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The effect of thymidine upon the incorporation of 

uracil into Bacillus cereus 

In  a recent  publicat iorl  ~ 6-azauraci l  was repor ted  to inhibi t  the t r ans%rmat ion  of 
orot ic  acid into uracil  in lhe  organism Bacilh~s ceres.is. As a resul t  of this lowered uracJi 
product ion,  the  synthesis  of RNA and of DNA was decreased.  By the addi t ion  of 
thyrnidine  to the t rea ted  bac te r ia  complete  res tora t ion  of DNA synthesis  could be 
effected. Under  the  same condi tons RNA synthesis  was increased b-Lit, nevertheles-:% 
remained  below the normal  level. This l a t t e r  observa t ion  suggested ~hat the  t hymid inc  
might  be conver ted  to a urac i l -conta in ing  mater ia l .  

This observat ion  has been fur ther  inves,;igated. An exper iment  wa.~ per formed in 
which the incorporat ion of [2-1~C]uracil into the  to ta l  nucleic acids of the organism 
was measured  in the  presence and  absence of thymidine .  Tile procedure  used was as 
follows: al iquots  (z ml) of the  bac ter ia l  suspension in ]ogarithrnic growth were taken  
af ter  va ry ing  per iods  of incubat ion  t ime and added  to ~ rnl of cold Io % tricI-,]oroacede 

acid, conta in ing a small  amoun t  of the unlabe]led precursor.  The mb;<ture was allowed 
to s t and  for 3 ° 1Tl]n i]l the  cold and then was f i l tered th rough  a Mii]ipore filter and 
washed 4 t imes  with 5 % trich]oroacetic acid. The fil tered mater ia l  plus the filter paper  
were p laced  on copper p lanchet tes ,  dr ied and counted.  The resu]ls shown in Table  I 
indicate  tha t  the  thymid ine  cons iderab ly  decreases the  incorpora t ion  of the  uracil  into 
the  to ta l  nucleic acid (6o % decrease af ter  20 rain), a l though tola] nucleie acid syn- 
thesis  cont inues uninhibi ted .  

TABLE I 

E F F E C T  O F  T H Y 3 3 I D I N ] ~  U P O N  TH12 I N C O R P O R A T I O N  O F  [ 2 - 1 4 ( ~ ] I J R A C I L  I2<TO 

TH]~ N U C L E I C  A C I D S  O F  l~ .  CC~'(5'?~S 

2-14C] Uracil (237/~g/ml and J.bltC/m]), 0. 7hal; thymidine (iomg/mI), o.61~',]; bee!erie, 2ore]. 

Total coungs /~i~l. 

(rain) Labelled ¢~racil Lab¢Iled ~racil ~- 
tkymidi~ze 

~o 37 ~2 
20 ~;4 45 
4 ° 378 ~26 
60 776 293 

Exper imen t s  were per formed in order  to test  the poss ib i l i ty  tha t  the thT<rnidine 
was con tamina t ed  with uracil,  which would also explain  the  above  result'.< A uracil-less 
mutan t ,  Aerobadey aerogenes P-I2,  was k ind ly  provided  b y  Dr. B. MAGASANIK and  
D. KARIBIAN of the  H a r v a r d  Medical School. This m u t a n t  grows we]i on ei ther uracil 
or uridine% A cul ture  of this bac te r ia  was incuba ted  in the  presence of t hymid ine  to 
de termine  whether  it  was con tamina ted  with a uraci l -conta ining mater ia l .  Fig. I 
i l lustrates  the  effect on growth of different concentra t ions  of uridh~e with  the effect 
p roduced  b y  thymidine .  The results  indicate  tha t  the  thymid ine  does not  conta in  a 
q u a n t i t y  of uracil  (or uracil  der ivat ive)  which can account  for the decreased incorpora-  
t ion in the above  exper iment .  The m a x i m u m  amoun t  of uracil  present in our sample  of 
thyrnidine  cannot  exceed i /~g/3oo/~g thymid ine  and in order  to produce  the dilut ion 

Abbreviations: RNA, ribonucleic acid.; ])NA, deoxyribonucleic acid. 
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Fig. J. Growth of d.  aerogenes P - i 2  in the  presence of ur id ine  and  t hymid ine .  Curve  A, uridine,  
12 #g /ml ;  B, uridine,  6 #g / ml ;  C, uridine,  3 #g /ml ;  E, uridille, 1 .5/~g/ml;  D, t h y m i d i n e ,  3oo / /g /ml .  

of uracil incorporation recorded in Table I almost 14/xg/ml uracil would have to be 
added (calculated after 2o min incubation). 

There are several possible explanations for the above results the most evident of 
which is that the thymidine is transformed into a uracil derivative. However, up to 
the present time no such mechanisms have been observed although reactions in the 
reverse direction are well known a. The work of FRIEI)KIN et al. 4 on chick embryos and 
of REICHARD 5 on liver tissue has shown that thymidine apparently is not metabolized 
to give rise to material which enters RNA. In E. coli and Salmonella typhimurium 6 
similar observations have been made. One further point although it supports this 
interpretation does not explain all the facts. In the 6-azauraeil-treated B. cereus 
thymidine restores only partially the formation of RNA 1. If thymidine (300/zg) can 
provide 14/~g uracil this amount would certainly seem ample to restore RNA syn- 
thesis completely, unless azauracil affects the conversion of thymidine. 

The explanation that thymidine exerts a sparing action on uracil also seems 
unlikely to account for the available data. In B. cereus almost 9 ° % of the total nucleic 
acid is in the form of RNA 7. Another possibility is that the presence of thymidine may 
affect the penetration of uracil into the cell or the formation of its riboside. Experi- 
ments are planned in order to clear up these points. 

The author would like to express his thanks to Dr. H. CHANTRENNE for his 
helpful criticism during the course of this investigation. 
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