
Vol. 44, No. 3, 1971 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

UNUSUAL GROWTH PROPERTIES OF A 

BACTERIAL STRAIN lACKING DNA POLYMERASE 

H e r b e r t  S.  R o s e n k r a n z ,  Howard  S. Car r ,  and  C o u n c i l m a n  M o r g a n  

D e p a r t m e n t  of M i c r o b i o l o g y ,  C o l l e g e  of  P h y s i c i a n s  & S u r g e o n s ,  
C o l u m b i a  U n i v e r s i t y ,  New York, N .Y .  10032 

Received  June 2, 1971 

SUMMARY 

The DNA polymerase-deficient E. coli strain pol A I- exhibits a 
5% plating efficiency when grown on synthetic liquid medium and plated 
on a nutritionally rich solid medium. This phenomenon is not seen 
when the composition of the liquid and solid media is identical. Accord- 
ingly in order to obtain meaningful results with this strain, the growth 
conditions must be controlled carefully. 

Recently de Lucia and Cairns reported (i) the isolation of an un- 

usual mutan t  of E. c o l i W  3110 t h y - d e f i c i e n t  in DNA p o l y m e r a s e  ( p o l A 1 - ) .  

The a v a i l a b i l i t y  of t h i s  s t r a i n  h a s  s t i m u l a t e d  a number  of  s t u d i e s  on the  

ro l e  of DNA p o l y m e r a s e  in DNA s y n t h e s i s  and  DNA r e p a i r  ( 2 -8 ) .  I t  ha s  

a l s o  l ed  to  the  d i s c o v e r y  of a number  of new D N A - s y n t h e s i z i n g  e n z y m e s  

(8-15) and  to  the  d e v e l o p m e n t  of a r a p i d  in v ivo  p r o c e d u r e  for  d e t e c t i n g  

a g e n t s  w h i c h  r e a c t  w i th  c e l l u l a r  DNA (16). Many  of the  c o n c l u s i o n s  of 

t h e s e  i n v e s t i g a t i o n s  a r e  b a s e d  on the e n u m e r a t i o n  of the  number  of 

po l  A 1- c e i l s  p r e s e n t  in l i q u i d  m e d i a  unde r  v a r y i n g  c o n d i t i o n s .  In the  

s t u d y  we r e p o r t  t h a t  under  c e r t a i n  e x p e r i m e n t a l  c o n d i t i o n s  po l  A 1- p r e s e n t  

c e i l s  c a n n o t  be e n u m e r a t e d  by  s p r e a d i n g  them onto  s o l i d  a g a r  p l a t e s .  

W h e n  E. c o l i W  3110 t h y - p o l  A1 +, t he  p a r e n t  s t r a i n ,  w a s  grown in d 

s y n t h e t i c  l i q u i d  medium (medium HA (1 7 ) ) s u p p l e m e n t e d  w i th  t h y m i n e  

(5[xg/ml), t he  u s u a l  i n c r e a s e  in t u r b i d i t y  (450 nm) w a s  o b s e r v e d  (Fig .  1). 
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W h e n  d i l u t i o n s  of t h i s  cu l tu re  were  p l a t ed  on a r ich  n u t r i e n t  aga r  medium 

(Columbia  b a s e  aga r  (18); Bal t imore B io log ica l  L a b s . )  and the  p l a t e s  i n -  

c u b a t e d  at  37 ° C for 16 hrs,  the i n c r e a s e  in  the  number  of c o l o n i e s  was  

found to p a r a l l e l  the i n c r e a s e  in t u rb id i t y  (Fig. 1). W h e n ,  howeve r  the  

same p rocedure  was  a p p l i e d  to the  pol  A 1 s t r a i n ,  it was  found tha t  wh i l e  

the  t u r b i d i t y  of the cu l tu re  e x h i b i t e d  the c h a r a c t e r i s t i c  i n c r e a s e ,  the  

u s u a l  i n c r e a s e  in  number  of v i a b l e  b a c t e r i a  was  not  seen  (Fig. i) .  

Ac tua l ly ,  the  number  of c o l o n y - f o r m i n g  b a c t e r i a  w a s  on ly  5% tha t  of the 

pa ren t  s t r a i n  and  it did not  i n c r e a s e  un t i l  the  s e c o n d  hour of i n c u b a t i o n .  

Soon t h e r e a f t e r  the  number  of v i a b l e  b a c t e r i a  a p p r o a c h e d  the  l e v e l  e x p e c t e d  

from t u r b i d i t y  m e a s u r e m e n t s .  An i n c r e a s e  in  t u r b i d i t y  w i thou t  c o n c u r r e n t  

m u l t i p l i c a t i o n  of v i a b l e  b a c t e r i a  cou ld  r e f l e c t  i n h i b i t i o n  of the  f i na l  s t a ge  

of b i n a r y  f i s s i o n  such  tha t  s e p a r a t i o n  is  p r e v e n t e d  and  long  c h a i n s  ( c o n s i s -  

t i ng  of 20 b a c t e r i a l  units} are formed, or tha t  the b a c t e r i a  s imply  i n c r e a s e  

in  s i z e  for s e v e r a l  hours  before  d i v i d i n g .  D i r e c t  l igh t  m i c r o s c o p i c  e x a m -  

i n a t i o n  e l i m i n a t e d  both  of t h e s e  p o s s i b i l i t i e s .  Moreover ,  the  u l t r a s t r u c -  

ture  of the  pol  A 1 s t r a i n  as  s e e n  in  the  e l e c t r o n  m i c r o s c o p e  w a s  s i m i l a r  

to tha t  of the  pa ren t  s t r a i n .  This  s u g g e s t e d  tha t  E. co l i  pol  A 1- d i v i d e s  

at  the  normal  ra te  bu t  tha t  the d a u g h t e r  c e l l s  are  u n a b l e  to  form v i a b l e  

p rogeny  w h e n  p l a t e d  on so l id  m e d i a .  However ,  upon fu r the r  i n c u b a t i o n  in  

l i qu id  medium th i s  d e f e c t  is o v e r c o m e .  

Because  the  e x p e r i m e n t a l  p r o c e d u r e s  u s e d  i n v o l v e d  a " sh i f t  up" from 

a n u t r i t i o n a l l y  poor  medium to a r ich  so l id  medium,  the  e x p e r i m e n t s  were  

r e p e a t e d  growing  c e l l s  in  a " r i c h " m e d i u m  and  p l a t i n g  them on "r ich"  

medium and,  c o n v e r s e l y ,  g rowing  them on s y n t h e t i c  medium and  p l a t i n g  

them on the  same medium s u p p l e m e n t e d  wi th  a ga r .  It  was  found tha t  w h e n  

th i s  was  done  tha t  the p l a t i n g  e f f i c i e n c y  of the  pol  A 1 s t r a i n  a p p r o a c h e d  
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+ 
t ha t  of the  po l  A E. c o l t .  

Since t he  on ly  d i f f e r e n c e  b e t w e e n  E. c o l t  p o l  A 1 and i t s  p a r e n t  

a p p e a r s  to  be a d e f i c i e n c y  in DNA p o l y m e r a s e ,  the  p r e s e n t  o b s e r v a t i o n  of 

a d e c r e a s e d  p l a t i n g  e f f i c i e n c y  dur ing  the  " s h i f t  up" p h a s e  p r e s u m a b l y  

r e f l e c t s  a f u n c t i o n  of DNA p o l y m e r a s e .  I t  may  be t ha t  c e l l s  d e f i c i e n t  in 

t h i s  e n z y m e  mus t  d e v i s e  a new e n z y m i c  p a t h w a y  to  r e p a i r  s p o n t a n e o u s l y  

d a m a g e d  DNA. This  b y - p a s s  may  be  much s l o w e r  t h a n  the  r e a c t i o n  

n o r m a l l y  c a t a l y z e d  by DNA p o l y m e r a s e .  A sh i f t  to  r i ch  medium may  i n d u c e  

b a c t e r i a l  r e p l i c a t i o n  b e f o r e  DNA r e p a i r  has  b e e n  c o m p l e t e d  t h e r e b y  l e a d i n g  

to  c e l l u l a r  d e a t h .  On the  o t h e r  hand  c o n t i n u e d  i n c u b a t i o n  in the  s y n t h e t i c  

medium a l l o w s  r e p a i r  to  " c a t c h  up" t h e r e b y  i n c r e a s i n g  the  e f f i c i e n c y  of 

plating (Fig .  1). The e x a c t  b a s i s  of t h i s  b e h a v i o r  of E. co l t  p o l A t  i s  

unde r  i n v e s t i g a t i o n .  H o w e v e r  in the  m e a n t i m e ,  w h e n e v e r  u s i n g  po l  A- 

s t r a i n s ,  the  p l a t i n g  e f f i c i e n c y  s h o u l d  be d e t e r m i n e d .  
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FIGURE 1" Growth  p r o p e r t i e s  of p o l A  and p o l A ,  c e i l s .  
• 1 "1- 1 - -  

(_E. c o l i W  3110 and_E, c o l t  p 3478,  the p o l A  1 and  p o l A  1 
r e s p e c t i v e l y )  in the  s y n t h e t i c  medium HA(17) s u p p l e m e n t e d  

B a c t e r i a  
strains, 
with thymine 

(5 b g / m l )  we re  b rough t  to  the  e x p o n e n t i a l  g rowth  p h a s e  ( t u rb id i t y  a t  
450 nm:':- 0 . 2 ) ,  a t  i n t e r v a l s  p o r t i o n s  of t he  c u l t u r e s  we re  w i t h d r a w n ,  s e r i a l l y  
d i l u t e d  in s y n t h e t i c  medium and  0.1 m l - s a m p l e s  s p r e a d  on the  s u r f a c e  of 
C o l u m b i a  b a s e  n u t r i e n t  a g a r  p l a t e s  (18). C o l o n y - f o r m i n g  b a c t e r i a  were  

o 
e n u m e r a t e d  a f t e r  i6 hours  a t  i n c u b a t i o n  a t  37 C.  
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