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presence of v i tamin K 1 in hear t  sarcosomes after the injection of radioactive vi tamin K 3. The 
observat ions of MARTIUS AND NITZ-LITzOW TM suggesting a role of v i tamin 141 in oxidative phos- 
phorylat ion mus t  also be kept  in mind in this connection. The work is continuing, and will later  
be published in greater  detail. 

Laboratory o/Physiological Chemistry, University o/Amsterdam J . P .  COLPA-BOONSTRA 
(The Netherlands) E . C .  SLATER 

1 VV. D. WOSILAIT AND A. ~TASON, J. Biol. Chem., 208 (1954) 754. 
C. MARTIUS, Biochem. Z., 326 (1954) 26. 

3 E. C. SLATER, Biochem. J., 44 (1949) 305 . 
4 L. F. FIESER, J. Biol. Chem., 133 (194 o) 391. 
5 E. C. SLATER, Biochem. J., 46 (195o) 484 . 
e M. B. THORN, Bioehem. J., 63 (1956) 420. 
7 V. R. POTTER AND A. E. R~IF, .]. Biol. Chem., 194 (1952) 287. 
s j .  BOUMAN AND E, C. SLATER, Nature, 177 /I956) 1181. 

C. MARTIUS, Bioehem. Z., 327 (1956) 407 . 
10 C. MARTIUS AND D. NITZ-LITzOW, Biochim. Biophys. Acta, 13 (1954) 152, 289. 

Received October 27th, 1956 

An extract promoting the synthesis of deoxyribonucleic acid 
in U.V.-irradiated Salmonella typhimurium 

A very striking effect of radiat ion on some micro-organisms is the alteration of deoxyribonucleic 
acid (DNA) synthesis1,2, 3. ~ANAZIR AND ERRERA 2 have established tha t  DNA synthesis  is 
temporar i ly  inhibited immediately after irradiation in E. coli, while the growth rate and the 
synthesis  of ribonucleic acid (RNA} and protein are not  fundamenta l ly  altered. This inhibition 
of DNA synthesis  is followed by an accumulat ion of DNA precursors and adenosinetr iphosphate  
(ATP), suggesting t ha t  a relationship exists between the synthesis  of DNA and the metabolism 
of ATP*. This is also t rue in irradiated Salmonella 5. 

The aim of this work was to look for factors able to promote  DNA synthesis  during the 
period of its immediate  inhibition, subsequent  to U.V. irradiation, and to elucidate the reasons 
for the continual  occurrence of death as a result  of irradiation, in spite of a resumed synthesis  
of DNA. 

Exper iments  were carried out  on Salmonella lyphimurium, strain LT2, nonlysogenic, grown 
on aerated synthet ic  media, whose composit ion has already been described 5. The bacteria were 
irradiated in logarithmic phase, with a Mineralight low-pressure mercury  vapour  lamp, from 
a distance of 3 ° cm, using a dose tha t  gave about  5 ° % survivors.  All incubations were done 
in the dark, The determinat ions of the acid-soluble fraction, DNA, R N A  and protein were carried 
out  as already described 5. 

An active principle was extracted from a normal  strain of Salmonella grown on an aerated 
b ro th  medium, by  grinding fresh cells with o.I5~V/ KC1 at  o °. The superna tan t  was recentrifuged 
a t  o ° C and 16,ooo r.p.m., and dialysed against  phospha te  buffer p H  7.0. The crude extract  was 
fract ionated with solid a m m o n i u m  sulphate.  The precipitates obtained at different degrees of 
sa tura t ion  were dissolved in potass ium phospha te  buffer at pH 7.4 and dialyzed against the 
same buffer. 

In  all tests, irradiated bacteria and controls were grown on synthet ic  aerated media in the 
presence of this extract  or its a m m o n i u m  sulphate  fractions. An identical a m o u n t  of protein 
derived from this extract ,  3 ° 7/ml  of culture, was used per assay. The activity of the extract  
and its fractions was destroyed either by  heat ing or by  t rypsin  digestion, while DNase, and 
RNase  did not  cause any inactivation. The extract  was added either immediately after irradiation, 
or after the irradiated cultures had been allowed to grow for 12o minutes.  In both  cases, the 
cultures were grown for 20 rain after the addition of the extract .  

If, after irradiation, the bacteria are grown aerobically in the presence of the crude extract  
and then plated, the number  of survivors  increases: it is two or three t imes higher than  in 
irradiated unt rea ted  cultures (Table I). The number  of viable cells in the treated cultures is 
approximate ly  as high as in normal  cultures grown for the same length of t ime (Table I). This 
table also shows tha t  the synthesis  of DNA does not  occur in irradiated unt rea ted  cells over a 
period of 20 rain growth,  while in the presence of our  factor this synthesis  follows a pa t te rn  
similar to tha t  of the normal  cells and is accompanied by a more extensive utilization of acid- 
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Control Irradiated + Irradiated 
Control Control + .L h e a t e d  Irradiated 4- heated 

Time crude extract crude extract crude extract crude extract 
(minutes) 

N.A.* M.A.* N.A. M.A. N.A. M.A. N.A. M.A. N.A. M.A. N.A. M.A. 

2o 

142 118 
14o 12o 
135 115 

161 148 2oo 
16o 142 197 
158 144 2o2 

o 132. 4 

2o 14o.2 

o 0.260 

20 0.370 

206.0 

0.300 

75 63 
72 58 
7 ° 60 

N u m b e r  of colonies per  p la te** 

185 16o 12o 48 49 142 
179 162 123 5 ° 5 ° 148 
182 165 119 53 46 132 

13o 55 6o 
132 6o 56 
135 65 59 

D N A con t en t  Z/cul ture  (Ceriotti) 

13 ° 

126.8 124. 4 148 116.8 

Acid-soluble  f ract ion.  E x t i n c t i o n  of U.V. 260 m/~ 
Absorb ing  precursors /3  o ml  cu l tu re  

0.24o 

- -  0.335 0.250 - -  

* N . A .  = n u t r i e n t  agar,  M.A.  = m in im a l  agar  (conta in ing  on ly  inorganic  sa l t s  and  the  glucose 
used as an  energy  source). 

** Each  co lumn records counts  of 3 p la tes .  (Bacter ia l  d i lu t ion  io-S). 

soluble  m a t e r i a l  absorb ing  in U.V. l ight.  Fu r the rmore .  th is  p r o m o t e d  syn thes i s  of DNA is followed 
by  an increase in the  n u m b e r  of d iv id ing  v iab le  cells. 

The f rac t ions  ob ta ined  wi th  0.2 to  o. 5 % s a tu r a t i ons  of a m m o n i u m  su lpha t e  were s l i gh t ly  
act ive,  while  those  ob t a ined  wi th  h igher  concen t ra t ions  were more  act ive.  

I f  bac te r i a  were left  to  grow for I2o rain a f te r  i r r ad ia t ion  and the  crude e x t r a c t  t hen  added,  
the  syn thes i s  of DNA  was  fas ter  t h a n  in i r rad ia ted ,  u n t r e a t e d  cu l tu res ;  there  was a pa ra l l e l  
increase in the  cell d ivis ion r a t e  in the  t r e a t e d  cul tures,  while  the  n u m b e r  of d ividing,  v iab le  
cells con t inuous ly  decreased in the  i r r ad i a t ed  u n t r e a t e d  cul tures ,  in spi te  of the i r  r e sumed  DNA 
synthesis .  

The facts  we have  p resen ted  ind ica te  s t rong ly  t h a t  our  fac tors  can res tore  and  promote ,  
in i r r ad i a t ed  cells, t he  syn thes i s  of gene t i ca l ly  " g o o d "  DNA, thus  b r ing ing  a b o u t  an  i m p o r t a n t  
r ecovery  from i r r ad i a t i on  damage .  

The de ta i led  d a t a  will  be pub l i shed  in the  Bul l e t i n  of the In s t i t u t e  o / N u c l e a r  Sciences  "'Boris 
K i d r i c h " .  
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