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Production of surplus D N A  in E. coil, and its effects 
on bacterial syntheses 

A l t h o u g h  severa l  m e t h o d s  have  been  used  to  inh ib i t  t he  syn the s i s  of bacter ia l  deoxyr ibonuc le ic  
acid (DNA) re la t ive  to  o the r  cell s y n t h e s e s  1, no m e a n s  of ach iev ing  a su rp lus  of D N A  has  been  
repor ted .  I t  is possible  to increase  t he  cellular con t en t  of D N A  re la t ive  to  p ro t e in  and  r ibonucleic  
acid (RNA) b y  use  of t he  amino-ac id  analog f l -2- th ienyla lanine  (flTA). W h e n  Escherichia coli 
s t r a in  B was  g rown  aerobical ly  in a sa l t s -g lycero l  m e d i u m  (the med ia  and  ana ly t ica l  t e c h n i q u e s  
h a v e  been l is ted elsewhere*, 3) p lus  va r ious  concen t r a t ions  of flTA, an  inc reas ing ly  d i sp ropor t iona te  
c o n t e n t  of D N A  was  p roduced  in i h, up  to a concen t r a t ion  of I f fg/ml flTA (Fig. I). Beyond  
th i s  level no add i t iona l  effects were observed:  D N A  syn t he s i s  was  depressed  a b o u t  35% while  
R N A  and  p ro te in  s y n t h e s e s  were  inhib i ted  by  a b o u t  85%. Surplus  D N A  could br ing  t h e  to t a l  
concen t r a t i on  to  a lmos t  twice  normal .  

Cellular  d ivis ion did no t  t a k e  place du r ing  4 h in t he  presence of 20 f fg/ml  fiTA, except  
for a 50% increase  in co lony- fo rming  un i t s  in t he  first  4 ° min. All the original  cells r e m a i n e d  
capable  of colony format ion ,  a n d  no s y n c h r o n y  of divis ion was  observed  when  t he  inh ib i t ion  
was reversed  a f te r  I h b y  IO # g / m l  ty ros ine .  The  p roduc t ion  of T2 bac te r iophage  in 4 ° m i n  was  
comple te ly  inhib i ted  by  2o/2g/ml  flTA added  to E. coli prior  to 15 rain a f te r  infect ion.  However ,  
t he  abi l i ty  of t hese  bac te r ia  to fo rm p laques  on b ro t h - aga r  p la tes  was  not  impai red .  The  e n z y m e s  
for ox ida t ion  of glycerol  or  glucose, f l -galactosidase,  or  D- and  L-serine deaminase  did no t  increase  
in ac t iv i ty  in t he  presence  of 5 #g j ml  flTA. 

The  d i sp ropor t iona te  increases  in D N A  were no t  observed  wi th  two  o ther  s t r a ins  of E. coh: 
- - t h e  r ad i a t i on - r e s i s t an t  B/ r  or the  t h y m i n e l e s s  m u t a n t  IST- - (E .  ~IC~'ALL, persona l  c o m m u n i -  
cat ion).  These  bac te r i a  con ta ined  a rat io  of D N A  to  R N A  t h a t  is twice  t h a t  of E. coli s t r a in  B. 

The  presence  of i n t ac t  D N A  appears  to  be requi red  for bacter ia l  s y n t h e s e s  8 (a l though  t he  
syn thes i s  of new D N A  is not).  I n  order  to d iscover  w h e t h e r  t he  cellular con t en t  of D N A  was  
di rect ly  re la ted to syn the t i c  abili t ies,  su rp lus  D N A  was  a c c u m u l a t e d  in t he  presence  of 5 ~g /ml  
flTA over  a 2-h period.  At  in te rva ls ,  inh ib i t ion  was  reversed  in a l iquots  of  t he  cu l tu re  by  the  
add i t ion  of i m g / m l  yea s t  ex t rac t ,  2 m g / m l  ac id -hydro lysed  casein,  ~3 ffg/ml t r y p t o p h a n ,  and  
also t he  inducers  DL-serine (0. 4 mg/ml)  and  lactose (2. 9 mg/ml)  were added.  At  each t ime  of 
reversa l  and  30 rain later,  t h e  c o n t e n t  per  ml of DNA,  RNA,  protein,  and  t he  e n z y m e s  f l-galacto- 
s idase  and  D- and  L-serine deami nase  were de t e rmi ned  (Fig. 2). I n  t he  presence of flTA (solid 
curves) ,  t he  D N A  had  a p p r o x i m a t e l y  doubled  by  9o mi n  and  t he  ra tes  of s y n t h e s i s  of the  o ther  
ma te r i a l s  became  s l ight ly  more  r ap id  wi th  t i me  b u t  were no t  p ropor t iona l  to t he  con t en t  of DNA.  
The  ra tes  of syn thes i s  of t hese  c o m p o n e n t s  a f te r  reversal  of inhib i t ion  r ema ined  near  t he  ini t ial  
levels.  Thus ,  t he  su rp lus  D N A  did no t  p ropor t iona te ly  increase  these  ra tes .  

The  two m o s t  probable  exp lana t ions  for th i s  nega t ive  resul t  are  t h a t  (i) t he  con t en t  of D N A  
per  cell does no t  l imi t  t he  ra te  of syn t he t i c  processes  of the  bac te r ium,  or (2) t h a t  su rp lus  D N A  
fo rmed  in the  presence  of ETA is no t  n o r m a l  cellular ma te r i a l  b u t  is defect ive  in i ts  comb ina t i on  

I f 

100 

- NX 

o _o 8 0 -  

x _ _ .  

~ 4o 

z_ 

2 0  ~ o r) PROTEIN 

',, B-GALACTOSIDASE 
o "-_~,---e_ I 
O.l 1.0 I0 IO0 

.,u,,g / ml  
Fig. I. Syn the se s  in the  presence  of var ious  concen t ra t ions  of/~TA, in i h. 
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with protein, its base content ,  or its struc- 
tu re  (as has been shown to be the case wi th  
RNA made in the  presence of chloramphe-  200 
nicol=). The gross propert ies  of the DNA 
made in the presence of flTA, however,  
were like those of normal  DNA. I t  was 
precipitable by trichloroacetic acid, and not  
hydrolysed by  I M K O H  at  37 ° or I M 
HC104 at 4 ° in 15 h. The increased content  100. 
of deoxyribose was proport ional  to the in- 
creased base content  (measured as material  uJ 
in the isolated DNA absorbing light at  260 
m/~) and also proport ional  to the increased <> 
content  of thymine  as determined by  paper  -J 0 
chromatography .  < 

Another  approach was to determine E- 
whether  the surplus  DNA was useful in ~ 900 
prevent ing  lethal damage by  agents  which ,,- 
act  on cell DNA. In  one set of exper iments  o 
the resistance to ul traviolet  liglat of E. coli o~ 
grown for 90 rain in the  presence of 20 
#g/ml  flTA was determined. These were ap- 
preciably more res is tant  t han  normal  ceils: 100' 
the slopes of their  survival  curves (log of 
survivors  against  dose) were about  twice 
t ha t  of the control. This result  would in- 
dicate tha t  the surplus  DNA is functional;  
bu t  such curves are notoriously dependent  
on exper imenta l  conditions. 0 

Similarly, a s tudy  was made of the 
effect of 3~p decay on cell viability. Lethal  
action is caused by  decay of the 3sp incor- 
pora ted  into the cell DNAS, 4. E. coli growing 
exponent ial ly  in a low phospha te  medium 
were exposed to 8.6 mc /mg P for 60 min 
in the presence or absence of 2o/~g/ml flTA, 
and then al iquots were frozen in liquid ni- 
trogen, and were thawed at  intervals and 
assayed for viability. The results (Fig. 3) 
show tha t  phospha te  incorporated into the 
bacterial DNA in the presence of flTA is as 
lethal as tha t  incorporated into DNA of 
normally  growing cells. 

These findings suggest  tha t  the DNA 
is functional  bu t  does not  act as a direct 
rate-l imiting catalyst  in the  format ion of 
o ther  macromolecules.  Such a conclusion is 
of course to be ant ic ipated if it is recalled 
tha t  the g rowth  ra te  of bacteria depends 
s t rongly  on nutr i t ional  conditions, in spite 
of a p resumably  cons tan t  DNA content  
per  cell. 
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Fig. 2. Syntheses during inhibition by flTA and 
after reversal. 
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Fig. 3. Lethal effects of ssp decay on E. coll. 
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