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C hapter 1 

INTRODUCTION

In  th e  s tu d y  o f b a c te r ia l  c e l l  d iv is io n ,  th re e  p r in c ip le  approaches 

have been u sed . F i r s t ,  an a n a ly s is  o f the  r e la t io n s h ip s  between d i f f e r e n t  

p h y s io lo g ic a l param eters  over th e  c e l l  cy c le  has le d  to  th e  fo rm u la tio n  of 

a  m athem atica l d e s c r ip t io n  o f growth and d iv i s io n .  In  t h i s  approach i t  i s  

assumed th a t  d iv is io n  i s  c o n tro lle d  by a b a lan ce  betw een mass in c re a s e , 

s u r fa c e  grow th and DNA r e p l ic a t io n  r a th e r  th an  by tim ed , d i s c r e e t  m o lecu lar 

e v e n ts  s p e c i f ic  to  s e p ta t io n .  T his assum ption cou ld  be j u s t i f i e d  by the  

d i f f i c u l t i e s  in v o lv ed  in  e lu c id a t in g  such c o n t r o l l in g  e v e n ts , d i f f i c u l t i e s  

w hich have on ly  r e c e n t ly  been overcome.

In  a  second approach , b iochem ical s tu d ie s  on th e  b io sy n th e s is  o f the  

r i g i d  p ep tid o g ly can  la y e r  o f th e  c e l l  envelope ( re s p o n s ib le  f o r  c e l l  sh ap e), 

w h ile  r e v e a lin g  in  S trep to co ccu s a  p a t te rn  o f s u r fa c e  growth th a t  accounts 

f o r  septum fo rm a tio n , have been u n su c c e ss fu l in  t h i s  r e s p e c t  when a p p lie d  

t o  o th e r  o rgan ism s.

T h ird ly , a  g e n e tic  a n a ly s is  has been a ttem p ted  by th e  i s o la t io n  o f 

m utan ts d e fe c t iv e  in  th e  d iv is io n  p ro c e ss . The co m p lex ity  o f d iv is io n  

c o n tro l  was in d ic a te d  by th e  la rg e  number o f m utan ts o b ta in e d , and th e  l i s t  

may n o t y e t  be com plete . G enetic  a n a ly s is  p e r  se  has n o t re v e a le d  any 

d e ta i le d  mechanism o f  d iv is io n  c o n tro l and th i s  a s p e c t  i s  s t i l l  p o o rly  

u n d e rs to o d .

A c r i t i c a l  d is c u s s io n  o f a l l  th e se  s tu d ie s  i s  beyond th e  scope o f th is  

c h a p te r  and re c e n t  review s have an a ly sed  th e  d a ta  in  d ep th  (Shockman e t  ,



1974» S la te r  and S c h a e c te r , 1974* P r i tc h a rd , 1974» Daneo-Moore and 

Shockman, 1977* H e lm s te tte r  e t  a l . ,  1979). T h e re fo re  o n ly  th o se  f e a tu r e s  

from each a s p e c t  w i l l  be co n s id e re d , which have c o n tr ib u te d  s ig n i f i c a n t ly  

to  c u r re n t  id e a s  on d iv is io n  c o n tr o l ,  and th e  work o f t h i s  p r o je c t  in  

p a r t i c u l a r .  R ecent in v e s t ig a t io n s  have uncovered a n o th e r  a re a  o f g r e a t  

s ig n if ic a n c e  in  a  s tu d y  o f b a c te r i a l  c e l l  d iv is io n ,  l in k in g  th e  recA gene 

and fu n c tio n s  u n der i t s  c o n tro l  to  d iv is io n  r e g u la t io n .  The r o le  o f t h i s  

gene w il l  a ls o  be d e a l t  w ith  in  some d e t a i l .

1.1 Coupling o f  d iv is io n  and DNA r e p l ic a t io n

M aintenance o f a  p o p u la tio n  o f p h y s ic a lly  and g e n e t i c a l ly  id e n t ic a l  

b a c te r ia  r e q u ir e s  d iv is io n  and DNA r e p l ic a t io n  to  be c o o rd in a te d  to  en su re  

c o r r e c t  s e g re g a tio n  o f  d au g h te r chromosomes in to  d au g h te r c e l l s .  In  th e  

s im p le s t c a s e , th e  chromosome must be com pletely  d u p lic a te d  b e fo re  

s e g re g a tio n , b u t c o n tro l  o f th e  tim in g  of th e se  ev en ts  in  B .c o l i  must a llow  

f o r  an in c re a se  in  com plex ity  observed a t  f a s t  grow th r a t e s  w^en th e  tim e 

between d iv is io n s  becomes s h o r te r  than  th e  tim e tak en  to  r e p l i c a t e  th e  

chromoscme (Yoshikawa e t  a l . ,  1964) .  Under th e se  c o n d i t io n s ,  i n i t i a t i o n  o f 

one cy c le  o f DNA r e p l i c a t io n  occurs b e fo re  th e  p rev io u s  c y c le  has 

te rm in a te d , r e s u l t i n g  in  s e g re g a tio n  o f more than  one genome e q u iv a le n t a t  

d iv is io n .

1 .1 a  The c e l l  c y c le  o f E .c o l i  The c e l l  c y c le  o f E .c o l i  (grow ing w ith  a  

g e n e ra tio n  tim e , ”7 ^", o f 20-60 min) has been d e sc r ib e d  as c o n s is t in g  

p r im a rily  o f a  p e rio d  "C” , th e  tim e taken  to  r e p l i c a t e  th e  chromosome, and 

a  f u r th e r  p e rio d  ”D” between te rm in a tio n  of DNA r e p l i c a t i o n  and d iv i s io n .  

The D period  was observed  by Cooper and H e lm s te tte r  ( 1968) when DNA



s y n th e s is  wais measured in  a  p o p u la tio n  o f c e l l s  f r a c t io n a te d  acco rd in g  to  

age by th e  te ch n iq u e , now w ell-know n, o f membrane e lu t io n .  In  an a n a ly s is  

o f  d iv is io n  and DNA sy n th e s is  a t  d i f f e r e n t  grow th r a t e s ,  th e se  w orkers 

found th a t  C and D were c o n s ta n t and independen t o f growth r a t e  (w ith in  

c e r t a in  narrow  l i m i t s ) .  They were a ls o  ab le  to  dem onstrate  th a t  a t  f a s t  

grow th r a te s  su cc e ss iv e  rounds o f DNA r e p l i c a t i o n  o v e rla p , and th a t  u n d er 

th e se  c o n d itio n s  r e p l i c a t io n  c o n tin u e s  th ro u g h o u t th e  c e l l  c y c le . 

U n fo rtu n a te ly , the  membrane e lu t io n  tech n iq u e  (and hence th e  a p p l ic a t io n  o f 

th e  r e s u l t s  o b ta in e d )  i s  l im ite d  to  B /r  s t r a i n s .  A lso the  b in d in g  o f 

p a re n t c e l l s  to  th e  f i l t e r  may le a d  to  a r t e f a c t s  (Boyd and H olland , 1977)» 

bu t i t  has been used  s u c c e s s fu l ly  in  many s tu d ie s  o f p h y s io lo g ic a l changes 

o v e r th e  c e l l  c y c le .

At slow er growth r a te s  in  some s t r a in s  a  th i r d  p e r io d , G, may e la p s e  

betw een d iv is io n  and i n i t i a t i o n  o f DNA r e p l i c a t i o n  (H e lm s te tte r  and P ie r u c c i ,

1976) ,  and th u s  th e  G, C and D p e rio d s  have been suggested  to  co rresp o n d  

w ith  the  G^, S and Gg p e rio d s  i d e n t i f i e d  in  th e  c y c le s  of eukaryo te  c e l l s  

(C ooper, 1979) .

1 .1b  The req u irem en ts  o f models f o r  d iv is io n  c o n tro l  Observed r e l a t i o n 

sh ip s  between mass in c re a s e , DNA s y n th e s is  and d iv is io n  have g iven  r i s e  to  

a  m athem atical d e s c r ip t io n  o f th e  E .c o l i  c e l l  c y c le  (D onachie, 1968,

P r i tc h a rd  e t  ^ . ,  I 969 ) .  A r e s u l t i n g  model (rev iew ed by P r i tc h a rd ,  1974) 

has been u s e fu l  in  th e  d esig n  o f  experim en ts concerned  w ith  a  n u m erica l 

a n a ly s is  of d iv is io n  c o n tro l ,  as w e ll as a  b a a is  from which to  in v e s t ig a te  

g e n e tic  and b iochem ical c o n tr o ls .

The m athem atical s tu d ie s  fo cu ssed  on i n i t i a t i o n  o f  DNA r e p l i c a t i o n  as 

th e  c r i t i c a l  ev en t in  th e  b a c t e r i a l  c e l l  c y c le .  Membrane e lu t io n



ex p erim en ts  had shown th a t  s in c e  r e p l i c a t io n  c y c le s  can o v e rlap , 

te rm in a tio n  o f one "round" i s  n e i th e r  th e  t r i g g e r ,  n o r  even e s s e n t i a l ,  f o r  

th e  i n i t i a t i o n  o f th e  n ex t round . Donachie ( 1968) suggested  th a t  

i n i t i a t i o n  took p lace  a t  a c o n s ta n t c e l l  s iz e  (m ass) and th a t  new s y n th e s is  

o f  p r o te in ( s )  re q u ire d  f o r  i n i t i a t i o n  was n e c e s sa ry  in  each c y c le . I t  

was a ls o  observed (P ie ru c c i and H e lm s te tte r , I 969 ) t h a t  a  f ix e d  amount 

o f  p ro te in  s y n th e s is ,  ta k in g  p la c e  d u rin g  DNA r e p l i c a t i o n ,  was an e s s e n t i a l  

req u irem en t f o r  d iv is io n .  These f in d in g s  le d  to  th e  co n clu sio n  th a t  th e  

c e l l  must somehow measure i t s  mass o r s iz e  in  o rd e r  to  re g u la te  

r e p l i c a t i o n  and u l t im a te ly  d iv is io n  c o r r e c t ly .  T his cou ld  be ach ieved  by 

s t r i c t l y  r e g u la t in g  th e  sy n th e s is  o f i n i t i a t i o n  p r o te in ( s )  so th a t  th e se  

a re  k e p t in  b a lance  w ith  the  c e l l ’s grow th r a t e .  A lte rn a t iv e ly  th i s  

r e g u la t io n  cou ld  be c a r r ie d  ou t n e g a tiv e ly  by a  r e p r e s s o r  sy n th e s ise d  a t  

th e  s t a r t  o f r e p l ic a t io n  which i s  g ra d u a lly  d i lu te d  o u t by growth 

(P r i tc h a rd  e t  ^ . , 1969, Sompeyrac and M aaloe, 1973). This id e a , though 

o r ig in a l ly  proposed f o r  c o n tro l o f i n i t i a t i o n  o f DNA r e p l ic a t io n ,  cou ld  

a ls o  tim e d iv is io n .  An a l t e r n a t iv e  means o f tim in g  d iv is io n  was proposed 

by Jones and Donachie (1973) who su g g ested  th a t  te rm in a tio n  o f r e p l i c a t io n  

t r ig g e r e d  th e  sy n th e s is  of a  p ro te in  which th en  promoted d iv is io n ,  when th e  

( in d ep en d en t) requ irem en t f o r  th e  p e rio d  o f p ro te in  s y n th e s is  c o n cu rren t 

w ith  DNA r e p l ic a t io n  was com pleted . Donachie e t  (1976) l a t e r  proposed 

th e  concep t o f a  minimum " u n it  c e l l "  s iz e  from measurem ents o f c e l l  le n g th s  

a t  d i f f e r e n t  growth r a t e s ,  su g g e s tin g  th a t  d iv is io n  was tr ig g e re d  when c e l l s  

reach ed  a  c r i t i c a l  le n g th , tw ice  th e  le n g th  o f th e  u n i t  c e l l .  Koch (1977) 

l e n t  some su p p o rt to  t h i s  p roposa l by o b serv in g  th a t  s in c e  th e  d i s t r i b u t io n  

o f c e l l  s iz e  a t  i n i t i a t i o n  o f DNA s y n th e s is  was much la r g e r  than  a t



d iv is io n  (and th e re fo re  i n i t i a t i o n  s iz e  i s  l e s s  w e ll re g u la te d  th a n  s iz e  

a t  d iv i s io n ) ,  i n i t i a t i o n  cannot " tim e" d iv is io n .

Experim ents r e l a t i n g  to  th e se  id e as  have y ie ld e d  d a ta  o f g r e a t  

i n t e r e s t ,  b u t have y e t  to  p ro v id e  a  u n iv e r s a l ly  a cc e p tab le  model f o r  

d iv is io n  and i t s  c o n tro l  in  E .c o l i . The a u th o r ’s o p in io n , in  agreem ent 

w ith  th a t  o f Daneo-Moore and Shockman (1977), i s  t h a t  th e  o b je c t o f 

s tu d ie s  on d iv is io n  i s  u l t im a te ly  to  "d e sc r ib e  each e v e n t, and th e  mechanisms 

r e g u la t in g  i t ,  on a b iochem ical and m o lecu lar l e v e l " .  While th e  

th e o r e t ic a l  approaches d e sc r ib e d  above have p rov ided  a  fundam ental fram e

work f o r  th e  u n s tan d in g  o f grow th and d iv is io n ,  o th e r  approaches w i l l  be 

re q u ire d  to  tak e  advantage o f r e c e n t  te c h n ic a l  developm ents which a llo w  a  

more f r u i t f u l  in v e s t ig a t io n  o f g e n e tic  and b io chem ica l a sp e c ts  o f d iv is io n  

c o n tr o l .

A m ajor c r i t i c i s m  o f th e  e a r ly  experim ents r e l a t i n g  DNA s y n th e s is  and 

d iv is io n  i s  now a p p a re n t. In  th e se  s tu d ie s  i t  was t a c i t l y  assumed th a t  

e f f e c t s  on d iv is io n  r e s u l t i n g  from p e r tu rb a tio n  o f DNA r e p l i c a t io n  were 

p a s s iv e . R ecen tly , in v e s t ig a t io n s  o f DNA r e p a i r  and a s s o c ia te d  a c t i v i t i e s  

in  E .c o l i  fo llo w in g  DNA damage ( in c lu d in g  th a t  shown to  be i n f l i c t e d  by 

some o f the tre a tm e n ts  used  in  many e a r ly  ex p erim en ts) have d em onstra ted  

t h a t ,  on th e  c o n tra ry , h ig h ly  s p e c i f ic  mechanisms o p e ra te  in  th e se  

c irc u m stan c es , o v e r r id in g  th e  normal d iv is io n  c o n t r o ls .  (Reviewed by 

W itk in , 1976; d isc u sse d  h e re  in  I .4  and I . 5 ) .  A p o s s ib le  f u r th e r  d i f f i c u l t y  

a ro se  w ith  th e  r e a l i s a t i o n  th a t  s t r a i n  B /r , on which many of th e  experim en ts  

d e sc rib e d  in  th i s  c h a p te r  were perform ed, c a r r i e s  two m u ta tions a f f e c t in g  

d iv is io n  c o n tr o l ,  p a r t i c u l a r ly  th a t  o p e ra tin g  a f t e r  DNA damage. These a re  

Ion  and su l (see  1 .6 ) .



1 .2  C e ll shape and th e  s e p ta t io n  p rocess

In  S tre p to c o c c u s , the  r i g i d  polymer p e p tid o g ly c an  i s  th e  c h ie f  

component o f th e  c e l l  "w all"  and i s  r e s p o n s ib le  f o r  m aintenance o f c e l l  

shape (Daneo-Moore and Shockman, . 1977)• B iochem ical s tu d ie s  on th e  

s y n th e s is  and assem bly o f th i s  polymer have p rov ided  a  b a s is  f o r  a  

p la u s ib le  model o f th e  d iv is io n  p ro c e ss . T h is s im p le  approach id e n t i f i e d  

a  system  o f grow th zones in  which new polym er i s  in tro d u ce d  in to  th e  

p ep tid o g ly can  la y e r .  The a c t i v i t y  o f th e se  grow th zones appears to  

p ro v id e  su c c e ss iv e  c y c le s  o f w a ll and septum grow th . A ttem pts have been 

made to  id e n t i f y  such zones in  E .c o l i  ( in  w hich a  r i g i d  la y e r  o f p ep tid o 

g ly can  i s  a ls o  re s p o n s ib le  f o r  c e l l  sh ap e ). E y te r  e t  (1973 and 1975) 

and Begg and Donachie (1973, 1977), u s in g  a u to ra d io g ra p h ic  tech n iq u es  to  

i d e n t i f y  newly sy n th e s ise d  p ep tid o g ly can , and th e  lo c a t io n  o f new b a c te r io 

phage re c e p to r s  in  th e  E .c o l i  s u r fa c e , showed t h a t  p ep tid o g ly can  "growth" 

in  t h i s  ro d -sh ap ed  organism  i s  more complex th a n  in  th e  s p h e r ic a l  

S tre p to c o c c u s . These s tu d ie s  d id  n o t produce an a c c e p ta b le  model f o r  

s u r fa c e  grow th and d iv is io n  f o r  E .c o l i . However, t h a t  pep tid o g ly can  i s  

p ro b ab ly  a  c r i t i c a l  su rfa c e  component o f E .c o l i  w ith  r e s p e c t  to  d iv is io n ,  i s  

n o t d is p u te d ; c l e a r ly ,  s t r u c tu r a l  a l t e r a t i o n s  to  t h e ‘polymer a re  n ece ssa ry  

f o r  septum fo rm a tio n . While th i s  may a ls o  be t ru e  f o r  th e  in n e r  and o u te r  

membrane o f E .c o l i , th e se  a re  r e l a t i v e l y  much more f l u i d  in  s t r u c tu r e .  Thus 

septum fo rm atio n  (p e rce iv ed  as a shape change) cou ld  be brought about by 

m o d if ic a tio n s  to  th e  pep tid o g ly can  assem bly mechanism r e s u l t in g  in  a  

d i f f e r e n t  c ro s s  l in k in g  p a t te r n ,  o r a  s l i g h t l y  d i f f e r e n t  com position . 

Consequent shape changes m ight th e re b y  form th e  b a s is  o f th e  d iv is io n  

p ro c e s s . Such d if f e r e n c e s  in  chem ical com position  o r  s t r u c tu r e  would 

p ro b ab ly  be v e ry  sm all and d i f f i c u l t  to  d e te c t ,  e x p la in in g  why no septum -



s p e c i f i c  m o d if ic a tio n s  have been c l e a r ly  i d e n t i f i e d .  Daneo-Moore and 

Shockman, rev iew in g  d a ta  from s e v e ra l  organism s, observed t h a t ,  f o r  

example a  re d u c tio n  in  te ic h u ro n ic  and c o n te n t o f th e  p ep tid o g ly can  in  

some B a c illu s  and M icrococcus s p e c ie s ,  was o f te n  a s s o c ia te d  w ith  d e fe c ts  

in  c e l l  shape o r  d iv i s io n .  Thus shape m ight be re g u la te d  by c o n t r o l l in g  the  

a c t i v i t y  o f th e  enzym e(s) re s p o n s ib le  f o r  assem bly o f te ic h u ro n ic  a c id  

in to  th e  p e p tid o g ly c an . These enzym e(s) m ight be found c lo s e ly  a s s o c ia te d  

w ith  th e  p ep tid o g ly can  ( f o r  example as cy top lasm ic  membrane components) 

u n d er the  c o n tro l  o f membrane o r  cy top lasm ic  f a c to r s  (o r  b o th ) .  Daneo- 

Moore and Shockman su g g es t t h a t  in  E . c o l i , l ip o p r o te in  may be im p o rtan t f o r  

shape m aintenance : a lth o u g h  i t  can be removed from s a c c u l i  by t ry p s in  

d ig e s t io n  w ith o u t lo s s  o f sh ap e , th e se  au th o rs  su g g es t th a t  i t s  in c o rp o ra tio n  

in  v iv o  in  a  p a r t i c u l a r  sequence o f s y n th e t ic  p ro cesses  m ight be c r i t i c a l  

in  shape d e te rm in a tio n . S u p p o rtin g  t h i s  p o s s i b i l i t y ,  Sonntag e t  a l .

( 1978) found th a t  double m utants o f E .c o l i  la c k in g  l ip o p r o te in  and an 

o u te r  membrane p ro te in  (ompA) had l o s t  shape c o n tro l ,  and th a t  th e  p e p tid o 

g ly can  and o u te r  membrane in  t h i s  m utant appeared  to  be d is s o c ia te d .

In  a  sea rc h  f o r  envelope components s p e c i f i c a l ly  a s s o c ia te d  w ith  

d iv is io n ,  th e  B -lactam  a n t ib io t i c s  have been most u s e f u l .  These compounds 

i n t e r f e r e  w ith  th e  s y n th e s is  and assem bly o f  p ep tid o g ly can  by b in d in g  to  

th e  p ep tid o g ly can  tra n s p e p tid a s e s  (S p r a t t ,  1978). Seven p ro te in s  in  th e  

E .c o l i  envelope th a t  b ind  p e n i c i l l i n  (PBPs) have been id e n t i f i e d  ( S p r a t t ,  

1975) and some o f th e se  have been g e n e t ic a l ly  d e f in e d ; PBP3 i s  e s s e n t i a l  

f o r  s e p ta t io n  and PBP2 i s  n e c e ssa ry  f o r  m aintenance o f the  rod  shape o f 

E . c o l i . F u r th e r  g e n e tic  a n a ly s is  and i d e n t i f i c a t i o n  o f the  gene p ro d u c ts  

i s  in  p ro g ress  and i t  i s  a n t ic ip a te d  th a t  th e se  s tu d ie s  w i l l  do much to  

e lu c id a te  th e  mechanism of s e p ta t io n  and e lo n g a tio n  o f the  E .c o l i  ro d .



W ith th e  e x cep tio n  o f th e  PBPs no o th e r  p ro te in s  invo lved  in  d iv is io n  

have been c le a r ly  id e n t i f i e d  in  th e  E .c o l i  en v e lo p e , probably  in d ic a t in g  

th a t  such p r o te in s ,  i f  p re s e n t, a re  in  ve ry  low c o n c e n tra t io n . In  

S trep to co c cu s  th e  p ep tid o g ly can -d eg rad in g  enzyme au to ly s in ,  found t i g h t l y  

bound to  th e  c e l l  w a l l ,  appears to  have a  p o t e n t i a l l y  c r i t i c a l  r o le  in  

c o n t r o l l in g  th e  shape of the  p ep tid o g ly can  la y e r ,  p a r t i c u l a r ly  in  

f a c i l i t a t i n g  th e  p o s t- s y n th e t ic  in c o rp o ra tio n  o f te ic h u ro n ic  a c id  as w e ll 

as in  c e l l  s e p a ra t io n  i t s e l f  (Daneo-Moore and Shockman, 1977)» The a c t i v i t y  

o f  t h i s  enzyme must be t ig h t ly  re g u la te d  as i t s  u n lim ite d  a c tio n  i s  l e t h a l ;  

i t s  a c t iv a t io n  by p ro te a se s  has been dem onstra ted  b u t n o th in g  i s  known o f 

any g e n e tic  c o n t r o ls .  S im ila r  a u to ly t ic  a c t i v i t i e s  have been dem onstrated  

in  E .c o l i  (Van E e ije n o o rt  e t  , 1975; H o ltje  et. * 1975), bu t th e  ro le  

o f  "üiese enzymes in  p ep tidog lycan  assem bly has n o t y e t  been d e term ined .

1 .3  G enetic  a n a ly s is  o f d iv is io n  c o n tro l

In  a tte m p ts  to  id e n t i f y  genes c o n t r o l l in g  d iv i s io n ,  many m utants 

d e fe c t iv e  in  s e p ta t io n  have been is o la te d  -  a  re c e n t  rev iew  l i s t s  35 

(H e lm s te t te r  e t  a l . ,  1979). However, the  p h y s io lo g ic a l  s tu d ie s  by which 

th e se  m utants were m ostly  c h a ra c te r is e d  have re v e a le d  s u rp r is in g ly  l i t t l e  

in fo rm a tio n  re g a rd in g  c o n tro l  mechanisms. I t  i s  q u i te  probable t h a t  some 

d iv is io n  c o n tro l  genes rem ain u n d isco v e red .

Many o f th e  m utants s tu d ie d  have t h e i r  p rim ary  d e fe c t  in  an a sp e c t o f 

DNA s y n th e s is  o r  a  DNA r e p a i r  fu n c tio n  (see  n e x t s e c t io n )  b u t o f more 

s p e c i f i c  i n t e r e s t ,  s e v e ra l appear to  be c o n d it io n a l  d iv is io n  m u tan ts . Two 

o f  th e se  map c lo se  to g e th e r  n e a r  2 min on th e  E .c o l i  chromosome in  a  la rg e  

c l u s t e r  o f genes in vo lved  in  su rfa c e  grow th and septum  fo rm ation  (see



Table 1.1

In d u c tio n  o f SOS fu n c tio n s

1 . Inducing  tre a tm e n ts : UV, and X - i r r a d ia t io n .

N a lid ix ic  a c id ,  novob ioc in , b leom ycin . 

M itomycin C, NMG, a f la to x in  and o th e r  

m utagens.

Thymine s ta r v a t io n .

In tro d u c tio n  o f i r r a d ia te d  (d o u b le -s tra n d e d )  

r e p l i c o n s .

2 . SOS re sp o n se s : 1

2

3

4

5

6

7

8

9

10

In c re a se d  sy n th e s is  o f recA p r o te in .  

I n h ib i t io n  o f d iv is io n .

In d u c tio n  o f prophage X in  ly so g en s . 

E rro r-p ro n e  r e p a i r  o f chromosomal le s io n s  

In c3?eased s u rv iv a l o f i r r a d ia te d  phage 

(W eigle r e a c t iv a t io n ) .

E rro r-p ro n e  r e p a i r  o f phage UNA le s io n s .

C essa tio n  o f r e s p i r a t io n  ^ .

In d u c tio n  of c o l ic in s  in  c o l* s t r a i n s .
2A lle v ia t io n  o f r e s t r i c t i o n  

" S ta b le "  DNA r e p l i c a t io n .

1 Swenson e t  (1978)

Dharmalingham and G oldberg ( 198O)

F u n c tio n s  4 , 5 and 6 a re  rev iew ed by W itk in  (l97&) 

A ll o th e rs  a re  d e a l t  w ith  in  th e  t e x t
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C h ap ter 4 ) ,  and new in v e s t ig a t io n s ,  making u se  of r e c e n t ly  developed 

m o le c u la r  te c h n iq u e s , have begun to  y ie ld  s ig n i f i c a n t  d a ta .

The gene cod ing  PBP3 (see  s e c t io n  1 .2 ) ,  a lso  known as sep  o r  f t s i  

has been id e n t i f i e d  (F le tc h e r  e t  , 1978) u s in g  s p e c ia l i s e d  tra n sd u c in g  

ph ag es . DNA from one phage has been used as a  s p e c i f i c  probe f o r  mRNA and 

th e  t r a n s c r ip t io n  o f pbp3 th rough  th e  c e l l  c y c le  i s  u n der in v e s t ig a t io n  

( j .  W alker, p e rso n a l com m unication). The gene p ro d u c t has a ls o  been 

i d e n t i f i e d  ( Irw in  and W alker, 1980) and i t  i s  ex p ec ted  th a t  such 

e x p erim en ts , in  com bination  w ith  p h y s io lo g ic a l s tu d ie s ,  w i l l  e lu c id a te  the  

mechanism o f  a c t io n  of the  PBP3 p r o te in .

T ransducing  phages have a lso  been used  most e f f e c t i v e ly  to  in v e s t ig a te  

th e  f tsA  gene and a d ja c e n t re g io n s  mapping c lo se  to  pbp3» M utations in  

f t s A , cod ing  a  50K p o ly p ep tid e  (Lutkenhaus and D onachie, 1979) cause 

f i la m e n ta t io n  a t  n o n -p erm iss iv e  te m p e ra tu re . The i s o l a t i o n  o f amber 

m u ta tio n s  in  f tsA  (Donachie e t  ^ . , 1979) allow ed p h y s io lo g ic a l  s tu d ie s  to  

id e n t i f y  a c c u ra te ly  a  10 min p e rio d  in  th e  c e l l  c y c le  in  which ftsA  

s y n th e s is  must tak e  p lace  i f  d iv is io n  i s  to  fo llo w .

M o d ific a tio n s  to  th e  f tsA  tra n sd u c in g  phages ( e .g .  by v i t r o  manip

u l a t i o n  o f th e  phage DNA) have enab led  Luktenhaus e t  ( 198O) to  id e n t i f y  

a  second d iv is io n  lo c u s  f ts Z  a d ja c e n t to  f ts A . F u r th e r  i s o la t io n  o f amber 

m utan ts  has f a c i l i t a t e d  th e  i d e n t i f i c a t io n  o f  two more genes in  th i s  

c l u s t e r ,  ftsQ , (Begg a t  ^ . , 198O) and murG (Salmond e t  ^ . , 198O). The new 

f t s  m utants have a  c o n d itio n a l d iv is io n  d e fe c t  ( i . e .  formed f i la m e n ts  a t  

42° )  and th e  murG m utant l o s t  c o n tro l  o f c e l l  shape a t  42° and then  ly s e d . 

F in a l ly ,  a  s tu d y  o f th e  p ro te in s  sy n th e s ise d  from tra n sd u c in g  phages 

c a r ry in g  p a r ts  o f th e  f t s  -  pbp3 re g io n  enab led  th e s e  g ro u p s , a lso
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Lutkenhaus and Wu ( 198O), to  deduce d e t a i l s  o f th e  t r a n s c r ip t io n a l  

o rg a n is a t io n  o f t h i s  re g io n .

These approaches r e p re s e n t  a  c o n s id e ra b le  b reak th ro u g h  in  th e  s tudy  

o f g e n e tic  c o n tro l o f  d iv is io n  and show th a t  th e  tech n iq u es  a re  now 

a v a i la b le  by which th e  s p e c i f ic  m o lecu la r e v en ts  c o n t r o l l in g  d e p ta t io n  

m igh t be e lu c id a te d .

1 .4  RecA and SOS d iv is io n  in h ib i t i o n

I t  i s  now known th a t  tre a tm e n ts  damaging DNA o r  d is tu rb in g  DNA 

r e p l i c a t i o n  r e s u l t  in  the  in d u c tio n  (o r  sw itch -o n ) o f  a  s e r ie s  of responses 

c o l l e c t i v e ly  term ed "SOS" fu n c tio n s  (Radman, 1975), summarised in  ta b le  

1 .1 . These phenomena were su g g ested  to  c o n s t i tu te  an "emergency" resp o n se  

to  p o te n t i a l ly  l e th a l  DNA le s io n s ,  perhaps p r im a r i ly  designed  to  a llo w  DNA 

r e p l i c a t i o n  to  proceed p a s t  le s io n s  which would o th e rw ise  cause a  permanent 

b lo c k  to  th e  r e p l i c a t io n  a p p a ra tu s . Lesions ap p ear to  be n e g o tia te d  by a 

mechanism of e r ro r-p ro n e  r e p a i r .  A second f e a tu r e  o f  th e  SOS response  i s  

th e  in h ib i t io n  o f d iv is io n  d u rin g  th e  r e p a i r  o f DNA damage by the  

c o n s t i t u t i v e ,  e r r o r - f r e e  r e p a i r  p ro c e sses  (e x c is io n  and reco m b in a tio n ).

When E .c o l i  i s  exposed to  a  low dose o f UV, any damage is  removed r e l a t i v e ly  

r a p id ly  and th e  SOS e f f e c t s  a re  t r a n s i e n t .  A ll th e  SOS fu n c tio n s  a re  thought 

to  be c o o rd in a te ly  c o n tro l le d  s in c e  th e y  a re  induced  s im u ltan eo u s ly  and the  

e x p re ss io n  o f each i s  dependent on fu n c tio n a l  recA  and lexA gene p roducts  

(W itk in , 1976) .

The prim ary  e f f e c t  of UV i r r a d i a t i o n  on DNA i s  th e  c ro ss  l in k in g  of 

a d ja c e n t py rim id ine  bases form ing non-cod ing  dim ers th a t  d i s t o r t  th e  double 

h e l ix  and b lo ck  DNA r e p l ic a t io n  presum ably because n o n -p a ir in g  bases
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in s e r te d  by polym erase I I I  a re  im m ediately  ex c ised  by i t s  3 '-5 *  e d i t in g  

a c t i v i t y  (see  below 1 .4 b ) . The p resen ce  o f th e se  le s io n s  somehow le a d s  to  

g r e a t ly  in c re a se d  s y n th e s is  o f  a  p ro te in  o f M.W. 4OK (inouye and P a rd e e , 

197O; Gudas and P a rd ee , 1976; Sedgwick, 1975), l a t e r  id e n t i f i e d  as th e  

p ro d u c t of th e  recA gene (Gudas and Mount, 1977; L i t t l e  and K le id , 1977; 

McEntee, 1977; Smnerson and W est, 1977). E xpression  o f o th e r  SOS fu n c tio n s  

i s  a s s o c ia te d  w ith  t h i s  in d u c tio n  o f recA s y n th e s is .  C e ll d iv is io n  

presum ably comes u n d e r th e  c o n tro l  o f recA in  in d u c in g  cond tions in  o rd e r  

to  p rev en t s e g re g a tio n  o f damaged genomes in to  d a u ^ t e r  c e l l s .  T his a sp e c t 

o f  d iv is io n  c o n tro l  i s  t r ig g e re d  by a  s p e c i f ic  even t (damage to  DNA) and 

o v e rr id e s  th e  norm al c o n tro ls  s in c e  c e l l s  in  th e  D p e rio d  may a ls o  be 

p rev en ted  from d iv id in g  (C hap ter 3 ) .

W itk in  had su g g es ted  (19&7) th a t  f i la m e n ta tio n  in  response  to  UV cou ld  

be brough t about by d e re p re s s io n  o f a  gene cod ing  an in h ib i to r  o f septum  

fo rm a tio n . S ub seq u en tly , George e t  ( l9 7 5 ) proposed s im i la r ly  t h a t  

d iv is io n  was c o n tro l le d  by a  ra d ia t io n - in d u c e d  in h ib i to r  (RADi). An 

in c re a s in g  u n d e rs tan d in g  o f SOS in d u c tio n  l e n t  credence to  th e se  p ro p o s a ls . 

A lso , th e  u se  o f UV as an in d u c in g  trea tm en t o f fe re d  a  unique o p p o rtu n ity  

to  in v e s t ig a te  th i s  s p e c i f ic  mechanism of d iv is io n  c o n tro l  w ith  m inim al 

d is tu rb a n c e  to  o th e r  p h y s io lo g ic a l p a ram e te rs . In  c o n t r a s t  to  o th e r  

con tinuous SO S-inducing tre a tm e n ts  ( e .g .  mitomycin o r  n a l id ix ic  a c id  

t r e a tm e n t) ,  low doses o f UV proved to  be e f f e c t iv e  f o r  t r a n s ie n t  in d u c tio n  

w ith o u t s ig n i f i c a n t ly  d is tu r b in g  mass in c re a se  (Darby and H olland , 1979). 

Thus in  fo rm u la tin g  a  p r o je c t  to  in v e s t ig a te  th e  n a tu re  and c o n tro l  o f th e  

b lo ck  to  d iv is io n  d u rin g  SOS in d u c tio n , UV tre a tm e n t was chosen as th e  

in d u c in g  s tim u lu s .
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The f i r s t  req u irem en t o f such an in v e s t ig a t io n  i s  an u n d e rs tan d in g  

o f  th e  mechanism by which recA i s  induced s in c e  t h i s  m ight a lso  re v e a l the  

mechanism o f  c o n tro l  o f o th e r  SOS fu n c tio n s . In  th e  fo llo w in g  pages th i s  

mechanism w i l l  be d iscu ssed  p a r t i c u la r ly  in  r e l a t i o n  to  d iv is io n  c o n t r o l ,  

t h o u ^  w ider im p lic a tio n s  w i l l  a lso  be in c lu d e d . The in d u c tio n  mechanism 

i l l u s t r a t e s  some im p o rtan t p r in c ip le s  in  c o n tro l  o f gene e x p re ss io n , which 

l a t e r  su g g ested  ways o f p rob ing  th e  c o n tro l o f d iv i s io n  in h ib i t io n  a t  th e  

m o le c u la r  l e v e l .

1 .3  In d u c tio n  o f  recA  sy n th e s is

1 .3 a  P ro p e r t ie s  o f recA p ro te in  The recA p ro d u c t i s  a  m u lt ifu n c tio n a l 

m olecule e s s e n t i a l  f o r  g e n e tic  recom bination  as w e ll as e x p re ss io n  o f SOS 

fu n c t io n s .  RecA" m utants degrade t h e i r  DNA a f t e r  damage ( e .g .  by UV). The 

p r o te c t iv e  e f f e c t  o f recA a g a in s t  th i s  d e g ra d a tio n  ap p ears  to  r e s id e  in  

th e  a b i l i t y  o f th e  m olecules to  b ind  to  s in g le  s tra n d e d  DNA (Gudas and 

P a rd e e , 1975» S a t ta  ^  , 1979) and hence l im i t  th e  a c t io n  of the  recBC

coded ex o n u c lease . The unwinding of duplex DNA by s in g le - s t r a n d e d  DNA, 

and th e  subsequen t rew inding  o f homologous s tra n d s  was a ls o  shown to  be 

prom oted by recA b in d in g  to  s in g le  s tran d ed  DNA (Cunningham e t  , 1979» 

McEntee £ t  ^ . , 1979). F u r th e r , an. e n d o n u c le o ly tic  in c is io n  o f th e  duplex 

DNA a s s o c ia te d  w ith  th e  rew ind ing  e f f e c t  was shown to  be recA dependent in  

v iv o  and v i t r o  (H ow ard-F landers, 1978). These e v e n ts  a re  th ough t to  be 

th e  b a s is  o f th e  recom bination  mechanism. Im itations in  recA (see  ta b le  1 .2 ) 

have s e p a ra te d  recom bination  fu n c tio n s  from c o n tro l  o f  SOS in d u c tio n , so 

th e  m olecule must have a t  l e a s t  two fu n c tio n a l  dom ains.



14

Table 1.2

M utations in  recA and lexA

recA a l l e l e

recAl

" ^

" 13

" 2 0 0

m issense

Recombinat i  on recA induced

by UV in  recA t s l

" 1_2 sm all d e le t io n

" _7 to ta l  d e le t io n

" 2̂  amber

t i f

zab

lexB + / -  + / -

lexA a l l e l e

lex  A 3 (dominant)

t s l

C o n s titu tiv e  

t . s .
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1 .5b  Mechanism o f recA  re g u la t io n  The i d e n t i f i c a t i o n  o f th e  recA  

p r o te in  was based  on o b se rv a tio n s  in v o lv in g  d e re p re s s io n  of i t s  s y n th e s is  

in  v a r io u s  recA  m utan ts  ( ta b le  1 .2 ) .  % e se  s tu d ie s  a ls o  showed t h a t  

fu n c t io n a l  recA  p ro te in  was re q u ire d  f o r  d e re p re s s io n  o f i t s  own s y n th e s is  

( e .g .  Snmerson and W est, 1977) and th a t  in d u c tio n  was c o n s t i tu t iv e ly  

ex p ressed  w ith o u t any d e te c ta b le  DNA damage, and th e re fo re  presum ably w ith 

o u t any e f f e c t o r ,  in  th e  t i f  m utant (mapped in  recA by Morand e t  ,

1977). A dom inant m u ta tio n  a t  lexA was shown to  b lo ck  in d u c tio n  (Mount 

e t  , 1972) w h ile  c o n s t i tu t iv e  (and tem p era tu re  s e n s i t i v e )  m u ta tio n s  in  

lexA ( ta b le  1 .2 )  r e s u l te d  in  d e re p re s s io n  o f recA and SOS fu n c t io n s ,  

su g g e s tin g  th a t  le x  A i s  a  r e p re s s o r  o f the  recA gene (Mount ^  a l . ,  1975» 

Gudas and P a rd ee , 1975» Gudas and Mount, 1977). Many groups proposed 

m odels of recA  r e g u la t io n  based  on th e se  o b se rv a tio n s  : r e fe re n c e s  in c lu d e  

B ailo n e  e t  (1979)» C a s te l la z z i  a t  (1977)» Sartta  and Pardee (1978) 

Sedgwick e t  (1978), as w e ll as au th o rs  m entioned above.

Recent s tu d ie s  have confirm ed th e  b a s ic  p rem ises o f  th e se  m odels a t  

th e  m o lecu la r l e v e l .  Induced sy n th e s is  o f reoA mRNA d e te c te d  by h y b r id 

i s a t i o n  wan b locked  by lexA and c e r ta in  recA m u ta tio n s , and in c re a se d  by 

m u ta tio n s  assumed to  in a c t iv a te  o r  reduce th e  e f f ic ie n c y  o f  th e  lexA 

r e p r e s s o r  (M cPartland , 198O). D erep ress io n  o f  recA was shown to  be

accompanied by c leav ag e  of th e  lexA gene p ro d u c t ( L i t t l e  e t  a l .»  I 98O), 

whose s y n th e s is  i s  a ls o  re p re sse d  by lexA i t s e l f  (B ren t and P ta sh n e , 198O), 

On th e  b a s is  o f  th e se  f in d in g s , and in c o rp o ra tin g  th e  b a s ic  id e a s  proposed  

in  e a r l i e r  m odels, B ren t and P tashne proposed th e  fo llo w in g  mechanism to  

acco u n t f o r  c o n tro l  o f  recA sy n th e s is  ( i l l u s t r a t e d  in  f i g .  1.1 ) .  In  

n o rm ally  grow ing c e l l s  lexA re p re s s e s  both  i t s  own s y n th e s is  and t h a t  of



lexA recA

R e p re s s io n
O

basal  level

lex A recA

%
Ù

recA"̂ o
R e p re s so r
c leaved effector

lexA

I n d u c t io n

recA

g a  \

/  o/  O O  
@ O O

Î
V '^

-> SOS 
 ̂ functions

lexA recA
I I j

o
no effector

O
O

Return to repression

F igure 1.1 Model o f recA re g u la tio n
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recA . Damage to  DNA produces an e f f e c t o r  m olecule  (see  below ), presumed 

to  i n t e r a c t  w ith  low ( c o n s t i tu t iv e )  le v e l s  o f recA m olecules to  produce 

an a l l o s t e r i c  change c o n fe r r in g  a  new pro te a s e  a c t i v i t y  on recA . This new 

form  of recA (term ed h e re  recA*) c lea v e s  lexA and th u s  a llow s recA t r a n s 

c r ip t i o n  to  proceed a t  a  h ig h  r a t e ,  p roducing  la rg e  q u a n t i t ie s  o f 

( p r o te o ly t i c a l ly  in a c t iv e )  recA m o lecu les . U n ti l  r e p a i r  n ea rs  com ple tion , 

th e  p resen ce  o f the  e f f e c to r  presum ably e n su re s  " a c t iv a t io n "  o f a  sm all 

number o f recA m olecules to  recA *, m a in ta in in g  t r a n s c r ip t io n  o f recA and 

ex p re ss io n  o f  o th e r  SOS fu n c tio n s  (see  be lo w ). The m assive p ro d u c tio n  o f 

recA  (as opposed to  recA*) i s  assumed to  p ro v id e  p ro te c t iv e  b in d in g  to  

s in g le  s tra n d ed  DUA formed d u r in g  r e p a i r  p ro c e s s e s , and perhaps to  a id  th e  

e f f ic ie n c y  o f reco m b in a tio n . As th e  ENA damage i s  re p a ire d  and the  

e f f e c t o r  c o n c e n tra tio n  f a l l s ,  c o n tin u in g  t r a n s c r ip t io n  from th e  d e re p re sse d  

lexA gene produces new re p re s s o r  m olecules w hich g ra d u a lly  (on the  v i t a l  

assum ption  th a t  recA* a c t i v i t y  i s  p ro p o r t io n a l  to  e f f e c to r  c o n c e n tra tio n )  

r e - e s t a b l i s h e s  re p re s s io n .

T his model e x p la in s  many o f th e  p ro p e r t ie s  o f m utants m entioned above 

and in  ta b le  1 .2 . The t i f  m utant appears sp o n tan eo u sly  to  produce a  p ro te in  

a t  42° s im i la r  to  recA* which prom otes e x p re ss io n  o f SOS fu n c tio n s  in c lu d in g  

e x te n s iv e  t i f  (recA ) s y n th e s is .  The t i f  p r o te in  was shown to  p o sse ss  a 

s l i g h t l y  a l t e r e d  i s o e l e c t r i c  p o in t  from t h a t  o f th e  recA* p roduct and i s  

th e r e f o r e  p robab ly  th e  r e s u l t  o f a  p o in t  m u ta tio n , sp o n taneously  changing 

to  an a c t iv e  conform ation  a t  42° (Snmerson and W est, 1977» and o th e rs  

q u o ted ). The dom inant lexA3 m u ta tio n  seems to  r e s u l t  in  an a l te r e d  

r e p r e s s o r ,  a p p a re n tly  n o t a f f e c t in g  th e  b a s a l  l e v e l  o f  recA (Moody e t  , 

1973) b u t r e s i s t a n t  to  the  p ro te a se  a c t i v i t y  o f  recA *. A nother c la s s  o f
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m u ta tio n s  in  lexA ( t s l , s p r ) appear to  produce a  re p re s s o r  whose 

re c o g n it io n  o f recA  (and presum ably lexA ) o p e ra to r  s i t e s  i s  s e v e re ly  im

p a ire d .  O ther m u ta tio n s  id e n t i f i e d  in  recA and le x  A can be s im i la r ly  

accounted  f o r  by th e  model.

1 .5c  The in d u c in g  s ig n a l  There a re  se v e ra l ways in  which DNA damage 

cou ld  le a d  to  d e re p re s s io n  o f  recA . Perhaps th e  s im p le s t " s ig n a l"  would be 

th a t  o f an a l t e r e d  DNA conform ation  caused by in te r f e r e n c e  w ith  th e  su p e r

c o i le d  s t r u c tu r e  o f th e  genome by bulky  u n p a ired  le s io n s  and s in g le  s tra n d  

in c is io n s  a t  th e se  l e s io n s ,  le a d in g  to  a l t e r a t io n s  in  th e  recA  o r  le x  A 

p rom oters . This l a t t e r  p o s s i b i l i t y  has been in v e s t ig a te d  : H erre ro  e t  a l . 

( 1981) showed th a t  in a c t iv a t io n  o f th e  gyrB su b u n it o f DNA g y ra se , and 

th e re fo re  lo s s  o f s u p e r c o i l in g  d id  n o t le ad  to  recA in d u c tio n , and f u r th e r ,  

t h a t  th i s  lo s s  o f s u p e r c o i l in g  d id  n o t in t e r f e r e  w ith  UV in d u c tio n  o f recA.

S tu d ies  by Radman e t  (1977) and C a i l le t-F a u quet  £ t  (1977) 

u s in g  i r r a d ia te d ,  s in g le  s tra n d e d  phage 0X174» showed th a t  a  thym ine dim er 

posed a  com plete b lo ck  to  th e  r e p l ic a t io n  complex in  v iv o .

In  v i t r o  experim en ts  showed th a t  a t  a  " s t a l l e d "  r e p l i c a t io n  fo rk  th e re  

was re p e a te d  in s e r t io n  o f  n u c le o tid e s  o p p o s ite  th e  le s io n  in  an a tte m p t to  

p ro ceed , b u t t h a t  th e se  were removed by the  polym erase I I I  e d i t in g  fu n c tio n , 

e f f e c t iv e ly  tu rn in g  ov er dNTPs to  dNMPs (Radman e t  ^ . , 1977). B o iteux  

e t  a l . ( 1978) su g g ested  th a t  th e se  dNMPs could  p ro v id e  th e  in d u c in g  s ig n a l .  

Though p la u s ib le  t h i s  in c re a s e  in  dNMP c o n c e n tra tio n  r e s u l t i n g  from  th e  

" id l in g "  r e p l i c a t i o n  complex could  n o t be th e  on ly  means o f e f f e c t o r  

p ro d u c tio n  s in c e  in f e c t io n  o f norm al c e l l s  w ith  UV i r r a d ia te d  0X174 does 

n o t induce SOS fu n c t io n s ;  i t  has a ls o  been shown th a t  in d u c tio n  does n o t 

n e c e s s a r i ly  r e q u ire  an a c t iv e  r e p l ic a t io n  fo rk  (see  below ).
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Sedgwick (1976) suggested  th a t  c lo s e ly  spaced  le s io n s  cannot be 

s u b s t r a te s  f o r  th e  c e l l ' s  w e ll c h a r a c te r is e d  c o n s t i tu t iv e  r e p a i r  system s. 

L es io n s  can be c o n sid e red  to  o v e rlap  i f  t h e i r  r e p a i r  by e x c is io n  o r 

reco m b in a tio n  would le a d  to  double s tra n d  b reakage  o r  lo s s  of tem pla te  

f o r  r e p a i r  s y n th e s is  a f t e r  th e  removal o f th e  le s io n  (see  f i g . 1 .2 ) .  P o st 

r e p l i c a t i o n  gaps were suggested  to  be l e f t  by r e p l i c a t i o n  complexes 

b locked  a t  l e s io n s ,  a p p a re n tly  fo llow ed  by r e i n i t i a t i o n  downstream, a t  

l e a s t  on th e  la g g in g  s tra n d  (Hanawalt and Sm ith, 1978). Such gaps have 

been d e te c te d  (Rupp and Howard F la n d e rs , 1968 ) and r e c e n t ly  v is u a l is e d  

(Johnson and M cN eill, 1978). I f  th e se  gaps on s i s t e r  s tra n d s  o v e rla p , no 

i n t a c t  tem p la te  i s  a v a ila b le  f o r  r e p a i r  s y n th e s is  a f t e r  recom bination  

( f i g . 1 . 2 ) .  Sedgwick suggested  th a t  th i s  im passe cou ld  le ad  to  in d u c tio n  o f 

e r ro r -p ro n e  r e p a i r  a c t i v i t y ,  th e  s in g le  s tra n d e d  gaps a c t in g  as the 

in d u c in g  s ig n a l .  Again, however, in d u c tio n  in  n o n - r e p l ic a t in g  c e l l s  and 

a t  low le v e l s  o f damage i s  n o t accounted  f o r .  Baluch £ t  ( l 980b) 

developed  a  s im i la r  argum ent, su g g e s tin g  th a t  a c t i v a t io n  o f recA occurs 

when recA m olecu les b ind  c o o p e ra tiv e ly  a t  the  s in g le - s t r a n d  BNA a t  le s io n s ,  

and i s  fo llow ed  by d e re p re s s ip n  o f recA s y n th e s is .  However, i t  is  d i f f i c u l t  

to  im agine how th e  s t r u c tu r e  o f such le s io n s  co u ld  le a d  to  the  e f f e c t iv e  

a c t i v a t io n  o f recA ; a lthough  recA m ight w e ll b ind  to  s in g le  s tran d ed  DNA 

as su g g es te d , and co n ce iv ab ly  a l t e r  th e  p r o p e r t ie s  o f th e  blocked 

r e p l i c a t i o n  complex, a c t iv a t io n  o f m olecu les bound a t  th i s  s i t e  could n o t 

e a s i ly  promote c leav ag e  o f le x  A and hence d e re p re s s io n  o f SOS fu n c tio n s .

The m ost g e n e ra l assum ption f o r  th e  a c t i v a t io n  o f recA has been th a t  

sm all o l ig o n u c le o tid e s  produced by r e p a i r  a c t i v i t y  ( e .g .  by th e  recBC 

coded ex o n u c lease ) form th e  e f f e c t o r .  Support f o r  t h i s  p ro p o sa l came from
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th e  o b se rv a tio n s  t h a t  t i f  e x p re ss io n  i s  m odified  by n u c le o tid e s  (George 

e t  a l . , 1975) and th a t  one SOS fu n c t io n ,  in d u c tio n  o f  \  , has been

shown to  re q u ire  added p o ly n u c le o tid e  m  v i t r o  (see  1 .5 d ) . In  a d d i t io n ,  

O ish i and Smith (1978) showed th a t  a d d i t io n  o f o lig o n u c le o tid e s  to  

p e rm eab ilised  ly sogens r e s u l te d  in  th e  in d u c tio n  o f A . However, th e re  

ap p ear to  be s e v e ra l  ways o f g e n e ra t in g  th e  e f f e c t o r .  Thus w h ile  recBC 

i s  e s s e n t ia l  f o r  in d u c tio n  in  r e p l i c a t i n g  b a c te r ia  by n a l id ix ic  a c id  

tre a tm e n t (Gudas and P ard ee , 1976), t h i s  exonuclease  i s  n o t n e c e s sa ry  f o r  

in d u c tio n  by UV ( L i t t l e  and H anaw alt, 1977» B ockrath  and H anaw alt, I 98O). 

G enetic  s tu d ie s  have f a i l e d  to  re v e a l  a  mechanism common to  a l l  in d u c in g  

s i t u a t io n s ,  and have , on th e  c o n tr a ry ,  re v e a le d  some in t r ig u in g  

c o m p lic a tio n s . Thus Rothman e t  (l9 7 9 ) id e n t i f i e d  a l t e r n a t iv e  pathways 

o f in d u c tio n  by UV in v o lv in g  re c F  and recL  in  s t r a in s  d e f ic ie n t  in  

e x c is io n  r e p a i r  (u y r” ) .  Baluch e t  ( l9 8 0 a ) a lso  found th a t  in d u c tio n  of 

SOS fu n c tio n s  by UV was dependent on s in g le - s t r a n d e d  BNA b in d in g  p r o te in  

coded a t  th e  lexC /ssbA  lo c u s . These examples dem onstrate  th a t  th e re  may be 

se v e ra l  mechanisms o f e f f e c to r  p ro d u c tio n , each o f which can le a d  to  

e x p re ss io n  o f SOS fu n c tio n s  in c lu d in g  d iv is io n  in h ib i t i o n .  The r e l a t io n s h ip  

between th e se  pathways i s  n o t c l e a r .

1 .3d  C oord inate  c o n tro l  o f SOS fu n c tio n s  A lthough i t  ie  d i f f i c u l t  to  

a cc e p t w ith o u t q u a l i f i c a t io n  Radman*s o r ig in a l  su g g es tio n  th a t  a l l  o f  th e  

SOS fu n c tio n s  a c t  to  promote c e l l  s u r v iv a l ,  i t  i s  c l e a r  t h a t  d iv i s io n  

in h ib i t io n  does c o n tr ib u te  to  s u rv iv a l  a f t e r  DNA damage, by a llo w in g  tim e 

f o r  DNA r e p a i r .  This e f f e c t  even o p e ra te s  a t  low le v e l s  o f damage w hich, 

th e o r e t i c a l l y  can e a s i l y  be r e p a i r e d .  Dn recA and lexA m utants d iv i s io n  

co n tin u es  a f t e r  i r r a d i a t i o n  and many DNA-less c e l l s  a re  produced; even in
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u n tr e a te d  c u l tu r e s  o f th e se  m utants some DNA-less c e l l s  a re  d e te c te d  

s u g g e s tin g  th a t  recA  and le x  A may have a  co n tin u o u s r o le  in  c o o rd in a tin g  

DNA r e p l i c a t i o n  and d iv is io n .

C oord ina te  c o n tro l  o f d iv is io n  and SOS DNA r e p a i r  fu n c tio n s  was 

su g g ested  by t h e i r  dependence on recA and lexA , t h e i r  c o o rd in a te  in d u c tio n  

a f t e r  UV (see  C hap ter 3) and t h e i r  c o o rd in a te  e x p re ss io n  in  c o n s t i tu t iv e  

m utan ts a t  th e se  lo c i  (recA and l exA ). Experim ents by Meyn e t  (197.7) 

showed th a t  X in d u c tio n , m utagenic r e p a i r  and f i la m e n ta t io n  were a l l  

b locked  by p ro te a se  in h ib i to r s ,  in d ic a t in g  t h a t  th e  p ro te o ly t ic  a c t i v i t y  

o f  recA* m ight have a  b ro ad e r s ig n if ic a n c e .  W itk in  had suggested  in  1976 

th a t  th i s  p r in c ip le  o f in d u c tio n  by (recA* -  m ed ia ted ) c leavage o f a  

r e p re s s o r  m ight be g e n e ra l f o r  c o n tro l  o f SOS f u n c t io n s .  Thus the  d iv is io n  

in h i b i t o r  p o s tu la te d  e a r l i e r  by W itk in  and George e t  a l . m ight be 

re g u la te d  by a  r e p re s s o r  which i s  c leav ed  by recA* a f t e r  UV. P a r a l l e l  

w ith  th e  developm ent o f th e se  id e a s , experim en ts on th e  mechanism o f X 

in d u c tio n  re v e a le d  p re c is e ly  such a system . In  1975 R oberts and R oberts 

showed th a t  th e  X c l  re p re s s o r  was c leav ed  a f t e r  UV; su b seq u en tly  th ey  

dem onstra ted  t h a t  t h i s  c leavage was due to  a  p r o te o ly t ic  a c t i v i t y  which 

c o p u r if ie d  w ith  recA (R oberts e t  , 1978). In  v i t r o  experim ents gave 

f u r t h e r  co n firm a tio n  and a lso  d e te c te d  a  req u irem en t f o r  ATP and added 

p o ly n u c le o tid e  f o r  th e  r e a c t io n  to  proceed  (C ra ig  and R o b erts , 198O).

Though some r e s e rv a t io n s  p e r s i s t  co n cern in g  th e  d e t a i l s  o f th e se  experim en ts, 

th e s e  f in d in g s  a re  now g e n e ra lly  a cc e p ted . A s im i la r  mechanism seems to  

o p e ra te  in  th e  in d u c tio n  o f P22 phage (C ra ig  and R o b e r ts , 198O), and 

ev idence  i s  accum m ulating th a t  th e  in d u c tio n  o f  c o l ic  in  sy n th e s is  may 

proceed  by a  s im i la r  mechanism, (Tessman ^ . , 1978; Tessman and P e te rso n ,
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Table 1 .3

M utations a f f e c t in g  SOS f i la m e n ta t io n

M utation

recA

Map

p o s i t io n

56

t i f

SOS Inducing

f i la m e n ta t io n  agen t

W

+ 42°

Comment

lexA

t s l

mmA

90

+

+

W

42'

UV

t s l  recA99 

t s l  recAl

+

+

42'

42'

recP

recL

ssbA

lexC

82

91

UV 

UV 

42°

C o n s ti tu t iv e

in  p resen ce  o f 

u y r” on ly

Ion 10 UV

s u l /s f iA

s u l / s f iB

22

2

UV

UV

S u p p resso rs  o f 
Io n , t i f

t s l  infB

t i f  in fB

66-83 42“

420

S uppresso rs  

o f t s l ,  t i f

1 Huisman e t  a l .  ( 1980b)
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1980) .  These r e s u l t s  a re  c l e a r ly  c o n s is te n t  w ith  th e  p re sen ce  o f an 

in d u c ib le  i n h ib i to r  o f d iv is io n  in  E .c o l i  re g u la te d  by lexA o r a n o th e r  

r e p re s s o r  c le a v a b le  by recA *. A re c e n t  experim ent by Huisman (l9 8 0 a ) 

added f u r th e r  su p p o rt to  t h i s  id e a ; f i la m e n ta t io n  was induced in  t i f  s t r a in s  

by in c u b a tio n  a t  42° and co n tinued  a f t e r  r e tu r n in g  th e  c u l tu r e s  to  30° ;  

t h i s  tre a tm e n t a ls o  e f f e c t iv e ly  induced A  • I f  how ever, ch lo ram phen ico l 

(an in h ib i to r  o f  p ro te in  s y n th e s is )  was added d u rin g  th e  42°  in c u b a tio n  and 

then  removed, A  in d u c tio n  s t i l l  took  p la c e , b u t f i la m e n ta t io n  was b lo ck ed . 

This experim ent was in te r p r e te d  as showing th a t  new s y n th e s is  o f t i f  

p ro te in  a t  42°  was n o t e s s e n t i a l  f o r  in d u c tio n  o f A  , b u t f i la m e n ta t io n  d id  

r e q u ire  new p ro te in  s y n th e s is ,  in d ic a t in g  th a t  a c t iv a te d  t i f  a lo n e  was n o t 

s u f f i c i e n t  f o r  in d u c tio n  and th a t  an induced in h i b i t o r  was a ls o  re q u ire d .

This " in d u c ib le  in h ib i to r "  p r in c ip le  which form ed the b a s is  of a  

w orking h y p o th e s is  f o r  t h i s  p ro je c t  was th u s  v a l id a te d .  At th e  tim e when 

th e  p r o je c t  was s t a r t e d ,  th e  d i s t i n c t io n  between recA  and recA* had n o t been 

co n v in c in g ly  e s ta b l i s h e d .  The f i r s t  experim ents were th e re fo re  desig n ed  

to  t e s t  th e  p o s s i b i l i t y  th a t  th e  s y n th e s is  o f la rg e  q u a n t i t i e s  o f recA  was 

i t s e l f  re s p o n s ib le  f o r  d iv is io n  in h ib i t io n  ( i . e .  recA  th e  i n h i b i t o r ) .

None of th e  fo re g o in g  argum ents p rec lu d es  t h i s  p o s s i b i l i t y .  These 

experim ents a re  d e sc r ib e d  in  C hapter 3 and in  th e  accom panying paper 

(Darby and H o lland , 1979)«

1 .6  M utations a f f e c t in g  the  d iv is io n  resp o n se  to  UV

Although th e  p r in c ip le  o f c o o rd in a te  c o n tro l  o f  d iv is io n  in h ib i t i o n  

w ith  o th e r  SOS fu n c tio n s  i s  g e n e ra l ly  su p p o rted  by th e  ev idence  a v a i la b le  

(see  p rev ious s e c t io n ) ,  th e  e f f e c t s  o f c e r t a in  m u ta tio n s  ( t a b le  1 . 2 ) 

in d ic a te  t h a t  th e  s im p le  model o f c o n tro l proposed above may n o t s u f f i c i e n t l y  

acco u n t f o r  a l l  th e  d a ta .
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Mount ( 1977) re p o r te d  t h a t  when a  t s l  (recA ^) s t r a i n  was incu b ated  a t  

42° ,  f i la m e n ta t io n  and d e re p re s s io n  o f recA  s y n th e s is  took  p la ce . Under 

th e se  c o n d itio n s  DNA sy n th e s is  was n o t d is tu rb e d  and thus th e  in d u c tio n  

o ccu rred  in  th e  absence o f e f f e c t o r  m o lecu les . A n a ly sis  o f lexA102 

r e v e r ta n ts  by C lark  and V o lk e rt (1978) and V o lk e r t ^  (1979) showed

t h a t  secondary  m u ta tions (mmA) in  le x  A su p p re ssed  p a r t  o f the  LexA 

phenotype, r e s to r in g  c o n tro l o f DNA breakdown and f i la m e n ta tio n  a f t e r  UV, 

b u t no o th e r  SOS fu n c tio n s . N o tab ly , th e re  was no in d u c tio n  of recA p ro te in .  

Thus m u ta tio n s  a t  lexA can a f f e c t  d iv is io n  in h ib i t i o n  independen tly  o f 

recA in d ic a t in g  th a t  lexA i t s e l f  m ight have a  d i r e c t  ro le  in  f ila m e n ta tio n  

c o n t r o l ,  perhaps even as th e  r e p re s s o r  o f th e  d iv i s io n  in h ib i to r .  The 

recF  m uta tion  (d e fe c t iv e  in  p o s t - r e p l i c a t io n  r e p a i r )  d e sc rib ed  by Rothman 

e t  a l . ( 1979) b locked ex p re ss io n  o f most SOS fu n c tio n s  w hile in d u c tio n  of 

recA p ro te in  proceeded norm ally  a f t e r  UV. A s tu d y  o f th is  and o th e r  m utant 

r e p a i r  fu n c tio n s  le d  C lark  and V o lk e rt (1978) to  su g g es t th a t  s e v e ra l 

pathways a re  a v a i la b le  f o r  p ro d u c tio n  o f e f f e c t o r ;  th e se  pathways a re  recF , 

recBC, u v r o r ssb  -  dependent, and p ro b ab ly  o p e ra te  s im u ltan eo u sly . This 

s e p a ra t io n  o f v a r io u s  SOS e f f e c t s  ( " s p l i t "  p h en o types) in  m u ltip le  m utants 

cou ld  in d ic a te  th a t  s p e c i f ic  in d u c tio n  mechanisms (and perhaps e f f e c to r s )  

a re  th e re fo re  a s s o c ia te d  w ith  each SOS f u n c t io n ,  a l l  subseq u en tly  a c t in g  

th rough  recA .

The Ion  gene i s  o f p a r t i c u l a r  i n t e r e s t  s in c e  i t  s p e c i f i c a l ly  a f f e c t s  

th e  d iv is io n  re sp o n se . Lon m utants f i la m e n t p e r s i s t e n t l y  a f t e r  UV even 

a t  low doses (A dler and H a rd ig ree , 1965) and o th e r  SOS inducing  tre a tm e n ts , 

and a re  unab le  to  re c o v e r  even though th e  DNA r e p a i r  c a p a c ity  o f the  

m utan ts i s  norm al, (H ow ard-Flanders e t  , 1964» Sm ith, 1969) .  B ridges
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e t  a l . ( 1977) showed th a t  th e  Ion  m u ta tio n  re n d e rs  th e  c e l l  ex trem ely  

s e n s i t iv e  to  th e  DNA le s io n s  assumed to  i n i t i a t e  th e  SOS rep en se ; in  a  

Ion  u v r m utant ( i . e .  when e x c is io n  i s  p rev en ted ) f i la m e n ta t io n  was t r ig g e r e d  

by th e  p resence  o f o n ly  one o r  two le s io n s  in  th e  genome.

In  a d d i t io n , th e  Ion  m u ta tio n  i s  ex trem ely  p le io t r o p ic .  M utants 

overproduce c a p s u la r  p o ly sac c h a r id e  (c o la n ic  a c id )  g iv in g  c o lo n ie s  t h e i r  

c h a r a c te r i s t i c  mucoid ap p earan ce . This pheno typ ic  e f f e c t  has been 

e x te n s iv e ly  in v e s t ig a te d  (rev iew ed  by M arkov itz , 1977)» Mackie and W ilson 

( 1972) o b ta in ed  ev idence  th a t  th e  Ion p roduct a c te d  as a  r e p re s s o r  o f  th e  

g a l operon, thus th e  s y n th e s is  o f g a la c to s e  (a  c o la n ic  ac id  p re c u rs o r )  i s  

d e rep ressed  in  th e  Ion  m u tan t, le a d in g  to  p ro d u c tio n  o f ex cess  c o la n ic  a c id  

( i . e .  m ucoidy).

P ro te a se  a c t i v i t y  has been a sc r ib e d  to  th e  Io n  gene p ro d u c t. In  

m utants o r ig in a l ly  d e s ig n a te d  degT, nonsense p o ly p e p tid e  fragm ents were 

shown to  be degraded v e ry  s lo w ly  compared w ith  deg^ s t r a in s  ; th e se  s t r a i n s  

were shown to  be Ion  m utants (S h in eb erg  and Z ip s e r ,  1973).

M utations in  th e  Ion  gene reduce  th e  freq u en cy  o f lysogeny o f some 

b a c te r io p h a g e s . A m u l t ip l ie s  norm ally  in  Ion  m utants b u t ly sogens form 

v ery  p o o rly  (W alker e t  ^ . , 1973). The prophage s t a t e  of A  i s  e s ta b l is h e d
O

and m ain ta ined  by th e  c l  r e p r e s s o r ;  a  double m utant phage (A c l  c r o ) 

overproduces c l  r e p re s s o r  a t  30°. T here fo re  in f e c t io n  r e s u l t s  in  a  100?& 

ly so g en ic  re sp o n se , and no p laq u es  were formed on w ild  type h o s t s .  In  

Ion  h o s ts ,  however, p laques were produced a t  30° (W alker e t  a l . , 1973). 

F u r th e r , d i r e c t  m easurem ents ( T r u i t t  e t  ^ . , 1976) showed th a t  in  Io n  

s t r a i n s  ly so g en ised  by norm al phage, th e  le v e l  o f  c l  r e p re s s o r  was o n ly  h a l f  

t h a t  in  Ion* h o s ts ,  su g g e s tin g  t h a t  th e  Ion  p ro d u c t i s  n e ce ssa ry  f o r  norm al 

p ro d u c tio n  (and perhaps s t a b i l i t y )  o f th e  c l  r e p r e s s o r .
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In  f a s t  grow ing c u ltu re s  of Ion s t r a i n s  a  p ro p o r tio n  o f th e  c e l l s  

from  f ila m e n ts  sp o n tan eo u sly , perhaps r e f l e c t i n g  an im balance in  th e  co

o rd in a t io n  o f  DNA s y n th e s is ,  mass in c re a s e  and d iv i s io n .  This "complex 

medium k i l l i n g "  (Gayda and M arkovitz , 1978) i s  observed  as an in c re a s e  in  

s e n s i t i v i t y  o f  th e  c u l tu re  to  v a r io u s  t r e a tm e n ts .  Gayda and M arkovitz 

p roposed  th a t  th e  low frequency o f  ly so g en  fo rm a tio n  may be peurtly accounted 

f o r  i f  th e  f ilam e n to u s  c e l l s  in  th e  p o p u la tio n  a re  more l i k e l y  to  be k i l l e d  

by e .g .  A in f e c t io n ,  than  a re  th e  norm al c e l l s .  This complex medium 

k i l l i n g  e f f e c t  can be suppressed  by l im i t in g  th e  grow th r a te  o f th e  

c u l tu r e s  w ith  p an to y l la c to n e , which in t e r f e r e s  w ith  l i p i d  m etabolism  

(K an to r and D eering , 1966) .  The o b se rv a tio n  th a t  "h o ld in g "  i r r a d i a t e d  Ion 

b a c t e r i a  in  b u f f e r  b e fo re  p la t in g  on a g a r  enhances s u r v iv a l ,  may be r e la te d  

to  t h i s  phenomenon.

Do th e se  phenotyp ic  e f f e c t s  o f Ion  m u ta tio n s  b e a r  any r e l a t i o n  to  SOS 

fu n c tio n s ?  With re s p e c t  to  th e  lysogeny  d e f e c t .  W alker e t  (1973) 

su g g es ted  th a t  th e  Ion  product m ight m odulate th e  a f f i n i t y  o f phage 

re p re s s o r s  f o r  t h e i r  co rresp o n d in g  o p e r a to r s . C onceivably  Ion  m ight a lso  

a c t  in  th i s  way to  modify t r a n s c r ip t io n  o f recA  and lexA . A lte rn a t iv e ly  

th e  proposed in d u c ib le  d iv is io n  in h ib i to r  m ight be c o n tro l le d  d i r e c t l y  

( r a th e r  th an  v ia  re c  and l e x ) by the  r e p r e s s o r  a c t i v i t y ,  o r  th e  r e p re s s o r -  

m o d u la tin g  a c t i v i t y  o f Io n .

In  1976, s h o r t ly  b e fo re  th i s  p r o je c t  was begun W itk in  su g g ested  th a t  

th e  p ro te a se  a c t i v i t y  (o r  c o n tro l o f  such  a c t i v i t y ) ,  a ss ig n ed  to  Ion  could 

be an im p o rtan t f a c to r  in  the  re g u la t io n  o f SOS e x p re ss io n , s in c e  th e  

a l t e r e d  s t a b i l i t y  ( r e s u l t in g  from Ion  a c t io n )  o f  p r o te in ( s )  induced d u rin g  

th e  SOS resp o n se  cou ld  g re a t ly  a f f e c t  th e  e x p re s s io n  o f SOS pheno types.
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These p o s s i b i l i t i e s  f o r  th e  r o le  o f  Ion  in  SOS ex p re ss io n  th e re fo re  

su g g es ted  th a t  f u r th e r  in v e s t ig a t io n  o f t h i s  m utant would be most w orthw hile 

George e t  (1975) observed  th a t  the  e f f e c t s  o f t i f  and Ion  in  t i f  

Io n  double m utants were a d d i t iv e  -  th ey  were more s e n s i t iv e  to  UV th an  Ion 

m u tan ts , and t i f  e x p re ss io n  a t  42° was enhanced. These w orkers su g gested  

t h a t  f i la m e n ta t io n  i s  p robab ly  induced  by th e  same mechanism in  th e  two 

s in g le  m utants s in c e  s in g le  s i t e  r e v e r ta n ts  o f the  double m utants were 

i s o la t e d  in  which f i la m e n ta t io n  was su p p re ssed . M oreover, s e p a ra t io n  o f 

th e  Ion  and t i f  m u ta tio n s  showed t h a t  th e  su p p re sso r  was s t i l l  e f f e c t iv e  

in  th e  p resence  o f e i t h e r .  These su p p re sso r  m u ta tio n s  (s f i / s u l ) were shown 

to  map in  genes q u ite  d i s t i n c t  from recA and Ion  (Johnson, 1976b) and 

ap p ea r to  id e n t i f y  p o s s ib le  g e n e tic  t a r g e t s  f o r  th e  a c tio n  o f recA and Io n , 

as d iscu ssed  in  d e t a i l  in  C hap ter 4« Thus, a t  th e  s t a r t  o f th e  p r o je c t ,  

i t  was a n t ic ip a te d  th a t  s te p s  in  th e  pathway by which SOS f i la m e n ta t io n  i s  

ex p ressed  m ight be e lu c id a te d  by an in v e s t ig a t io n  o f th e se  ( s u l / s f i )  

m u ta n ts .

1 .7  Aims o f the  p ro je c t

The i n i t i a l  aim o f th i s  work was to  in v e s t ig a te  any k in e t i c  r e l a t i o n 

s h ip s  between recA in d u c tio n , DNA s y n th e s is  and f i la m e n ta t io n .  The e f f e c t  

o f  th e  Ion m u ta tio n  on th e se  r e la t io n s h ip s  was a lso  determ ined . The second 

p a r t  o f  th e  p r o je c t  was concerned w ith  th e  c lo n in g  o f  one o f th e  p o s s ib le  

re cA /lo n  " ta r g e t"  genes m entioned above, th e  i d e n t i f i c a t i o n  o f the  gene 

p ro d u c t, and a  p re lim in a ry  in v e s t ig a t io n  o f f a c to r s  c o n t r o l l in g  ex p re ss io n  

o f  t h i s  gene. The c o n cu rren t developm ent o f id e a s  r e l a t i n g  to  th e  p o s s ib le  

mechanism o f d iv is io n  in h ib i t i o n  i s  d isc u sse d  in  the  in tro d u c to ry  p a r t  o f 

each c h a p te r .
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C hapter 2 

MATERIALS AND METHODS

2.1 B a c te r ia l  s t r a i n s

The b a c t e r i a l  s t r a in s  used in  th i s  work were a l l  E .c o l i  K12. T h e ir  

geno types a re  shown in  ta b le  2 .1 .  C u ltu res  were m a in ta in ed  on n u t r i e n t  

ag a r  a t  4°C when in  c u r re n t  u se , and f re e z e  d r ie d  o r  deep f ro z e n  a t  -20°C 

( in  n u t r i e n t  b ro th  c o n ta in in g  10^ g ly c e ro l)  f o r  lo n g  term  s tô r a g e .

The Ion  m utant o f  KN126 was is o la te d  by s e le c t io n  o f spon taneous 

r e s i s ta n c e  to  ch lorprom azine  (Molnar e t  ^ . , 1977). The b a c t e r i a  were 

grown in . m inim al medium and p la te d  on to  m inim al a g a r  c o n ta in in g  6^\Lg/ml 

ch lo rp ro m az in e , when Ion  m utants appeared as mucoid c o lo n ie s  a f t e r  2 -3  

days ; th e se  were a ls o  UV s e n s i t iv e .  The rough map p o s i t io n  o f  th e  

m u ta tio n  c o n fe r r in g  mucoidy was confirm ed when P '254  was t r a n s f e r r e d  in  

(c o v e rin g  th e  10 min re g io n ) .  T ranscon jugan ts  were non-mucoid and UV 

r e s i s t a n t ,  and th u s  th e  m uta tion  i s  p robab ly  lo c a te d  in  th e  Ion  gene.

2 .2  Growth o f b a c t e r i a l  c u l tu re s

B a c te r ia l  l i q u id  c u l tu re s  in  L u ria  b ro th  o r  M9 minimal medium 

p rep ared  as in d ic a te d  in  ta b le  2 .2 ,  were shaken in  a  New Brunswick 

G yro tary  S haker, a t  tem p era tu res  in d ic a te d  in  th e  t e x t .  B a c te r ia l  c e l l  

mass in  grow ing c u l tu r e s  was m onitored by m easurem ent of absorbance  a t  

450™̂  u s in g  a  G ilfo rd  M icrosample sp ec tro p h o to m ete r 3OON. S o lid  m edia 

used  were n u t r i e n t  a g a r  (2 ,3 ^  D ifco n u t r i e n t  b ro th ,  1.455^ a g a r )  and 

m inim al medium as d e sc r ib e d  in  ta b le  2 .2 , s o l i d i f i e d  w ith  1 .2 ^  a g a r .  

V itam in B1 (O .lp g /m l); thymine (5-80pg/m l) and c a s amino a c id s  ( 0 .0 3 - 0 .1 ^ ) ,
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Table 2 .1

B a c te r ia l  s t r a in s

Name Genotype

KN126 ty r a m i l v  tryE am la c  su p l26 \  (lamB)

KN126 Ion  " " " " " " Io n

0600

AB1157

KL16

KL16-99

PAM162

PAM161

D21

D22
TKF12

JM12

GC895

159

159A21

833

KLP1

t h r  le u  t h i  \  supE tonA

t h r  le u  t h i  h is  a rg  met p ro  s t r  la c

ts x  m tl x y l a ra  g a l supE

Hf r  m

H fr t h i  recAl

t h r  le u  h is  met t h i  Ion  sulB26

ti  If ft ft

t r p  pro  h is  rpsL

tf It It ft

" S U 1B 25

envA

t h r  le u  t h i  pyrF thyA i l v  ftsA 12 

h is  a rg  la c  tonA

t h r  le u  t h i  pro  h is  a rg  t i f - 1  la c  

s t r  ^

H fr t i f - 1  s f iB  

uvrA g a l s t r

uvrA s t r  g a l A imm^  ̂ lysogen  

h is  t r y  (g a l - a t t  - b i o ) tonA 

F* 0 ----> 2 min; as AB1157» recA

Source

B.G. S p ra t t

Fr<xn KN126 by 
chlorprom azine s e le c t io n

L aborato ry  s to ck s

B. Bachmann

A. Salem

W. Donachie

B.G. S p ra tt

G. P lastow  

This work 

B.G. S p ra t t  

B. Bachmann
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Table 2.1 Continued

Name Genotype

4282 F*254; as ABII57» recA t r y  purE

a z i  tonA ; g a l*

4251 , F*104; as  AB1157; recA ; met*

DS4 IO minA minB

BS254 HfrH ( g a l - uvrB ) t h i ,

X CI857 in te g r a te d  in to  leuB 

Ymel tonA s u I I I  t y r

W355O 8u p ° g a l

CV512 F* leuA371

MRE6OO ENase

F o o tn o te ;

1. J .  M olnar e t  a l . ,  1977

2 . B .F . Johnson, 1977

3 . K. Shimada and R.A. W eisbérg, 1972

Source

B. Bachmann

G. B oulnois 

B.G. S p r a t t /

K. Shimada ^

G. P lastow  

G. P lastow  

B.G. S p r a t t

P o rto n  R esearch  C entre
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Table 2 .2

Media and B u ffe rs

A. L u r ia  b ro th  1^ w/v Tryptone

0 .5 ^  w/v Y east E x tra c t  pH?.4 

0.5?^ w/v NaCl

B. M9 m inim al medium

G.

D.

E.

NaHgPO^ (anhydrous) 6 .0  g / l i t r e  o f  medium

KH2PO4

NaCl

NH.Cl4
Glucose

CaClg

MgSO.

3 .0  "

0 .5

1.0  "

0 . 4% w/v a u to c lav ed  s e p a ra te ly  

I.OmM " "

lOmM

Amino a c id s  as re q u ire d  20}ig/ml 

A n tib io t ic s  A m p ic illin  25p.ff/>®l 

T e tra c y c lin e  10yg/ml 

S t e r i l i s e d  by f i l t r a t i o n  

B a c te r ia l  b u f f e r

KH^PO^

Na^HPO^

NaCl

MggO .̂TBgO

A b u f f e r

T r is  HCl pH7.2 

MgSO^

G e la tin

3 g / l i t r e

7 "

4 ”

0 . 1  "

6mM 

lOmM 

O.O59S w/v
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in  s t e r i l e  s o lu t io n ,  were a ls o  added to  m inim al medium as re q u ire d .

S tr a in s  h a rb o u rin g  plasm id borne d ru g  r e s is ta n c e  were grown in  media 

c o n ta in in g  th e  a p p ro p r ia te  a n t i b i o t i c  as shown in  ta b le  2 .2 .  A ll m edia 

c o n ta in in g  a n t ib io t i c s  were f r e s h ly  p re p a re d . The c o n s t i tu e n ts  of 

b a c t e r i a l  and X b u f f e r s  a re  a ls o  n o ted  in  ta b le  2 .2 .

2 .3  UV i r r a d i a t i o n

L iqu id  c u l tu r e s  were i r r a d i a t e d  w ith o u t p re tre a tm e n t a t  A^^^ 0 .1 5 -
•7

0 .2  (5x10 c e l l s /m l ) .  Up to  20ml o f c u l tu re  in  a  prewarmed l8cm g la s s

p e t r i  d is h  (g iv in g  a  l iq u id  la y e r  2-3mm deep) was sw irle d  b en ea th  a

Hanovia B a c te r ic id a l  lamp. The dose r a t e  was c a l ib r a te d  u s in g  a  L a ta r je t
_2

d o s im e te r and th e  dose used  was lOJjn” , g iv en  in  20 s e c s . For p la te
7 *t e s t s ,  o v e rn ig h t b ro th  c u l tu r e s  were d i lu te d  to  about 2x10 c e l l s /m l  and 

lo n g  s tr e a k s  o f th e se  su sp en sio n s  made a c ro ss  th e  su rfa c e  o f a  n u t r i e n t  

a g a r  p la t e .  The p la te  was th en  i r r a d ia te d  in  s e c t io n s ,  so t h a t  graded 

doses were g iven  a lo n g  each s t r e a k .  The p la te  was fo il-w rap p ed  f o r  

in c u b a tio n .

2 .4  Measurement o f b a c t e r i a l  c e l l  number

0.2ml sam ples were tak en  from c u l tu r e s  in  minimal medium and f ix e d  

by d i lu t io n  in to  2.0m l 0 .8 ^  v /v  foim aldehyde in  s a l in e  (0 .8 ^  w/v

N aC l). Samples were f u r th e r  d i lu te d  in  25 volumes s a l in e  f o r  co u n tin g  

u s in g  a  Model B C o u lte r  C ounter f i t t e d  w ith  a  30)i o r i f i c e .  Counting was 

normeûLly perform ed on th e  same day as sam pling . O ccasio n a lly  sam ples 

were s to re d  o v e rn ig h t a t  4° w ith  no re d u c tio n  o f p a r t i c l e s  cou n ted . 

In s tru m en t s e t t in g s  were as f o l lo w s ; -  a p e r tu re  c u r re n t  ^=1»
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a m p li f ic a t io n  low er th re s h o ld  =8 , upper th re s h o ld  =oc, A ll s a l in e

was f i l t e r e d  th ro u g h  a  0 .22^  pore s iz e  M ill ip o re  f i l t e r  to  remove d u s t 

p a r t i c l e s  and th en  au to c lav ed  b e fo re  u se .

2 .5  Growth o f  b a c te rio p h a g e  X

X 6l6  and d e r iv a t iv e s  were tu rb id  p laque fo rm ers and were W

in d u c ib le .  F o r p re p a ra t io n  o f s to ck  su sp en sio n s , ly sogens were grown in

m inim al medium c o n ta in in g  cas amino a c id s  to  0 .6 - 0 .7» and d i lu te d

4 - f o ld  in  A  b u f f e r  (see  ta b le  2 ,2 )  b e fo re  i r r a d i a t i o n  (30Jm” ) .  The

i r r a d i a t e d  b a c te r i a  were th en  c o l le c te d  by c e n t r i f u g a t io n ,  re  suspended

in  L u r ia  b ro th  to  t h e i r  o r ig in a l  volume and shaken a t  37° u n t i l  l y s i s

o ccu rred  ( l - 2  h o u rs ) .  L ysates were t r e a te d  w ith  ch lo ro fo rm  and c e n t r i -

10fuged to  remove c e l l  d e b r is .  T i t r e s  were u s u a l ly  X 10 p fu /m l. Phage 

a ssa y s  were perform ed by m ixing 0.1m l o f d i f f e r e n t  phage d i lu t io n s  w ith  

0.2m l o f an o v e rn ig h t c u l tu re  o f E .c o l i  C600, s ta n d in g  a t  37° f o r  15 min 

in  th e  p resen ce  o f lOmM Mg** to  a llo w  a d so rp tio n . Samples were then  

d i lu te d  w ith  3.5ml m olten T ry p tic a se  s o f t  a g a r , poured on to . T ry p tic a se  

a g a r  p la te s  c o n ta in in g  lOmM MgSO^, and p la te s  in cu b a ted  a t  37°.

S o f t T ry p tic a se ag a r; T ry p tic ase w/v

NaCl 0.59^ w/v

Agar o .lio w/v

T ry p tic a se  a g a r f o r  p la te s ; T ry p tic a se \io w/v

NaCl 0 .5 # w/v

Agar 1 .5 # w/v
\  t  s  P re p a ra t io n  o f X  c l (u s u a lly  > 10^^ p fu /m l) were made

in d u c tio n . Lysogens were grown in  L u ria  b ro th  a t  30°C to  A^^g 0 .6 - 0 .7 ,
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th e n  s h i f te d  to  42° and in cu b a ted  u n t i l  l y s i s  o ccu rred  ( l - 2 h ) .  L y sa tes  

were p ro cessed  and assayed  as above. S p e c ia l is e d  tra n sd u c in g  i^ a g e  were 

p rep a red  by th e  method of Schrenk and W eisberg (1975)* E .c o l i  833 was 

grown in  L u ria  b ro th  in to  s ta t io n a r y  phase , th e  b a c te r ia  c o l le c te d  by 

c e n t r i f u g a t io n  and resuspended  in  0 .4  volumes o f X b u f fe r .  0.2m l o f 

b a c t e r i a l  su sp en sio n  were in f e c te d  w ith  0.1m l Xnm627 (cI^^  Sam7)

(MOI = 7 ) .  A f te r  15 min a t  32° f o r  phage a d s o rp tio n , 10” ^-10”^ d i lu t io n s  

o f  th e  m ix tu re  were sp read  on to  T ry p tic a se  a g a r  p la te s  to g e th e r  w ith  

2x10^ A c  h82, to  k i l l  n o n -ly so g en ic  c e l l s  th u s  s e le c t in g  ly so g en s .

A f te r  in c u b a tio n  a t  30°, s e v e ra l  p la te s  were chosen b earin g  about 1000 

c o lo n ie s ,  and th e  b a c te r ia  washed o f f  th e  a g a r su rfa c e  w ith  L u ria  b ro th .  

The o p t ic a l  d e n s ity  was a d ju s te d  to  0 .3  a t  450nm, and the  c u l tu r e  (500ml) 

v ig o ro u s ly  shaken a t  30° u n t i l  th e  A^^Q reach ed  0 .8 .  I t  was th en  

in cu b a ted  a t  42° f o r  30 min, fo llo w ed  by 2h a t  37°. C ells  were c o l le c te d  

by c e n t r i f u g a t io n  and resuspended  in  10ml X b u f f e r  and 0.5ml ch loroform , 

L y sis  o ccu rred  a f t e r  20 min in c u b a tio n  a t  37° and c e l l  d e b ris  was removed 

by. c e n t r i f u g a t io n .  The ly s a te  was assayed  on E .c o l i  ünel tonA s u I I I ,  on 

which X  c l^ ^ s7  can grow (s in c e  X  h82 u ses  th e  tonA re c e p to r )  and on 

0 1 2 6  (X^) on which on ly  X h82 can grow. The ly s a te  co n ta in ed  5^10^^

X  c l^ ^ s7 /m l and 6x10^ \  h82/m l.

1 MOI =* m u l t ip l i c i ty  o f in f e c t io n
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2 .6  R ad io ac tiv e  l a b e l l i n g  o f p ro te in  and MA ^  v iv o

2 .6 a  P u ls e - la b e l l in g  o f p ro te in s  was ach ieved  by in c u b a tin g  grow ing 

c e l l s  in  m inim al medium w ith  -m eth ion ine  f o r  s h o r t  p e r io d s .

T y p ic a lly , 1ml o f e x p o n e n tia lly  grow ing c u l tu re  a t  A^^^ 0 .2 - 0 .5 ,  was 

in cu b a ted  f o r  5 min a t  37°, w ith  5pCi L -P ^ s ]-m e th io n in e  s p e c i f i c  a c t i v i t y  

50pC i/pg . In c o rp o ra tio n  was te rm in a ted  by a d d it io n  o f ic e - c o ld  

m eth ion ine  to  4»0mg/ml and chloram phenico l to  600|ig/m l. P u lse s  o f lOyiCi 

f o r  7 min were u sed  when c e l l  envelope p re p a ra t io n s  were to  be an a ly sed  

s in c e  only  10# o f  in c o rp o ra te d  coun ts a re  reco v ered  in  th e  envelope 

f r a c t i o n .

2 .6 b  U niform ly la b e l le d  b a c t e r i a ; In  most ex p erim en ts , c e l l s  u n if o m ly  

la b e l le d  w ith  j^^ n j-leu c in e  were added to  each sample as an in t e r n a l  

s ta n d a rd . These were p rep ared  by in c u b a tin g  an e x p o n e n tia lly  grow ing 

p o r t io n  o f  th e  s t a r t i n g  c u l tu re  ( a t  A^^q=«0 . 1 -0 .2 ) ,  w ith  6yiCi/ml P hI -  

le u c in e  ( s p e c i f ic  a c t i v i t y  lO pC i/pg), f o r  2 .5 h  ( i . e .  2-3  g e n e ra t io n s )  a t  

37°C. In c o rp o ra tio n  was te rm in a te d  by a d d it io n  of co ld  le u c in e  to  

4mg/ml and c h i l l i n g  on ic e .

To m o n ito r in c o rp o ra t io n  in to  p r o te in s ,  5p l p o r tio n s  o f washed c e l l s  

( s e e  s e c t io n  2 .7 )  were s o lu b i l i s e d  in  Aquasol s c i n t i l l a t i o n  f l u i d  and 

counted in  a  P ackard  Tri-O axb 3255 l iq u id  s c i n t i l l a t i o n  c o u n te r . This 

ra p id  e s tim a tio n  o f in c o rp o ra tio n  allow ed eq u al co u n ts  of a l l  sam ples to  

be loaded  onto  th e  po lyacry lam ide  g e l s .  1ml sam ples, p u lse  l a b e l le d  

as d e sc r ib e d , n o rm a lly  in c o rp o ra te d  5-8x10^ c .p .m . When L^h] l a b e l le d  

c e l l s  were to  be added, th e  r a t i o  o f to  c .p .m . was

a d ju s te d  to  betw een 5:1 and 10 :1 , so th a t  o v e r s p i l l  o f J  counted  in  

th e  C ^hI channel was le s s  th an  25#  of th e  t o t a l  c .p .m . o v e r s p i l l
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c o u n tin g  as was n e g l ig ib le .  2-3ml of L^hI  la b e l le d  c e l l s

p rep a red  as above, were s u f f i c i e n t  f o r  each sam ple.

2 .6 c  S t a b i l i t y  of la b e l le d  p r o te in s . S t a b i l i t y  of la b e l le d  p ro te in s  was 

measured in  a  p u lse -ch a se  exp erim en t. 10ml of an e x p o n en tia l c u l tu r e  

was pu lse  la b e l le d  f o r  10 min as d e sc r ib e d  above, s t a r t i n g  15 min a f t e r  

i r r a d i a t i o n .  U nincorporated  iso to p e  was th en  removed by ra p id ly  

f i l t e r i n g  th e  c e l l s  on to  a  0 .45p pore s iz e  Oxoid membrane f i l t e r ;  the  

c e l l s  were washed on th e  f i l t e r  w ith  warm medium w ith o u t is o to p e , 

c o n ta in in g  300pg/ml m eth io n in e , and resuspended  in  th e  same medium. 1 .5

ml sam ples, w ithdrawn d u rin g  subsequen t grow th a t  37°were c h i l l e d ,  

ch loram phenico l added to  600pg/ml and 5pl counted  in  Aquas o l p r io r  to  

a n a ly s is  by SDS-PAGE. Equal coun ts  in  each sample were loaded on to  th e

g e l ,  and th u s  lo s s  o f counts w ith  tim e from in d iv id u a l  bands was 

e s tim a te d  (see  2 .8 c )  .

2 .6 d  DNA s y n th e s is  was measured by accum ulation  o f thym id ine.

U sing  thy* s t r a i n s ,  c u l tu re s  were grown in  minimal medium c o n ta in in g  

IpC i/m l thym idine ( s p e c i f ic  a c t i v i t y  2]iCi/}igm) and 1 .5mM u r id in e ,

f o r  about 5 g e n e ra tio n s  b e fo re  sam pling began to  en su re  s tead y  s t a t e  

grow th and l a b e l l in g  co n d itio n s*  For measurement o f  in c o rp o ra tio n , 1ml 

sam ples from e x p o n e n tia lly  grow ing c u l tu re s  were mixed w ith  2ml ic e -c o ld  10# 

t r i c h lo r o a c e t i c  a c id  (TCA). A f te r  1h, p r e c ip i ta te d  n u c le ic  a c id s  were 

c o l le c te d  on S a r to r iu s  membrane f i l t e r s  (0 .45p  pore s i z e ) ,  and washed 

w ith  2 volumes 5# TCA fo llow ed  by a t  l e a s t  10 volumes of h o t (90-95°C) 

w a te r . F i l t e r s  were d r ie d  and counted  in  non-aqueous s c i n t i l l a t i o n  

f l u i d  c o n s is t in g  o f 0 .5 #  d ip h en y lo x azo le  (PPO) and 0 .0033# 1 ,4 - b is - 2 - ( 4 -  

m ethy1-5 -p h e n y lo x a z o ly l) -benzene (d im ethy l POPOP) in  to lu a n e .
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R ates o f  DNA s y n th e s is  were measured by p u ls e - la b e l l in g  0.5m l 

amounts o f minimal medium c u l tu r e s  in  ex p o n en tia l phase w ith  TpCi 

1[^ h1 thym idine ( s p e c i f ic  a c t i v i t y  85pCi/mM), f o r  3 min a t  37°. P u lse s  

were te rm in a ted  by a d d i t io n  o f 0.5m l ic e -c o ld  10# TCA c o n ta in in g  400 

pg/m l u n la b e lle d  thym id ine . Samples were p ro cessed  f o r  c o u n tin g  as 

d e sc r ib e d  above.

2 .7  P re p a ra tio n  o f whole c e l l  ly s a te s  and envelopes f o r  PAGE a n a ly s is  

2 .7 a  Whole c e l l  l y s a t e s  f o r  1-dim ension e le c t r o p h o r e s is . Samples 

c o n s is te d  o f C ^^s]-m eth ion ine  p u ls e - la b e l le d  c e l l s  and [^ s ] -u n ifo rm ly  

la b e l le d  c e l l s  mixed as d e sc r ib e d  in  2 .6 ;  to  th e se  were added 10^^ c e l l s  

from  a  c h i l l e d  b u t o th e rw ise  u n tre a te d  p o r t io n  of th e  same c u l tu r e ,  as 

c a r r i e r  c e l l s .  The mixed b a c te r i a  were th e n  washed tw ice w ith  lOmM 

sodium phosphate b u f f e r  pH7.4 by c e n tr i f u g a t io n  a t  4°C, and th e  p e l l e t s  

resuspended  in  50 o r  lOOjil o f th e  same b u f f e r  and t r a n s f e r r e d  to  s m a ll ,  

capped p l a s t i c  tu b e s . At t h i s  s ta g e  5pl sam ples were w ithdraw n f o r  

c o u n tin g  ( 2 .6 ) .  An equal volume o f SDS Sample B u ffe r ( ta b le  2 .3 )  was 

added to  each tube and the  sam ples b o ile d  f o r  5 min to  com plete l y s i s  and 

s o lu b i l i s a t i o n  o f p r o te in s .  V ortex ing  to  s h e a r  DNA in  th e  p re p a ra t io n s  

was o f te n  n e c e s sa ry . These sam ples were loaded  on to  p o lyacry lam ide  

g e ls  im m ediately  o r  s to re d  a t  -2 0 ° . I f  s to r e d ,  th ey  were b o ile d  a g a in  

b e fo re  a n a ly s is .

2 .7 b  Envelopes f o r  1-d im ension  a n a ly s i s . C e ll envelopes were p rep a red  by

s o n ic a t io n  and d i f f e r e n t i a l  c e n t r i f u g a t io n .  Samples o f p u ls e - la b e l le d

c e l l s  (and u n ifo rm ly  la b e l le d  c e l l s  where in d ic a te d  in  th e  t e x t )  were 

10mixed w ith  5x10 u n la b e l le d  c a r r i e r  c e l l s  in  25ml b eakers  and th e  volume



37

a d ju s te d  to  w ith  10mM sodium phosphate b u f f e r  pH7*0. S o n ica tio n

was th e n  c a r r ie d  o u t in  an ic e -w a te r  b a th , f o r  3 p e r io d s  o f 30 sec  a t  an 

am plitude  o f 6p, w ith  30 sec  c o o lin g  i n t e r v a l s ,  u s in g  an M.S.E.

100W U ltra so n ic  D is in te g ra to r  w ith  a  la rg e  p ro b e . Unbroken c e l l s  were 

removed by c e n tr i f u g a t io n  a t  7 ,000  rpm a t  4°C f o r  7 min, in  th e  S o rv a ll 

SM24 r o to r .  The su p e rn a ta n ts  were then  t r a n s f e r r e d  to  ICtail po ly 

c a rb o n a te  tu b es  and envelopes p e l le te d  by 45 min c e n tr i f u g a t io n  a t

35 ,000 rpm in  th e  Beckman 40 o r 50Ti r o to r  a t  4°C. The p e l l e t s  were 

washed w ith  sodium phosphate b u f f e r  by a  s im i la r  c e n tr i fu g a t io n  

p rocedu re  and f i n a l l y  re  suspended in  25yil o f th e  same b u f f e r .  25pl SDS 

sample b u f f e r  ( t a b le  2 .3 )  was added and th e  sam ples b o ile d  f o r  5 min 

b e fo re  lo a d in g  on to  th e  g e ls .

2 .7 c  Whole c e l l  ly s a te s  f o r  2-dim ension a n a l y s i s . C ^^sj-m eth ionine 

p u ls e  la b e l le d  b a c te r i a  mixed w ith  u n ifo rm ly  l a b e l le d  and c a r r i e r  c e l l s  

a s  in d ic a te d  in  the  t e x t ,  were washed as d e s c r ib e d  above and th e  f i n a l  

c e l l  p e l l e t  was re  suspended in  100pl I .E .  sam ple b u f f e r  ( ta b le  2 .4 ) .

The fo llo w in g  a d d it io n s  were made to  each  sam ple ( in  a  small^ capped 

p l a s t i c  tu b e ) :  1yil ENase (4.0m g/m l), 1^1 egg w h ite  lysozyme (lOmg/ml) and 

in  some experim en ts 1pl o f th e  pro  te a s e  i n h i b i t o r  phenyl-m ethyl 

su lp h o n y l f lu o r id e  (PMSP : 0.1M in  50# v /v  e th a n o l ) .  The b a c te r ia  were 

ly se d  by 5 c y c le s  o f  f r e e z in g  and thaw ing, 1]il DNase I  (4mg/ml) added 

and th e  sam ples k ep t on ic e  f o r  1h. Each p re p a ra t io n  was th en  brought 

to  8.5M Urea by a d d i t io n  of 50mg u re a  c r y s t a l s ,  and then  b o ile d  f o r  5 

min b e fo re  lo a d in g  on to  i s o e l e c t r i c  fo c u s s in g  g e l s ,  o r s to ra g e  a t  -20°C.

The p rocedure  d e sc rib e d  h e re  i s  based on th o se  o f 0 'F a r r e l l  

(1975) and McEntee (1977).
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Table 2 .3

E le c tro p h o re s is  s o lu tio n s

A. S e p a ra tin g  g e l b u f f e r ; -

0.75M T r is  HCl pH8.8, 0 .2 #  w/v SDS

B. S tack ing  g e l b u f f e r s-

0.25M T r is  HCl, pH6.8, 0 .2 #  w/v SDS

C. Acrylamide s o lu t io n ; -

I  44# w/v ac ry lam id e , 0 .8 #  w/v N;N'-m e th y len e -b is -a c iÿ la jn id e  ( b is )

I I  44# w/v ac ry lam id e , 0 .3 #  w/v b is

D. E le c tro p h o re s is  b u f f e r ; -

0.125M T r is ,  0 .1 92M g ly c in e , 0 .1 #  w/v SDS (pH8.3 w ith  no a d ju s tm en t)

E. SDS sample b u f f e r ; -

0.125M T r is  HCl pH6.8, 40# w/v g ly c e r o l ,  4# w/v SDS, 10# m ercap to - 

e th a n o l, 0 .05#  bromophenol b lu e

F . Gel com position

B u ffe r A 

Acrylamide 

D is t .  w a ter

Ammonium p e rsu lp h a te   ̂
( f r e s h ly  p re p a red , 10mg/ml)

S e p a ra tin g  ge l 

15# 11#

20ml 20ml

13.6ml 9*4ml

5. 4̂ q1 8. 4ml

mixed and degassed

0.95ml 0.95ml

N » N ,N ',N ',- te tra m e th y l 
e th y lenediam ine (TEMED)

0 . 075ml 0.075ml

(Jels were formed w ith o u t d e lay  a f t e r  a d d i t io n  o f th e se  p o ly m eris in g  

ag en ts
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2 .8  P o lyacry lam ide  g e l e le c tro p h o re s is  (PAGE)

2 .8 a  P re p a ra t io n  o f  g e l s . For one-dim ension a n a ly s i s ,  g e ls  were formed 

in  th e  B iorad  220 s la b  g e l a p p ara tu s  w ithou t c o o lin g  u s in g  th e  system  of

Laemmll (1970) w ith  m inor m o d if ic a tio n s . S o lu tio n s  used and th e  m ixing 

p rocedu re  a re  l i s t e d  in  ta b le  2 .3 . Gels c o n s is te d  o f  a  10 cm s e p a ra t in g  

g e l o f 11 o r  15?  ̂ acry lam ide  and a s ta c k in g  g e l in  which th e  lo a d in g  w e lls  

were form ed, o f  6 .3 ^  acry lam id e , w ith  1 cm o f e f f e c t iv e  s ta c k in g  d is ta n c e  

betw een th e  w e lls  and th e  su rfa c e  o f th e  s e p a ra t in g  g e l .

5-60^1 sam ples c o n ta in in g  bromophenol b lu e  ( t a b le  2 .3E ) were loaded  

u n d er e le c t ro p h o r e s is  b u f f e r  and 15 m illiam ps ( m .a .) /g e l  a p p lie d  from 

a  S to g a te  power su p p ly  u n t i l  the  dye f r o n t  was w e ll in to  th e  s ta c k in g  ge l 

(abou t 1h ). Then 25 m .a /g e l was a p p lie d  f o r  3 -4h , when th e  dye f r o n t  

was c lo se  to  th e  bottom  o f th e  g e l .  A fte r  rem oval from th e  a p p a ra tu s , 

g e ls  were s ta in e d  in  Coomassie b lu e  (0 .0 5 ^  w/v in  10^ v /v  a c e t ic  a c id ,

259  ̂ v /v  iso p ro p a n o l)  o r  f ix e d  in  a c e t ic  a c id  (lO ^ v /v )  and iso p ro p a n o l 

( 25^  v /v )  o v e rn ig h t;  s ta in e d  g e ls  were then  d e s ta in e d  by d i f f u s io n  in  

s e v e ra l  changes o f  th e  same a c e t ic  a c id  -  iso p ro p an o l mix o v e r 24h. A 

[  ^ - m e t h y l a t e d  p ro te in  m ix tu re  was ap p lied  to  some g e ls  as m o lecu la r 

w eigh t m aiicers. The m ix tu re  co n ta in ed  myosin (2 0 0 ,0 0 0 ), p hosphory lase  

B ( 92 , 500)» bovine serum album in (6 9 ,0 0 0 ), ovalbum in (46 ,000 ; a p p a ren t 

M.W. 4 3 , 000) ,  c a rb o n ic  anhydrase (30 ,000) and lysozym e (1 4 ,3 0 0 ) , mixed 

to g e th e r  a t  equal r a d io a c t iv e  c o n c e n tra tio n s .

2 .8 b  A uto rad iography  and f lu o ro g ra p h y . Gels c o n ta in in g  few er th a n  10^ 

c .p .m . o f  P ^ s ]  p e r  sample were then  t r e a te d  f o r  f lu o ro g ra p h y  by th e  

method o f Bonner and Lasky (1972) as  fo llow s ; f ix e d  o r d e s ta in e d  g e ls  

were soaked in  2 changes o f d im ethy lsu lphox ide  (BMSO) f o r  30 min each ,
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th e n  in  22^ PPO in  DMSG f o r  2 h jth e  g e ls  were th en  re h y d ra te d  by soak ing  

in  w a te r f o r  a t  l e a s t  1h.

F ix ed , s ta in e d  o r  flu o ro g rap h ed  g e ls  were th en  d r ie d  on to  Whatman 

chrom atography paper No. 17, o r  Whatman No.1 f i l t e r  p aper ( i f  bands were 

to  be c u t o u t)  u s in g  a B iorad Model 224 s la b  g e l d r i e r  connected to  a  

KNF Laboport vacuum pump.

F luorography o r  au to rad io g rap h y  was c a r r ie d  out by p la c in g  th e  d r ie d  

g e l  in  an X -ray c a s s e t te  w ith  a  s h e e t  o f Kodak RP Royal X -ray f i lm , and 

s to r in g  a t  room tem peratu re  f o r  a u to ra d io g ra p h s , o r -80°C f o r  f lu o r o g r a ih s , 

f o r  tim es v a ry in g  from 24h  f o r  sam ples c o n ta in in g  > 1 0 ^  cpm, to  2 weeks 

f o r  flu o ro g rap h s  o f samples c o n ta in in g  1x10^ cpm. In  experim ents where 

b o th  [  and [^h1  were u sed , c o n tro l  sam ples c o n ta in in g  only  one 

iso to p e  showed th a t  b lack en in g  o f th e  f i lm  was due to  [  on ly  a t

th e se  exp o su res .

When g e ls  co n ta in ed  v e ry  low amounts o f r a d io a c t i v i ty ,  f i lm  was . 

prefogged by l im ite d  exposure to  a  p ho tog raph ic  f l a s h ,  which in c re a se d  the 

s e n s i t i v i t y  o f the  f ilm  and reduced  th e  exposure  tim e .

Film s were developed in  d a rk n ess  by immersion in  Kodak DX-80 

d ev e lo p e r f o r  4 min, fo llow ed  by an a c id  wash ( in  1^ a c e t ic  a c id ) ,  and 

immersion f o r  4 min in  Kodak FX-40 f i x e r  .

2 .8 c  E s tim a tio n  o f r a d io a c t iv i ty  in  in d iv id u a l  g e l b an d s. The method of 

Ames ( 1974) was employed; bands were i d e n t i f i e d  in  s ta in e d , d r ie d  g e ls  

by com parison w ith  t h e i r  a u to ra d io g ra p h s . A f te r  c u t t in g  from th e  g e l ,  

each s l i c e ,  m easuring approx im ate ly  1mm x 5mm, was p laced  in  a  p l a s t i c  

s c i n t i l l a t i o n  v i a l ,  w ithou t rem oving th e  p ap er b ack in g  s t r i p .  The s l i c e s  

were covered w ith  50]il d i s t i l l e d  w a te r  and re h y d ra te d  f o r  10 min a t  room
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te m p e ra tu re . $ml NCS s c i n t i l l a t i o n  f lu id  (see  below ) wan th en  added , 

w e ll m ixed, and th e  sam ples in cu b a ted  a t  37° o v e rn ig h t. A f te r  tho rough  

m ixing , th e  v i a l s  were c h i l l e d  and counted in  th e  Packard s c i n t i l l a t i o n  

c o u n te r , u s in g  au to m atic  and s e t t in g s .  A n alysis  o f th e  coun ts

o b ta in e d , based  on a method d ev ised  by A. Boyd (1979)» allow ed d i r e c t  

com parison o f sam ples by re fe re n c e  to  th e  in t e r n a l  s ta n d a rd . Thus

f o r  each sample

cpm in  band x e s tim a te s  r e l a t i v e  amount o f x

cpm in  band x 

and by com parison o f  sample x and a re fe re n c e  band (y )

r e l a t i v e  amount o f  x e s tim a te s  r e l a t i v e  r a t e  o f s y n th e s is  o f  x 
" " o f y

In  p r a c t i c e , th e  r e l a t i v e  r a t e  of sy n th e s is  of recA p ro te in ,  which

changed d u rin g  the  ex p erim en ts , was c a lc u la te d  w ith  r e s p e c t  to  pp* RNA

polym erase su b u n its  (MW l6 0 ,0 0 0 ) o r p ro te in  e lo n g a tio n  f a c to r  EPTu

(MW 44,000)» as a  re fe re n c e  p ro te in  having  a  c o n s ta n t r a t e  o f s y n th e s is

th roughou t th e  ex p erim en ts , (d e sc rib ed  in  C hapter 3 ) .

NCS s c i n t i l l a t i o n  f lu i d :

77ml NCS s o lu b i l i s e r

3.75gm PPO

56mg d im ethy l POPOP

Toluene to  1 l i t r e .

2 .8 d  Two dim ension a n a ly s i s . 2-dim ension  g e l e le c tro p h o re s is  was

perform ed e s s e n t i a l l y  as d e sc r ib e d  by 0*F a r r e l l  (1975)* I s o e l e c t r i c

fo c u s s in g  g e ls  were p rep ared  in  g la s s  tu b e s , 3mm in te r n a l  d ia m e te r  and

13 cm lo n g , u s in g  s o lu t io n s  and m ixing procedure l i s t e d  in  ta b le  2 .4*

The g e l tu b es  were s e a le d  a t  one end w ith  N escofilm  and su p p o rted
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Table 2 .4  

I s o e l e c t r i c  fo c u ss in g  s o lu t io n s

A. S tock s o lu t io n s

1. Acrylam ide s o lu t io n : -

309S w/v acry lam id e , 0 .8 ^  w/v b is

2 . N onidet NP4O :- 10^ w/v in  d i s t i l l e d  w a te r

3 . Ampholines : B iorad " B io - ly te "  c a r r i e r  am pholy tes, 

pH ran g es  5-7 and 3-10

B. B u ffe rs

1 . I .P .  sample b u f f e r : -

9«5M U rea, 2^ w/v N onidet, 2^ v /v  am pholines, 5^ w/v m ercap to e th an o l. 

The am pholines com prised 1 .7 ^  v /v  o f pH5-7 and 0.3?^ v /v  o f pH3-10

2 . Sample o v e rla y  b u f fe r  

50% I .P .  sample b u f f e r

3 . Anode s o lu t io n : -

0.02M sodium hydroxide (degassed  by b o i l in g )

4 . Cathode s o lu t io n : -  

0.01M phosphoric  a c id
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Table 2 .4  Continued

C. Gel com position  

5.5gm Urea

1.33ml acry lam ide  ( s o lu t io n  A1)

2ml N onidet (A2)

1.97ml d i s t i l l e d  w a ter 

0 .5  ml am pholines (0.4m l pH5-7

0,1m l pH3-10)

0.15ml ammonium p e rs u lp h a te , 10mg/ml,  ̂

f r e s h ly  p rep ared  

10|il TEMED ^

sw irle d  to  d is so lv e  

u re a , then  

th o r o u ^ ly  degassed

G els were formed q u ick ly  a f t e r  a d d it io n  o f th e se  p o ly m e rise rs .
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v e r t i c a l l y .  Gel s o lu t io n  C ( ta b le  2 .4 )  was in tro d u ce d  to  th e  bottom  of 

th e  tubes u s in g  a  lo n g  s t e e l  cannu la  a tta c h e d  to  a  s y r in g e , and th e  tubes 

were f i l l e d  to  10 cm. A f te r  p o ly m e risa tio n , th e  tu b es  were f i t t e d  in to  a  

Canalco D isc E le c tro p h o re s is  A pparatus Model 1200, and sam ples, c o n ta in in g  

1-2x10^ cpm, in  10-50 |il were loaded  w ith o u t p re ru n n in g  th e  g e l s .  The 

sam ples were o v e rla y e red  and then  f i l l e d  to  th e  to p  w ith  anode b u f f e r  

w hich a lso  f i l l e d  th e  upper r e s e r v o i r .  E le c tro fo c u s s in g  was c a r r ie d  out 

by a p p l ic a t io n  o f  400 v o l t s  a t  2 w a tts  from an LKB 2103 power su p p ly , f o r  

l6 h , fo llow ed  by 800 v o l ts  f o r  1h. Gels were e x p e lle d  from th e  tu b es  

a f t e r  e le c tro f o c u s s in g  by compressed a i r  and c o l le c te d  in  sm all p l a s t i c  

b a g s , in  which th ey  were im m ediately  deep f ro z e n  (-2 0 ° )  i f  n o t u se d . A 

c o n tro l  g e l ru n  w ith o u t p ro te in s  was c u t in to  1cm p ie c e s  f o r  e s tim a tio n  

o f th e  f i n a l  pH g ra d ie n t  e s ta b lis h e d  d u rin g  the  ru n ; each p ie ce  was then  

soaked o v e m i ^ t  in  0.4m l 0.1M KOI, and the  pH o f th e  s o lu t io n  m easured 

u s in g  a  R ussel CMW72 m ic ro e le c tro d e  and a  Pye PW9418 pH m e te r.

For th e  second dim ension, fo cussed  g e ls  were soaked in  SDS sample 

b u f f e r  ( t a b le  2 . 3 )  f o r  1h and th en  a p p lie d  to  th e  to p  edge o f a s la b  

g e l formed in  th e  B iorad  220 ap p ara tu s  as d e sc r ib e d  f o r  1 dim ension g e ls ,  

b u t w ith  on ly  3 lo a d in g  w e lls  a t  one s id e ,  in  which c o n tro l  sam ples 

( lO^ cpm /sam ple) were ru n  as M.W. s ta n d a rd s . The fo c u s s in g  g e ls  were 

s e a le d  in  p la c e  w ith  0.5/^ agarose  s o lu t io n  in  .5O9S v /v .  s ta c k in g  g e l b u f f e r ,  

j u s t  above s e t t i n g  p o in t .  E le c tro p h o re s is  and au to rad io g rap h y  were as 

d e sc r ib e d  above ( 2 .8 a ,b ) .
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2 .9  P re p a ra tio n  of phage DNA

For each  p re p a ra t io n  a  100ml c u l tu r e  o f C600 (in  e x p o n en tia l phase) 

in  L u ria  b ro th  was grown a t  37° to  A^^^ 0 .6 . The X ly s a te  was added 

to  g ive  a  phage m u l t ip l i c i ty  o f in f e c t io n  o f 1, and MgSO  ̂ was added to  

20mM. The phage was adsorbed f o r  15 min w ith o u t sh ak in g , th en  the  c u l tu r e  

wsLS in cu b a ted  w ith  v ig o ro u s sh ak in g  u n t i l  l y s i s  o c cu rred . Phage t i t r e s  

o b ta in e d  were o fte n  low (5x10^ p . f .u /m l ) .  The ly s a te s  were t r e a te d  w ith  

ch lo ro fo rm  and c e l l  d e b r is  removed by c e n t r i f u g a t io n .  S o lid  sodium 

c h lo r id e  was added to  0.5M, th en  p o ly e th y len e  g ly c o l (PEG) 6000 to  10^ 

w /v , which was s t i r r e d  g e n tly  u n t i l  d is s o lv e d . The m ix tu re  was s to re d  a t  

4°C o v e rn ig h t to  p r e c ip i t a t e  th e  phage which was th en  c o lle c te d  by 

c e n tr i f u g a t io n  in  th e  S o rv a ll  SS34 r o to r  a t  5000 rpm f o r  8 mine a t  4°C. 

The p e l le te d  phage were g e n tly  resuspended  in  6ml X b u f f e r ,  and th en  

p u r i f ie d  by caesium  c h lo r id e  s te p  g ra d ie n t  s e p a ra t io n  as fo llo w s . S tock 

s o lu t io n s  o f d i f f e r e n t  d e n s i t i e s  were p rep ared  by m ixing s a tu ra te d  

caesium  c h lo r id e  s o lu t io n  w ith  A b u f f e r  to  g iv e  r e f r a c t iv e  in d ic e s  of 

1 .3 9 , 1.38 and 1 .36 , co rresp o n d in g  to  d e n s i t i e s  o f 1 .7 , 1.5 and 1 .3 g /c c  

r e s p e c t iv e ly .  G rad ien ts  were p rep a red  by s lo w ly  p ip e t t in g  la y e r s  o f 1 .5  

ml of d e n s i ty  1 .7 , 3ml o f 1 .5  and 3ml o f 1 .3  in to  c e l lu lo s e  n i t r a t e  

tu b e s , and f i n a l l y  the  phage su sp en sio n s  were c a r e f u l ly  la y e red  on to  the  

to p . G rad ien ts  were c e n tr ifu g e d  in  th e  Beckman SW40 r o to r  a t  24,000 rpm 

f o r  3h a t  8°C. Phage bands, u s u a l ly  v e ry  narrow  bu t d i s t i n c t ,  were seen  

tow ards the bottom  o f th e  1 .5  g /c c  b lo c k , w hile  PEG and p ro te in  rem ained 

in  th e  1 .3 g /c c  b lo ck . The s id e  o f th e  tu b e  was punctured  by a  l j  in .

21g sy rin g e  n eed le  and th e  phage band w ithdraw n in to  a  5ml sy rin g e  in  

abou t 1 .5m l. This was th en  d i lu te d  to  10ml w ith  s t e r i l e  TE b u f f e r  (see
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Table 2 .5

R eagents used in  th e  p re p a ra t io n  o f plasm id DNA

1. T r is -s u c ro se  ; 10^ w/v su c ro se , 50mM T r is  HCl pHS.O

2 . lysozyme : 5mg/ml in  0.25M T r is  HCl pH8.0

3 . EDTA : 0.2M, a d ju s te d  to  pH8.0 w ith  NaOH

4 . SaJdcosyl : 2 ^  w/v in  d i s t i l l e d  w a ter

5 . Phenol mix ; 100g phenol d is so lv e d  in  100ml ch lo ro fo rm ; 4ml

isoam yl a lc o h o l and 0 .1 g 8 -hydroxyqu ino line  added. S to red  

under lOmM T r is  -  HCl pH?.5 a t  4°C

6. TE b u f f e r  ; lOmM T r is -HCl pH?. 5 , ImM EDTA

? .  Caesium c h lo r id e  — iso p ro p an o l mix: 10ml s a tu r a te d  caesium  c h lo r id e

added to  250ml iso p ro p a n o l; 10ml amounts o f d i s t i l l e d  w a te r  added 

and mixed w e ll u n t i l  an aqueous phase p e r s i s t e d ,  and a l l  th e  CsCl 

was in  s o lu t io n
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ta b le  2 . 5 ) and t r a n s f e r r e d  to  a  s t e r i l e  s i l i c o n i s e d  Corex tu b e . The 

phage c o a ts  were th en  removed by 2 e x tr a c t io n s  w ith  phenol mix ( ta b le  

2 . 5 ) ,  s e p a ra t in g  th e  phases by 30 min c e n t r i f u g a t io n  a t  10,000 rpm in  

th e  S o rv a ll HB4 r o to r  a t  10°C. The aqueous phase was then  t r a n s f e r r e d  to  

a  d ia ly s i s  bag and d ia ly se d  o v e rn ig h t a g a in s t  2 changes, each of 1 l i t r e  

s t e r i l e  TE b u f f e r ,  and th e  DNA p r e c ip i ta te d  by e th a n o l a t  -2 0 °  (see  n ex t 

s e c t io n ,  2 .1 0 ) .  The d r ie d  p e l l e t ,  u s u a l ly  c o n ta in in g  100-300pg phage 

DNA, was resuspended  in  IOOp.1 s t e r i l e  TE b u f f e r ,  and s to re d  a t  -20°C .

2 .1 0  P re p a ra tio n  o f  plasm id DNA

C u ltu res  o f s t r a in s  c o n ta in in g  pKN410 and i t s  d e r iv a t iv e s  were 

grown a t  30° in  L u ria  b ro th  w ith  25}ig/ml a m p ic i l l in .  S tra in s  c o n ta in in g  

pSC101 d e r iv a t iv e s  were grown a t  37°» in  L u r ia  b ro th  w ith  te t r a c y c l in e  a t  

10]ig/ml. O v e m i^ t  c u l tu re s  o f  th e  * runaway * p lasm ids were d i lu te d  in to  

100ml f r e s h  L u ria  b ro th  + a m p ic i l l in ,  to  A^^^ 0 .2  and grown a t  30° to  

"^450 ^"5" These c u l tu re s  were then  d i lu te d  in to  400ml f r e s h  medium and 

in cu b a ted  a t  40° f o r  2 ,5  hours to  am p lify  th e  p lasm ids b e fo re  h a rv e s tin g . 

D e r iv a tiv e s  o f pSCIOI a re  n o t a m p lif ia b le  and 500ml o v e rn ig h t c u l tu re s  

(A450 1*2- 1 . 5 ) were h a rv e s te d  w ith o u t f u r th e r  tre a tm e n t.

B a c te r ia  were c o l le c te d  by c e n t r i f u g a t io n  and resuspended  in  25ml 

ic e - c o ld  T r is - s u c ro s e  ( ta b le  2 .5 ) .  2.15ml lysozyme ( ta b le  2 .5 )  were

added, fo llow ed  by 8.3m l EDTA s o lu t io n  and a f t e r  g e n tle  m ixing, th e  

su sp en sio n  was h e ld  on ic e  f o r  10 m in. Then, a f t e r  warming f o r  10 min 

a t  37°, 4.2m l S a rk o sy l ( ta b le  2 .5 )  were added w ith  ra p id  b u t b r i e f  

s w ir l in g ,  when th e  su sp ensions c le a re d  in s t a n t l y ,  ly s in g  com ple te ly  in  

a  f u r th e r  30 min a t  37°.
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From t h i s  p o in t ,  a l l  g lassw are  c o n ta c tin g  th e  ly s a te s  was

s i l i c o n i s e d ;  th ro u g h o u t, g la s s ,  p l a s t i c  w are, b u f f e r  and o th e r  aqueous

re a g e n ts  used  were s t e r i l i s e d  by a u to c la v in g , and p l a s t i c  g loves were

worn f o r  a l l  m a n ip u la tio n s . L ysates were 'c le a re d *  o f chromosomal DNA

by c e n t r i f u g a t io n  a t  18,000  rpm f o r  20 min in  th e  S o rv a ll  SS34 r o to r

a t  10°; th e  u p p er 2 /3  of th e  su p e rn a ta n t was tak en  in to  30ml co a ted  Corex

tu b e s , and e x tra c te d  tw ice w ith  phenol mix ( ta b le  2 .5 ) ,  c e n tr i fu g in g  f o r  30 
4 omin a t  10 rpm a t  10 in  th e  S o rv a ll HB4 r o to r  to  s e p a ra te  th e  p h a se s .

DNA in  th e  c l e a r  aqueous phase was then  p r e c ip i ta te d  by a d d it io n  o f 1/10 

volume 3M sodium a c e ta te  and 2 volumes o f a b so lu te  e th an o l a t  -20°C , and 

o v e m i ^ t  s to ra g e  a t  -2 0 ° . DNA p r e c ip i ta te s  were c o l le c te d  by c e n t r i 

fu g a tio n  a t  10,000 rpm f o r  30 min a t  -10°C in  th e  S o rv a ll  HB4 r o to r  and 

th e  s u p e rn a ta n t d is c a rd e d ; p e l l e t s  were d r ie d  u n d e r vacuum and r e 

suspended in  1-2ml TE b u f f e r .  These p a r t ly  p u r i f i e d  DNA suspensions 

c o n ta in ed  some chromosomal DNA, p ro te in  and much ENA; th e  plasm id DNA 

was s e p a ra te d  from th e  o th e r  components b y iso p y cn ic  c e n tr i f u g a t io n  in  

caesium  c h lo r id e  g ra d ie n ts  c o n s is t in g  o f 5.82ml s a tu r a te d  caesium  c h lo r id e  

s o lu t io n ,  0.54m l e th id iu m  bromide (E tB r; 5mg/ml) and the  DNA sample to  be 

p u r i f i e d ,  in  2ml TE. Since th e  pKN plasm ids u sed  in  th i s  work d id  n o t 

a m p lify  g r e a t ly ,  a l l  th e  c le a re d  ly s a te  from 500ml s t a r t i n g  c u l tu re  was 

n o rm a lly  loaded  on to  one g ra d ie n t .  The g ra d ie n ts  were mixed in  c e l lu lo s e  

n i t r a t e  c e n tr i fu g e  tubes and th e  r e f r a c t iv e  index  a d ju s te d  to  1.3910 w ith  

TE (l.O m l was u s u a l ly  added). The tubes were f i l l e d  to  th e  top  w ith  

l iq u id  p a r a f f in ,  capped and c e n tr ifu g e d  f o r  40-42h in  th e  Beckman 40 o r  

50 T i r o to r ,  a t  35,000 rpm, and 15°C. The p lasm id  band, about 2 /3  from  

th e  to p  o f th e  g ra d ie n t ,  and below th e  chromosome band, was v is u a l i s e d
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w ith  lo n g  wave W , when th e  e th id ium  bromide i n t e r c a l a t i n g  in  th e  DNA 

was seen  f lu o r e s c in g .  This allow ed c o l le c t io n  o f th e  plasm id DNA by 

p ie r c in g  th e  s id e  o f th e  tu b e .

The p lasm id  DNA was then  t r a n s f e r r e d  to  a  s i l i c o n i s e d  g la s s  S o rv a ll 

tu b e . E th id ium  bromide was e x tra c te d  w ith  iso p ro p a n o l s a tu ra te d  w ith  

caesium  c h lo r id e  (see  ta b le  2 .5 ) ;  th re e  such e x tr a c t io n s  were s u f f i c i e n t  

to  remove a l l  th e  p ink  co lo u r from th e  aqueous p h ase . Caesium c h lo r id e  

was removed by d ia ly s i s  î 3 changes o f 500ml TE/DNA sam ple, fo llow ed  by 

1 change o f  1/10 TE o r w ater i f  th e  DNA sample was v e ry  d i lu te  and 

re q u ire d  a  s ig n i f i c a n t  c o n c e n tra tio n  s te p  to  fo llo w . This c o n c e n tra tio n  

was perform ed by re p e a te d  e x tr a c t io n s  w ith  b u ta n -2 -o l ,  w ith  2 min 

c e n t r i f u g a t io n  to  s e p a ra te  th e  p h ases , when th e  volume of the  aqueous 

p h ase , in  which th e  DNA rem ained, d ecreased  w ith  each  e x t r a c t io n .  The 

y ie ld  was n o rm ally  100-300yig.

2 .11  Agarose g e l e le c tro p h o re s is

A n a ly sis  o f DNA was perform ed by e le c t r o p h o r e t ic  s e p a ra tio n  in  

a g a ro se  s la b  g e ls .  Gel s o lu tio n s  were p rep ared  by b o i l in g  0 .5 -1  «25̂  

w /v ag aro se  in  T r is - a c e ta te  b u f f e r  ( 13mM T r i s , 0.33mM EDTA, a d ju s te d  to  

pH7*7 w ith  g l a c i a l  a c e t ic  a c id ) .  A w a ll of s t i c k y  ta p e  was a p p lie d  to  

th e  edges o f  a  g la s s  p la te  (l9cm x 19cm o r 10cm x 10cm) and th e  g e l 

s o lu t io n ,  co o led  to  50°C was poured on to  th e  p la te  to  a  dep th  o f 3-5mm. 

L oading w e lls  were formed 2cm from one end by a  pe rsp ex  comb h e ld  in  

p la c e  w ith  p l a s t i c i n e .  When h ig h ly  p u r i f ie d  DNA was an a ly sed , 0 .05pg/m l 

e th id iu m  brom ide was added to  th e  g e l s o lu t io n  im m ediately  b e fo re  p o u rin g , 

and to  th e  e le c tro p h o re s is  b u f f e r ,  b u t when SD S -contain ing  sam ples were
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a n a ly se d , th e  g e ls  were s ta in e d  a f t e r  e le c t r o p h o r e s is .  Samples were 

mixed w ith  l / 5  volume DNA sample b u f f e r  (0.1% w/v bromophenol b lu e , 20% 

w/v g ly c e r o l)  and h ea ted  to  65°C f o r  10 min p r io r  to  lo a d in g  (up to  

2 5 p l /w e l l ) .  A f te r  s e t t i n g ,  g e ls  were p laced  in  a  h o r iz o n ta l  e le c t r o 

p h o re s is  tan k  submerged under T r is - a c e ta te  b u f f e r ,  sam ples loaded  and 

50-200 v o l t s  a p p lie d  u s in g  a  K in g s h ill  s t a b i l i s e d  Power supply  (Model 

10A05C), f o r  2-3  h o u rs . Gels were s ta in e d  a f t e r  e le c tro p h o re s is  by 

so ak in g  in  e th id ium  bromide in  T r i s - a c e ta te  f o r  40-60 min. The

r in s e d  g e ls  were th e n  photographed over a  s h o r t  wave UV B irchover Spectro- 

l i g h t  Trans i l lu m in a to r  u s in g  a Nikon camera f i t t e d  w ith  an orange f i l t e r ,  

exposing  f o r  30- 90s .

2 .12  SDS ly s a te s  f o r  ra p id  p lasm id  sc ree n in g

This method was developed by J .  Broome-Smith ( 1980) .  5n l̂ c u l tu re s  

o f s t r a in s  under t e s t  were grown in  L u ria  b ro th  o v e rn ig h t and am p lified  

when a p p ro p r ia te .  B a c te r ia  were c o l le c te d  by c e n tr i f u g a t io n  in  p la s t i c  

tu b e s , and re  suspended in  0.2m l TSE (25% w/v s u c ro se , lOmM T ris  HCl 

pH 8.0, ImM EDTA). The c e l l s  were th en  ly se d  by a d d i t io n  o f 10-20pl 10% 

SDS and s ta n d in g  a t  room tem p eratu re  f o r  15 m in. ly s a te s  were then  

c e n tr ifu g e d  in  th e  S o rv a ll SM24 r o to r  a t  18 ,000 rpm f o r  20 min a t  10°C 

to  sed im ent chromosomal DNA. lOOjil s u p e rn a ta n t was renoved u s in g  

G ilso n  o r  F inn  p ip e t t e r s ,  and t r a n s f e r r e d  to  sm all p l a s t i c  tu b e s . BNA 

and p ro te in  were d ig e s te d  by a  20 min in c u b a tio n  a t  37°  w ith  5p-l r ib o -  

n u c le a se  I  (4mg/ml) fo llow ed  by a  f u r th e r  20 min w ith  5pl Pronase 

(4m g/m l). Both enzymes were p re t r e a te d  f o r  10 min a t  80°C to  in a c t iv a te  

co n tam in a tin g  n u c le a s e s . A fte r  a d d it io n  o f  20p l DNA sample b u f fe r  

( 2 . 11) ,  sam ples were analysed  as d e sc r ib e d  in  2 . 11 , on 0 . 5% agarose  g e ls .



Enzyme

EcoRI

H in d III

Hpal

B e l l

Xbal

BamHI

S s t

H in d i  

SauIIIA  

S a l i ,  P s t I ,  

A val, P v u II, 

C auII
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Table 2 .6  

R e s t r i c t io n  and l i g a t io n  b u ffe rs  

B u ffe r

mM T r i8-HCl pH7-4 mM NaCl mM KCl mM MgClg mM D i th io th r e i t o l

500

30

50

30

30

30

70

50 (pH 7.9)

30

30

250

250

500

750

250

450

300

250

250

50

30

50

30

30

30

30

30

30

30

2 .5

2 .5

2 .5

2 .5

_ * 

_ *  

_ *

2 .5

2 .5

2 .5

* 30mM m ercap toe thano l in s te a d  o f DTT

L ig a tio n  b u f f e r ; 15mg d i t h i o t h r e i t o l

0.66m l 1M T r is  HCl pH7.4 

0 .1  ml 1M MgClg 

0.1 ml 5mg/ml g e la t in  

0 .1  ml lOmM ATP ( f re s h ly  made)

a u to c lav ed
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2 .1 3  D ig estio n  o f DNA by r e s t r i c t i o n  en d o n u cleases; l i g a t io n  of DNA

fragm ents

For agarose  g e l a n a ly s is ,  r e s t r i c t i o n  d ig e s ts  were p repared  u s in g  

0 .2 -0 .5 p g  DNA, in  a  t o t a l  volume o f 7 .5 y l .  B u ffe rs  and in c u b a tio n  

tem p era tu res  a re  l i s t e d  in  ta b le  2 ,6 .  When la r g e r  q u a n t i t ie s  of DNA 

fragm en ts were re q u ire d  ( e .g .  f o r  l i g a t i o n )  th e  volume of th e  r e a c t io n  

mix was co rre sp o n d in g ly  in c re a s e d . D ig e s tio n s  were te rm in a ted  by h e a t in g  

a t  65° f o r  10 min.

Recombinant p lasm ids were c o n s tru c te d  by l i g a t i n g  to g e th e r  DNA 

fragm ents w ith  complementary ends produced by r e s t r i c t i o n  endonuclease  d i 

g e s t io n .  lOjil o f each DNA p re p a ra t io n  (c o n ta in in g  Ipg  DNA in  TE b u f f e r )  were 

mixed and h e ld  on ic e  f o r  60 m in. 6p l l i g a t i o n  b u f f e r  ( ta b le  2 .5 )  and 

one u n i t  T4 l ig a s e  (a  g i f t  from Dr R. W ilson) were added, and th e  m ix tu re  

in cu b a ted  f o r  l6 - l8 h  a t  12°C, a f t e r  which i t  was used  d i r e c t ly  to  t r a n s 

form  competent b a c te r i a .

2 .1 4  T ransform ation  o f b a c te r i a  by plasm id DNA

C u ltu res  were su b je c te d  to  tre a tm e n t w ith  CaClg which f a c i l i t a t e d  

e f f i c i e n t  e n try  o f c i r c u l a r  DNA m olecu les , (M. Brown, 198O). B a c te r ia  

grow ing e x p o n e n tia lly  in  40ml L u ria  b ro th  were h a rv e s te d  a t  0 .3

by c e n tr i f u g a t io n ,  resuspended  in  20ml ic e - c o ld  s t e r i l e  CaClg (lOOmM) 

and M ^lg  (lOmM), and h e ld  on ic e  f o r  40 m in. One of the s t r a in s  u sed  

(E .c o l i  GC895) was t r e a te d  w ith  70mM CaClg, lOmM MgClg f o r  on ly  30 min 

s in c e  s u rv iv a l w ^  s e v e re ly  reduced  by th e  s ta n d a rd  tre a tm e n t . C e l ls  

were c o lle c te d  by c e n t r i f u g a t io n  and resuspended  in  0.5ml o f th e  same Ca/

Mg s o lu t io n .  To lOOpl o f t h i s  su sp en sio n  in  a  p l a s t i c  v i a l ,  1)ig p lasm id
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DNA was added, th e  volume made up to  200p.l w ith  TE b u f f e r ,  and th e  m ixture

h e ld  on ic e  f o r  60 min. The transfo rm ed  b a c te r ia  were th en  in cu b a ted  a t

42° f o r  2 min fo llow ed  by d i lu t io n  in to  5ml warm l u r i a  b ro th , and

grown f o r  2 .5 h  a t  30 o r 37°C ( i . e .  p e rm issiv e  tem p era tu re  f o r  norm al

plasm id  r e p l i c a t i o n ) .  B a c te r ia  were th en  h a rv e s te d  and resuspended  in

0 . 3ml b a c t e r i a l  b u f f e r  and 10°, 10”  ̂ d i lu t io n s  p la te d ,  u s in g  a l l  o f th e

su sp en sio n , on to  a g a r  c o n ta in in g  a n t ib io t i c s  to  s e l e c t  f o r  a p p ro p r ia te

—6 —7plasm id  b e a r in g  tra n s fo rm a n ts . F u r th e r  d i lu t io n s  o f  10" and 10" were 

sp read  on to  n u t r i e n t  ag ar to  a ssay  t o t a l  v ia b le  c e l l s .  The y ie ld  was 

n o rm ally  one tra n s fo rm a n t p e r 10^ -  5x10^ v ia b le  c e l l s .

2 .15  T ran sd u c tio n  o f  chromosomal m arkers c a r r ie d  b y  X

The p resen ce  o f leuA ^, ftsA *  o r  envA^ on tra n sd u c in g  phages was 

t e s t e d  by th e  fo llo w in g  m ethods: ( 1 ) f tsA  (Lutkenhaus end D onachie, 1979).

0.1m l of an o v e rn ig h t c u l tu re  of s t r a i n  TKF12 (f t s A ) was p la te d  on to  

n u t r i e n t  a g a r  and phage d i lu t io n s  s p o tte d  on to  th e  s u r fa c e .  P la te s  were 

in cu b a ted  a t  42° s e le c t in g  f t s *. (2 ) leuA . S t r a in  CV512 (leuA ) and 

phage d i lu t io n s  were p la te d  as in  ( 1 ) b u t u s in g  m inim al a g a r to  s e l e c t  

f o r  leuA^ c o lo n ie s .  ( 3 ) envA. Transducta n ts  o f D22 (envA) re q u ire d  

e x p re ss io n  tim e b e fo re  su rv iv o rs  could  be d e te c te d  on s e le c t iv e  medium. 

T h ere fo re  0.2m l o f an o v e rn ig h t c u l tu re  o f D22 in  L u ria  b ro th  were mixed 

w ith  phage a t  MOI = 5 in  th e  p resence  o f  10ml MgSO^, then  d i lu te d  a f t e r  

15 m in, 4 - f o ld  in  L u r ia  b ro th  and grown f o r  2h a t  37°. D ilu t io n s  were 

th en  p la te d  on to  n u t r i e n t  a g a r c o n ta in in g  5pg/ml r i f a m p ic in ,  s e l e c t in g  

env^ ( r i f .  r e s i s t a n t )  tra n s d u c ta n ts  (Normark, 1970).
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2 .1 6 P re p a ra tiv e  e le c tro p h o re s is  o f DNA r e s t r i c t i o n  fragm ents 

This method was communicated by Dr. A. J e f f r e y s ,  (see a lso  

Sm ith, 1980) .  S ev era l fig o f DNA were d ig e s te d  w ith  the  a p p ro p ria te  

r e s t r i c t i o n  endonuclease as d e sc r ib e d  above (2 .1 3 ) .  P re p a ra tiv e  agarose 

g e ls  were of O.5  o r 0.8% agaro se  and 0.05}ig/ml E tB r, w ith  lo a d in g  w e lls  

o f 3mm X  50mm. The d ig e s te d  DNA was d i lu te d  to  0.2m l w ith  TE and DNA 

sample b u f f e r s ,  and loaded  on to  th e  g e l .  E le c tro p h o re s is  was a t  50 v o l ts  

f o r  3-5h u n t i l  the band re q u ire d  was seen  to  be w e ll s e p a ra te d  from the  

o th e r  DNA sp ec ie s  when viewed by overhead lo n g  wave UV. To reco v er the  

DNA fragm en t, a  s l i c e  o f g e l c o n ta in in g  th e  band was c u t out o f the  g e l 

u n der UV (w ith  th e  c u rre n t o f f )  and p laced  in  a  d ia ly s i s  bag , j u s t  

c o v e rin g  th e  s l i c e  w ith  e le c t ro p h o r e s is  b u f f e r .  T his d ia ly s is  bag was 

th en  re-subm erged in  th e  e le c tro p h o r e s is  ta n k , p a r a l l e l  w ith  the 

e le c tro d e s  such th a t  when th e  power was r e - a p p l ie d ,  th e  DNA would m ig ra te  

o u t o f th e  g e l by the  s h o r te s t  r o u te .  A fte r  s e v e ra l  hours a t  50 v o l t s ,  th e  

DNA could  be seen  by overhead UV to  have c o l le c te d  on th e  in n e r  su rfa c e  

o f th e  d ia ly s i s  membrane c lo s e s t  to  th e  c a th o d e . The c u rre n t was then  

re v e rse d  f o r  2 min by exchanging th e  le a d s ;  th e  bag was removed from th e  

e le c t ro p h o r e s is  tank  and g e n tly  a g i ta te d  to  r e d i s t r i b u t e  the  DNA. The 

b u f f e r  from  th e  bag , now c o n ta in in g  th e  pure DNA fragm en t, was then  

c o l le c te d  ta k in g  c a re  n o t to  c o l l e c t  p a r t i c l e s  o f a g a ro se . E x tra c tio n  w ith  

b u ta n o l (2 .1 0 ) removed e th id ium  brom ide and reduced  th e  volume o f th e  

aqueous phase . The b u tan o l was removed by e th e r  e x tra c t io n s  and th e  

DNA th en  e th a n o l -p re c ip i ta te d  as d e sc r ib e d  in  2 .1 0  to  remove the  

(now) co n ce n tra te d  e le c tro p h o re s is  b u f f e r  s o lu te s .  D ried jp u re  fragm ent 

p e l l e t s  were then  d is so lv e d  in  20-50p.l TE o r  d i s t i l l e d  w a ter.
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2 .17  E x p ress io n  o f genes c a r r ie d  by s p e c ia l is e d  X tra n sd u c in g  phages 

in  W  i r r a d i a t e d  c e l l s

The method was based  on th a t  o f P tashne ( 1967) .  S tr a in  159 o r  159
2i

Ximm were grown in  minimal medium c o n ta in in g  0.4% v /v  g ly c e ro l and

0.2% w/v m alto se  a t  37°• These carbon so u rces  were used to  m inim ise

c a ta b o l i t e  r e p re s s io n  o f gene e x p re ss io n , and ,maximise phage a d s o rp tio n ,

r e s p e c t iv e ly .  At A^^Q=0.5, 20ml o f c u l tu re  were i r r a d ia te d  w ith  12,000 
-2J.m  UV to  b lo ck  p ro te in  s y n th e s is  programmed by th e  chromosome. C e lls  

were th en  h a rv e s te d  and resuspended  in  0.5m l o f the  same minimal medium, 

w ith  MgClg added to  lOmM. 0.1m l amounts were in f e c te d  w ith  phage a t  MOI= 

6-7» f o r  15 m in, th e n  d i lu te d  w ith  4ml warm medium and in cu b ated  f o r  a  

f u r th e r  10 m in. In  o rd e r  to  la b e l  p o ly p ep tid e s  coded by th e  phage,

40jiCi [^ ^ s]-m e th io n in e  (^OpCi/yg) were added to  each sample and 

in cu b a tio n  co n tin u ed  f o r  30 min a t  37°. L a b e llin g  was te rm in a te d  by 

a d d it io n  o f ch lo ram phen ico l and excess co ld  m e th io n in e , and whole ly s a te s  

o r  envelopes p rep a red  as d e sc r ib e d  in  2 .7 ,  fo llow ed  by SLS-PAGE ( 2 .8 ) .

2 .1 8  C o n stru c tio n  o f A GH200 c l^ ^  ind*~

X h80 c l^ ^  in d  (o b ta in e d  from W. Brammar) was f i r s t  confirm ed as 

te m p e ra tu re - , b u t n o t U V -inducib le , u s in g  th e  tonA^ ( i . e .  cod ing  th e  hSO 

re c e p to r )  h o s t  W3350* T i t r e s  o f ly s a te s  from  h e a t  induced ly sogens were 

a t  l e a s t  1 0 0 0-fo ld  h ig h e r  th a n  a f t e r  UV. F or th e  c ro s s ,  0.3ml W3550 

a t  10^ c e l l s /m l  was in f e c te d  w ith  0.2m l phage su sp en sio n  c o n ta in in g  equal 

numbers o f X h80 o l  ® ind  and X GH200 a t  a  t o t a l  m u l t ip l i c i ty  o f  in f e c t io n  

o f  10. A f te r  15 min a t  30° f o r  a d so rp tio n  o f  phage, 3ml L u ria  b ro th  were 

added and th e  b a c te r i a  were p e l le te d  by c e n t r i f u g a t io n .  The p e l l e t  was
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resuspended  in  3ml L u r ia  b ro th  and grown a t  30° f o r  2 ,5 h  when m ost o f

th e  c e l l s  had ly s e d . A fte r  ch loroform  trea tm en t th e  ly s a te  was assay ed

on C600 ton A lacking the h80 receptor, so that only phage with X host
range could  grow. The p la te s  were incubated  a t  40° so  th a t  recom binants 

"t sc a r ry in g  c l  were id e n t i f i e d  as c le a r  p la q u es .

2 .19  ^  v i t r o  p r o te in  sy n th e s is

The in  v i t r o  coupled  t r a n s c r ip t io n - t r a n s la t io n  system  used  was t h a t  

o f  Zubay (l9 7 3 ) w ith  m inor m o d if ic a tio n s . The components o f th e  system  

a re  l i s t e d  in  ta b le  2 .7 .  A ll g lassw are  was o v e n - s te r i l i s e d ,  p l a s t i c  

tu b es  t r e a te d  w ith  DEPC w a te r ( ta b le  2 .7 ) ,  and g loves were worn f o r  a l l  

m an ip u la tio n s  a f t e r  h a rv e s t in g  the  c u l tu r e .

2 .1 9 a  P re p a ra tio n  o f th e  S30 f r a c t i o n . E .co li. C600 was grown in  100ml 

medium ( ta b le  2 .7 )  a t  30° o v e rn ig h t. This s t a r t e r  c u l tu re  was d i lu te d  

in to  41 o f medium and grown o v e rn ig h t ag a in . Before h a rv e s tin g  th e  

c u l tu re  was s h i f t e d  to  42°  f o r  2h to  s im u la te  c o n d itio n s  f o r  in d u c tio n  of 

t i f  p ro te in  in  s t r a i n  GC895 ( to  be u sed  l a t e r ) .  C u ltu re s  were c h i l l e d  on 

ic e  and b a c te r ia  h a rv e s te d  by c e n t r i f u g a t io n . The b a c te r i a l  p e l l e t s  were 

th en  washed 3 tim es w ith  S30 b u f f e r  to  which 0.5m l m ercap toe thano l had 

been added p e r l i t r e ;  250ml were used  to  resuspend  each  lOg c e l l s .  The 

washed b a c te r ia  were th en  c e n tr ifu g e d  f o r  20 min in  th e  S o rv a ll  GSA 

r o to r  a t  10,000 rpm, and th e  c e l l  p a s te  o b ta in ed  was s to re d  o v e rn ig h t a t  

-80°C .

A fte r  thaw ing slow ly  a t  4 ° , th e  p a s te  was slow ly  resuspended  w ith o u t 

v ig o ro u s  a g i t a t i o n ,  in  S30 b u f f e r  (I00ra]/l0g.) and m ercap toe thano l (0 .0 5 m l/l0 g  

c e l l s ) .  The b a c te r i a  were ag a in  c o l le c te d  by c e n tr i f u g a t io n  and th e
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Table 2 .7

P re p a ra tio n  o f th e  components o f an E .c o l i  t r a n s c r ip t io n  

t r a n s la t io n  system

1 . Growth medium

2 .

3.

56g KH2PO4

289g K2HPO4

lOg Y east e x t r a c t

10-15mg Thiamine

0 .5 g 20 amino a c id s

400ml 25% g lu co se

100ml lOOmM Mg A ce ta te

D isso lved  in  10 L 

o f HgO and au to c lav ed  

45 min

au to c lav ed  s e p a ra te ly  

20 min

P re p a ra tio n  o f w a ter used  f o r  re a g e n ts  and S30 b u f fe r  

1ml o f d ie th y lp y ro cax b o n a te  (DEPC) was s lo w ly  added to  1 L 

o f  d i s t i l l e d  w a te r , (w ith  s t i r r i n g ) .  T his was allow ed to  s t i r  f o r  

1 h , th en  au to c lav ed  and s to re d  a t  0°C.

S30 b u f f e r  (Made in  DEPC t r e a te d  w a te r)

lOmM T r is  a c e ta te  pltô.2

14mM Mg A ceta te

60mM K A ceta te

ImM DTT

1 L o f a  10 X s to ck  s o lu t io n  o f th e  above was made w ith o u t DTT 

and a  s to c k  o f lOOmM DTT p rep a red  s e p a r a te ly .  The two were mixed 

when f i n a l l y  d i lu te d  j u s t  p r io r  to  u s e .
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Table 2 .7  Continued

4 . S tock s o lu t io n s  and chem icals

Component M anufactu rer

T r is  a c e ta te  

Mg a c e ta te  

In o rg an ic  Mix 

NH  ̂ a c e ta te  

K a c e ta te  

Ca a c e ta te

Sigma 

F iso n s  AR

BDH AR 

F iso n s  SLR 

Sigma

P o ly e th y len e  g ly c o l 6OOO F isons

20-L amino a c id s  Sigma (K it LAA-21 )

DTT Sigma

ATP (Na) Sigma

Phosphoenol p y ru v a te  (Na^) Sigma

C yclic  AMP 

F o lin ic  a c id

CTP (Na) (y e a s t)  

GTP (Na)

DTP (Na) (y e a s t)

O ther req u irem en ts  

D ie th y l py ro carb o n ate  

P yruvate  k in a se  

tRNA (E .c o l i )  

m ethionine

S igna

Sigma

Sigma

Sigma

Sigma

Sigma

Sigma

Sigma (R-4251) 

Amersham

C o n cen tra tio n

2.2M pH8.2 

3M

1.1M

2.2M

296mM

40%

50mM each 

0.55M

38mM pH7.0

0.42M pH7.0

lOOmM pH7.0 

2,7mg/ml

48 . 3mg 1 88mM

4 7 .6mg 

48.4mg

each

pH7.0

Volume

200ml

10ml

10ml

10ml

10ml

lO nl

5ml

1ml

20ml

10ml

1ml

1ml

1ml

25ml

N.B. S o lu tio n s  were b rough t to  th e  c o r r e c t  pH by adding  e i t h e r  T r is  o r 

a c e t ic  a c id . The u se  o f HCl was s p e c i f i c a l ly  avoided as c h lo r id e  

io n s  i n h i b i t  t r a n s c r ip t io n .
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Table 2 .7  Continued

5 . P re in c u b a tio n  mix

P y ruvate  k in a se  (lOmg/ml in  (NH^)2S0^ ) 25pl

T r is  a c e ta te  pH8.2 (2.2M) 1,0ml

Mg a c e ta te  3.0M 23pl

ATP pH7.0 38mM 2.63ml

PEP pH7.0 0.42M 1.5ml

DTT 0.55M 60pl

20 amino a c id  mix 50mM 6)il

HgO to  7 . 5ml

Continued. •
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Table 2 .7  Continued

6 . P re p a ra tio n  o f the  low m o lecu la r w eight mix (LMM)

The low m o lecu lar w eight mix was p rep ared  in  advance and s to re d  a t  

-20°C. The mix was p rep ared  by add in g  th e  components l i s t e d  below 

in  th e  o rd e r  shown.

Stock s o lu t io n

1. T r is - a c e ta te  2.2M pH8.2

2 . D i th io th r e i t o l  0.55M

3. ATP 38mM pH7.0

4 . CTP

GTP each 88mM pH7.0

DTP .

5 . Phosphoenol p y ru v a te  0.42M pH7.0

6 . 19 amino a c id s  55mM each (su sp en s io n ) 

(no m eth ion ine )

7 . P o ly e th y len e  g ly co l-6 0 0 0  40% in  1^0

8 . F o lin ic  a c id  2.7mg/ml

9* cAMP 50mM

10. tENA E .c o l i  1 7 .4mg/ml

11. In o rg an ic  mix

Ammonium a c e ta te  1.4M

P otassium  a c e ta te  2.8M 

Calcium a c e ta te  0.38M

12. W ater to  t o t a l  volume o f 400)il

Volume

40yil

5vl

50|il

15^1

lOOiil

lOpl

75pl

20 |il

20vd

15pl

40pl
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p e l l e t  weighed ( th e  y ie ld  was I5g  c e l l s ) ,  th en  g e n tly  re  suspended under 

vacuum in  15ml o f 830 b u f f e r .  C e lls  were d is ru p te d  by p a ss in g  th e  

su sp en sio n  th rough  a  French P ress  ( a t  4°C) a t  8 ,400 p . s . i . ,  and lOOjil 

0.1M DTT was added im m ediately  to  the  r e s u l t in g  v isco u s  f l u i d .  T his was 

c le a re d  by c e n t r i f u g a t io n  a t  15,500 rpm f o r  30 min a t  4° in  th e  S o rv a ll  

8034 r o to r ,  a f t e r  which the  to p  4 /5  o f the  su p e rn a ta n t was r e c e n tr i f u g e d . 

The upper 4 /5  o f th e  second c le a re d  su p e rn a ta n t (7-8m l) was th en  removed 

to  a  f o i l  covered  f l a s k  and 2 . 25ml f r e s h ly  p repared  pre  in c u b â t i  on mix 

( ta b le  2 .7 )  added. A f te r  in c u b a tio n  f o r  80 min a t  37° to  ex h au st 

endogenous mRNA, th e  f l u i d  was d ia ly se d  4 tim es a g a in s t  50 volumes 830 

b u f f e r ,  f o r  45 min a t  4°C to  remove amino a c id s .  F in a l ly ,  th e  p re p a ra t io n  

was d isp en sed  in  0.5m l a l iq u o ts  and s to re d  in  l iq u id  n itro g e n ^  A c t iv i ty  

was m a in ta in ed  f o r  many m onths.

When s t r a i n  GC895 was u sed , the  growth medium was m od ified  by 

red u c in g  th e  y e a s t  e x t r a c t  c o n c e n tra tio n  to  0.03%, and m eth ion ine  was 

o m itted  from th e  amino a c id  m ix tu re  so th a t  in d u c tio n  o f th e  t i f  p ro te in  

cou ld  be m onito red  by p u ls e - la b e l l in g  w ith  [  ^ ^ S ]-m e th io n in e . Adenine 

was a ls o  added to  th e  medium ( f in a l  c o n c e n tra tio n  50p g /m l) ,  to  maximise 

t i f  e x p re ss io n  (E ljp h ra ti-E liz u r  e t  a l . , 1976). Two p re p a ra t io n s  o f  GC895 

S30 e x t r a c ts  were made, one w ith  an a d d it io n a l  2h o f grow th a t  42° b e fo re  

h a rv e s t in g ,  to  induce th e  t i f  p r o te in .  Small p o r t io n s  o f th e  c u l tu r e s  

were removed im m ediately  b e fo re , and one hour a f t e r  th e  s h i f t  to  42° ,  

and p u lse  l a b e l le d  w ith  [ ^ ^ 8 ]-m eth io n in e . Whole c e l l  ly s a te s  were 

p rep a red  and an a ly sed  by SDS-PAGE to  m onitor in d u c tio n  o f t i f .
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2 .1 9 b  P ro te in  s y n th e s is . B efore  u s e , th e  830 f r a c t io n s  were c e n tr ifu g e d  

f o r  3 min in  th e  Eppendorf c e n tr i fu g e  to  remove any whole c e l l s .  F or 

each p re p a ra t io n , th e  magnesium c o n c e n tra tio n  was op tim ised  u s in g  0.1M 

magnesium a c e ta te .  S y n th es is  m ix tu res  c o n ta in ed  15pl L.M.M. ( ta b le  2 .7 )*  

lO pl DNA (2-5}ig), Ip l  -m eth io n in e  (0 .5 p C i; 50}iCi/)ig) 10jil S30

f r a c t i o n ,  5p l 0.1M Mg a c e ta te  and 1 ^ 1  d i s t i l l e d  w a te r . In cu b a tio n  was 

f o r  30 min a t  37° and th e  .re a c t io n  was te rm in a te d  by a d d itio n  o f 5)^1 

44mg/ml m eth ion ine and a  f u r th e r  10 min in c u b a tio n . C ontrol experim ents 

c a r r i e d  ou t by Dr. J .  P r a t t  in  t h i s  la b o ra to ry  had e s ta b lis h e d  th a t  

in c o rp o ra t io n  was l i n e a r  f o r  a t  l e a s t  30 min under th e  co n d itio n s  used  

and was a b s o lu te ly  dependent upon added DNA. Samples were then  mixed 

w ith  an eq u al volume o f SDS sample b u f f e r  ( ta b le  2 .3 )  and analysed  by 

PAGE ( 2 .8 ) .

2 .2 0  C o n stru c tio n  o f  a  recom binant p lasm id from DNA fragm ents w ith

non-com plem entary ends

Two s y n th e t ic  r e a c t io n s  were employed to* produce complementary ends 

on th e  p lasm id  v e c to r  pKN410 (c u t w ith  EcoRl) and th e  EcoRT-PvuII f r a g 

ment 'A ' from th e  envA re g io n  o f  th e  chromosome (C hapter 7)»

2 .2 0 a  DNA polym erase I  r e a c t io n . F i r s t ,  b o th  p u r i f ie d  DNA p re p a ra t io n s  

w ere in cu b a ted  w ith  dATP, dTTP and DNA polym erase I  (Klenow fragm en t)

so  t h a t  th e  sequence AATT was added to  th e  EcoRI ends . . .G  to
...CTTAA

form  a  p a ire d , b lu n t  ended s t r u c tu r e .  R eac tion  c o n d itio n s  and re a g e n ts  

a r e  shown in  ta b le  2 .8 .  V ecto r DNA c o n c e n tra tio n  was 13 picomole (p .M .) 

ends and th a t  o f  fragm ent A ( th e  EcoR I-PvuII fragm ent d esc rib ed  in
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T able  2 .8  

Re com binant DNA tech n iq u es

a )  DNA polym erase I  f i l l - i n  r e a c t io n  s o lu t io n s  volumes (yil)

DNA

P n ] dTTP  ̂ ( l ] iC i /^ l)

1mM dATP

1mM dTTP

lO xH in d lll s a l t

d . w a ter

DNA polym erase I

V ecto r

33pl

20

2.8  

2.8

6.0

5 .0  (2 .5  u n i t s )

Fragment A 

1(^1 

10

2 .5

2 .5  

5

20

5 .0  (2 .5  u n i t s )

N dTTP su p p lie d  in  e th a n o l;  vacuum d r ie d  and resuspended in  

d i s t i l l e d  w a te r f o r  use

lO x H in d lll s a l t s : 60mM T r is -HCl pH7.5 

600mM NaCl 

150mM MgClg 

60mM m ercap toe thano l

a u to c lav ed
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Table 2 .8  Continued

b ) Homopolymer t a i l i n g  s o lu t io n  volumes ( \ i l)

V ecto r

DNA
32, dCTP

1
dGTP

C acodylate  b u f f e r  

CoClg (added l a s t )  ^ 

Img/ml BSA ^

1mM dCTP 

1mM dGTP 

d . w a te r

Term inal t r a n s f e r a s e

20^1

0 .6 p l (5pC i)

5 .0

5 .0

1.0  

2 . 0

15

1yil (10 u n i t s )

Fragm ent A 

20 |il

lOpl (5vCi)

5 .0

5 .0

1.0 

2 .0

5

1]il (10 u n i t s )

C acodylate  b u f f e r : -  0.1M potassium  c ac o d y la te  p pH?.6

250mM T ris  base

Bovine serum album in 

lOmM CoCl_

c )  R eannealing  b u f f e r  f o r  poly-dC /poly-dG  ends 

0.1M NaCl 

lOmM T ris-H C l pH7.5 au to c lav ed

0.2mM EDTA
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C hap ter 7) wets 5 p.M. ends. The re a c t io n  was m onitored by in c o rp o ra tio n  

o f  [^nl-dTTP in to  TCA p r e c ip i ta b le  m a te r ia l .  Inpu t counts were m easured 

by ta k in g  2yil o f th e  mix d i r e c t l y  onto  a  Whatman GP/C f i l t e r .  A second 

sample o f 5p l was tak en  in to  0.5m l (50^g/m l) salmon sperm DNA in  0.2M 

sodium pyrophosphate pH7.0, and 150\il 50?  ̂ TCA, on i c e .  The r e a c t io n  was 

s t a r t e d  by add ing  th e  po lym erase . A fte r  60 min in c u b a tio n  a t  10^C, a  

f u r th e r  5pl sainple was p r e c ip i ta te d  w ith  TCA. P r e c ip i ta te s  were c o l le c te d  

on GP/C f i l t e r s  a f t e r  15 min on i c e ,  and washed w ith  50ml 'yfo TCA fo llo w ed  

by 10ml e th a n o l . R a d io a c t iv i ty  on th e  d r ie d  f i l t e r s  was th en  coun ted  in  

non-aqueous s c i n t i l l a t i o n  f l u i d  (2 .6 )  in  th e  Packard s c i n t i l l a t i o n  c o u n te r . 

Prom th e se  v a lu e s , th e  s p e c i f ic  a c t i v i t y  o f dTTP ( in p u t cpm/p.M. ) and th e  

t o t a l  amount o f dTTP in c o rp o ra te d  in  th e  r e a c t io n  were c a lc u la te d .  The 

r e s u l t s  in d ic a te d  th a t  about 65^ o f v e c to r  DNA m olecules and 80^ o f  

fragm en t A m olecu les had been " f i l l e d  in " ,  and thus were b lu n t-e n d e d .

Each DNA sample was th en  e x tra c te d  w ith  an equal volume of phenol mix 

( ta b le  2 .5 )  and th e  s e p a ra te d  phenol was r e - e x t r a c te d  w ith  an eq u a l volume 

o f  w a te r . R esidua l phenol in  th e  combined aqueous phases was th en  

removed by 3 e th e r  e x t r a c t io n s ,  and DNA in  th e  sam ples was p r e c ip i t a t e d  

by a d d itio n  o f  lOpl lOmg/ml tRNA, l / lO  volume 3M sodium a c e ta te  and 2 

volumes e th a n o l , and in c u b a tio n  in  a  m e th a n o l-so lid  COg b a th  f o r  5 m in. 

A f te r  c e n t r i f u g a t io n ,  vacuum d r ie d  p e l l e t s  were resuspended  in  lO pl 

d i s t i l l e d  w a te r .

2 .20b  Homopolymer t a i l i n g . Homopolymer sequences were a tta c h e d  to  th e  

b lu n t-en d ed  m olecu les o b ta in ed  by " f i l l i n g - i n " ,  by te rm in a l deoxynucleo- 

t id y l t r a n s f e r a s e  ( te rm in a l t r a n s f e r a s e ) .  R eac tio n  c o n d itio n s  a re  shown 

in  ta b le  2 .8 . This enzyme can u se  th e  te rm in a l 3* re s id u e  o f a  b lu n t  

ended DNA m olecule as an e f f i c i e n t  s u b s t r a te  (Nelson and B ru tla g , 1979)*
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In  o rd e r  to  r e g e n e ra te  th e  EcoRI s i t e s  on re  a n n e a lin g , (C hapter 7 )  dCTP 

was u sed  to  * t a i l  ' v e c to r  m olecules and dGTP f o r  fragm ent A. The 

r e a c t io n  was s t a r t e d  by a d d itio n  o f th e  enzyme and in c u b a tio n  was 

co n tin u ed  f o r  60 min a t  37^. R eac tions were m on ito red  by in c o rp o ra tio n  

o f (4 [^^p] dCTP and C ^h ]  dGTP in to  TCA p r e c ip i ta b le  m a te r ia l  as d e sc r ib e d  

in  a )  above. [  ^^p] was e s tim a te d  as Cerenkof co u n ts  u s in g  Packard [^ h] 

s e t t i n g s .  Frcxn th e  s p e c i f ic  a c t i v i t y  of each is o to p e ,  i t  was c a lc u la te d  

th a t  on av e rag e , each  DNA m olecule end in  th e  r e a c t io n  m ix tu res  was 

ex tended by 4-5  r e s id u e s .  The p re p a ra tio n s  were th en  phenol e x tra c te d  

and e th a n o l p r e c ip i t a t e d  as d e sc rib e d  above, re su sp en d in g  th e  p e l l e t s  in  

r e  a n n ea lin g  b u f f e r  ( ta b le  2 .8 ) .

2 .2 0 c  R ean n ealin g . The v e c to r  p re p a ra t io n  was d iv id e d  in to  two p a r ts  

and th e  fragm ent A p re p a ra t io n  mixed w ith  one p a r t .  The volume o f  each 

was made up to  200pl w ith  r e  a n n ea lin g  b u f f e r .  Samples were in c u b a ted  a t  

65° f o r  10 m in, th en  a t  44°, and a f t e r  2h, th e  w a te r  b a th  was sw itched  

o f f  a llo w in g  th e  p re p a ra t io n s  to  coo l s low ly  to  room te m p e ra tu re . These 

sam ples were used  d i r e c t l y  to  tran sfo rm  PAM162 (2 .1 4 ) .

2 .21 Sources o f chem icals  and re a g en ts  

See ta b le  2 . 9 .
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Table 2 .9  

Sources o f chem icals and re a g e n ts

1• Media 

Agar

2 . Common chem icals and s o lv e n ts

3 . B iochem icals in c lu d in g  

Trizm a base

Pronase and RNase 

A n tib io t ic s

4 . Acrylamide

X -ray f i lm  and p ho tog raph ic  chem icals

5 . SDS and o th e r  re a g e n ts  u sed  in  

acry lam ide g e ls

6 . R ad io ac tiv e  compounds

7 . Aquasol

NCS s o l u b i l i s e r

8 . PPO 

POPOP

9 . Agarose

10. Pho tograph ic  chem icals and f i lm  f o r  

UV photography

11. R e s t r ic t io n  enzymes 

Term inal t r a n s f e r a s e  

BNA polym erase I

Oxoid o r  B ifco  

Davis 

F isons 

Sigma

Kodak

B iorad

The Radiochem ical 

C en tre , Amersham 

New England N uclear 

Amersham/Searl e 

F isons

N uclear E n te rp r is e s  Ltd 

Marine C o llo id s  In c . 

I l f o r d

B io labs or 

BRL
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2 .22  A b b rev ia tio n s

Ap A m p ic illin

DNase D eoxyribonuclease

dNMP D eoxynucleo tide  monophosphate

dNTP " tr ip h o sp h a te

EDTA Ethane diam ine t e t r a c e t i c  aCid

G enetic  nom enclature  ; recA = gene

recA = gene product

RecA = phenotype

Kb K ilo b ases

MOI M u l t ip l i c i ty  o f in f e c t io n

M.W. M olecu lar w eigh t (d a l to n s )

( e .g .  M.W. o f 30K = 30,000 d a lto n s )

PAGE P o lyacry lam ide  g e l e le c tro p h o re s is

R if  R ifam pic in
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RNase R ibonuclease

SDS Sodium dodecyl su lp h a te

Te T e tra c y c lin e

UV U l t r a v io le t  ra d ia t io n ,
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Fin:ure 3»  ̂ In co rp o ra tio n  of m ethionine a f t e r  10 J.m UV

P ^ s]-m eth io n in e  in co rp o ra ted  in to  whole c e l l  ly s a te s  

was determ ined by s o lu b i l is in g  washed sam ples o f  la b e l le d  c e l l s  

w ith  3DS, then  counting 5u l in  Aquasol s c i n t i l l a t i o n  f lu id .

100

UV dose (J.m

Figure 3.2 S u rv iv a l o f  KN126lon^ and Ion  a f t e r  UV

C u ltu res  were grown in  n u tr ie n t  b ro th , d i lu te d  in  

b u ffe r  to  A2̂ ^= 0 .1  fo r  i r r a d ia t io n ,  then  d i lu te d  and p la te d  

onto n u tr ie n t  agar im m ediately.
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C hap ter 3

THE PHYSIOLOGICAL EFFECTS OF W  IBRADIATION

3.1 In tro d u c tio n

The f i r s t  aim o f  t h i s  work was to  in v e s t ig a te  th e  r e la t io n s h ip  

betw een UV induced recA  s y n th e s is  and in h ib i t io n  o f c e l l  d iv is io n ,  to  

t e s t  th e  h y p o th e s is  p u t fo rw ard  by s e v e ra l  w orkers (se e  C hapter 1 ) t h a t  

recA  a c ts  d i r e c t l y  to  i n h i b i t  d iv i s io n .  Experim ents designed  to  t e s t  t h i s  

h y p o th e s is  a re  d e sc r ib e d  in  t h i s  c h a p te r .  In  a d d i t io n ,  s im i la r  experim en ts 

were perform ed on a  Ion  m utant to  a s c e r ta in  w hether th e  m iss in g  o r  m utant 

Ion  fu n c tio n  had any e f f e c t  on th e  in d u c tio n  p ro c e ss .

3.2 C e ll d iv is io n  a f t e r  UV in  Ion*  and Ion" s t r a in s

D iv is io n  was m easured d i r e c t l y  as change in  c e l l  number by c o u n tin g

in s ta n tan e o u s  c e l l  numbers in  th e  C o u lte r  c o u n te r . S u rv iv a l ( i . e .  co lony
_2

fo rm atio n  on a g a r)  was m easured s e p a ra te ly .  The UV dose used (lOJm" ) 

was r e l a t i v e l y  m ild  s in c e  mass in c re a s e ,  m easured e i t h e r  as o p t ic a l  

d e n s i ty  o r in c o rp o ra t io n  o f P ^ s ]  m eth io n in e , was u n d is tu rb e d  ( f i g . 3.1 ) ,  

and more th an  90^  o f  Ion*  b a c te r i a  su rv iv ed  to  form c o lo n ie s  a t  t h i s  dose 

( f i g . 12) when p la te d  on n u t r i e n t  a g a r  im m ediately a f t e r  i r r a d i a t i o n .

F i g .33 shows th a t  a f t e r  i r r a d i a t i o n ,  d iv is io n  ceased  in  bo th  E .c o l i  KN126 

Ion*  and Ion  c u l tu r e s ,  w ith in  about 7 min o f th e  tre a tm e n t. A f te r  90 

min th e  Ion*  c u l tu r e  began to  d iv id e  ag a in  b u t no reco v ery  o f d iv is io n

was seen  in  th e  Io n  m utant f o r  a t  l e a s t  3 hours ( i . e .  3 g e n e ra t io n s ) ;

m icroscop ic  exam ination  o f i r r a d i a t e d  Ion  c u l tu re s  4-5 hours a f t e r  t r e a t -



F ig u re  3*3 K in e tic s  o f  c e l l  d iv is io n  a f t e r  UV

P o r tio n s  o f  c u l tu r e s  o f  KN126lon*and Io n  in  m inim al medium 

were i r r a d i a t e d  (10 J.m  and sampled fo r  C o u lte r  co u n tin g  a s  

d e sc r ib e d  in  2 .3  smd 2 .4 .

e -------- #  -UV

O-------- O +UV
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ment re v e a le d  lo n g  f ila m e n ts  30-50\i in  le n g th , and no normal c e l l s

w hereas Ion*  b a c te r i a  were com ple tely  r e s to re d  to  norm al le n g th  ( 2 - 2 .5}i).

In  a  c o n tro l  experim en t to  s im u la te  the  c o n d itio n s  d u r in g  i r r a d i a t i o n ,

b a c t e r i a  were t r e a te d  id e n t ic a l l y  in  a  f o i l  covered  d is h ;  no e f f e c t  on

d iv i s io n  o r  mass in c re a s e  was d e te c te d .

The tim in g  o f d iv is io n  r e c o v e r  in  Ion* b a c te r i a  ( a t  90 min) was

h ig h ly  c o n s is te n t  in  s e v e ra l  in d ep en d en tly  d e riv e d  w ild -ty p e  s t r a in s

u n d e r id e n t i c a l  c o n d it io n s . The f r a c t io n  o f c e l l s  which proceeded to

d iv id e  a f t e r  U V (l2-15^  was a ls o  h ig h ly  c o n s is te n t  in  th e se  s t r a i n s .

However, when thym ine re q u ir in g  d e r iv a t iv e s  o f KN126 (ion*  and Io n " ) were

s ta rv e d  f o r  thym ine, a  much l a r g e r  d iv is io n  in c rem en t, of 25^ ,  was

o b ta in e d  (d a ta  n o t shown). As d iscu ssed  in  C hapter 1 , th i s  increm ent

t h e o r e t i c a l l y  m easures th e  f r a c t io n  o f th e  b a c t e r i a l  p o p u la tio n  which a re

in  th e  "D" p e r io d , i . e .  which have com pleted chromosome r e p l ic a t io n  p r io r

to  thym ine s ta r v a t io n  ( Me acock, 1975) and th u s  cannot be p rev en ted

from  d iv id in g  by the  i n a b i l i t y  to  te rm in a te  MA r e p l i c a t io n .  A v a lu e  o f

25/^ f o r  c e l l s  in  D i s  c o n s is te n t  w ith  a  C tim e o f abou t 45 min when ^  ^

i s  65 min (Cooper and Helms t e t t e r ,  I 968) .  This v a lu e  f o r  C was confirm ed 
2

f o r  KNI26 w h e n c e  was measured a f t e r  r ifa m p ic in  tre a tm e n t (which p re v e n ts  

r e - i n i t i a t i o n  o f chromosome r e p l i c a t io n  (Bremer and Churchward, 1 9 7 7 )).

C was th en  de term in ed  by com parison o f th eàe  d a ta  w ith  those  p re v io u s ly  

o b ta in e d  by P r i tc h a r d  and Z a r itsk y  (1970), and found to  be about 45 m ins, 

in d ic a t in g  t h a t  th e  29^  increm ent i s  an a c c u ra te  r e f l e c t i o n  of th e  

p ro p o r t io n  o f  c e l l s  in  th e  D p e r io d . S ince th e  number of c e l l s  d iv id in g  

a f t e r  UV i s  much s m a lle r  th an  the number d iv id in g  a f t e r  thymine 

s t a r v a t i o n ,  i t  i s  c l e a r  th a t  some o f th e  c e l l s  b locked  by UV were in  th e

1 'T  = d o u b lin g  tim e

2 AG = r e s id u a l  UNA sy n th e s is
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F ig u re  3 ,4  K in e tic s  o f  d iv is io n  a f t e r  UV in  KL16-99 (recA 1)

A c u l tu re  in  minimal medium was i r r a d i a t e d  (10 J.m  

and sampled f o r  C o u lte r  co u n tin g  (se e  2*3 and 2 .4 ) .
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D p e rio d ; th e  UV induced b lo ck  to  d iv is io n  was a c t in g  v e ry  l a t e  in  th e  c e l l  

c y c le  and can o p e ra te  in d ep en d en tly  o f the  req u irem en t f o r  te rm in a tio n  o f 

r e p l i c a t i o n .

3 .3  RecA i s  e s s e n t i a l  f o r  d iv is io n  s w itc h -o ff

The dependence o f d iv is io n  in h ib i t i o n  a f t e r  UV on normal recA  

fu n c tio n  was confirm ed when d iv is io n  a f t e r  UV was determ ined  in  a  recA1 

m u tan t. F ig .14  shows th a t  mass in c re a s e  was someidiat reduced a f t e r  UV in  

t h i s  m utan t, b u t d iv is io n  co n tin u ed  more o r  l e s s  u n d is tu rb e d . ' George a t  

a l . ( 1975) re p o r te d  t h a t  a  Ion  recA  double m utant a ls o  con tinued  to  d iv id e  

a f t e r  UV.

3 .4  E f fe c t  o f UV on UNA s y n th e s is

DNA s y n th e s is  was fo llow ed  a f t e r  i r r a d i a t i o n  by th e  in c o rp o ra tio n  

o f  ra d io a c t iv e  thym idine in to  s t r a i n s  KN126 (lo n ^  and Ion” )» so t h a t  a  

com parison cou ld  be made betw een k in e t i c s  of DNA s y n th e s is ,  d iv is io n  and 

recA . in d u c tio n . When accum ulation  o f DNA was m easured ( f i g .  3 .5 ) ,  

in c o rp o ra tio n  o f  thym idine was in h ib i te d  f o r  about 20 min a f t e r  i r r a d i a t i o n .  

D uring th i s  p e r io d , in c o rp o ra tio n  was u n u su a lly  i r r e g u la r ,  presum ably 

due to  th e  combined e f f e c t s  o f r e p l i c a t i o n ,  r e p a i r  sy n th e s is  and 

d e g ra d a tio n  o f damaged DNA* In c o rp o ra tio n  was r e s to r e d  to  normal w ith in  

30-40 min and no d if f e r e n c e s  were d e te c te d  between Ion*  and Ion" 

c u l tu r e s .  However, a lth o u g h  th e  r a t e  o f eiccum ulation re tu rn e d  to  t h a t  

found b e fo re  i r r a d i a t i o n ,  th e  DNA:mass r a t i o  in  b o th  c u l tu re s  was n o t 

f u l l y  r e s to re d  in  th e  p e rio d  o f th e  ex p erim en t. These d a ta  show no 

in d ic a t io n  t h a t  the  DNA d e f i c i t  in c u rre d  (w ith  r e s p e c t  to  m ass) d u r in g  the



Figure 3 .3  DNA sy n th es is  a f t e r  UV

C u ltu re s  o f  KN126lon*  and Ion  in  m inim al medium were 

c o n tin u o u s ly  l a b e l le d  w ith  thym id ine (se e  2 .6 ) ,  and a c id -

p r e c ip i ta b le  coun ts and c e l l  number (2 .4 )  determ ined  b e fo re  and 

a f t e r  i r r a d i a t i o n  (10 J.m  see  2 .3 ) .
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20 min in h ib i t i o n ,  i s  ev er re p la c e d . I n te r p r e ta t io n  o f th i s  o b se rv a tio n  

i s  d i f f i c u l t  s in c e  th e  DNA c o n ten t o f th e  c u l tu r e ,  m easured by thym idine 

in c o rp o ra t io n ,  was n o t c o n s ta n t d u rin g  in h ib i t i o n  b u t  s u b je c t to  b reak 

down and r e p a i r .  I t  should  a ls o  be n o ted  h e re , t h a t  from th e  d a ta  in

i t  ap p ea rs  t h a t  th e  d iv is io n s  o m itted  a f t e r  UV were compensated 

o n ly  v e ry  s lo w ly  when d iv is io n  resum ed, whereas th e  average DNA co n ten t 

p e r  c e l l  had a lm ost doubled by th i s  tim e , t h o u ^  DNA p e r  u n i t  mass was 

s t i l l  low er th an  b e fo re  UV. F u r th e r  experim en ts would be re q u ire d  to  

c l a r i f y  th e se  co n fu s in g  o b se rv a tio n s  : i t  i s  c l e a r  th a t  in  term s o f 

b a lan c e d  p h y s io lo g y , th e  reco v ery  p ro cess  i s  ex trem ely  complex and may 

a ls o  be v e ry  slow .

The r a t e  o f  DNA s y n th e s is  a f t e r  UV was m easured by p u ls e -

l a b e l l i n g  w ith  r a d io a c t iv e  thym id ine . A f te r  i r r a d i a t i o n  th e  r a t e  of 

in c o rp o ra t io n  f e l l  a b ru p tly  to  20-30^ o f  norm al in  5 m ins, th en  g ra d u a lly  

r e tu rn e d  to  th e  p re - tre a tm e n t r a t e  w ith in  45 min ( f i g .  3 .6 ). D ata f o r  lon^  

and Io n ” c u l tu r e s  were e s s e n t i a l ly  s im i la r  ; th e  sm all v a r ia t io n s  found 

in  in d iv id u a l  experim en ts p robab ly  do n o t r e f l e c t  r e a l  d if f e r e n c e s .

3*5 In d u c tio n  o f recA  p ro te in

A n a ly sis  o f  C^^s] m ethionine la b e l le d  p ro te in s  in  whole c e l l  ly s a te s  

by  SDS-PAGE y ie ld e d  au to rad io g rap h s  ( f i g . 3.7 ) which c l e a r ly  showed in d u c tio n  

o f  a  p o ly p e p tid e  o f M.W. 40 ,000 , co rre sp o n d in g  w ith  t h a t  of p u r i f ie d  recA 

p r o te in  (Bmnerson and West, 1977» Gudas and Mount, 1977» McEhtee, 1977). 

Samples were p u ls e - la b e l le d  w ith  [^ ^ s ]  m eth ion ine  a t  in te r v a ls  a f t e r  UV 

tre a tm e n t,  and f ig .3 7 a  shows th a t  in c o rp o ra t io n  in to  th e  recA band was 

e le v a te d  f o r  ab o u t 60 min, r e tu rn in g  to  th e  i n i t i a l  le v e l  a t  th e  end o f 

t h i s  tim e .



Figure 3*7 Induction o f  recA p ro te in  a f te r  UV
^ —

Minimal medium c u l tu r e s  o f  KN126 lo n  and Io n  were p u ls e -  

la b e l le d  w ith  m eth ion ine  (2 .6 )  b e fo re  and a f t e r  UV (10  J.m  ^ ) .

To each sam ple, c e l l s  u n ifo rm ly  l a b e l le d  w ith  P hJ - le u c in e  were added 

a s  an in t e r n a l  s ta n d a rd  ( 2 .6 b ) .  Whole c e l l  ly s a te s  were p re p a red  

(2 .7 a )  and an a ly sed  on 11^ acry lam ide  g e ls  ( 2 .8 ) .  A u to rad iographs 

(2 .8 b ) o f  th e  g e ls  a re  shown i n  F ig . 3 .7 a . The recA bands were th en  

c u t from th e  g e ls  and th e  r a d io a c t i v i t y  o f  and P h]  i n  each

was determ ined  ( 2 .8 c ) .  The r e l a t i v e  r a t e  o f  recA s y n th e s is  was 

c a lc u la te d  (2 .8 c )  and i s  shown in  F ig . 3 .7 b .
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To q u a n tify  t h i s  in d u c tio n , c e l l s  u n ifo rm ly  la b e l le d  w ith  [ ^ h ]-  

le u c in e  were mixed w ith  th e  p u ls e - la b e l le d  sam ples to  p rov ide  an i n t e r n a l  

s ta n d a rd  (see  C hapter 2 f o r  d e t a i l s )  and ly s a t e s  an a ly sed  by SDS-PAGE.

The recA band was th en  c u t from th e  g e l a f t e r  i d e n t i f i c a t i o n  by com parison 

w ith  th e  au to ra d io g ra p h , and the  r a t i o  o f [  ^h ]  to  C^^s] cpm in  each 

sample was d e te rm in ed . A com parison o f t h i s  r a t i o  f o r  recA and o t h e r , 

non-induced  p ro te in s  then  gave v a lu e s  f o r  th e  r e l a t i v e  r a t e  of recA 

s y n th e s is  a t  each tim e . F ig .37b  shows th e se  d a ta  f o r  Io n '*' and lo n ~ 

c u l tu r e s  o f KN126 j th e  r e l a t i v e  r a t e  o f recA  s y n th e s is  in c reased  a t  

l e a s t  2 fo ld  and reached  a  maximum a t  30 m in. T h is was an u n d e re s tim a te  

s in c e  subsequent 2-dim ension  g e l a n a ly s is  showed a t  l e a s t  4 o th e r  p ro te in s  

o f  MV7 40,000 ( f i g . 3.10), and from th e  a u to ra d io g ra p h s , t h e i r  combined r a t e  

o f  sy n th e s is  in  p u ls e - la b e l l in g  experim en ts was a t  l e a s t  5- tim es th e  

b a s a l  r a t e  o f recA sy n th e s is  ( i . e .  b e fo re  UV). When th e  t o t a l  amount of 

recA  p ro te in  induced was m easured in  th e  2 -d im ension  g e ls ,  ( s e c t io n  3*6) 

th e  r e l a t i v e  amount o f recA p ro te in  was found to  in c re a s e  a t  l e a s t  10 fo ld  

d u r in g  in d u c tio n .

Fig.3.?b shows th a t  th e  in d u c tio n  k in e t i c s  were s im i la r  in  Ion* and Ion" 

s t r a i n s ,  and co rrespond  w e ll w ith  d a ta  f o r  o th e r  UV induced SOS fu n c tio n s , 

c a p a c ity  f o r  m utagenic r e p a i r ,  prophage A  in d u c tio n  and r e a c t iv a t io n  o f 

i r r a d i a t e d  A (D éfa is e t  ^ . , 1976; Monk and K in ro s s , 1975)» su p p o rtin g  

th e  id e a  th a t  th e se  a re  c o o rd in a te ly  c o n t r o l le d .  However, the  com posite 

f i g . 33 c le a r ly  shows th a t  in d u c tio n  k in e t i c s  o f recA  sy n th e s is  corresponded  

f a i r l y  w e ll w ith  in h ib i t io n  o f DHA s y n th e s is ,  b u t n o t w ith  d iv is io n  

in h ib i t i o n .  Maxima] d iv is io n  in h ib i t i o n  was reach ed  more than  2 0  m in  

b e fo re  maximum recA s y n th e s is ,  and co n tin u ed  a f t e r  re c  A in d u c tio n  was
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o v e r . However, th e  20 min d e lay  in  DNA s y n th e s is ,  and presum ably th e r e 

f o r e ,  th e  DNA r e p a i r  p e r io d , corresponded  w ith  th e  in c re a s in g  phase o f 

in d u c tio n ; when r e p a i r  was com plete recA s y n th e s is  no lo n g e r in c re a s e d , 

and q u ick ly  re tu rn e d  to  norm al. These d a ta  do n o t r u le  ou t the  

p o s s ib i l i t y  t h a t  d iv is io n  i s  in h ib i te d  by a  h ig h  le v e l  o f recA p r o te in .  

However, t h i s  seems an u n l ik e ly  mechanism s in c e  th e  ra p id  o n se t o f  d iv is io n  

in h ib i t i o n  took  p la c e  b e fo re  much new recA p ro te in  had been made, and 

could  n o t th e re fo re  have been t r ig g e re d  by h ig h  le v e l s  o f re c  A. F u r th e r , 

t h i s  mechanism re q u ir e s  t h a t  recA i s  U nstab le  o r  q u ic k ly  degraded s in c e  

90 min grow th would on ly  d i l u t e  th e  new p ro te in  2 -3  f o ld .

3 .6  S t a b i l i t y  o f th e  recA p ro te in

The s t a b i l i t y  o f th e  recA p ro te in  was e s tim a te d  by a n a ly s is  o f whole 

ly s a te  sam ples tak en  from a  c u l tu r e  which had been p u ls e - la b e l le d  d u rin g  

th e  p e rio d  o f maximum recA p ro te in  s y n th e s is  and th e n  ch ased . Auto

rad io g rap h s  o f 1-d im ension  g e ls  ( f i g .  3 .9a) showed no d ec rea se  in  in t e n s i ty  

o f th e  40,000  WI p o ly p e p tid e  f o r  a t  l e a s t  2 hours a f t e r  l a b e l l in g .  This 

o b se rv a tio n  was confirm ed in  an experim ent u s in g  [^ n ] - le u c in e  la b e l le d  

c e l l s  as an i n t e r n a l  s ta n d a rd , when th e  r e l a t i v e  amount o f th e  4OK p o ly 

p e p tid e  was m easured by com parison o f r a t i o s  in  t h i s  g e l

band and th a t  o f ENA polym erase ( s ta b le  p o ly p e p tid e s ) . The r e s u l t s  

a re  shown in  f i g .  3 .9b.

F u r th e r  a n a ly s is  by 2-d im ension  PAGE ( f i g .  3 .1 0 ) a ls o  confirm ed  th a t  

recA  was s ta b le  f o r  a t  l e a s t  2 hours o f ch ase . The s t a b i l i t y  o f recA was 

s im i la r  in  Ion*  and lon~ c u l tu r e s ,  and th e  i s o e l e c t r i c  p o in ts  o f  th e  4OK 

p o ly p e p tid e s  sy n th e s is e d  in  b o th  c u l tu re s  b e fo re  and a f t e r  UV were 

i d e n t i c a l .  T h is te ch n iq u e  i s  capab le  o f d e te c t in g  s in g le  am ino-acid
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Figure 3.9 S tab ility  of recA protein

Cultures of KN126lon* and Ion in  minimal medium were 

irrad ia ted  (10 J.m"^; 2 .3 )i pulse-labelled with ]-methionine

and chased (2 .6c). Samples taken a t in tervals were analysed by 

SDS-PAGE (2.6c; 2 .8 ). Autoradiographs of the gels are shown 

opposite in  Fig, 3*9a. The recA bands were cut from the gel and 

the rad ioactiv ity  in  each was determined (2 .8c), shown above in  

Fig. 3.9h.
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changes or post-translational modifications leading to an a lteration  in 

net charge (though not a l l  protein modifications would he detected in 

th is  system).

The 2-dimension analysis provided an estimation of the to ta l amount 

of recA produced a f te r  induction. -methionine counts accumulating

during the whole period of induction were measured by cutting out the 

spots of recA and fo r comparison, the protein elongation factor EFTu 

from the 2-dimension gel and counting the rad io activ ity . Under the growth 

conditions used, EFTu was present a t $8,000 molecules per ce ll 

(Pederson e t 1978). IWhen th is figure was used to  calculate the 

value fo r recA, i t  was found th a t about 40,000 molecules of recA per ce ll 

were present a f te r  induction.

These experiments demonstrated tha t irrad ia ted  Ion* and Ion" 

cultures contained h i ^  levels of stable recA which persisted for a t 

le a s t one hour a fte r recovery of division. The newly synthesised molecules 

were not detectably different from those present before irrad ia tion , and 

the Ion mutation had no detectable e ffect on the level or the s ta b ility  

of recA. I t  was suggested in section 3*5 th a t the induction of recA 

synthesis was closely related to the MA repair process, and the resu lts 

discussed in th is  section support th is  idea. I t  seems likely  that newly 

synthesised molecules bind to single stranded MA (as

described by Weinstock , 1979) generated by UV damage, in a 

stochiometric fashion. These molecules appear to undergo no post-trans

la tio n a l modifications which might lead to new ca ta ly tic  ac tiv ity  

associated with division inhib ition . Even i f  the majority of newly 

synthesised recA is  bound to MA during rep a ir, data in  section 3*4



Figure 3#10 S tab ility  of recA protein by 2-dimension gel analysis 

Cultures of KN126lon^ and Ion" were grown in  minimal 

medium and a portion of each was irrad ia ted  (2 ,3 ), After a further 

20min, 10ml of culture was p u lse-lab e led  with $OuCi P^s]-methionine 

for lOmin, and then chased (2 ,6c), Samples ( 1,5ml) were taken from 

the chased culture a t in te rv a ls , cold carrie r c e lls  added (2«?a) and 

whole lysates prepared (2 ,7c), The lysates were analysed by 

2-dimension gel electrophoresis, using SDS lysates (2,7a) as M,W, 

markers a t the side of the second (SDS) separation; the gels were 

autoradiographed. Representative autoradiographs are shown 

(opposite and next page) for samples labelled  before ÜV and 

immediately a f te r  the chase. Samples taken la te r  a f te r  the chase 

gave iden tical autoradiographs.

When the to ta l  amount of recA protein was estimated, 

p n ]  labelled  c e lls  were added to the samples before ly s is  as an 

in ternal standard.
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suggest that th is  process is  completed in 30-40 mins and thus recA mole

cules, now released from the repaired DNA would again be free in the 

cytoplasm in high concentration a t the time of division recovery. We 

conclude that newly synthesised recA probably does not inh ib it d iv ision .

3*7 The effect of Rif ample in on recA Induction and division

Satta and Pardee (1978) observed that low levels of Rif ample in  ( r i f )  

prevented the synthesis of recA without gross effects on the overall level 

of protein synthesis. I t  was therefore possible to study the effec t of a 

reduction in the level of recA a f te r  ÏÏV without d irec t disturbance to  

division due to a general reduction in  protein synthesis.

At r i f  concentrations of 4 or 6 pg/ml, the re la tiv e  ra te  of recA 

synthesis a fte r W was greatly  reduced ( f ig .3.11 )» though not completely 

abolished, whereas division inhib ition  was not affected. At these r i f  

concentrations protein synthesis was reduced by only 7-12^ ( f ig .3^2) and 

PAGE analysis (fig . 3.11) revealed no effects on individual proteins other 

than recA and the subunits of RNA polymerase whose rate of synthesis 

is  increased under these conditions (Slumenthal and Dennis, 1978). To 

calculate re la tive  ra te s , % [^ïï] ra tio s  fo r recA were therefore

compared with those fo r  EFTu (M.W. 44,000).

Although recA synthesis was not en tire ly  abolished, these experiments 

c learly  demonstrate tha t the amount of recA present a f te r  W does not 

control the division machinery in irrad ia ted  c e lls , and that recA synthesis 

can be uncoupled from the division block. Attempts to reduce recA 

induction further by increasing the concentration of r i f ,  led to  

significant disturbance to overall protein synthesis and division.



Figure 3.11 Effect of rifampicin on division and recA induction 

Part of a culture of KN126 in  minimal medium was 

irrad ia ted  (2.3) and 4|ig r i f  added immediately. Samples were 

removed for Coulter counting (2.4) and for pulse-labelling with 

methionine (2 .6a). A ^^ was measured in  the culture th a t was not

treated  with r i f .  Vdiole c e ll  ly sates were prepared from the [ S 

labelled samples and analysed by SDS-PAGE. The autoradiograph of 

the resu lting  gel is  shown opposite. Rate of synthesis of recA 

protein was estimated as before by cutting out the gel bands, using 

EFTu (M.W. 44k) for comparison. A composite figure showing c e ll  

division k inetics and recA synthesis is  shown overleaf.

Figure 3.12 Effect of rifampicin on incorporation of L Sj-methionone 

Samples of an exponential culture of KN126 in  minimal 

medium were pulse-labelled (2.6a) with P^s}-methionine and acid- 

precipitable counts determined.
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3.8 Other e ffec ts  of DT, and the Ion gene product.

Autoradiographs of the 2-dimension analyses described in  the previous 

section ( f ig .3.10) were examined thoroughly fo r any other changes in  whole 

c e ll  lysates a f te r  UV. Though there was v aria tion  between experiments, 

pairs of gels run a t the same time matched well and allowed comparison of 

many minor species before and a f te r  UV. A polypeptide of MÏ7 33-35» 000 

appeared to  be induced by UV in both Ion* and Ion" cu ltu res pulse-labelled  

30 min a f te r  irrad ia tio n , th o u ^  less  dram atically than recA. This 

protein  was id en tified  in  a t le a s t 2 independent analyses fo r each s tra in , 

in  gels Tdiere the reso lu tion  was good in  the low MSIT region ( f ig .3.10).

Other minor d ifferences were found but these were not consistent over 

several experiments.

The Ion gene product has recently  been id en tified  by Zehnbauer and - 

Markovitz ( 1980) using a fragment of UNA from an F* carrying the Ion 

region cloned in to  pSCIOI, which complemented UV se n s itiv ity  and mucoidy 

of a Ig i  mutant. In th is  study a 94»000 polypeptide was iden tified  (in 

maxicells) whose synthesis was greatly  reduced by a recessive Ion mutation 

in  the recombinant plasmid. Furthermore th is  94K pro tein  was overproduced 

in  m inicells carrying a recombinant plasmid with a dominant Ion mutation.

The 2-dimension autoradiographs described in  section  3.7 were 

examined fo r a 94K polypeptide. Two possible candidates were observed in 

some autoradiographs ( f ig .3*13 fo r example), but these were present in  Ion* 

and not Ion* ly sa te s , whereas the data of Zehnbauer predicted th a t in  the 

(recessive) mutant used in th is  work, synthesis of the Ion polypeptide 

should be reduced. Two other polypeptides, about 57K and 45K» were absent 

from Ion" compared with Ion* lysates ( f ig .3.13). However, a l l  of these
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p o ly p e p tid e s  were v e ry  m inor sp e c ie s  and th e re fo re  o n ly  id e n t i f ia b le  in  

th e  b e s t  g e ls .  In  p a r t i c u l a r ,  th e  h ig h  m o lecu la r w eigh t reg io n s  were 

o f te n  r a th e r  s tre a k e d  and d i f f i c u l t  to  com pare.

3*9 E f fe c t  o f UV on sy n th e s is  o f envelope p ro te in s

E a r l i e r  a ttem p ts  to  dem onstra te  th e  s y n th e s is  o f s p e c if ic  p o ly 

p e p tid e s  d u rin g  septum fo rm atio n  in  synchronous c u l tu re s  have been 

u n s u c c e s s fu l (unpub lished  d a ta  from t h i s  la b o ra to ry ;  Lutkenhaus e t  a l . ,  

1 9 7 9 ) ' To look  more s p e c i f i c a l ly  a t  envelope p ro te in s  sy n th e s ised  a f t e r  

UT, in n e r  and o u te r  membrane f r a c t io n s  were i s o la te d  frcm  p u ls e - la b e l le d  

i r r a d i a t e d  c u l tu re s  and an a ly sed  by 1-d im ension  PAGE. A utoradiography 

re v e a le d  (d a ta  n o t shown) th a t  UV had no e f f e c t  on th e  sy n th e s is  o f any ' 

o f  th e  m ajor envelope com ponents. In  c o n t r a s t ,  o th e r  tre a tm en ts  which 

in h ib i te d  d iv is io n  r e s u l te d  in  g ro ss  d is tu rb a n c e s  to  envelope p ro te in  

s y n th e s is  (H errero  e t  , in  p r e s s ) .  Thus th e  b lo ck  to  septum fo rm atio n  

imposed by UV appears to  be a  s p e c i f ic  p ro c e ss , perhaps a c tin g  th rough  a  

septum  p ro te in  which i s  a  m inor component o f  th e  c e l l  envelope. This 

experim ent a ls o  confirm ed th a t  recA  p ro te in  was n o t d é te c ta b le  in  e i t h e r  th e  

in n e r  o r th e  o u te r  membrane a f t e r  UV, d e s p i te  i n i t i a l  re p o r ts  

(Gudas and P ard ee , 1975 » Inouye and P a rd ee , 1970) t h a t  up to  10^ o f th e  

induced  recA p ro te in  was i s o la te d  w ith  th e  env elo p e . These e a r l i e r  

f in d in g s  were p robab ly  a r t e f a c t s  of th e  p re p a ra t io n  p ro ced u res .
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C hapter 4 

THE ELUSIVE SULB GENE

4 « 1 In tro d u c  t  i  on

Experim ents d e sc r ib e d  in  C hapter 3 show th a t  newly sy n th e s is e d  recA 

p ro te in  i s  n o t th e  i n h ib i to r  o f d iv is io n ,  y e t  th e  d iv is io n  b lo ck  i s  recA 

dependent. These a p p a re n tly  c o n f l i c t in g  o b se rv a tio n s  may be re c o n c i le d  

by a  c o n s id e ra tio n  o f  th e  mechanism o f UV induced d e re p re s s io h  o f  recA  

s y n th e s is  (d e sc r ib e d  in  C hap ter 1 ) .  A s ig n a l g e n e ra te d  by DNA damage i s  

th ough t to  " a c t iv a te "  recA (p ro b ab ly  by a co n fo rm atio n a l change) to  recA*, 

which th en  p r o t e o ly t i c a l l y  c lea v e s  the  lexA re p re s s o r  o f th e  recA  g ene, 

a llo w in g  d e re p re s s io n  o f recA s y n th e s is .  In  th e  case  o f UV induced  

d iv is io n  in h ib i t i o n ,  i t  i s  presum ably recA* which ( d i r e c t l y  o r  i n d i r e c t l y )  

i n i t i a t e s  th e  d iv is io n  b lo ck  r a th e r  than  th e  new recA m olecules sub 

seq u e n tly  s y n th e s is e d . The tem p era tu re  s e n s i t iv e  t i f  (recA ) m utan t 

p ro te in ,  a t  n o n perm issive  tem p e ra tu re , appears in  some r e s p e c ts  to  be 

id e n t ic a l  w ith  recA *, s in c e  d iv is io n  i s  perm anently  sw itched  o f f  due to  

th e  p resence  o f th e  t i f  p r o te in  d e s p ite  th e  ap p aren t absence o f DNA 

damage. In  Io n  m utan ts  a f t e r  UV, d iv is io n  i s  a lso  perm anently  in h ib i t e d ,  

b u t th is  canno t be due to  e le v a te d  le v e ls  o r  p ro longed  p ro d u c tio n  o f  

recA* as th i s  would le a d  to  p ro longed  d e re p re s s io n  o f recA s y n th e s is  

which is  n o t th e  c a s e . However, t i f  and Ion m ediated  f i la m e n ta t io n  

p robab ly  in v o lv e  th e  same mechanism s in ce  e x tra g e n ic  su p p re sso rs  o f  

t i f  were found a ls o  to  su p p re ss  Io n , and v ic e  v e rs a  (George e t  ,

1975)» In  a d d i t io n ,  e i t h e r  type  o f su p p resso r was shown to  p re v e n t
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E x p o n en tia l c u l tu re s  a t  A^^q=0 .1  were i r r a d ia t e d  (2 .3 )»  

d i lu te d  and p la te d  im m ediately  on n u t r i e n t  a g a r .



81

f i la m e n ta t io n  in  t i f  Ion double m u tan ts . G en etic  a n a ly s is  showed th a t  

th e se  s u p p re s s o rs , known as s f i  ( t i f ) o r s u l  ( io n ) cou ld  be d iv id ed  in to  

two d i s t i n c t  c la s s e s  mapping a t  s e p a ra te  l o c i ,  s fiA /su lA  a t  22 m in, and 

s f iB /s u lB  a t  2 min on th e  E .c o l i  chromosome (George e t  , 1975»

Gayda ^  , 1976; Johnson, 1977); th e se  l o c i  a re  now w idely  assumed to

r e p r e s e n t  s in g le  g en es . F in a l ly ,  s u lB /s f iB  maps in  a  c lu s t e r  o f genes 

in v o lv ed  in  envelope sy n th e s is  and c e l l  d iv i s io n  (Bachmann and Low, I 98O), 

shown in  f i g .  4 *1> making th i s  gene an obvious ch o ice  f o r  f u r th e r  s tu d y .

How do th e se  su p p resso rs  work? The Io n  phenotype ( p e r s i s te n t  

f i la m e n ta t io n  a f t e r  UV) m ight be re v e rse d  in  two ways. F i r s t ,  d iv is io n  

k in e t i c s  co u ld  be r e s to re d  to  those  o f  lo n ^  s t r a i n s ,  th a t  i s  a d e la y  o f 

90 min ( a f t e r  a  UV dose o f  lOJ.m”^ ) fo llo w ed  by re co v e ry . (R efer to  fo ld -

o u t appendix  l ) .  A l te rn a t iv e ly ,  d iv is io n  m ight co n tin u e  w ithou t d e lay  

a f t e r  UV (as  in  recA m u ta n ts ) , t h a t  i s ,  th e y  would be in s e n s i t iv e  to  

th e  d iv is io n  in h ib i to r  o r  b locked in  i t s  p ro d u c tio n . These p o s s i b i l i t i e s  

were in v e s t ig a te d  in  experim ents d e sc r ib e d  below .

4*2 The su lB  m u ta tio n  and models f o r  su lB ^ a c t io n

Two Ion  sulB  double m utants were o b ta in e d  (Johnson, 1977) b e a r in g  

d i f f e r e n t  su lB  a l l e l e s  and t h e i r  s u rv iv a l a f t e r  UV ( f i g . 4*2) and k in e t ic s  

o f  d iv is io n  a f t e r  UV were determ ined  ( f i g . 4*3)* One of th e se , PAMI6 I 

( su lB 25) responded e x a c tly  l ik e  a  lo n ^  s u l^  s t r a i n ,  w ith  ra p id  o n se t o f 

•d iv is io n  in h ib i t i o n ,  and an ab ru p t reco v e ry  a t  90 m in. The second m utant 

PAMI62 (su lB 26) showed in te rm e d ia te  k i n e t i c s ,  w ith  a  la r g e r  d iv is io n  

in crem en t (25?̂  in s te a d  o f 12-15?^) and a  more g ra d u a l resum ption o f 

d iv i s io n .  T his m utant may, f o r  exam ple, be o n ly  p a r t i a l l y  s e n s i t iv e  to
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th e  in h ib i to r  and th u s  behave as t h o u ^  th e  t a r g e t  f o r  th e  d iv is io n  

in h ib i to r  i s  a l t e r e d ,  o r  a l t e r n a t iv e ly ,  le s s  in h ib i to r  i s  produced .

We th e re fo re  c o n s id e red  th a t  sulB  could  be a  gene p o s i t iv e ly  re q u ire d  

f o r  o r  n e g a tiv e ly  r e g u la t in g  d iv is io n .

I n te r a c t io n  betw een sulB  and an SOS induced  f a c to r  in v o lv in g  recA* 

and lexA p ro te in s  r e s u l t s  in  a  b lo ck  to  septum fo rm a tio n . When UTA 

r e p a i r  has been com pleted , th e  Ion  product i s  a p p a re n tly  re q u ire d  in  su l*  

s t r a i n s  to  r e v e r s e  th e  e f f e c t  o f th e  SOS s ig n a l  and to  promote re c o v e ry  

o f  d iv is io n ;  th e  m u ta tio n  sulB25 overcomes th e  requ irem en t f o r  I o n , and 

d iv is io n  can resume as soon as th e  SOS s ig n a l  c o n c e n tra tio n  f a l l s ,  i . e .  

a s  r e p a i r  i s  com pleted . Many models f o r  th e se  in te r a c t io n s  may be 

d e v ise d , o f which two examples a re  shown in  f i g .  4*4» and w i l l  now be 

d is c u s se d  in  d e t a i l .

A. D iv is io n  n e g a tiv e ly  re g u la te d  by su lB . F or exam ple, lexA n o rm ally  

r e p re s s e s  su lB  s y n th e s is .  Form ation o f recA* a f t e r  W  tre a tm e n t le a d s  to  

c leav ag e  o f lexA and co n seq u en tly  to  d e re p re s s io n  o f  sulB  s y n th e s is  and 

hence d iv is io n  in h ib i t i o n .  As DNÀ r e p a i r  i s  com pleted , le x  r e p re s s io n  

i s  r e - e s t a b l i s h e d .  S ince th e  Ion  p roduct i s  a ls o  e s s e n t ia l  f o r  th e  

reco v ery  o f d iv i s io n ,  i t  i s  th e re fo re  su g g ested  th a t  s w itc h -o ff  o f  sulB  

s y n th e s is  must be accompanied by d eg ra d a tio n  by th e  Ion p ro te a s e , o f  

e x i s t in g  sulB  m olecu les in c lu d in g  th o se  bound a t  th e  s i t e  o f i n h ib i t i o n ,  

b e fo re  re c o v e ry  o f d iv is io n  can tak e  p la c e . A m u ta tio n  in  su lB  m ight 

le a d  to  an uns ta b le  form o f th e  p ro te in  o r  m olecu les w ith  reduced  

a f f i n i t y  f o r  t h e i r  " s u b s t r a te " ,  r e s u l t in g  in  a  low e f f ic ie n c y  o r  even 

com plete absence o f  d iv is io n  in h ib i t i o n .  M utations p re v e n tin g  th e  b in d in g  

o f  th e  le x  r e p r e s s o r  to  th e  sulB  o p e ra to r  would be l e t h a l ;  o th e r  ( c i s -
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dom inant) o p e ra to r  m u ta tio n s  cou ld  cause b in d in g  o f  le x  so th a t  th e  

e f f ic ie n c y  o f c leav ag e  by recA* was reduced , g iv in g  r i s e  to  th e  "m utant 

t a r g e t "  phenotype d isc u sse d  above.

B. SulB p o s i t iv e ly  re q u ire d  f o r  d iv i s io n . In  t h i s  m odel, sulB  i s  

en v isag ed  as a  septum component, and i t s  s y n th e s is  i s  sw itc h e d -o ff  a f t e r

UV, by d i r e c t  o r  in d i r e c t  a c t io n  o f the  recA * -lex  system . In  t h i s  case

Io n  maybe re q u ire d  to  re v e rse  th e  SOS induced r e p r e s s io n  o f th e  su lB  

gene, b e fo re  d iv is io n  can re c o v e r . A lte ra t io n s  to  th e  re g u la to ry  re g io n  

o f  su lB  re n d e r in g  i t  l e s s  s e n s i t iv e  to  th e  recA * -lex  s ig n a l  would a ls o  

g iv e  r i s e  to  th e  "m utant ta r g e t"  phenotype.

C. A th i r d  h y p o th e s is  (n o t i l l u s t r a t e d )  assum es th a t  th e  su lB

gene p roduct r a t h e r  th an  th e  gene i t s e l f ,  i s  th e  d iv i s io n  t a r g e t ,  and 

i s  p r o t e o ly t i c a l ly  c leav ed  a f t e r  UV by recA*, le a d in g  to  lo s s  o f an 

e s s e n t i a l  septum  p ro te in  o r  a l t e r n a t iv e ly ,  d e re p re s s io n  o f a  d iv is io n  

i n h ib i to r .

These models were based on w e ll e s ta b l is h e d  p ro p e r t ie s  o f recA , lexA 

and Io n , and a s c r ib e  no new fu n c tio n s  to  any o f them . F urtherm ore , known 

m u ta tio n s  in  recA  and lexA ( t i f , t s l , s p r ) have been  co n sid e red  in  t h e i r  

d e s ig n . The gene in te r a c t io n s  p re d ic te d  h e re  a re  t e s t a b l e  and th e re fo re  

formed a  u s e f u l  b a s is  f o r  th e  p lan n in g  o f f u r th e r  ex p erim en ts , b eg in n in g  

w ith  th e  c lo n in g  o f . sulB  and id e n t i f i c a t io n  o f i t s  p ro d u c t. S ev e ra l 

sy stem s, b o th  in  v i t r o  and sem i— in  v iv o , a re  a v a i l a b le  in  which gene 

p ro d u c ts  may be r e a d i ly  id e n t i f i e d  (d iscu ssed  in  C h a p te r  6) and i t  i s  

re a so n a b le  to  ex p ec t th a t  c e r ta in  in te r a c t io n s  betw een gene p ro d u c ts  

cou ld  be d em onstra ted  in  th e se  system s. For exam ple, p r o te o ly t ic  

c leav ag e  o f th e  X c l re p re s s o r  by recA has been dem o n stra ted  b o th  in  v iv o
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and in  v i t r o  by R oberts e t  (1975* 1978). S im ilaœ ly , c o n tro l o f 

t r a n s c r ip t i o n  o f one gene by the  p ro d u c t o f a n o th e r should  a lso  be 

dem o n strab le . The p o s s i b i l i t i e s  o f such an approach a re  d iscu ssed  a t  

le n g th  in  C hapter 7»

In  summary, a  c o n s id e ra tio n  o f  p o s s ib le  mechanisms of sulB  a c tio n  

su g g es ted  th a t  th e  i d e n t i f i c a t i o n  o f  th e  gene p ro d u c t and a  s tu d y  o f i t s  

s y n th e s is  and s t a b i l i t y  a f t e r  UV would re v e a l e s s e n t i a l  in fo rm atio n  

re g a rd in g  i t s  mode o f  a c t io n .  I f  su lB  was induced by UV, a  n e g a tiv e ly  

c o n t r o l l in g  p ro te in  ( i . e .  a  d iv is io n  in h ib i to r )  would be in d ic a te d ;  i f  

s y n th e s is  was sw itc h e d -o ff  a f t e r  UV, an e s s e n t i a l  septum component would 

be in d ic a te d .  P o s t - t r a n s la t io n a l  c leavage  o f sulB  in  response  to  UV 

would be c o n s is te n t  w ith  e i t h e r  p o s s i b i l i t y .

4 .3  G enetics o f su lB  and c lo n in g  s t r a te g y

As m entioned above, sulB  m u ta tio n s  have been mapped to  th e  envA- 

f ts A  re g io n  n e a r  2 min on th e  E .c o l i  chromosome. S ev e ra l w orkers have 

s tu d ie d  th i s  re g io n  w ith  r e s p e c t  to  f tsA  and envA (Wijsman and Koopman, 

1976; F le tc h e r  e t  , 1978; Lutkenhaus e t  ^ . , 198O); th e  o rd e r  o f th e  

genes (ex c lu d in g  su lB ) between le u  and a z i  ( f i g . 4 . 1 ) has been confirm ed 

by com plem entation.

S tu d ies  by Johnson and in  t h i s  la b o ra to ry  have shown th a t  sulB  i s  

d i s t i n c t  from b o th  f tsA  and envA, s in c e  sulB  m u tan ts , u n lik e  f tsA  m u tan ts , 

c o n tin u e  to  d iv id e  a t  42° in  m inim al m edia, and u n lik e  envA m u tan ts , show 

no in c re a se  in  s e n s i t i v i t y  to  a  wide v a r i e ty  o f d e te rg e n ts ,  dyes and 

a n t i b i o t i c s .  In  s h o r t ,  th e  e f f e c t  o f su lB  m u ta tio n s  on f i la m e n ta t io n  in  

Ion  m utants a f t e r  UV i s  th e  o n ly  d e te c ta b le  phenotype. In  c lo n in g  

experim ents however, the  u se  o f UV as a  s e le c t io n  procedure i s  u n -
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s a t i s f a c t o r y  f o r  two re a so n s ; 1) i t  i s  m utagen ic, 2 ) a t  th e  

p h y s io lo g ic a l ly  low doses n e ce ssa ry  to  a llow  com plete reco v ery  o f Ion  

c u l tu r e s ,  s i g n i f i c a n t  f r a c t io n s  o f Io n " b a c te r ia  su rv iv e  (2 -1 0 ^ ). We 

th e re fo re  proposed  to  use  th e  r e a d i ly  d e te c ta b le  o u ts id e  m arkers f tsA  

and envA to  id e n t i f y  th e  sulB  -  c o n ta in in g  re g io n  o f  DNA. R egarding 

th e  sou rce  o f  DNA to  be used f o r  c lo n in g , we co n s id e re d  th a t  th e  number 

o f  genes im p lic a te d  in  d iv is io n  c o n tro l  and SOS fu n c tio n s  i s  ex trem ely  

la r g e  (p ro b ab ly  50-100) and s e v e ra l  o f th e s e  may a f f e c t  th e  response  o f 

c e l l s  to  UV ( e .g .  su lA ) . We th e re fo re  decided  to  u se  DNA s p e c i f i c a l ly  

from  th e  ftsA -envA  re g io n  r a th e r  than  genomic DNA, s in c e  th e  in a d v e r te n t 

i s o l a t i o n  o f  su p p re sso r  g en e (s) o th e r  th an  sulB  cou ld  n o t be avoided in  

"sho tgun" ex p e rim en ts . L a s tly , we f e l t  t h a t  m u ltic o p ie s  o f genes 

in v o lv ed  in  r e g u la t in g  d iv is io n  m ight be l e t h a l ,  and th e re fo re  decided  

to  use  b a c te r io p h a g e  \  as the  i n i t i a l  v e h ic le .

As a  p re lim in a ry  to  the  c lo n in g  ex p erim en ts , and to  e s ta b l i s h  a  

method o f s c re e n in g  c lones f o r  s u l s t a t u s ,  th e  dominance o f sulB  was 

in v e s t ig a te d ,  e x p e c tin g  to  f in d  th a t  i f  i t  were dom inant, th e  UV 

r e s i s ta n c e  o f  Ion  sulB  m utants would be l o s t  on in tro d u c t io n  o f s u l* .

I n i t i a l l y  P* 104 (co v erin g  m inutes 0 -6  on th e  chromosome) was mated 

in to  PAMI62 ( a rg  le u  pro t h r  h is  Ion  su lB ) s e le c t in g  le u *  arg*  t r a n s -  

c o n ju g a n ts ; th e s e  were ob ta in ed  w ith  a  freq u en cy  o f 0.19^ o f donors . 

These tra n sc o n ju g a n ts  were as s e n s i t iv e  as Ion" s u l*  s t r a in s  when 

i r r a d i a t e d  on th e  su rfa o e  o f n u t r i e n t  a g a r , and m ic roscop ic  exam ination  

o f  6 o f  th e se  s t r a i n s  in  l iq u id  c u l tu r e  showed t h a t  th ey  co n tinued  

to  f i la m e n t f o r  s e v e ra l  hours a f t e r  UV. The k in e t i c s  o f  d iv is io n  a f t e r  

UV o f one t r a n s e  on ju g a n t (which had a ls o  re c e iv e d  pro*  from th e  donor)
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w ere determ ined  (f ig .4 « 5 )«  The r e s u l t s  confirm ed  th a t  d iv is io n  was 

ra p id ly  in h ib i te d  by UV and f i la m e n ta t io n  p e r s i s te d  f o r  s e v e ra l h o u rs , 

a s  in  th e  o r ig in a l  Ion" s u l^  m utan t. These r e s u l t s  suggested  th a t  as 

ex p ec ted , s u l*  on th e  F* was dom inant. However, a tte m p ts  to  confirm  p a r t i a l  

d ip lo id y  by secondary  t r a n s f e r  o f  met* from  5 o f  the  tra n sc o n ju g a n ts  were 

u n s u c c e s s fu l , in d ic a t in g  th a t  recom bination  betw een th e  chromosome and 

p lasm id  was ta k in g  p la ce  o r  th a t  th e  donor was in  f a c t  an H fr. In  

su p p o rt o f th e se  e x p la n a tio n s , on ly  50% of th e  tra n sco n ju g a n ts  were a lso  

p ro * , r e f l e c t i n g  recom bination  w ith  th e  lo s s  o f some F* UNA, o r  a  

g ra d ie n t  o f t r a n s f e r  from an H fr. I t  was n o t  p o s s ib le  to  t r a n s f e r  F*104 

to  a  recA r e c ip ie n t  to  t e s t  f o r  dominance s in c e  th e  t e s t  f o r  su lB  

in v o lv es  UV i r r a d i a t i o n .

To t e s t  w hether the  donor was in  f a c t  an  H fr, a  m ating was c a r r ie d  

ou t w ith  C600 (g a l* ) s e le c t in g  f o r  le u * ; tra n s c o n ju g a n ts  were r e p l i c a -  

p la te d  on to  eosin -m ethy lene  b lu e  (EM B )-galactose a g a r  and the  r e s u l t s  

showed th a t  none had re c e iv e d  g a l" from th e  d o n o r. T his m arker i s  c lo se  

to  the  end o f F '104 b u t n o t a c tu a l ly  c a r r ie d  by i t ,  th iis  the  r e s u l t  

su g g ested  th a t  p lasm id t r a n s f e r  had tak en  p la c e  r a th e r  than  m o b ilis a tio n  

from  an H fr donor. The f a c t  t h a t  no secondary  t r a n s f e r  was d e te c te d  from 

th e s e  C600 (recA *) tra n sco n ju g a n ts  e i t h e r ,  showed th a t  lo s s  o f t r a n s f e r  

a b i l i t y  was n o t due to  m u ta tions s p e c i f ic  to  PAM162. On the  o th e r  hand, 

we cannot e x p la in  th e  o b se rv a tio n  th a t  th e  s m a lle r  F* KLF1, which a ls o  

co v ers  th e  t h r  le u  re g io n  b u t does n o t ex ten d  to  envA (our d a ta ) ,  when 

t r a n s f e r r e d  to  PAM162 d id  show secondary  t r a n s f e r  o f  th r*  to  C600.

A l th o u ^  th e  i n i t i a l  experim ents d id  show t h a t  th e  in tro d u c tio n  o f  F*104 

UNA in to  PAM162 r e s u l te d  in  th e  r e s to r a t io n  o f  UV s e n s i t i v i t y  to  a  Io n "
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s u l "  s t r a i n ,  th e  f a i l u r e  to  dem onstra te  th a t  th e  tra n sc o n ju g a n ts  were 

p a r t i a l  d ip lo id s  p rev en ted  an unambiguous i n t e r p r e ta t io n  re g a rd in g  th e  

dominance o f s u l* . In  view  o f th e  l im i ta t io n s  imposed by recA on t h i s  

approach to  dominance t e s t s ,  we d ecided  to  proceed w ith  c lo n in g  

ex p erim en ts , hoping  to  o b ta in  in fo rm a tio n  on dominance by o th e r  m ethods. 

T his q u e s tio n  w i l l  be d isc u sse d  w ith  th e  r e le v a n t  experim ents in  sub

seq u en t c h a p te rs .

4»4 A ttem pts to  I s o l a t e  s p e c ia l i s e d  tra n sd u c in g  phage XenvA*

I s o la t io n  o f tra n sd u c in g  phage A  i s  a  w e ll e s ta b l is h e d  tech n iq u e  

and has r e c e n t ly  been developed by Schrenk and W eisberg (1975) f o r  th e  

p re p a ra t io n  o f phage c a r ry in g  DNA from many s i t e s  on th e  E .c o l i  

chromosome. Host s t r a i n s  d e le te d  in  th e  a t t  \  re g io n  can s t i l l  be ly s o -  

g e n ise d , when th e  prophage may in te g r a te  a t  many secondary  s i t e s  th ro u g h 

ou t th e  genome. A b erran t e x c is io n s  (from th e se  s i t e s )  then  r e s u l t  in  

tra n sd u c in g  phages c a r ry in g  segm ents o f DNA a d ja c e n t to  the  secondary  

s i t e s .  Phages c a r ry in g  s p e c i f ic  m arkers may then  be i d e n t i f i e d  by t r a n s 

d u c tio n  and homogenous ly s a te s  p re p a red . S ince sulB  was mapped betw een 

le u  and a z i , i t  was hoped t h a t  tra n sd u c in g  phage c a r ry in g  th e  m arkers le u  

and envA shou ld  a ls o  c o n ta in  su lB . Follow ing th e  method of Schrenk and 

W eisberg, X NM627 (c l^ ^ ^  Sam7) was used  to  ly so g e n ise  s t r a i n  833 

A( g a l - a t t - b i o ) and a  ly s a te  was p rep ared  which was found to  tra n sd u ce  

leuA o r  envA w ith  low freq u en cy  ( a l l  methods a re  d e sc rib e d  in  c h a p te r  2 ) ,  

A second ly s a te  was p rep a red  from th e  secondary  s i t e  lysogen  BS254 in  

which A  c l^ ^ ^  i s  in te g r a te d  in  leu B . Note t h a t  th e  gene o rd e r  in  th i s  

re g io n  i s  as fo l lo w s : -

 le u B - le u A -------------------------- f tsA  —-  e n v A ----



7 7 (X ::leuB )

@33(X627)

D22 envA 

A

UV -> H .F .T .

(21 i s o l a t e s  
te s te d )

tra n s d u c tio n

L .F .T .

tra n s d u c tio n

CV512 leuA UV H .F.T .

(17  i s o l a t e s  
te s t e d )

D22 envA; 

u n s ta b le

tra n s d u c tio n

CV512 leuA : 

none

D22 envA: none,

tra n s d u c tio n

CV512 leuA : 

many, s ta b le ,

F ig u re  4 .6  T ran sd u c tio n  experim en ts  perform ed in  p re p a ra t io n  o f  pure  

envA -transducing  ly s a t e s
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T h is  l y s a t e  was found to  tran sd u ce  le u  A and envA b u t b o th  ly s a te s  showed 

a  freq u e n cy  o f  tra n s d u c tio n  o f  envA a t  l e a s t  1 0 -fo ld  low er th an  th a t  o f 

leu A , in d ic a t in g  th a t  the  s i t e  in  leuB  i s  p ro b ab ly  th e  n e a re s t  X  

seco n d ary  a ttach m en t s i t e  to  envA.

In  o rd e r  to  p rep are  pure envA tra n sd u c in g  (EFT) ly s a te s ,  E .c o l i  D22 

(envA) was tran sd u ced  w ith  b o th  o f th e  low freq u en cy  tran sd u c in g  (L F T) 

l y s a t e s  and env* tra n sd u c ta n ts  c o l le c te d .  These were induced to  g iv e  

EFT ly s a t e s  and te s t e d  f o r  h i ^  freq u en cy  o f  tra n s d u c tio n  o f leuA and 

envA. (These experim ents a re  summarised in  f i g . 4 *6 ). A ll gave a  h i ^  

fre q u e n c y  o f  env^ tran sd u c  ta n ts  when t e s t e d  w ith in  24 hours o f 

p r e p a ra t io n  b u t f a i l e d  to  tra n sd u ce  e i t h e r  m arker in  subsequent t e s t s .

In  c o n t r a s t ,  EFT ly s a te s  p repared  from le u ^  tra n sd u c  ta n ts  o f E .c o l i  

CTV512 (leuA ) ,  u s in g  e i t h e r  LPT ly s a t e ,  were q u i te  s ta b le  bu t d id  n o t 

c a r r y  envA^. These r e s u l t s  su p p o rt th e  su g g e s tio n  th a t  the  secondary  

a tta ch m e n t s i t e  in  leuB i s  th e  n e a r e s t  one to  env , and th a t  th e  phage 

c a r r y in g  th e  whole o f the  leuA-envA re g io n  w ere u n s ta b le .  Recent s tu d ie s  

by  Irw in  e t  ( l9 7 9 ) mapped leuA and envA 20Kb a p a r t ,  and a t  l e a s t  8 

o th e r  genes have been id e n t i f ie d  in  th e  in te rv e n in g  MA. T ransducing  

phage c a r ry in g  in s e r t s  o f th i s  s iz e  have been  re p o r te d ,  b u t p a re n t 

phage w ith  la rg e  d e le t io n s  must be used  i f  th e  tra n sd u c in g  DNA i s  to  be 

packaged e f f i c i e n t l y  and s ta b ly .  The phage u sed  in  t h i s  experim ent was ' 

p ro b a b ly  u n ab le  to  package such a  la rg e  i n s e r t .  In  a d d itio n  b o th  phage 

and h o s ts  u sed  h e re  were recom bination  p r o f i c i e n t ,  whereas a  la rg e  i n s e r t  

o f  chromosomal DNA would have been more s t a b ly  m ain ta ined  in  

reco m b in a tio n  d e f ic ie n t  h o s t and v e c to r .  However, u se  of a  recA h o s t 

was a g a in  p rec lu d ed  s in ce  th e  t e s t  f o r  su lB  in v o lv e s  i r r a d i a t i o n .



X616
EcoRI

p la c

EcoRl(2)

— o-

a t t *  c l* n in

XGH200

(EcoRI s i t e s  1 ,3 ,4  and 5 a re  a b o lish ed )

EcoRI EcoRI(2)
\f

%/  2.5Kb, env^ att"^ c l*  i^^

p a r t  o f  p la c

n in

F igure  4 .7  S tru c tu re  o f  X6l6 and XGH200
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4 .5  E x tension  ^  v iv o  o f X env* to  \  env* f t s *

As an a l t e r n a t iv e  source  o f ”sulB* DNA” , X  GH200 was o b ta in ed  from 

G. E a tfu Ü  This i s  an envA tra n sd u c in g  phage c o n s tru c te d  by c lo n in g  th e  

2.5Kb EcoRI fragm ent from tra n sd u c in g  phage X 16-2A E  o f Lutkenhaus ^  

a l . ( 1980) ( c a r ry in g  th e  envA re g io n )  in to  th e  rep lacem en t v e c to r  X é l6 .  

These phage genomes a re  shown d iag ram m atica lly  in  f i g . 4.7* The 

chromosomal DNA c a r r ie d  by A  GH200 does n o t ex tend  to  ftsA  (confirm ed by 

tra n s d u c tio n  ex p erim en ts) and i t  was th e re fo re  a n t ic ip a te d  th a t  i t  m ight 

n o t c o n ta in  th e  whole o f th e  re g io n  p ro v is io n a l ly  i d e n t i f i e d  as th e  su lB  

s i t e .  C onsequently , th e  i n s e r t  was extended to  th e  f tsA  gene u s in g  th e  

p rocedure  d e sc rib e d  by Lutkenhaus and Bonachie (l979)»  E .c o l i  833 

( a  a t t  a  ) was ly so g en ise d  and in te g r a t io n  was assumed to  tak e  p la c e  by 

homologous reco m bination  a t  envA. Subsequent e x c is io n s  were ex pec ted  to  

g iv e  r i s e  to  some phages which had packaged a  l a r g e r  i n s e r t  c o n ta in in g  

f t s A . Such phages were o b ta in e d , and id e n t i f i e d  by tra n s d u c tio n  o f E .c o l i  

TKP12 ( f tsA ) to  f t s * ( i . e .  a b le  to  grow a t  4 2 ° ) , and were a lso  shown by 

tra n s d u c tio n  to  complement envA. This extended phage, c a l le d  X  f t s  

c a r r i e s  the  re g io n  id e n t i f i e d  as th e  p ro b ab le  p o s i t io n  o f su lB .

DNA was p rep ared  from A  GH200 and X  f t s  as d e sc rib e d  in  c h a p te r  2 , 

and d ig e s t io n  by r e s t r i c t i o n  enzyme EcoRI fo llow ed  by agarose  g e l 

e le c t ro p h o r e s is ,  showed th a t  A  GH200 co n ta in ed  a  2.5Kb i n s e r t  ( f i g . 4 .8 ) .

A f t s  co n ta in ed  fragm ents o f 2.5Kb and 2.3Kb, c o n s is te n t  w ith  th e  p h y s ic a l 

map o f envA and f tsA  -  tra n sd u c in g  DNA f i r s t  suggested , by Irw in  e t  a l . 

( 1979) and l a t e r  confirm ed by Lutkenhaus e t  ( 1980) .  This map 

i d e n t i f i e s  envA on a  2.5Kb EcoRI fragm ent and f tsA  on an a d ja c e n t 2.3Kb 

EcoRI fragm ent ( f i g . 4 . l ) .
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Figure 4 .8  R e s tr ic t io n  d ig e s ts  o f XGH200 and X fts

Phage DNA was prepared  (2 .9 )  and r e s t r i c t e d  (2 .1 3 ) w ith 

EcoRI. Samples were loaded onto a g e l o f agarose (2 .1 1 ) and

run fo r  2 .3 h  a t  100V. The g e l was s ta in e d  w ith  e th id ium  bromide 

and photographed under UV (2 .1 1 ) . Samples o f Xcl^^^ DNA d ig e sted  

w ith  EcoRI and H in d lll  were used as  M.W. markers and th e  fragment 

s iz e s  in  th e  tran sd u c in g  phage DNA d ig e s ts  were c a lc u la te d  from 

th e se .
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env a t t *  cl*® in d ’  1^

F ig u re  4 .9  C o n s tru c tio n  o f  recom binant phage Xcl*®lnd env*
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4 .6  T e s ts  f o r  su lB * on X GE200 and \  f t s

A lthough th e se  phage s t r a in s  were UV in d u c ib le ,  th e  le v e l  o f UV

s e n s i t i v i t y  o f  v a r io u s  lysogens was e s tim a te d  as an in d ic a t io n  o f  the

p resen ce  o f su lB . D ilu te d  o v e rn ig h t c u l tu r e s  were s tre a k e d  on to

n u t r i e n t  a g a r  and p a r ts  o f th e  p la te  exposed to  d i f f e r e n t  UV d o ses . In

th e se  s t r e a k  t e s t s ,  PAM162 ( i o n  s u l ) ly so g e n ise d  by e i t h e r  X  GH200 o r
_2

Xf t s  appeared  more s e n s i t iv e  to  UV f o r  doses betw een 1 and 20Jm"" , than  

th e  non -ly sogen  o r  a  lysogen  o f th e  p a re n t phage X 6 l6 , However, th ese  

t e s t s  gave somewhat v a r ia b le  r e s u l t s  and were n o t co n sid e red  to  be a  

r e l i a b l e  method f o r  th e  unambiguous d e te c t io n  o f  su lB .

D iv is io n  k in e t i c s  a f t e r  UV could  n o t be s tu d ie d  in  th e se  lysogens 

s in c e  c e l l  l y s i s  due to  phage in d u c tio n  was observed  in  le s s  than  60 min 

a f t e r  i r r a d i a t i o n .  In  o rd e r  to  avo id  t h i s  problem , a  U V -non-inducible 

d e r iv a t iv e  o f X  GH200 was c o n s tru c te d  by c ro s s in g  cl*® in d "  in to  i t

( s e e  C hapter 2 s e c t io n  18 ). When th i s  experim en t was perform ed, evidence

had a lre a d y  been o b ta in ed  from o th e r  experim en ts (C hap ter 5) th a t  the  

2.5Kb EcoRI fragm en t co n ta in ed  th e  re g io n  o f  i n t e r e s t ,  hence the  use  of 

X  GH200 and n o t X f t s  f o r  t h i s  c ro ss  ; recom binant phage were formed from 

th e  l e f t  arm ofX GH200 (c a r ry in g  th e  c loned  chromosomal DNA) and th e  

r i g h t  arm o f  A ol*® in d " (shown d iag ram m atica lly  in  f i g . 4 .9 ) .  When th e  

progeny o f t h i s  c ro s s  were screened  a t  40° ,  abou t 1 in  200 p laques 

form ed on C600 had c l e a r  c e n tre s  in d ic a t in g  th e  p resen ce  o f  Xcl*®. These 

phages were c o l le c te d  and p u r i f ie d  by r e p la t in g  to  s in g le  p laques on C600.

L y sa tes  o f  34 recom binan t phages were p rep a red  and a l l  were shown by

tra n s d u c t io n  to  c a r r y  env*. In  o rd e r  to  t e s t  f o r  th e  p resence  (and 

dom inance) o f  su lB * , PAM162 (io n  sulB26) was ly so g en ise d  w ith  th e
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recom binant phage id e n t i f i e d  by fo rm atio n  o f c l e a r  p laques a t  40°. 

U n fo rtu n a te ly  Ion  m utants a re  on ly  p o o rly  ly so g e n ise d  by A (W alker ^  

a l . , 1973) ;  co n sequen tly  ly sogens o f  on ly  9 o f th e  recom binant phages 

w ere o b ta in e d , and th e se  w ith  a  freq u en cy  o f  about 10^ of th a t  in  a  Ion* 

h o s t .  A second p o ss ib le  rea so n  f o r  t h i s  po o r lysogeny  concerns th e  

phage i t s e l f .  The r i g h t  arms o f  th e  two p a re n t phage a re  unequal in  s iz e  

( f i g . 4 . 9 ) ,  since A GH200 has a  6^ n in  d e le t io n ,  and i t s  immunity re g io n
21 \  80(imm ) i s  5^ sm a lle r  th an  th a t  o f imm^ . Lack o f homology between h

V ^  S  *and th e  A GH200 l e f t  arm ,and s e le c t io n  f o r  c l  fo rc e d  the recom bination  

ev en t to  tak e  p lace  in  th e  re g io n  between th e  l e f t  arm and the  c l  

re g io n  of each phage, i . e .  in  th e  a t t  r e g io n . Recombinant phages would 

th e re fo re  be 11^ l a r g e r  th an  th e  p a re n t phage A GH200, p o ss ib ly  le a d in g  

to  d i f f i c u l t i e s  in  phage packag ing . Thus, phages may have been s e le c te d  

w ith  new d e le t io n s  in  th e  re g io n  o f re c a n b in a tio n  to  a llow  packaging , 

and may th e re fo re  have l o s t  in te g r a t io n  f u n c t io n ( s ) .

The PAMI62 lysogens o b ta in ed  were rechecked  f o r  in d u ç tio n  by h e a t 

and n o t UV, and fo r  env*. In  two o f th e s e ,  c e l l  d iv is io n  a f t e r  UV was 

m easured d i r e c t l y .  N e ith e r  lysogen  showed d iv is io n  k in e t ic s  sub

s t a n t i a l l y  d i f f e r e n t  from th o se  o f th e  n o n -ly so g en , su g g es tin g  th a t  sulB* 

was e i t h e r  ab sen t from th e se  phages, in c lu d in g  the  p o s s ib i l i t y  t h a t  i t  

had been l o s t  d u rin g  c o n s tru c tio n  o f th e  in d "  d e r iv a t iv e s ,  o r i t  was 

re c e s s iv e  to  sulS26 on th e  chromosome.

As m entioned above, an a l t e r n a t iv e  approach  was under way a t  the  

tim e o f th e  phage c ro ss  experim en t; th e  2.5Kb EcoRI fragm ent had been 

re c lo n e d  in to  a p lasm id v e c to r  (d e sc r ib e d  in  th e  n e x t c h a p te r)  and had 

a lre a d y  produced evidence th a t  a  gene c a r r ie d  by th e  fragm ent was invo lved
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in  UV-induced d iv is io n  in h ib i t i o n .  T herefo re  i n s p i t e  o f the f a i l u r e  o f 

experim en ts d e sc r ib e d  in  t h i s  c h a p te r  to  re so lv e  the q u estio n  o f  

dom inance, o r  even dem onstra te  c le a r ly  th e  p resence  o f sulB  in  th e  

c loned  DNA, i t  was c o n s id e red  th a t  f u r th e r  experim ents u s in g  the  

recom binant p lasm id  were j u s t i f i e d .

In  a d d i t io n ,  a lth o u g h  most sulB  a l l e l e s  which have been s tu d ie d  by 

o th e r  w orkers were found to  be re c e s s iv e  (Huisman e t  a l . , 1 9 8 0 b ),a t 

l e a s t  one dom inant a l l e l e  has been re p o rte d  ( j .R .  W alker, p e rso n a l 

com m unication), t h o u ^  t h i s  was n o t th e  a l l e l e  used  h e re .  I t  was 

th e re fo re  reaso n ed  t h a t  s in c e  dominance o f sulB26 was a  s ig n i f i c a n t  

p o s s i b i l i t y ,  f u r th e r  s tu d ie s  were j u s t i f i e d .
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Chapter 5

CLONING OF X fts  DNA FRAOÆENTS INTO A PLASMID VECTOR

5.1 In tro d u c tio n

The req u irem en t f o r  sulB * tra n sd u c in g  phages to  be made in d " posed 

c e r t a in  problem s concern ing  the  u se  o f th e se  p h ages. A lthough th e  in d "  

m u ta tio n  was, w ith  some d i f f i c u l t y ,  c ro sse d  in to  XGH200, (C hapter 4 .6 ) ,  

th e  a c tu a l  s i t e  of th e  recom bination  ev en t cou ld  n o t be detei^mined w ith 

o u t e x te n s iv e  mapping experim en ts, and th u s  th e  p re c is e  s t r u c tu r e  o f th e  

c e n t r a l  re g io n  of th e  phage was u n c e r ta in .  I n te r p r e ta t io n  of th e  

r e s t r i c t i o n  p a t te rn s  o f such phages m ight be ambiguous s in ce  th e  

reco m b in a tio n  even t could have g en e ra ted  one o r more new r e s t r i c t i o n  

s i t e s .  S im ila r ly , in  gene ex p re ss io n  experim en ts (C hapter 6) assignm ent 

o f gene p ro d u c ts  to  phage o r c loned  DNA m ight be ex trem ely  d i f f i c u l t :  

n o t on ly  m ight new fu s io n  p o ly p ep tid e s  be formed by th e  recom bination  

e v e n t, b u t a ls o  i t  would be n e a r ly  im p o ssib le  to  c o n s tru c t  the  id e n t ic a l  

p a re n t  phage f o r  com parison. T h e re fo re , a l t h o u ^  th e  in d " phage was 

im p o rtan t f o r  t e s t i n g  the  p resence  of sulB  in  th e  c loned  ftsA  -  envA 

re g io n , i t  was c l e a r ly  e s s e n t ia l  to  develop  c o n c u r re n t ly  an a l t e r n a t iv e  

approach , p a r t i c u l a r ly  f o r  th e  i d e n t i f i c a t i o n  o f  gene p roducts  coded by 

c loned  DNA, and th e  in v e s t ig a t io n  of t h e i r  r o le  ( i f  any) in  th e  UV 

re sp o n se . To th i s  end, EcoRI fragm ents from X f t s  were rec lo n ed  in to  a  

p lasm id  v e c to r  by in  v i t r o  te ch n iq u es , so t h a t  p r e c is e ly  c h a ra c te r is e d  

DNA was a v a i la b le  f o r  f u r th e r  ex p erim en ts .
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5 .2  Choice o f a c lo n in g  v e h ic le

The re c e n t  i s o l a t i o n  o f p lasm ids c o n ta in in g  m u ta tions in  copy 

number c o n tro l o r  r e p l i c a t io n  c o n tro l  genes th e o r e t i c a l ly  p e rm its  sim ple  

experim ents to  be d ev ised  in  which th e  copy number o f (recom binan t) 

p lasm ids can be in c re a s e d , sometimes s e v e ra l  hundred tim es . T his 

a m p lif ic a t io n  ap p ears  to  ta k e  p lace  w ith o u t g ro s s ly  a f f e c t in g  th e  h o s t  

c e l l ' s  physio logy  f o r  a t  l e a s t  1-2 g e n e ra tio n s  under some c o n d it io n s .

Thus th e  R1 d e r iv a t iv e s  i s o la te d  Iqr K. N ordstrom 's group (U hlin  e t  a l . , 

1979) c a r ry  a  tem p era tu re  s e n s i t iv e  m uta tion  (co p ") which le a d s  to  

"runaway" DNA r e p l i c a t io n  a t  nonperm issive  tem p e ra tu re . The copy number 

o f th e se  p lasm ids was re p o r te d  to  in c re a se  from 5 a t  30 to  s e v e ra l  

hundreds a f t e r  2-3  g e n e ra tio n s  a t  40° w h ile  mass in c re a se  was n o t a f f e c te d

In  t h i s  in v e s t ig a t io n ,  th e  a b i l i t y  to  fo llo w  p h y s io lo g ic a l 

p aram eters under d i f f e r e n t  c o n d itio n s  i s  e s s e n t ia l  s in c e  we a re  concerned  

w ith  th e  k in e t ic s  o f d iv is io n  a f t e r  UV. A copy m utant p lasm id  was th e r e 

fo re  an id e a l  ch o ice  o f v e c to r  s in c e  d iv is io n  k in e t ic s  a f t e r  UV co u ld  be 

fo llow ed  a t  d i f f e r e n t  le v e ls  o f plasm id a m p lif ic a t io n  ( i . e .  a t  d i f f e r e n t  

te m p e ra tu re s ) , and th u s  th e  e f f e c t  o f in c re a s in g  th e  le v e l  o f gene 

p ro d u c ts  coded by th e  recom binant plasm id could be in v e s t ig a te d  u n d e r 

c o n tro l le d  c o n d it io n s . M oreover, i t  was a n t ic ip a te d  th a t  t h i s  

a m p lif ic a t io n  m ight f a c i l i t a t e  th e  i d e n t i f i c a t io n  o f the  p ro d u c ts  o f 

c loned  genes.

A p re p a ra t io n  o f pKN410 (U hlin  e t  ^ . , 1979) DNA was k in d ly  p ro v id ed  

by D r. B.G. S p r a t t .  This p lasm id  i s  a  15Kb tem p era tu re  s e n s i t iv e  copy 

m utant o f R1drd-19  c a r ry in g  r e s i s ta n c e  to  a m p ic i l l in  (Ap) m ed ia ted  by 

p -lac tam ase  (b la * ) . The p lasm id  was re p o rte d  to  have s e v e ra l  s p e c i f ic
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r e s t r i c t i o n  s i t e s  in to  which MA fragm ents cou ld  be c loned  ( f l g . 5 . 1 ) ,  

in c lu d in g  an EcoRI s i t e  o u ts id e  th e  b la  gene a llo w in g  Ap r e s is ta n c e  to  

be u sed  in  th e  s e le c t io n  of plasm id t r a n s fo n n a n ts •

5 .3  C o n stru c tio n  and id e n t i f i c a t io n  o f recom binant p lasm ids

To g e n e ra te  fragm ents o f DNA f o r  c lo n in g , X  f t s  DNA was p a r t i a l l y  

d ig e s te d  w ith  EcoRI; s e r i a l  d i lu t io n s  o f th e  enzyme were used and th e  

p ro d u c ts  an a ly sed  by agarose g e l e le c tro p h o r e s is  to  e s ta b l i s h  an optimum 

enzyme c o n c e n tra t io n . A p a r t i a l  d ig e s t  was o b ta in e d , c o n ta in in g  a t  l e a s t  

9 d i f f e r e n t  s iz e d  DNA fragm ents , in c lu d in g  2 .3 ,  2 .5  and 4*8 Kb (2 .3  and

2 .5  s t i l l  jo in e d  -  see f i g . 5*1 ) ,  i d e n t i c a l  w ith  th e  expected  chromosomal 

fragm ents from the  f tsA  -  envA i n s e r t .  The plasm id v e c to r  was opened up 

w ith  EcoRI, and th e  2 d ig e s ts  mixed and l i g a t e d ,  as i l l u s t r a t e d  in  

f i g .5 - 1 .  The m ix tu re  was th en  used to  tra n s fo rm  s t r a i n s  PAM162 (Io n  

s u I B ) and D22 (envA) made com petent by C a ^  t re a tm e n t,  and tra n s fo rm a n ts  

were s e le c te d  by p la t in g  on to  n u t r i e n t  a g a r  c o n ta in in g  50pg/ml Ap. The 

p la te s  were in c u b a ted  a t  30°.

At l e a s t  4 d i f f e r e n t  c la s s e s  o f b la ^  recom binan t plasm ids were 

ex p ec ted , ( i l l u s t r a t e d  in  f i g . 5 .1 )  c o n ta in in g  ( i )  r e c i r c u la r i s e d  v e c to r ,  

( i i )  v e c to r  + 2.5Kb fragm ent, ( i i i )  v e c to r  + 2.3Kb fragm en t, and ( iv )  

v e c to r  + 4 . 8Kb frag m en t. L arger com binations o f p lasm id  and X  DNA were 

a ls o  p o s s ib le .

T ransfo rm an ts were ob ta ined  w ith  f re q u e n c ie s  o f 1 p e r 2x10^ 

su rv iv o rs  (PAMI62) and 1 p e r 3x10^ (D22). These were p u r i f ie d  on f r e s h  

Ap a g a r p la te s  b e fo re  t e s t in g  f u r th e r .  450 PAM162 tra n s fo rm a n ts  were 

th e n  pa tch ed  on to  n u t r i e n t  ag ar in  d u p l ic a te  and one o f each p a i r  o f
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_2 __
p la te s  was i r r a d ia t e d  w ith  20Jm” UV. At t h i s  UV d o se , th e  p la sm id le ss  

h o s t  (io n  s u I B )  was n o t a f f e c te d ,  b u t a  Ion  s u l^  s t r a i n  was k i l l e d ,  th u s  

b a c te r i a  c o n ta in in g  s u l^  p lasm ids were e x p ec te d , assum ing sulB26 to  be 

re c e s s iv e ,  to  be UV s e n s i t iv e .  None o f th e  450 c lo n es  te s te d  showed 

t h i s  h ig h ly  UV s e n s i t iv e  phenotype, b u t 47 which appeared to  be s l i g h t l y  

more s e n s i t iv e  th an  th e  o th e rs  were t e s t e d  f u r t h e r .  D ilu ted  o v e rn ig h t 

c u l tu r e s  were s tre a k e d  a c ro ss  n u t r i e n t  a g a r  p l a t e s ,  UV i r r a d ia te d  in  

s e c t io n s ,  in cu b a ted  a t  30° and th en  examined f o r  grow th. In  a d d i t io n

ex p o n en tia l c u l tu re s  grown in  L u ria  b ro th  to  A^^^=0.1 were i r r a d ia te d
-2(lOJCm ) and examined m ic ro sc o p ic a lly  f o r  f i la m e n ts  a f t e r  s e v e ra l  hours 

o f post-UV in c u b a tio n  a t  30°. These t e s t s  d id  n o t re v e a l any t r u l y  UV 

s e n s i t iv e  tra n s fo rm a n ts  and th e r e f o r e  su g g es ted  th a t  none co n ta in ed  s u l^  

recom binant p la sm id s . The D22 tra n s fo rm a n ts  o b ta in ed  d id , however, 

con firm  th a t  some recom binant p lasm ids had been form ed, s in ce  35 ou t o f 

105 t e s te d  were r e s i s t a n t  to  5pg/ml r if a m p ic in  ( i . e .  were now env^) when 

te s t e d  on n u t r i e n t  a g a r  c o n ta in in g  the  d ru g  (Normark, 1970).

To a s c e r ta in  w hether th e  r e s u l t s  o f th e  UV t e s t s  r e a l ly  r e f l e c te d  the 

s t r u c tu r e  o f th e  p lasm ids p re s e n t ,  SDS c le a re d  ly s a te s  of 31 PAMI62 t r a n s 

fo rm ants were p re p a red , a f t e r  2h. grow th a t  40° to  am plify  the  p la sm id s . 

The ly s a te s  were ana.lysed on ag aro se  g e l s ,  and th e  r e s u l t s  ( f i g . 5*3) 

showed t h a t ,  d e s p i te  th e  la c k  o f g e n e tic  ev id en c e , some of th e  PAMI62 

c lo n es  te s t e d  d id  c o n ta in  p lasm ids o f in c re a se d  s iz e  suggesting  th a t  

chromosomal fragm ents had been c lo n ed . The two p lasm ids in d ic a te d  in  

f ig '5 * 3  a re  d i f f e r e n t  in  s iz e  and b o th  a re  l a r g e r  th an  th e  v e c to r  pKN410. 

P re p a ra tio n s  o f  p u r i f ie d  plasm id DNA were made from th e se  two s t r a i n s ‘and 

r e s t r i c t i o n  w ith  EcoRI showed th a t  each c o n ta in e d  only  one sp ec ie s  o f



F ig u re  5*3 P lasm id sc re e n in g  o f  PAM162 and D22 tra n s fo rm a n ts

SDS ly s a te s  o f  tra n s fo rm a n ts  were p re p a red  ( 2 .1 2 ) ,  loaded  

on to  0.79^ agarose  g e ls  (2*11) and ru n  f o r  2*9h a t  100V. G els were 

s ta in e d  w ith  e th id ium  bromide and photographed  ov er ÜV ( 2 .1 1 ) .  

Examples o f  th e se  sc re e n in g  g e ls  a r e  shown ( a  and b ) .  L y sa tes  marked 

*'D'* were p rep a red  from D22 and show "breakdown'* p lasm ids (se e  s e c t io n  

5 .5 )  • F ig u re s  5 .3 c  and d show l^x a g a ro se  g e l  a n a ly se s  o f  EcoRI 

d ig e s ts  o f  pLG510 and pLG5H DNA r e s p e c t iv e ly ,  p rep a red  a s  in  2 .1 0 .
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p lasm id . The r e s t r i c t i o n  d ig e s ts  a ls o  re v e a le d  th a t  each o f  the

two p la sm id s, term ed pLG510 and pLG511, c o n s is te d  o f 2 EcoRI frag m en ts , 

one o f 15Kb ( i . e .  v e c to r - s iz e d )  and a  sm a lle r  fragm en t o f 2.5Kb (pLG510) 

o r 2.3Kb (p l& 5 1 l) ' The p h y s ica l s t r u c tu r e  o f th e se  new plasm ids th e r e 

fo re  confirm s th a t  th e y  a re  indeed th e  expected  recom binants as 

i l l u s t r a t e d  in  f i g . 5*1. From th e  fragm ent s i z e s ,  pLG510 co n ta in ed  th e  

envA DNA and pLG511 th e  f tsA  DNA from the  tra n s d u c in g  phage A f t s . When 

pLG510 was u sed  to  tra n sfo rm  D22 (envA) , r i f  r e s i s t a n c e  ( i . e .  env^) was 

found to  be c o -tran sfo rm ed  w ith  Ap r e s i s ta n c e ,  bu t o n ly  in  l8% o f th e  

tra n s fo rm a n ts , which were o b ta in ed  a t  an u n u su a lly  low freq u en cy  (20^ 

o f  n o rm a l). The re a so n s  f o r  t h i s  a re  d iscu ssed  l a t e r  (5*5)«

D esp ite  th e  co n tin u ed  la c k  of g e n e tic  ev idence  f o r  the  p resen ce  o f 

su lB , th e  new p lasm id s  appeared to  co n ta in  th e  re q u ire d  DNA fragm ents 

c o v e rin g  the  supposed sulB  re g io n , and th e se  were f u r t h e r  in v e s t ig a te d .  

We had hoped to  o b ta in  a  recom binant plasm id c o n ta in in g  th e  two cloned  

fragm ents  s t i l l  jo in e d , b u t l a t e r  r e s u l t s  reduced  th e  need to  t e s t  such 

a p lasm id .

5 .4  The e f f e c t  o f  pIG'510 on d iv is io n  a f t e r  UV

The k in e t i c s  o f  d iv is io n  a f t e r  UV were de term ined  f o r  PAMI62 

c o n ta in in g  pKN410, pLG510 o r pLG511* (The re a d e r  i s  r e f e r r e d  to  f o ld -  

o u t A ppendices I  and I I  f o r  con tinuous re fe re n c e  to  ( l )  a  summary o f 

d iv is io n  k in e t i c s  experim ents and ( l l )  p lasm id s t r u c tu r e ) .  As shown in  

f i g . 5 • 4a j when th e  s t r a in s  were grow ing a t  30°, a  c l e a r  d if f e r e n c e  was 

seen  between PAM162 b e a r in g  pLG510 and a l l  o th e r  s t r a in s  a f t e r  UV. The



F ig u re  5 .4  K in e tic s  o f  d iv is io n  a f t e r  UV in  PAM162 ceurrying pKN platsmids 

C u ltu re s  o f  PAMI62 con tadn ing  pKN4lO, pLG510 o r  pLG511 

were grown in  minimal medium c o n ta in in g  0.259^w/v C asam inoacids a t

30° o r  35° a s  in d ic a te d .  I r r a d i a t io n  (10 J.m**^) and c e l l  number

d e te rm in a tio n  were c a r r ie d  ou t a s  in  2 ,3  and 2 .4 .
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p re se n c e  o f pLG510 c o n s id e ra b ly  reduced  th e  amount o f in h ib i t io n  o f 

d iv i s io n  a f t e r  UV, whereas n e i th e r  pKN410 n o r pLG511 a f fe c te d  the 

d iv i s io n  re sp o n se , showing th a t  th e  in c re a se d  r e s is ta n c e  to  UV was a  

s p e c i f i c  e f f e c t  o f th e  2.5Kb c loned  fragm ent in  pLG510. At 30°, th e  

copy number o f th e se  plasm ids shou ld  be abou t 5 (U hlin  e t  a l . ,  1979)- 

At 35 and 38°, when th e  p lasm id  copy number should  be c o n sid e rab ly  

in c re a s e d  (see  5*5 below ), th e  e f f e c t  o f pLG510 was more s t r ik in g  

( f ig .5 « 4 b ) ;  th e  b lock  to  d iv is io n  was in c re a s in g ly  reduced so th a t  a t  

38° ,  d iv is io n  co n tin u ed  alm ost n o rm ally  a f t e r  UV. Under th e  same 

c o n d itio n s  pLG511 had no e f f e c t .  These d a ta  su g g es t th a t  th e  2.5Kb 

i n s e r t  codes f o r  a  gene which in  h ig h  m u l t i p l i c i t y  in te r f e r e s  w ith  th e  

e x p re ss io n  o f th e  SOS-induced d iv is io n  b lo c k , c o n s is te n t  w ith  the  

p roposed  fu n c tio n  o f sulB  as th e  t a r g e t  o f the  recA* c o n tro lle d  d iv is io n  

i n h i b i t o r .  M u ltico p ies  o f su lB , th e n , (o r  some o th e r  cloned gen e), 

appeared  to  t i t r a t e  ou t the  recA* dependent i n h ib i to r  (o r perhaps recA* 

i t s e l f ) ,  le a v in g  u n a ffe c te d  sulB  ( e i t h e r  genes o r  p ro d u c ts )  a llo w in g  

d iv i s io n  to  co n tin u e  d e s p ite  th e  SOS-inducing DNA damage. The im p lic a tio n  

o f  t h i s  type o f mechanism, where an excess o f  su lB  supp resses d iv is io n  

in h ib i t i o n ,  i s  t h a t  th e  recA* -  dependent i n h ib i to r  sw itches o f f  th e  

t r a n s c r ip t i o n  o f a  f a c to r  re q u ire d  f o r  d iv is io n  ( i . e .  sulB ) a f t e r  UV.

An in c re a s e  in  th e  copy number o f  a  gene cod ing  a  f a c to r  which n e g a tiv e ly  

c o n tr o ls  d iv is io n  would n o t be p re d ic te d  to  a l t e r  d iv is io n  k in e t ic s  a f t e r  

UV ip  th e  manner observed . On th e  c o n tra ry , t h i s  should  le ad  to  a  more 

r a p id  o n se t o f  d iv is io n  in h ib i t io n  and more p e r s i s t e n t  f i la m e n ta tio n .

In  summary, a lth o u g h  sulB  has n o t been g e n e t i c a l ly  id e n t i f i e d ,  th e  

r e s u l t s  n e v e r th e le s s  dem onstrated  th e  p resence  o f a  gene on the 2.5Kb
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F ig u re  3*3 P ro d u ctio n  o f  -la c tam ase  by pKN p la sm id s

(D ata o f Q .S, P lastow )

E x t r a c e l lu la r  y ?  - la c tam ase  was a ssay ed  in  whole n u tr ie n t  

b ro th  c u l tu r e s  o f  s t r a i n  C600 c a r ry in g  pKN4lO o r  pR101 ( tonB)and 

PAMI62 pIXj$10 a f t e r  s h i f t i n g  from 30° to  4 2 ° . "Amount" o f 

^ - l a c t a m a s e  i s  exp ressed  em u n i t s  /  u n i t s  c u l tu r e .



99

fragm en t, which i s  in v o lved  in  th e  W  response  and i s  a p p a re n tly  th e  

t a r g e t  f o r  th e  recA *-dependent in h ib i to r ,  i n v i t in g  experim ents to  

in v e s t ig a te  th e  in te r a c t io n  between th i s  gene and th e  recA* to  be c a r r i e d  

o u t.

5 .5  A m p lif ica tio n  and s t a b i l i t y  o f pKtT410 d e r iv a t iv e s

The su c c e s s fu l p re p a ra t io n  o f SDS ly s a te s  d e sc r ib e d  above (5«3)f 

c o n ta in in g  la rg e  amounts o f p lasm id  DNA ( r e la t iv e  to  chromosomal DNA) 

in d ic a te d  th a t  th e  p lasm ids were co n sid e ra b ly  a m p lif ie d  by 2h'. 

in c u b a tio n  o f th e  h o s t  s t r a i n  a t  40° .

When tra n s fo rm a n ts  c o n ta in in g  pLG510 and 511 were f i r s t  i s o l a t e d ,  

i t  was n o tic e d  th a t  p a tch  grow th on ag a r a t  40° was n e a r ly  norm al 

compared w ith  grow th o f h o s t  s t r a in s  c a r ry in g  pKN410, su g g es tin g  t h a t  

th e se  recom binant p lasm ids d id  n o t am plify  much a t  40°. To in v e s t ig a te  

a m p lif ic a t io n ,  G. P lastow  working in  th i s  la b o ra to ry  made d i r e c t  

measurements o f  :p-l a c t  amas e p ro d u c tio n  by plasm id b e a r in g  s t r a i n s  a f t e r  

tem p era tu re  s h i f t .  P ig .5*5 shows th a t  in  a  c u l tu re  o f E .c o l i  C600 

c o n ta in in g  pKN410, le v e l s  of e x t r a c e l lu la r  p -1 a c tamase in c re a se d  1 0 -fo ld  

d u rin g  th e  f i r s t  2h., a f t e r  s h i f t  from 30° to  40°. Thèse d a ta  a re  

q u a n t i ta t iv e ly  s im i la r  to  th o se  d e sc rib e d  by U hlin  e t  a l .  ( l9 7 9 ) f o r  th e  

o r ig in a l  i s o l a t e  o f pKN410. Our experim ent showed th a t  in  a  recom binan t 

pKN410 plasm id c a r ry in g  th e  E .c o l i  tonB re g io n , f - la c ta m a se  p ro d u c tio n  

a ls o  in c re ase d  1 0 -fo ld  a f t e r  s h i f t  to  40°, b u t PAMI62 pLG510 showed a  

s m a lle r  and somewhat v a r ia b le  in c re a se  in  ^ -lac tam ase  p ro d u c tio n , on 

average only  2 -4 - fo ld  a f t e r  2h. a t  40°. Thus i t  appears th a t  pKN410 

recom binant p lasm ids d id  n o t in v a r ia b ly  am plify  to  s e v e ra l  hundred c o p ie s  

b u t reached about 20 co p ies  even when a m p lif ic a tio n  was poor.
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Table 5.1

S t a b i l i t y  o f pLG510 in  v a r io u s  s t r a i n s

S t r a in  R elevan t Purpose o f tra n s fo rm a tio n  S t a b i l i t y  of p lasm id

Genotype w ith  pLG510 p h y s ic a l s t r u c tu r e

PAMI 62 Ion  sulB  I s o la t io n  o f  pLG510 s ta b le

GC895 t i f  s f iB

JM12 t i f

AB1157 t l f +  s f i+

In v e s t ig a t io n  o f  UV- plasm id breakdown

► and t i f - in d u c e d  n  '

d iv is io n  k in e t ic s  »f

D22 envA + .T est f o r  env in  pLG510

C600 W.T. C on tro l s t r a i n

KN126 Ion U V -div ision  k in e t ic s

KN126 W.T. C on tro l s t r a i n

BS410 minA minB I d e n t i f i c a t io n  o f gene

p ro d u c ts  in  m in ic e l ls

The s e le c t io n  f o r  tra n s fo rm a n ts  was Ap r e s i s t a n c e
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D uring th i s  work th e re  were s e v e ra l  in d ic a t io n s  th a t  th e  pKN4lO 

d e r iv a t iv e s  were n o t s ta b ly  m ain ta in ed  in  th e  h o s t s t r a in s  over many 

g e n e ra tio n s  o f g row th . I t  was found n e c e s sa ry  to  m a in ta in  Ap s e le c t io n

a t  a l l  tim es to  avo id  lo s s  o f  p lasm ids from up to  50% o f the  c e l l

p o p u la tio n  which took  p lace  in  2 -3  g e n e ra tio n s  o f growth in  th e  absence

o f  Ap (m easured by p la t in g  f o r  v ia b le  c o lo n ie s  on a g a r w ith  o r  w ith o u t

th e  d ru g ) . P a r t i c u l a r  c a re  was n e c e ssa ry  when o v e rn ig h t c u l tu r e s  were 

d i lu te d ,  s in c e  a  re d u c tio n  in  th e  Ap c o n c e n tra tio n  d u rin g  o v e rn ig h t 

grow th o f b la ^  b a c te r ia  r e s u l te d  in  a  s ig n i f i c a n t  amount o f p lasm id  lo s s ,  

and th u s  a  reduced  v i a b i l i t y  o f  th e  c u l tu re  when d i lu te d  in to  f r e s h  Ap 

medium.

The lo s s  o f  s t r u c tu r a l  i n t e g r i t y  o f in d iv id u a l  recom binant pKN410 

p lasm ids (n o t seen  w ith  th e  v e c to r  p lasm id ) was a  more se r io u s  problem  

in  many backgrounds. This second type  o f i n s t a b i l i t y  r e s u l te d  in  a c tu a l  

breakdown o f  p lasm ids in  v iv o , so t h a t  a f t e r  tra n s fo rm a tio n  w ith  pLG510, 

s e v e ra l  s t r a i n s  were found to  c o n ta in  on ly  s m a lle r  plasm ids which had l o s t  

th e  cloned i n s e r t  and some n o n -e s s e n t ia l  p lasm id  DNA.

pLG510 was on ly  a b le  to  m a in ta in  i t s  s t r u c t u r a l  i n t e g r i t y  in  th e  

h o s t  s t r a i n  PAMI62. In  8 o th e r  h o s t  s t r a in s  ( ta b le  5*1)» only  s m a lle r  

p lasm ids were found in  SDS ly s a te s  a f t e r  tra n s fo rm a tio n ; th e se  p lasm ids 

were b la ^  and assumed to  be "breakdown p ro d u c ts"  o f pLG510. The g e n e tic  

backgrounds o f th e  h o s t s t r a in s  were v a r ie d ,  b u t no common g e n e tic  f e a tu r e  

cou ld  e a s i ly  accoun t f o r  th e  p lasm id  breakdown.

I n te r e s t in g ly ,  most i s o l a t e s  co n ta in ed  a  s im i la r  s iz e d  s m a lle r  

p lasm id  which appeared  to  be a  " p re fe r re d "  p ro d u c t. In  f u r th e r  s tu d ie s ,  

t h i s  p lasm id , term ed pV3, was no lo n g e r  c u t by EcoRT. I t  was s ta b ly
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m ain ta in ed  by Ap s e le c t io n  and showed no lo s s  o f  s t r u c t u r a l  i n t e g r i t y  in  

h o s ts  C600 and D22 (envA) in  which the  p a re n t p lasm id  had broken down. 

When tran sfo rm ed  in to  D22, no com plem entation o f  envA was observed , and 

in  th e  h o s t  PAMI62, no e f f e c t  was d e te c te d  on th e  k in e t i c s  o f d iv is io n  

a f t e r  UV. These r e s u l t s  suggested  th a t  th e  o r ig in a l  2.5Kb in s e r t  was no t 

p re s e n t  in  th e  new p lasm id , and t h i s  was confirm ed by a  l a t e r  experim ent 

d is c u s se d  in  c h a p te r  6 .

T his u n p re d ic ta b le  p ro p e rty  of pLG510 i s  d i f f i c u l t  to  ex p la in  s in ce  

pKN410 d id  n o t breakdown in  C600. A lthough copy m utant p lasm ids a re  

known f r e q u e n t ly  to  g e n e ra te  "m ini" plasm ids (in d eed  t h i s  f a c t  has been 

u t i l i s e d  in  i s o l a t i o n  o f copy m u ta n ts ) , i t  i s  u n c le a r  why the  e f f e c t  

sho u ld  be dependent on th e  g e n e tic  background o f th e  h o s t s t r a i n .  I t  

sh o u ld  be remembered, however, th a t  th e  h o s t s t r a in s  were a l l  re c ^  so 

t h a t  i f  homologous recom bination  p layed  any p a r t  in  th e  breakdown p ro cess , 

th e  in a d v e r ta n t  s e le c t io n  o f new, more s ta b le  form s o f plasm id could  

n o t be av o id ed .

A f u r t h e r  p o s s i b i l i t y  was th a t  m u ltic o p ie s  of a  gene co n ta in ed  in  

th e  2.5Kb c lo n ed  DNA fragm ent cou ld  n o t be to l e r a te d  in  c e r ta in  h o s t 

s t r a i n s .  However, s t ro n g  ev idence th a t  th i s  was n o t th e  case  came a t  

th e  end o f  t h i s  s tu d y  when th e  2.5Kb fragm ent was re c lo n e d  in to  th e  

p lasm id  v e c to r  pSGIOI. A f te r  l i g a t i o n  o f th e  i n s e r t  and E coR I-d igested  

pSCIOI DNA, th e  m ix tu re  was used to  tran sfo rm  s t r a in s  D22 (envA) 

and C600. S e le c t io n  o f D22 tra n sfo rm a n ts  on agan  c o n ta in in g  bo th  

t e t r a c y c l in e  ( s e l e c t in g  pSCIOl) and r i f  ( s e le c t in g  env^) y ie ld e d  b a c te r ia  

h a rb o u rin g  a  new recom binan t p lasm id  pLG512 c o n ta in in g  th e  2.5Kb (env^) 

fragm ent from  pLG510 in s e r te d  in to  th e  EcoRI s i t e  o f pSCIOI (see
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F ig u re  3*S K in e tic s  o f  d iv is io n  a f t e r  UV in  PAM162 pLG312 

C u ltu re s  o f  PAM162 pLG512 and PAM162 pSC101 were 

grown in  minimal medium a t  37^* i r r a d i a t e d  (10 J.m ”^ ;  2 .3 )

and sampled f o r  C o u lte r  co u n tin g  ( 2 .4 ) .
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Appendix I I ) .  T his was confirm ed hy a  r e s t r i c t i o n  d ig e s t  of r e i s o l a t e d  

plasm id  DNA. The new reccm binan t p lasm id  was q u ite  s ta b le  in  D22,

PAMI62 , and C600, and s in c e  th e  copy number o f pSCIOI has been e s tim a te d  

to  be >  4 in  e x p o n en tia l grow th (Hashimoto-Gotoh and S ek ig u ch i, 1977), i t  

seems th a t  a t  l e a s t  t h i s  number o f  th e  c loned  genes i s  th e re fo re  w e ll 

to le r a te d  in  t h i s  v e c to r ,  w hereas pLG510 i s  very  u n s ta b le  in  th e se  

s t r a i n s .

The k in e t ic s  o f d iv is io n  a f t e r  UV were determ ined  f o r  PAM162 pLG512 

a t  37° (fig .5«(6) and were s im i la r  to  th o se  o f PAM162 pLG510 a t  35°, 

c o n s is te n t  w ith  th e  p resence  o f  a  gene ab le  to  t i t r a t e  out th e  SOS 

d iv is io n  in h ib i to r  as su g g ested  f o r  pLG510. P lasm ids d e riv ed  from 

pSCIOI a re  n o t a m p lif ia b le  and so  t h i s  experim ent was perform ed a t  37° 

o n ly . A lthough ev idence  had now been o b ta in ed  th a t  th e  2.5Kb fragm ent 

indeed  co n ta in ed  a  gene in v o lv ed  in  SOS d iv is io n  in h ib i t io n ,  th e  

o p p o r tu n i t ie s  to  in v e s t ig a te  th e  in te r a c t io n  o f t h i s  gene w ith  o th e r  

genes invo lved  in  SOS fu n c tio n s  were s e v e re ly  im paired  by the p la sm id 's  

i n s t a b i l i t y  in  most s t r a i n s .  I t  had been hoped th a t  a  s tudy  o f  t i f  and 

Ion  s t r a in s  in  p a r t i c u l a r ,  when transfo rm ed  by pLG510, would r e v e a l  

in fo rm a tiv e  p a t te rn s  o f d iv is io n  a f t e r  SOS in d u c tio n . The a l t e r n a t iv e  

approach to  th e  s tu d y  of th e se  m o lecu la r in te r a c t io n s ,  in v o lv in g  in  

v i t r o  te ch n iq u es , re q u ire d  f i r s t  th e  id e n t i f i c a t i o n  o f  gene p ro d u c t( s )  

coded by th e  2,5Kb frag m en t. The n e x t c h a p te r  d e a ls  w ith  th e  

d em o n stra tio n  o f one such p o ly p e p tid e  and a ttem p ts  to  e s ta b l i s h  i t s  

g e n e tic  i d e n t i t y .
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Chapter 6

EXPRESSION AND IDENTIFICATION OF CLONED GETTES

6.1 In tro d u c tio n

This c h a p te r  d e sc r ib e s  experim ents in  which p o ly p ep tid e  s y n th e s is

programmed by th e  2,5Kb fragm ent was a n a ly se d . S e v e ra l methods were

u sed , each hav in g  c e r t a in  l im i t a t i o n s ,  b u t y ie ld in g  complementary r e s u l t s .

Thus, w hile  genes c lo n ed  w ith  incom plete c o n tro l  re g io n s  may n o t be

tra n s c r ib e d  in  most system s, i f  such genes a re  c lo n ed , f o r  exam ple, in  the

correct orientation downstream of of phage A , polypeptides may be
produced u n der th e  c o n tro l  o f t h i s  prom oter r e g a rd le s s  o f th e  p rom oter

d e fe c t  in  th e  c lo n ed  gene. In  the o p p o site  o r ie n ta t io n ,  however, even

w ith  an i n t a c t  c o n tro l  re g io n , sy n th e s is  may be b la n k e ted  by s t ro n g

prom oter a c t i v i t y  from P a c t in g  a g a in s t  the  d i r e c t io n  of t r a n s c r ip t io nL
o f  th e  c loned  gene.

In  bo th  th e  phage c lo n es  X GH200 and A f t s , th e  o r ie n ta t io n  o f th e  

i n s e r t s  was unknown, w ith  r e s p e c t  b o th  to  gene o rd e r  and d i r e c t io n  of 

t r a n s c r ip t io n ,  and i t  was n o t th e re fo re  p o s s ib le  to  p re d ic t  w hether th e  

e x p re ss io n  o f  th e  c lo n ed  genes would be a f f e c te d  by t r a n s c r ip t io n  from  

P^. F u r th e r , d ig e s t io n  o f phage DNAs w ith  Hind I I I  ( r e s u l t s  n o t shown) 

in d ic a te d  th a t  d u rin g  th e  c o n s tru c tio n  o f XgH200, an e x tra  p ie ce  o f  DNA, 

id e n t i f i e d  by the  p resen ce  o f an a d d i t io n a l  H in d l l l  s i t e ,  had been 

re c lo n ed  w ith  th e  2,5Kb EcoRT fragm ent from A 16 . 2A E (see  C hapter 5)*

The o r ig in ,  s iz e  and p o s i t io n  o f t h i s  fragm ent were unknown, which m ight 

f u r t h e r  co m p lica te  in te r p r e ta t io n  o f gene e x p re ss io n  d a ta .  Phage c lo n es
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F igure  6,1 R ad ioac tive  la b e l l in g  o f p ro te in s  sy n th e s ise d  in  

PAM162 c a rry in g  pLG3 lO o r pLG311

P ro te in s  sy n th es ised  in  ex p o n en tia l c u l tu re s  o f  th e  two 

s t r a in s  growing in  minimal medium a t  30°  were p u ls e - la b e l le d  w ith  

[^^sj-m eth io n in e  ( 2 ,6 ) .  At A ^^= 0 ,2 , th e  c u ltu re s  were s h i f te d  to  

4o°, and 20min l a t e r ,  a p o rtio n  o f each weis i r r a d ia te d  (10 J.m  

2 , 3 ) ,  Samples from both  i r r a d ia te d  and u n ir ra d ia te d  c u ltu re s  were 

then  p u ls e - la b e l le d  w ith  [  -m ethionine as  b e fo re , 30 and 60min 

a f t e r  UV. Whole ly s a te s  and envelopes were p repared  from th e  la b e l le d  

samples and analy sed  by SDS-PAGE follow ed by flu o ro g rap h y . For 

te c h n ic a l re a so n s , on ly  the  whole c e l l  ly s a te s  a re  shown.
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co u ld  n o t th e re fo re  be r e l i e d  upon sis th e  s o le  system  f o r  i d e n t i f i c a t io n  

o f  th e  sulB  and envA p ro d u c ts . F or th e s e  re a so n s  th e  plasm id clone 

pLG510 was a lso  used to  programme p o ly p e p tid e  s y n th e s is  in  v iv o .

W hile th e se  experim ents were in  p ro g re s s , an in  v i t r o  p ro te in  

s y n th e s is in g  system  became a v a i la b le  in  t h i s  la b o ra to ry  developed by 

D r. J.M . P r a t t  (. . P r a t t  ^  ^ . , 1981) .  T his system  was to  y ie ld  th e

m ost unambiguous d a ta  on ex p re ss io n  o f  p o ly p e p tid e (s )  coded by th e  2,5Kb 

frag m en t, and f u r th e r ,  was to  o f f e r  a  system  in  which the  m olecu lar 

in te r a c t io n s  which were d isc u sse d  in  C hapter 5 cou ld  b e s t  be s tu d ie d .

The gene e x p re ss io n  experim ents a re  d e sc r ib e d  below ; p re lim in a ry  

exp erim en ts  e x p lo rin g  th e  a b i l i t y  to  d e te c t  in te r a c t io n s  in  v i t r o  between 

c lo n ed  genes and recA a re  d e sc r ib e d  in  C hap ter 7»

6 .2  R ad io ac tiv e  l a b e l l in g  o f p lasm id-coded  p ro te in s  in  v iv o

PAMI62 ( io n  s u I B ) c o n ta in in g  pLG510 o r  pLG511 was p u ls e - la b e lle d  

w ith  -m eth io n in e  d u rin g  grow th a t  30°, th en  a t  38° , when th e  plasm id

copy number in c re a se d  s e v e ra l fo ld  (see  5•5)* Under th e se  c o n d itio n s , 

p lasm id  coded p ro te in s  should be a m p lif ie d  (U hlin  ^  a l . ,  1979)» and thus 

may th e o r e t i c a l l y  be d e te c te d  by SDS-PAGE even in  whole c e l l  ly s a te s .  In

o rd e r  to  t e s t  th e  e f f e c t  o f UV on t r a n s c r ip t io n  o f p lasm id  coded gene
—2p ro d u c ts , p a r t  o f th e  c u l tu re  was i r r a d i a t e d  (lOJ.m ” ) s h o r t ly  a f t e r  th e  

tem p e ra tu re  s h i f t  ( f o r  o th e r  d e t a i l s  see  legend  to  f ig u r e  6.1 ) .  Whole 

ly s a t e s  and envelopes were p rep ared  from th e  la b e l le d  samples and 

an a ly sed  by SDS-PAGE. The r e s u l t s ,  shown in  f ig u r e  6 .1 , dem onstrated  

t h a t  in  whole ly s a t e s ,  a lthough  recA p ro te in  (MW 40»000) was sy n th es ised
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in  la rg e  q u a n t i t ie s  30 min a f t e r  UV, th e  tem p era tu re  s h i f t  a lone  d id  n o t 

produce any d e te c ta b le  p ro te in s  coded by th e  a m p lif ie d  p lasm id . In d u c tio n  

o f recA was n o t a f f e c te d  by th e  in c re a s e  in  tem p e ra tu re .

In  the  envelope p re p a ra t io n s ,  two p o s s ib le  new p ro te in s  were seen 

( in  sm all am ounts) a f t e r  th e  s h i f t  to  38°. These had a MW o f 30-33 and 

45-47K and were found in  th e  p resen ce  o f b o th  pLG410 and pLG511 and were 

th e re fo re  p ro b ab ly  coded by th e  v e c to r  DNA r a th e r  th an  the  c loned  i n s e r t s .  

I t  was i n t e r e s t i n g  to  n o te  t h a t  n e i th e r  o f th e se  p ro te in s  were d e te c ta b le  

in  envelopes p rep a red  from i r r a d i a t e d  c e l l s ,  in d ic a t in g  th a t  perhaps UV 

had a g e n e ra lis e d  in h ib i to r y  e f f e c t  on t r a n s c r ip t io n  o f plasm id-coded 

gen es . D ire c t UV damage to  the  t r a n s c r ip t io n  tem p la te  would n o t be 

expected  to  i n t e r f e r e  w ith  gene ex p re ss io n  s in c e  most plasm ids would n o t 

s u s ta in  le s io n s  a t  th e  dose u se d . Perhaps a  g e n e ra lis e d  e f f e c t  on 

t r a n s c r ip t io n ,  m ed ia ted  by th e  "SOS" system , was re s p o n s ib le ;  th e  

im p lic a tio n  b e in g  th a t  even i f  th e  sulB  p ro d u c t were id e n t i f i e d  by t h i s  

method, i t  m ight n o t be p o s s ib le  to  dem onstra te  a  s p e c i f ic  "SOS" e f f e c t  

on sulB  t r a n s c r ip t io n  i f  a l l  p lasm id  t r a n s c r ip t io n  (o r  t r a n s la t io n )  i s  

dep ressed  a f t e r  UV.

R ecen tly  Lutkenhaus and Donachie ( l9 7 9 ) id e n t i f i e d  th e  ftsA  gene 

p ro d u c t,a  5OK p r o te in ,  and showed th a t  i t  i s  coded by the 2.3Kb EcoRT 

fragm ent a d ja c e n t to  t h a t  co d in g  envA on th e  chromosome (Lutkenhaus e t  , 

1980) .  This fragm ent forms th e  c lo n e  pLG511. The au to rad io g rap h s  in  

f i g .  6 .1b were in sp e c te d  f o r  t h i s  p ro te in  b u t i t  was n o t d e te c te d .

As d isc u sse d  in  C hap ter 5» pLG510 p robab ly  a m p lif ie s  po o rly  and t h i s  

a lm ost c e r ta in ly  was one re a so n  vdiy no p lasm id-coded  p ro te in s  were 

c le a r ly  i d e n t i f i e d  in  th e  p rev io u s  experim en t. In  o rd e r  to  s tu d y
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F igure  6 .2  P ro te in s  coded by ^GH200 and Xfts

P ro te in s  sy n th es ised  from th e  tra n sd u c in g  phages were 

la b e l le d  w ith  -m eth ionine a f t e r  in fe c tio n  o f  i r r a d ia te d  s t r a in

159 (see  2 .1 ? ) .  Whole ly s a te s  were p repared  (2 .7 )  and analysed  by 

SDS-PAGE (2 .8 ) follow ed by au to rad iog raphy  (sam ples I ) .  A second 

s e r ie s  o f  samples ( I I )  were s im i la r ly  la b e l le d  and p repared  u sing  

a  c u ltu re  o f  159 which had re c e iv e d  a low dose (10 J.m  ^) o f UV 

30min p r io r  to  th e  high dose; t h i s  experim ent i s  d e sc rib ed  in  

C hapter ? .  (The sample marked "Z" i s  an in  v i t r o  t r a n s la t io n  o f 

The 2.5Kb fragment (see  s e c t io n  6 .4 ) ) .
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s y n th e s is  of plasm id p roducts in  the absence o f h o s t  p ro te in  s y n th e s is ,  

pLG510 was used  to  transfo rm  the  m in ic e ll-p ro d u c in g  s t r a i n  DS410, s in ce  

in  t h i s  s t r a i n  p lasm ids seg reg a te  in to  th e  m in ic e l ls  w ithou t s e g re g a tio n  

o f chromosomal DNA. A fte r  s e p a ra tio n  from th e  norm al c e l l s ,  p ro te in  

s y n th e s is  c o n tin u in g  in  m in ic e lls  from p lasm id  te m p la te s  can be ra d io -  

a c t iv e ly  la b e l le d  f o r  a n a ly s is  ( ^ a z e r  and C u r t i s s ,  1975)* U n fo rtu n a te ly  

pLG510 was u n s ta b le  in  th is  s t r a i n ,  and th e  b la *  tra n s fo rm a n ts  o b ta in ed  

were shown to  c o n ta in  sm a lle r  p lasm id s, some re sem b lin g  pV3 (see  C hapter 

5) when ly s a te s  were analysed  on agarose  g e l s ,  and th e re fo re  t h i s  method 

cou ld  n o t be used to  d e te c t  plasm id-coded p o ly p e p tid e s ,

6 .3  R ad io ac tiv e  la b e l l in g  o f phage coded p ro te in s  in  U V -irrad ia ted  c e l l s  

A f te r  heavy i r r a d ia t io n  o f  c e l l s  by UV, b a c t e r i a l  chromosomes cannot 

s e rv e  as e f f i c i e n t  tem pla tes f o r  t r a n s c r ip t io n .  Such c e l l s ,  when in fe c te d  

w ith  u n ir r a d ia te d  phage, a re  s t i l l  ab le  to  s y n th e s is e  p o ly p ep tid e s  coded 

by th e  phage DNA (P tashne, 1967) .

6 .3 a  P ro te in s  coded b y  X f t s  and A GH200. S uspensions o f th e  phagesX f t s ,  

X GH200 and A 616 (p a re n t phage) were used to  in f e c t  UV i r r a d ia te d  s t r a i n  

159 (ga l uvrA , n o n -ly so g en ic ) and p o ly p ep tid e s  were la b e l le d  w ith  -

m eth ion ine (see  C hapter 2 ) .  ly s a te s  were p rep a red  and analysed  by SDS- 

PAGE; an a u to rad io g rap h  from such an experim ent i s  shovm. in  f i g .  6 .2 . 

Compared w ith  th e  p a ren t phage X616 , X f ts  and X GE200 programmed the  

s y n th e s is  o f  s e v e ra l  p o ly p e p tid e s . Some o f th e s e ,  p o ly p ep tid e s  o f  M.W.

6 0 , 32-33» 21 and I8 . 5K, were common to  b o th  phages. In  a d d it io n , XgH200 

coded a  un ique  7OK p ro te in  and X f t s ,un ique  62K, 46- 48K and 41-43K 

p r o te in s .  O ther sm a lle r  p o ly p ep tid es  were n o tic e d  b u t c a u tio n  should  be
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u sed  in  th e  i n t e r p r e ta t io n  o f th e  low M.W. re g io n  o f th e  g e ls ,  as p a r t i a l  

( in co m p le te ) p ro d u c ts  may be p re s e n t .

Comparison w ith  th e  d a ta  o f Lutkenhaus and Donachie (1979) and 

Lutkenhaus e t  ( 198O) su g g es ted  th a t  th e  46-48% and 41-43K p o ly p e p tid e s  

o f X f t s  seen  in  t h i s  exp erim en t, co rrespond  w ith  t h e i r  5OK and 45K 

p ro te in s  i d e n t i f i e d  as f tsA  and f ts Z  r e s p e c t iv e ly .  Of the  p ro te in s  

common to  X f t s  and XCE200 , t h a t  o f  M.W. 33K probab ly  co rresponds w ith  

th e  31K p o ly p ep tid e  v e ry  r e c e n t ly  i d e n t i f i e d  by Lutkenhaus and Wu ( 1980) 

as envA. The l a r g e r  p ro te in s  ( 60 , 62 and 70K) may be hy b rid  ( fu s io n )  

p ro te in s  formed by t r a n s c r ip t io n  a c ro ss  th e  ju n c tio n  between c loned  and 

v e c to r  DNA. These d e t a i l s  a re  summarised in  f i g .  6 .2 b .

6 .3 b  I n te r p r e ta t io n  o f phage g en e-ex p ress  io n  d a ta . While i t  was 

encou rag ing  to  f in d  th a t  some o f  the  gene p ro d u c ts  produced in  t h i s  

experim ent were com parable w ith  th o se  found by o th e r  w orkers, i t  was n o t 

p o s s ib le  to  a s s ig n  unam biguously a  p ro te in  p roduct to  the  sulB  gene, and 

indeed  th i s  was n o t ex p ec ted . At th e  tim e th e se  r e s u l t s  were o b ta in e d , 

in  th e  absence o f p u b lish ed  d a ta  su g g e s tin g  th e  31K p ro te in  o f Lutkenhaus 

was in  f a c t  envA, i t  was assumed th a t  e i t h e r  the  33K o r th e  2 IK p o ly 

p e p tid e  cou ld  be su lB .

In  o rd e r  to  m inim ise th e  s y n th e s is  o f p ro te in s  under the  c o n tro l  o f

A 21imm and h e a v ily

i r r a d i a t e d ;  under th e se  c o n d itio n s  c loned  genes w ith  t h e i r  own prom oters 

sh o u ld  th en  produce th e  m a jo r ity  o f th e  newly sy n th e s ise d  p ro d u c ts . 

U n fo rtu n a te ly  th is  m o d if ic a tio n  d id  n o t c l a r i f y  th e  e a r l i e r  r e s u l t s  due 

to  ve ry  low le v e ls  o f  in c o rp o ra tio n  o f  [  -m eth ion ine  in to  th e  in fe c te d  

c e l l s .  The reaso n  f o r  th i s  was unknown.



M.W.

90
68

46

30 33K

tS3 (0 | O  v£) I . -P
■PI O  r -  Tl G
:3' 8  3  2|

O A
S  .s

s

Figure 6 .3  P o ly p ep tid es  coded by XGH200ind

P ro te in s  sy n th e s ise d  in  U V -inactivated s t r a in  159 a f t e r  

in fe c t io n  w ith  XGH200 in d  were la b e l le d  w ith -m ethionine (2 .1 7 ) .

Whole c e l l  ly s a te s  were p rep ared  (2 .7 )  and analysed by SDS-PAGE

(2 .8 ) on 15^ g e ls ,  fo llow ed by au to rad iography . The tra c k  marked 

"Z" on th e  au to rad io g rap h  above shows th e  33K po lypeptide 

sy n th es ised  ^  v i t r o  (2 .1 9 ) from th e  is o la te d  2.5Kb DNA fragm ent 

cloned from X fts (see  C hapter 6 ) .
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EDTA tre a tm e n t was used to  i s o l a t e  phage w ith  d e le t io n s  (P ark inson  

and Huskey, 1971 ) so  t h a t  lo s s  o f g e n e tic  m arkers co u ld  be c o r r e la te d  w ith  

th e  a b i l i t y  to  s y n th e s is e  c e r ta in  p o ly p ep tid e s  in  th e  i r r a d i a t e d  c e l l s .  

Phages which have sp o n tan eo u sly  d e le te d  a  (n o n - e s s e n t ia l )  p a r t  o f t h e i r  

genome form , in  th e  p resence  o f EDTA, much l a r g e r  p laques th an  the 

s t a r t i n g  phage, and may th e re fo re  be s e le c te d  a t  th e  a p p ro p r ia te  EDTA 

c o n c e n tra t io n . In  t h i s  case  i t  would have been u s e f u l  to  check w hether 

lo s s  o f  th e  a b i l i t y  to  complement envA corresponded  w ith  lo s s  of th e  33K 

o r  21K p ro te in s  from X GH200. A d i r e c t  c o r r e la t io n  f o r  su lB  cou ld  n o t 

have been te s t e d  in  t h i s  way w ith o u t f i r s t  c ro s s in g  in  in d " , and th e  

sc re e n in g  p rocedure  would then  depend on th e  sulB26 a l l e l e  b e in g  re c e s s iv e  

as d isc u sse d  in  C hap ter 4 .

In  p r a c t i c e ,  d e le t io n s  in  XgH200 could n o t be i s o la te d  by th e  EDTA 

m ethod, though some d e le t io n s  in  Xf t s  were o b ta in e d . These were 

c h a r a c te r is e d  g e n e t i c a l ly  w ith  r e s p e c t  to  f tsA  and envA, b u t a n a ly s is  of 

p o ly p e p tid e s  s y n th e s ie d  from th e se  m utants had n o t been a ttem p ted  when 

th e  new in fo rm a tio n  re g a rd in g  th e  envA product was p u b lish e d , re n d e rin g  

f u r th e r  a n a ly s is  o f th e se  d e le t io n s  red u n d an t.

6 .3 c  P o ly p e p tid e s  coded by XGH200 in d ~ . The c o n s tru c t io n  o f XGH200 ind"

was d e sc r ib e d  in  C hap ter 4 » th i s  phage showed no com plem entation o f sulB 

b u t was envA^ . When used  to  programme p ro te in  s y n th e s is  in  i r r a d ia te d  

c e l l s  ( f i g .  6 . 3 ) i t  was c l e a r  th a t  compared w ith  th e  in d "  p a re n t phage, 

th e  33K p ro te in  coded by th e  o r ig in a l  X  GH200 was s t i l l  produced. The 

21K re g io n  was obscured  by a  phage p ro te in  d e r iv e d  from  th e  in d ” p a re n t 

phage and th e re fo re  no co n c lu s io n s  could be drawn co n ce rn in g  th e  21K 

p r o te in .  R e su lts  a re  c o n s is te n t  w ith  th e  33K p r o te in  be in g  envüi*"b u t add 

n o th in g  to  p rev io u s  d a ta .
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F igure 6 .4  P ro te in s  sy n th e s ised  v i t r o  from pLG510 and pKN4lO

Plasm id DNA was used as a  tem pla te  fo r  j n  v i t r o  p ro te in  

sy n th e s is  (2 .1 9 ) ,  w ith  o r w ithout p rev ious d ig e s t io n  w ith  EcoRI 

(2 .1 3 ) .  Samples marked " I"  were t r e a te d  w ithy3-lactam ase an tibody  

(see  p . 110) and any r e s u l t in g  p r e c ip i ta te  was removed by 

c e n tr ifu g a tio n  b efo re  a n a ly s is .  Samples were analysed  by SDS-PAGE

(2 .8 ) on 159o g e ls ;  th e  au to rad iog raphs a re  shown above.
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6 .4  ^  v itr o  sy n th es is  o f plasm id-coded and r e s tr ic t io n  fragment-coded

polypeptides

The coupled t r a n s c r ip t io n  -  t r a n s l a t i o n  system  based on th e  method 

o f  Zubay (l9 7 3 ) i s  d e sc rib e d  in  C hap ter 2 . I  am in d eb ted  to  Dr. J.M .

P r a t t  f o r  h e r  e n th u s ia s t ic  c o l la b o r a t io n  in  th e se  experim en ts.

6 .4 a  The 33K p o ly p e p tid e  and p - la c ta m a s e . I n i t i a l l y ,  pLG510 and pKN410 

were used as tem p la te s  fo r  t r a n s c r ip t io n  in  v i t r o . P o ly p ep tid es  

s y n th e s is e d  were la b e l le d  w ith  [^ ^ s]-m e th io n in e  and analysed  b y  SDS-PAGE 

as d e sc rib e d  in  C hap ter 2 . F ig . 6 .4  shows th a t  bo th  plasm ids programmed 

s y n th e s is  o f s e v e ra l  p o ly p ep tid e s  o f low M.W, in c lu d in g  two m ajor s p e c ie s  

f o r  each plasm id a t  30 and 33K, which appeared  a t  f i r s t  to  be i d e n t i c a l  

in  th e  two p la sm id s. In  bo th  ca se s  th e  low er band (30K p o ly p e p tid e )  was 

r e a d i ly  id e n t i f i e d  as ^ la c ta m a s e  by im m u n o p réc ip ita tio n  w ith  a n tib o d y  

r a i s e d  in  r a b b i t ,  p r e c ip i ta te d  w ith  S . au reus p ro te in  A, (K e ss le r , 1975) 

( f i g .  6 .4 a ) .  The up p er band (33K p o ly p e p tid e )  proved to  be a  d i f f e r e n t  

m olecu le  in  th e  two p lasm id s, s in c e  s y n th e s is  o f t h a t  from pKN410 was v e ry  

much reduced by p rev io u s  d ig e s t io n  o f th e  p lasm id  DNA by EcoRI, w hereas 

t h i s  tre a tm e n t had no e f f e c t  on th e  s y n th e s is  o f th e  s im ila r  p o ly p e p tid e  

from  pLG510. This r e s u l t  su g g ested  th a t  th e  E c o R I-se n s itiv e  p o ly p e p tid e  

was coded a c ro ss  th e  EcoRI s i t e  in  th e  v e c to r  p la sm id . In  pLG510, t h i s  

DNA was in te r ru p te d  by th e  2,5Kb fragm ent which a ls o  coded f o r  a  33K 

p o ly p e p tid e , b u t w ith o u t an in te r n a l  EcoRI s i t e  ( f i g .  6 .4 b ) .

I t  i s  n o ta b le  t h a t  in  t h i s  system , a l t h o u ^  ^ -lac tam ase  i s  alw ays 

d e te c te d  among th e  t r a n s la t io n  p ro d u c ts  from pLG510, th e  amount produced 

i s  o f te n  much le s s  th an  th a t  o f the 33K p ro te in  ru n n in g  ju s t  above i t  in  

th e  g e ls .  A f te r  d ig e s t io n  w ith  EcoRI, how ever, when th e  v e c to r  and i n s e r t
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F igure 6 .5  In  v i t r o  sy n th e s is  o f po lypeep tides coded by is o la te d

DNA r e s t r i c t i o n  fragm ents

A p re p a ra tio n  o f pLG510 DNA was d ig ested  w ith EcoRI 

( 2 . 15) ,  the  fragm ents were sep a ra te d  by ag aro se  gel e le c tro p h o re s is  

( 0 . 5^  agarose) and th e  two fragm ents (v œ c to r  and in s e r t )  p u r if ie d  

s e p a ra te ly  from th e  gel ( 2 . l 6 ) .  These ^fragm ents were then used to  

programme in  v i t r o  p ro te in  s y n th e s is  (2 . . I  9 ) ; whole p lE L s m id s  

(pLG510 and pKN4lO) o r un sep ara ted  d ig e ts ts  were a lso  used. P ro te in s  

sy n th es ised  dn v i t r o  were analysed  by 3IDS-PAGE (15/° acrylam ide) and 

th e  r e s u l t in g  au to rad iog raph  i s  shown albove.
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fragm ents become s e p a ra te d , th e  p ro p o rtio n  o f p -la c tam ase  in  the  t r a n s 

l a t i o n  p ro d u c ts  in c re a s e d , as i f  some c i s - a c t in g  c o n tro l  le a d in g  to  

p r e f e r e n t i a l  t r a n s c r ip t io n  o f  th e  33K p ro te in ,  was a b o lish e d  by EcoRI 

d ig e s t io n  ( f i g .  6 .4 c ) .

T ra n s la t io n  p ro d u c ts  from bo th  plasm ids in c lu d e d  s e v e ra l  sm a lle r  

p o ly p e p tid e s  which were assumed to  be v e c to r-c o d ed  s in c e  they  were 

id e n t ic a l  from pKN410 and pLG510. As in  th e  phage e x p re ss io n  system , d a ta  

co n cern in g  low M.W. p o ly p ep tid e s  was in te r p r e te d  w ith  c a u tio n , a llo w in g  

f o r  th e  p resen ce  o f  p a r t i a l  t r a n s la t io n  p ro d u c ts .

The r e s u l t s  so f a r  a t t r i b u t e d  genes cod ing  ^ la c ta m a s e  and th e  

s m a lle r  p o ly p e p tid e s  to  th e  v e c to r  DNA, and the  gene cod ing  th e  33K p ro te in  

tn  th e  2 . 5Kb i n s e r t .  The v e c to r  and in s e r t  p o r t io n s  o f pLG510 were 

re le a s e d  by EcoRI d ig e s t io n  and c o l le c te d  s e p a r a te ly  by p re p a ra t iv e  

ag aro se  g e l e le c t r o p h o r e s is .  The pure DNA fragm en ts  were then  used  to  

programme i r  v i t r o  s y n th e s is  and the  r e s u l t in g  p o ly p e p tid e s  analy sed  

( f i g .  6 . 5 ) w ith  th e  r e s u l t  t h a t  th e  assignm ents deduced above were 

confirm ed . S ince  th e  DNAs were used in  th i s  ex p erim en t in  equim olar 

am ounts, th e  v e ry  la r g e  amount of 33K p ro te in  o b ta in e d , r e l a t i v e  to  the  

amount o f p - la c ta m a se , in d ic a te d  th a t  t r a n s c r ip t io n  was p roceed ing  from a  

v e ry  s tro n g  prom oter under th e  c o n d itio n s  u sed .

6 . 4b Coding c a p a c ity  o f th e  2.5Kb fragm en t. In  s e c t io n  6 .3  i t  was 

m entioned th a t  a 21K p o ly p ep tid e  was found among th e  la b e l le d  p ro te in s  

from  tra n sd u c in g  phages A f t s  and A GH200. A u to rad iographs o f t r a n s la t io n  

p ro d u c ts  o f  pLG5lO were examined f o r  th i s  p o ly p e p tid e , b u t i t  was n o t 

d e te c te d .  In  p a r t i c u l a r ,  th e  2.5Kb fragm ent when used  a lone  d id  n o t 

programme a  2 IK p r o te in .  T his does n o t r u le  ou t th e  p o s s ib i l i t y  t h a t  th e
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Figure 6 .6  In  v i t r o  s y n th e s is  o f p ro te in s  from phage DNA

DNA was p rep ared  from XGH200 and X fts ( 2 .9 ) ,  and sam ples 

were d ig e s ted  w ith  EcoRI (2 .1 3 ) .  D igested and un d ig ested  phage DNA 

was then  used as  tem pla te  fo r  in  v i t r o  p ro te in  sy n th e s is  ( 2 . I 9 ) ,  and 

samples were analy sed  by SDS-PAGE (15^ acry lam ide; 2 .8 ) .  The 

r e s u l t in g  au to rad io g rap h  i s  shown above.
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gene coding  t h i s  p r o te in ,  o r  p a r t  o f i t ,  e x i s t s  on the  2.5Kb frag m en t, b u t 

f o r  some unknown re a so n  was n o t ex p ressed  in  v i t r o .

The cod ing  c a p a c ity  o f th e  2,5Kb fragm ent i s  in  f a c t  s u f f i c i e n t  to  

accommodate a t  l e a s t  p a r t  o f a  th i r d  gene (cod ing  up to  2OK o f p r o te in )  

in  a d d itio n  to  th o se  cod ing  th e  33K p ro te in  and th e  m ajor p a r t  o f th e  C- 

term inus o f th e  45K, f ts Z  gene p ro d u c t (see  f i g .  8.1 in  C hapter 8 ) .

The l a t t e r  has been a ss ig n ed  to  t h i s  fragm ent by th e  re c e n t work o f 

Lutkenhaus and Wu ( 198O). The o p e ra to r  re g io n  f o r  th e  f ts Z  gene Was 

shown to  be in  th e  a d ja c e n t (2.3K b) EcoRI fragm ent by th ese  w orkers, and 

th e re fo re  e x p re ss io n  o f th i s  gene from  th e  2.5Kb fragm ent would n o t be 

expected  e i t h e r  in  v iv o  o r  ^  v i t r o . However, t r a n s c r ip t io n  th rough  th e  

C -term inus p o r tio n  o f the  f ts Z  gene from  a  phage prom oter in  A GH200 could  

g iv e  r i s e  to  a  fu s io n  p ro d u c t, and such a  p ro d u c t was id e n t i f ie d  in  v iv o  

(c h a p te r  6 . 3 ) .  When XgH200 was u sed  as a  tem p la te  f o r  t r a n s c r ip t io n  

in  v i t r o , s y n th e s is  o f two t r a n s l a t i o n  p ro d u c ts  was g re a t ly  reduced  by 

p r io r  d ig e s t io n  o f th e  phage DNA w ith  EcoRI ( f i g .  6 . 6 ) .  This r e s u l t  

in d ic a te d  th a t  th e se  two p o ly p e p tid e s  were fu s io n  p roducts  s in c e  th e  i n s e r t  

DNA was c loned  in to  th e  s in g le  EcoRI s i t e  o f th e  v e c to r  phage. S im ila r  

fu s io n  p ro ducts  were id e n t i f i e d  from X  f t s  and one o f them appeared to  be 

th e  same 21K p ro te in  observed in  i r r a d ia t e d  c e l l s  a f t e r  in f e c t io n .  T his 

p ro te in  was coded by bo th  phages and was th e re fo re  assumed to  be coded 

a c ro ss  th e  r ig h t-h a n d  boundary o f th e  c loned  i n s e r t  and tra n s c r ib e d  from a 

prom oter w ith in  the  2.5Kb i n s e r t  as shown below .
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Figure 6 .7  P o lypep tides coded by pV3

A DNA p re p a ra t io n  (2 .1 0 ) o f th e  "breakdown" alsmsmaid 

pV3 was used to  programme j r  v i t r o  p ro te in  sy n th e s is  (2,19, 4 i and 

th e  r e s u l t in g  p o ly p ep tid es  were analy sed  by SDS-PAGE ( l^o c rp iry lam id e  ; 

2 .8 ) .  The au to rad iog raph  i s  shown above.
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EcoRI EcoRI

1 2.5KbV  ̂ A DNA
 >- <  o <y—

f ts Z  33K

 y ---------------------- o------- >

A GH2Q0 fu s io n  21K fu s io n

Because aa, A Jus on p ro d u c t a t  th e  f ts Z  end o f th e  2,5Kb fragm ent must be 

i n i t i a t e d !  1 Iro a  A prom oter, th e  second fu s io n  p roduct must be t r a n s 

c r ib e d  frroroa aprom oter w ith in  th e  fragm en t.

Fus i l  oil or poducts were n o t d e te c te d  among t r a n s la t io n  p roducts from 

th e  plasm iidic cone v i t r o . I t  was assumed th a t  th e  p o s it io n  o f the  

i n s e r t  in i t  ihephage c lo n e  f o r tu i to u s ly  allow ed  fu s io n  products to  be 

form ed, wirheheres th e  sequence o f th e  n e ig h b o u rin g  DNA in  the  plasm id c lone  

p rev en ted l S ^ynhesis a c ro ss  th e  boundaries  o f  th e  c loned  in s e r t .

6 .4 c  Prodiuductscoded by pV3» The "breakdown p ro d u c t"  plasm id r e s u l t i n g  from 

th e  s t ru c i tu t i r a .  i n s t a b i l i t y  o f pLG510 (see C hap ter 5) was a lso  used  as a  

t r a n s c r ip it t t iD n te m p la te  f o r  iu  v i t r o  p ro te in  s y n th e s is ,  to  a s c e r ta in  

w hether tlhehe gne cod in g  th e  33K p ro te in  was s t i l l  p re s e n t .  F ig . 6 ,7  shows 

t h a t  th e  3333C p o te in  was n o t made from t h i s  p lasm id , and th a t  a  v e c to r  

gene had ;a la lso  been l o s t  from pV3 (p o s i t io n s  o f  th e  m issin g  p ro te in s  a re  

in d ic a te d  ) . ) .

6 .4 d  I s  tlhehe 31 p ro te in  envA o r  su lB ? When th e  experim ents d e sc rib e d  had 

e s ta b lish c ed e d  t h t  th e  33K p ro te in  was coded by th e  2.5Kb fragm ent, b e fo re  

th e  p ub liccacaiio  o f  Lutkenhaus and Wu's ex p erim en ts , i t  was then  e s s e n t i a l  

to  d is c o v œ re r  w bther th e  gene cod ing  th i s  p ro d u c t was envA o r su lB . Use



Table 6.1

D ig estio n  o f  th e  2.5Kb DNA fragm ent by r e s t r i c t i o n  enzymes

Enzyme used S i t e s  in  v e c to r  S i t e s  in  fragm ent

Hpal Many 4

S a i l  0  0

C auII 2 2

P s t I  Many 0

B e ll  0 0

Xbal 3 0

P v u II 2 1

BamHI 0 0

S s t 1 0

H i n d i  4 1

SauIIIA  Many Many
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F igure 6 .8  R e s tr ic t io n  d ig e s ts  o f  the  2.5Kb fragm ent

P u r if ie d  fragm ent DNA (2 .1 6 ) was d ig e s ted  w ith  P vuII, 

H in d i  o r CauII (2 .13) and analysed  on a 1^ agarose g e l (2 .1 1 ) .  

M.W, s tan d a rd s  used were EcoRI emd H indi I  d ig e s ts  o f XDNA. The 

g e l, shown above, was photographed under UV.
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F igure 6 .9  P ro te in s  sy n th e s ised  from th e  d ig e s te d  2.5Kb fragm ent 

P u r if ie d  2.5Kb fragm ent, d ig e sted  a s  in  F ig . 6 .8 , was 

used to  programme po lypep tide  s y n th e s is  du v i t r o  (2 .1 9 ) .  The 

p ro te in s  were analysed  by SDS-PAGE (15% acry lam ide; 2 .8 ) and th e  

r e s u l t in g  au to rad iog raph  i s  shown above.
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o f  th e  m  v i t r o  system  allow ed a sea rc h  to  be made f o r  a  r e s t r i c t i o n  

enzyme which c u t th e  2,5Kb fragm ent in  the  33K g ene. I f  such a  ( s in g le )  

r e s t r i c t i o n  s i t e  cou ld  be found, th e  two p a r ts  o f th e  fragm ent r e s u l t i n g  

from  d ig e s t io n  m ight be re c lo n ed  s e p a ra te ly ,  and t e s t e d  f o r  bo th  comp

le m e n ta tio n  o f envA, and th e  d iv is io n  in h ib i t i o n  su p p re ss in g  e f f e c t  

d is c u s se d  in  C hapter 5*

F i r s t ,  th e  i s o la te d  2.5Kb fragm ent was d ig e s te d  w ith  a  number o f  

r e s t r i c t i o n  enzymes, m ostly  w ith  5-6 base re c o g n it io n  sequences, and th e  

d ig e s t s  an a ly sed  by agarose  g e l e le c t ro p h o r e s is .  The r e s u l t s  a re  l i s t e d  

in  ta b le  6 .1 .  5 enzymes were found to  c u t  th e  frag m en t; Hpal and SauIIIA  

a t  many s i t e s ,  C auII a t  2 s i t e s ,  P vuII and H i n d i  a t  one s i t e  only  

( f i g .  6 .8 ) .

To de term in e  w hether th e  s i t e s  f o r  P v u II , H i n d i  and C auII were 

in  th e  33K gene, pLG510 was d ig e s te d  w ith  th e se  enzymes and th en  used  to  

programme p ro te in  s y n th e s is  in  v i t r o . The whole plasm id r a th e r  than  th e  

2.5Kb fragm ent was used  because p re p a ra tio n  o f th e  p u r i f ie d  fragm ent in  

th e  q u a n t i ty  needed f o r  t h i s  experim ent was la b o r io u s  and v a r ia b le  in  

y i e l d .  F ig . 6 .9  shows th a t  P v u II and C auII d ig e s t io n  p reven ted  s y n th e s is  

o f  th e  33K p ro te in  and thus had c u t t in g  s i t e s  w ith in  th e  gene. The s i t e  

f o r  P v u II was only  20$  ̂ from one end o f the  frag m en t, g e n e ra tin g  a  new 

2.0Kb p ie c e  c o n ta in in g  most o f th e  o r ig in a l  DNA b u t unable  to  d i r e c t  

s y n th e s is  o f  th e  33K p o ly p e p tid e . I f  th i s  new fragm ent could  be rec lo n ed  

in to  pKN410 and te s t e d  f o r  a b i l i t y  to  complement envA, the g e n e tic  

i d e n t i t y  o f  th e  33K p ro te in  m ight be unam biguously e s ta b l is h e d .
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6 .5  R ecloning the 2.0Kb fragment

D ig e s tio n  w ith  P vu II produces b lu n t  ends a t  th e  c u t t in g  s i t e ,  

th u s  th e  2.0Kb fragm ent had one s ta g g e re d  (EcoRI) end and one b lu n t end, 

and in  o rd e r  to  r e d o n e ,  th e  ends o f th e  fragm ent and v e c to r  m olecu les 

had to  be made complementary to  a llo w  c o v a le n t jo in in g  in  v iv o . Two 

methods were co n sid e red  : in  one, SI endonuclease may be used  to  remove 

s e q u e n t ia l ly ,  u n p a ired  bases from th e  p ro tru d in g  s in g le  s tra n d ed  p a r t  o f 

th e  EcoRI end. B lun t ended m olecu les  may then  be l ig a te d  d i r e c t l y  w ith  

T4 l ig a s e ,  o r  a f t e r  " t a i l i n g "  w ith  complementary 3 *-homopolymers u s in g  

te rm in a l t r a n s f e r a s e  (see  b e lo w ). The homopolymer t a i l s  then  a llow  r e 

a n n ea lin g  o f v e c to r  and i n s e r t  to  form new recom binant p lasm ids which can 

be used  to  tran sfo rm  a  s u i ta b le  h o s t .

However, th e  d e g ra d a tiv e  a c t io n  o f SI endonuclease  i s  d i f f i c u l t  to  

c o n tro l  and p re p a ra t io n s  o f t h i s  enzyme may sometimes n ick  and degrade 

doub le  s tra n d ed  DNA; th e re fo re  an a l t e r n a t iv e  method was p re fe r r e d ,  

in v o lv in g  f i r s t  a  s y n th e t ic  r e a c t io n  to  f i l l  in  u n p a ired  EcoRI en d s, and 

th e n  t a i l i n g  to  re g e n e ra te  com plem entary ends. The r e a c t io n s  a re  

i l l u s t r a t e d  in  f i g .  6 .1 0 . DNA polym erase I  (KLenow la rg e  fragm en t) was 

used  to  i n s e r t  dATP and dTTP o p p o s ite  th e  u n p a ired  s in g le  s tra n d e d  

EcoRI ends; t h i s  enzyme r e t a in s  th e  " f a i th f u l "  p o ly m e risa tio n  a c t i v i t y  

b u t la ck s  th e  5*~3* exonuclease  o f  th e  f u l l  polym erase complex. The 

r e a c t io n  was m onitored  by in c o rp o ra tio n  o f  [ ^ h]  dTTP in to  a c id - p r e c ip i ta b le  

m a te r ia l .  To produce b lu n t ended 2.0Kb m olecu les , a  whole P vuII d ig e s t  

o f th e  2.5Kb fragm ent was u se d , ( i . e .  th e  0.5Kb p ie ce  was a ls o  p r e s e n t ) ,  

because o f th e  d i f f i c u l t y  o f o b ta in in g  la rg e  q u a n t i t ie s  o f th e  p u r i f i e d  

frag m en ts . I t  was f e l t  t h a t  th e  two p o s s ib le  r e s u l t i n g  recom binant 

p lasm ids c o n ta in in g  e i t h e r  th e  2 .0  o r  th e  0.5Kb i n s e r t  would be e a s i l y
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Figure 6 .10  Recloning the 2.0Kb fragment



116

d is t in g u is h a b le  in  s iz e  by a n a ly s is  o f SDS ly s a t e s ,  as w e ll as by 

r e s t r i c t i o n  a n a ly s i s .

To the  b lu n t-en d e d  m olecules th u s  o b ta in e d , homopolymer t a i l s  were 

now added u s in g  te rm in a l t r a n s fe ra s e  to  add po ly-d-C  to  th e  v e c to r  and 

po ly-d-G  to  th e  i n s e r t .  S ince th i s  enzyme l in k s  b ases  to  a  3* term inus 

a s  s u b s t r a te ,  u se  of dC and dG in  t h i s  way sho u ld  re g e n e ra te  th e  EcoRI 

s i t e s  a t  th e  ju n c t io n  between v e c to r  and i n s e r t  when th e  fragm ent and 

v e c to r  re a n n ea l ( f i g .  6 .1 0 ) .

The re a n n ea le d  m ix tu re  o f f i l l e d  and t a i l e d  m olecules (p lu s  a  c o n tro l ,  

o f re an n ea led  v e c to r  a lo n e )  was used to  tra n s fo rm  PAM162. In  one e x p e r i

m ent, th e  freq u en cy  o f tra n s fo rm a n ts  o b ta in ed  by v e c to r  a lone  was r a th e r  

h ig h , and when SDS ly s a te s  were screened  on ag a ro se  g e ls ,  200 p o te n t ia l  

recom binan ts proved to  be a l l  v e c to r - s iz e d  m olecu les  w ith  no i n s e r t .  This 

cou ld  have been due to  th e  p resence  o f v e c to r  m olecu les which had escaped 

th e  i n i t i a l  EcoRI d ig e s t io n .  In  a  second ex p e rim en t, l i n e a r  ( f i l l e d  and 

t a i l e d )  v e c to r  m olecu les were p u r i f ie d  by ag a ro se  g e l  e le c tro p h o re s is  

b e fo re  re a n n e a lin g  and th e  h ig h  "background" le v e l  o f tra n s fo rm a tio n  was 

e l im in a te d . However, no recom binant p lasm ids were o b ta in e d . S ince b o th  

th e  f i l l i n g - i n  and t a i l i n g  re a c t io n s  were m on ito red  and shown to  have 

worked re a so n a b ly  w e ll ,  i t  seems l i k e ly  th a t  th e  re a so n  f o r  th e  f a i l u r e  

o f  th e  experim en t was complex. Term inal t r a n s f e r a s e  can v ery  o c c a s io n a lly  

produce s h o r t  polym ers w ith o u t a  " s u b s tra te "  (p r im er)  and may a ls o  

som etim es produce s in g le  s tra n d ed  b re a k s , when th e  new 3* end re le a s e d  

i s  used  as a  p rim e r, producing  branched m olecu les (Roychoudhury and Wu, 

1980) .  F u r th e r ,  a lth o u g h  th e  3* te rm in i o f b lu n t  ended m olecu les a re  a  

more e f f i c i e n t  s u b s t r a t e ,  homopolymers may a ls o  be added to  a  re c e s se d  3*
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end ( i . e .  an u n f i l l e d  EcoRI end) and th u s  some in c o rp o ra tio n  may have 

been a t t r ib u ta b le  to  a d d itio n s  to  u n f i l l e d  en d s. A ll th ese  f a c to r s  could  

c o n tr ib u te  to  an a r t i f i c i a l l y  h i ^  e s t im a tio n  o f  t a i l i n g  e f f ic ie n c y .

I t  i s  p o s s ib le  th a t  d i r e c t  l i g a t i o n  o f th e  b lu n t  ended m olecules m i ^ t  

have been more s u c c e s s fu l .  T h o u ^  t h i s  p ro c e ss  i s  le s s  e f f i c i e n t  than  

l i g a t io n  o f complementary en d s, th e  u se  o f  te rm in a l t r a n s fe ra s e  would be 

av o id ed . U n fo rtu n a te ly , c ircu m stan ces  d id  n o t p e rm it f u r th e r  experim en ts, 

and th e  tim e ly  p u b lic a tio n  o f  Lutkenhaus and Wu ( 198O), su g g es tin g  th a t  

t h e i r  31K ( th i s  33K) p ro te in  was indeed  envA, has p robably  answered th e  

q u e s tio n  a lre a d y .
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Chapter 7

INTERACTION BETWEEN RECA» AND THE DIVISION TARGET

7.1 In  v iv o  experim en ts

R esu lts  d is c u s se d  in  e a r l i e r  ch ap te rs  in d ic a te d  th a t  d iv is io n  

in h ib i t io n  a f t e r  UV i s  m ediated  by recA* a c t in g  d i r e c t l y  o r i n d i r e c t l y  

on a  t a r g e t  in v o lv ed  in  th e  d iv is io n  mechanism. We have in te r p r e te d  

th i s  to  be a  c o n t r o l l in g  e f f e c t  o f recA* on th e  t r a n s c r ip t io n  o r  

s t a b i l i t y  o f su lB , p robab ly  by s w itc h in g -o ff  s y n th e s is  o f  (o r  d eg ra d in g ) 

th e  sulB  p ro d u c t. This c h a p te r  d is c u s se s  some f u r th e r  in v e s t ig a t io n s  in to  

how such gene in te r a c t io n s  m ight be dem onstra ted .

Some experim en ts  d e sc r ib e d  in  C hapter 6 in d ic a te d  th a t  th i s  

d em o n stra tio n  was n o t  p o s s ib le  v iv o  by U V -irra d ia tio n  o f b a c te r i a  

c o n ta in in g  pLG510, because th e  c loned  gene p ro d u c ts  were n o t c l e a r ly  

d e te c te d  due to  poor a m p lif ic a t io n  o f the  p lasm id . I t  i s  p o s s ib le  t h a t  

i f  a  d i f f e r e n t  copy m utant v e c to r  were u sed , w ith  e f f i c i e n t  a m p lif ic a t io n ,  

th e  cloned  gene p ro d u c ts  m ight be more e a s i ly  i d e n t i f i e d  and th e  e f f e c t  o f 

UV e s tim a te d . The e f f e c t  o f t i f - induced 80S fu n c tio n s  and th e  involvem ent 

o f  th e  Ion gene p ro d u c t cou ld  n o t be in v e s t ig a te d  in  v ivo  e ith e r^  s in c e  

pLG510 d id  n o t m a in ta in  i t s  s t r u c tu r e  in  t i f  and Ion  h o s ts .

7 .2  Experim ents in  h e a v ily  UV i r r a d ia t e d  c e l l s

A m o d if ic a tio n  o f  th e  tech n iq u e  d e sc rib e d  in  C hapter 6 .3  was u sed  to  

d e te c t  any e f f e c t  o f recA* on t r a n s c r ip t io n  o f c loned  genes in  phage 

v e c to r s .  The h o s t  c e l l s  ( E .c o l i  159) were "prim ed" to  produce recA* by a
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_2
low (lO J.m ” ) dose o f UV 30 min b e fo re  th e  h ig ^  UV dose used  to  in a c t iv a te  

th e  chromosome p r io r  to  in f e c t io n .  X f t s  and X GH200 th e re fo re  e n te re d  

c e l l s  presum ably c o n ta in in g  recA*. The t r a n s l a t i o n  p ro ducts  were 

compared w ith  th o se  ob ta ined  w ith o u t th e  "p rim ing" dose o f UV ( f i g .  6 ) .

No e f f e c t  o f t h i s  low dose of UV was d e te c ta b le  on any o f th e  cloned  

gene p ro d u c ts  coded by the  tra n sd u c in g  phages ( i d e n t i f i e d  in  C hapter 6 .3 ) ,  

a lth o u g h  th e  in d u c tio n  of recA s y n th e s is  by th e  p rim ing  tre a tm e n t was 

confirm ed by p u ls e - la b e l l in g  a  p o r t io n  o f th e  c u l tu r e  w ith  

m e th io n in e , and a n a ly s is  by SUS-PAGE ( f i g .  6 . 2 ) .  The su ccess  o f th i s  

approach , how ever, depends on th e  assum ption  th a t  recA* m olecu les, once 

p roduced, th en  p e r s i s t  in  the  c e l l  f o r  a t  l e a s t  60 min to  be s t i l l  a c t iv e  

d u rin g  t r a n s c r ip t io n  o f UNA in tro d u ced  upon in f e c t io n .  This may n o t be 

th e  c a se . To overcome th is  problem , th e  u se  o f a  c o n d it io n a l  ( t i f ) o r 

c o n s t i tu t iv e  ( t i f  s p r ) m utant as th e  h o s t s t r a i n  in  t h i s  .experim ent 

sh o u ld  a llow  h e a v ily  i r r a d ia te d  c e l l s  to  be u sed  in  which SOS fu n c tio n s  

were tu rn e d  on co n tin u o u sly  ( e .g .  by tem p era tu re  s h i f t )  p r io r  to  

i r r a d i t i o n ,  r a th e r  th an  t r a n s ie n t ly  as w ith  th e  p rim in g  dose o f UV.

7 .3  The need f o r  an v i t r o  system

A ll th e  system s d esc rib e d  above have one m ajor d isad v an tag e  

co n ce rn in g  th e  com plexity  o f d iv is io n  c o n t r o l .  We know a lre a d y  th a t  many 

f a c to r s  c o n tr ib u te  to  the  c o n tro l o f d iv is io n  (p o s s ib ly  w ith  s e v e ra l  

le v e l s  o f c o n tro l  o p e ra tin g )  and new ev idence  (se e  C hap ter 8 ) now su g g ests  

t h a t  th e  80S pathways may be even more complex th a n  was p re v io u s ly  

th o u g h t. In  th e  l i g h t  o f th e se  f a c t s  i t  sh o u ld  be ad m itted  th a t  

experim en ts in  v iv o  on d iv is io n  c o n tro l  w i l l  in e v i ta b ly  be d i f f i c u l t  to
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i n t e r p r e t  because o f  p o s s ib le  in te r a c t io n s  o f th e  system  under t e s t  

w ith  o th e r  le v e ls  o f  c o n t r o l . Thus we may ask  : i s  th e  in h ib i t io n  o f  

d iv is io n  a f t e r  UV due s o le ly  to  th e  in d u c tio n  o f a  s p e c i f ic  (UV- 

a s s o c ia te d )  " in h ib i to r " ,  o r  i s  i t  a ls o  p a r t ly  a  consequence o f th e  

b r i e f  i n a b i l i t y  o f th e  i r r a d i a t e d  c e l l s  to  te rm in a te  chromosome 

r e p l ic a t io n ?  ( f u r th e r  d is c u s s io n  in  C hapter 8 ) .

These C o n sid e ra tio n s  su g g es t t h a t  th e  u se  o f th e  j n  v i t r o  t r a n s 

c r ip t i o n - t r a n s l a t i o n  system  w i l l  be o f  param ount im portance in  th e  s tu d y  

o f  d iv is io n  c o n t r o l ,  s in c e  in  t h i s  system  th e  e f f e c t  o f a  s in g le  gene 

p ro d u c t can be i s o la te d  from o th e r  in te r a c t in g  c o n t r o ls .  The r e l a t i o n 

s h ip s  o f g e n e t ic a l ly  w e ll c h a r a c te r is e d  f a c to r s  can th u s  be s tu d ie d  in  

d e t a i l .  ^  v i t r o  s tu d ie s  have c o n tr ib u te d  s ig n i f i c a n t ly  to  th e  

e lu c id a t io n  o f many a sp e c ts  o f p ro te in  and UNA s y n th e s is ,  to g e th e r  w ith  

b iochem ical and g e n e tic  ap p ro ach es, and th e re  i s  every  reason  to  suppose 

t h a t  a  s im i la r  c o n tr ib u t io n  can be made by in  v i t r o  s tu d ie s  to  th e  

u n d e rs tan d in g  o f d iv is io n  c o n t r o l .

7 .4  ^  v i t r o  experim ents

The id e n t i f i c a t i o n  o f a  33K gene p ro d u c t coded by the 2.5Kb c lo n ed  

UNA fragm ent was d e sc r ib e d  in  C hap ter 6 . At t h i s  tim e , in  th e  absence of 

any evidence to  id e n t i f y  t h i s  p o ly p e p tid e  as su lB  o r  envA, some 

p re lim in a ry  experim en ts were d esig n ed  w ith  th e  o b je c t  o f t e s t in g  th e  

e f f e c t  o f th e  t i f  (recA *) p r o te in  on s y n th e s is  o f  th e  33K p ro te in  in  v i t r o . 

A lthough th e  s t a b i l i t y  o f  t r a n s l a t i o n  p ro d u c ts  was n o t te s te d  s p e c i f i c a l l y ,  

th e  p e rio d  o f l a b e l l i n g  o f th e se  p ro d u c ts  was 30 min (see  C hapter 2 )  and 

t h i s  in  i t s e l f  gave an in d ic a t io n  o f s t a b i l i t y .

H ith e r to  a l l  S30 e x t r a c ts  (see  C hapter 2 .1 9 )  f o r  coupled t r a n s -
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F igure 7 .2  In  v i t r o  p ro te in  sy n th e s is  u sing  an E .c o l i  K12 e x tra c t  

An S30 e x tr a c t  f o r  ^  v i t r o  p ro te in  sy n th e s is  (2 .19 ) 

was p repared  from E .c o l i  C600; plasm id DNA tem p la tes  were used to  

programme p ro te in  s y n th e s is ,  and th e  Mg** co n ce n tra tio n  in  the  

sy n th e s is  mix was v a r ie d  to  op tim ise  th e  r e a c t io n s .  P ro te in s  

sy n th es ised  were analy sed  by SDS-PAGE (15% acry lam ide; 2 .8 ) and 

the  r e s u l t in g  au to rad io g rap h  i s  shown above.
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Figure 7.3 Induction of t i f  protein in  s tra in  GC895

A culture of GC895 was grown to  prepare an S30 

ex trac t (2 . 19) , and sh ifted  to  42° to  induce the t i f  pro tein . 

Samples were removed before, and 30 or 60min a f te r  the s h if t ,  

and proteins pu lse-labelled  with P^s]-m ethionine (2 .6 ) . 

iVhole c e l l  ly sa tes  were prepared (2.7) and analysed by SDS-PAGE 

(11% acrylamide; 2 .8 ). As a control to  show recA induction, 

pu lse-labelled  samples of KN126 were prepared before and a f te r  

UV (as in  Chapter 3) and also  analysed. The re su ltin g  

autoradiograph is  shown above.
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Figure 7.4 Polypeptides synthesised from pLG310 in  the

presence of t i f  protein

Preparations of pLG510 (2.10) were digested with 

EcoRI (2 , 13) and used as templates for tran scrip tio n  in  v itro  

(2. 19) in  S30 ex trac ts  from C600 and GC895 (prepared a t 30° & 

a f te r  induction of t i f  a t 42°), The ^  v itro  reactions were 

carried  out a t 30° or 42° as indicated to  ensure "activation" 

of t i f  p ro te in . As a con tro l, protein  synthesis was also  

carried  out using an MRE600 S30 ex trac t. Proteins were 

analysed by SDS-PAGE (2 .8 ); the autoradiograph is  shown 

above.
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c rip tio n  and tra n s la tio n  in  v itro  had been made from E .co li s tra in  

MBE6OO (BNase” ; th is  mutation protects mENA during in  v itro  synthesis 

(Cammack and Wade, 1965) ) .  Since th is  s tra in  is  not K12, an ex trac t was 

f i r s t  prepared from E .co li K12 C600 to determine whether the mutation in 

MEE6OO was e sse n tia l fo r e ff ic ie n t tran scrip tio n  and tra n s la tio n . I f  not, 

the complex genetics of transferring  mutations such as t i f  in to  the l i t t l e -  

known genetic background of MRE6OO could be avoided.

The C600 ex trac t showed qu a lita tiv e ly  s im ila r tran s la tio n  a c tiv ity

to  th a t of MHE6OO (f ig . 7»2) and in addition gave a cleaner background.

Further ex trac ts  were therefore made from s tra in  GC895 ( t i f  sfiB ), with

0or without a period of incubation a t 42 in  the presence of adenine, to 

induce maximal synthesis of the t i f  protein  p rio r to  preparation of the 

e x trac t. Induction was monitored by pu lse-lab e llin g  a portion of the 

cu ltu re  w ith -methionine, and analysis of ly sa tes  carried  out by

SDS-PAGE, showed th a t a moderate induction of t i f  took place ( f ig . 7 3). 

The re su ltin g  S30 ex tracts were active in  tra n sc r ip tio n  and tra n s la tio n .

When pLG510, previously digested with EcoRI to re lease  the 

2.5Kb fragment, was used as a template in  the S30 t i f  ex trac ts , the 33K

polypeptide was synthesised a t both 30° and 42° ( f ig . 7 .4 ). Though the

amount of the 33K protein  made a t 42° was lower re la tiv e  to the amounts of 

the other newly synthesised pro teins, th is  e ffe c t was also observed when

the C600 ( t i f* )  ex trac t was used, and could not therefore  be a ttr ib u te d

to  the presence of the t i f  protein.
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7 .5  Assay o f t i f  a c t i v i t y  in  th e  S30 e x t r a c t

S ince th e  le v e l  o f in d u c tio n  o f th e  t i f  p ro te in  in  th e  c e l l s  used  to

p re p a re  the  S30 e x t r a c t  was f a i r l y  low , i t  was co n sid e red  p o s s ib le  th a t  

th e  f i n a l  e x t r a c t  may n o t have co n ta in ed  s u f f i c i e n t  t i f  p ro te in ,  r e l a t i v e  

to  th e  amounts of t r a n s c r ip t io n  and t r a n s l a t i o n  complexes and tem p la te  

DNA, to  e x e r t  a  d e te c ta b le  e f f e c t  on t r a n s c r ip t io n  o f th e  33K p ro te in ,

even assum ing th a t  such an e f f e c t  o ccu rs  in  v iv o . In  a d d i t io n , a lthough

th e r e  i s  no rea so n  to  su sp e c t t h a t  th e  S30 p re p a ra t io n  procedure should  

r e s u l t  in  d i f f e r e n t i a l  lo s s  o r  in a c t iv a t io n  o f any cy top lasm ic  p ro te in ,  

i t  was n e c e ssa ry  to  a ttem p t a  d i r e c t  a ssay  o f  t i f  a c t i v i t y  in  th e  e x t r a c t .  

F o r th i s  experim ent i t  was hoped to  tak e  advantage o f the w ell 

e s ta b l is h e d  f a c t  th a t  t i f  p ro te in  c le a v e s  th e  X r e p re s s o r  in  v i t r o  

(R oberts  e t  , 1978).

As a source  o f la b e l le d  c l  r e p r e s s o r ,  a  h e a v ily  i r r a d ia te d  c u l tu re  

o f  159 A ind  was in fe c te d  w ith  A*, when few \  p ro te in s  o th e r  than  c l  

a re  s y n th e s is e d . L ysates o f in fe c te d  c e l l s  were p repared  by f r e e z e -  

thaw ing , and sam ples, c o n ta in in g  la b e l le d  c l ,  were incu b ated  w ith  v a ry in g  

amounts o f t i f  S30 e x tr a c t  in  th e  p re sen ce  o f ATP and then  analysed  by 

SDS-PAGE ( r e s u l t s  n o t shown). No c leav ag e  o f th e  c l  re p re s s o r  was 

d e te c te d ,  e i t h e r  by lo s s  of r a d io a c t i v i t y  from th e  27K band ( c l )  o r  by 

th e  appearance o f th e  14K c leavage  p ro d u c ts  (R oberts  and R o b erts , 1975). 

In  a  c o n tro l experim ent, a  low dose o f  UV was used  to  prime th e  h o s t c e l l s  

w ith  recA* p r io r  to  in f e c t io n  in  an a tte m p t to  dem onstrate  c leavage o f 

th e  c l  r e p re s s o r  in  v iv o . A lthough in d u c tio n  o f recA sy n th e s is  was 

confirm ed as in  7 .2 , again  no c leav ag e  o f c l  was d e te c te d  by SDS-PAGE.
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This experim ent was a ls o  perform ed u s in g  a  n o n -ly so g en ic  h o s t  f o r  

th e  p ro d u c tio n  o f \  p ro te in s  a f t e r  in fe c t io n ,  in  case  the  n o n -c le av a b le  

in d " r e p re s s o r ,  abundant in  th e  ly so g en ic  h o s t s t r a i n  159, bound induced 

recA* in  c o m p e titio n  w ith  newly sy n th e s ise d  c l  o f th e  s u p e r in fe c tin g  

phage. The r e s u l t s  were th e  same ( i . e .  no c leavage  o f c l ) .  C ond itions 

in  which th e  A - i n f e c t io n  ly s a te s  were in cu b ated  w ith  t i f  S30 e x t r a c ts  

were com parable w ith  th o se  u sed  by C raig ' and R oberts  ( t9 8 0 ) to  

d em onstrate  c leav ag e  o f c l  jn  v i t r o , so i t  must be concluded th a t  th e  t i f  

830 e x t r a c t  d id  n o t c o n ta in  an e a s i ly  d e te c ta b le  le v e l  o f t i f  a c t i v i t y .

7 .6  F u tu re  p ro sp e c ts  f o r  in  v i t r o  experim ents

The u se  o f  a  p lasm id  c a r ry in g  th e  c loned  c l  gene should  p rov ide  a

more s e n s i t iv e  and d i r e c t  a ssa y  f o r  t i f  a c t i v i t y  in  830 e x t r a c t s .  This

p lasm id  DNA could  be used  to  programme th e  s y n th e s is  o f c l  p ro te in  in

v i t r o , which m ight th en  be c leav ed  by endogenous t i f  p ro te in .  I f  th e  

r e a c t io n  c o n d itio n s  a re  s u f f i c i e n t l y  c lo se  to  th o se  in  v ivo  to  a llow  

e f f i c i e n t  t r a n s c r ip t io n  and t r a n s la t io n ,  they  should  s u re ly  a llow  t i f  

a c t i v i t y  to  be ex p re ssed . A lso , a  more a c t iv e  t i f  e x t r a c t  could  p robab ly  

be made from a  c o n s t i tu t iv e  t i f -p ro d u c in g  m utant ( t i f - s p r )  th u s  av o id in g  

r e l i a n c e  on th e  r a t h e r  v a r ia b le  in d u c tio n  o f th e  t i f  p ro te in .

O ther methods a re  a v a i la b le  f o r  in v e s t ig a t io n  o f p o s s ib le  recA*

-su lB  in te r a c t io n s  in  v i t r o . In s te a d  of u s in g  an 830 e x tr a c t  from a  t i f  

m u tan t, p u r i f ie d  t i f  (o r  recA ) p ro te in  could  be added d i r e c t l y  to  th e  

t r a n s la t io n  m ix tu res  c o n ta in in g  a  sulB  te m p la te . A l te rn a t iv e ly ,  b o th  

genes could be in tro d u ce d  in to  th e  t r a n s la t io n  mix as cloned  DNA te m p la te s . 

T ra n s la t io n  o f a  c lo n ed  t i f  gene c a r r ie d  on a  p lasm id  v e c to r  would p rov ide
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a  h ig h  c o n c e n tra tio n  o f th e  a c t iv e  p ro d u c t which m ight then  be expected  

to  i n t e r a c t  e f f i c i e n t l y  w ith  th e  c loned  t a r g e t  gene o r i t s  p roduct in  an 

e a s i l y  d e te c ta b le  manner. This te ch n iq u e  cou ld  be used to  d e te c t  " c ro ss  

r e a c t io n s ” between any p a ir s  o f genes a n d /o r  t h e i r  p ro d u c ts , and a  . 

p re lim in a ry  experim ent in  th i s  la b o ra to ry  h as shown th a t  such co

t r a n s l a t i o n  can be ach iev ed . The lexA p ro d u c t, suggested  by W itkin (1976) 

to  be a  r e p re s s o r  o f  s e v e ra l  SOS c o n tr o l le d  g en es , has r e c e n t ly  been 

c lo n ed  (B ren t and P tash n e , I 98O). P lasm id DNA c o n ta in in g  th i s  gene was 

u sed  as an j n  v i t r o  tem pla te  and s y n th e s is  o f  th e  lexA product was 

o b ta in e d . When pLG510 was a ls o  added, p ro d u c ts  were ob ta ined  from b o th  

tem p la te s  b u t as y e t  no e f f e c t  on the  s y n th e s is  o f gene p ro ducts  coded^ 

in  pLG510 has been dem onstra ted .

In  c o n c lu s io n , th e  experim ents d e sc r ib e d  in  th i s  c h ap te r  were some

what p re lim in a ry  in  n a tu re  and shou ld  n o t be tak en  to  in d ic a te  t h a t ,  f o r  

exam ple, S30 e x t r a c ts  c o n ta in in g  a c t iv e  t i f  p ro te in  cannot be p rep a red .

I t  i s  hoped th a t  th i s  system m ight q u ic k ly  y ie ld  r e s u l t s  i f  some o f the  

m o d if ic a tio n s  suggested  here  were in tro d u c e d .

R ecent ev idence (see C hapter 6 ) t h a t  th e  33K p ro te in  i s  in  f a c t  envA 

im p lie s  t h a t  th e  s t r u c tu r a l  gene f o r  su lB  i s  n o t p re se n t on th e  c loned  

2.5Kb frag m en t. F u r th e r  experim ents (d is c u sse d  in  C hapter 8 ) would th e re 

fo r e  be n e c e ssa ry  to  lo c a te  and c lone  th e  s t r u c t u r a l  gene b e fo re  the  

t r a n s c r ip t io n a l  t e s t s  d e sc rib e d  in  t h i s  c h a p te r  cou ld  be c a r r ie d  ou t in  

r e l a t i o n  to  t h i s  gene.
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Chapter 8

AN APPRAISAL OF THE PROJECT IN THE LIGHT OF RECENT DEVELOPMENTS

8 .1  K in e tic s  o f  in d u c tio n  and reco v e ry  from th e  d iv is io n  b lock

An im p o rtan t f e a tu r e  o f th e  d iv is io n  k in e t ic s  a f t e r  UV was t h a t  a, 

s u b s ta n t ia l  p ro p o r tio n  o f c e l l s  in  th e  D p e rio d  were p reven ted  frcxn d iv id in g  

(C hap ter 3 ) . T his r e s u l t  in d ic a te d  th a t  the  UV induced d iv is io n  b lo ck  can 

v e to  th e  d iv is io n  o f c e l l s  whose r e p l i c a t io n  and p ro te in  sy n th e s is  

req u irem en ts  a re  f u l f i l l e d .  In  c o n t r a s t ,  d u rin g  thymine s ta r v a t io n  

(c h a p te r  3) none o f th e  c e l l s  in  D appeared  to  be p reven ted  from d iv id in g .  

F u r th e r ,  Gudas and P ardee (1976) re p o r te d  t h a t  a f t e r  c e s s a t io n  o f DNA 

r e p l i c a t io n  in  a  dnaA m utant a t  42°, n a l id ix ic  ac id  d id  n o t induce s y n th e s is  

o f  recA p r o te in .  These o b se rv a tio n s  in d ic a te  th a t  n e i th e r  n a l id ix i c  a c id  

(which a c ts  a t  th e  r e p l i c a t i o n  fo rk )  n o r thym ine s ta r v a t io n  can g e n e ra te  

th e  in d u c in g  s ig n a l  in  n o n - r e p l ic a t in g  c e l l s .  M oreover, the  s ig n a l  induced 

by UV in  c e l l s  in  D cannot be g e n e ra te d  a t ,  o r  by th e  r e p l ic a t io n  com plex, 

i . e .  th e  in d u c in g  s ig n a l  in  th e s e  c ircu m stan ces  i s  n o t p o s t - r e p l i c a t io n  gaps, 

o r  dNMPs, o r  DNA breakdown from th e  r e p l i c a t io n  fo rk  by the  recBC enzyme 

o r  any o th e r  consequence o f a  b locked  r e p l i c a t io n  complex.

S ince th e  o n se t o f d iv is io n  in h ib i t io n  a f t e r  UV i s  r a p id ,  th e  s ig n a l  

must be produced d u rin g  e a r ly  a c t i v i t y  o f a  c o n s t i tu t iv e  r e p a i r  p ro c e s s , 

e .g .  d e g ra d a tio n  o f DNA a t  sm all e x c is io n  g ap s. At th e  dose used  in  th e  

experim ents in  t h i s  p r o je c t ,  i t  may be c a lc u la te d  (Rupp and H ow ard-F landers, 

1968) th a t  abou t 500 d im ers p e r  genome a re  produced, and i t  seems re a so n a b le  

to  suppose t h a t  e x c is io n  r e p a i r  cou ld  e a s i ly  cope w ith  most of th e s e .  I t  

i s  u n l ik e ly  t h a t  " u n re p a ira b le ” o v e rla p p in g  le s io n s  could  be an in d u c in g
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s ig n a l  in  t h i s  case  s in c e  even i f  10^ o f a l l  th e  le s io n s  were r e p a ire d  by 

p o s t r e p l i c a t io n ,  lo n g -p a tc h  mechanisms, le s s  th an  1^ o f th e  t o t a l  genome 

would be s u b je c t  to  r e p a i r  a c t i v i t y .  Thus in d u c tio n  o f SOS fu n c tio n s  

o ccu rs  a t  r e l a t i v e l y  low le v e ls  o f damage, and i s  n o t r e s t r i c t e d  to  an 

extrem e s i t u a t i o n ,  w ith  a  p a r t i c u l a r  k ind  of le s io n  as th e  in d u c in g  s ig n a l .  

These c o n s id e ra t io n s  a re  c o n s is te n t  w ith  s p e c u la tio n s  made in  C hap ter 1 

th a t  the  s ig n a l  may be g en era ted  by s e v e ra l  d i f f e r e n t  mechanisms depending  

on l )  the  r e p a i r  c a p a c i t ie s  o f th e  c e l l ,  2 ) th e  in d u c in g  s tim u lu s  and 

3) the  s ta g e  in  th e  c e l l  c y c le . These p re d ic t io n s  would be confirm ed i f  i t  

cou ld  be dem o n stra ted  th a t  UV i r r a d i a t i o n  o f synchronous c u l tu re s  o f c e l l s  

in  D r e s u l t s  in  im m ediate in d u c tio n  o f any SOS fu n c tio n  b e fo re  th e  n e x t 

round o f r e p l i c a t i o n  b e g in s . I t  would a lso  be i n t e r e s t i n g  to  determ ine  

w hether a  s in g le  le s io n  could  le ad  to  in d u c tio n  in  e x c is io n - d e f ic ie n t  

c e l l s  in  U.

Two o th e r  in t e r e s t i n g  fe a tu re s  o f the k in e t i c  experim ents were n o ted . 

F i r s t ,  th a t  th e  re d u c tio n  in  th e  DNA:mass r a t i o  a f t e r  UV was n o t c o r re c te d . 

Secondly , d iv is io n  k in e t ic s  d u rin g  th e  reco v ery  o f Ion*  c e l l s  a f t e r  UV 

re v e a le d  th a t  a lth o u g h  in  many experim ents th e re  was a  s l i ^ t  in c re a s e  in  

th e  r a t e  o f  d iv is io n  f o r  a  s h o r t  p e r io d , th e re  was no in d ic a t io n  t h a t  the  

l o s t  d iv is io n s  were e v e r f u l l y  re co v e red . At the  s t a r t  of th e  reco v e ry  

p e rio d  a f t e r  a  UV dose o f lOJm th e  c e l l  number in  i r r a d ia te d  Ion* 

c u l tu r e s  was 559  ̂ low er than  th a t  of th e  u n ir r a d ia te d  c o n tro l ;  thus every  

c e l l  had m issed  one d iv is io n  and many c e l l s  had m issed  2 d iv is io n s  b e fo re  

th e  b lo ck  was l i f t e d .  I t  seems u n l ik e ly  th a t  e i t h e r  the  d iv is io n  o r  the  

DNA d e f i c i t s  cou ld  be accounted f o r  by k i l l i n g  o f a  s ig n i f ic a n t  p ro p o r tio n  

o f  c e l l s  s in c e  no e f f e c t  on mass in c re a se  was d e te c te d .  Thus, re c o v e rin g
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filam en to u s  c e l l s  must e i t h e r  d iv id e  c e n t r a l l y  to  g iv e  a  uniform  p o p u la tio n  

o f  l a r g e r  c e l l s ,  o r  more l i k e l y ,  a sy m m etrica lly , g iv in g  r i s e  to  one norm al 

d au g h te r  c e l l  and one l a r g e r  c e l l  (w ith  d ecrea sed  DNA/mass) in  which th e  

p re v io u s ly  b locked d iv is io n  s i t e  i s  n ev er u se d . However, i t  i s  d i f f i c u l t  

to  a t t r i b u t e  th e  a l t e r a t i o n  in  DNA/mass w holly  to  th e  presence  o f o v e rs iz e d  

c e l l s  s in c e  th e se  shou ld  r a p id ly  become a  v e ry  sm all p ro p o r tio n  o f th e  

c u l tu r e  cau s in g  th e  DNA/mass d e fe c t  to  be q u ic k ly  d i lu te d  o u t, c o n tra ry  to  

th e  r e s u l t s  o b ta in e d . Thus th e  p re c is e  e x p la n a tio n  f o r  th e se  o b se rv a tio n s  

rem ains u n c le a r .

I t  i s  p o s s ib le  t h a t  a  more d e ta i l e d  s tu d y  o f  th e  reco v ery  p e rio d  m ight

re v e a l  in t e r e s t i n g  fe a tu re s  o f th e  norm al c o u p lin g  between DNA r e p l i c a t i o n

and d iv is io n  as the  SOS b lock  i s  l i f t e d .  In  t h i s  r e s p e c t  i t  i s  a n t ic ip a te d

t h a t  th e  u se  of a  low dose o f UV as a  t r a n s ie n t  in ducing  agen t would
_2

m inim ise g e n e ra l d is tu rb a n c e  to  the  c e l l ,  s in c e  even IJm" produces an 

e a s i l y  d e te c ta b le  e f f e c t  on d iv is io n  (d a ta  n o t shown). UV has th e  advan tage  

(o v e r  drugs l i k e  mitomycin o r  n a l id ix ic  a c id )  o f  p roducing  r e p a ir a b le  

damage and can th e re fo re  be th o u g h t o f as a  norm al p h y s io lo g ic a l t r i g g e r  

f o r  the  SOS system . I t  i s  a ls o  l i k e l y  th a t  UV has been a  m ajor s e l e c t i v e  

in f lu e n c e  in  th e  e v o lu tio n  o f th e  SOS re sp o n se . S ev era l au th o rs  have 

su g g ested  th a t  a  b e t t e r  u n d e rs tan d in g  of th e  (e rro r -p ro n e  r e p a i r )  re sp o n se  

to  UV may c o n tr ib u te  to  an u n d e rs ta n d in g  o f c a rc in o g e n is is  (Hanawalt e t  a l . « 

1978 ; H ia t t  e t  , 1977)» s in c e  e r ro r -p ro n e  r e p a i r  appears to  occu r in  

mammalian c e l l s  and to  be im p lic a te d  in  c a rc in o g e n is is  (e .g . in  Xeroderma 

p igm entosa p a t i e n t s ) .

Recent experim en ts (P . B urton , p e rso n a l com m unication) showed t h a t  th e  

d e lay  in  d iv is io n  a f t e r  UV was p ro p o r tio n a l to  th e  dose (w ith in  th e  range
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2
1-30Jm” ) s u g g e s tin g  t h a t  the  amount o f damage to  the  chromosome i s  an 

im p o rtan t f a c to r  in  d e te rm in in g  th e  d u ra tio n  o f th e  d iv is io n  b lo ck  in  Ion* 

c e l l s .  I t  would be i n t e r e s t i n g  to  know w hether th e  k in e t i c s  o f DNA 

s y n th e s is  and o f  recA  s y n th e s is  (and th e re fo re  presum ably recA* a c t i v i t y )  

a ls o  v a ry  w ith  UV d o se , as t h i s  would in d ic a te  w hether recA and th e  proposed 

in d u c ib le  d iv is io n  in h ib i to r  have a  common o r  s im i la r  in d u c tio n  mechanism.

8 .2  L o ca tio n  o f sulB

A t s l , s f iB 1 14 m u tan t, in  which th e  s f iB (s u lB ) m u ta tio n  was known to  

be r e c e s s iv e ,  was r e c e n t ly  used  to  t e s t  f o r  com plem entation by sulB* in  

XGH200 (R. D*Ari, p e rso n a l communication a f t e r  th i s  p r o je c t  was com ple ted ). 

When th e  s t r a i n  was ly so g e n ise d , su lB *, i f  p re s e n t  on th e  phage, should  

have r e s to re d  te m p e ra tu re  s e n s i t iv e  f i la m e n ta t io n  due to  th e  t s l  m u ta tio n , 

b u t f a i l e d  to  do so , in d ic a t in g  th e  absence o f su lB * on XGE200. This 

r e s u l t  a ls o  confirm ed  th a t  sulB  and envA a re  d i s t i n c t l y  s e p a ra te  genes.

These d a ta  b e a r  on th e  i n te r p r e ta t io n  o f the  e f f e c t  o f the  m u lticopy  

p lasm id  (c a r ry in g  th e  c loned  fragm ent from t h i s  p h ag e), in  su p p re ss in g  

f i la m e n ta t io n  a f t e r  UV. The b e s t  i n t e r p r e ta t io n  o f th e  d a ta  i s  t h a t  th e  

p rom oter re g io n  o f  th e  sulB  gene i s  p re se n t on th e  2.5Kb fragm ent 

(a c c o u n tin g  f o r  th e  t i t r a t i n g  ou t o f th e  d iv is io n  i n h ib i to r  in  th e  m ulticopy  

s i t u a t i o n )  b u t t h a t  any coding  sequence p re s e n t i s  n o t s u f f i c i e n t  to  d i r e c t  

s y n th e s is  o f an a c t iv e  o r  d e te c ta b le  p o ly p e p tid e . The s t r u c tu r a l  p a r t  o f 

th e  su lB  gene m ust th e re fo re  co n tin u e  to  th e  r i g h t  o f th e  2.5Kb EcoRI 

fragm en t ( f i g . 8 . l ) .  T his re g io n  cou ld  now r e a d i ly  be i s o la te d  by ly s o 

g é n is a t io n  w ith  AgH200 , o f a  h o s t  d e le te d  f o r  a t t ^  as d e sc r ib e d  f o r  th e  

e x te n s io n  o f  t h i s  phage to  co v er f tsA  (C hapter 5)* b u t u s in g  a z i  (a z id e
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r e s i s t a n c e )  as a  s e le c t iv e  m arker. The p o s s ib le  u se  o f t h i s  m arker i s  

c u r r e n t ly  under in v e s t ig a t io n  in  th i s  la b o ra to ry .

8 .3  The in d u c ib le  in h ib i to r

U sing th e  tech n iq u e  o f gene fu s io n  (Casadaban and Cohen, 1979) D*Ari 

and cow orkers have r e c e n t ly  c o n s tru c te d  s t r a i n s  in  which th e  lacZ  gene was 

fu sed  to  th e  sulA prom oter re g io n  (R. U 'A ri, p e rso n a l com m unication).

These w orkers found th a t  s e v e ra l  d i f f e r e n t  SOS in d u c in g  tre a tm e n ts  (UV, 

thym ine s ta r v a t io n ,  t i f  o r  t s l , and s e v e ra l  d ru g s ) le d  to  in c re a se d  

s y n th e s is  o f p -g a la c to s id a s e  in  th e  fu s io n  m u tan t, c o n fin n in g  t h e i r  e a r l i e r  

su g g e s tio n  th a t  sulA  i s  in d u c ib le  by th e  SOS s ig n a l .

Taking th e se  d a ta  to g e th e r  w ith  th e  m u ltico p y  e f f e c t  o f th e  proposed 

sulB  p rom oter, models f o r  th e  in te r a c t io n  o f sulA  and sulB  can now be 

p roposed . In  one example ( f i g . 8 .2 ) ,  co n v ersio n  o f recA to  p r o te o ly t i c a l ly  

a c t iv e  recA* by th e  SOS e f f e c to r  le a d s  to  d e re p re s s io n  o f sulA  by c leav ag e  

o f  a  r e p re s s o r  (p ro b ab ly  lex A ). Newly s y n th e s is e d  sulA  p roduct then  

s p e c i f i c a l l y  in h ib i t s  d iv is io n  by r e p re s s in g  su lB , which codes a  septum 

component (o r  enzyme o r  a  c o fa c to r  e s s e n t i a l  f o r  septum c o n s tr u c t io n ) .  The 

su lB  p roduct must n o rm ally  be p re s e n t  in  v e ry  low q u a n ti ty , o r  tu rn ed  over 

v e ry  ra p id ly  f o r  th i s  mechanism to  be e f f e c t iv e ,  c o n s is te n t  w ith  i t s  a c t i v i t y  

b e in g  invo lved  in  a  s h o r t ,  d i s c r e t e  ev en t in  th e  c e l l  cy c le  ( i . e .  s e p ta t io n ) .  

The f a c t  t h a t  m u ta tio n s  in  su lB  a re  i s o la te d  on ly  r a r e ly  (Huisman e t  , 

1980b) a ls o  su g g es ts  th i s  type o f v i t a l  o r  even e s s e n t i a l  r o le  f o r  su lB .

In  t h i s  m odel, th e  supply  o f sulB  i s  t i g h t l y  ( in v e r s e ly )  coupled to  

recA * p ro d u c tio n  a f t e r  DNA damage. The model assumes th a t  th e  sfiA ,B  

system  i s  re s p o n s ib le  f o r  th e  d u ra t io n  o f  th e  d iv is io n  d e lay  ( th i s  p o in t  i s



130

d isc u s se d  f u r th e r  in  8 .5 ) ,  and th a t  recA* i s  o n ly  a c t iv e  d u rin g  th e

d e te c ta b le  p e r io d  o f  recA  in d u c tio n  ( i . e .  l e s s  th an  60 min -  C hapter 3 ) .

Can t h i s  model acco u n t f o r  th e  tim in g  o f d iv is io n  re c o v e ry , which ta k e s
_2

p la ce  30 min a f t e r  recA  in d u c tio n  i s  over a f t e r  a  UV dose o f  10Jm ?

The Ion  gene p ro d u c t may have a  r o le  in  t h i s  r e s p e c t ,  the  s im p le s t p ro p o sa l 

b e in g  th a t  i t s  p ro te a s e  a c t i v i t y  may c o n tro l  th e  s t a b i l i t y  o f some 

component in  th e  system , p o s s ib ly  sulA . I t  i s  c l e a r  th a t  th e  mechanism 

in v o lv ed  in  t r a n s i e n t  d iv is io n  in h ib i t io n  a f t e r  UV in v o lv es  Io n  in  some way 

b u t i t  i s  d i f f i c u l t  to  see  how th e se  gene and gene p ro d u c t in te r a c t io n s  

cou ld  be f u r t h e r  in v e s t ig a te d  w ith o u t th e  u se  o f operon fu s io n s  o r  in  v i t r o  

s tu d ie s  w ith  c lo n ed  g en es . Gene fu s io n  has a lre a d y  been used  to  id e n t i f y  

s e v e ra l  m itom ycin C- and U V -inducible genes in  E .c o l i  (Kenyon and W alker, 

1980).

W itkin  ( 1976) d isc u sse d  th e  way in  which a  s in g le  gene p ro d u c t (recA ) 

can e x e r t  c o n tro l  o v e r a  d iv e rs e  range o f SOS f u n c t io n s .  She su g g es ted  th a t  

th e  source  o f th e  d iv e r s i t y  m ight r e s id e  in  e i t h e r  a  s e r ie s  o f  d i f f e r e n t  

r e p r e s s o r s ,  a l l  c le a v a b le  by one p ro te a se  a c t i v i t y  (recA *), o r  .in a  s e r ie s  

o f  d i f f e r e n t  in d u c ib le  p ro te a s e s . The ev idence to  d a te  su p p o rts  th e  f i r s t  

p o s tu la te ,  b u t f u r t h e r  su g g es ts  th a t  th e  (lexA ) r e p re s s o r  m ight a ls o  be 

m u l t i f u n c t io n a l ,  w ith  d i f f e r e n t  a c t iv e  s i t e s  e n a b lin g  i t  to  c o n tro l  s e v e ra l  

in d u c ib le  g e n es . T h is  would perhaps be s u r p r is in g  in  such a  sm all m olecule 

(24K) b u t would n e v e r th e le s s  h e lp  to  account f o r  th e  s p l i t  phenotypes of 

v a r io u s  lexA m utan ts  d e sc r ib e d  in  C hapter 1.
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8 .4  RecA and DNA r e p lic a t io n

Some re c e n t  o b se rv a tio n s  have su g g ested  t h a t  recA  may be invo lved  in  

the  DNA r e p l i c a t i o n  complex. D*Ari e t  (1979) n o ted  th a t  a  dnaB232 

m u ta tio n , c au s in g  a  c o n d itio n a l d e fe c t  in  i n i t i a t i o n  o f DNA r e p l ic a t io n ,  

su p p ressed  e x p re ss io n  o f t i f -m edia ted  SOS fu n c t io n s .  Since th e  dnaB 

p ro d u c t i s  an e s s e n t i a l  component o f th e  r e p l i c a t i o n  complex (K om berg,

1980) ,  D 'A ri concluded th a t  t i f  e x p re s s io n  o p e ra ted  th rough  the

r e p l i c a t i o n  complex; s in ce  no e f f e c to r  m olecu le  i s  n e c e ssa ry  f o r  t i f

e x p re s s io n , th e n  t i f  (recA ) i t s e l f  must be p a r t  o f  th e  rep liso m e .

One o f  th e  SOS fu n c tio n s  l i s t e d  in  ta b le  1.1 i s  " s ta b le  DNA r e p l ic a t io n "  

(Kogoma and L ark , 1970). A lthough DNA r e p l i c a t i o n  in  p ro g ress  i s  blocked 

by SOS in d u c in g  tre a tm e n ts , a f t e r  a  tim e new i n i t i a t i o n s  a t  th e  o r ig in  o f 

r e p l i c a t i o n  a re  observed , and r e p l i c a t io n  fo llo w s  w hich , e .g .  a f t e r  in d u c tio n  

by thym ine s t a r v a t io n ,  i s  sem ico n serv a tiv e  and ap p ea rs  to  be normal in  a l l  

o th e r  r e s p e c ts  (Lark and L ark, 1979). However, th e  r e p l ic a t io n  complexes 

assem bled soon a f t e r  an SOS in d u c in g  tre a tm e n t w hich c a r ry  ou t th i s  new 

s y n th e s is ,  u n lik e  norm al re p liso m e s , can co n tin u e  to  com plete and to  r e 

i n i t i a t e  new rounds o f  r e p l ic a t io n  f o r  many g e n e ra tio n s  in  th e  absence o f 

p ro te in  s y n th e s is  (Kogoma and Lark , 1970). The fo rm a tio n  o f  th e se  s ta b le  

re p liso m e s  i s  recA and lexA dependent and i s  a ls o  induced  a t  non-perm issive  

te m p e ra tu re  in  c e r t a in  dna^^ m utants (Kogoma e t  ^ . , 1979» Lark and Lark, 

1979) .  The s t a b i l i t y  of th e  "SOS" complexes was su g g es ted  to  be due to  

recA  a c t in g  in  th e  complex, p re v e n tin g  th e  r e l e a s e  o r  d e g ra d a tio n  of a

rep liso m e  component, which would norm ally  o ccu r a t  te rm in a tio n  o f r e p l i c a t io n .

Dominant c o n d it io n a l  l e th a l  m u ta tio n s  (dnaT) have been  i s o la te d  in  which 

th e  in d u c tio n  o f s ta b le  r e p l ic a t io n  i s  b lo ck ed , perh ap s  d e f in in g  a  p ro te in
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in  th e  r e p l i c a t io n  complex w ith  which recA and dnaB m i ^ t  i n t e r a c t  (Lark 

and L ark , 1979)* These w orkers a ls o  showed th a t  th e  dnaT m u ta tio n  

p rev en ted  e r ro r -p ro n e  r e p a i r ,  s in c e  in  th e se  m utants re v e rs io n  o f an 

au x o tro p h ic  d e fe c t  hy MMS was no lo n g e r  enhanced. Evidence was a ls o  

o b ta in ed  th a t  e r ro r -p ro n e  s ta b le  r e p l i c a t io n  a c t i v i t y  re q u ire d  co n tin u ed  

p ro te in  s y n th e s is  a f t e r  th e  SOS rep liso m e had been assem bled, in d ic a t in g  a  

req u irem en t f o r  a  second in d u c ib le  p ro te in  f a c to r  in  a d d it io n  to  recA .

Lark and Lark (1979) su g g ested  a  model in  which recA (o r  presum ably recA*) 

re p la c e s  dnaT in  th e  rep liso m e  (rem oving i t  by p r o te o ly t ic  c le a v a g e ) , 

p roducing  a  complex which i s  s ta b le ,  and cap ab le  o f e rro r-p ro n e  r e p a i r .  In  

th i s  model i t  must be assumed th a t  any e s s e n t i a l  fu n c tio n  o f dnaT d u r in g  

r e p l i c a t io n  i s  se rv ed  by recA (recA *). The t r a n s i e n t  n a tu re  o f e r ro r -p ro n e  

r e p a i r  would be c o n tro l le d  by th e  second in d u c ib le  f a c to r  and n o t d i r e c t l y  

by th e  s ta b le  re p liso m e .

I t  i s  tem p ting  to  sp e c u la te  th a t  s ta b le  r e p l i c a t io n  r e f l e c t s  a  

con tinuous involvem ent o f recA in  DNA r e p l i c a t i o n ,  and perhaps a lso  tem p tin g  

to  lo o k  f o r  mechanisms by which t h i s  involvem ent cou ld  se rv e  to  co u p le  DNA 

s y n th e s is  to  d iv is io n  in  n o rm ally  grow ing c e l l s .  Such an involvem ent would 

e x p la in  th e  e a r ly  o b se rv a tio n s  (C hap ter 1 ) t h a t  recA  appeared to  be th e  

d iv is io n  i n h ib i to r  w hatever s tim u lu s  i s  a p p lie d . However i t  sho u ld  be rem

embered th a t  recA canno t be an e s s e n t i a l  p a r t  o f  th e  r e p l ic a t io n  complex 

s in c e  recA^^ and d e le t io n  m utants a re  v ia b le  and show normal DNA r e p l i c a t i o n  

(McEntee, 1977» P. O liv e r ,  p e rso n a l com m unication).
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8 .5  Pathways o f d iv is io n  con tro l

T his p r o je c t  fo cu ssed  on what was th o u g h t to  be a  s in g le  pathway o f

d iv is io n  c o n tro l  e l i c i t e d  in  resp o n se  to  DNA damage. However, w h ile  th i s

work was in  p ro g re s s  th e re  have been in d ic a t io n s  t h a t  d iv is io n  in h ib i t i o n

a f t e r  UV may in v o lv e  more th an  one recA dependent pathw ay. Experim ents in

th i s  la b o ra to ry  by P . B urton have shown th a t  a t  v e ry  low doses o f UV

(l-1 .2 Jm "  ) th e  p e r io d  o f d iv is io n  in h ib i t io n  observed  in  W.T. s t r a i n s  i s

a b o lish e d  by m u ta tio n s  in  sulA  o r  su lB , and th a t  f i la m e n ta t io n  induced  by

tem p era tu re  s h i f t  in  a  t s l  m utant i s  ab o lish ed  by 4pg/ml r i f . In  c o n t r a s t ,

experim ents d e s c r ib e d  in  C hapter 4 showed th a t  r i f  had no e f f e c t  on

d iv is io n  in h ib i t i o n  a f t e r  UV in  w ild  type s t r a i n s ,  and th a t  sulA  and B

su p p re ss io n  o f Ion  f i la m e n ta t io n  d id  n o t le a d  to  a b o l i t io n  o f  th e  d iv is io n

b lo ck  b u t a llow ed  re c o v e ry  a f t e r  a  p e rio d  o f f i la m e n ta t io n .  Taken to g e th e r ,

th e se  r e s u l t s  show t h a t  a t  l e a s t  two pathways must o p e ra te  in  i r r a d i a t e d

c e l l s .  One o f  th e se  pathways fu n c tio n s  v e ry  r a p id ly  a f t e r  damage even a t

v e ry  low l e v e l s ,  i s  recA and s u l  dependent, r i f  S e n s i t iv e  and can be t h o u ^ t

o f as an " e a r ly "  o r  "im m ediate" re sp o n se . In  sulA  and sulB  m u tan ts , the
-2d iv is io n  in h ib i t i o n  a f t e r  a  UV dose of lOJm" does n o t in v o lv e  t h i s  e a r ly  

"component" and th e  d iv is io n  increm ent b e fo re  th e  b lo ck  i s  imposed i s  

l a r g e r  th an  in  w ild  ty p e  s t r a i n s  (C hapter 4 and Appendix l ) .  The concep t 

o f  2 independen t pathw ays f o r  d iv is io n  in h ib i t i o n  i s  c o n s is te n t  w ith  c e r ta in  

o b se rv a tio n s  which have been h i th e r to  r a th e r  c o n fu s in g ; f o r  exam ple, S a l ta  

and Pardee (1978) had a lre a d y  re p o rte d  th a t  tem p e ra tu re -in d u ced  f i la m e n ta t io n  

in  t s l  m utants was a b o lish e d  by r i f  tre a tm e n t. This can now be in te r p r e te d  

as f u r th e r  ev idence  th a t  lexA i t s e l f  has a  d i r e c t  r o le  in  th e  e a r ly  re sp o n se . 

Huisman a t  ^ . ,  ( 1980c) observed  th a t  th e  o n se t o f f i la m e n ta t io n  d u r in g
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thym ine s ta r v a t io n  was delayed  by s f iA  and s f iB  im ita tio n s . They a ls o  

n o ted  th a t  in  th e se  m utants a  p e r s i s t e n t  f r a c t i o n  (30%) o f c e l l s  d id  n o t 

f i la m e n t ,  and suggested  th a t  th e se  a re  DNA-less c e l l s  which would be 

p rev en ted  from form ing in  s f i *  c u l tu r e s  by th e  e a r ly ,  s f i  dependent b lo ck .

Do th e se  pathways r e f l e c t  s e p a ra te  fu n c tio n s  o f d iv is io n  in h ib i t io n ?

I t  seems l i k e l y  th a t  th e  s f i / s u l -d ep enden t e a r ly  system  i s  th e  immediate 

"SOS" component -  an emergency m easure , t r ig g e r e d  by th e  presence  o f DNA 

damage, to  p rev en t s e g re g a tio n  o f damaged genomes o r  fo rm ation  o f DNA-less 

c e l l s .  The s ig n a l  can be g e n e ra te d  in d e p en d e n tly  o f r e p l ic a t io n  and c e l l s  

in  D a re  s u b je c t  to  th e  b lo ck . The d e lay ed  o n se t o f  second-phase 

in h ib i t i o n  su g g es ts  th a t  th e  p ro d u c tio n  o f th e  co rre sp o n d in g  s ig n a l  may 

depend in  th i s  case  s p e c i f i c a l ly  on r e p l i c a t i o n .  S p é c u lâ tiv e ly ,  t h i s  could  

r e f l e c t  two p o s s ib le  mechanisms. The f i r s t  i s  b lockage  o f th e  r e p l ic a t io n  

complex a t  a  non-cod ing  le s io n .  These le s i o n s ,  which somehow prov ide  th e  

t r i g g e r  f o r  th e  in d u c tio n  o f e r ro r -p ro n e  r e p l i c a t i o n  c a p a c ity  ( i . e .  e r r o r -  

p rone " r e p a i r " ) ,  could  a lso  le a d  to  a  re in fo rc e m e n t o f the d iv is io n  b lock  

by a  s e p a ra te  recA dependent, r i f  r e s i s t a n t  mechanism a llo w in g  more 

e x te n s iv e  p o s t - r e p l ic a t io n  and e r ro r -p ro n e  r e p a i r  b e fo re  d iv is io n  i s  allow ed 

to  resum e. The o th e r  p o s s ib i l i t y  i s  t h a t  th e  second-phase  d iv is io n  b lock  

sim p ly  r e f l e c t s  de layed  te rm in a tio n  o f  r e p l i c a t i o n .  This would le a d  to  

th e  d e layed  p ro d u c tio n  o f a  p o s i t iv e  d iv is io n  c o n tr o l  f a c to r ,  norm ally  

sy n th e s is e d  a t  te rm in a tio n  o r re le a s e d  from th e  d is s o c ia t in g  r e p l ic a t io n  

complex a t  te rm in a tio n , and p ro b ab ly  in v o lv in g  recA  o r  reck*  (as suggested  

in  th e  accoun t o f s ta b le  r e p l i c a t i o n ) .  A ll th e  d a ta  a re  c o n s is te n t  w ith  

b o th  d iv i s io n - in h ib i t io n  pathways b e in g  recA  d ep en d en t, and th i s  f a c to r  has 

p re se n te d , and co n tin u es  to  p re s e n t p r a c t i c a l  d i f f i c u l t i e s  in  d is t in g u is h in g  

them.
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A ll o f th e se  s tu d ie s  have s t i l l  f a i l e d  to  revesil th e  r o le  o f I o n . 

Evidence i s  accu m u la tin g  (Huisman e t  a l . , ( l 9 8 0 c ) ,  and experim ents in  

p ro g ress  in  t h i s  la b o ra to ry )  t h a t  th e  i r r e v e r s ib le  f i la m e n ta t io n  o f  Ion  

s t r a i n s  a f t e r  UV i s  t r ig g e r e d  by th e  e a r ly  pathway, su g g es tin g  th a t  th e  

i n a b i l i t y  to  re c o v e r  r e f l e c t s  th e  e s s e n t i a l  r o l e  o f Ion  in  tu rn in g  o f f  t h i s  

pathway, as proposed above in  a  model o f  sulB  a c t io n .  I f  t h i s  su g g e s tio n  i s  

c o r r e c t ,  th e  tim in g  o f th e  r e le a s e  from th e  * ea rly *  d iv is io n  b lo ck  shou ld  

be c o n tro l le d  by lo n - s u l  in t e r a c t io n .  However, s in c e  th i s  pathway canno t 

be i s o la te d  from  th e  second-phase  d iv is io n  b lock,, i t  i s  n o t p o s s ib le  to  

de term ine  which pathway f i n a l l y  f ix e s  th e  tim in g  o f recovery*

The sim ple  model d e sc r ib e d  in  8 .3 ,  though u s e f u l ,  f a i l s  to  acco u n t f o r  

a l l  the  d a ta  when th e  su p p re ss io n  o f  Ion  by sulB  i s  c o n s id e re d . 3ii a  Ion  

m utant th e  d iv is io n  b lo c k  i s  perm anen tly  sw itched  on; i . e .  in  term s o f 

th e  model, sulA  r e p re s s io n  o f sulB  i s  i r r e v e r s ib l e .  M utations in  s u l  A 

cou ld  le ad  to  a  re d u c tio n  in  th e  e f f ic ie n c y  o f re p re s s io n  o f sulB  and SulB 

t r a n s c r ip t io n  cou ld  th e r e f o r e  "escape" to  promote d iv is io n  re c o v e ry . Taking 

in to  account t h a t  1 ) n e a r ly  a l l  su lB  m utants s tu d ie d  so f a r  a re  r e c e s s iv e ,  

and 2) m u ta tio n s  in  su lB  which a f f e c t  th e  b in d in g  o f s u l A (and hence the  

e f f ic ie n c y  o f r e p r e s s io n )  sho u ld  be dom inant, how can ( r e c e s s iv e )  m u ta tio n s  

in  sulB  le a d  to  escape  o f su lB  sy n th e s is ?

This co n cep tu a l d i f f i c u l t y  su g g es ts  th a t  th e  proposed model o f  sulA  

and sulB  and Io n  in te r a c t io n  i s  incom plete  a t  b e s t ,  and a  r a th e r  more 

complex r o le  f o r  Ion  i s  re q u ire d  th an  has been h i th e r to  su g g es ted , s in c e  the  

a b i l i t y  o f a  r e c e s s iv e  m u ta tio n  in  sulB  to  su p p ress  the  Ion  d e fe c t  in d ic a te s  

a  d i r e c t  i n t e r a c t io n  betw een Io n  and sulB  i t s e l f  r a th e r  th an  sulA  as 

su g g es te d . However, many a tte m p ts  to  draw up an a l t e r n a t iv e ,  o r  improved 

model w ith o u t s u b s t a n t i a l l y  changing  th e  r o le  o f  sulB  as a  t a r g e t  f o r  sulA
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have n o t re so lv e d  t h i s  d i f f i c u l t y .  N e ith e r  p o s i t iv e  n o r n e g a tiv e  

m o d u la tio n  o f su lB  t r a n s c r ip t io n  by Io n , even a c t in g  in d ep en d en tly  o f  s u l A, 

would a llo w  f o r  r e c e s s iv e  su p p re sso r m u ta tio n s  in  su lB . S im ila r ly , 

a s c r ib in g  a u to re g u la to ry  p ro p e r t ie s  to  sulB  le a d s  to  th e  same im passe.

I f  in te r a c t io n s  a t  th e  le v e l  o f t r a n s c r ip t io n  a r e  p re c lu d ed , could 

i n te r a c t io n s  o f  th e  gene p roducts  them selves p ro v id e  th e  mechanism o f  

su p p re ss io n ?  Again re c e s s iv e n e ss  p re s e n ts  an in su rm oun tab le  problem .

An a l t e r n a t iv e  model in  which sulA  and su lB  a c t  to g e th e r  as the  d iv is io n  

i n h i b i t o r  a llo w s f o r  re c e s s iv e  m u ta tions in  su lB  to  su ppress  th e  Ion 

d e f e c t .  In  t h i s  c ase  m u ta tions in  e i t h e r  sulA  o r  su lB  m ight reduce th e  

e f f e c t iv e n e s s  o f th e  proposed su lA -sulB  i n h i b i t o r  complex, and such 

m u ta tio n s  cou ld  be r e c e s s iv e .  When th e  sulB  o p e ra to r  i s  p re s e n t on a  m u lti

copy plasm id  in  a  Io n  sulB  background (C hap ter 5 ) ,  th e  SOS s ig n a l  mi^rit 

s t i l l  be t i t r a t e d  o u t i f  bo th  sulA and sulB  a re  re p re s s e d  by lexA. In  th is  

s i t u a t i o n ,  a lth o u g h  c leavage  of lexA may r e s u l t  in  "d e re p re s s io n "  o f some 

g e n es , no sulB  p ro d u c t can be made, and th e r e f o r e  no d iv is io n  b lock  r e s u l t in g  

frcxn th e  su lA -su lB  complex i s  p o s s ib le .  I n h ib i t io n  o f  d iv is io n  due to  the 

"seco n d -p h ase"  system , observed in  th e  Ion  su lB  s t r a i n  was la rg e ly  

a b o lish e d  in  th e  p resen ce  o f the  m ulticopy  p la sm id . RecA* m olecules (on 

which th e  second pathway a ls o  depends) may have been  t i t r a t e d  ou t by the  

e x t r a  co p ie s  o f th e  sulB  o p e ra to r , le a v in g  l e s s  recA * a c t i v i t y  a v a ila b le  

to  induce th e  second-phase b lo ck .

I t  i s  perhaps im p o rtan t to  remember t h a t  th e  m u ltico p y  e f f e c t  o f the  

p roposed  su lB  o p e ra to r  re g io n  wais observed  in  a  Io n "  sulB~ s t r a i n ,  i . e .  the 

norm al a c t i v i t y  o f  Io n  was ab sen t in  t h i s  e x p e rim en t, and th u s  the  

" t i t r a t i o n "  e f f e c t  cou ld  have r e f l e c te d  an abnorm al mechanism f o r  p ra n o tio n
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o f  d iv is io n  a f t e r  UV. S ince f u r th e r  p h y s io lo g ic a l s tu d ie s  would be 

com plica ted  by th e  i n a b i l i t y  to  e lim in a te  th e  "second pha^e" d iv is io n  b lo ck  

in  o rd e r  to  s tu d y  th e  s u l  pathway in  i s o l a t i o n ,  i t  may w ell prove e s s e n t i a l  

to  perform  in  v i t r o  s tu d ie s  on th e  (c lo n ed ) genes involved  to  e lu c id a te  

su lA , sulB  and Ion  in te r a c t io n s  f u r th e r .

F in a l ly ,  any i n t e r p r e t a t i o n  o f  th e se  d a ta  should  allow  f o r  th e  f a c t  

th a t  new in fo rm a tio n  re g a rd in g  g e n e tic  c o n tro l  o f d iv is io n  in h ib i t io n  

pathways i s  c o n t in u a l ly  be in g  o b ta in e d , ( e .g . t h e  in fB  m u ta tio n , see  ta b le  

1 . 3 ) .  Though many o f  th e  new m u ta tio n s  have proved to  map a t  w e ll known 

l o c i ,  th e  p r o b a b i l i ty  s t i l l  e x i s t s  t h a t  im p o rtan t fe a tu re s  of d iv is io n  

c o n tro l  rem ain u n reco g n ised .

In  summary, t h i s  s tu d y  has e lu c id a te d  some a sp e c ts  of d iv is io n  c o n tro l  

a f t e r  UV, c h a r a c te r i s in g  th e  c o n tr ib u t io n s  o f  ^m e  o f the  g e n e tic  e lem ents 

in v o lv e d . I n v e s t ig a t io n  o f th e  in te r a c t io n  o f th e se  elem ents has been made 

p o s s ib le  by th e  c lo n in g  o f p a r t  o f th e  siilB  gene and much o f th e  

p re p a ra to ry  work has been done to  en ab le  th e  m o lecu la r mechanism o f th e  

d iv i s io n  b lo ck  to  be dem o n stra ted .



■ou 1130

i
a
%

I
a



Qjen
D
£

8
CM if)\

I

SI

s

\

in

- Jo Q.

Ol

(NI
o
_J
Cl

CN Û.

8

U)■D
Em
o
a

■ c o 
c
5
e
o
Ü0)

0:

1
I

1
2

I
g

•ë
0)f)

I
f
’Î

I



138

Bibliography

ADLER, H .I. and HAEDIGREE, A.A. (1965)
Growth and d iv is ion  of filamentous forms of Escherichia c o l i .
J . B a c te r id . 223-226,

AMES, G.P. (1974).
Resolution of b a c te ria l proteins by polyacrylamide e lectrophoresis . 
on s lab s . J .  B iol. Chem. 249> 634-644*

BACHMANN,.B. and LOST, K.B. ( 198O)
Linkage map of Escherichia c o li K-12, ed ition  6. M icrobiol. Rev.
M , 1- 56.

BAILONE, A., LEHNE, A. and DEVOEET, R. (1979)
Inactivation  of prophage X  repressor in  v ivo . J .  Mol. B iol.
131, 553- 572.

BALUCH, J . ,  CHASE, J.W. and SUSSMAN, R. (l980a)
Synthesis of recA protein  and induction of bacteriophage lambda in 
s ing le-strand  deoxyribonucleic acid-binding p ro te in  mutants of 
Escherichia c o l i . J . B acterio l. 144, 489-498*

BALUCH, I . ,  SUSSMAH, R. and RESNICK, J . (l980b)
Induction of prophage X  without am plification of recA p ro te in . 
Molec. gen. Genet. 178, 317-323*

BEGG, K.J. and DONACHIE, W.L. (l973)
Topography of outer membrane growth in  E .c o li . Nature New B iol.
2^1, 38-39*

BEGG, K .J. and DONACHIE, W.D. (1977)
Growth of the Escherichia c o li c e ll  surface. J .  B acterio l. 129,

. 1524- 1536.

BEGG, K .J ., HATFÜLL, G.P. and DONACHIE, W.D. ( 198O)
Id e n tif ica tio n  of new genes in  a c e ll  envelope -  c e ll  d iv ision  gene 
c lu s te r  of Escherichia co li : c e ll  d iv ision  gene ftsQ . J .  B acterio l.
141» 435-437*

BLUMENTHAL, R.M. and DENNIS, P.P. (1978)
Gene expression in  E .co li during p a r tia l  Rifampicin-mediated 
re s tr ic tio n s  of tran scrip tio n  in i t ia t io n . Molec. gen. Genet. 165, 
79-86.

BOCKRATH, R.C. and HANAWALT, P.O. (198O)
U ltrav io le t l ig h t  induction of recA protein  in  a  recB uvrB mutant of 
Escherichia c o l i .  J .  B acterio l. 143, 1025-1028.



139

BOITEUX, S . ,  VILLANI, G ., SPABARI, S . ,  ZAMBRANO, P . and RADMAN, M. (1978) 
In  DNA r e p a i r  mechanisms (ICN-UCLA sym posia on m olecu lar and c e l l u l a r  
b io lo g y  IX ), e d s . H anaw alt, P .O ., F r ie d b e rg , E.G. and Pox, G.P. 
(Academic P ress  I n c . )  p p .73-84.

BONNER, W.M. and LASKY, R.A. (1974)
A f ilm  d e te c t io n  method f o r  t r i t i u m - la b e l l e d  p ro te in s  and n u c le ic  
a c id s  in  po lyacry lam ide g e l s .  E ur. J .  Biochem. 4 6 , 83-88.

BOYD, A. ( 1979)
A spects o f o u te r  membrane p ro te in  s y n th e s is  in  E sc h e r ic h ia  c o l i  B /r . 
Ph.D T h es is , U n iv e rs ity  o f L e ic e s te r .

BOYD, A. and HOLLAND, I .B . (1977)
P ro te in  d , an i r o n - t r a n s p o r t  p ro te in  induced  by f i l t r a t i o n  o f c u l tu re s  
o f E sc h e r ic h ia  c o l i . PEBS L e t t e r s .  %6, 20-24*

BREMER, H. and CHURGHWARD, G. (1977)
In h ib i t io n  o f i n i t i a t i o n  o f rounds o f r e p l i c a t i o n  in  E .c o l i  B /r .
J .  B a c te r io l .  130, 692-697*

BRENT, R. and PTASHNE, M. ( 198O)
The lexA gene p ro d u c t re p re s s e s  i t s  own p ro m o ter. P roc. N a tl. Acad. 
S c i .  USA. 2 7 , 1932- 1936*

BRIDGES, B .A ., MOTTERSHBAD, R .P . and GREEN, M.H.L. (l9 7 7 )
C e ll d iv is io n  in  E sc h e r ic h ia  c o l i  B§-12 i s  h y p e rs e n s it iv e  to  deoxy
r ib o n u c le ic  a c id  damage by u l t r a v i o l e t  l i g h t .  J .  B a c te r io l .  130,
724- 728 .

BROOME-SMITH, J .  ( 198O)
R elax a tio n  complexes and m o b il is a t io n  p ro p e r t ie s  o f colEI and r e la t e d
p la sm id s. Ph.D T h e s is , U n iv e rs ity  o f L e ic e s te r .

BROWN, M. ( 1980)
T ransfo rm ation  o f E sc h e r ic h ia  c o l i  by p lasm id  DNA. Ph.D T h e s is , 
U n iv e rs ity  o f  L iv e rp o o l.

CAILLET-PAUQUET, P . ,  DEFAIS, M. and RADMAN, M. (1977)
M olecu lar mechanisms o f induced m u tag en es is . R e p lic a tio n  in  v iv o  o f 
b ac te rio p h ag e  0X174 s in g le - s t r a n d e d , u l t r a v i o l e t  l i g h t  -  i r r a d ia te d  
DNA in  i n t a c t  and i r r a d ia te d  h o s t c e l l s .  J .  Mol. B io l. 117, 95-112.

GAMMAGK, K.A. and WADE, H.E. ( 1965)
The sed im en ta tio n  b eh av io u r o f r ib o n u c le a s e -a c t iv e  and - in a c t iv e  
ribosom es from b a c te r ia .  Biochem. J .  67I - 68O.

GASADABAN, M .J. and GOHEN, S.N . (1979)
L actose  genes fu se d  to  exogenous prom oters in  one s te p  u s in g  &Ri- la c  
b ac te rio p h a g e  : In  v ivo  probe f o r  t r a n s c r ip t i o n a l  c o n tro l sequences. 
P ro c . N a tl .  A c ad .-S c i. USA. %6 , 4530-4533*



140

CASTELLAZZI, M ., MORAND, P . ,  GEORGE, J .  and BUTTIN, G. (l9 7 7 )
Prophage in d u c tio n  and c e l l  d iv is io n  in  E . c o l i . V. Dominance and 
com plem entation a n a ly s is  in  p a r t i a l  d ip o id s  w ith  p le io t r o p ic  
m u ta tio n s  ( t i f , reçA , zab and lexB ) a t  th e  recA  lo c u s . M olec. g en . 
G enet. 1 ^ ,  297-310.

CLARK, A .J . and VOLKERT, M.R. (1978)
In  DNA r e p a i r  mechanisms ( ICN-UCLA sym posia on m o lecu lar and c e l l u l a r  
b io lo g y  IX ), e d s . H anaw alt, P .O ., F r ie d b e rg , E .C . and Fox, C .F . 
(Academic P ress  I n c .)  p p .57-72.

COOPER,' S . (1979)
A u n ify in g  model f o r  th e  G1 p e rio d  in  p ro k a ry o te s  and e u k a ry o te s . 
N a tu re . 280 , 17-19*

COOPER, S. and HELMSTETTER, C .E. ( 1968)
Chromosome r e p l i c a t io n  and th e  d iv is io n  c y c le  o f  E sc h e r ic h ia  c o l i .
J .  Mol. B io l. 31, 519- 540 .

CRAIG, N.L. and ROBERTS, J.W . ( 198O)
E .c o l i  recA  p ro te in  -  d i r e c te d  cleavage o f phage A r e p r e s s o r  r e q u ir e s  
p o ly n u c le o tid e . N a tu re . 283 , 26-30.

CUNNINGHAM, R .P . , SHIBATA, T . ,  DASGUPTA, C. and RADDING, C.M. (1979)
S in g le  s tra n d s  induce recA p ro te in  to  unwind dup lex  DNA f o r  homologous 
p a ir in g .  N a tu re . 2 8 l , 191-195*

DANEO-MOORE, L. and SHOCKMAN, D.G. (1977)
The b a c t e r i a l  c e l l  s u r fa c e  in  growth and d iv i s io n .  C e ll S u rface  
Reviews. 4 , 597-715*

DARBY, V. and HOLLAND, I .B . (1979)
A k in e t i c  a n a ly s is  o f c e l l  d iv is io n ^  and in d u c tio n  and s t a b i l i t y  o f  
recA p ro te in  in  U.V. i r r a d i a t e d  Ion  and Ion  s t r a in s  o f E s c h e r ic h ia  
c o l i  K12. M olec. gen. G enet. 176, 121-128.

D'ARI, R ., GEORGE, J .  and HUISMAN, 0 . (1979)
S u p pression  o f t i f -m e d ia te d  in d u c tio n  o f  SOS fu n c tio n s  in  E s c h e r ic h ia  
c o l i  by an a l t e r e d  dnaB p r o te in .  J .  B a c te r io l .  14O, 381-387*

DEFAIS, M., CAILLET-FAUQUET, P . ,  FOX, M.S. and RADMAN, M. (1976)
In d u c tio n  k in e t i c s  o f m utagenic DNA r e p a i r  a c t i v i t y  in  E s c h e r ic h ia  c o l i  
fo llo w in g  u l t r a v i o l e t  i r r a d i a t i o n .  Molec. gen . G enet. I 4Ô, 125-130.

DEFAIS, M., CAILLET-FAUQUET, P . ,  RADMAN, M. and ERRERA, N. ( l9 7 l )  
U l t r a v io le t  r e a c t iv a t io n  and u l t r a v i o l e t  m u tag en is is  o f  \  in  
d i f f e r e n t  g e n e tic  sy stem s. V iro lo g y . 495-503*

DHARMALINGAM, K. and GOLDBERG, E .B . ( 198O)
R e s t r i c t io n  i ^  v iv o  V. In d u c tio n  o f 80S fu n c tio n s  in  E s c h e r ic h ia  c o l i  
by r e s t r i c t e d  T4 phage DNA, and a l l e v ia t i o n  o f r e s t r i c t i o n  by SOS 
fu n c t io n s .  M olec. gen . G enet. 178, 51-58.



141

DONACHIE, W.D. (1968)
R e la tio n s h ip  between c e l l  s iz e  and tim e o f  i n i t i a t i o n  o f DNA 
r e p l i c a t i o n .  N a tu re . 219 , 1077-1079*

DONACHIE, W.D. and BEGG, K .J . ( l9 7 0 )
Growth o f th e  b a c te r ia l  c e l l .  N a tu re . 227 , 1220-1224*

DONACHIE, W.D., BEGG, K .J . ,  LUTKENHAUS, J . F . ,  SALMOND, G .P .C ., MARTINEZ- 
SALAS, E. and VINCENTE, M. (1979)
Role o f th e  f tsA  gene p ro d u c t in  c o n tro l  o f  E sc h e r ic h ia  c o l i  c e l l  
d iv is io n .  J .  B a c te r io l .  140, 388-394*

DONACHIE, W.D., BEGG, K .J . and VICENTE, M. (1976)
C e ll le n g th , c e l l  growth and c e l l  d iv i s io n .  N a tu re . 264, 328-333*

EMMERSON, P .T . and WEST, S.C . (1977) ^  .
I d e n t i f i c a t i o n  o f p ro te in  X o f E .c o l i  as th e  recA  / t i f  gene p ro d u c t. 
M olec. gen . G enet. 133, 77-85*

EPHRATI-ELIZUR, E. and LUTHER-DAVIES, S . ( l9 7 7 )
Phenotyp ic  i n s t a b i l i t y  in  a  t i f - 1  m utant o f  E sc h e r ic h ia  c o l i . M olec. 
gen . G enet. 155, 163-169*

FLETCHER, G ., IRWIN, C .A ., HENSON, J .M ., FILLINGIM, C ., MALONE, M.M. and 
WALKER, J .R . (1978)

I d e n t i f i c a t io n  o f the  E sc h e r ic h ia  c o l i  gene sep  and o rg a n is a t io n  o f 
th e  c e l l  d iv is io n  -  c e l l  envelope genes in  th e  sep-m ur-ftsA -envA  
c l u s t e r  as determ ined  w ith  s p e c ia l iz e d  lam bda b a c te r io p h a g e . J .  
B a c te r io l .  133, 91-100.

FRAZER, A.C. and CURTISS, R. I I I .  (1975)
P ro d u c tio n , p ro p e r t ie s  and u t i l i t y  o f b a c t e r i a l  m in ic e l ls .  C u rr. Top. 
M ic ro b io l. Immunol. 1-84*

GAYDA, R.C. and MARKOVITZ, A. (1978)
A lte re d  b a c te rio p h ag e  lambda e x p re ss io n  in  c e l l  d iv is io n  m utants 
cap R (lo n ) o f E sc h e r ic h ia  c o l i  K-12. M olec. g en . Genet. 159, 1 -11 .

GAYDA, R .C ., YAMAMOTO, L.T. and MARKOVITZ, A. (1976)
Second s i t e  m uta tions in  cap R (lo n ) s t r a i n s  o f  E .c o l i  K12 th a t  p re v e n t 
r a d ia t io n  s e n s i t i v i t y  and a llo w  b a c te rio p h a g e  X to  ly s o g e n ise .
J .  B a c te r io l .  127, 1208-1216 .

GEORGE, J . ,  CASTELLAZZI, M. and BUTTIN, G. ( l9 7 5 )
Prophage in d u c tio n  and c e l l  d iv is io n  in  E . c o l i . I l l  M utations s f iA  
and s f lB  r e s to r e  d iv is io n  in  t i f  and Io n  s t r a i n s  and perm it th e  
e x p re ss io n  o f m u ta to r p ro p e r t ie s  o f t i f . M olec. gen. G enet. 140, 
309-332.

GUDAS, L .J .  (1976)
The in d u c tio n  o f  p ro te in  X in  DNA r e p a i r  and c e l l  d iv is io n  m utan ts of 
E s c h e r ic h ia  c o l i . J .  Mol. B io l. 104, 567-58?*



142

GHDAS, L .J .  and MOUNT, D.W. ( l9 7 7 )
I d e n t i f i c a t io n  o f th e  recA ( t i f ) gene p ro d u c t o f  E sc h e r ic h ia  c o l i .
P ro c . N a t l .  Acad. S c i . ,  USA. 5280-5284*

GUDAS, L .J .  and PARDEE, A.B. (1975)
Model f o r  re g u la t io n  o f E s c h e r ic h ia  c o l i  DNA r e p a i r  fu n c t io n s .
P roc . N a tl .  Acad. S c i . ,  USA. %2, 2330-2334*

GUDAS, L .J .  and PARDEE, A.B. (l97&)
DNA sy n th e s is  in h ib i t io n  and th e  in d u c tio n  o f p ro te in  X in  E s c h e r ic h ia  
c o l i . J .  Mol. B io l. 101, 459-477*

HANAWALT, P .O ., FRIEDBERG, B.C. and FOX, C .F . (E d s) . (1978)
ICN-UCLA sym posia on m o lecu la r and c e l l u l a r  b io lo g y  IX. DNA r e p a i r  
mechanisms. (Academic P ress  I n c . )

HANAWALT, P .C . and SMITH, C.A. (1978)
In  : DNA r e p a i r  mechanisms ( ICN-UCLA sym posia on m o lecu lar and c e l l u l a r  
b io lo g y  IX ), e d s . H anaw alt, P .C , F r ie d b e rg , E.C . and Fox, C .F .
(Academic P ress  I n c .)  p p .47-56 .

HASHIMOTO-GOTOH, T. and SEKIGUCHI, M. (1977)
M utations to  tem p era tu re  s e n s i t i v i t y  in  R-plasm id pSCIOI. J .  B a c t.
131, 404-412.

HELMSTETTER, C.E. and PIERUCCI, 0 . (1976)
DNA sy n th e s is  d u rin g  th e  d iv is io n  c y c le  o f th re e  s u b s tr a in s  o f  
E sc h e r ic h ia  c o l i  B /r . J .  Mol. B io l. 102, 477-486.

HELMSTETTER, C .E ., PIERUCCI, 0 . ,  WEINBERGER, M ., HOLMES, M. and 
TANG, M-S. (1979)
In : The b a c te r i a ,  v o l .  V IIj Mechanisms, o f ad ap ta tio n , e d s . S o k a tch ,
J .R . and 0 m s to n , L.N. (Academic P ress  I n c . )  p p .517-579*

HERRERO, E . ,  ORR, E. and HOLLAND, I .B .  ( 1981)
In d u c tio n  o f recA p ro te in  ; e f f e c t  o f  in a c t iv a t io n  o f DNA g y ra s e .
FBM3. L e t t ,  in  p re s s .

HIATT, H .H ., WATSON, J .D . and WINSTEN, J .A . (1977)
Cold S p rin g  Harbour co n fe ren ces  on c e l l  p r o l i f e r a t i o n ,  O rig in s  o f  
human c a n c e r. (Cold S p rin g  H arbour L a b o ra to ry ) .

1,
HOLTJE, J .V . ,  MIRELMAN, D ., SHARON, N. and SCHWARZ, U. (1975)

Novel type  o f  mure in  tra n s g ly c o s y la s e  in  E sc h e r ic h ia  c o l i .  J .  
B a c te r io l .  124, 1067-1076.

HOWARD-FLANDERS, P . (1978)
In  DNA r e p a i r  mechanisms ( ICN-UCLA sym posia on m o lecu lar and c e l l u l a r  
b io lo g y  IX) e d s . H anaw alt, P .C .,  F r ie d b e rg , E.C . and Fox, C .F.
(Academic P re ss  I n c .)  p p .105-111*



143

HOWARD-FLANDERS, P . ,  SIMSON, E . and THERIOT, L. (1964)
A lo cu s  t h a t  c o n tro ls  f i la m e n t fo rm atio n  and s e n s i t i v i t y  to  r a d ia t io n  
in  E s c h e r ic h ia  c o l i  K12. G e n e tic s . 42» 237-246.

HUISMAN, 0 . ,  D'ARI, R. and GEORGE, J .  ( l9 8 0 a )
D is s o c ia t io n  o f t s l - t i f - induced f i la m e n ta t io n  and recA p ro te in  
s y n th e s is  in  E s c h e r ic h ia  c o l i  K-12. J .  B a c te r io l .  142, 819-828.

HUISMAN, 0 . ,  D'ARI, R. and GEORGE, J .  ( 1980b)
F u r th e r  c h a r a c te r i s a t io n  o f  s f iA  and s f iB  m u ta tio n s  in  E sc h e r ic h ia  
c o l i . J .  B a c te r io l .  144, 185-191*

HUISMAN, 0 . ,  D'ARI, R. and GEORGE, J .  (l9 8 0 c )
In d u c ib le  s f i  dependent d iv is io n  in h ib i t i o n  in  E sc h e r ic h ia  c o l i . 
M olec. gen . G enet. 177, 629-636.

INOUYE, M. (1971)
P le io t r o p ic  e f f e c t s  o f th e  recA gene o f E s c h e r ic h ia  c o l i  : unco u p lin g  
o f  c e l l  d iv is io n  from DNA r e p l i c a t io n .  J .  B a c te r io l .  106, 539-542.

INOUYÇ, M. and PARDEE, A.B, (1970)
Changes o f membrane p ro te in s  and t h e i r  r e l a t i o n  to  d eo x y rib o n u c le ic  
a c id  s y n th e s is  and c e l l  d iv is io n  of E sc h e r ic h ia  c o l i . J .  B io l. Chem.
245, 5813-5819*

IRWIN, C .A ., FLETCHER, G ., SILLS, C.L. and WALKER, J .R . (l9 7 9 )
E x p ress io n  o f th e  E .c o l i  c e l l  d iv is io n  gene sep cloned  in  a  A Charon 
phage. S c ien ce . 206, 220-222.

IRWIN, C.A. and WALKER, J .R . ( 198O)
C loning  and e x p re ss io n  o f th e  E sc h e r ic h ia  c o l i  c e l l  d iv is io n  gene 
s e p . (A b s tra c t)  EMBO Workshop; D u p lic a tio n  o f B a c te r ia , 
N oordw ijkerhou t, N e th e r la n d s .

JOHNSON, B .F . (1977a)
G enetic  mapping o f  th e  lexC -113 m u ta tio n . M olec. gen. G enet.
157, 91-97*

JOHNSON, B .F . (1977b)
F ine  s t r u c tu r e  mapping and p ro p e r t ie s  o f m u ta tio n s  su p p re ss in g  th e  
Ion  m u ta tio n  in  E sc h e r ic h ia  c o l i  K-12 and B s t r a i n s .  G enet. Res. 
Camb. 30 , 273-286.

JOHNSON, R .C. and McNEILL, W.F. (1978)
In  DNA r e p a i r  mechanisms ( ICN-UCLA sym posia on m o lecu lar and c e l l u l a r  
b io lo g y  IX ), e d s . H anaw alt, P .C ., F r ie d b e rg , E .C . and Fox, C .F. 
(Academic P re ss  I n c . )  p p .95-99*

JONES, N.C. and DONACHIE, W. (1973)
Chromosome r e p l i c a t i o n ,  t r a n s c r ip t io n  and c o n tro l  o f c e l l  d iv is io n  in  
E sc h e r ic h ia  c o l i .  N a tu re . 247, 100-103.



144

KANTOR, G.C. and DEERING, R.A. (1966)
U l t r a v io le t  r a d ia t io n  s tu d ie s  on f ila m e n to u s  E sc h e r ic h ia  c o l i .
J. Bacteriol. 1062-1069*

KENYON, C .J . and WALKER, G.C. ( 198O)
DNA-damaging ag en ts  s t im u la te  gene e x p re s s io n  a t  s p e c i f ic  lo c i  in  
E sc h e r ic h ia  c o l i . P ro c . N a t. Acad. S c i .  USA. %7, 2819-2823*

KESSLER, S.W. (1975)
Rapid i s o la t io n  of a n tig e n s  from c e l l s  w ith  a  St. aphylococcal p r o te in  
A -  an tibody  ad so rb en t : p a ram ete rs  o f  th e  in te r a c t io n  o f a n tib o d y - 
a n tig e n  complexes w ith  p r o te in  A* J .  Immunol. 115, 1617-1624*

KOCH, A.L. ( 1977)
Does th e  i n i t i a t i o n  o f chromosome r e p l i c a t i o n  re g u la te  c e l l  d iv is io n ?  
Adv. M icro. P h y s io l. 1^, 49-98 .

KOGOMA, T. and LARK, K.G. (1970)
DNA r e p l ic a t io n  in  E sc h e r ic h ia  c o l i  : R e p l ic a t io n  in  absence o f p r o te in  
sy n th e s is  a f t e r  r e p l i c a t io n  in h ib i t i o n .  J .  Mol. B io l. 143-164*

KOGOMA, T ., TORREY, T.A. and CONNAUGHTON, M .J. (1979)
In d u c tio n  of UV r e s i s t a n t  DNA r e p l i c a t i o n  in  E sc h e rich ia  c o l l  :
Induced s ta b le  DNA r e p l i c a t io n  as an SOS f u n c t io n .  Molec. gen.
G enet. 176, 1-9*

KORNBERG, A. ( 198O)
DNA r e p l ic a t io n .  (San F ran c isco  ; W.H. Freem an).

LAIMMLI, U.K. ( 1970)
C leavage o f s t r u c tu r a l  p ro te in s  d u rin g  th e  assem bly o f the  head o f 
b ac te rio p h ag e  T4. N a tu re . 227, 68O-685 .

LARK» K.G. and LARK, C. (1979)
RecA dependent DNA r e p l i c a t io n  in  th e  absence o f p ro te in  s y n th e s is  ; 
c h a r a c te r i s t i c s  o f a^dom inant l e th a l  r e p l i c a t i o n  m uta tion  dnaT and 
requ irem en t f o r  recA fu n c t io n .  Cold S p rin g  Harbour Symp. Q uant.
B io l. j[3, 537-549*

LITTLE, J .W ., EDMISTON, S .H ., PACELLI, L .Z . and MOUNT, D.W. ( 198O)
Cleavage o f the  E sc h e r ic h ia  c o l i  lexA p ro te in  by the  recA p ro te a s e .  
P ro c . N a tl .  Acad. S c i .  USA. 21» 3225-3229.

LITTLE, J.W. and HANAWALT, P .C . (1977)
Induction of protein X in Escherichia coli. Molec. gen. Genet.
150, 237-248.

LITTLE, J.W. and KLEID, D.G. (1977)
E sc h e r ic h ia  c o l i  p ro te in  X i s  th e  recA  gene p ro d u c t. J .  B io l. Chem.
252 . 6251- 6252.



145

LUTKENHAUS, J .P .  and DONACHIE, W. (1979)
I d e n t i f i c a t io n  o f  th e  f tsA  gene p ro d u c t. J .  B a c te r io l .  137,
1088- 1094.

LUTKENHAUS, J . ,  MOORE, B .A ., MASTERS, M. and DONACHIE, W. (l9 7 9 )
In d iv id u a l p r o te in s  a re  s y n th e s is e d  c o n tin u o u s ly  th roughou t th e  
E sc h e r ic h ia  c o l i  c e l l  c y c le .  J .  B a c te r io l .  138, 352-360.

LUTKENHAUS, J . P . ,  WOLP-WATZ, H. and DONACHIE, W. ( I 98O)
O rg a n isa tio n  o f genes in  th e  f tsA - envA re g io n  o f th e  E s c h e r ic h ia  c o l i  
g e n e tic  map and i d e n t i f i c a t i o n  of a  new f t s  lo cu s  (f t s Z ) . jT 
B a c te r io l .  142, 6 l 5-620.

LUTKENHAUS, J .P .  and WU, HvC. ( 198O)
D eterm ination  o f t r a n s c r ip t io n a l  u n i t s  and gene p ro d u c ts  from th e  
f t s  A re g io n  o f E s c h e r ic h ia  c o l i . J .  B a c te r io l .  143, 1281-1288.

MACKIE, G. and WILSON, D.B. (1972)
R eg u la tio n  o f th e  g a l operon o f E sc h e r ic h ia  c o l i  by th e  capR g ene.
J .  B io l. Chem. 2 ^ ,  2973-2978.

MARKOVITZ, A. (l977>
In ; S u rface  ca rb o h y d ra te s  o f  th e  p ro k a ry o te  c e l l .  ed . S u th e r la n d , I .  
Academic P r e s s ,  p p .415-462.

McENTEE, K. (l9 7 7 )
P ro te in  X i s  th e  p ro d u c t o f  th e  recA gene of E sc h e r ic h ia  c o l i .
P roc. N a tl .  Acad. S c i .  USA. 5275-5279.

McENTEE, K ., WEINSTOCK, G.M. and LEHMAN, I .R . (1979)
I n i t i a t i o n  o f g e n e ra l recom bination  c a ta ly s e d  in  v i t r o  by th e  recA  
p ro te in  o f  E s c h e r ic h ia  c o l i . P ro c . N at. Acad. S c i. USA. 76, 2615-2619»

McPARTLAND, A ., GREEN, L. and ECHOLS, H. ( 198O)
C ontro l o f  th e  recA  gene in  E .c o l i  ; R egu lato ry  and s ig n a l  g en es .
C e l l .  20, 731- 737 .

MEACOCK, P.A . ( 1975)
Chromosome r e p l i c a t i o n  and c e l l  d iv is io n  in  E sc h e r ic h ia  c o l i .
Ph.D. T h e s is , U n iv e rs i ty  o f  L e ic e s te r .

MEYN, S . ,  ROSSMAN, T . and TROLL, W. (1977)
A p ro te a se  i n h i b i t o r  b lo ck s  SOS fu n c tio n s  in  E sc h e r ic h ia  c o l i .
A n tip a in  p re v e n ts  A r e p r e s s o r  in a c t iv a t io n ,  u l t r a v i o l e t  m utagenesis 
and f ilam e n to u s  g row th . P ro c . N a tl .  Acad. S c i. USA. %4, 1152-1156.

MOLNAR, J . ,  HOLLAND, I .B .  and MANDI, Y. (1977)
S e le c tio n  o f Io n  m utants in  E .c o l i  by tre a tm e n t w ith  p h e n o th ia z in e s . 
Genet. R es. Camb. 30, 13-21.



146

MONK, M. and KINROSS, J .  (1975)
K in e tic s  o f d e re p re s s io n  o f prophage X fo llo w in g  UV i r r a d i a t i o n  
o f  ly so g en ic  c e l l s .  Molec. gen . G enet. 137, 263-268.

MOODY, E .E .M ., LOW, K.B. and MOUNT, D.W. ( l9 7 3 )
P r o p e r t ie s  o f s t r a in s  of E sc h e r ic h ia  c o l i  K12 c a r ry in g  m utant le x  
and re c  a l l e l e s .  Molec. gen . G enet. 121, 197-205.

MORAND, P . ,  GOZE, A. and DEVORET, R. (1977)
Complementation p a t te rn  o f lexB and recA m u ta tio n s  in  E sc h e r ic h ia  c o l i  
K12; mapping o f t i f - 1 , lexB  and recA m u ta tio n s . Molec. gen. G enet.
157, 69-82 .

MOREAU, P .L . ,  FANICA, M. and DEVORET, R. ( 1980)
In d u c tio n  of prophage A does n o t r e q u ir e  f u l l  in d u c tio n  o f RecA 
p ro te in  s y n th e s is .  B iochim ie. 62,  687-694*

MOUNT, D.W. ( 1977)
A m utant o f  E sc h e r ic h ia  c o l i  showing c o n s t i t u t i v e  ex p ress io n  o f  th e  
ly so g en ic  in d u c tio n  and e r ro r -p ro n e  DNA r e p a i r  pathw ays. P roc. N a tl. 
Acad. S c i .  300-304.

MOUNT, D.W., LOW, K.B. and EDMISTON, S .J .  (1972)
Dominant m u ta tions ( l e x ) in  E sc h e r ic h ia  c o l i  K12 which a f f e c t  r a d ia t io n  
s e n s i t i v i t y  and frequency  o f u l t r a v i o l e t  l ig h t- in d u c e d  m u ta tio n s . J .  
B a c te r io l .  112, 886-893*

MOUNT, D.W., WALKER, A.C. and KOSEL, C. (1975)
In :  M olecu lar mechanisms f o r  r e p a i r  o f  DNA, e d s . Hanawalt, P .C . and
Setlow , R.B. (Plenum P u b l. C o rp ., New Y ork ), P a r t  A, p p .383-388.

NELSON, T. and BRUTLAG, D. (1979)
A d d itio n  o f  homopolymers to  th e  3 ' -ends of dup lex  DNA w ith  te rm in a l 
t r a n s f e r a s e .  Methods in  Enzymology. 41-5P*

NORMARK, S . (1970)
G en etics  o f a  ch a in  form ing m utant o f E .c o l i  : T ransduction  and dominance 
o f  th e  envA gene m ed ia tin g  in c re a se d  p e n e tr a t io n  to  some b a c te r ia l  
a g e n ts .  G enet. Res. ^6 , 63-78.

O'FARRELL, P .H . (l9 7 5 )
High r e s o lu t io n  tw o-dim ensional e le c t ro p h o r e s is  o f p ro te in s .
J .  B io l. Chem. 2 ^ ,  4007-4021.

OISHI, M. and SMITH, C.L. (1978)
I n a c t iv a t io n  o f phage r e p re s s o r  in  a  perm eable c e l l  system  : r o le  o f 
recBC DNase in  in d u c t io n . . P ro c . N a tl .  Acad. S c i .  USA. 21» 3569-3573.

PARDEE, A.B. (1974)
The b iochem ica l req u irem en ts  f o r  b a c t e r i a l  d iv i s io n .  Eur. J .  Biochem.
43, 209- 213 .



147

PARKINSON, J .S .  and HUSKEY, R .J .  ( l9 7 l )
D e le tio n  m utants o f  b a c te r io p h a g e  lambda. J .  Mol. B io l. 2 6 , 369-384»

PEDERSON, S . ,  BLOCH, P .L . ,  REEH, S . and NEIDHARDT, P .C . (1978)
P a tte rn s  o f p ro te in  s y n th e s is  in  E .c o l i  ; a. ca ta lo g u e  o f th e  amount 
o f  140 in d iv id u a l p ro te in s  a t  d i f f e r e n t  growth r a t e s .  C e l l .  14 ,
179- 190.

PIERUCCI, 0 . and HELMSTETTER, C .E . ( 1969)
Chromosome r e p l i c a t i o n ,  p r o te in  s y n th e s is  and c e l l  d iv is io n  in  
E sc h e r ic h ia  c o l i . Fed. P ro c . 28, 1755-1760.

PRATT, J .M ., HOLLAND, I .B . and SPRATT, B.Ô. ( 1981)
In  v i t r o  sy n th e s is  and p ro c e s s in g  o f p re c u rso r  forms o f  p e n i c i l l i n  
b in d in g  p ro te in s  5 ^ d  6 o f  th e  E .c o l i  cy top lasm ic  membrane. S ubm itted  
f o r  p u b lic a t io n .

PRITCHARD, R.H. ( 1968)
C on tro l o f  DNA s y n th e s is  in  b a c te r i a .  H e red ity . 23, 472.

PRITCHARD, R.H. (1974)
On the  growth and form o f  th e  b a c te r i a l  c e l l .  P h ilo s . T ran s . Roy.
Soc. 26%, 303- 336.

PRITCHARD, R .H ., BARTH, P .T . and COLLINS, J .  ( 1969)
C on tro l o f DNA s y n th e s is  in  b a c te r i a .  XIX M icrob ial grow th, Symp.
Soc. Gen. M ic ro b io l. 263-297»

PRITCHARD, R.H. and ZARITSKY, A. (l9 7 0 )
E f fe c t  o f thymine c o n c e n tra t io n  on th e  r e p l ic a t io n  v e lo c i ty  o f DNA 
in  a  thymine le s s  m utant o f E . c o l i . N a tu re . 226, 126-131»

PTASHNE, M. ( 1967)
I s o la t io n  o f  th e  \  phage r e p r e s s o r .  P roc. N a tl .  Acad. S c i. USA.
21. 306-313.

RADMAN, M. (l9 7 5 )
In : M olecular mechanisms f o r  r e p a i r  o f DNA, e d s . H anaw alt, P .C . and
Setlow , R.B. (Plenum P u b l. Corp. New Y ork), p a r t  A, 355-369»

RADMAN, M., VILLANI, G ., BOITEAUX, S . ,  DEFAIS, M., CAILLET-FAUQUET, P . 
and SPADARI, S. (1977)
In : O rig in s  o f human c a n c e r , e d s . H ia t t ,  H .H ., W atson, J .D . and
Wins t i n ,  J .A . (Cold S p rin g  H a rb o r). Book B. 903-922.

ROBERTS, J.W. and ROBERTS, C.W. (1975)
P r o te o ly t ic  c leav ag e  o f b a c te rio p h a g e  lambda re p re s s io n  in  in d u c t io n .  
P roc. N a tl .  Acad. S c i .  USA. %2, 147-151»

ROBERTS, J .W ., ROBERTS, C.W. and CRAIG, N.L. ( 1978)
E sc h e r ic h ia  c o l i  recA gene p ro d u c t in a c t iv a te s  phage A r e p r e s s o r .  
P roc. N a tl .  Acad. S c i .  USA. 22» 4714-4718.



148

ROTHMAN, R .H ., MARGOSSIAN, L .J .  and CLARK, A .J . ( l9 7 9 )
W -re a c tiv a tio n  o f  phage lambda in  recF  recL  uvrA and uvrB m utan ts 
o f E .c o l i  K-12. Molec. gen. G enet. l6 9 , 279-287.

ROYCHOUBHURY, R. and WU, R. ( 198O)
T e rm in a l- tra n s fe ra s e -c a ta ly s e d  a d d itio n  o f  n u c le o t id e s  to  the  3 ' 
te rm in i o f  DNA. Methods in  Enzymology. 4 3 -62 .

RUPP, W.D. and HOWARD-FLANDERS, P . ( 1968)
D is c o n t in u i t ie s  in  th e  DNA sy n th e s ise d  in  an e x c is io n -d e fe c t iv e  s t r a in  
o f E sc h e r ic h ia  c o l i  fo llo w in g  u l t r a v i o l e t  i r r a d i a t i o n .  J .  Mol. B io l.
31, 291- 304 .

RYTER, A ., HIROTA, Y. and SCHWARZ, U. (1973)
P ro cess  o f c e l l u l a r  d iv is io n  in  E sc h e r ic h ia  c o l i . Growth p a t te r n  of 
E .c o l i  mure in .  J .  Mol. B io l. 2 8 , 185-195»

RYTER, A ., SHUMAN, H. and SCHWARTZ, M. (1975)
I n te g r a t io n  o f th e  re c e p to r  f o r  b ac te rio p h ag e  lambda in  the  o u te r  
membrane o f E sc h e r ic h ia  c o l i  : co u p lin g  w ith  c e l l  d iv is io n .  J .  
B a c te r io l .  122, 295-301.

SALMOND, G .P .C ., LUTKENHAUS, J .F .  and DONACHIE, W.D. ( 198O)
I d e n t i f i c a t io n  o f  new genes in  a  c e l l  envelope -  c e l l  d iv is io n  gene 
c l u s t e r  o f E s c h e r ic h ia  c o l i  : c e l l  envelope gene imirG. J .  B a c te r io l .  
144, 438- 440 .

SATTA, G ., GUDAS, L .J .  and PARDEE, A.B. (1979)
D egrada tion  o f E sc h e r ic h ia  c o l i  DNA : ev idence  f o r  l im i ta t io n  in  
v ivo  by p ro te in  X. M olec. gen. Qenet. I 68 , 69 -80 .

SATTA, G. and PARDEE, A.B. (1978)
I n h ib i t io n  o f E s c h e r ic h ia  c o l i  d iv is io n  by p r o te in  X. J .  B a c te r io l .
133 , 1492- 1500 .

SCHRENK, W .J. and WEISBERG, R.A. (1975)
A sim ple method f o r  making new tra n sd u c in g  l i n e s  o f co lip h ag e  X . 
M olec. gen . G enet. 137, 101-107»

SEDGWICK, S.G . ( l9 7 5 )
U l t r a v io le t  in d u c ib le  p ro te in  a s s o c ia te d  w ith  e r ro r -p ro n e  r e p a i r  in  
E .c o l i  B. N a tu re . 235, 349-350.

SEDGWICK, S.G . (1976)
M is re p a ir  o f o v e rla p p in g  d au g h te r s tra n d  gaps a s  a  p o s s ib le  mechanism 
f o r  UV induced m utagenesis  in  u v r s t r a in s  o f  E sc h e r ic h ia  c o l i  % a  
g e n e ra l model f o r  induced m utagenesis by m is r e p a i r  (SOS r e p a i r )  o f 
c lo s e ly  spaced  DNA le s io n s .  M utation R es. 4 1 , 185-200.



149

SEDGWICK, S .G ., LEVINE, A. and BAILONE, A. ( l9 ? 8 )
In d u c tio n  of re c  A - p r o te in  s y n th e s is  in  E sc h e r ic h ia  c o l i . M olec. 
gen . G enet. l6 0 , 267-276.

SHIMADA, K ., WEISBERG, R.A. and GOTTESMAN, M.E. (1972)
Prophage lambda a t  unusual chromosomal lo c a t io n s ,  I  L ocation  o f 
secondary  a ttachm en t s i t e s  and th e  p r o p e r t ie s  o f ly so g en s. J .  Mol. 
B io l. 6^,  483- 503 .

SHINAGAWA, K. and ITOH, T. ( l9 7 3 )
In a c t iv a t io n  o f DNA b in d in g  a c t i v i t y  o f r e p re s s o r  in  e x t r a c ts  o f  
lambda lysogens t r e a te d  w ith  m itom ycin C. Mol. gen. Genet. 126,
103- 110.

SHINEBERG, B. and ZIPSER, D. (l9 7 3 )
The io n  gene and d e g ra d a tio n  o f B -g a la c to s id a se  nonsense frag m en ts .
J .  B a c te r io l .  116, 1469-1471.

SHOCKMAN, D .G ., DANEO-MOORE, L. and HIGGINS, M.L. (l9 7 4 )
Problem s o f c e l l  w a ll and membrane g row th , en largem ent and d iv i s io n .  
Ann. N.Y. Acad. S c i. 232, 161-197.

SLATER, M. and SCHAECTER, M. (l9 7 4 )
C on tro l o f c e l l  d iv is io n  in  b a c t e r i a .  B a c te r io l .  Rev. 38 , 199-221.

SMITH, K.C. ( 1969)
DNA sy n th e s is  in  s e n s i t iv e  and r e s i s t a n t  m utants of E sc h e r ich ia  c o l i  
B a f t e r  u l t r a v i o l e t  i r r a d i a t i o n .  M utation  Res. 8 , 481-495»

SOMPEYRAC, L. and MAAL0E, 0 . (1973)
A u to rep resso r model f o r  c o n tro l  o f  DNA r e p l i c a t i o n .  N ature. New 
B io l .  2 ^ ,  133- 135.

SONNTAG, I . ,  SCHWARZ, H ., HIROTA, Y. and HENNING, U. (1978)
C e ll envelope and shape o f E s c h e r ic h ia  c o l i  : m u ltip le  m utants m iss in g  
th e  o u te r  membrane l ip o p r o te in  and o th e r  m ajor o u te r  membrane p r o te in s .  
J .  B a c te r io l .  136, 280-285.

SPRATT, B.G. ( 1975)
D is t in c t  p e n ic i l l in - b in d in g  p ro te in s  in v o lv ed  in  th e  d iv is io n ,  
e lo n g a tio n  and shape of E s c h e r ic h ia  c o l i  K12. P roc. N a tl .  Acad. S c i .  
USA. 2 2 , 2999- 3003 .

SPRATT, B.G. ( 1978)
The mechanism o f a c t io n  o f  p e n i c i l l i n .  S c i .  P rog . Qxf. 101-128.

SWENSON, P .A ., JOSHI, J .G , and SCHENLEY, R .L , (1978)
R eg u la tio n  o f c e s s a t io n  o f r e s p i r a t i o n  and k i l l i n g  by c y c lic  3 * ,5 * - 
adenosine monophosphate and i t s  r e c e p to r  p ro te in  a f t e r  f a r - u l t r a v i o l e t  
i r r a d i a t i o n  o f E sc h e r ic h ia  c o l i . M olec. gen . G enet. 159, 125-130.

TESSMAN, E .S . ,  GRITZMACHER, C.A. and PETERSON, P.K . (1978)
D erep ress io n  o f c o l ic  in  El s y n th e s is  in  th e  c o n s t i tu t iv e  t i f  m utan t 
s t r a i n  ( s p r  t i f  s f i ) and in  a  t i f  s f i  m utant s t r a i n  o f E sc h e r ic h ia  c o l i  
K-12. J .  B a c te r io l .  JQ2, 29-38 .



150

TESSMAN, E .S . and PETERSON, P.K . (l9 8 0 )
t i f - dependent in d u c tio n  o f c o l i c in  E l , prophage lambda, and 
f i la m e n ta t io n  in  E sc h e r ic h ia  c o l i  K-12. J .  B a c te r io l .  143, 1307-1317*

TRUITT, C .L ., HALBENWANG, W.G. and WALKER, J .R . (1976)
In te r a c t io n  o f  h o s t  and v i r a l  re g u la to ry  mechanisms : e f f e c t  o f  th e  
Ion  c e l l  d iv i s io n  d e fe c t  on r e g u la t io n  o f re p re s s io n  by b a c te rio p h a g e
lambda. J .  Mol. B io l. 10^, 231-244.

UHLIN, B .E ., MOLIN, S . ,  GUSTAFSSON, P. and NORDSTROM, K. (1979)
Plasm ids w ith  tem p era tu re-d ep en d en t copy number f o r  a m p lif ic a t io n  o f  
c loned  genes and t h e i r  p ro d u c ts . Gene. 6 , 91-106.

VAN HEIJENOORT, J . ,  PARQUET, 0 . ,  FLOURET, B. and VAN HEIJENOORT, Y. (1975) 
Envelope-bound N -acety lm uram yl-L -alan ine  araidase o f E s c h e r ic h ia  c o l i  
K12. E ur. J .  Biochem. ^ 8 , 6 I I - 619 .

VOLKERT, M .R., SPENCER, B .F . and CLARK, A .J . (1979)
I n d i r e c t  and in t r a g e n ic  su p p re ss io n  o f th e  lexA102 m u ta tio n  in  E .c o l i
B /r .  Molec. gen . G enet. 177, 129-137.

WALKER, J .R . ,  USSERY, C .L. and SMITH, J .S .  (1973)
- B a c te r ia l  c e l l  d iv is io n  r e g u la t io n  : L y so g én isa tio n  o f c o n d i t io n a l  

c e l l  d iv is io n  Io n "  m utan ts o f E sc h e r ic h ia  c o l i  by b a c te rio p h ag e  
lambda. J .  B a c te r io l .  113, 1326-1332.

WEINSTOCK, G.M., McENTEE, K. and LEHMAN, I .R . (1979)
ATP-dependent r e n a tu r a t io n  o f DNA c a ta ly s e d  by th e  recA p ro te in  o f  
E sc h e r ic h ia  c o l i . P ro c . N a tl .  Acad. S c i. USA. %6, 126-130.

WIJSMAN, H.J.W . and KOOPMAN, C.R.M. (1976)
The r e l a t i o n  o f th e  genes envA and ftsA  in  E s c h e r ic h ia  c o l i . M olec. 
gen . G enet. 147, 99-102.

WITKIN, E. ( 1967)
The r a d ia t io n  s e n s i t i v i t y  o f E sc h e r ic h ia  c o l i  B : a  h y p o th e s is  r e l a t i n g  
f i la m e n t fo rm a tio n  and prophage in d u c tio n . P ro c . N a tl .  Acad. S c i .
USA. 21» 1275- 1279 .

WITKIN, E. ( 1976)
U l t r a v io le t  m u ta g e n is is  and in d u c ib le  BNA r e p a i r  in  E sc h e r ic h ia  c o l i . 
B a c te r io l .  Rev. 4 0 , 869-907»

YOSHIKAWA, H ., O’SULLIVAN, A. and SUEOKA, N. ( 1964)
S e q u e n tia l r e p l i c a t i o n  o f  th e  B a c illu s  s u b t i l i s  chromosome. I I I .  
R eg u la tio n  o f  i n i t i a t i o n .  P roc . N a tl .  Acad. S c i .  USA. 21» 973-980.

ZEHNBAUER, B.A. and MARKOVITZ, A. ( 1980)
C loning  o f  gene Ion  ( capR) o f  E sc h e r ic h ia  c o l i  K12 and i d e n t i f i c a t i o n  
o f  p o ly p e p tid e s  s p e c i f ie d  by th e  cloned  d eo x y rib o n u c le ic  ac id  
frag m en t. J .  B a c te r io l .  143, 852-863»

ZUBAY, G. ( 1973)
In  v i t r o  s y n th e s is  o f  p ro te in  in  m ic ro b ia l sy stem s. Ann. Rev. G enet.
1 ,  267-287.



n

Addendum

Although it was suggested on page 71 that the increment

of dividing cells during thymine starvation theoretically

measures cells in the D period, it has not been proved that

this is true experimentally. I therefore wish to state that

the conclusion drawn in chapter 1, that cells in D are inhibited

from division by UV, cannot be deduced with certainty from

the experiments described here (although recent data not

discussed in this thesis do support this proposal).

Chapter 3 describes experiments which show that the large

amounts of recA protein which are induced after UV are not

directly responsible for division inhibition. It is suggested
*

that a modified form of the protein, recA is directly involved.

Subsequently, in Chapter 4 and elsewhere, when it is stated

that "newly synthesised" recA is not the division inhibitor,

this phrase refers to unmodified recA molecules and does not 
*

include recA .

The reader's attention is drawn to pp. 98-99, 103, 124, where 

it is stated that the experiments discussed here have not provided 

conclusive evidence that sulB has been cloned. Where the text 

assumes that sulB may have been cloned, this was for the purpose 

of the discussion only, and should not be interpreted as a claim 

that sulB has been successfully cloned.



by V alerie Darby 

A bstract

The in h ib itio n  of c e l l  d iv is io n  a f te r  UV in w ild-type b a c te r ia  is  
considered to be an "SOS" function under the con tro l of recA; th is  contro l 
was the sub jec t of the  in v estig a tio n .

A k in e tic  study of d iv is io n  in h ib itio n  and recA synthesis a f te r  a low 
dose of UV ind ica ted  th a t recA did hot ac t d ire c tly  to  in h ib it  d iv is io n . 
F u rther, recA syn thesis  was uncoupled from the d iv is io n  block in  the 
presence of low le v e ls  of rifam picin . N evertheless, recA is  e ss e n tia l fo r  
d iv is io n  in h ib itio n  a f te r  UV.

A Ion mutant, which unlike Ion s tra in s  did not recover from the 
d iv is io n  block, showed no a lte ra t io n  in  ^ e  k in e tic s  of recA induction . A 
mutation in a  second gene, sulB, suppressed the le th a l  e ffe c t of UV on Ion 
mutants by promoting recovery a f te r  a period of d iv is io n  in h ib itio n ; 
possible mechanisms of suppression are considered.

To in v e s tig a te .th e  in te ra c tio n  between sulB , recA and Ion a t  the 
molecular le v e l , a  A ' transducing  phage was obtained carry ing  the proposed 
su IB region of the chromosome. T^e transducing DNA was recloned in to  a 
plasmid vecto r and a s t r a in  containing the recombinant plasmid showed an 
a lte red  d iv is io n  response a f te r  UV, suggesting th a t a d iv ision  con tro l gene 
was present in  the cloned DNA. Gene products coded by the transducing phage 
and the recombinant plasmids were demonstrated by In v i tro  and sem i-in vivo 
techniques and the m  v itro  systems was developed fu r th e r  with the object 
of d e tec tin g  possib le  tra n sc r ip tio n a l contro l of cloned genes by recA.

Thé re s u lts  are considered in  the l i ^ t  of. some recent developments 
having im portant im plications fo r  the p ro jec t. ...__

' . -  r f ’ ’-’' . * - r  ' - - T  C '' L C  ' J
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A Kinetic A nalysis o f  C ell Division, and Induction 
and Stability o f recA Protein in U .V . Irradiated Ion 
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Summary. K in e tic  a n a ly s is  o f  in d u c t io n  o f  recA  
p r o te in  s y n th e s is  a f te r  U .V . i r r a d ia t io n  d o e s  n o t  sh o w  
c o r r e s p o n d e n c e  w ith  th e  k in e tic s  o f  d iv is io n  in h ib i t io n  
in lo n ^  a n d  lon~  s t r a in s ,  b u t  th e r e  is c o r r e la t io n  b e 
tw e e n  in d u c t io n  a n d  D N A  r e p a i r  a c t iv i ty .  P r o te in  
X is s ta b le  a n d  id e n t ic a l  in  b o th  lon^  a n d  lon~  s t r a in s .  
W h e n  th e  in d u c t io n  o f  recA  p r o te in  a f te r  U .V . is 
d r a s t ic a l ly  r e d u c e d  b y  r i f a m p ic in  t r e a tm e n t ,  n o  e f fe c t 
o n  th e  k in e tic s  o f  d iv is io n  in h ib i t io n  is o b s e rv e d .

Introduction

T h e  Ion m u ta t io n  is a  c o n d i t io n a l  d iv is io n  le s io n  in 
E. c o / / c o n f e r r in g  U .V . se n s it iv i ty  d u e  to  a  p e r m a n e n t  
fa i lu r e  to  d iv id e  a f te r  i r r a d ia t io n  (A d le r  a n d  H a r -  
d ig re e , 1965). T h is  m u ta t io n  d o e s  n o t  im p a i r  e x c is io n  
a n d  p o s t - r e p l ic a t io n  r e p a i r  o f  U .V . in d u c e d  D N A  
d a m a g e  ( H o w a r d - F la n d e r s  e t  a l .,  19 64 ; S m ith , 1969) 
a n d  it is th e r e fo re  u n lik e ly  t h a t  p e r m a n e n t  lo ss  o f  
d iv is io n  c a p a b i l i ty  is a c c o u n te d  fo r ,  a t  le a s t in  e x c is io n  
p ro f ic ie n t  s t r a in s ,  by  th e  c o n t in u e d  p re se n c e  o f  U .V . 
p h o to - p r o d u c ts .

I t is n o w  w ell e s ta b li s h e d  th a t  U .V . i r r a d i a t i o n  
o f  w ild - ty p e  b a c te r ia  in i t ia te s  S O S  o r  e r r o r - p r o n e  re 
p a ir ,  a  recA  d e p e n d e n t  sy s te m  p o s s ib ly  in v o lv e d  in 
c o r r e c t in g  d a m a g e  to  D N A  w h ic h  is in a c c e s s ib le  to  
th e  m a jo r  r e p a i r  e n z y m e s . E v id e n c e  h a s  b e e n  
p re s e n te d  w h ic h  in d ic a te s  t h a t  S O S  r e p a i r  is a n  in d u c 
ib le  sy s te m  a n d  th e re fo re  d e p e n d e n t  u p o n  p r o te in  sy n 
th e s is  (see W itk in ,  1976). H o w e v e r ,  B r id g e s  a n d  M o t-  
te r s h e a d  (1 978 ) h a v e  o b ta in e d  d a t a  w h ic h  in d ic a te s  
th a t  e r r o r - p r o n e  r e p a i r  is a ls o  a  c o n s t i tu t iv e  fu n c t io n  
w h o se  e x p re s s io n  is p e r h a p s  e n h a n c e d  b y  c o n c o m i ta n t  
p ro te in  s y n th e s is  a f te r  i r r a d ia t io n .  T h e  S O S  r e p a i r  
sy s te m  is in d u c e d  by  m o s t  t r e a tm e n ts  w h ic h  c a u se

For o ffp r in ts  c o n ta c t: V. Darby

d a m a g e  to  D N A  o r  in h ib i t  r e p l ic a t io n  (R a d m a n ,  
19 7 5 ; W itk in ,  1976) a n d  in c lu d e s  a  w id e  v a r ie ty  o f  
e f fe c ts :  m u ta g e n ic  o r  e r r o r - p r o n e  r e p a i r  o f  D N A  
d a m a g e ,  in d u c t io n  o f  7. ly so g e n s , in h ib i t io n  o f  cell 
d iv is io n , in c re a s e d  a b i l i ty  to  r e p a i r  d a m a g e d  in fe c tin g  
p h a g e s  (g iv in g  h ig h e r  p h a g e  su rv iv a l  a n d  m u ta t io n  
ra te s ) ,  a n d  s y n th e s is  o f  la rg e  q u a n t i t ie s  o f  a  n ew  
p ro te in ,  te rm e d  “ X ”  ( In o u y e  a n d  P a rd e e ,  19 70 ; 
G u d a s  a n d  P a rd e e , 1975). R e c e n t  s tu d ie s  h a v e  e s ta b 
lis h e d  th a t  p r o te in  X  is th e  recA  g en e  p r o d u c t  (E m - 
m e r s o n  a n d  W e st, 1977 ; M c E n te e ,  1977), a  p ro te in  
w h ic h  b in d s  to  s in g le  s t r a n d e d  D N A  c a u s in g  “ re 
w in d in g ”  o f  h o m o lo g o u s  s t r a n d s  (W e in s to c k  e t a l .,  
1979) a n d  h a s  a n  a s s o c ia te d  p r o te o ly t ic  a c t iv i ty  re 
s p o n s ib le  f o r  c le a v a g e  o f  th e  c l  r e p r e s s o r  o f  p h a g e  
/  (R o b e r ts  e t  a l .,  1978). In  a d d i t io n ,  th e  p r o p e r t ie s  
o f  a  n u m b e r  o f  recA  m u ta n t s  s u g g e s t  (E m m e r s o n  
a n d  W e st, 1977 ; G u d a s  a n d  M o u n t ,  1977) th a t  th e  
recA  p ro te in  is r e q u i r e d  fo r  its  o w n  sy n th e s is .  T h is  
c o n c e p t  o f  s e lf - r e g u la t io n  is c o n s is te n t  w ith  th e  p r o p o 
sa l t h a t  th e  v a r ie ty  o f  r e s p o n s e s  a s s o c ia te d  w ith  S O S  
in d u c t io n  a r e  a l l  c o - o r d in a te ly  c o n t r o l le d  by th is  
p r o te in ,  e i th e r  d ire c t ly  o r  by  re g u la t in g  th e  e x p re s s io n  
o f  o th e r  g e n e s , in  th e  s a m e  w ay  a s  it a f fe c ts  its o w n  
sy n th e s is .  T h e  m o s t  c o m m o n ly  a c c e p te d  h y p o th e s is  
o f  th e  m e c h a n is m  b y  w h ic h  recA  p r o te in  m ig h t  c a r ry  
o u t  th is  c o n t r o l  is t h a t  a n  e f f e c to r  m o le c u le ,  w id e ly  
a s s u m e d  to  b e  a D N A  d e g r a d a t io n  p r o d u c t ,  in te ra c ts  
w ith  recA  p r o te in  to  p r o d u c e  a  c h a n g e  in  th e  m o le 
cu le . T h is  c h a n g e  a l lo w s  p r o te in  X  to  in a c t iv a te  th e  
/c.Vv4-coded r e p re s s o r  o f  th e  recA  g en e , le a d in g  to  
d e re p re s s io n ,  a n d  e x p re s s io n  o f  th e  S O S  fu n c t io n s .

T h is  g e n e ra l  m o d e l  a s s u m e s  th a t  U .V . in d u c e d  
d iv is io n  in h ib i t io n  is a n  S O S  f u n c t io n  u n d e r  rec A  
c o n tr o l  a n d  th e r e  h a v e  b e e n  so m e  sp e c if ic  s u g g e s t io n s  
h o w  th is  m ig h t  b e  b r o u g h t  a b o u t .  T h u s  S a t ta  a n d  
P a rd e e  (1 9 7 8 ), n o t in g  th e  a f f in i ty  o f  rec A  p r o te in  fo r  
s in g le  s t r a n d e d  D N A , p r o p o s e d  th a t  th is  p ro te in  
m ig h t  in te r f e re  d ire c t ly  w ith  s e p tu m  f o r m a t io n  by
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b in d in g  to sing le-stranded  D N A  a t the p resu m ed  
ch ro m osom al-en velope  a tta ch m en t site n ea r the cell 
sep tum . G eorge et al. (1975) suggested th a t  a  “ repa ir- 
assoc ia ted  div ision  in h ib i to r” m ig h t b lo ck  se p ta tio n  
in response to D N A  dam age, p red ic tin g  the invo lve
m ent o f  a  m olecule w ith  p ro p ertie s  s im ila r to those  
o f  recA p ro te in . F u rth e r , G eo rg e  e t al. (1975) 
suggested th a t the Ion gene p ro d u c t m ig h t affec t the 
s tab ility  o f  such a d iv ision  in h ib ito r , d raw in g  on  the 
o b serva tio n  th a t D eg  (Ion) m u ta n ts  show  increased  
stab ility  o f  nonsense po ly p ep tid e  frag m en ts  o f  )9-ga- 
lactosidase over th a t in w ild  type b ac te ria . T he fac t 
th a t rec A, Ion d o ub le  m u ta n ts  c o n tin u e  to d iv ide  a l
m ost no rm ally  a fte r irra d ia tio n  co n firm s  the d ep en 
dence o f  Lon exp ression  o n  the  recA gene (G eorg e  
et al., 1975).

The h y po thesis  th a t  recA p ro te in  is d irec tly  re
sponsib le fo r  f ilam en ta tio n  c a n n o t be ad e q u a te ly  
tested by sim ply  o b se rv in g  sy n thesis  o f  recA p ro te in  
in the q u a lita tiv e  sy stem s w hich  have been  w idely 
used. T he ex p erim en ts  d esc rib ed  below  w ere designed  
to  m easu re  the precise k ine tics o f  recA  syn thesis  in 
irra d ia te d  b ac te ria  a n d  th u s  to  q u an tify  the in d u c tio n  
p ro cess; in ad d itio n  a d irec t m e th o d  o f  m easu rin g  
in s tan tan e o u s  cell n u m b e r p ro v id ed  a c c u ra te  k inetic  
d a ta  fo r  U .V . induced  filam en ta tio n . T h u s we w ere 
ab le to  c o m p a re  the in d u c tio n  k ine tics  o f  recA  syn
thesis (an d  the s tab ility  o f  the in duced  p ro te in ) w ith  
the k ine tics o f  the d is tu rb a n c e  to  d iv ision  a n d  D N A  
syn thesis in ir ra d ia te d  cu ltu re s . T he  ro le  o f  recA 
p ro te in  in D N A  re p a ir an d  d iv ision  in h ib itio n  in b o th  
lon^ an d  lon~ cu ltu re s  w as assessed  in th is  w ay. O u r 
re su lts  show  th a t  recA p ro te in  is very s tab le  a n d  th a t 
its s tab ility  is n o t a ffec ted  by the  Ion m u ta tio n . T he 
in d u c tio n  k inetics do  n o t  su p p o r t  the idea  th a t  large 
a m o u n ts  o f  new ly syn thesised  recA p ro te in  d irec tly  
in h ib it s e p ta tio n  b u t  do  su p p o r t  a  d irec t in vo lvem en t 
o f  the p ro te in  in the D N A  re p a ir  p rocess.

Materials and Methods
a) Strains

The strain used for this study was E. coli K12 KN126, ilv, tyr^^, 
try E ,^ , su p I2 & \ obtained originally from I. Nagata by B.G. 
Spratt. A Ion derivative of this strain was isolated in this laboratory 
by B. Sneath, by selecting for spontaneous resistance to chiorpro- 
mazine (Molnar et al., 1977). Genetic analysis confirmed that the 
mutation carried by this strain was located close to the ton locus 
at min 10 on the E. coli map. The growth rate was not altered 
by the Ion mutation. Other strains used were KL16 thi, and its 
recA \ derivative KL16.99; C600 thr leu thi lacY (from laboratory 
stocks) and MX213 thyA thi leu ilv (from M. Chandler).

b) Growth Conditions and U.V. Irradiation

Liquid cultures were grown at 37° in M9 medium supplemented 
with 0.4% w/v glucose and required amino acids to 20 pgm/ml. 
Irradiation of exponential cultures (A“̂̂”0.1 0.2) was carried out

in 1-2 mm layers in glass petri dishes with swirling. Cells were 
not washed before irradiation. The U.V. dose, monitored by a 
Lateijet dosimeter, was 10 J m~L giving more than 90% survival 
of wild type cells when plated on nutrient agar immediately after 
irradiation. Under these conditions only 2% of irradiated Ion bac
teria survived.

c) M easurem ent o f  Protein X  Synthesis

1 ml aliquots of exponential cultures were mixed with 1 ml 
prewarmed M9 medium containing 5 pCi F̂S]-methionine (specific 
activity 50 pCi/pgm), and incubated 5 min at 37°. Incorporation 
was terminated by addition of ice cold chloramphenicol (600 pgm/ 
ml) and cold methionine (4 mg/ml). To each sample, 10'“ un
labelled carrier cells were added from a chilled but otherwise un
treated portion of the same culture, together with 5x10“ cells 
grown separately from the same inoculum for several generations 
in medium containing [“H] leucine (specific activity 10 pCi/pgm), 
as internal standard. The bacteria were then washed twice by centri
fugation and lysed in 0.1 ml 10% w/v sodium dodecyl sulphate 
(SDS). Whole cell lysates were then analysed by SDS-polyacryla- 
mide gel electrophoresis (PAGE), using the basic method of Laemmli 
(1970) but with an acrylamide monomer: dimer ratio of 44:0.3. 
The final concentration of acrylamide in the gels was 11%. Pure 
proteins of known molecular weight were applied to each gel as 
standards. Gels were stained with Coomassie blue and then dried 
on to Whatman No.l filter paper, followed by autoradiography 
using Kodak XRP5 X-ray film. Gel bands were identified by com
parison of the dried, stained gel with the corresponding autoradio
graph. Bands were cut out and the radioactivity measured by count
ing in a scintillation fluid containing ‘NCS’ tissue solubiliser. The 
method for subsequent analysis of the data was developed by A. 
Boyd using the [“H] labelled internal standard, and measuring 
rate relative to another protein (e.g. RNA polymerase) which con
trol experiments showed was not induced, to correct for experimen
tal errors (Boyd, 1979).

d j M easurem ent o f  S tab ility  o f  Protein X

15 min after irradiation, an aliquot of culture was pulse labelled 
for 10 min, as described above. Unincorporated isotope was 
removed by filtering and washing the bacteria at 37° with unlabelled 
medium containing 300 pgm/ml methionine. The washed bacteria 
were resuspended in the same medium and incubated at 37°. Sam
ples were removed at intervals and prepared for SDS-PAGE as 
above.

e j Two-Dimension Gel .Analysis

Exponential cultures were pulse labelled as above and the bacteria 
washed and lysed by freezing and thawing as described by O’Farrell 
(1975). These lysates were initially fractionated by isoelectric fo
cussing, followed by SDS-PAGE in the second dimension at right 
angles to the focussing gel, essentially following the method of 
O'Farrell (1975). The ampholyte concentration was 2% v/v, com
prising 1.6% pH range 5-7, 0.4% pH range 3-10, giving a linear 
gradient between pH5 and pH7 in the gels. Autoradiographs were 
prepared as described above. The amount of protein X induced 
was measured by cutting out the spot identified from the autoradio
graph and counting the radioactivity in it as described above. 
When these counts were compared with a similar measurement 
of counts in the EFTu spot, and assuming that EFTu is present 
at 58,000 molecules/cell (Pederson et al., 1978), the amount of 
protein X could be calculated. These estimations were confirmed
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Fig. I. Effect of U.V. on DNA synthesis, cell division and protein X synthesis: mass, cell number and TCA precipitated radioactivity 
were followed in both unirradiated and irradiated cultures of mutant (lon~) and wild type strains. •— », unirradiated; o—o, irradiated. 
DNA synthesis is measured by continuous labelling in this experiment

by measuring directly the specific activity (c.p.m./pg. protein) in 
the whole cell lysate proteins, when, from the radioactivity in the 
spot, the specific activity of protein X was deduced.

tively labelled compounds were from the Radiochemical Centre, 
Amersham, Bucks., England and ‘NCS’ Tissue Solubiliser from 
Amersham/Searle, Arlington Heights, 111., U.S.A.

f )  Measurement o f  D N A Synthesis

Bacteria were labelled by diluting an overnight culture to about 
10® cells/ml in medium containing |'T] thymidine (1 pCi/ml; 
2 pCi/pgm) and 1.5 mM uridine and incubating for about 5 gener
ations at 37°, before irradiation. Accumulation of labelled DNA 
before and after irradiation was determined after precipitation with 
10% w/v trichloracetic acid (TCA).

The rate of DNA synthesis was measured by pulse labelling 
0.5 ml aliquots of exponential cultures with [̂H] thymidine (1 pCi, 
specific activity 85 Ci/mM). Pulses were terminated by addition 
of ice cold 10% TCA and the precipitated counts measured.

g) Bacterial Cell Number

0.2 ml samples were treated with 2.0 ml 0.8% v/v formalin in saline 
and counted in a model B Coulter counter.

h) Chemicals

Acrylamide and bis-acrylamide were obtained from Eastman Ko
dak, Rochester, N.Y., U.S.A. All other chemicals used for PAGE 
were obtained from BioRad, Richmond, Calif., U.S.A. Radioac

Results

1. E ffect o f  U. V. on Cell Division

T he effect o f the U .V. dose used in these experim ents 
( lO J - m " ^ )  w as relatively m ild since less than  10% 
o f wild type bac teria  w ere killed, and  m ass (optical 
density  a t in bo th  wild type an d  Ion cu ltures 
con tinued  to increase u n d is tu rbed  (Fig. 1). In bo th  
cu ltures, division (detected as change in cell nu m b er 
m easured by the C ou lte r cou n ter) w as com pletely  in
h ib ited  w ithin 10 m in o f  irrad ia tio n  (Fig. 1). A fter 
ab o u t 90 m in, division ab ru p tly  resum ed in the lon^ 
b u t n o t in the lon~ cu ltu re , and  the tim ing o f this 
recovery in fo/U cu ltu res w as consisten t over m any 
experim ents. T his w as also  true fo r three o th e r inde
pendently  derived K12 strains. In co n tras t, a sim ilar 
experim en t (data  n o t show n) show ed th a t strain
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K L16.99 (recAl) con tinued  to divide a fte r irrad ia tio n  
a lth ough  in this case there w as also  som e reduction  
in the ra te  o f  m ass increase.

Figure 1 show s th a t the Ion m u tan t did n o t resum e 
division over the period  o f  the experim en t, an d  m ic
roscopic exam ina tion  o f  irrad ia ted  cu ltu res several 
hours afte r the trea tm en t revealed filam ents 20-50  p 
in length and  no cells o f  no rm al size. E xam ination  
o f  irrad ia ted  wild type cu ltu res ov er the sam e period  
show ed tha t the cells in these cu ltu res w ere com pletely  
restored  to no rm al size.

F igure 1 show s th a t D N A  synthesis, m easured  by the 
accum ula tion  o f  [*‘̂ C] thym id ine , w as briefly inh ib ited  
by irrad ia tio n  bu t the ra te  o f  synthesis w as ap p aren tly  
restored  w ith in  30 4 0  m in . F o r ab o u t 20 m in a fte r 
U .V. trea tm en t accu m u la tio n  o f  labelled D N A  was 
som ew hat irregu lar, p resum ably  due to the com bined  
effects o f  rep lica tion , rep a ir synthesis an d  d eg rad a
tion. T he k inetics o f D N A  synthesis a f te r  irrad ia tio n  
w ere essen tially  identical in Ion* an d  lon~ strains, 
w hich con firm s th a t this m u ta n t is p ro fic ien t in D N A  
rep a ir m echanism s.

D irect m easurem ent o f  the ra te  o f  D N A  synthesis 
by pulse labelling a fte r irra d ia tio n  (F ig . 2) also 
con firm ed  the sim ilarity  o f  the responses o f  m u tan t 
and  wild type cu ltures. T he ra te  o f  in co rp o ra tio n  o f  
[^H] thym idine fell ab ru p tly  a f te r  irra d ia tio n  and  
gradually  increased to ap p ro a ch  the p re-trea tm en t 
ra te  in a b o u t 40 m in. F inally , a c o n tro l experim ent 
in w hich a po rtion  o f  the wild type cu ltu re  w as sw irled 
in a fo il-covered dish  to  dup lica te  exactly  the tre a t
m ent con d itions b u t p reven t irra d ia tio n , show ed only 
a b rie f (5 m in) pause in the o therw ise steadily  increas
ing ra te  o f  D N A  synthesis (Fig. 2).

3. Induction o f  Protein X

A nalysis o f  w hole cell lysates from  pulse labelled irra 
dia ted  cu ltu res by S D S -P A G E  yielded a u to ra d io 
g raphs w hich clearly show ed in duc tion  o f  a p ro te in  
w ith a m o lecu lar w eight o f  40,000. T his co rre sp o n d s 
exactly w ith th a t rep o rted  fo r pu rified  p ro te in  X (E m 
m erson  an d  W est, 1977; G u d as an d  M o u n t, 1977; 
M cE ntee, 1977). The b an d  w as cu t from  the o rig ina l 
gel an d  its rad ioactive  co n te n t a t  various tim es a fte r 
UV trea tm en t w as determ ined , an d  as show n in 
Fig. 1, the induced synthesis o f  p ro te in  X con tinued  
fo r a b o u t 1 h. T he d a ta  presen ted  in Fig. 1 are based 
upon the relative ra te  o f  synthesis o f  p ro te in  X by 
com p ariso n  with the ra te  o f  synthesis o f  a second,

Mass

60 90300
min a fte r  U.V.

Fig.2. Effect of U.V. on the rate of DNA synthesis. KN126 (lon^) 
was pulse labelled with pH] thymidine before and after irradiation. 
In a similar experiment the Ion derivative gave closely correspond
ing kinetics. Symbols as in Fig. 1

un induced  p ro te in  (^j?' su bun its  o f  R N A  polym erase). 
T he relative ra te  thus m easured  increased a t least 
2-fold w ithin  30 m in o f  irra d ia tio n  an d  then gradually  
declined ov er the next 30 m in to a level ap p ro ach in g  
th a t observed  before irrad ia tio n . T his m easurem ent 
o f  a 2-fold increase in ra te  is an  underestim ate  since 
2-dim ension gel analysis (Fig. 4) reveals the presence 
o f  several o th e r  un ind uced  p ro te in s o f  m olecu lar 
w eight 40,000. M easurem ent o f  rad ioactiv ity  in the 
p ro te in  X sp o t ind icated  a t least a  10-fold increase 
a fte r irrad ia tio n  an d  calcu la tion  (see M ethods) 
show ed th a t ab o u t 40,000 m olecules per cell were 
synthesised d u rin g  the 60 m in fo llow ing U V  trea t
m ent.

T he k inetics o f  p ro te in  X induc tion  w ere no t signi
ficantly  d ifferen t in Ion* and  lo ir  cu ltu res over sev
eral experim ents. In spection  o f  Fig. 1 reveals th a t the 
tim ing o f  p ro te in  X induc tion  did no t co incide w ith 
inh ib ition  o f  d ivision, w hich w as m axim al w ithin 
10 m in o f  irra d ia tio n , while the ra te  o f  p ro te in  X 
synthesis w as m axim al a t ab o u t 30 m in a fte r irra d ia 
tion. T he period  o f  increasing  p ro te in  X synthesis 
co rre spo nds closely w ith the period  o f  m axim um  inhi
b ition  o f  D N A  synthesis (Fig. 2) an d  therefo re  pre
sum ably  w ith D N A  repair.

T he ob se rv a tio n  th a t d iv ision  in the irrad ia ted
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Fig. 3. Autoradiograph of SDS-PAGE analysis of labelled proteins 
in whole cell lysates from a pulse-chased culture of irradiated wild 
type bacteria showing stability of protein X. A similar experiment 
using KN126 Ion gave identical results. Molecular weights were 
calculated from those of standard proteins. Lane a pulsed before 
irradiation, b pulsed 30 min after irradiation, c - i samples from 
pulse-chased culture taken 0, 15, 30, 60, 90, 120 min after chase

Induction of protein X after UV -  2-D PAGE 
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Fig. 4. Autoradiographs of 2-dimen- 
sion gel analysis of whole cell 
lysates from pulse labelled irradi
ated and unirradiated wild type 
KN126. The isoelectric focussing 
separation was from left to right. 
One gel carries a one-dimension 
SDS-PAGE separation of the 
same sample as molecular weight 
markers and one sample (on left) 
showing the UV-induced protein X 
band
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Fig. 5. The effect of Rif (4j.ig/ml) on cell division in irradiated 
and unirradiated wild type cultures is shown, together with the 
effect of U.V. alone. Mass increase (A‘*̂“) was followed in cultures 
which did not receive Rif treatment. Protein X induction was mea
sured in the same experiment. The square symbols in the lower 
figure indicate the level of synthesis in the 40K region before 
U.V.

lon^ Strain resum ed shortly  a f te r  p ro te in  X induction  
was com plete cou ld  ind icate th a t division w as inh ib 
ited by the presence o f  large qu an titie s  o f  p ro te in  
X. H ow ever, this a rg u m en t requires the d em o n stra 
tion th a t active p ro te in  X is short-lived , an d  turned  
over w ithin  the filam en ta tion  period . The a lte rna tive , 
th a t an  inh ib ito ry  co n cen tra tio n  o f  p ro te in  X cou ld  
be effectively dilu ted  o u t du rin g  the la tte r stages o f  
the filam en ta tion  period, a lth o u g h  no t specifically 
ru led ou t, seem s to us unlikely.

4. Stability o f  Protein X

It is clear from  the au to rad io g rap h  show n in Fig. 3 
th a t p ro te in  X in w hole cell lysates p repared  from  
a pu lse-chased  cu ltu re  w as n o t tu rn ed  over du ring  
the period  in w hich division resum ed in a lon^ cu lture . 
Q uan tita tive  analysis o f  the gel b an ds ind icated  no 
significant change in the am o u n t o f  p ro te in  X du ring  
a t least 2 h o f  chase, an d  th a t p ro te in  X w as equally  
stab le in lon~ cu ltu res (d a ta  n o t show n). H ow ever,

a d istinct change in m olecu lar w eight is necessary 
fo r SD S -P A G E  to show  a visible a lte ra tio n  in the 
gel profile, leaving the possib ility  th a t the  activ ity  o f 
p ro te in  X m ay be co n tro lled  by a m uch m ore subtle 
p o st-irrad ia tio n  m odifica tion  n o t detec ted  in these ex
perim ents.

5. 2-Dimension Gel Analysis o f  Whole Cell Lysates

T his techn ique is capab le  o f  detec ting  any  sm all term i
nal deletions o f  am ino  acids o r  po st tran sla tio n a l 
m odification  w hich results in p ro te in s w ith an  alte red  
net charge. C u ltu res were therefo re  irrad ia ted  as be
fore an d  lysates analysed  by 2-dim ension gel e lectro 
phoresis. In duc tion  o f  p ro te in  X w as aga in  clearly 
d em o n stra ted  (Fig. 4) an d  co m p ariso n  o f  a u to ra d io 
g raphs failed to detec t any  difference in size o r  isoelec
tric p o in t betw een the p ro te in  X m olecules found 
in Ion* an d  lon~ cu ltu res up  to 3 h a fte r irrad ia tion .

6. E ffect o f  Rifampicin on Protein X  Induction and 
Division Inhibition

Low  levels (4 8 pgm /m l) o f  the d ru g  rifam pic in  (R if), 
w hich inh ib its R N A  synthesis, have been repo rted  to  
preven t the synthesis o f  p ro te in  X w ith o u t gross effects 
o n  the synthesis o f  o th e r  p ro te in s (S atta , G u d as and  
Pardee, 1979). C onsequen tly , 4 o r  6 pgm /m l R if were 
add ed  im m ediately  a f te r  irra d ia tio n  to w ild type cu l
tures, and  the effect on  induc tion  o f  p ro te in  X and  
division inh ib ition  w as es tim ated  (Fig. 5). W ith 
4 pgm /m l Rif, p ro te in  X induc tion  w as reduced to 
less than  h a lf th a t fo und  in the absence o f  Rif, and  
6 pgm /m l reduced  the level even fu rth e r (w ithout 
com pletely  abo lish ing  induction). In con tras t, con tro l 
experim ents show ed th a t to ta l p ro te in  synthesis was 
only reduced  by 7 -1 2 %  u n d er these con d itions . Cell 
division in u n irrad ia ted  R if trea ted  cu ltu res w as also 
slightly affected (Fig. 5) b u t the k inetics o f  division 
inh ib ition  by U .V. w ere n o t a lte red  by e ith er 4 o r 
6 pgm /m l Rif, d em o n stra tin g  th a t synthesis o f  pro tein  
X can be uncoup led  from  the division block.

In this experim en t the relative ra te  o f  p ro te in  X 
synthesis w as m easured  aga in st the p ro te in  e long a tion  
fac to r E F T u  (m o lecu lar w eight 44,000) since the ra te  
o f  synthesis o f  the [ifl' su bun its  w as increased in the 
presence o f  R if (see also  B lum enthal an d  D ennis, 
1978). E F T u  synthesis w as n o t itself affected e ith er 
by U .V . o r by low co n cen tra tio n s  o f  Rif.

Discussion

The hypo thesis th a t induced  synthesis o f  the recA 
p ro te in  (and  the d irect ac tion  o f  the p ro te in  itself) 
is responsible fo r division inh ib ition  in irrad ia ted  bac 
teria w as n o t su p po rted  by the results o f  the experi
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m ents described above. T he onset o f  division inh ib i
tion was very rapid , w ith only 10-12%  o f  irrad ia ted  
bacteria com pleting  division an d  no fu rth e r divisions 
were detected a fte r 10 m in o f  po st-irrad ia tio n  grow th , 
tha t is 20 m in before the m axim um  ra te  o f  recA 
protein  synthesis w as reached. F u rth e r, the fall in 
rate o f  p ro te in  X synthesis d id  n o t coincide w ith the 
recovery o f  d iv ision ; this resum ed a t n ea r no rm al 
ra te  90 m in afte r U.V. despite the con tinued  presence 
o f high levels o f  recA p ro te in  since this w as show n 
to be stab le fo r a t least 60 m in a fte r division resum ed.

The kinetics o f  p ro tein  X induc tion  described here 
are very sim ilar to the kinetics o f  induction  o f  o ther 
SOS functions repo rted  previously ; the capacities fo r 
m utagenic repair, p rophage a induction  and  reactiva
tion o f  irrad ia ted  a (D éfais et a l., 1971 ; D éfais et al., 
1974). T his result therefore fu rth e r su ppo rts  the hy po 
thesis o f  co -o rd in a te  con tro l o f  SOS functions. In 
so fa r as the period o f  m ajo r D N A  repair was ind i
cated by the d istu rbance to D N A  synthesis m easured 
in irrad ia ted  cells, this also  coincided  very closely 
w ith the period  o f  derepression  o f  p ro te in  X synthesis, 
consistent w ith  the suggestion th a t the ch ief function  
o f  newly synthesised recA p ro te in  is to b ind to single 
s tranded  regions o f  D N A  genera ted  du ring  repair 
(S a tta  e t al., 1978).

Tw o-dim ension gel analysis o f  lysates from  
induced cu ltures failed to detect any a lte ra tion  in rec A 
pro tein  du ring  an d  afte r division recovery, suppo rting  
the no tion  th a t p ro te in  X per se is n o t the division 
inhibitor. H ow ever, it should  be recognised th a t there 
may be m odifications to the p ro te in  du ring  the recov
ery period w hich cou ld  a lte r its b iological activity 
w ithout affecting the isoelectric p o in t o f the m olecule 
(e.g. m éthylation). D espite this reservation , the results 
discussed so fa r indicate th a t while newly synthesised 
protein X is p robab ly  directly involved w ith D N A  
repair, including m utagen ic rep a ir o f  bo th  bac teria l 
and phage D N A , the involvem ent w ith  division inhi
bition is less clear.

The specific effects o f  low co n cen tra tions o f  rifam 
picin on the synthesis o f certa in  p ro teins in E. coli, 
reported by B lum enthal and  D enn is (1978), facilita ted  
the study o f  the effects o f  reduced p ro te in  X induction  
on division, avo id ing  a m ore generalised inh ib ition  
of pro tein  synthesis. T he results ob ta ined  clearly indi
cated th a t p ro te in  X synthesis cou ld  be significantly 
reduced w itho u t any detectab le effect on  division inhi
bition, a lth ough  the possibility th a t low levels o f 
protein  X synthesis m ight still be sufficient to block  
division w as n o t ru led  out.

The results o f  the rifam picin  experim ents ind icated  
that the con tro l o f  division inh ib ition  by recA p ro tein  
did not require its de novo synthesis. W h at then is 
the m ost likely exp lanatio n  fo r the role o f  recA 
p ro tein  in U .V .-induced  filam en ta tio n ?  O ne answ er

m ay be derived from  the p roposed  m odels o f  au to reg 
u la tio n  o f  recA p ro te in  involving in te rac tion  w ith  a 
‘ sig n a l’ o r effector m olecule. T hus alte red , rec A* 
p ro te in  m ight affect tran scrip tio n  o f  division con tro l 
gene(s), the presence o f Ion p ro te in  being  essential 
fo r reversing this process. A lternatively , the m odified  
rec A* p ro te in  acting  as a m ultifu nction al m olecule 
m ight cleave a sep tum -assoc ia ted  gene p roduc t, requ ir
ing expression o f the Ion gene to  resto re  the in trace llu 
lar level o f  this p roduc t. O n e ith er m odel we envisage 
th a t m ost newly synthesised m olecules o f  recA p ro te in  
are p robab ly  rap id ly  b o und  to single s tranded  D N A  
generated  du ring  dam age and  repair. A s repa ir is 
com p leted  and  the effec tor co n cen tra tio n  falls, 
p ro te in  X will be d isp laced from  D N A  to accum ulate 
in the cy top lasm  w here it should  com pete w ith the 
activated  com plex to re-establish  repression.

Any m odel o f  rec A co n tro l o f SOS fu nctio ns m ust 
accom m odate  the pheno types assoc iated  w ith  two 
m utations, tsl (m app ing  a t  lex A) and  t i f  (m apping  
a t rec A) (M o u n t et al., 1973; C astellazzi et al., 1972). 
B oth m u ta tio n s  cause tem p era tu re  sensitive expres
sion o f  SOS fu nctio ns including  filam en ta tion  an d  
derepression  o f  the recA gene, p resum ably  w itho u t 
dam age to D N A , thus in itia ting  induc tion  w ithout 
an  effector m olecule. In the case o f tif, the p roduc t 
o f  the recA gene has been show n to be a  m u tan t 
fo rm  o f  the pro tein , w hich is ap p aren tly  ab le to  p ro 
mote"^ derepression  "w ith o u t D N A  dam age. T he 
a lte red  lexA  rep ressor m ade by tsl cu ltu res a t 42° 
also allow s derepression  o f  p ro te in  X an d  division 
inh ib ition  (our unpub lished  results) and  we w ould 
argue th a t this a lte red  lexA  p ro d u c t affects the activity 
o f  p ro te in  X (perhaps in co m b ina tion  w ith it), to 
induce o ther 8 0 S  functions.

O u r results are no t consisten t w ith the role 
suggested fo r the Ion p ro d u c t by G eorge et al. (1975); 
no effect o f the Ion m u ta tio n  on  the synthesis o f  recA 
p ro te in  o r  on  the m olecule itself w ere detected . H ow 
ever, since the Ion gene p ro d u c t does ap p ea r to con tro l 
gene expression (e.g. o f  the gal op eron ) and  m ay 
indeed b ind  to D N A  (Z ehnbauer et al., 1979), we 
suggest an  a lte rna tive  hypothesis. In irrad ia ted  bac 
teria , rec A* and  Ion p ro te in s m ight com pete fo r an 
o p e ra to r  site a t a th ird  target gene, w hich regulates 
division. A likely can d ida te  fo r this target gene is 
the sfijsul locus nea r 2 m in on the E. coli ch ro m o 
som e, w here suppresso rs o f  filam en ta tion  have been 
m apped  (Johnson , 1977). F u rth e r  stud ies, aim ed a t 
d em o nstra ting  such in te rac tions, should  greatly  c la r
ify the roles o f these genes in con tro lling  cell division.
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Note Added in Proof

In a recent paper, A. Bailone, A. Levine and R. Devoret (J. Mol. 
Biol. 131, 553-572, 1979) presented evidence that UV irradiated 
E. coli contain only small amounts of an active form of recA pro
tein which acts as the SOS inducer and they proposed, as suggested 
in this study, that the bulk of the newly synthesised recA protein 
is unmodified and acts primarily to facilitate repair of damaged 
DNA.


