (SDS) ly s i s



Table 5-3 : Reassociation of homologous and non-homologous DNA

T C A -precip itab le  m a te r ia l  (%)

U n lab e lled

DNA

Denatured 

DNA c o n tro l

N ative 

DNA c o n tro l

H y b rid isa tio n

BW86 2 -  1 99 -  4 9 5 - 2

Salmon Sperm 3 - 2 102 -  3 2 -  1

Samples (0 .1  ml) each con ta ined  20 ng o f  sheared  [^h] la b e l le d  

BW86 DNA (226 cpm ng ^) and 20|ig o f sheared  u n la b e lle d  BW86 o r salmon 

sperm DNA in  0.42M NaCl, and were denatu red  b e fo re  in c u b a tio n  a t  75°C 

fo r  17b 45 min to  a llow  r e a s s o c ia t io n .  Duplex DNA in  th e  sam ples a t  th e  

end o f  th i s  p e rio d  was then assayed  by th e  SI endonuclease method. 

S in g le -s tra n d e d  and d o u b le -s tran d ed  DNA c o n tro l m ix tu res , id e n t ic a l  to  

h y b r id is a t io n  sam ples, were e i th e r  denatured  o r l e f t  as n a t iv e  s u b s t r a te ,  

and im m ediately assayed  by SI n u c le a se . V alues a re  expressed  a s  th e  

p e rcen tag e  o f th e  counts recovered  from id e n t ic a l  c o n tro l m ix tu res which 

were n o t t r e a te d  w ith  S I , and a re  th e  average o f fo u r s e p a ra te  experim en ts.
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e s s e n t ia l ly  s im ila r  to  th a t  o f Guerry e t  a l .  (1973), which, due to  a h igh  

s a l t  c o n c e n tra tio n , a llow s sed im en ta tio n  o f membrane-bound chromosomal 

DNA by c e n tr i fu g a t io n .  A lk a li d é n a tu ra tio n  removes r e s id u a l  broken 

chromosomal DNA from the  su p e rn a ta n t, and plasm id  DNA was co n cen tra ted  by 

the  a d d itio n  o f PEG 6000. To remove any rem aining chromosomal DNA contam

in a t io n ,  ly s a te s  were c e n tr ifu g e d  to  eq u ilib riu m  in  CsCl-EtBr d e n s ity  

g ra d ie n ts  as d esc rib ed  in  C hapter 2 , and both  chromosomal and plasm id bsinds 

i s o la te d  s e p a ra te ly  f a r  a n a ly s is .

Although i t  proved p o s s ib le  to  i s o la te  s u f f i c i e n t  q u a n t i t ie s  o f 

pLG221 DNA fo r  my purposes by th i s  method, w ith  an i n i t i a l  1 1 c u ltu re  o f 

W5 IIO (pLG22l) ro u t in e ly  y ie ld in g  a t  l e a s t  150|ig o f  p lasm id DNA, th i s  DNA 

could  on ly  r a r e ly  be r e s t r i c t e d  by d ig e s t io n  w ith  EcoRI . Out o f e ig h t 

s e p a ra te  experim ents, on ly  two y ie ld e d  DNA sam ples which were s u s c e p tib le  

to  r e s t r i c t i o n .  R e s t r ic t io n  a n a ly s is  o f th e  chromosomal and plasm id 

f r a c t io n s  from a su c c e ss fu l p re p a ra tio n  i s  d e p ic ted  in  F ig u re  3 -4 . The 

p resen ce  o f plasm id EcoRI fragm ents in  the  chromosomal f r a c t io n  from CsCl 

d e n s ity  g ra d ie n ts  confirm s th e  e x is te n c e  o f pLG221 in  th i s  sam ple, 

presum ably in  an open c i r c u la r  form, so th a t  th i s  sample may be regarded  as 

p lasm id -en rich ed  chromosomal DNA fo r  th e  purposes o f r e a s s o c ia t io n  

experim en ts. Plasm id DNA sam ples from th re e  s e p a ra te  p re p a ra t io n s  were 

mixed w ith  X H indll l  marker fragm ents, and su b je c te d  to  d ig e s t io n  by EcoRI 

(F ig u re  3*3, tra c k s  d, e and f ) .  In  only  one o f th ese  th re e  m ix tures were 

X H indll l  EcoRI double d ig e s t  bands d is c e rn a b le  a f t e r  agaro se  g e l e le c t r o 

p h o re s is ,  and th e  plasm id DNA o f th i s  m ixture was su b sequen tly  shown to  be 

th e  on ly  sample o f  th e  th re e  capab le  o f y ie ld in g  pLG221 EcoRI fragm ents . 

R es is ta n ce  to  EcoRI d ig e s t io n  p rec luded  th e  use o f  two o f th e  th re e  DNA 

sam ples in  r e a s s o c ia t io n  experim ents s in c e  i t  was n o t confirm ed th a t  they



F ig u re  5-4  R e s tr ic t io n  endonuclease a n a ly s is  o f  DNA sam ples 

p repared  by th e  method o f Hansen and O lsen (1978)

D ig estio n  w ith  r e s t r i c t i o n  endonuclease EcoRI and p re p a ra t io n  o f  

DNA sam ples have been d e sc rib ed  p rev iously#  Tracks c o n ta in  1 to  2pg 

o f DNA as fo llo w s:

a) X H indlll EcoR1 DNA

b) Uncleaved DNA from chromosomal f r a c t io n s

c) Chromosomal f r a c t io n  DNA cu t w ith  EcoRI

d) U ncleaved pLG221 DNA

e) pLG221 EcoRI DNA

f)  AHindl l l  EcoRI marker bands

Numbers in d ic a te  th e  m olecu lar s t^ e s  o f AHindl l l  EcoRI in  k ilo b a se s ,
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co n ta in ed  pLG221 DNA, and so the  th ir d  p re p a ra tio n  o f DNA (F ig u re  5~5) 

was s e le c te d  fo r  th i s  purpose . P i lo t  experim ents (d a ta  n o t shown) 

re v e a le d  th a t  DNA m ix tu res  co n ta in in g  pLG221 DNA would not r e a s s o c ia te  

under th e  s tan d a rd  h y b r id is a t io n  co n d itio n s  d esc rib ed  e a r l i e r ,  and sm all 

amounts o f th i s  DNA sample were s u f f ic ie n t  to  p rev en t th e  r e a s s o c ia t io n  o f 

homologous DNA m ix tures under id e n t ic a l  c o n d itio n s . S ince th e  s in g le -  

and d o u b le -s tran d ed  c o n tro ls  from th ese  experim ents show th a t  the  pLG221 

DNA can be d ig e s ted  by S1 endonuclease a f t e r  h e a t trea tm en t a t  105°C, 

i t  appears th a t  th i s  s o lu t io n  o f DNA can be d en atu red , b u t i s  r e s i s t a n t  to  

r e a s s o c ia t io n .  As th e  pLG221 DNA samples p repared  by the  method o f  Hansen 

and O lsen (1978) can a f f e c t  the  re a s s o c ia t io n  and r e s t r i c t i o n  p ro p e r t ie s  

o f o th e r  DNA s p e c ie s , the  c au sa tiv e  agent i s  u n lik e ly  to  be the  p lasm id 

DNA i t s e l f ,  b u t r a th e r  a contam inating chem ical used in  the  method of 

p re p a ra t io n . The mechanism by which PEG 6000 can c o n ce n tra te  DNA i s  un

determ ined as y e t ,  a lthough  i t  seems more l ik e ly  to  a c t  by a p ro cess  of 

phase p a r t i t i o n ,  r a th e r  than a sim ple p r e c ip i ta t io n  re a c t io n  (Yamamoto 

e t  a l . , 1970; Chun e t  a l . , 1967)# Since PEG was used a t  a h igh  concen t

r a t io n  p r io r  to d e n s ity  g ra d ie n t c e n tr ifu g a tio n , i t  was f e l t  th a t  perhaps 

re s id u a l  amounts o f PEG, escaping removal by CsCl c e n tr i fu g a t io n  (Chun 

e t  a l . , 1967)1 might be re sp o n s ib le  fo r  contam ination  o f DNA sam ples.

A ttem pts to  p u r ify  th e se  samples by phenol e x tra c t io n  and passage through 

DEAE-Sephacel were u n su ccessfu l due to  lo s s  o f DNA during  th e se  m an ip u la tio n s , 

and so th e  procedure o f  Hansen and Olsen (1978) was m odified  to  circum vent 

the  use o f PEG. C o n cen tra tio n  o f plasm id DNA in  th e  su p e rn a ta n t o b ta in ed  

a f t e r  sed im en ta tio n  o f membrane-bound chromosomal DNA was ach ieved  by 

e th an o l p r e c ip i ta t io n  in  the p resence o f 200mM sodium a c e ta te  pH ^.6.



F ig u re  3 -5  Endonuclease r e s t r i c t i o n  o f  DNA sam ples p repared  by the  

method o f Hansen and Olsen (1978)

P rocedure has been d e sc rib ed  p re v io u s ly  (s e c tio n s  2 .8  and $ .6 ) .  

Tracks c o n ta in  about Ipg o f DNA prepared  by th e  method o f Hansen and 

O lsen ( 1978) and 2|ig o f XHindl l l  DNA as a p p ro p r ia te .  Tracks a re :

a) and b) XHindl l l

c) and g) XHindl l l  EcoRI

d) to  f )  pLG221 DNA samples mixed w ith  XHindl l l  DNA and d ig e s ted

w ith  EcoRI
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V is u a lis a t io n  o f th e  CsCl/EtBr d e n s ity  g ra d ie n ts  produced u sin g  

th i s  m o d if ica tio n  under UV l i g h t  rev ea led  th a t  the  p lasm id band was much 

f a i n t e r  than  p re v io u s ly  a t ta in e d  by the s tan d a rd  method. The y ie ld  o f 

pLG221 DNA was confirm ed sp e c tro p h o to m e tr ic a lly  to  be too low fo r  p r a c t i c a l  

u se , b u t r e s t r i c t i o n  a n a ly s is  o f th e  chromosomal DNA band taken from 

g ra d ie n ts  rev ea led  th e  p resence  o f  pLG221 EcoRI fragm en ts, and p i l o t  

r e a s s o c ia t io n  experim ents showed th a t ,  u n lik e  th e  DNA is o la te d  u sin g  PEG, 

th i s  DNA sample d id  n o t a f f e c t  th e  h y b r id is a tio n  p ro p e r t ie s  o f o th e r  DNA 

s o lu t io n s .  Presumably th e  p lasm id -en riched  chromosomal DNA band i s  a 

consequence o f mechanicsil breakage o f c i r c u la r  plasm id DNA during  the  

e th an o l p r e c ip i ta t io n  s ta g e .  E s s e n t ia l ly  id e n t ic a l  r e s u l t s  were o b ta in ed  

fo r  th e  i s o la t io n  o f ColIb-P9#

W31IO, the  h o s t s t r a i n  used in  th ese  p re p a ra tio n s  was s e le c te d  s in c e  

W2110T has been used s u c c e s s fu lly  in  the  p a s t  fo r  i s o la t io n  o f the  r e la te d  

plasm id R144 (B arth  and G r in te r ,  1975)# This E .c o l i  K-12 s t r a i n  can be
r;

expected to  be reaso n ab ly  homologous w ith  the  K-12 s t r a i n  BW86 (Bachman#,

1972; C rosa e t  a l . , 1975), and GolIb-P9 and pLG221 d i f f e r  in  sequence only  

by th e  drd m utation  and th e  p resence  of TnĴ  (5#5 Kb; A u e ^ a ld  e t  a l . ,

1980) in  the  l a t t e r ,  so th a t  th e se  p lasm ids sh are  a t  l e a s t  95^  homology.

Thus, th e  pLG221 and C o lIb -P 9 -en riched  W3IIO chromosomal DNA from g ra d ie n ts  

could  be expected to  show alm ost com plete homology w ith  th e  j^^üjla b e l le d  

probe DNA sy n th es ised  d u ring  co n ju g a tio n  in  u n ir r a d ia te d ,  r ifa m p ic in -  

t r e a te d  BW86 r e c ip ie n t s  o f  pLG221. As shown in  Table 3 -4 , bo th  C olIb-P9 

and pLG221-enriched W3IIO DNA allow ed approxim ately  98^  reco v ery  o f 

denatu red  m ating probe DNA in  re a s s o c ia t io n  experim en ts. The r e s u l t  fo r  

th i s  near-hom ologous re a c t io n  confirm s bo th  the  s u i t a b i l i t y  o f  t h i s  DNA 

fo r  r e a s s o c ia t io n  experim en ts, and th e  c o n d itio n s  fo r  h y b r id is a t io n .  

U n lab e lled  p la sm id -fre e  BW86 DNA showed about 69% homology w ith  co n ju g a tiv e ly -



Table 3-4 : Reassociation of DNA labelled in unirradiated rifampicin-

t r e a te d  r e c ip ie n t  c e l l s  w ith  u n la b e lle d  DNAs

U nlabelled  DNA % Homology w ith  m ating probe

BW86 + pLG221 98 .0  - 18.3

BW86 + C olIb-P9 98 .3  - 5 .4

BW86 69.1  - 13.0

pLG221 2 4 .3  - 4 .0

salmon sperm 0 .0  — 1 .4

Sheared la b e l le d  probe DNA (20 n g ) , i s o la te d  from u n ir r a d ia te d

r if a m p ic in - tr e a te d  BW86 r e c ip ie n ts  o f pLG221, was mixed w ith  20p.g of 

sheaired u n la b e lle d  DNA as a p p ro p ria te  in  0 .1  ml o f 0.42M NaCl. Plasm id 

DNA fo r  use  in  th e  homologous re a c tio n s  ( l in e s  1 and 2) was p repared  by a 

m o d if ic a tio n  o f th e  method o f Hauisen and O lsen (1978), and p u r i f ie d  pLG221 

DNA ( l i n e  4) was i s o la te d  u sing  th e  procedure o f Uemura and Mizobuchi 

( 1982) ,  as d esc rib ed  in  the  t e x t .  A fte r  d é n a tu ra tio n  and in c u b a tio n  a t  

73°C to  allow  DNA-DNA re a s s o c ia t io n ,  sam ples were assayed  by the  SI 

endonuclease method (B arth  and G r in te r , 1973), fo r  re n a tu re d  DNA. Assays 

were perform ed in  t r i p l i c a t e ,  and r e s u l t s  have been c o rre c te d  by sub

t r a c t io n  o f the  amount of denatured  DNA r e s i s t a n t  to  S i n u c lease  (3 .3 ^  

o f th e  in p u t counts) and a re  expressed  as a pe rcen tag e  o f SI n u c lea se -  

r e s i s t a n t  DNA recovered  from n a tiv e  DNA c o n tro ls  ( 98^  o f th e  in p u t counts)
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s y n th e s ise d  probe DNA, in  c lo se  agreement w ith  th e  value  p re d ic te d  by the  

h y p o th es is  under t e s t .

A lthough th i s  experim ent determ ines th e  p ro p o rtio n  of c o n ju g a tiv e ly -  

sy n th e s is e d  chromosomal DNA p re se n t in  the  la b e l le d  p robe, h y b r id is a t io n  

a g a in s t  p u r i f ie d  pLG221 i s  s t i l l  re q u ire d  fo r  conf rm ation o f  th i s  r e s u l t .  

The method fo r  p re p a rin g  the  u n la b e lle d  plasm id DNA d esc rib ed  by B arth  

and G r in te r  (1975), i s  s im ila r  to  the  SDS-NaCl procedure o f Vapnek and 

Rupp ( 1971)1 and bo th  avoids th e  use o f PEG and has been s u c c e s s fu lly  

used in  th e  i s o la t io n  o f R l44. However, a lthough  i t  proved p o s s ib le  to  

i s o l a t e  bo th  Rl44 and F DNA by th i s  method, ag arose  g e l e le c tro p h o re s is  o f 

sam ples from C olIb-P9 and pLG221 DNA p re p a ra t io n s , e stim ated  sp e c tro 

p h o to m e tric a lly  to  co n ta in  up to  o f n u c le ic  a c id , d id  n o t re v e a l th e

p resen ce  o f h igh  m olecular w eight plasm id DNA. In s te a d  i l lu m in a tio n  by UV 

l i g h t  re v ea led  a very  in te n se  sm ear, presum ably o lig o d e o x y rib o n u c le o tid e s ,

runn ing  ahead o f a f a in t  c h a r a c te r i s t i c  RNA band.
0

I t  i s  proposed th a t  th is  r e s u l t  i s  due to  deg rad a tio n  o f  plasm id DNA 

by a C olIb-P9-encoded o r - a c t iv a te d  n u c lea se , as a  consequence o f 

b a c t e r i a l  l y s i s .  P recehden ts fo r  th i s  h y p o th e s is , to g e th e r w ith  e x p e r i

m ental su p p o rt, w il l  be considered  in  the  d isc u ss io n  to  th i s  c h a p te r , b u t 

s in c e  th e  method o f  Hansen and O lsen (1978) m ain ta in s  a  h igh  c o n c e n tra tio n  

o f EDTA (60-100mM) throughout th e  p ro to c o l, th i s  would e x p la in  why 

d eg rad a tio n  o f DNA was n o t observed p re v io u s ly . However, a lth o u g h  the  

EDTA c o n ce n tra tio n  was ra is e d  to  lOOmM in  subsequent p re p a ra t io n s , and 

was su c c e ss fu l in  reducing  d eg rad a tio n  o f DNA, i t  proved u n fe a sa b le  to  use 

th i s  method fo r  the  g en e ra tio n  o f la rg e  s to c k s  o f pLG221 s in c e , a s  w ith  

the  m odified  Hansen and Olsen method, m echanical o r perhaps n u c lea se - 

m ediated breakage o f plasm id DNA reduced d r a s t i c a l l y  th e  s iz e  o f th e  

p lasm id  band in  CsCl d e n s ity  g ra d ie n ts .



101

U nlike the  more g en era l methods o f la rg e  plasm id i s o la t io n  d esc rib ed  

p re v io u s ly , th e  method o f Uemura and Mizobuchi ( 1982) i s  designed fo r  

p u r i f i c a t io n  o f la rg e  recom binant d e r iv a tiv e s  o f  C olIb-P 9, and was found 

to  be th e  most e f f e c t iv e  method fo r  p re p a ra t io n  o f pl/j221 DNA. W3 IIO 

(pLG22l) was ly sed  by a  B iij 38-sodium deoxycholate  method s im ila r  to  th a t  

o f C lew ell and H e lin sk i (1969) in  th e  p resence  o f  lOOmM EDTA, and chromo

somal DNA was p e l le te d  by c e n tr i fu g a t io n .  P lasm id DNA in  th e  su p e rn a ta n t
t

was co n cen tra ted  by a d d itio n  o f PEG, b u t u n lik e  th e  method o f Hanse-n and 

O lsen ( 1978) ,  th i s  d id  n o t a f f e c t  r e s t r i c t i o n  o r h y b r id is a t io n  o f th e  DNA, 

perhaps due to the  p resence  o f 1% s a rk o sy l. CsCl/EtBr g ra d ie n ts  a lso  

co n ta in ed  s a rk o sy l, and both  r e s u l ta n t  p lasm id and chromosomal bands were 

pronounced and w ell sepaira ted . Agarose g e l e le c tro p h o re s is  o f EcoRI -  

d ig e s te d  pLG221 and chromosomal f r a c t io n s  from g ra d ie n ts  i s  d ep ic ted  in  

F ig u re  3 -6 . The EcoRI d ig e s t  p a t te rn  o f pLG221 i s  d e te c ta b le  in  tra c k  (d) 

o f  F ig u re  3 -6 , confirm ing the  p resence  o f  l in e a r i s e d  o r open c i r c u la r  

forms o f  th e  plasm id in  the  chromosomal f r a c t io n .

In  r e a s s o c ia t io n  experim ents (T able 3 -4) pLG221 DNA, p rep ared  by th e  

method o f  Uemura and Mizobuchi ( 1982) ,  showed a homology o f about 24% w ith  

denatu red  m ating probe DNA. A homologous c o n tro l m ixture o f BW86 

chromosomal DNA and pLG221 incu b ated  w ith  m ating probe gave a 93^ recovery  

o f  in p u t counts a f t e r  trea tm en t w ith  SI n u c lea se , confirm ing th e  s u i t 

a b i l i t y  o f  pLG221 DNA in  th ese  experim en ts.



F ig u re  3-6 R e s t r ic t io n  endonuclease a n a ly s is  o f  DNA prepared  by 

th e  method o f tfemura and Mizobuchi ( 1982)

P rocedures have been d esc rib ed  in  s e c tio n  2 .8  and 3 .6 , and tra c k s  

co n ta in  between 1 and 2pg o f  DNA. Tracks sure:

a) X H indlll

b) Uncleaved pLG221 DNA

c) pLG221 EcoRI

d) Uncleaved chromosomal f r a c t io n  DNA

e) Chromosomal f r a c t io n  DNA cu t w ith  EcoRI

f)  X H indlll

Numbers in d ic a te  the  s iz e s  o f X H indlll fragm ents



a b c d e f Kb
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&

5h thymine (50 [iCi îg , 2ngml ) by th e  p ro d u c tio n  o f

&

3*7 D eterm ination  o f th e  e x ten t o f homology between pLG221 and BW86 DNA 

la b e l le d  pLG221 DNA was p repared  from a c u l tu re  o f BW86 

(pLG22l) co n ta in in g

a sh eared  ly s a te  as desc rib ed  in  C hapter 2 . T C A -precip itab le  sam ples 

taken  th roughout t h i s  p rocedure showed s ig n i f ic a n t  in c o rp o ra tio n  o f  

thymine by th e  c u l tu r e ,  and an eq u iv a len t number o f counts were d e te c te d  

a f t e r  each su cc e ss iv e  m an ipu la tion  o f th e  c lea re d  ly s a te  o b ta in ed  from th i s  

c u l tu r e .  P lasm id DNA was p u r if ie d  by two su cc e ss iv e  c e n tr i fu g a t io n s  in  

CsCl/EtBr d e n s ity  g ra d ie n ts  as d esc rib ed  in  C hapter 2 . The s p e c i f ic  

a c t i v i t y  of th e  f i n a l  pLG221 DNA i s o la te  was 433 cpm ng ^ , and from the  

s p e c i f ic  a c t i v i t y  o f DNA e x tra c te d  from the  chromosomal band o f th e  f i r s t  

g ra d ie n t ,  i t  i s  c a lc u la te d  th a t  about 33 ng o f pLG221 was reco v ered  by th i s  

p ro ced u re . This compares w ith alm ost lOOng o f plasm id DNA c o lle c te d  from 

th e  f i r s t  g ra d ie n t ,  and the  lo s s  i s  a t t r ib u te d  to breakage o f CCC DNA as 

a r e s u l t  o f m echanical fo rce s  e n ta i le d  by th e  second c e n tr i fu g a t io n  

p ro ced u re .

The la b e l le d  plasm id  DNA was sh ea red , and used in  re s is so c ia tio n  

experim ents to  determ ine the  homology o f  pLG221 w ith  BW86 chromosomal DNA 

(T able 3 -5 )•  In  th e  homologous re a c t io n ,  88% re a s s o c ia t io n  was ach ieved  

a g a in s t  u n la b e lle d  pLG221 DNA prepared  by th e  method o f Uemura and 

M izobuchi ( 1982) ,  w h ils t  only 1.2?^ homology was d e te c te d  w ith  BW86 

chromosomal DNA. This low e x ten t o f homology was confirm ed ind ep en d en tly

by the  r e a s s o c ia t io n  o f th y m in e -lab e lled  BW86 DNA and u n la b e lle d  pLG221 

DNA (T able 3 - 5 ) » which estim ated  th e  homology between th e se  two DNA 

sp e c ie s  a t  on ly  2.7% . These v a lu es  a re  in  agreem ent w ith  th e  2.0% homo

logy  between C olIb-P9 and the E .c o l i  chromosome re p o rte d  by Isaacso n  and 

Konisky (1974a) u s in g  a f i l t e r  h y b r id is a t io n  method, and w ith  th e  0.7%



Table 3-3 î Reassociation of labelled pLG221 and BW86 bacterial

DNA with unlabelled DNAs

la b e l le d  DNA U n lab e lled  DNA

pLG221 BW86 salmon sperm

pLG221 87.8  -  29.0 1 .2  Î  0 .7 0 .0  - 0 .6

BW86 2 .7  -  2 .6 91 .9  -  2 .5 0 .0  - 1.1

H y b rid isa tio n  m ix tures c o n s is te d  o f 2#3 ng o f  sheared  denatured  

j^^njthymine la b e l le d  DNA and 2*3|ig o f sheared  denatured  u n la b e lle d  DNA 

in  0 .1 ml o f 0.42M NaCl. Follow ing in c u b a tio n  a t  th e  amount o f

T C A -precip itab le  la b e l le d  DNA rem aining in  m ix tu res  a f t e r  trea tm en t w ith  

SI n u c lease  was determ ined . Assays were perform ed in  t r i p l i c a t e ,  and 

d a ta  have been c o rre c te d  fo r the s in g le -  and d o u b le -s tran d ed  c o n tro l 

v a lues o f 4% and 9^  re s p e c tiv e ly , as d e sc rib ed  fo r  ta b le  5 -4 .
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r e a s s o c ia t io n  between the  c lo s e ly - r e la te d  p lasm id  Rl44 (which sh ares  8^  

homology w ith  C olIb-P9; Crosa e t  a l # , 1973) and E .c o l i  DNA measured by 

the  SI n u c lease  method by B arth  and G rin te r  (1973)#

3#8 D iscussion

I t  was dem onstrated  in  the  p rev ious c h ap te r  th a t  th e  DNA prim ase 

s p e c if ie d  by C olIb-P9 in  donor c e l l s  was re s p o n s ib le  fo r  the  i n i t i a t i o n  o f 

complementary s tra n d  s y n th e s is  o f th e  plasm id in  r i f a m p ic in - tr e a te d  dnaG 

re c ip ie n ts #  Presum ably, e i th e r  o lig o r ib o n u c le o tid e  p rim ers o r th e  p rim er- 

g e n e ra tin g  enzyme i t s e l f  i s  tra n sm itte d  to  th e  r e c ip ie n t  bacte rium  to 

promote th i s  DNA sy n th es is#  The r e s u l t s  in  th i s  ch ap te r su p p o rt th e  n o tio n  

o f th e  t r a n s f e r  o f the  enzyme, r a th e r  than  i t s  p roduct o f r e a c t io n ,  a lthough  

concom itant RNA tr a n s f e r  caumot be d isco u n ted . P rev ious a ttem p ts  to  

examine th e  p o s s ib i l i t y  o f p ro te in  t r a n s f e r  du ring  co n ju g a tio n  (S ilv e r  

and O zeki, 1962; S i lv e r ,  1963; S i lv e r  e t  a l . , 1965) invo lved  th e  s p e c i f ic  

l a b e l l in g  o f d o n o r-sp e c if ie d  p ro te in s  and l y s i s  by phage T6 to  i s o la t e  

donor o r r e c ip ie n t  c e l l s  a f t e r  m ating . This method proved in c o n c lu s iv e  

due to  th e  l im i t  o f re s o lu t io n  o f th e se  types o f experim en ts, b u t i t  was 

e s ta b lis h e d  th a t  n o t more than 0.3% o f t o t a l  c e l l u l a r  p ro te in  o r RNA was 

t r a n s fe r r e d  from donor c e l l s  o f ColIb-P9 (S ilv e r  and O zeki, 1962). This 

corresponds to an amount o f  p ro te in  roughly  e q u iv a len t to 60% of th e  DNA 

t r a n s fe r r e d  to r e c ip ie n t s  in  th e se  experim en ts, and so does n o t r u le  o u t 

a  s e le c t iv e  t r a n s f e r  o f p ro te in s  d i r e c t ly  invo lved  in  th e  c o n ju g a tiv e  

p ro c e ss .

In  keeping w ith  th i s  h y p o th e s is , th e  a d d it io n a l  DNA s y n th e s is  

observed in  u n ir r a d ia te d ,  compared to UV i r r a d ia te d ,  dnaG r e c ip ie n t s  o f  

pLG221 (F ig u re  5-1) i s  a t t r ib u te d  to  th e  re scu e  o f dnaG-d e f ic ie n t  

chromosomal DNA sy n th e s is  by a tr a n s fe r r e d  p rim er-g en e ra tin g  enzyme from
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th e  donor c e l l .  The s ig n if ic a n c e  o f th i s  reco v ery  can be a sse ssed  more 

e a s i ly  i f  we co n sid e r th a t  1,200  cpm p er ml o f  m ating m ixture corresponds 

to  th e  sy n th e s is  o f about 31x10^ d a lto n s  o f s in g le -s tra n d e d  DNA in  each 

r e c ip ie n t  c e l l  under th e se  co n d itio n s  (B oulnois and W ilk ins, 1979)*

S ince alm ost 48,000 cpm per ml was d e tec te d  in  th e  u n ir r a d ia te d  m ating 

d e sc rib e d  in  F igure  3 -1 , th e  average r i f a m p ic in - t r e a te d ,  dnaG r e c ip ie n t  

sy n th e s is e d  about 1.24x10^ d a l o f s in g le -s tra n d e d  DNA in  1 hour o f m ating. 

This f ig u re  i s  e q u iv a len t to  about 3i800 Kb o f s in g le -s t ra n d e d  DNA, enough 

to  sy n th e s is e  35 complementary s tra n d s  o f pLG221 o r to  r e p l ic a te  about 48% 

of an E .c o l i  chromosome.

S ince  co n ju g a tiv e  DNA sy n th e s is  in  UV i r r a d ia te d  r e c ip ie n t s  re p re se n ts  

th e  sy n th e s is  o f complementary s tra n d s  o f p lasm id  DNA (C hapter 4 ) ,  the  

a d d i t io n a l  DNA sy n th e s is  d e tec te d  in  eq u iv a len t m atings u sin g  u n ir r a d ia te d  

r e c ip ie n t s  p ro v ides an e stim ate  o f th e  amount o f  chromosomal r e p l ic a t io n  

o c cu rrin g  in  th e se  c e l l s .  However, fo r  an a c c u ra te  e s tim a tio n  th e  e f f e c t  

o f UV on the  r e c ip ie n t  s t r a in s  a b i l i t y  to  re c e iv e  plasm id DNA must be taken  

in to  acco u n t. A lthough UV tre a te d  b a c te r ia  can a c t  as r e c ip ie n t s  o f F 

(F r ie f e ld e r  and F riefé-1 k e r, 1968; Falkow e t  a l . , 1971; W ilkins and Hollom, 

1974), R1-d rd -19  (H e rsch f ie ld , 1973) R l44drd-3  (B oulnois and W ilk ins, 1979) 

and C olIb-P 9drd-1 (B oulnois e t  a l . , 1979; th i s  t h e s i s ) ,  and no change

in  c e l l  w all o r o u te r  membrane com position i s  d e te c ta b le  u n t i l  s e v e ra l  

hours a f t e r  i r r a d ia t io n  (H e rsch fie ld , 1973), i t  was a lso  shown th a t  UV 

tre a tm e n t e q u iv a len t to  th a t  used in  my experim ents halved  the amount o f 

F lac  DNA tra n s fe r re d  to r e c ip ie n ts  (B ou lno is, I 98O).

The measurements o f DNA t r a n s f e r  g iven  in  Table 5-1 dem onstrate  

th a t  i r r a d ia te d  r e c ip ie n t s  rece iv ed  11% le s s  p lasm id DNA than  th e  

co rresp o n d in g ly  u n ir r a d ia te d  c e l l s .  Together w ith  the  d a ta  o f F ig u re  5 -1 ,
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th e se  r e s u l t s  p re d ic t  th a t  th e  p ro p o rtio n s  o f plasm id and chromosomal DNA 

sy n th e s ise d  in  u n ir r a d ia te d ,  r i f a m p ic in - t r e a te d  dnaG r e c ip ie n t s  o f pLG221 

a re  J>'\% and 699̂  re s p e c t iv e ly  a f t e r  1 hour o f m ating . Thus, the  average 

u n ir r a d ia te d  r e c ip ie n t  sy n th es ised  about e lev en  complementary s tra n d s  o f 

pLG221 and r e p l ic a te d  over 1.3x10^ Kb ('^  3 ^ )  o f the  duplex b a c te r ia l  

chromosome in  th i s  tim e . The p ro p o r tio n s  o f c o n ju g a tiv e ly -sy n th e s ise d  

plasm id  and chromosomal DNA a re  supported  by th e  independent r e s u l t s  

o b ta in ed  u sin g  DNA-DNA re a s s o c ia t io n  experim ents (T able 5 -4 ) .  DNA 

is o la te d  from th e se  r e c ip ie n t s  was shown to  p o ssess  homologies o f 24% 

and 69% w ith  pLG221 and BW86 DNAs, r e s p e c t iv e ly .  This measurement i s  n o t 

com plicated  by s ig n i f ic a n t  homology between pLG221 and th e  E .c o li  

chromosome (T able 5 -5 )•  S im ila r  experim ents were n o t perform ed u s in g  DNA 

from UV tr e a te d  dnaG re c ip ie n t s  as h y b r id is a t io n  p robe, s in c e  i t  was found 

in  i n i t i a l  experim ents th a t  th e  s p e c i f ic  a c t i v i t y  o f th i s  DNA was reduced , 

presum ably due to th e  low er le v e l s  o f  DNA sy n th e s is  in  th e se  c e l l s ,  thus 

in c re a s in g  th e  s ig n if ic a n c e  o f the  background p a re n ta l  c o n tro l v a lu e s .

The major te c h n ic a l  problem encountered in  the  course  o f th ese  

experim ents was th e  i s o la t io n  o f  s u f f i c i e n t  q u a n t i t ie s  o f chromosome-free 

pLG221 DNA fo r  use  as th e  u n la b e lle d  component in  r e a s s o c ia t io n  m ix tu re s . 

P re p a ra tio n s  o f pLG221 and C o lIb -?9 , b u t n o t F o r  Rl44 showed evidence o f  

d eg rad a tio n  o f DNA when is o la te d  u s in g  methods in v o lv in g  low c o n ce n tra tio n s  

o f  EDTA. The methods o f  Hanse-n and O lsen (1978) and Uemura and Mizobuchi 

( 1982) were s u c c e ss fu l in  y ie ld in g  s ta b le  p lasm id DNA, presum ably s in c e  

they  u se  lOOmM EDTA o r th e  p resence  o f  s a rk o sy l to  i n h ib i t  n u c lea se -  

m ediated d eg rad a tio n  o f sam ples. I t  th e re fo re  appeared th a t  ColIb-P9 

m ight encode a p la sm id -sp e c if ie d  endonuclease. Support fo r  th is  

su g g es tio n  was d e riv ed  from the  a n a ly s is  o f a bank o f Tn^ in s e r t io n s  in
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C olIb-P9 c re a te d  fo r  an o th er p ro je c t  (C. C o rk e r) . Screen ing  by agarose  

g e l e le c tro p h o re s is  o f sm a ll-s c a le  DNA p re p a ra t io n s  made in  th e  p resence  

o f low EDTA c o n ce n tra tio n  rev ea led  th a t  many o f th e  Tn^ in s e r t io n s  

c re a te d  a phenotype th a t  does n o t promote th e  d eg rad a tio n  o f plasm id DNA 

in  sam ples. This h igh  p ro p o rtio n  may in d ic a te  th a t  the  gene re sp o n s ib le  

fo r  DNA breakdown i s  p a r t  o f a la rg e  operon, perhaps analogous to  the  la rg e  

t r a n s f e r  opérons o f F (Manning and Achtman, 1979) o r  RP4 (B arth  e t  a l . , 

1978) .  I t  was su b sequen tly  re p o rte d  by Winans and Walker ( 1983) th a t  

some b a c te r i a l  plasm ids encode endonucleases which a re  r e s i s t a n t  to  low 

c o n c e n tra tio n s  o f EDTA. Out o f 27 p lasm ids examined by th e se  a u th o rs , 

tw elve, in c lu d in g  C olIb-P9, R64 and Rl44 d rd -3 , were shown to  be a s s o c ia te d  

w ith  such an enzyme.

The c lo se  agreem ent between DNA-DNA h y b r id is a t io n  experim ents and 

th e  comparison o f le v e ls  o f DNA sy n th e s is  in  UV tr e a te d  and u n tre a te d  

r e c ip ie n t s  in  e lu c id a tin g  the  p ro p o rtio n s  o f  plasm id and chromosomal DNA 

sy n th e s ise d  in  dnaG r e c ip ie n ts  v a l id a te s  th e  use o f  th e  l a t t e r  method as 

a ra p id  and a c c u ra te  system to  in v e s t ig a te  the  requ irem en ts  fo r  the  

recovery  o f chromosomal r e p l ic a t io n .  This approach i s  used in  th e  n ex t 

ch a p te r  to  in v e s t ig a te  the  n a tu re  o f th i s  p ro c e ss , and to  re s o lv e  the  

p rim er-g en e ra tin g  enzyme th a t  i s  su p p lied  by th e  donor c e l l  to  m ediate 

th i s  re co v ery .
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CHAPTER 6

Requirem ents fo r  th e  recovery  o f chromosomal DNA sy n th e s is  in  mated 

r i f a m p ic in - t r e a te d  dnaG r e c ip ie n t  c e l l s

*I ask  the  re a d e r  to  remember th a t  what i s  most obvious may be 

most worth o f a n a ly s is .  F e r t i l e  v i s ta s  may open o u t when 

commonplace f a c ts  a re  examined from a f r e s h  p o in t o f v iew .'

L .L . Whyte.

6.1 In tro d u c tio n

I t  was dem onstrated in  th e  p rev ious c h a p te r  th a t  dnaG b a c te r ia  were 

a b le  to  reco v er l im ite d  a b i l i t y  to  s y n th e s is e  chromosomal DNA when used 

as r e c ip ie n t s  d u ring  m atings w ith  dna^ donors o f th e  In c ia  p lasm id pLG221. 

This co n c lu s io n , drawn from measurements o f  co n ju g a tiv e  DNA sy n th e s is  in  

r i f a m p ic in - tr e a te d  dnaG3 r e c ip ie n t  c e l l s ,  was confirm ed by DNA-DNA r e 

a s s o c ia t io n  a n a ly s is  o f % th y m in e -lab e lled  DNA is o la te d  from BW86 ( thyA, 

dnaG3, uvrB) b a c te r ia  mated w ith  tdk  dna^ rpoB donors o f pLG221. In  o rd e r 

to  account fo r  th i s  o b se rv a tio n , i t  was proposed th a t  a  d o n o r-sp e c if ie d  

p rim e r-g en e ra tin g  enzyme, a b le  to  s u b s t i t u te  fo r  d e fe c tiv e  dnaG3 p ro te in  in  

th e  i n i t i a t i o n  o f d isco n tin u o u s b a c te r ia l  DNA r e p l ic a t io n ,  was t r a n s fe r r e d  

to  r e c ip ie n t  c e l l s .

In  th i s  c h ap te r I  s h a l l  examine the  req u irem en ts  fo r  reco v ery  of 

chromosomal DNA sy n th e s is  in  mated dnaG r e c ip ie n t s .  The approach taken  

made use  o f measurements o f co n ju g a tiv e  DNA sy n th e s is  in  UV i r r a d ia te d  and 

u n ir r a d ia te d  dnaG r e c ip ie n t s ,  s in c e  i t  was dem onstrated  in  c h ap te r  5 th a t  

s u b tra c t io n  o f th e  amounts o f co n ju g a tiv e  DNA sy n th e s is  d e te c te d  in  UV
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t r e a te d  r e c ip ie n ts  from th a t  o c cu rrin g  in  u n ir r a d ia te d  c e l l s  i s  a  v a l id  

method o f  e s tim a tin g  th e  p ro p o rtio n  o f chromosomal DNA la b e l le d  in  the  

l a t t e r  r e c ip ie n t s .  Allowance must be made fo r  th e  11% re d u c tio n  in  DNA 

t r a n s f e r  to  i r r a d ia te d  b a c te r ia  (T able 5 - l ) ,  b u t a s  th e  same r e c ip ie n t  

s t r a i n  (BW86) i s  used throughout th e  experim ents d esc rib ed  in  th i s  c h a p te r , 

th i s  f a c to r  may be expected to  rem ain a  c o n s ta n t fo r  th i s  s e t  o f r e s u l t s .

The d a ta  o b ta in ed  u sin g  th i s  method in d ic a te  th a t  recovery  o f  

chromosomal r e p l ic a t io n  i s  dependent on a fu n c tio n a l co n ju g a tio n  system , 

s in c e  in h ib i t io n  o f DNA t r a n s f e r  to  r e c ip ie n ts  c a rry in g  a c loned  e n try

ex c lu s io n  ( eex) gene o f C olIb-P9 caused a correspond ing  re d u c tio n  o f DNA

s y n th e s is  in  b o th  UV i r r a d ia te d  and u n ir r a d ia te d  r e c ip ie n t s .  Although 

experim ents have u t i l i z e d  r i f a m p ic in - r e s i s ta n t  dna^ donors o f pLG221 to  

maximise le v e ls  o f  co n ju g a tiv e  DNA s y n th e s is ,  recovery  does n o t appear to  

in v o lv e  th e  t r a n s f e r  o f e i th e r  b a c te r ia l  prim ase o r RNA polym erase from 

donor c e l l s .  The o b se rv a tio n  th a t  donors h arbou ring  th e  Sog plasm id 

pLG250 were unable  to  r e s to r e  DNA s y n th e s is  in  dnaG r e c ip ie n t  c e l l s  

im p lic a te s  plasm id prim ase as th e  enzyme i n i t i a t i n g  th e  recovery  p ro c e ss .

6 .2  4naG p ro te in  o f donor c e l l s  i s  n o t re sp o n s ib le  fo r  th e  reco v ery  o f

chromosomal DNA sy n th e s is  in  mated dnaG3 r e c ip ie n t  c e l l s

C onjugative  DNA sy n th e s is  in  UV i r r a d ia te d  and u n ir r a d ia te d  dnaG 

r e c ip ie n t s  du ring  r if a m p ic in - t r e a te d  m atings w ith  dnaG donor c e l l s  o f 

pLG221 i s  d e sc rib ed  in  F igu re  6 -1 . I t  has been shown p re v io u s ly  (B oulnois 

and W ilk ins, 1979) th a t  a 10 min in c u b a tio n  p e rio d  a t  4l°C i s  s u f f i c i e n t  

to  in a c t iv a te  b a c te r ia l  prim ase a c t i v i t y  in  te m p e ra tu re -se n s itiv e  BW86 

( dnaG3) m utants and th i s  i s  confirm ed by th e  sm all amount o f  DNA sy n th e s is  

d e te c te d  in  th e  unmated c e l l s  in  F ig u re  6 -1 . BW101 donor b a c te r ia  c a r ry



Figure 6-1 : Effect of UV irradiation on conjugative DNA synthesis in

r if a m p ic in - tr e a te d  dnaG3 r e c ip ie n t s  d u rin g  m atings w ith

dnaG3 donors o f  pLG221

BW101 (pLG22l) was mated w ith  r i f a m p ic in - s e n s i t iv e  BW86 r e c ip ie n t s  

a t  4l°C in  th e  p resence  o f thymine (0 .3  |iCi pg and r ifa m p ic in

(lOOjigml ^ ) .  R ec ip ie n t b a c te r ia  were e i th e r  i r r a d ia te d  w ith  400Jm ^ o f

UV l i g h t  im m ediately p r io r  to  m ating ( • )  o r l e f t  u n tre a te d  ( o ) .  Samples

(0 .5  ml) from m ating m ix tures were taken  in to  TCA, and insolum ble ra d io -
s

a c t i v i t y  determ ined . C on tro l m ix tu res , consijting  o f  p a re n ta l  s t r a i n s ,  

were incubated  s e p a ra te ly , and t r e a te d  as fo r  m ating c u l tu r e s .  A ll 

c o n tro l v a lu e s , w ith  th e  excep tion  o f u n ir r a d ia te d  r e c ip ie n t s ,  were l e s s  

than  300 cpm ml  ̂ a f t e r  1h o f in c u b a tio n . U n trea ted  BW86 p ro g re s s iv e ly

thymine to  a  v a lu e  o f 1,400 cpm ml \  R esu lts  a rein co rp o ra ted

p re sen te d  a f t e r  s u b tra c t io n  o f the  c o n tro l v a lu e s .
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th e  same dnaG^ m utation  as BW86 , s in c e  a l l  dnaG3 s t r a in s  used in  th i s  

th e s is  were de riv ed  from the  a n c e s tr a l  s t r a i n  NY73 i and so bo th  peurental 

c u ltu re s  were h e ld  a t  41°C fo r  10 min im m ediately p r io r  to  m ating to  

ach ieve  in a c t iv a t io n  o f b a c te r ia l  p rim ase.

F ig u re  6-1 shows th a t  th e  r e l a t i v e  amounts o f c o n ju g a tiv e  DNA 

s y n th e s is  in  UV i r r a d ia te d  and u n ir r a d ia te d  dnaG r e c ip ie n ts  mated w ith  

BW101 donor c e l l s  a re  s im ila r  to  those  o b ta in ed  w ith  dna^ donors (F ig u re  

3- 1)1 w ith  approxim ately  f iv e - f o ld  more s y n th e s is  d e te c te d  in  th e  un

i r r a d ia te d  r e c ip ie n t s .  However, i t  should  be no ted  th a t  th e  a b so lu te

amounts o f thymine in c o rp o ra te d  by BW86 r e c ip ie n t s  in  th e se  two s e t s  

o f  experim ents d i f f e r .  I r r a d ia te d  and u n ir r a d ia te d  r e c ip ie n t  c e l l s  in  

m atings w ith  dnaG donors in c o rp o ra te d  approxim ate ly  69^ and 35^ r e s p e c t iv e ly  

o f th e  r a d io a c t iv i ty  measured in  eq u iv a len t m atings w ith  dna^ donors.

The dnaG3, rpoB donor s t r a i n  BW101 used in  F ig u re  6-1 was d e riv ed  from 

BW82 ( dnaG3, td k ) by s e le c t io n  on n u t r i e n t  ag ar c o n ta in in g  r ifa m p ic in  

(lOOiigml”̂ ^), and pLG221 in tro d u ced  in to  4 p u r i f ie d  c lones by co n ju g a tio n  

w ith  BW98 .  A ll fo u r BW101 (pLG22l) s t r a in s  grew more s low ly  th an  BW82 

(pLG22l) o r BW96 (pLG22l) a t  th e  p e rm issiv e  tem peratu re  o f 31°C in  bo th  

L u ria  b ro th  and th e  sa lts -g lu co se -ca sam in o  a c id s  (SGC) medium used in  th e se  

co n ju g a tiv e  DNA s y n th e s is  experim en ts, each e x h ib it in g  a  d o u b lin g -tim e  o f 

about 1h 35 min in  m id-exponen tia l growth p h ase . This c o n tr a s ts  w ith  

m ass-doubling tim es o f 30 min and 1h fo r  BW96 (pLG22l) and BW82 (pLG22l) 

a t  31°C, and su g g es ts  th a t  th e  a b i l i t y  o f BW101 (pLG22l) to  su p p o rt a 

normal r a t e  o f DNA r e p l ic a t io n  a t  th e  m ating tem peratu re  o f  4l°C i s  im p a ired . 

S ince i t  i s  re a so n ab le  to  assume th a t  slow -grow ing donor b a c te r ia  w il l  

show reduced f e r t i l i t y  compared to  fa s t-g ro w in g  c e l l s ,  th e  low er le v e l s  o f 

DNA sy n th e s is  d e te c te d  in  F ig u re  6-1 a re  a t t r ib u te d  to  th e  p h y s io lo g ic a l
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s t a t e  o f  BW101 (pLG22l) donor c e l l s .  Thus, i t  i s  in fe r r e d  from th e  r e s u l t s  

in  F ig u re  6-1 th a t  recovery  o f chromosomal DNA sy n th e s is  by r e c ip ie n t s  does 

n o t r e q u ire  th e  a c t i v i t y  o f dnaG p ro te in ,  su p p lie d  e i th e r  by the  r e c ip ie n t  

o r th e  donor bacterium #

6 .3  Recovery o f  chromosomal DNA sy n th e s is  in  r if a m p ic in - tr e a te d  dnaG

r e c ip ie n t  c e l l s  re q u ire s  th e  a c t i v i t y  o f plasm id DNA prim ase produced

in  th e  donor bacterium

Use o f  th e  Sog plasm id pLG230 in  c o n ju g a tiv e  DNA sy n th e s is  experim ents 

w ith  UV tr e a te d  and u n tre a te d  dnaG r e c ip ie n t  c e l l s  (F ig u re  6-2) reduced 

thymine in c o rp o ra tio n  in  bo th  types o f  r e c ip ie n t s  to  r e s id u a l  l e v e l s ,  

com parable to  the  v a lu es  a t ta in e d  by s e p a ra te ly  incubated  c u ltu re s  o f BW86# 

These r e s u l t s  show th a t  the  p resence  o f a fu n c tio n a l sog gene i s  re q u ire d  

fo r  th e  recovery  p ro c e ss . However, i t  rem ains p o s s ib le  th a t  th e  reco v ery  

i s  m ediated by plasm id prim ase made in  r e c ip ie n t  c e l l s  fo llow ing  plasm id 

t r a n s f e r ;  th i s  m ight be e f fe c te d  by re s id u a l  a c t i v i t y  o f th e  RNA polym erase 

in  the  r if a m p ic in - tr e a te d  c e l l s ,  o r by th e  t r a n s f e r  o f d ru g - r e s is ta n t  

enzyme from the  rpoB donors. These p o s s i b i l i t i e s  were pursued by the  

in tro d u c tio n  o f th e  n o n -m o b ilisab le  pBR325-based Sog"*” plasm id pLG213 in to  

BW96 (pLG250) donor c e l l s .  P rev ious experim ents (C hapter 3 ) have shown th a t  

th i s  p lasm id  i s  t r a n s fe r r e d  during  co n ju g a tio n  a t  th e  low frequency o f 

about 10”^ , which may be regarded  as in s ig n i f ic a n t  fo r  th e  purposes 

o f  co n ju g a tiv e  DNA sy n th e s is  experim en ts. This c o - t r a n s fe r  o f pLG213 w ith  

pLG221 presum ably r e f l e c t s  recA -m ediated fo rm ation  o f c o in te g ra te s  o f  th e  

two p la sm id s, perhaps u t i l i s i n g  the  reg io n s  o f homology sh ared  by th e i r  

r e s p e c tiv e  sog genes, s in c e  c o - t r a n s fe r  was n o t d e tec te d  during  e q u iv a len t 

m atings w ith  recA donors (C hapter ? ) •



Figure 6-2 : Measurements of conjugative DNA synthesis in UV irradiated

and unirradiated dnaG recipients of pLG250

BW96 donors o f the  Sog l a  plasm id pLG230 were mated w ith  e i th e r  UV 

t r e a te d  (#) o r  u n ir r a d ia te d  (o) BW86 r e c ip ie n t s  in  th e  p resence  o f 100 

ligml  ̂ o f r i f a m p ic in . The m ating co n d itio n s  and p rocedure  used fo r  th e se  

experim ents were as d esc rib ed  fo r  F igu re  6 -1 . P a re n ta l  c o n tro l m ix tu res 

fo r  each m ating were in cu b ated  s e p a ra te ly , and in c o rp o ra te d  about 400 

cpm ml  ̂ a f t e r  1h, w ith  th e  excep tion  o f u n ir r a d ia te d  BW86 ( l ,4 0 0  cpm 

ml ^ ) .  These v a lu es  have been s u b tra c te d  from th e  p re sen te d  d a ta .  As 

a p o s i t iv e  c o n tro l ,  BW96 (pLG22l) was mated w ith  i r r a d ia t e d  BW86 (A ).
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The r e s u l t s  d esc rib ed  in  F ig u re  6-3a fo r  experim ents u sin g  BW96 

(pLG250 , pLG215) donor c e l l s  in  r i f a m p ic in - tr e a te d  m atings in d ic a te  th a t  

th e  p resen ce  o f th e  Sog^ recom binant plasm id i s  a b le  to  complement th e  in 

a b i l i t y  o f pLG250 to  r e c t i f y  dnaG-d e f ic ie n t  chromosomal DNA sy n th e s is  in  

BW86 r e c ip ie n t s .  This fin d in g  su p p o rts  th e  conclusion  d eriv ed  from F ig u re  

6-2 th a t  an in t a c t  sog gene i s  re q u ire d  fo r  th e  recovery  p ro c e ss . F u r th e r

more, s in c e  the  p resence  o f th i s  gene i s  re q u ire d  only in  th e  donor s t r a i n  

in  such m atings, i t  i s  im plied  th a t  recovery  does no t proceed by 

t r a n s c r ip t io n  o f co p ies o f sog tr a n s fe r r e d  to  r e c ip ie n t s ,  e i th e r  by the  

a c t i v i t y  o f r i f a m p ic in - r e s is ta n t  RNA polym erase tr a n s fe r re d  from the  rpoB 

donors, o r th e  h y p o th e tic a l r e s id u a l  a c t i v i t y  o f th e  r e c ip ie n t  drug- 

s e n s i t iv e  enzyme. Thus, th ese  r e s u l t s  in d ic a te  th a t  t r a n s f e r  o f plasm id 

prim ase sy n th es ised  in  the  donor c e l l ,  r a th e r  than th e  tran sm iss io n  o f i t s  

s t r u c tu r a l  gene, i s  re q u ire d  fo r  dnaG-independent chromosomal DNA r e p l ic a t io n  

by r e c ip ie n t  b a c te r ia .

Experim ents s u b s t i tu t in g  the  Sog^ plasm id pLG2l4 fo r  pLG215 iu  donor 

c e l l s  (F ig u re  6-3b) r e in fo rc e  the  above co n c lu s io n s , as they  a lso  demon

s t r a t e  the  sy n th e s is  o f chromosomal DNA in  u n ir r a d ia te d  r e c ip ie n t s .  

pLG2l4 has been d esc rib ed  in  C hapter 3» i t  c a r r ie s  a d e le t io n  m utation  in  

th e  cloned  sog gene, which r e s u l t s  in  th e  p ro d u c tio n  o f a tru n c a ted  prim ase 

th a t  i s  about one th i r d  o f the  normal s iz e  and i s  more a c t iv e  than the  

w ild -ty p e  enzyme in  d isco n tin u o u s b a c te r ia l  DNA r e p l ic a t io n .  The a d d it io n a l  

DNA sy n th e s is  d ep ic ted  in  F igu re  6-3b compared w ith  th a t  in  F igu re  6-3a 

th e re fo re  confirm s th a t  plasm id prim ase i s  th e  enzyme engaged in  r e c ip ie n t  

chromosomal DNA s y n th e s is .  I t  a lso  in d ic a te s  th a t  t r a n s f e r  o f on ly  a  low 

m olecu lar w eight form o f p lasm id prim ase i s  re q u ire d  fo r  th e  prim ing re a c t io n  

on th e  r e c ip ie n t  chromosome.



F ig u re  6-3 * Gon.jugative DNA sy n th e s is  d u ring  pLG230-mediated m atings 

in v o lv in g  th e  p resence  o f Sog^ recom binant plasm ids in  

donor c e l l s

BW96 donors o f pLG250 c o n ta in in g  e i th e r  (a) th e  Sog^ recom binant 

p lasm id pLG215 o r (b) the  Sog'*' recom binant pLG2l4 were mated w ith  un

i r r a d ia te d  (o) and ÜV t r e a te d  ( • )  BW86 r e c ip ie n t s  a t  4l°C in  th e  p resence

-1 -1o f r ifa m p ic in  (lOO^igml ) and C thymine (0 .3  tiCi p.g ) .  C on jugatively - 

o c cu rrin g  DNA s y n th e s is  in  r e c ip ie n ts  was measured as b e fo re  (F ig u re  6 -1 ) . 

R e su lts  a re  p re sen ted  a f t e r  s u b tra c t io n  o f s e p a ra te ly - in c u b a te d  p a re n ta l

c o n tro l v a lu e s , which, a f t e r  1h a t  4l°C were approx im ate ly  as fo llo w s:

-1  -1  donors; 30 cpm ml ; UV i r r a d ia te d  r e c ip ie n t s  120 cpm ml ; u n ir r a d ia te d

r e c ip ie n t s  IO3O cpm ml Donor s t r a in s  were grown p r io r  to  m ating in  the

presence  o f te t r a c y c l in e  (7 .3  hgml to  s e le c t  fo r  th e  p resence  o f 

pBR323-based Sog"*" recom binant p la sm id s . The a n t ib io t i c  was removed 

im m ediately befor^i th e  o n se t o f m ating by sed im en ta tio n  and g e n tle  r e 

suspension  o f c e l l s  in  SGG medium.
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6.4  DNA t r a n s f e r  i s  re q u ire d  fo r  the  t r a n s f e r  o f plasm id prim ase to  

r e c ip ie n t  c e l l s

The presence  o f the  pBR325-based recom binant plasm id pLG252, which 

c a r r ie s  a  cloned e n try  ex c lu sio n  gene from C olIb-P 9 d rd -1 , in  r ifa m p ic in  

t r e a te d  r e c ip ie n t  b a c te r ia  has been shown s ig n i f i c a n t ly  to  reduce DNA 

t r a n s f e r  (Table 5“ l)«  Measurement, o f co n ju g a tiv e  DNA sy n th e s is  in  bo th  

UV t r e a te d  and u n tre a te d  BW86 (pLG252) r e c ip ie n t  c e l l s  under the  same 

m ating c o n d itio n s  i s  d esc rib ed  in  F ig u re  6 -4 , and th e  d a ta  show th a t ,  i f  

DNA t r a n s f e r  i s  ab o lish ed  by an e n try  ex c lu s io n  mechanism, then b o th  

p lasm id  and chromosomal DNA sy n th e s is  in  dnaG re c ip ie n t s  i s  s im i la r ly  

a f f e c te d .  Thus an e f f e c t iv e  DNA tr a n s f e r  system  i s  an o th er requ irem en t fo r  

th e  reco v ery  p ro c e ss .

6.3 D iscussion

In  o rd er to  p rov ide  a  convenien t com parison o f  r e s u l t s  d e sc rib ed  in

l4_jC thymine in c o rp o ra te d  byth i s  c h a p te r , th e  r e l a t i v e  amounts o f 

r e c ip ie n t  s t r a in s  in  th e se  experim ents a f t e r  50 min o f m ating i s  ta b u la te d  

in  Table 6- 1.  The p ro p o rtio n  o f chromosomal DNA la b e l le d  in  u n ir r a d ia te d  

r e c ip ie n t s  by th i s  tim e was c a lc u la te d  by c o r re c t in g  th e  d if fe re n c e  between 

th e  number o f counts in c o rp o ra te d  by u n ir r a d ia te d  and U V -treated  r e c ip ie n t s  

in  iso g e n ic  m atings fo r  an 119̂  d ecrease  in  DNA tr a n s f e r  to  UV damaged 

c e l l s  (T able  5 - l)«  S ince  th e  c lo se ly  r e la te d  E .c o l i  K12 s t r a in s  used were 

mated under id e n t ic a l  m ating co n d itio n s  o f  tem p era tu re , r ifa m p ic in

thym ine, th i s  form o fc o n c e n tra tio n  and s p e c i f ic  a c t i v i t y  of 

p re s e n ta t io n  should  a llow  v a lid  comparison o f th e  r e s u l t s .  The d a ta  i s  

c le a r ly  su p p o rtiv e  o f th e  h y p o th esis  th a t  reco v ery  o f r e c ip ie n t  chromosomal 

DNA s y n th e s is  by BW86 r e c ip ie n t s  (T able 6 -1 ; l i n e  l )  i s  due to  th e  t r a n s f e r  

o f p lasm id  prim ase in  an a c t iv e  form from donor c e l l s .



Figure 6-4 : Conjugative DNA synthesis in UV irradiated and unirradiated

dnaG r e c ip ie n t  b a c te r ia  co n ta in in g  a cloned  e n try  ex clu sio n

gene ( eex) o f ColIb-P9

BW96 donors o f pLG221 were mated w ith  UV tr e a te d  ( • )  and u n tre a te d  

(o) BW86 (pl/j252; Eex^) r e c ip ie n t s  fo r  1h a t  41°C in  th e  p resence o f 

r ifa m p ic in  (IOO iigml and [^^c]thymine (0 .3  |iCi |ig and DNA s y n th e s is  

in  th e se  r e c ip ie n t s  examined as desc rib ed  fo r  F igu re  6 -1 . R ec ip ie n ts  were 

grown in  th e  p resence  o f  te t r a c y c l in e  (7 .3  dgml to  s e le c t  fo r  the 

m aintenance o f pLG232, and th e  a n t ib io t ic  removed w ith  th e  exogeneous 

thymine in  th e se  c u ltu re s  p r io r  to  m ating. As a p o s i t iv e  c o n tro l ,  BW96 

(pLG22l) was mated w ith  UV i r r a d ia te d  BW86 r e c ip ie n t s  (d ) .  R esu lts  sure 

p re sen te d  a f t e r  s u b tra c t io n  o f p a ren tsil c o n tro l v a lu e s , which each 

amounted to  l e s s  than  430 cpm ml  ̂ a f t e r  60 min, w ith  th e  excep tion  o f un

i r r a d ia te d  BW86 (pLG232) which had a s s im ila te d  about 1030 cpm ml  ̂ by th is  

tim e .
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That the  p resence  o f fu n c tio n a l sog gene p roduct i s  re q u ire d  fo r  th is  

reco v ery  p rocess i s  shown by th e  d a ta  in  l i n e  3 o f  Table 6- 1o I t  i s  

ap p aren t th a t  recovery  o f r e c ip ie n t  chromosomal DNA sy n th e s is  does n o t 

in v o lv e  th e  a c t i v i t y  o f b a c te r ia l  prim ase tr a n s fe r r e d  from th e  donor ( l in e  

2 ) ,  s in c e  in s ig n i f ic a n t  counts were in c o rp o ra te d  by u n ir r a d ia te d  r e c ip ie n t s  

mated w ith  dna^ donors o f pLG230 ( l i n e  3)« Furtherm ore, s in c e  th is  

d e f ic ie n c y  can be r e c t i f i e d  by the  in c lu s io n  o f  a  n o n -m o b ilisab le  Sog^ 

recom binant plasm id in  the  donor s t r a i n  ( l in e s  4 and 5 ) » we can a lso  

conclude th a t  r i f a m p ic in - r e s is ta n t  RNA polym erase i s  n o t t r a n s fe r r e d  from 

th e  donor to  promote the  recovery  p ro cess  e i th e r  by a c tin g  d i r e c t l y  on the  

r e c ip ie n t  chromosome o r by trsu isc r ib in g  co p ies  o f sog t r a n s fe r r e d  during  

th e  m ating . Taken to g e th e r , th e se  r e s u l t s  confirm  th a t  t r a n s f e r  o f m olecules 

o f p lasm id  prim ase, in  an a c t iv e  form, r a th e r  than  of so g , i s  re q u ire d  fo r  

th e  reco v ery  o f dnaG-d e f ic ie n t  r e c ip ie n t  DNA s y n th e s is .

The r e s u l t s  a lso  allow  th e  id e n t i f i c a t io n  o f c e r ta in  p ro te in s  invo lved  

in  DNA r e p l ic a t io n  th a t  do no t appear to be t r a n s fe r re d  in  an a c t iv e  form 

d u ring  c o n ju g a tio n . As w ell as dnaG p ro te in  and RNA polym erase, the  

com parable amounts o f DNA sy n th e s is  d e te c te d  in  u n ir r a d ia te d  and UV 

i r r a d ia te d  dnaB r e c ip ie n t s  o f pLG221 ( l i n e  7) imply th a t  dnaB p ro te in  i s  

n o t t r a n s fe r r e d  during  co n ju g a tio n , s in c e  th e  p resence  o f a c t iv e  enzyme 

in  th e  donor cannot promote re scu e  o f dnaB-d e f ic ie n t  chromosomal DNA 

s y n th e s is  in  th e  r e c ip ie n t .  S im ila r ly , la c k  of co n ju g a tiv e  DNA sy n th e s is  

in  dnaE r e c ip ie n t s  o f  C olIb-P9drd-1 (W ilkins and Hollom, 1974) in d ic a te  

th a t  DNA polym erase I I I  holoenzyme a lso  cannot be tra n sm itte d  between 

m ating c e l l s .  These conclusions r e in fo r c e  th e  o p in io n , f i r s t  suggested  

by th e  upper l im i t  fo r  donor c e l l  p ro te in  t r a n s f e r  o f 0 .3 ^  (S i lv e r  and 

O zeki, 1962) ,  th a t  co n ju g a tiv e  t r a n s f e r  o f p ro te in s  must be a  s e le c t iv e  

p ro c e ss , in v o lv in g  only  s p e c if ic  m olecu les.



Table 6-1 DNA synthesis in UV irradiated and unirradiated recipient

b a c te r ia

The d e r iv a t io n  o f th e  d a ta  i s  given in  th e  d iscu ss io n  ( s e c t io n  6-5) 

to  th i s  ch ap te r and c o n d itio n s  used fo r  experim ents sure d e sc rib ed  in  

the  F igure  legends re fe re n ce d  in  column 5#

— Data re p re se n ts  DNA sy n th e s is  a f t e r  50 min o f m ating in  each 

c u l tu r e .

— Values in d ic a te  the  p ro p o rtio n  o f DNA sy n th e s ise d  in  th e  un

i r r a d ia te d  r e c ip ie n t  c e l l s  th a t  i s  e s tim ated  to  be chromosomal. 

E stim ates  s u r e  c o rre c te d  to  allow  fo r  an 119̂  decrease  in  DNA tr a n s 

f e r  to  UV tr e a te d  r e c ip ie n t s  compared to  equivsLlent u n tre a te d  m atings.

— NEG = n e g l ig ib le  chromosomal DNA sy n th e s is  in  u n ir r a d ia te d  

r e c ip ie n t s .
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S in ce  a  fu n c tio n a l co n ju g atio n  system  p e rm ittin g  th e  t r a n s f e r  o f 

plasm id  DNA i s  a p p a re n tly  n ecessa ry  fo r  the  tran sm iss io n  o f m olecules o f 

p lasm id  p rim ase , as dem onstrated by th e  absence o f DNA sy n th e s is  in  Eex* 

r e c ip ie n t s  ( l i n e  6 ) ,  i t  i s  in t e r e s t in g  to  s p e c u la te  upon th e  r e la t io n s h ip  

between DNA and p ro te in  t r a n s f e r .  One s t r a te g y  th a t  th e  plasm id could 

u t i l i s e  to  a t t a i n  th e  s e le c t iv e  t r a n s f e r  o f s p e c if ic  p ro te in s  cou ld  in v o lv e  

a ttachm en t o f th e se  p ro te in  m olecules to  th e  p lasm id DNA s tra n d  d e s tin e d  

fo r  t r a n s f e r  to  r e c ip ie n t s .  Thus on ly  DNA-binding p ro te in s  s p e c i f ic  fo r  

C olIb-P9 DNA would be tra n sm itte d  to  r e c ip ie n t  c e l l s ,  and s in c e  p lasm id 

prim ase has been shown to b ind  to  s in g le -s tra n d e d  DNA (Lanka e t  a l . , 1979), 

sog gene p roduct would be inc luded  in  th i s  g e n e ra l c la s s  of enzymes. This 

mechanism could a lso  be e x p lo ite d  to  c o n tro l th e  amount o f p ro te in  

conducted r e l a t i v e  to  the  amount o f DNA t r a n s f e r r e d ,  by th e  l im i ta t io n  o r 

s p e c i f i t y  o f  p ro te in  b ind ing  s i t e s  s p e c if ie d  by th e  plasm id DNA, and would 

presum ably r e ly  upon DNA t r a n s f e r  as th e  d r iv in g  fo rc e  fo r  t r a n s p o r ta t io n  

o f p ro te in  m olecules between th e  m ating c e l l s .

F u r th e r  c o n s id e ra tio n  o f th i s  and a l t e r n a t iv e  models, and th e  candidacy 

o f o th e r  p ro te in s  th a t  could be in c lu d ed  in  th i s  c la s s ,  i s  delayed  u n t i l  

th e  f i n a l  ch ap te r o f th i s  th e s i s ,  b u t i t  i s  im p o rtan t to  n o te  a t  th is  

s ta g e  th a t  th e  tru n c a te d  87,000 M.W. prim ase s p e c if ie d  by pLG2l4 i s  a b le  

to  promote chromosomal DNA recovery  in  r e c ip ie n t s  w ith  a  g re a te r  e f f ic ie n c y  

than  th e  pLG21$-encoded p ro te in  ( l in e s  4 and 5)# However, n e i th e r  BW96 

(pLG250, pLG2l5) nor BW96 (pLG250, pLG2l4) donors a re  a b le  to  promote 

le v e l s  o f  recovery  in  u n ir r a d ia te d  r e c ip ie n t s  equal to  th a t  achieved  by 

BW96 (pLG22l), and th i s  la ck  o f t o t a l  com plem entation by th e  recom binant 

p lasm ids may r e f l e c t  com petition  o f some k ind  between th e  m utant and w ild - 

type forms o f sog p ro te in  in  th e  re scu e  p ro c e ss . S ince p re lim in a ry
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measurements o f co n ju g a tiv e  DNA sy n th e s is  in  U V -treated  BW86 r e c ip ie n t s  

c o n ta in in g  the  Sog recom binant p lasm id pLG217 and p la sm id -fre e  BW86 c e l l s  

(C hapter 5) mated w ith  BW96 (pLG221 Sog*) donors d e tec te d  no co m petition  

between th e  two forms o f th e  enzyme in  r e c ip ie n t s  (d a ta  n o t shown), the  

f a i l u r e  o f  pLG215 and pLG2l4 to  complement f u l l y  th e  sog m uta tion  o f 

pLG250 may r e f l e c t  a  com petition  fo r  th e  h y p o th e tic a l  re c o g n itio n  s i t e s  

on th e  t r a n s fe r re d  plasm id DNA s tr a n d . The sm a lle r  s iz e  o f tru n c a ted  sog 

p ro d u c t may account fo r  the  g re a te r  e f f ic ie n c y  o f re scu e  o f chromosomal 

DNA s y n th e s is  in  mated r e c ip ie n t s  than  caused by th e  w ild -ty p e  pLG215 

p ro d u c t, s in c e  th i s  might be an advantage in  competing w ith  th e  la rg e r  

pLG 250-specified p ro te in  fo r  the  same DNA-binding s i t e s .  Thus th e  t r a n s f e r  

p ro p e r t ie s  o f p lasm id prim ase must be s p e c if ie d  by the  p o r tio n  o f  sog 

ly in g  o u ts id e  the  1 .5  Kb d e le t io n  o f  pLG2l4.

Although th e  r e s u l t s  o f t h i s ,  and th e  p reced in g  c h a p te r , in d ic a te  

p lasm id prim ase t r a n s f e r ,  they  do n o t by them selves r u le  ou t th e  p o s s ib i l i t y  

o f concom itant t r a n s f e r  o f RNA p rim ers sy n th e s ise d  in  th e  donor. S ince 

th e  p rim ers sy n th e s ise d  by plasm id prim ase in  v i t r o  com prise no more than 

about 10 r ib o n u c le o tid e s  (Lanka and F u rs te ,  1984), i t  i s  though t th a t  th e se  

would be too sm all to  be tra n sm itte d  as naked RNA-DNA d u p lex es . G il le s p ie  

( 1966) showed th a t  RNA m olecules o f  around 12 n u c le o tid e s  were re q u ire d  

fo r  e f f i c i e n t  fo rm ation  o f s ta b le  duplexes w ith  s in g le -s t ra n d e d  DNA under 

p h y s io lo g ic a l co n d itio n s  o f tem p era tu re , io n ic  s tre n g th  and pH. Thus, i f  

p rim ers a re  sy n th e s ise d  on the  tr a n s fe r r e d  s tra n d  o f pLG221 in  th e  donor, 

i t  i s  reaso n ab le  to  propose th a t  they  would re q u ire  some form o f  

s t a b i l i s a t i o n .  The p o s s ib i l i ty  o f p lasm id prim ase f u l f i l l i n g  t h i s  

fu n c tio n  has a lre ad y  been ra is e d  e a r l i e r  in  C hapter 5»
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There a re  a  number o f reasons why re scu e  o f  r e c ip ie n t  chromosomal 

DNA s y n th e s is  i s  u n lik e ly  to  be m ediated by m obile , t r a n s - a c tin g  RNA 

prim er m olecules gen era ted  by plasm id p rim ase . R e - u t i l i s a t io n  o f p rim ers 

a f t e r  th ey  have i n i t i a t e d  complementary s tra n d  sy n th e s is  would re q u ire  some 

form o f  p ro cess in g  a t  RNA-DNA ju n c tio n s , s in c e  p rim ers a re  c o v a le n tly  

a tta c h e d  to  n ascen t DNA s tra n d s  a f t e r  th e i r  ex ten s io n  by DNA polym erase from 

b o th  in  vivo (Sugino jet a l . , 1972) and in  v i t r o  (Sugino and Okazaki, 1973)# 

Thus, in  o rd e r to  prim e a second tim e, th e  p rim er o lig o r ib o n u c le o tid e  would 

have to  be c leaved  from th e  n ascen t DNA and d isp la c e d  from th e  tem p la te .

No p reced en t e x is t s  fo r  such a mechanism; in s te a d ,  p rim ers a re  thought to  

be degraded fo llow ing  ex ten sio n  by th e  ex o n u c le o ly tic  a c t i v i t i e s  o f  enzymes 

such as DNA polym erase I  o r the  gene 6 p ro te in  o f phage T7 ( I to h  and 

Tomizawa, 1978; 198O; R ichardson e t  a l . , 1979; Shinozak i and Okazaki, 1977)# 

Thus, a prim er m olecule i s  u n lik e ly  to  prim e more than  a s in g le  i n i t i a t i o n  

e v e n t. The n o tio n  o f t r a n s fe r re d  prim ers a c t in g  in  tra n s  on chromosomail 

DNA, b e fo re  they  a re  consumed in  complementary plasm id s tra n d  s y n th e s is ,  

i s  open to  c r i t ic i s m  on the  grounds th a t  th e  sm all m olecules gen era ted  by

plasm id  prim ase would be prone to  a t ta c k  by n u c leases  b e fo re  they  could

an nea l to  chromosomal tem p la te . I t  i s  a lso  worth n o tin g  th a t  th i s  scheme 

would re q u ire  homology between prim ing s i t e s  on both  pLG221 and th e  E .c o l i  

chromosome, and th a t  a t  l e a s t  a p o r tio n  o f th e  chromosome be a v a ila b le  in

a s in g le - s t r a n d  form to  allow  a s s o c ia t io n .

Only one sp e c ie s  o f  t r a n s - a c t in g  RNA m olecule has so f a r  been 

dem onstrated  to  p a r t i c ip a te  in  th e  i n i t i a t i o n  o f p lasm id DNA s y n th e s is ,  

namely th e  llObp RNAI m olecule invo lved  in  even ts  a t  th e  C0IEI o r ig in  o f  

r e p l ic a t io n  (Tomizawa and I to h ,  1982; S e lz e r  e t  a l . , 1983)# However, th i s  

RNA a c ts  on ly  in  a  re g u la t iv e  r o le  by p a ir in g  w ith  th e  RNAII m olecule, and
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i t  i s  s t r e s s e d  th a t  RNAII, and n o t RNAI, fu n c tio n s  as a  p rim er.

Furtherm ore, RNAII i s  su bsequen tly  degraded by DNA polym erase I  ( I to h  and 

Tomizawa, 1978; 1980).

I t  i s  th e re fo re  concluded th a t  plasm id p rim ase, tra n sm itte d  from the  

donor c e l l ,  i s  re sp o n s ib le  fo r  th e  prim ing o f chromosomal DNA sy n th e s is  

in  dnaG r e c ip ie n t s  o f  pLG221. F u r th e r  c o n s id e ra tio n  o f th i s  conclusion  i s  

g iven  in  C hapter 8 .
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CHAPTER 7

I s o la t io n  o f th e  o r ig in  o f t r a n s f e r  and an e n try  ex c lu sio n  gene(s) o f  

C olIb-?9drd-1

"To ex p la in  a l l  n a tu re  i s  too d i f f i c u l t  a ta sk  fo r  any 

one man o r even fo r  any one age# *Tis much b e t t e r  to  

do a  l i t t l e  w ith  c e r ta in ty ,  and le av e  th e  r e s t  fo r  o th e rs  

th a t  come a f t e r  you, than  to  e x p la in  a l l  th in g s " .

Isa ac  Newton

7.1 In tro d u c tio n

In  c o n tra s t  to  th e  p rev ious c h a p te rs , which co n cen tra ted  on th e  

involvem ent o f p lasm id prim ase in  co n ju g a tio n , th i s  f i n a l  s e c t io n  o f  r e s u l t s  

i s  concerned w ith  th e  t r a n s f e r  o r ig in  ( o r iT ) and e n try  ex c lu s io n  (Eex) 

system  o f C olIb-P 9 . These a sp e c ts  o f b a c te r ia l  co n ju g a tio n  were considered  

in  C hapter 1 . This ch ap te r th e re fo re  d e sc rib e s  a s id e  p r o je c t  i n i t i a t e d  

in  my f i r s t  y ear o f experim ental work a t  L e ic e s te r  w ith  th e  in te n t io n  o f 

i s o la t in g  recom binant p lasm ids s p e c ify in g  th e  t r a n s f e r  o r ig in  and e n try  

ex c lu s io n  system  o f C olIb-P9d rd -1 . Of p a r t i c u la r  i n te r a c t  was the  p o s s ib le

involvem ent o f  ex c lu sio n  in  t r a n s f e r  l im i ta t io n  (B oulnois and W ilk in s,

1978) .  A lthough Eex* recom binants were s u c c e s s fu lly  id e n t i f i e d ,  i t  was 

decided  th a t  e f f o r t  would be more p r o f i ta b ly  d ire c te d  towards th e  main to p ic  

o f  p lasm id p rim ase, and so th i s  h y p o th esis  was n o t t e s t e d .  However, one 

Eex* recom binant p lasm id , pLG252, proved in v a lu a b le  as  a conven ien t c o n tro l 

to  p rev en t DNA tr a n s f e r  between m ating b a c te r ia  in  experim ents concern ing  

plasm id p rimiase , and haus a lre ad y  been re fe r r e d  to  in  the  p rev io u s  r e s u l t s  

c h ap te rs  o f  th i s  th e s i s .
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An o r iT -s p e c if ic  ev en t, in  which a s in g le  n ick  i s  g en era ted  in  the  

p lasm id s tra n d  d e s tin e d  fo r  t r a n s f e r ,  i s  re q u ire d  fo r  th e  i n i t i a t i o n  o f 

DNA t r a n s f e r ,  w hile  e n try  ex c lu s io n  a c ts  to  reduce  the  a b i l i t y  o f p lasm id- 

c o n ta in in g  c e l l s  to  a c t  as r e c ip ie n t s  in  m atings w ith  donor c e l l s  

h a rb o u rin g  an id e n t ic a l  o r c lo s e ly - r e la te d  plasm id  w ith  the  same ex c lu sio n  

system . E ntry  ex c lu s io n  i s  d i s t i n c t  from plasm id  in c o m p a tib il i ty ;  i t  

a c ts  in  th e  i n i t i a l  s ta g e s  o f m ating and p re v e n ts  t r a n s f e r  o f DNA to 

r e c ip ie n t s ,  w hile  in c o m p a tib il i ty  fu n c tio n s  a f t e r  DNA t r a n s f e r  to  cause 

th e  seg re g a tio n  o f c lo s e ly - r e la te d  p lasm ids (Novick, 1969)* I t  was 

dem onstrated in  th i s  la b o ra to ry  (B oulnois and W ilk ins, 1978) th a t  a C o llb - 

P9“s p e c if ie d  p ro te in ( s )  sy n th es ised  in  n ew ly -in fec ted  r e c ip ie n t s  was 

re sp o n s ib le  fo r  l im i t in g  the  amount of plasm id DNA tra n s fe r re d  during  

m ating . This p ro te in ( s )  was proposed to  a lso  fu n c tio n  in  th e  e n try  exclu 

s io n  p ro cess  s in c e  i t  a p p a ren tly  d e stro y s  th e  competence o f tran sco n ju g an ts  

to  a c t  a s  r e c ip ie n t s .  The in h ib i t io n  o f th i s  p ro cess  by th e  use o f 

r ifa m p ic in  to  p rev en t t r a n s c r ip t io n  o f plasm id DNA in  d ru g -s e n s i t iv e  

r e c ip ie n t s  forms the  b a s is  fo r  th e  convenien t a m p lif ic a tio n  o f DNA tr a n s f e r  

used in  th e  p rev io u s  experim en tal c h a p te rs .

This ch ap te r d e sc rib e s  th e  id e n t i f i c a t io n  o f  recom binant plasm ids 

sp e c ify in g  th e  o riT  re g io n  and eex gene(s) o f C olIb-P9drd-1 from a  l i b r a r y  

o f  pBR325-based recom binant p lasm ids c a rry in g  EcoRI endonuclease

g en era ted  fragm ents o f  C olIb-P9drd-1 DNA, c o n s tru c te d  by B.M. W ilk in s. 

In d iv id u a l c lones harbouring  recom binant p lasm ids were used in  m atings 

w ith  donors o f th e  C olIb-P9drd-1 d e r iv a t iv e  pLG221, and measurement o f 

tran sco n ju g an t fo rm ation  rev ea led  th a t  th re e  o u t o f 217 such c lones 

p o sse sse s  an Eex* phenotype. Another recom binant plasm id sp e c ify in g  o riT  

was id e n t i f i e d  by th e  h igh  frequency w ith which i t  was m ob ilised  by
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pLG221 in  a  subsequent sc reen in g  p ro ced u re . The i n i t i a l  c h a r a c te r is a t io n  

and behav iou r o f th e se  plasm ids during  pLG221-mediated co n ju g a tio n  i s  

r e p o r te d .

7 .2  I s o la t io n  o f an e n try  ex c lu s io n -d e te rm in in g  DNA fragm ent and th e  o r ig in  

o f  t r a n s f e r  o f  ColIb-P9drd-1

A l i b r a r y  o f tran sfo rm an t s t r a in s  harbouring  recom binant p lasm ids was

screen ed  fo r  th e  p resence  o f th e  e n try  ex c lu s io n  gene(s) and o r ig in  o f

t r a n s f e r  o f C olIb-P9drd^1. This bank o f recom binant p lasm ids was p re v io u s ly

c o n s tru c te d  by B.M. W ilkins by the  l ig a t io n  o f EcoRI-g e n e ra te d  r e s t r i c t i o n

fragm ents o f C olIb-P9drd-1 DNA in to  th e  unique EcoRI s i t e  in  th e

chloram phenicol a c e ty l t r a n s fe ra s e  r e s is ta n c e  (Cm ) gene o f th e  v e c to r

p lasm id  pBR325 (B o liv a r , 197&)* The r e s u l t a n t  recom binant p lasm id s,

sp e c ify in g  re s is ta n c e  to  te tra c y c lin e , and a m p ic i l l in ,  were in tro d u ced  in to

th re e  s t r a in s  o f E .c o l i  K-12 (BW84, BW86 and DB56) by tra n s fo rm a tio n , and 
S R Rin d iv id u a l  Cm Tc Ap tran sfo rm an ts  i s o la te d  to  g en era te  a c lone  bank. The

fo llo w in g  s t r a te g y  (d ep ic ted  in  F ig u re  7-1) was used to  sc ree n  th i s  bank

fo r  recom binants sp e c ify in g  th e  eex gene(s) and o riT  o f C o ll .

pLG221 was mated from W31IO in to  each tran sfo rm an t s t r a i n  in  b ro th

m atings c a r r ie d  o u t in  10 ml te s t - tu b e s  as  d e sc rib ed  in  F ig u re  7-1 in  o rd e r

to  determ ine the  ex c lu sio n  phenotype o f in d iv id u a l r e c ip ie n t s .  The

frequency  a t  which tran sco n ju g an ts  were formed in  th e se  m atings was

determ ined by s p o tt in g  s e r i a l  d i lu t io n s  from each m ating m ix ture  on

a p p ro p r ia te  s e le c t iv e  media. 217 c lones were screened  in  t h i s  way, and

the  m a jo rity  y ie ld e d  tran sco n ju g an ts  a t  a frequency o f 2.14x10^ ( -  8 . 1x 

710 ) c e l l s  ml .  However, in  3 o f th e se  m atings, tran sco n jq g a n ts  a ro se  a t

4 4low er freq u e n c ie s  o f between 1. 8x10 to  3*6x10 p e r  ml and th e  recom binant



F igure  7-1 î Screen ing  p rocedure  fo r  the  id e n t i f i c a t io n  o f recom binant 

p lasm ids s p e c ify in g  Eex and o riT

Donor and r e c ip ie n t  s t r a i n s  were grown fo r  3-4  mass doublings a t  

37 and 30°C r e s p e c t iv e ly  and 0 .2  ml volumes o f each mixed and shaken 

g en tly  fo r  30 min a t  30°C. 20 |i l  sam ples o f s e r i a l  d i lu t io n s  o f m ating

m ixtures were s p o tte d  onto s e le c t iv e  agar to  q u a n tify  tran sco n ju g an t 

fo rm ation . T ranscon jugan ts g en era ted  in  m atings u sin g  W31IO (p l/j2 2 l) as 

donor were assayed  on n u t r i e n t  ag ar c o n ta in in g  thymine (20pgml "*), Sm 

(100pgml , Tc (7.3^igml and Kan (50^gral ^ ) fo r  BW84 and BW86 s t r a i n s ,  

and Tc and Kan fo r  DB56 s t r a i n s .  T ransconjugan ts is o la te d  from th e se  

m atings were su b seq u en tly  used as donors in  m atings w ith  BW97 as  r e c ip 

i e n t ,  and BW97 tra n sco n ju g a n ts  assayed  on n u t r ie n t  agar c o n ta in in g  Nal 

(30^gml"'^) and Tc. The r a t io n a le  fo r  t h i s  s t r a te g y  i s  d iscu ssed  in  

s e c tio n  7*2 .
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plasm ids harboured by th e  corresponding  r e c ip ie n t  s t r a in s  were t e n ta t iv e ly

ass ig n ed  as e x c lu s io n -p ro f ic ie n t  and d esig n a ted  pKC2, pKC3 and pKC4; pKC2

was l a t e r  re -d e s ig n a te d  as pLG252.
R RThe 217 Kan Tc tran sco n ju g an t^g en e ra ted  in  th e  above p rocedure  were 

n ex t used a s  donors in  subsequent m atings w ith  BW97 as the  r e c ip ie n t  s t r a i n  

to  id e n t i f y  recom binant p lasm ids sp e c ify in g  o riT  by v i r tu e  th e i r  e f f i c i e n t  

m o b ilis a tio n  by th e  co n ju g a tiv e  plasm id pLG221. The m a jo rity  o f donors in  

th e se  m atings t r a n s fe r re d  th e  re s p e c tiv e  recom binants to  r e c ip ie n t s  a t

freq u en c ie s  no h ig h e r than around 3*3x10^ p e r ml, b u t one, o u t o f 192

R 9in d iv id u a l m atings, t r a n s fe r re d  Tc to  r e c ip ie n t s  a t  about 1.1x10 .  The

recom binant p lasm id m obilised  a t  th i s  h igh  frequency was d e sig n a ted  pLG20GG

( o r ig in a l ly  a ss ig n ed  as  pKCl).

7 .3  C h a ra c te r is a tio n  o f pLG2000

The s t r a te g y  o f sc reen in g  fo r  recom binant p lasm ids c o n ta in in g  a cloned  

o riT  re g io n  by th e i r  e f f i c i e n t  c o - tr a n s fe r  from b a c te r ia  harbou ring  a 

com patib le co n ju g a tiv e  p lasm id to  p rov ide  t r a n s - a c tin g  fu n c tio n s  has been 

used to  i s o l a t e  th e  t r a n s f e r  o r ig in s  o f a number o f  p lasm ids (F; Achtman 

e t  a l . , 1978; Thompson and Achtman, 1978; E v e re tt  and W i l le t t s ,  1982;

R1, R100 and R46; see  W il le t ts  and W ilk ins, 1984; RK2; Guiney and 

Yakobson, 1983)# This approach was su c c e ss fu l in  the  id e n t i f i c a t i o n  o f 

pLG2000, a pBR323-based recom binant plasm id sp e c ify in g  th e  t r a n s f e r  o r ig in  

o f  C olIb-P9 d rd -1 , which was m obilised  a t  a frequency 3 0 0 -fo ld  g re a te r  than  

th e  o th e r  recom binant plasm ids con ta ined  in  th e  c lone  bank (se e  p rev io u s  

s e c t io n ) .  Although th e  v e c to r pBR325 i s  n o n -m o b ilisab le  in  th e  sense  th a t
T>

i t  la c k s  an o riT  reg io n  (B o liv a r, 1978), pB R 325-specified Tc was

in h e r i te d  by r e c ip ie n t s  o f pLG221 a t  a  frequency o f about one T c ^ R an
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tra n sco n ju g a n t p e r 1000 Kan tra n sc o n ju g a n ts . S ince th e  donor s t r a in s  

used in  th e se  m atings were r e c * , th i s  background le v e l  o f t r a n s f e r  was 

a t t r ib u te d  to  r e c - m ediated fu s io n  in v o lv in g  th e  reg io n s  o f homology between 

th e  recom binant p lasm id and pLG221 to  form a c o - in te g ra te  m olecule.

In  o rd e r to  confirm  both  th e  p resence  o f o riT  on pKCI and th e  n a tu re  

o f th e  low g en e ra l l e v e l  o f recom binant t r a n s f e r ,  plasm id DNA was e x tra c te d  

from BW86(pLG2000) and from an o th er tran sfo rm an t from th e  o r ig in a l  c lone  

bank, BW86(pKG5)# The recom binant plasm id po ssessed  by th e  l a t t e r  s t r a i n  

i s  c h a r a c te r i s t i c  o f th e  m a jo rity  o f  p lasm ids con ta ined  in  th i s  bank, and 

i s  t r a n fe r re d  from pLG221 donors on ly  a t  low frequency . These two p lasm ids
g

were used  to  transfo rm  the  recA s t r a i n  J0 8 , and pLG221 was mated in to  Tc 

Ap^ tran sfo rm an ts  to  g en era te  J08 (pLG22l) (pLG2000) euid J08 (pLG22l) (pKC5)# 

These s t r a in s  were used to  determ ine th e  e f f e c t  o f th e  h o s t recA le s io n  on 

th e  c o - tr a n s fe r  o f th e  recom binant p lasm ids w ith  pLG221.

Table 7-1 shows th e  y ie ld s  o f tran sco n  ju g a n ts  o b ta in ed  from 4-5 min 

b ro th  m atings u s in g  rec*  and recA donor c e l l s  harbouring  pLG221 and e i th e r  

pLG2000 o r  th e  co rresponding  c o n tro l plsusmid. I t  can be seen  th a t  t r a n s f e r  

o f  the  pKC5 c o n tro l was only  0 . 13^ o f the  frequency  o f  pLG221 , and th a t  

th i s  m o b ilis a tio n  i s  dependent on th e  re c  fu n c tio n  o f th e  donor, s in c e  no 

Tc tra n sco n ju g a n ts  were o b ta ined  u s in g  J08 recA donor c e l l s .  In  c o n tr a s t ,  

pLG2000 was m ob ilised  by pLG221 a t  a  frequency  o f  about 40^ in  recA 

m atings, thus confirm ing th a t  th i s  recom binant co n ta in s  a  fu n c tio n a l o riT  

re g io n  from C olIb-P9drd -1 .  Endonuclease r e s t r i c t i o n  o f pLG2000 DNA 

(F ig u re  7 -2 ) showed th a t  th i s  recom binant plasm id has th re e  EcoRI fragm ents 

o f C olIb-P9 drd -1 DNA o f d i f f e r e n t  s i z e s .  I t  th e re fo re  appears th a t  pLG- 

2000 c a r r ie s  two o th e r  cloned fragm ents in  a d d it io n  to  th a t  sp e c ify in g  

o r iT .
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Figure 7-2 Restriction endonuclease analysis of plasmids

Procedures and d isc u ss io n  a r e  g iven  in  s e c tio n s  2 .8 , 7#3 and 7*4, 

Tracks c o n ta in  about 1|ig o f DNA as fo llo w s:

a) \EcoR1

b) pBR325 EcoRI

c) pLG252 EcoRI

d) pKC3 EcoRI

e) pKC4 EcoRI

f )  pLG200(7j EcoRI



Kb a b c d e f

212
74

5-8; 5-7 
4-9 
3-5

C' % #



123

S ince  pLG2000 was n o t in v e s t ig a te d  beyond i t s  id e n t i f i c a t io n  and 

a b i l i t y  to  be m o b ilised  in  a  recA -independent p ro c e ss , th i s  p lasm id w il l  

n o t be d iscu ssed  fu r th e r  h e re . Subsequent s tu d ie s  in v o lv in g  th e  cloned 

o riT  re g io n  o f th i s  p lasm id were perform ed in  th i s  la b o ra to ry  by C.C. Wymbs, 

and th e  re a d e r i s  r e f e r r e d  to  h is  Ph.D th e s is , on th i s  s u b je c t .

7 .4  C h a ra c te r is a tio n  o f pLG232, pKC3 and pKC4

As d esc rib ed  in  s e c tio n  7*2, th re e  pBR323-based recom binant p lasm ids 

were t e n ta t iv e ly  id e n t i f i e d  as e x c lu s io n -p ro f ic ie n t by th e i r  a b i l i t y  to  

reduce tran sco n ju g an t fo rm atio n . This a b i l i t y  i s  confirm ed by the  e f f e c t  

o f  th e se  p lasm ids, d e sig n a ted  pLG252, pKC3 and pKC4, on tran sco n ju g an t 

fo rm ation  in  subsequent m atings (Table 7*2). BW86 s t r a in s  c o n ta in in g  th e se  

p lasm ids were used as r e c ip ie n t s  in  b ro th  m atings w ith  W3110(pLG22l) donor 

c e l l s  and th e  tra n sco n ju g a n t y ie ld s  compared w ith  th a t  o b ta in ed  in  p a r a l l e l  

c o n tro l r('atings u s in g  BW86(pBR325) as r e c ip ie n t ,  in  o rd e r to  determ ine the  

ex c lu sio n  in d ic e s  of th e se  s t r a i n s .  The exclusion  index o f the  s t r a i n  under 

t e s t  was c a lc u la te d  as the  r a t io  o f the  numbers o f tran sco n ju g an ts  formed 

p e r in p u t donor in  p a r a l l e l  Eex (c o n tro l)  and Eex* m atings. As in d ic a te d  

in  Table 7 -2 , pLG252, pKC3 and pKC4 ex h ib ited  s tro n g  ex c lu s io n  o f th e  lOC 

plasm id pLG221, w ith  ex clu sio n  in d ic e s  o f between 316 and 208.

Agarose g e l e le c tro p h o re s is  o f EcoRI-d ig e s te d  pLG252, pKC3 and pKC4 

DNA (F igu re  7-2) re v e a le d  th a t  a l l  th re e  plasm ids p o ssess  a  common EcoRI 

fragm ent o f C olIb-P9drd-1 DNA, and th a t  pKC4 a lso  c a r r ie s  an a d d i t io n a l ,  

sm a lle r , r e s t r i c t i o n  fragm ent. The s iz e  o f th e  common fragm ent was measured 

a t  3*5 Kb in  a  s e p a ra te  experim ent, u s in g  a Hindl l l  EcoRI d ig e s t  o f phage X 

DNA as a  m olecular w eight s tan d a rd  (d a ta  n o t shown). S ince  pLG252 p o sse sse s  

on ly  a  s in g le  cloned EcoRI fragm ent, i t  was s e le c te d  as  r e p re s e n ta t iv e  o f 

the  th re e  Eex* recom binan ts.



Table 7-2

D u p lica te  b ro th  m atings were c a r r ie d  o u t a t  30°C w ith  g e n tle  shaking , 

M ating m ix tu res (6ml) co n ta in ed  donor and r e c ip ie n t  b a c te r ia  in  a  1 :5  

r a t i o ,  as d e sc rib ed  in  th e  t e x t .

^  -  Vailues r e f e r  to  th e  number o f c e l l s  p e r  ml o f m ating m ix tu re . Donors

and tran sco n ju g a n ts  were assayed  re s p e c t iv e ly  a t  t  = 0 and t  = 50 min by

s e r i a l  d i lu t io n  and p la t in g  on n u t r ie n t  agar co n ta in in g  kanamycin and

te t r a c y c l in e  as a p p ro p r ia te .  Samples o f m ating m ixture were m echanically
R Rin te r ru p te d  b e fo re  be ing  assayed  fo r  Kan Tc tra n sc o n ju g a n ts .

^  -  E xclusion  in d ic e s  a re  expressed  as th e  number o f tran sco n ju g an ts  

p e r in p u t donor o b ta in ed  in  th e  c o n tro l m ating w ith  pBR525-containing 

r e c ip ie n t s  d iv id ^ ^  by th a t  ob ta in ed  in  th e  p a r a l l e l  m ating in v o lv in g  the  

Eex* p lasm id .
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7*3 Discussion
The recom binant plasm id pLG252 was judged to  sp e c ify  e n try  ex c lu s io n  

by i t s  a b i l i t y  to  reduce tran sco n ju g an t form ation  by a f a c to r  o f  about $00 

in  m atings u sing  i t s  h o s t s t r a i n  as r e c ip ie n t  (T able 7 -2 ) .  The p o s s ib i l i t y  

th a t  pLG2$2 ach ieves th i s  re d u c tio n  in  tran sco n ju g an t frequency by in 

c o m p a tib il i ty  i s  ru le d  o u t by measurements o f DNA t r a n s f e r  (T able 5 -1) and 

co n ju g a tiv e  DNA sy n th e s is  (F igu re  6-4) in  m atings u sing  pLG 2$2-containing 

re c ip ie n ts #  Both DNA t r a n s f e r  and co n ju g a tiv e  DNA sy n th e s is  were v i r t u a l l y  

ab o lish ed  in  th e se  m atings, in d ic a t in g  th a t  th e  ex c lu sio n  system  s p e c if ie d  

by bo th  pLG2$2, and i t s  p a re n ta l  plasm id C olIb-P9 d rd -1 , a c ts  by p rev en tin g  

DNA t r a n s f e r .  B oulnois and W ilkins (1978) dem onstrated th a t  a C olIb-P9- 

encoded p ro d u c t(s )  l im ite d  th e  amount o f plasm id DNA tr a n s fe r r e d  to  r e c ip ie n t s  

d u ring  the  course  o f m ating . This t r a n s f e r  l im i ta t io n  in v o lv es  th e  t r a n s 

c r ip t io n  o f a plasm id gene(s) on th e  incoming DNA to  s y n th e s is e  a  p ro te in ( s )  

which te rm in a te s  DNA t r a n s f e r  a f t e r  about 10 to  15 m inutes o f m ating 

(B oulnois and W ilk ins, 1978), presum ably to  p rev en t w as te fu l tran sm iss io n  

o f m u ltip le  co p ies  o f the  p lasm id . S ince the  cloned eex gene o f C olIb-P9 

drd-1 csurried by pLG2$2 p rev en ts  DNA t r a n s f e r ,  th e  ex c lu sio n  system  o f th i s  

plasm id may a lso  fu n c tio n  in  t r a n s f e r  l im i ta t io n .  Follow ing te rm in a tio n  

o f t r a n s f e r ,  the  eex gene p ro d u c t(s )  presum ably p rev en ts  th e  newly-form ed 

tran sco n ju g an t from a c tin g  as a r e c ip ie n t  in  subsequent encoun ters w ith  

o th e r  C olIb-P9 d rd -1 -c o n ta in in g  c e l l s .

One approach which might re so lv e  th e  involvem ent o f eex in  t r a n s f e r  

l im i ta t io n  i s  suggested  by th e  s t r a te g y  used in  C hapter $ to  i s o l a t e  Sog 

d e r iv a tiv e s  o f pLG221. pLG2$2 DNA could be m utagenised, and r e s u l ta n t  Eex 

le s io n s  recombined in to  th e  homologous eex gene o f pLG221 to  c re a te  Eex 

l a  p lasm id s. Measurements o f co n ju g a tiv e  DNA s y n th e s is  in  r e c ip ie n t s  d u ring
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m atings m ediated by th e se  p lasm ids should  re v e a l  any involvem ent o f  eex 

p roduct in  t r a n s f e r  l im i ta t io n ,  s in c e  one cou ld  expect to  see  an am p lica tio n  

o f Eex l a  p lasm id DNA tra n s fe r re d  to  r e c ip ie n t s  s im ila r  to  th a t  o b ta in ed  

by th e  use  o f r ifa m p ic in  in  m atings u sin g  pLG221, i f  involvem ent e x i s t s .  

However th e  p ro cess  may w ell prove to  be more com plicated , i f  o th e r  genes, 

which a re  n o t c a r r ie d  by pLG2$2, a re  invo lved  in  e x c lu s io n . C e r ta in ly , 

s in c e  C olIb-P9drd-1 d isp la y s  an ex c lu sio n  index  o f 1,015 (McKenzie, 1982), 

and th e  co rrespond ing  in d ic e s  o f Eex recom binant plasm ids sure some 5 -fo ld  

low er in  comparison (Table 7 -2 ) ,  t h i s  rem ains am im portan t c o n s id e ra tio n  

in  fu tu re  work. R eso lu tio n  might be achieved  by com plem entation s tu d ie s  

u s in g  pLG2$2 and Eex d e r iv a t iv e s  o f  la  p lasm ids gen era ted  by in  vivo 

m utagenesis . One such p lasm id , an Eex d e r iv a t iv e  o f Rl44 d rd -$ , has been 

i s o la te d  by B oulnois ( 1980) u s in g  EMS m utagenesis, b u t presum ably a  number 

o f such plasm ids would have to  be examined in  th i s  waiy to  d e te c t  m uta tions 

in  o th e r  la  genes r e s u l t in g  in  reduced e x c lu s io n .
C'

The ex c lu sio n  gene encoded by pLG252 i s  s im ila r  to  th a t  s p e c if ie d  by 

th e  recom binant plasm ids pRAH$0$ and pRAH$08 co n s tru c te d  by H a rtsk e e r l e t  

a l . , ( 1983) .  These recom binants c a r ry  a 12 .3  Kb B g lll  fragm ent o f  Rl44 

DNA which encodes an ex c lu sio n  system  th a t  reduces th e  t r a n s f e r  o f  R64 and 

C olIb-P9 as w ell as R l44. The cloned ex c lu s io n -d e te rm in in g  fragm ents o f 

C olIb-P9 and Rl44 in  pLG232 and H a r ts k e e r l 's  p lasm ids bo th  c o n ta in  a d ja c e n t 

1 .15  Kb Hindl l l -EcoRI and 0 .15  Kb Hindl l l - S a l l  r e s t r i c t i o n  fragm ents, and 

H a rtsk e e r l ^  a l .  ( 1983) have dem onstrated  u s in g  Tn^ m utagenesis th a t  th i s  

re g io n  i s  re q u ire d  fo r  e x c lu s io n . Thus, i t  appears th a t  th i s  ex c lu s io n  

system  i s  common amongst l a  p lasm ids, and th a t  the  eex g ene(s) o f pLG252 

s p e c if ie s  th e  same gene p ro d u c ts  as those  re p o rte d  fo r  pRAH308. H a r tsk e e r l 

e t  a l .  ( 1983) showed th a t  two p ro te in s ,  w ith  MWs o f 13,000 and 19,000, were
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a ss o c ia te d  w ith  the  ex c lu sio n  p ro c e ss , b u t i t  i s  n o t c le a r  whether th e se  

aire the  p ro ducts  o f one o r two eex genes. These p ro te in s  could  be encoded 

by overlap p in g  genes, o r r e s u l t  from the  p ro cess in g  o f a prim ary p roduct 

from a  s in g le  gene, s in c e  d e le t io n  and Tn^ m utagenesis o f th e  R l44-d e riv ed  

ex c lu sio n  fragm ent a f f e c t s  th e  s iz e s  o f both  p ro te in s  (H a rtsk e e rl e t  a l . ,  

1983)•  These a u th o rs  a lso  re p o rte d  th a t  Eex^ recom binant p lasm ids had no 

e f f e c t  on m a tin g -p a ir  fo rm ation ; th i s  f in d in g  su p p o rts  th e  h y p o th esis  th a t  

l a  plasm id ex c lu sio n  o p e ra te s  by p rev en tin g  DNA t r a n s f e r .  S ince Rl44 DNA 

tr a n s f e r  can be am p lified  by r ifa m p ic in - tre a tm e n t o f r e c ip ie n t s  in  a 

manner analogous to  th a t  o f C olIb-P9 (B oulnois and W ilk ins, 1979), i t  i s  

p o s s ib le  th a t  th e  Rl44 ex c lu sio n  p ro te in s  may a lso  fu n c tio n  in  t r a n s f e r  

l im i t a t i o n .
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CHAPTER 8

D iscussion

FOOL: The reaso n  why th e  seven s t a r s  a re  no more than

seven i s  a p r e t ty  re a so n .

LEAR: Because they  a re  n o t e ig h t?

FOOL: Yes in d eed . Thou w ouldst make a  good fo o l .

W illiam  Shakespeare

8.1 The r o le  o f  l a  p lasm id prim ase in  co n ju g a tio n

In c ia  plasm id prim ase has been id e n t i f i e d  as a s in g le  p o ly p ep tid e  

w ith  a MW o f about 240 k d a l (W ilkins e t  a l . , 1981) ,  and s in c e  DNA prim ase 

a c t i v i t y  re q u ire s  on ly  the  N te rm in a l th i r d  o r  so o f the  m olecule (B oulnois 

e t a l . , 1982) ,  th e  p ro te in  i s  presum ably m u lt ifu n c t io n a l .  So f a r  th re e  

p ro p e r t ie s  o f th i s  enzyme have been d e sc rib ed ; i t  p o ssesses  DNA prim ase 

a c t i v i t y  and th e  a b i l i t y  to  b ind  to  s in g le -s tra n d e d  DNA (Lanka ^  a l . ,

1979) and i t  i s  t r a n s fe r re d  between m ating c e l l s  to  promote co n ju g a tiv e  

sy n th e s is  o f  p lasm id DNA. The o b se rv a tio n  th a t  about 65^  o f th e  p ro te in  

can be d e le te d  w ithou t im pairing  any o f th e se  p ro p e r t ie s ,  as dem onstrated 

by th e  le v e ls  o f  r e c ip ie n t  DNA sy n th e s is  in  m atings w ith  BW96 (pLG250, 

pLG2l4) donors (C hapter 6 ) ,  p ro v id es  s tro n g  evidence th a t  o th e r  fu n c tio n s  

a re  l ik e ly  to  e x i s t .  The e s ta b lis h e d  ro le s  o f plasm id prim ase w i l l  be 

de fined  b e fo re  c o n s id e ra tio n  o f o th e r  p o s s ib le  fu n c tio n s  in  subsequent 

s e c tio n s  o f  th i s  c h a p te r .

Although plasm id prim ase i s  a b le  to  g e n e ra te  prim ers on a wide v a r ie ty  

o f  p ro k a ry o tic  DNA tem p la te s , experim ents u s in g  Sog l a  p lasm ids (C hapter 

4 ) c le a r ly  show th a t  the  normal p h y s io lo g ic a l r o le  fo r  th i s  enzyme l i e s
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in  the  co n ju g a tiv e  sy n th e s is  o f  In c Ia  plasm id DNA. This f in d in g  in d ic a te s  

th e  c l a s s i f i c a t i o n  o f sog as a t r a n s f e r  gene and may e x p la in  the 

dependence o f plasm id prim ase on h o s t enzymes fo r  p rim er-g en e ra tin g  a c t i v i t y  

on duplex DNA (see  s e c t io n  8 .4 ) .  Plasm id prim ase a c ts  in  th e  donor c e l l  

to  i n i t i a t e  co n ju g a tiv e  sy n th e s is  o f rep lacem ent DNA on th e  n o n -tra n s 

fe r re d  plasm id DNA s t r a n d . Prim ase a c t i v i t y  i s  presum ably re q u ire d  fo r  

each round o f such DNA s y n th e s is ,  s in c e  DNA t r a n s f e r  proceeds by the  

su cc e ss iv e  tra n sm iss io n  o f  d is c r e te  monomer s tra n d s  (Fenwick and C u r t is s ,  

1973a,b; B oulnois and W ilk ins, 1979), b u t i t  i s  n o t known whether sy n th e s is  

o f each rep lacem ent s tra n d  i s  a con tinuous o r d isco n tin u o u s  p ro c e ss . A 

requ irem en t fo r  a f r e s h  i n i t i a t i o n  event fo r  each round o f co n ju g a tiv e  DNA 

s y n th e s is  in  the  donor c e l l  may r e f l e c t  the  u n a v a i la b i l i ty  o f  th e  3 *-OH 

term inus o f  th e  p rev io u s  s tra n d  due to  p ro te in  in te r a c t io n s  a t  th e  n icked  

o r ig in  o f  t r a n s f e r  o r th e  d isp lacem ent o f  th i s  s tra n d  p r io r  to  rep lacem ent 

s tra n d  s y n th e s is .  I t  i s  a lso  n o t c le a r  w hether plasm id prim ase i s  invo lved  

in  th e  t r a n s f e r  o f  p re -e x is t in g  DNA. M aturin and C u r t is s  ( 1981) ,  u s in g  

c y tid in e  s ta r v a t io n  o f  donor c e l l s  to  in h ib i t  RNA s y n th e s is ,  have re p o r te d  

th a t  s y n th e s is  o f  RNA i s  needed to  i n i t i a t e  DNA t r a n s f e r ,  and s in c e  plasm id 

prim ase in c o rp o ra te s  c y tid in e  a t  th e  5* term inus o f i t s  p rim ers (E . Lanka, 

unpublished  d a ta  in  W il le t ts  and W ilk ins, 1984), i t  may be th a t  prim er 

sy n th e s is  by th i s  enzyme i n i t i a t e s  th e  d isp lacem ent o r  t r a n s f e r  o f  the  

p re -e x is t in g  plasm id s t r a n d . However, th e  t r a n s f e r  o f p r e -e x is t in g  s tra n d s  

o f pLG230 was n o t p reven ted  by th e  Sog phenotype o f  th i s  p lasm id  (see  

C hapter 4) and i t  must th e re fo re  be concluded th a t  th e re  i s  no d i r e c t  

evidence th a t  plasm id prim ase i s  invo lved  in  th e  i n i t i a t i o n  o f DNA t r a n s f e r .

The r o le  o f th e  enzyme in  r e c ip ie n t  c e l l s  i s  more c le a r ly  u n d ers to o d . 

The enzyme i s  a p p a ren tly  tr a n s fe r r e d  to  r e c ip ie n t s  where i t  i n i t i a t e s
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s y n th e s is  o f DNA complementary to  the  t r a n s fe r r e d  plasm id s t r a n d . Assuming 

tra n sm iss io n  o f DNA w ith  the  5 ' term inus le a d in g , complementary s tra n d  

s y n th e s is  may w ell be d isco n tin u o u s in  o rd e r to  m inim ise exposure o f the  

tem pla te  s tra n d  in  th e  r e c ip ie n t .  Although i t  i s  s im p le s t to  assume th a t  

p rim ers fo r  th i s  co n ju g a tiv e  DNA s y n th e s is  a re  made in  th e  r e c ip ie n t  c e l l  

by t r a n s fe r r e d  enzyme, they could a lso  be g en era ted  in  th e  donor and t r a n s 

m itted  to  r e c ip ie n t s  a tta ch e d  to  th e  t r a n s fe r re d  DNA a t  prim ing s i t e s .  The 

r o l e  o f plasm id prim ase in  the  l a t t e r  p ro cess  would presum ably be to  

s t a b i l i s e  such RNA-DNA complexes during  t r a n s f e r  and i t  m ight a lso  s tim 

u la te  th e  ex ten sio n  o f prim ers by the  r e c ip ie n t  DNA polym erase I I I  h o lo - 

enzyrae. The DNA prim ase o f phage T7 (S ch erz in g er e t  a l . , 1977) p ro v id es  

a  p reced en t fo r  such in te r a c t io n s ,  and i t  may be s ig n i f ic a n t  th a t  bo th  l a  

p lasm id and phage T7 prim ases sy n th e s is e  s h o r t  p rim er m olecules which, due 

to  th e i r  sm all s i z e ,  axe l ik e ly  to  re q u ire  some form o f  s t a b i l i z a t i o n  on the  

tem p la te  s tr a n d .

I d e n t i f i c a t io n  o f  o th e r fu n c tio n s  a s so c ia te d  w ith  sog would appear to 

re q u ire  a n a ly s is  o f th e  l80  k d a l p ro te in .  A lthough th i s  p o ly p ep tid e  does 

n o t po ssess  prim ase a c t i v i t y  (W ilkins e t  a l . , 198I ) ,  i t  i s  thought to  sh are  

i t s  e n t i r e  am ino-acid sequence w ith  th e  C -te rm in a l reg io n  o f the  l a r g e r  

240 k d a l p ro te in ,  s in c e  th e  p ro te in s  a re  t r a n s la te d  from two in -p h ase  

i n i t i a t i o n  s i t e s  on th e  same sog t r a n s c r ip t  (B oulnois e t  a l . , 1982) .  This 

am ino-acid  homology can only  in d ic a te  fu n c tio n a l s im i la r i ty  between th e  two 

sog p ro d u c ts , and so e lu c id a tio n  o f th e  n a tu re  and fu n c tio n  o f th e  18O k d a l 

p ro te in  should  a lso  id e n t i f y  th e  rem aining p ro p e r t ie s  o f p lasm id p rim ase . 

In v e s t ig a t io n  might proceed by the  i s o la t io n  o f  l a  p lasm ids c a rry in g  

m uta tions in  th e  overlap p in g  reg io n  o f sog which m utate th e  18O k d a l 

p ro te in  b u t do n o t a f f e c t  DNA prim ase a c t i v i t y .  One such le s io n  i s  

s p e c if ie d  by pLG2l4, which c a r r ie s  a  cloned sog gene from which about 1 .4
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Kb o f DNA corresponding  to  th e  o verlapp ing  p o r t io n  o f sog has been 

d e le te d . pLG2l4 s p e c i f ie s  two p ro te in s  o f 87 and 42 k d a l which a re  tru n 

cated  forms o f th e  240 and 18O k d a l sog p ro d u c ts . Although t r a n s f e r  o f 

the 87 k d a l prim ase ap p a ren tly  occurred  in  m atings u sing  donors co n ta in in g  

bo th  pLG2l4 and pLG250, no deduction  o f the  r o le  o f  th e  18O k d a l p ro te in  

can be made from th e se  experim ents s in c e  th e  a p p ro p r ia te  w ild -ty p e  p ro te in  

was su p p lie d  by th e  sog gene o f pLG230. However, com plem entation could be 

avoided i f  the  d e le t io n  s p e c if ie d  by pLG2l4 were in tro d u ced  in to  the  

co rresponding  sog lo cu s  o f a c o n ju g a tiv e  l a  p lasm id  such as pLG221.

The method used to  i s o la te  prim ase -d e fe c tiv e  la  plasm ids by th e  in  

vivo recom bination  between a cloned  mutant sog gene and th e  homologous 

reg io n  o f  an la  plasm id  (C hapter 3 ) appeared s u i ta b le  fo r  th i s  ta s k , and so 

the  fo llow ing  s t r a te g y  was pursued in  a s e t  o f  p i l o t  experim en ts. Both 

pLG221 and pLG2l4 were in tro d u ced  in to  the  recA* h o s t BW96 , and th i s  s t r a i n  

mated w ith  BW98 (po lA I) to  i s o l a t e  tra n sco n ju g a n ts  h a rb ou ring  on ly  th e  la  

p lasm id . As d e sc rib ed  in  C hapter 3» th i s  p rocedure  p rev en ts  in h e r ita n c e  

o f th e  recom binant p lasm id by r e c ip ie n t s  s in c e  th e  polA gene p roduct i s  

re q u ire d  fo r  m aintenance o f the  v e c to r , and i t  i s  expected th a t  a sm all 

p ro p o rtio n  o fth e  tran sco n ju g an ts  w i l l  have acq u ired  the  d e le t io n  fo rm erly  

s p e c if ie d  by pLG2l4 by a recom bination  event in  th e  donor c e l l ,  and w i l l  

thus sy n th e s is e  tru n c a te d  sog p r o te in s .  S ince  th e  phenotype o f such an 

la  plasm id i s  n o t known, m utants cannot be d e te c te d  by fu n c tio n a l means, 

and so a  sc ree n in g  procedure  was dev ised  to  id e n t i f y  changes in  genotype. 

The in t a c t  sog gene o f pLG215 has been mapped by r e s t r i c t i o n  endonuclease 

d ig e s t io n , and c o n ta in s  a 36O bp H in d i  r e s t r i c t i o n  fragm ent which i s  

lo c a te d  w ith in  th e  reg io n  d e le te d  from pLG2l4 (B oulnois e t  a l . , 1982; see  

F igu re  1 -5 )•  T ransconjugants o f BW98 were to o th p ick ed  onto b o th  s to ck  

p la te s  and n i t r o c e l lu lo s e  f i l t e r s  and grown to  co lo n ie s  fo r  use in  colony
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f i l t e r  h y b r id is a t io n  experim ents by th e  method o f  G runste in  and Hogness 

( 1975) •  A fte r c e l l  l y s i s  and im m o b ilisa tio n  o f DNA, f i l t e r s  were h y b rid 

is e d  w ith  n ic k - t r a n s la te d  la b e l le d  probe DNA and washed by th e  method

o f J e f fe re y s  and F la v e l l  (1977)# Probe DNA c o n s is te d  o f th e  5^0 bp H in d i  

fragm ent o f pLG2l4; thus th e  probe should  h y b r id is e  only  to  p lasm ids 

c a rry in g  an in t a c t  sog gene, and au to rad io g rap h y  o f f i l t e r s  should  p erm it 

i d e n t i f i c a t io n  o f tran sco n ju g an ts  h arbou ring  d e r iv a t iv e s  o f pLG221 d e le ta n t  

in  sog . Experim ents a lso  made u se  o f c o lo n ie s  o f BW96 (pLG22l) and BW96 

(pLG2l4) as h y b r id is a t io n  c o n tro ls .

About 250 tran sco n ju g an ts  were screened  by th i s  method, b u t s in c e  

p rim ase -d e fec tiv e  l a  plasm ids a ro se  w ith  a  frequency o f on ly  2x10 ^ in  

e q u iv a le n t vivo recom bination  experim ents (C hapter 3 ) ,  one would expect 

th a t  a t  l e a s t  around 5,000  co lo n ie s  would have to  be examined in  th i s  way.

Due to  th i s  c o n s id e ra tio n , and i n i t i a l  d i f f i c u l t y  w ith  n o n -sp e c if ic  h y b rid 

i s a t io n  o f  probe DNA to  BW96 (pLG2l4) c o n tro ls ,  i t  was f e l t  th a t  e f f o r t  

should  be d ire c te d  to  o th e r  p ro je c ts  in s te a d ,  and s tu d ie s  were n o t co n tin u ed . 

However, i f  n o n -sp e c if ic  h y b r id is a t io n  cou ld  be reduced by th e  use o f more 

s t r in g e n t  r e a s s o c ia t io n  and washing c o n d itio n s , th i s  approach should  y ie ld  

l a  p lasm ids which s p e c ify  th e  tru n c a te d  forms o f bo th  sog p ro d u c ts . 

In v e s t ig a t io n  o f th e  p ro p e r t ie s  o f th e se  m utants m ight d e f in e  th e  r o le  o f 

th e  180 k d a l p ro te in ,  and o f th e  complementary domain o f p lasm id p rim ase .

This r o le  might be s t r u c tu r a l  (see  s e c t io n  8 . 3 ) o r concern the  

co n ju g a tiv e  m etabolism  o f p lasm id DNA. An a t t r a c t i v e  p o s s ib i l i t y  i s  

prov ided  by analogy w ith  th e  prim ases encoded by phages T7 and T4. Phage 

T7 prim ase i s  a  m u ltifu n c tio n a l enzyme (H illen b ran d  e t  a l . ,  1979) which, 

in  a d d itio n  to  prim ing a c t i v i t y ,  a lso  a c ts  as a h e lic a s e  on duplex DNA 

tem p la tes  (Romano and R ichardson, 1979), whereas th e  prim ase encoded by 

gene 6l o f  phage T4 a c ts  in  a complex c o n ta in in g  one gene 6 l  p ro te in  and
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two m olecules o f gene k^ p roduct (S ilv e r  and N o ssa l, I 982) which a lso  

p o sse sse s  h e l ic a s e  a c t i v i t y  (L iu and A lb e r ts , 1 9 8 l) . In  t h i s  re s p e c t i t  

may be s ig n i f ic a n t  th a t  the  sm a lle r sog p roduct i s  produced in  h ig h e r 

amounts than  plasm id prim ase (W ilkins e t  a l . , 1981) .  S ince  h e lic a s e  

a c t i v i t y  would n o t be re q u ire d  on s in g le -s t ra n d e d  tem plate  during  sy n th e s is  

o f th e  complementary s tra n d  in  r e c ip ie n t s ,  i t  may se rv e  in  th e  donor in  

d isp lacem ent o f th e  p re -e x is t in g  plasm id s tra n d  d e s tin e d  fo r  t r a n s f e r ,  w hile 

th e  prim ase a c t i v i t y  o f th e  l a r g e r  p ro te in  i n i t i a t e s  rep lacem ent s tra n d  

s y n th e s is .  The p o s s ib i l i t y  th a t  th e  reg io n  o f sog encoding th e  18O k d a l 

p ro te in  i s  re sp o n s ib le  fo r  h e l ic a s e  a c t i v i t y  m ight ex p la in  th e  re p o rte d  

requ irem en t fo r  a  p rim er-g en e ra tin g  enzyme in  th e  i n i t i a t i o n  o f DNA t r a n s f e r  

(M aturin and C u r t is s ,  1981) and would su p p o rt th e  c a n d ita tu re  o f p lasm id 

prim ase as  th e  p r im er-g en e ra tin g  enzyme re s p o n s ib le . I t  m ight a lso  ex p la in  

th e  t r a n s f e r  o f p re -e x is t in g  DNA from donors o f  pLG250, s in c e  the  le s io n  

in  sog c a r r ie d  by th i s  plasm id a f f e c t s  on ly  prim ase a c t i v i t y .

8 .2  P ro te in  t r a n s f e r  d u ring  co n ju g atio n

The major conclusion  drawn from C hapters 5 and 6 i s  th a t  m olecules o f 

plasm id prim ase a re  c o n ju g a tiv e ly  tra n sm itte d  to  r e c ip ie n t  c e l l s ,  where 

they  p a r t i c ip a te  in  th e  i n i t i a t i o n  o f r e c ip ie n t  DNA s y n th e s is .  I n  th i s  

s e c tio n  I  s h a l l  f i r s t l y  d iscu ss  th e  im p lic a tio n s  o f p ro te in  t r a n s f e r  on 

models o f  co n ju g a tio n , and then  co n sid e r th e  t r a n s f e r  o f  p lasm id prim ase as 

a s p e c i f ic  example o f th i s  p ro c e ss . In  com parison w ith  th e  p le th o ra  o f  

in fo rm atio n  re g a rd in g  th e  t r a n s f e r  o f DNA, th e re  a re  few re p o r ts  in  the  

l i t e r a t u r e  concern ing  th e  co n ju g a tiv e  tra n sm iss io n  o f p r o te in s .  Indeed , 

w ith  th e  s o le  ex cep tio n  o f p lasm id p rim ase, no p ro te in  sp e c ie s  has y e t 

been dem onstrated to  undergo co n ju g a tiv e  t r a n s f e r  d e sp ite  p rev io u s  

c laim s to  the  c o n tra ry . For in s ta n c e , in d i r e c t  in d u c tio n , a p ro cess  whereby
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\  prophage can be induced by m ating ly so g en ic  r e c ip ie n t  c e l l s  w ith  UV- 

i r r a d ia te d  donors o f e i th e r  F (Borek and Ryan, 1958) o r C olIb-P9 (Monk and 

D evoret, 1964), was i n i t i a l l y  a t t r ib u te d  to  th e  cy toplasm ic t r a n s f e r  o f an 

in d u cer m olecule, u n t i l  i t  was r e a l i s e d  th a t  in d u c tio n  occurred  in  response  

to th e  U V -irrad ia ted  plasm id DNA tra n s fe r re d  to  r e c ip ie n t s  (Monk, ^^S7)o  

S im ila r ly , th e  ap p aren t tran sm iss io n  o f a  X immunity f a c to r  from ly so g en ic  

donor c e l l s  du ring  F-m ediated m atings (F ish e r , 1962) i s  a lso  a t t r ib u ta b le  

to  th e  t r a n s f e r  o f sex  f a c to r  DNA, r a th e r  than  to  th e  prophage o r i t s  

p ro d u c ts  (F ish e r ; p e r s .  comm, in  Rosner e t  a l . , 196?)• Rosner e t  a l .  (196?) 

s e le c te d  th e  enzyme ^ -g a la c to s id a s e  fo r  s tu d y  in  th i s  r e s p e c t ,  s in c e  th i s  

p ro te in  was considered  u n lik e ly  to  be t r a n s fe r re d  between c e l l s  in  the  

absence o f  c o n ju g a tio n . Using h e a t in d u c tio n  o f thermo-in d u c ib le  \  

lysogens to  ach ieve  s e le c t iv e  l y s i s  o f m ating c e l l s ,  th e se  au th o rs  were ab le  

to  dem onstrate  th a t  on ly  about 0 .09^ o f the  P -g a la c to s id a se  p re se n t in  donor 

c e l l s  was d e tec te d  in  r e c ip ie n t s  du ring  F-m ediated m atings. This va lue  i s  

w ith in  th e  upper l im i t  fo r  p ro te in  t r a n s f e r  e s tim ated  by S i lv e r  ( S i lv e r ,

1963; S i lv e r  e t  a l . ,  1965) ,  and em phasises th a t  p ro te in  exchange between 

m ating c e l l s  i s  n o t a g en e ra l p ro c e ss . We can a lso  deduce, as argued in  

C hapter 6 , th a t  the  h o s t- s p e c if ie d  DNA r e p l ic a t io n  p ro te in s  DNA polym erase 

I I I ,  RNA polym erase, and dnaB and dnaG p ro te in s  a re  n o t t r a n s fe r r e d  to  

r e c ip ie n t s ,  s in c e  s t r a in s  d e f ic ie n t  in  one o r  more o f th e se  a c t i v i t i e s  d id  

n o t evidence reco v ery  o f DNA s y n th e s is  when mated w ith  a p p ro p r ia te  donor 

c e l l s .

The co n ju g a tiv e  t r a n s f e r  o f p ro te in s  thus appears to  be a  h ig h ly  

s e le c t iv e  p ro cess  which excludes th e  g en era l conveyance o f h o s t- s p e c if ie d  

enzymes and in v o lv es  only  those  p ro d u c ts  re q u ire d  in  n ew ly -in fec ted  

r e c ip ie n t  c e l l s  fo r  p ro cess in g  o f th e  t r a n s fe r re d  s tra n d  o f  plasm id DNA. 

Indeed , s in c e  some plasm id p ro te in s  (such as th e  eex gene p ro d u c t o f C o llb -
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P9; see  C hapter 7) a re  ap p a ren tly  sy n th e s ise d  in  newly in fe c te d  r e c ip ie n t s  

from th e  immigrant p lasm id , plasm id prim ase may ty p ify  on ly  a  v e ry  sm all 

c la s s  o f p ro te in  capab le  o f  co n ju g a tiv e  exchange between m ating c e l l s .  The 

i d e n t i t i e s  o f o th e r  p ro te in s  which may be in c lu d ed  in  th i s  c la s s  w i l l  be 

co n sidered  l a t e r  in  th i s  s e c t io n .

Any model which a ttem p ts  to  ex p la in  th e  mechanism o f p ro te in  t r a n s f e r  

during  co n ju g a tio n  must account n o t on ly  fo r  th e  s e l e c t i v i t y  o f  th e  

p ro c e ss , b u t a lso  fo r  th e  p h y s ic a l requ irem en ts  imposed by th e  la rg e  s iz e  

(240 k d a l)  o f p lasm id  prim ase, and th e  d r iv in g  fo rce  re sp o n s ib le  fo r  the  

conveyance o f  la rg e  p ro te in  m olecu les. An a t t r a c t i v e  p o s s ib i l i t y  i s  th a t  

plasm id prim ase ach iev es  th ese  requ irem en ts  by b ind ing  to  th e  plasm id DNA 

s tra n d  d e s tin ed  fo r  t r a n s f e r .  The enzyme has been dem onstrated to  b ind  to

s in g le -s tra n d e d  DNA (Lanka e t  a l . , 1979) and th i s  p ro p e rty  would a lso  be

p re d ic te d  from i t s  prim ing fu n c tio n . This p o s s ib i l i t y  i s  p a r t i c u la r ly  

a t t r a c t i v e  when one co n sid e rs  th a t  the  prim ary fu n c tio n  o f  th e  enzyme in  

n ew ly -in fec ted  r e c ip ie n t s  i s  the  i n i t i a t i o n  o f  complementary s tra n d  

s y n th e s is ,  u s in g  th e  t r a n s fe r re d  s tra n d  as te m p la te . In  th i s  scheme, 

plasm id prim ase could  ach ieve ra p id  and e f f i c i e n t  i n i t i a t i o n  o f DNA s y n th e s is ,

thus m inim ising th e  tim e th a t  th e  tem plate  s tra n d  i s  exposed in  th e

r e c ip ie n t .  T ransm ission o f plasm id prim ase would presum ably be d riv en  by 

the  fo rce  re sp o n s ib le  fo r  DNA t r a n s f e r ,  and d is c r im in a tio n  would take  th e  

form o f  s e le c t io n  fo r  p ro te in s  capab le  o f b in d in g  to  th e  tr a n s fe r r e d  

plasm id s t r a n d .

An im portan t c o ro lla ry  o f th i s  model i s  th a t  p ro te in  m olecules must 

be tra n sm itte d  by th e  same ro u te  as DNA, and as w i l l  be shown, th i s  

p ro p o s itio n  i s  incom patable w ith  c e r ta in  models re g a rd in g  th e  conduction  o f  

DNA d u ring  m ating . The p i lu s  model o f DNA t r a n s f e r  was proposed by ^^nton 

(B rin ton  e t  a l . , 1964; B rin to n , 1963) fo llow ing  th e  d isco v ery  o f  F - s p e c if ie d
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sex  p i l i  and th e i r  involvem ent in  f e r t i l i t y  (B rin to n , 1959)# T his model, 

whereby DNA was conducted through th e  p i lu s  was l a t e r  p re sen te d  in  a 

re v is e d  form (B rin to n , 1971); i t  i s  th i s  re fe re n c e  which forms th e  b a s is  

fo r  th e  th re e  v e rs io n s  o f  th is  model p re sen te d  in  F igu re  8- 1.  A lthough 

experim en ta l evidence su p p o rtin g  th i s  model was de riv ed  from experim ents 

in v o lv in g  F , an e s s e n t ia l ly  s im ila r  p ro cess  was env isioned  fo r  l a  

p lasm ids s in c e  chromosomal DNA tr a n s f e r  from a p i lu s - d e f ic ie n t  H fr s t r a i n  

could  be rescued  by th e  a d d it io n a l  p resence  o f an I  p ilu s -d e te rm in in g  R 

plasm id (M eynell and Cook in  C u r t is s ,  1969) o r  C olIb-P9 (Clowes, 1963) in  

th e  donor s t r a i n .

B rin to n  envisaged  co n ju g a tiv e  plasm ids as  * v iru s e s  whose in fe c t io u s  

form i s  o b l ig a to r i ly  c e l l  a tta c h e d * , and proposed th e  term *epivirus* to  

u n d e rlin e  the  ansüLogy w ith  s in g le -s tra n d e d  filam en to u s phages such as M13# 

In  th i s  e leg a n t scheme, the  p i lu s  re p re s e n ts  a  m o d if ica tio n  o f  th e  p ro te in  

c o a t o f th e  v i r a l  a n c e s to r  o f th e  p lasm id , and th e  ev o lu tio n a ry  advantage 

to  be gained  by such a s t r a te g y  i s  th e  r e le a s e  o f c o n s tr a in t  on genomic 

s iz e  imposed by packaging DNA in to  th e  v iru s  p a r t i c l e .  Furtherm ore, s in c e  

th e  co n ju g a tiv e  a c t  i s  taken  to  re p re se n t th e  in fe c t io u s  form o f  the  

‘ e p iv iru s* , th i s  analogy would f i t  com fortab ly  w ith  th e  o b se rv a tio n  th a t  

o n ly  one s p e c i f ic  (+) s tra n d  o f DNA would be t r a n s f e r r e d .  I t  i s  s t r e s s e d  

th a t  th e  model does n o t p rec lu d e  th e  p i lu s  from a c tin g  as  a  form o f  i n i t i a l  

c o n ta c t between donor and r e c ip ie n t  b a c te r ia ,  and because o f th e  d i f f i c u l t y  

o f  d i f f e r e n t i a t in g  between the  dual proposed r o le s  fo r  th e  p i lu s ,  much o f 

th e  evidence p re sen te d  in  su p p o rt o f the  p i lu s  conduction  model, such as  

th e  e f f e c t s  o f bo th  F and I  p i lu s  removal and the  in h ib i to r y  e f f e c t  o f 

a n tib o d ie s  on co n ju g a tiv e  a b i l i t y  (Mulezyk and Duguid, 1966; M eynell e t  

a l . , 1968; B rin to n , 1965; 1971; Harden and M eynell, 1972) to g e th e r  w ith  

th e  observed connection  between m ating p a i r s  and co n ju g a tio n  (B rin to n ,



Figure 8-1 The pilus conduction model of DNA transfer

The f ig u r e ,  based on su g g es tio n s  o f B rin to n  (1971), d e p ic ts  models 

o f  DNA t r a n s f e r  v ia  an F p i lu s ,  which i s  p re sen te d  as two p a r a l l e l  ch ain s 

o f  F p i l i n  (heavy h o r iz o n ta l  l i n e s ) .  In  th e  conduction  model ( l )  DNA i s  

tr a n s fe r r e d  through th e  p i lu s  v ia  i t s  a x ia l  h o le , and th e  p i lu s  fu n c tio n s  

p u re ly  as a  non-m obile and s t r u c tu r a l  o rg a n e lle .  In  c o n tr a s t ,  th e  con

veyer b e l t  (2 ) and c a r r i e r  (3 ) models r e q u ire  bo th  the  b in d in g  o f  plasm id 

DNA (broken h o r iz o n ta l  l i n e )  to  th e  p i lu s ,  and th e  subsequent movement o f  

t h i s  o rg a n e lle  in  o rd e r to  t r a n s p o r t  the  Ü^A. In  th e  case  o f (2 ) ,  the 

two p i l i n  s tra n d s  a re  proposed to  move r e l a t i v e  to  one an o th e r , such th a t  

th e  DNA, bound to  on ly  one s t r a n d , i s  conducted to  th e  r e c ip ie n t  c e l l .  In  

( 3 ) the  p i lu s  i s  extended by p o ly m erisa tio n  a t  th e  donor c e l l  membrane, and 

degraded a t  th e  r e c ip ie n t  ju n c tio n  in  o rd e r to  c a r ry  the  DNA between the  

m ating c e l l s .
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1965) ,  i s  c ir c u m s ta n tia l .  The model a lso  r e s t s  h e a v ily  on th e  a b i l i t y  o f 

s in g le -s t ra n d e d  RNA and DNA phages to  ach ieve  c e l l u l a r  e n try  o f t h e i r  

n u c le ic  a c id s  by a ttachm ent to  sex p i l i .  However, the  d i r e c t io n  o f  DNA 

t r a n s f e r  in  th i s  case  would be o p p o s ite  to  th a t  taken  by plasm id DNA during  

c o n ju g a tio n , and a t o t a l l y  d i f f e r e n t  mechanism may o p e ra te  in  each c a se . 

F in a l ly ,  and most im p o rtan tly , th e  model r e q u ire s  an a x ia l  h o le  runn ing  the  

le n g th  o f the  p i lu s  w ith  a d iam eter la rg e  enough to  p rov ide  passage fo r  

s in g le -s t ra n d e d  DNA. In  th e  case  o f  F p i l i ,  th e  e x is te n c e  o f  such an 

in te r n a l  h o le  has been dem onstrated , and i t s  d iam eter o f between 2 .0  and 

2 .5  nm (B rin to n , 1965; Folkhard e t  a l . , 1979) i s  ju s t  la rg e  enough to  adm it 

s in g le -s tra n d e d  DNA. To a p p re c ia te  the  s ig n if ic a n c e  o f t h i s  v a lu e , th e  

d iam eter o f  d o u b le -h e lic a l DNA i s  2 .0  nm (Watson and C rick , 1953) and th e  

s m a lle s t  dim ension o f  a  m olecule o f P -g a la c to s id a se  (MW = 125,000) i s  7»0 

nm (K arlsson  e t  a l . , 1964). Thus, as B rin to n  (1971) s t r e s s e s ,  p ro te in  

t r a n s f e r  i s  incom patib le  w ith  th e  F p i lu s  conduction  model due to  s iz e  

r e s t r a i n t s .

In  com parison, l a  plasm ids sp e c ify  two d i s t i n c t  types o f  p i lu s ;  a 

th in  f le x ib le  p i lu s  w ith  an e x te rn a l d iam eter o f 6 .0  nm to  which b a c te r io 

phages I f l ,  l a  and PR64FS adso rb , and a th ic k  r i g i d  p i lu s  o f around 10 nm 

d iam eter (B radley  e t  a l . , 1983; B rad ley , 1984). The i s o la t io n  o f m utant 

p lasm ids determ in ing  e i th e r  th ic k  p i l i  on ly  o r th ic k  p i l i  a t  a re p re sse d  

le v e l  and th in  p i l i  c o n s t i tu t iv e ly  has allow ed some e lu c id a tio n  o f t h e i r  

fu n c tio n  (B rad ley , 1984). Thin p i l i  a re  re q u ire d  fo r  th e  fo rm ation  o f 

c o n ta c ts  between b a c te r ia  in  l iq u id  m atings; in  th e i r  absence th ic k  p i l i  

a lo n e  can m ediate c o n ta c t and t r a n s f e r  on ly  in  su rfa ce -su p p o rte d  matings® 

Thus, th ic k  p i l i  a lso  appear to  p lay  a r o le  in  c o n ta c t fo rm ation , 

presum ably in  c o -o p e ra tio n  w ith  th in  p i l i  in  a  tw o-stage  p ro cess  (B rad ley , 

1980; 1984) .  S ince  th in  p i l i  a re  n o t re q u ire d  fo r  DNA t r a n s f e r ,  th ese
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o rg a n e lle s  cannot be re sp o n s ib le  fo r  conduction  o f  DNA, and so on ly  th ic k  

p i l i  can be co n sidered  as p ro sp e c tiv e  ag en ts  fo r  DNA t r a n s f e r .  I n  th i s  

re g a rd , i t  i s  n o t y e t known w hether th ic k  I  p i l i  have an a x ia l  h o le , b u t i f  

we accep t th a t  th e se  p i l i  sire about 10.0 nm in  e x te rn a l d iam eter and assume 

th a t  th e  p i l i n  su b u n its  a re  a rranged  as fo r  F p i l i ,  then  th i s  h o le  would 

n o t be expected to  be la rg e r  than  3#0 nm in  d iam e te r . Thus, th e  same 

p h y s ic a l c o n s tr a in ts  w ith  reg a rd  to  conduction  o f p ro te in  appear to  app ly  

to  bo th  F and th ic k  I  p i l i .

In  th e  l i g h t  o f  c u rre n t ev idence , i t  th e re fo re  appears th a t  t r a n s f e r  o f 

p lasm id prim ase does n o t proceed v ia  an extended p i lu s ,  and u n le ss  one 

invokes s e p a ra te  ro u te s  o f t r a n s p o r t  fo r  p ro te in s  and DNA between m ating 

b a c te r ia ,  th i s  co n clu sio n  must c o n s t i tu te  a s e r io u s  c r i t ic i s m  o f th e  p i lu s  

conduction  model. This co n ten tio n  i s  supported  by the  i n a b i l i t y  to  

dem onstrate  the  p resence  o f DNA in s id e  th e  p i lu s  (Wendt e t  a l . , 1966) and 

th e  o b se rv a tio n  th a t  d ep o lym erisa tion  o f  F p i l i  w ith  SDS a f t e r  m ating has 

s t a r t e d  does n o t in te r r u p t  th e  co n ju g a tiv e  p ro cess  (Achtman e t  a l . , 1978).

As an a l t e r n a t iv e  to  th e  p i lu s  model, C u r t is s  (1969) and Msurvin and Hohn 

( 1969) proposed th a t  w all to  w all c o n ta c t was n ecessa ry  between m ating 

b a c te r ia  in  o rd e r to  promote a lo c a l is e d  fu s io n  o f  c e l l u l a r  membranes le a d in g  

to  a cy toplasm ic b r id g e . These au th o rs  a lso  suggested  th a t  th e  r o le  o f  

sex  p i l i  might be to  r e t r a c t  in  o rd e r to  b r in g  about th e  i n i t i a l  w a ll to  

w all c o n ta c t .  This h y p o th esis  has s in c e  re c e iv e d  su p p o rt from th e  r e 

t r a c t io n  o f F p i l i  on trea tm en t w ith  phage f1 (Jacobson, 1972), NaCN 

(Novotny and F iv e s -T a y lo r , 1974) and h e a t (F iv es-T ay lo r and Novotny,

1976) ,  and th e re  i s  in d i r e c t  evidence th a t  I  p i l i  r e t r a c t  (Lawn and 

M eynell, 1972). Furtherm ore, c lo se  w ^ ll c o n ta c t has been re p o r te d  many 

tim es fo r  m ating c e l l s  (Ledepberg, 1956; Ou and Anderson, 1970; Achtman 

e t  a l . , 1978) and th i s  i s  m ain tained  fo r  lo n g e r p e rio d s  in  H fr r a th e r  than  

F^ m atings (Achtman e t  a l . , 1978).
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The most s u i ta b le  can d id a te s  fo r  cy top lasm ic o r membrane b rid g es  

between co n ju g atin g  c e l l s  a re  th e  adhesion  s i t e s  dem onstrated  in  E .c o l i  

by Bayer (1967; 1968; Bayer and S ta rk e y , 1972). These s t r u c tu r e s  (see  

F ig u re  8-2) re p re se n t a  lo c a l is e d  fu s io n  between in n e r and o u te r  c e l l  

membranes and a re  p re s e n t over about ^  o f  th e  c e l l u l a r  su rfa c e  (B ayer,

1979)* They appear to  serv e  as growing zones fo r  the  in s e r t io n  o f  macro

m olecules in to  the  c e l l  w all and o u te r  membrane, and a c t  as s i t e s  fo r  th e  

e n try  o f  c e r ta in  b ac te rio p h ag es  (B ayer, 1979)* Most s ig n i f i c a n t ly ,  such 

fu s io n  s i t e s  have been observed a t  the  base o f  F p i l i  (B ayer, 1973), and i t  

i s  thought l i k e ly  th a t  th i s  re p re se n ts  th e  re g io n  a t  which th e  p i l i n  sub

u n i ts  a re  assem bled and the  growing p i lu s  i s  extended through the  o u te r  

membrane. Once th e  t i p  o f th e  extended p i lu s  has a tta c h e d  to  th e  r e c ip ie n t  

c e l l ,  perhaps a t  a s im ila r  adhesion  s i t e ,  i t  i s  easy  to  env isage a  r e t r a c t io n  

o f  the  p i lu s ,  m ediated by d ep o lym erisa tion  o f the  o rg a n e lle  a t  one o r both  

o f  i t s  ends, b r in g in g  the  o u te r  membranes o f donor and r e c ip ie n t  in to  c lo se  

c o n ta c t .  The n a tu re  o f the  b rid g e  formed a t  such a ju n c tio n  must rem ain 

s p e c u la tiv e  b u t s in c e  i t  must allow  th e  tr a n s p o r t  o f DNA and c e r ta in  p ro te in  

m olecules w ithou t p e rm ittin g  a g en e ra l m ixing o f c e l l u l a r  c o n te n ts , i t  

would presum ably be a h ig h ly  developed s t r u c tu r e .  In  th i s  re g a rd , th ic k  I  

p i l i  have been observed to po ssess  membraneous s t r u c tu r e s  a tta c h e d  to  one 

end which vary  in  s iz e  from sm all knobs to  v e s ic l e - l ik e  sacks (B rad ley ,

1984). These s t r u c tu r e s  re a c te d  w ith  a n tib o d ie s  to  b a c te r i a l  membranes and 

hence a re  n o t p la sm id -sp e c if ie d ; thus they  m ight re p re se n t a  p lasm id- 

m ediated conversion  o f  a h o s t adhesion  s i t e .  S ince  c o n ju g a t iv e ly - re p l ic a t in g  

R64drd-11 (Fenwick and C u r t is s ,  1973c; Davis and Henry, 1982) and RId rd -4  

(Falkow e t  a l . , 1971) DNA has been shown to  a s s o c ia te  w ith  th e  in n e r  

membrane, th e se  s t r u c tu r e s  may a lso  se rv e  as anchorage fo r  the  s tra n d  o f



Figure 8-2 Morphology of an adhesion site of Escherichia coli K-12

Key: IM In n e r membrane

OM O uter membrane

PS P e rip lasm ic  space
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b Beaded appearance o f  IM

D iscussion  i s  p rov ided  in  th e  t e x t .  The diagram  i s  taken  from 

Bayer (1979)*
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plasm id DNA re ta in e d  in  the  donor c e l l .  E le c tro n  m icrographs o f adhesion  

s i t e s  e s tim a te  th e  ju n c tio n  between in n e r and o u te r  membranes a t  about 20 

to  30 nm (B ayer, 1979)» a dim ension more cond ucive  to  th e  tra n s p o r t  o f 

p ro te in  m olecules than  th a t  o f a  sex  p i lu s .

F ig u re  8-3  d e p ic ts  a  schem atic  model o f l a  plasm id t r a n s f e r ,  based on 

th e  a v a i la b le  in fo rm atio n  concern ing  I  p i l i  and E .c o l i  adhesion  s i t e s .  The 

p re c is e  n a tu re  o f  th e  'pore* connecting  th e  m ating c e l l s  i s  unknown, and so 

th e  p resence  o f p ro te in s  and o th e r  m olecules which may be a s so c ia te d  w ith  

th i s  s i t e  have been om itted  from th e  diagram fo r  c l a r i t y .  However, th e  

treiD, traY  and traM gene p ro ducts  o f F have been shown to  be membrane- 

a s s o c ia te d  and lo c a t io n  o f th ese  p ro te in s  a t  a  pore  would o f f e r  advantages 

in  th e  p ro ce ss in g  o f F DNA during  i t s  c o n ju g a tiv e  t r a n s f e r  ( W il le t ts ,  I 98I)*  

A part from p ro te in s  invo lved  in  th e  n ic k in g  and r e c i r c u la r i s in g  o f  plasm id 

DNA, some machinery must a lso  be p re se n t to  guide th e  DNA through the  pore  

w ithou t p e rm ittin g  r a v e l l in g  o f th e  s t r a n d . Thus, the  pore must be 

co n sidered  as a complex in v o lv in g  h o s t membranes and plasm id DNA and p ro te in s ,

As w ell as plasm id prim ase, o th e r  plasm id-encoded p ro te in s  may be t r a n s 

m itted  between m ating c e l l s .  S ince  s in g le -s t ra n d e d  DNA b ind ing  p ro te in s  

(SSBs) fu n c tio n  in  bo th  b ac te rio p h ag e  and chromosomal DNA r e p l ic a t io n ,  i t  

i s  re aso n ab le  to  assume an analogous ro le  fo r  SSBs in  th e  co n ju g ativ e  

r e p l ic a t io n  o f p lasm id  DNA. A number o f  co n ju g a tiv e  p lasm id s, n o tab ly  F,

R1, R100, R64 d rd -11 , and RP4 (Kolodkin e t  a l . , 1983» p e rso n a l 

communication from E. Golub and B. Low c i te d  in  W il le t ts  and W ilk ins, 1984; 

B arth , 1984), encode p ro te in s  capab le  o f  su p p ress in g  te m p e ra tu re -se n s itiv e  

h o s t ssb  m uta tions in  E .c o l i .  In  th e  case  o f R64, su p p ress io n  re q u ire s  de

re p re s s io n  o f t r a n s f e r  genes, su p p o rtin g  a r o le  fo r  th e  p u ta t iv e  In c ia  

p la sm id -sp e c if ie d  SSB in  co n ju g a tio n . An a t t r a c t i v e  p o s s ib i l i t y  i s  th a t  

th e  p ro te in  c o a ts  th e  plasm id DNA s tra n d  undergoing t r a n s f e r ,  and i s



Figure 8-3 Schematic representation of the route of la DNA transfer

The model, d iscu ssed  f u l ly  in  s e c t io n  8 .3 , p re se n ts  th e  opposing 

c e l l  w a lls  and in n e r  and o u te r  membranes w ith  th e i r  r e s p e c tiv e

s t r u c tu r e s  p r io r  to  m ating ( 1) .  Thin f l e x ib le  p i l i  then  a t ta c h  to  l ip o -  

p o ly sacch a rid e  re c e p to rs  on th e  r e c ip ie n t  OM, and form an i n i t i a l l y  weak 

c o n ta c t (2) which i s  su b seq u en tly  s t a b i l i s e d .  R e tra c tio n  o f  th e se  p i l i ,  

perhaps by d ep o ly m erisa tio n  a t  t h e i r  b a se s , then b rin g s  c e l l s  c lo s e r  

to g e th e r , and th e  th ic k  r i g i d  p i lu s  forms a connection  w ith  a r e c ip ie n t  

adhesion  s i t e  ( 3 ) .  F u r th e r  r e t r a c t io n  (4) b rin g s  the  c e l l s  in to  a  very  

s ta b le  w a ll to  w a ll c o n ta c t .  F ig u re  5 re p re se n ts  the  fu s io n  o f  o u te r  

membranes between th e  two opposing adhesion  s i t e s  to  form a cy top lasm ic 

b r id g e . A lthough th e  in n e r  membrane i s  known to fu se  w ith  the o u te r  

membrane a t  adhesion  s i t e s ,  i t  may o r may n o t occlude the  pore#
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t ra n s m itte d  by a ttachm ent to  th e  DNA to  r e c ip ie n t s  where i t  p a r t i c ip a te s  

in  c o n ju g a tiv e  DNA m etabolism .

S in ce  r e c i r c u la r i s a t io n  o f C olIb-P9 DNA in  r e c ip ie n t s  i s  independent 

o f t r a n s c r ip t io n  o f  th e  t r a n s fe r re d  DNA (B oulnois and W ilk in s, 1978), th i s  

p ro cess  may a lso  be r e l i a n t  upon d o n o r-su p p lied  p ro d u c ts . A lthough th i s  

o b se rv a tio n  can be exp lained  by a t r a n s f e r  o f th e  n ecessa ry  p ro te in  

m achinery, perhaps by co v alen t a ttachm ent to  th e  term inus o f the  t r a n s fe r re d  

p lasm id  s t r a n d , r e c i r c u la r i s a t io n  could a lso  occur i f  th e  p ro te in ( s )  

in v o lv ed  formed a s t r u c tu r a l  component o f  th e  pore l in k in g  th e  m ating c e l l s .  

Thus, r e c i r c u l a r i s a t i o n  may take  p la ce  a t  th e  membrane ju n c tio n  between the  

m ating c e l l s ,  r a th e r  than in  th e  r e c ip ie n t  c e l l  i t s e l f .

8 .3  P ro ce ss in g  o f  pleismid prim ase

A lthough plasm id  prim ase has been id e n t i f i e d  as a s in g le  p o ly p ep tid e  

o f  about 240,000 MW, prim ase a c t i v i t y  re q u ire s  on ly  th e  N -te rm ina l th i r d  or 

so o f  t h i s  m olecule (B oulnois e t  a l . , I 982) .  The p a r t  o f th e  240 k d a l 

p ro te in  th a t  i s  in e s s e n t ia l  fo r  prim ase a c t i v i t y  in c lu d e s  th a t  sequence 

sh ared  w ith  th e  I 80 k d a l sog p ro d u c t; th e  fu n c tio n  o f th i s  sequence i s  

presum ably e q u iv a le n t to  th a t  o f th e  sm a lle r p ro te in  and i s  a t  p re s e n t un

known. S in ce  th e  evidence in  favour o f plasm id prim ase t r a n s f e r  r e s t s  on 

d e te c t io n  o f a c t i v i t y  in  r e c ip ie n t  c e l l s ,  on ly  th e  unique N -te rm ina l reg io n  

o f  th e  240 k d a l p ro te in  can be deduced to  be tr a n s fe r r e d  and so i t  i s  a 

p o s s i b i l i t y  th a t  th e  rem ainder o f th e  p ro te in  i s  removed p r io r  to  o r during  

th e  t r a n s f e r  p ro c e ss .

A part from advantages th a t  might a r i s e  from d ecreasin g  th e  s iz e  and 

amount o f  p ro te in s  th a t  a re  tr a n s fe r re d  v ia  an energy-dependent and 

p o s s ib ly  s i z e - r e s t r i c t i v e  co n ju g a tio n  system , th i s  p ro sp e c t i s  c o n s is te n t  

w ith  th e  o b se rv a tio n  th a t  the  tru n c a ted  prim ase s p e c if ie d  by BW96 (pLG250,
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pLG2l4) donor c e l l s  i s  e f f i c i e n t ly  tra n sm itte d  to  r e c ip ie n t s  (C hapter 6 ) ,  

d e sp ite  the  lo s s  o f about 63^ o f th e  normal am ino-acid  sequence. Thus th e re  

i s  no reason  to  assume th a t  the  240,000 d a l form o f plasm id prim ase i s  

t r a n s fe r r e d  in  i t s  e n t i r e ty .  I t  has been su g gested  th a t  th e  g e n e tic  

o rg a n is a tio n  o f  th e  sog locus a ro se  as a r e s u l t  o f fu s io n  between two 

s e p a ra te  genesto  allow  reg io n s  common to  bo th  p o ly p ep tid es  to  in te r a c t  and 

so form m u ltifu n c tio n a l complexes (B oulnois e t  a l . , I 982) .  I f  the  r o le  o f 

th e  180 k d a l p ro te in  were s t r u c tu r a l ,  perhaps c o n tr ib u tin g  to  the  base o f 

th e  p i lu s  o r to  th e  transmembrane p o re , then  in te r a c t io n  may guide the  

prim ase m oiety to  th e  s i t e  o f t r a n s f e r .  P ro cessin g  o f th e  enzyme might 

occur a f t e r  th i s  s ta g e  a t  th e  membrane, fo llow ed by t r a n s f e r  o f a tru n 

c a ted  prim ase p r o te in .  The traA gene p roduct o f  F , which i s  converted  from 

a 14,000 d a l form in to  7,000 d a l m olecules o f  F p i l i n  by th e  membrane- 

lo c a te d  traQ  p roduct ( Ip p e n -Ih le r  e t  a l . , 1984) i s  aui example o f the  

p ro c e ss in g  o f plasm id p roducts  in  th i s  way, and p ro te o ly t ic  cleavage has 

been d esc rib ed  fo r  h o s t p ro te in s  in  t h e i r  t ra n s p o r t  a c ro ss  the  in n e r 

membrane to the  o u te r  membrane (see  S ilh av y  e t  a l . , 1983 fo r  a re c e n t re v ie w ).

U n til  the  ro le  o f the  18O k d a l reg io n  has been e s ta b lis h e d , such models 

must rem ain s p e c u la t iv e . The only  experim en tal evidence in d ic a t iv e  o f 

p ro cess in g  o f  sog p roducts  i s  th e  i s o la t io n  o f a 140,000 MW form o f sog 

prim ase by Lanka e t  a l .  (1979) in s te a d  o f th e  240,000 MW form d e te c te d  in  

crude c e l l  e x tr a c ts  (W ilkins e t  a l . , 198I ;  B oulnois e t  a l . , 1982) .  This 

novel s iz e  may in d ic a te  th a t  p ro cess in g  can occur a t  s i t e s  w ith in  the  

re g io n  co rresponding  to  the  I 80 k d a l polypeptide*  ^ d  su g g es ts  th a t  

c leavage could occur a t  more than  one s i t e ,  and perhaps inv o lv e  th e  I 80 

k d a l p ro te in  as w e ll.
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P ro g ress  re q u ire s  re s o lu t io n  o f w hether the  240 k d a l form o f  plasm id 

p rim ase, o r a tru n c a ted  p o ly p ep tid e  w ith  prim ing  a c t i v i t y ,  i s  tra n sm itte d  

to  r e c ip ie n t s ,  and e lu c id a tio n  o f th e  fu n c tio n  o f  the  180 k d a l sog p ro d u c t. 

A n alysis  o f p ro te in s  tra n sm itte d  to  r i f a m p ic in - t r e a te d  r e c ip ie n t  c e l l s  

m ight be f e a s ib le  u s in g  th e  s e le c t iv e  phage T6 l y s i s  o f  donors used in  DNA 

t r a n s f e r  experim ents (C hapter 5) to  remove donor p ro te in s  from th e  sam ples. 

R e c ip ie n ts  co n ta in in g  th e  Eex^ recom binant pLG252 could  be used in  c o n tro l 

m atings to  t e s t  th e  s u i t a b i l i t y  o f th is  approach . P ro te in s  in  r e c ip ie n t  

c e l l s  could  be analysed  by SDS-polyacrylam ide g e l e le c tro p h o re s is  and sog 

p ro te in s  t r a n s fe r re d  from donors id e n t i f i e d  by a number o f d i f f e r e n t  means.

S e le c t iv e  l a b e l l in g  o f donor p ro te in s  w ith 35s m ethionine m ight be su ccess 
o r

fu l  in  th i s  re s p e c t  i f  used to  allow  au to rad io g rap h y  o f SDS-polyaJylam ide 

g e ls  in  o rd e r to  avoid  th e  s ig n i f ic a n t  background r a d io a c t iv i ty  a s s im ila te d  

by r e c ip ie n t s  ( S i lv e r ,  1963; S i lv e r  e t  a l . ,  1963) .  A l te rn a t iv e ly ,  p o ly 

p e p tid e s  could be tr a n s fe r re d  to  n i t r o c e l lu lo s e  and t r e a te d  w ith  a n t i 

s e r a  r a is e d  a g a in s t  plasm id prim ase o r th e  I 80 k d a l p r o te in .  Use might 

a lso  be made o f  recom binant p lasm ids w ith  v a r io u s  d e le t io n s  a f f e c t in g  th e  

C -te rm in a l p o r tio n  o f  plasm id prim ase (B oulnois e t  a l . , I 982) as  a  sou rce  

o f  an tiserum  s p e c if ic  on ly  fo r  the N -te rm ina l prim ase domain o f th e  m olecule,

8 .4  Plasm id prim ase and su p p ress io n  o f dnaG m utations

The a b i l i t y  o f c e r ta in  co n ju g a tiv e  p lasm ids to  su p p ress  the  

te m p e ra tu re -se n s itiv e  phenotype o f  dnaG3 m utants has been re p o r te d  fo r  

members o f  th e  l a ,  l y ,  I j ,  B, C, J ,  K, P andU in c o m p a tib il i ty  groups 

(W ilk ins, 1973; Sasakawa and Yoshikawa, 1978; Lanka e t  a l . , 1979; Ludwig 

and Johansen , I 98O; Lanka and B arth , I 98I ;  Dalrymple e t  a l . , 1982;

Dalrymple and WiBi'atns, 1982) , a lthough  in  a t  l e a s t  some cases  i t  appears 

th a t  a  m u ta tio n a l change a f f e c t in g  th e  plasm id-encoded prim ase i s
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n ecessa ry  fo r  the  d e te c tio n  o f  th i s  a b i l i t y  by colony fo rm ation  a t  

r e s t r i c t i v e  tem p era tu re , (Ludwig and Johansen , 1980; Lanka e t  a l . , 1984).

This m utation  i s  presum ably se p a ra te  from th a t  re p o rte d  by Sasakawa and 

Yoshikawa (1978). These au th o rs  showed th a t  in  a d d itio n  to  an a u th e n tic  

d e re p re ss in g  m utation  an o th er p lasm id m uta tion  was re q u ire d  fo r  com plete 

dnaG su p p re ss io n , b u t th i s  i s  ap p a ren tly  s e p a ra te  from th e  m u ta tio n a l change 

in  the  prim ase gene s in c e  i t  r e s u l t s  in  a  g r e a te r  d e re p re ss io n  o f  t r a n s f e r  

fu n c tio n s .

In c ia  p lasm id prim ase appears to  ach ieve  su p p ress io n  by d i r e c t ly  

s u b s t i tu t in g  fo r  E .c o l i  prim ase in  th e  prim ing o f  chromosomal DNA s y n th e s is .  

The enzyme fu n c tio n s  on s in g le -s tra n d e d  DNA tem pla tes  in d ependen tly  o f dnaB 

and dnaG p ro te in s  (Lanka e t  a l . ,  1979) b u t i s  unable  to  bypass th e  r e q u ire 

ment fo r  th ese  p ro te in s  on duplex DNA (Fenwick and C u r t is s ,  1973a; B oulnois 

and W ilk ins, 1979)» Thus plasm id prim ase m ight c o -o p e ra te  w ith  c e r ta in

b a c te r i a l  enzymes in  o rd e r to  g en era te  p rim ers fo r  chromosomal DNA
0

r e p l ic a t io n  and i t  m ight be in co rp o ra ted  in to  th e  h o s t primosorae complex to  

ach ieve  th i s  a c t io n .  The la rg e  s iz e  o f p lasm id  prim ase (240 k d a l)  as 

compared w ith dnaG p ro te in  (60 k d a l)  might make th is  in te r a c t io n  i n e f f i c i e n t ,  

u n le ss  th e  p ro te in  were p rocessed  to  g en e ra te  a sm eiller prim ase m olecule 

(S ec tio n  8 .3 )*  In  th i s  r e s p e c t ,  i t  may be re le v a n t  th a t  th e  tru n c a ted  

prim ase (87 k d a l)  s p e c if ie d  by pLG2l4 i s  capab le  o f su p p ress in g  dnaG3 

m uta tions w ith  alm ost 100^ e f f ic ie n c y  (C hapter 3)* S ince  dnaB p ro te in  i s  

thought to  a c t  as  a m obile prom oter, a c tin g  to  reco g n ise  and modify s i t e s  

fo r  u t i l i s a t i o n  by prim ase (McMacken e t  a l . , 1977; A rai and Kornberg,

1981a ) , the  p la sm id -sp e c if ie d  enzyme may r e q u ire  dnaB p ro te in  to  reco g n ise  

s i t e s  fo r  prim er sy n th e s is  on b a c te r i a l  DNA. A lte rn a t iv e ly ,  as plasm id 

prim ase g en era te s  s h o r t  o lig o r ib o n u c le o tid e  p rim ers , i t  m ight be expected 

th a t  reg io n s  o f DNA complementary to  the  p rim er sequences on th e  l a
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plasm id may a lso  e x i s t  on the  h o s t chromosome, a llow ing  th e  enzyme to 

i n i t i a t e  chromosomal r e p l ic a t io n  from th e se  s i t e s  r a th e r  than  a t  sequences 

u t i l i s e d  by dnaG p ro te in #  The r o le  o f dnaB p roduct in  th i s  scheme would l i e  

in  some o th e r  a sp e c t o f DNA r e p l ic a t io n ,  such as  d e s ta b i l i s a t io n  o f the  

h e l ix  (S taudenbauer e t  a l . , 1979)*

Wang and Iy e r  (1977, 1978) have in te r p r e te d  g e n e tic  experim ents to  

in d ic a te  th a t  many co n ju g a tiv e  plasm ids encode an analogue o f th e  h o s t 

dnaB p ro te in ,  s im ila r  in  n a tu re  to  the  phage PI ban p ro te in  (S ch u ste r e t  

a l . , 1975)* These au th o rs  dem onstrated th a t  a  number o f p lasm id s, in c lu d in g  

R64 and R l44, could  p a r t i a l l y  su p p ress  the  te m p e ra tu re -se n s itiv e  phenotype 

o f four d i f f e r e n t  dnaB a l l e l e s ,  and th a t  s t i l l  o th e rs  caused an enhance

ment o f  th e  te m p e ra tu re - s e n s i t iv i ty .  In  keep ing  w ith  th i s  l a t t e r  c la s s  o f 

p lasm id , i t  was observed  during  th e  course o f th i s  work th a t  bo th  pLG221 

and pLG250 s l i g h t l y  enhanced the  te m p e ra tu re - s e n s i t iv i ty  o f DNA sy n th e s is  

in  the  dnaB70 s t r a i n  BW68 during  c o n tro l measurements a t  43°C. R esid u a l 

DNA sy n th e s is  in  t h i s  s t r a i n  was reduced from to  2^ by the  in c lu s io n  o f  

e i th e r  pLG221 o r pLG250 (d a ta  n o t shown). The n a tu re  o r s ig n if ic a n c e  o f 

th i s  e f f e c t  i s  n o t known, b u t i t  i s  u n lik e ly  to  be caused by a  p lasm id- 

encoded dnaB-l i k e  p ro te in ,  s in c e  a ttem p ts  to  p u r ify  the  p u ta t iv e  dnaB 

analogue from R64drd -1 1- co n ta in in g  c e l l s  and to  show th a t  the  plasm id  has 

sequences homologous w ith  the  h o s t dnaB gene have proved f r u i t l e s s  (Lanka 

e t  a l . , 1979; V.N. I y e r ,  p e rso n a l communication to B.M. W ilk in s ) . In s te a d  

o f  d e te c tin g  a  plasm id-encoded dnaB analogue, th e  s tu d ie s  dem onstrated  th a t  

th e  p ro te in  re s p o n s ib le  fo r  com plem entation in  some te m p e ra tu re -se n s itiv e  

dnaB s t r a in s  h a rb o u rin g  R64drd-11 was in d is t in g u is h a b le  from th e  h o s t dnaB 

p roduct excep t fo r  a  6^  re d u c tio n  in  apparen t m olecu lar w eigh t. F u r th e r

more, s in c e  th e  p resen ce  o f the  plasm id was n o t re q u ire d  fo r  th e  con tinued
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s y n th e s is  o f th i s  p ro te in ,  i t  appears th a t  th e  form ation  o f  therm o- 

r e s i s t a n t  co lo n ie s  by R64drd-11- co n ta in in g  c e l l s  may be due to  th e  plasm id 

a c t in g  as  a m utator to  promote change o f th e  o r ig in a l  dnaB le s io n  and hence 

a llow  growth a t  h igh  tem p era tu re .

While C olIb-P9 does no t appear to s p e c ify  a dnaB-l ik e  p ro te in  capab le  

o f  a c t io n  on b a c te r i a l  DNA tem p la tes , the  p o s s ib i l i t y  th a t  i t  may encode 

some o th e r  p roduct invo lved  in  th e  su p p ress io n  p ro cess  i s  r a is e d  by th e  

o b se rv a tio n  th a t  pLG215 suppressed  the  h o s t dnaG3 m utation  when p a ire d  w ith  

pLG250 in  th e  same c e l l  (Table 3 -1 )•  As ex p la in ed  in  s e c tio n  3*4, th e  gene 

fo r  th i s  c o fa c to r  might be id e n t i f i e d  by a  c lo n in g  s t r a te g y  u sin g  p lasm id- 

f r e e  se g re g a n ts  o f BW86 (pLG215) grown a t  40°G, o r by g e n e tic  mapping o f the  

chromosomal m uta tion  c a r r ie d  by such s e g re g a n ts . In v e s t ig a t io n  o f bo th  the  

e x is te n c e  and n a tu re  o f c o fa c to rs  may shed l i g h t  on th e  mechanism o f dnaG 

su p p re ss io n .

8 .5  E v o lu tio n  o f plasm id-encoded DNA prim ases

P la sm id -sp e c if ie d  prim ing enzymes a re  f a i r l y  u b iq u ito u s  amongst 

d iv e rse  groups o f co n ju g a tiv e  plasm ids (Lanka and B arth , 1981) and a t  l e a s t  

th re e  d i f f e r e n t  prim ase genes have been id e n t i f i e d  so f a r .  D esp ite  the  

ap p a ren t u n re la te d n e ss  o f th e se  l o c i ,  as shown by la ck  o f DNA-DNA h y b rid 

i s a t i o n  and absence o f a n tig e n ic  c r o s s - r e a c t iv i ty  between p o ly p ep tid es  

(Lanka and B arth , 198I ;  D alrym ple, 1982; Dalrymple e t  a l . ,  1982), the  

n a tu re  and o rg a n is a tio n  o f th e se  lo c i  and th e i r  p ro d u c ts  a re  rem arkably 

s im i la r .  A ll a re  thought to  c o n s is t  o f o v erlap p in g  genes th a t  s p e c ify  two 

s e q u e n c e -re la te d  p ro te in s  o f s im ila r  r e l a t i v e  s i z e s .  P la sm id -lo ca ted  

prim ase genes a re  n o t on ly  w idespread b u t appear to  have a r is e n  by a t  l e a s t  

th re e  d i f f e r e n t  ev o lu tio n a ry  pathw ays. D ivergen t ev o lu tio n  from a  common 

a n c e s t r a l  gene i s  u n l ik e ly ,  co n sid e rin g  th e  la c k  o f DNA homology and a n t i 
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genic  r e la te d n e s s .  Furtherm ore, w hile the  RP4 p r i  lo cu s  encodes two p rim er- 

g e n e ra tin g  enzymes w ith  the  prim ase domain occupying th e  C -te rm in a l reg io n  

o f  each, only  th e  N -term inus o f the  la rg e r  sog p roduct has DNA prim ase 

a c t i v i t y  (Lanka and B arth , I 98I ;  B oulnois e t  a l . , 1982; Lanka e t  a l . , 1984). 

The fu n c tio n a l s im i l a r i t i e s  between the  d i f f e r e n t  c la s s e s  o f  plasm id-encoded 

prim ases th e re fo re  presum ably r e f l e c t  convergent ev o lu tio n a ry  h i s t o r i e s .

S e le c t io n  p re s su re  favou ring  the  development o f  a plasm id-encoded 

prim ase may a r i s e  as a r e s u l t  o f d i f f e r e n t  v e g e ta tiv e  and co n ju g a tiv e  DNA 

r e p l ic a t io n  s t r a t e g i e s  o f the  p lasm id . I f  plasm id r e p l ic a t io n  i s  a u n i

d i r e c t io n a l  p ro c e ss , sy n th e s is  o f m u ltip le  p rim ers w i l l  on ly  be n ecessa ry  on 

one s t r a n d , namely th e  tem plate  fo r  the  lag g in g  s tra n d  (F ig u re  1 -1 ) . I t  

seems reaso n ab le  to  suppose th a t  th e  o th e r  s t r a n d , which se rv es  in  

r e p l ic a t io n  as tem pla te  fo r  th e  le ad in g  s t r a n d , w il l  be d e f ic ie n t  in  s i t e s  

re c o g n isa b le  by h o s t p rim er-g en e ra tin g  enzymes, w ith  th e  p o s s ib le  excep tion  

o f  th e  oriV re g io n . I f  th i s  second s tra n d  i s  t r a n s fe r re d  during  c o n ju g a tio n , 

e f f i c i e n t  complementary DNA sy n th e s is  in  th e  r e c ip ie n t  c e l l  w il l  r e q u ire  some 

c o n ju g a tio n -s p e c if ic  prim ing mechanism to  compensate fo r  th e  la c k  o f  s i t e s  

re c o g n isa b le  by h o s t enzymes and a  plasm id-encoded DNA prim ase would f u l f i l  

th i s  fu n c tio n .

The p ro p e r t ie s  o f RP4 a re  c o n s is te n t w ith  th i s  h y p o th e s is . DNA tr a n s f e r  

proceeds in  th e  o p p o s ite  d ir e c t io n  to  u n id ir e c t io n a l  DNA r e p l ic a t io n  (see  

Lanka and B arth , 198I ;  A l-Doori e t  a l . ,  1982; Lanka e t  a l . , 1983) and, i f  

we assume by analogy w ith  F th a t  a  s p e c i f ic  s tra n d  o f RP4 i s  t r a n s fe r r e d  

d u rin g  co n ju g atio n  w ith  i t s  5 * term inus le a d in g , the  tr a n s fe r r e d  s tra n d  w i l l  

be the  one th a t  se rv e s  as tem plate  fo r  le ad in g  s tra n d  sy n th e s is  during  

v e g e ta tiv e  r e p l ic a t io n  (W ilkins e t  a l . ,  1984). Thus, th e  DNA prim ase encoded 

by th i s  plasm id may have a r is e n  from the  need fo r  d isco n tin u o u s s y n th e s is  o f 

th e  complementary s tra n d  in  th e  r e c ip ie n t  c e l l  and th e  in e f f ic ie n c y  o f h o s t



Table 8-1 Properties of some DNA primase-specifying conjugative

plasmids

D iscussion  i s  p rovided  in  s e c t io n  8.5* For th e  sake o f c o n s is te n c y , 

I  have used th e  term l a  in s te a d  o f  w ith  re fe re n c e  to  in c o m p a tib i l i ty ,

and p lasm ids a re  r e fe r re d  to  by th e i r  w ild -ty p e  d e s ig n a tio n  to  avoid

l i s t i n g  th e  numerous drd m utants o f th e  sample plasm id th a t  were o f te n  

used in  s e p a ra te  experim en ts.

— D ata from Coetzee e t  a l .  ( 1982) ;  B radley  (1984).

— Data from Dalrymple e t  a l .  ( 1982) .

— U npublished d a tao f C.C. Wymbs and B.M. W ilk ins.

d— P aren th eses  re p re se n t an in te rm e d ia te  amount o f r e a c t iv i t y  w ith

an tiserum  (B rad ley , 1984).
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enzymes to  g e n e ra te  prim ers fo r  th i s  p ro c e ss . Although n e i th e r  th e  mode o f 

r e p l ic a t io n  no r th e  o r ie n ta t io n  o f the  t r a n s fe r r e d  s tra n d  o f an In c Ia  plasm id 

has been determ ined , sog may a lso  have a r is e n  in  response  to  such s e le c t iv e  

p re s s u re s .

The p resen ce  o f sog -l i k e  sequences in  d i f f e r e n t  c o n ju g a tiv e  plasm id 

i s  a lso  o f i n t e r e s t .  Sequences homologous w ith  th e  C olIb-P9 sog gene have 

been d e tec te d  in  R64 ( I n c ia ) ,  Rl44 and R864a ( In c ia  + B ), to g e th e r  w ith  

R621a and RIP72 (In cB ), as shown in  Table 8- 1 .  A lthough a l l  th e se  plasm ids 

a re  c lo s e ly  r e l a t e d ,  sog i s  c le a r ly  no t a s s o c ia te d  w ith  p lasm ids o f one 

p a r t i c u la r  in c o m p a tib i l i ty  group . Furtherm ore, th e  sm all recom binant plasm id 

pLG2009, which was de riv ed  from pLG2CXX) (unpub lished  work o f C.C. Wymbs) and 

c a r r ie s  the  o riT  re g io n  o f C olIb-P 9 d rd -1 , i s  m ob ilised  e f f i c i e n t l y  by the  

above co n ju g a tiv e  plasm ids th a t  co n ta in  sequences homologous w ith  so g , w ith  

the  excep tio n  o f RIP72 (T able 8- 1) .  Thus, so g -l ik e  sequences a re  n o t 

l im ite d  to  p lasm ids sp e c ify in g  t r a n s -a c t in g  fu n c tio n s  th a t  re co g n ise  th e  

t r a n s f e r  o f  ColIb-P9*

Plasm ids R64, R144, R864a and R621a (which po ssess  so g -l i k e  sequences) 

a lso  determ ine c lo s e ly  r e la te d  th ic k  p i l i  as  dem onstrated by e le c tro n  m icro

sco p ic  exam ination  and s e ro lo g ic a l  a n a ly s is  (B rad ley , 1984; Table 8- 1) .  In  

c o n t r a s t ,  R805a s p e c i f ie s  th ic k  p i l i  which a re  s e r o lo g ic a l ly  r e la te d  to  

those  produced by the  IncB plasm id R l6 .  S ince  R805a has an R l6- l i k e  p r i  

gene, i t  appears  th a t  each c la s s  o f  prim ase gene may be a s s o c ia te d  w ith  genes 

fo r  a  p a r t i c u la r  type of th ic k  p i lu s .  This r e la t io n s h ip  may r e f l e c t  a fu n c t

io n a l in te rdependence  between the  p ro d u c ts  o f the  prim ase lo cu s  and th e  th ic k  

p i lu s ,  thus su p p o rtin g  th e  n o tio n  o f an in te r a c t io n  between sog p ro te in s  and 

the  base o f th e  th ic k  I  p i lu s  (see  S e c tio n  8 .3 )#  I t  should  be n o ted , how

e v e r , th a t  sog shows no such a s s o c ia t io n  w ith  th e  genes fo r  th in  p i l i ,  s in c e
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th o se  p i l i  encoded by RIP?2 d i f f e r  in  b ac te rio p h ag e  ad so rp tio n  from those  

produced by C olIb-P9, R64, R144 and R864a (T able 8- 1)•  Thus so g -l ik e  

sequences a re  n o t a sso c ia te d  w ith  th e  de term in an ts  o f a s p e c i f ic  type o f 

th in  p i lu s ,  and th i s  would ag ree  w ith  the  id e a  th a t  only  th ic k  p i l i  a re  

re q u ire d  fo r  the  form ation  o f th e  b rid g e  by which plasm id prim ase gains 

e g re ss  to  the  r e c ip ie n t  c e l l  (S ec tio n  8 . 3 )#

The a s s o c ia tio n  o f sog w ith  a range o f  genes fo r  co n ju g a tio n  fu n c tio n s  

on d i f f e r e n t ,  b u t c lo se ly  r e la te d  p lasm ids cou ld  be most e a s i ly  exp la ined  

by recom bination  o r transposon-m edia ted  ev en ts  between re p lic o n s  r e s u l t in g  

in  th e  exchange o r a c q u is i t io n  o f new plasm id fu n c tio n s . C lu s te r in g  o f  genes 

w ith  r e la te d  fu n c tio n s  and th e i r  c o -o rd in a te  ex p ress io n  would f a c i l i t a t e  

th i s  p ro c e ss , and many mechanisms by which d is c r e te  segments o f  DNA can be 

re a rra n g ed  in  th i s  manner have a lre a d y  been d e sc rib ed  (see  Cam pbell, 198I 

and Levin and L ensk i, I 983 fo r  r e c e n t  review s o f p lasm id e v o lu tio n ) . In  

t h i s  scheme the  plasm id i s  viewed as  a  t r a n s s ie n t  e n t i ty ,  exchanging d i s c r e te ,  

i n t e r n a l ly  conserved DNA sequences w ith  o th e r  p lasm id s. S ince  th i s  re q u ire s  

th a t  any two plasm ids o r re p lic o n s  undergoing such an exchange o f  g e n e tic  

in fo rm a tio n  must sh are  the  same h o s t c e l l ,  th e  h o s t range o f the  p lasm ids

in v o lv ed  must be a c o n tr ib u to ry  f a c to r  towards th i s  p ro c e ss . This may

e x p la in  why th e  p lasm ids l i s t e d  in  Table 8-1 as harbouring  sog -l i k e  genes 

sh a re  a  r e l a t i v e ly  narrow h o s t range (Jacob ^  a l . , 1977) and a lso  account

fo r  th e  p o sse ss io n  o f sog by RIP72.
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ABSTRACT

T i t l e  ROLE OF PLASMID C0LIb-P9 DNA PRIMASE

by Lee K. C h a tf ie ld

The sog locus of ColIb-P9 i s  known to  encode a DNA prim ase th a t  
g en e ra te s  RNA prim ers fo r  DNA sy n th e s is  on a v a r ie ty  o f DNA tem p la tes  and i t  
promotes b a c te r ia l  DNA r e p l ic a t io n  in  p rim ase -d e fec tiv e  (dna03) m utants of 
E sc h e rich ia  c o l i  K-12. The th e s i s  re p o r ts  th a t  the  p h y s io lo g ic a l ro le  o f the 
enzyme i s  in  co n ju g a tiv e  m etabolism  of plasm id DNA.

D e riv a tiv e s  of C olIb-P9drd-1 c a rry in g  defin ed  sog m utations were 
c o n s tru c te d  by j j i  vivo recom bination . The mutant plasm ids were m ain tained  
s ta b ly ,  showing th a t  the  prim ase i s  in e s s e n t ia l  fo r  v e g e ta tiv e  DNA 
r e p l ic a t io n ,  but they were d e f ic ie n t  in  tra n sco n ju g a n t fo rm ation  during  
b a c te r ia l  m ating. Amounts of co n ju g a tiv e  DNA sy n th e s is  in  m atings in v o lv in g  
m utants and complementing plasm ids imply th a t  the  prim ase i s  re q u ire d  fo r  
e f f i c i e n t  DNA sy n th e s is  on the plasm id s tra n d  t r a n s fe r r e d  to  th e  r e c ip ie n t  
c e l l ,  and th a t  the  enzyme may a c t in  th e  donor c e l l  to  promote sy n th e s is  o f a 
rep lacem ent s tra n d .

R ec ip ien t dnaCg b a c te r ia ,  t r e a te d  w ith  r ifa m p ic in  to  in h ib i t  
t r a n s c r ip t io n ,  recovered  some a b i l i t y  to  sy n th e s is e  chromosomal DNA during  
mating w ith  donors of a Sog+ co n ju g a tiv e  p lasm id . Recovery was dependent on 
plasm id prim ase and an a c t iv e  DNA tr a n s f e r  system  but i t  d id  not re q u ire  
tra n sm iss io n  of a fu n c tio n a l sog gene to  the  r e c ip ie n t  c e l l .  I t  i s  argued 
th a t  th e  recovery  r e f l e c t s  co n ju g a tiv e  t r a n s f e r  of plasm id prim ase, th a t  the  
t r a n s fe r r e d  enzyme norm ally a c ts  to  i n i t i a t e  DNA sy n th e s is  on the  plasm id 
s tra n d  tra n sm itte d  from the  donor c e l l ,  and th a t  sog prim ase i s  s e le c t iv e ly  
t r a n s fe r re d  during  co n ju g a tio n , p o ss ib ly  in  a s s o c ia t io n  w ith  plasm id DNA.

I s o la t io n  of recom binant plasm ids ca rry in g  th e  o r ig in  o f t r a n s f e r  or an 
e n try  ex c lu s io n  gene(s) o f ColIb-P9drd-1 i s  d e sc rib e d .


