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Reduction of 5'-cytidylic acid to deoxycytidylic acid by 
mammalian enzymes 

This report describes tile conversion of z4C-labeled CMP to deoxycytidine nucleotides 
by  a cell-free extract of a rat tissue, the Novikoff ascites tumor. I t  has been dem- 
onstrated previously (see REICHARD 1) that  in vivo and in living-cell systems cytidine 
can be incorporated into DNA deoxycytidine with the glycosidic bond intact. Small 
conversions of ribonucleosides and ribonucleotides to the deoxyribose derivatives 
have been obtained by GROSSMAN 2,a in bacterial extracts and by REICHARD 1 in chick- 
embryo extracts. The conversion has not been obtained previously in extracts of 
mammalian tissues. 

The tumor cells were ruptured by homogenization in 1.5 vol. of distilled water 
and centrifuged at Ioo,ooo x g to obtain the supernatant fraction. Dialysis of the 
extracts increased the enzyme activity. HCIO 4 extracts were made of the incubation 
mixtures, carrier dCMP was added, and the extracts were heated to hydrolyze poly- 
phosphates. The dCMP was re-isolated by chromatographic procedures, on Dowex-5o 
and paper, based on the methods of REICHARD 4. The amount of E14C]dCMP formed 
was calculated from the amount of carrier dCMP added and the specific radioactivity 
of the isolated dCMP. 

Table 1 illustrates the requirements for ATP, TPN, and a reducing system in 
the reaction. In the complete system, E~4CICMP (prepared from [6-14Clorotic acid 5) 
was phosphorylated and maintained as cytidine triphosphate; in the absence of 
ATP, the CMP was destroyed with consequent low conversion to dCMP. TPN was 
clearly required and the activity was augmented by a TPN-reducing system, although 
a DPN-lactate system was nearly as effective. The reaction rate was constant for 
2 h of incubation but decreased subsequently. 

Added [14C]cytidine was rapidly phosphorylated by the enzyme extract, and was 
as effective a substrate as [z4CICMP. When the substrate was "uniformly-labeled" 
~vtC]cytidine (Schwarz Laboratories, Inc.), with a ratio of specific activities (base/nu- 

T A B L E  I 

SU/3STRATE REQUIREMENTS ]FOR THE CONVERSION OF ~14C]CMP TO 
DEOXYCYTIDINE NUCLEOTIDES R~ ~OVIKOFF-TUMOR EXTRACT 

The  comple te  s y s t e m  conta ined ,  in a final vo l ume  of 1.5 ml :  25 #mo le s  Tris  buffer,  p H  7.0; 
I 1.2 #mo le s  MgC12; 7.5 # m o l e s  AT P ;  o .6 /zmole  T P N ;  6.0 #mo le s  glucose 6 -phospha te ;  0 .39/~mole  
[14CiCMP, 37,500 c o u n t s / m i n ;  o.i  un i t  of commerc i a l  g lucose-6-phospha te  dehydrogenase ;  and  
I.o ml  of e n z y m e  ex t r ac t  (dialyzed for 12 h aga ins t  o.o2 ~Vl Tris  buffer, p H  6.5 a t  4°). Sod ium 

lac ta te  rep laced  glucose 6 -phospha te  in No. 6. 

Conditions Counts/rain in dCMP 

I. Comple te  s y s t e m  
2. 2.5 #mo l e s  A T P  ins tead  of 7-5 # m o l e s  
3. A T P  omi t t ed  
4- Glucose 6 -phospha te  omi t t ed  
5. T P N  omi t t ed  
6. D P N  ins t ead  of T P N  

2IOO 
5oo 

5 
16oo 

20 
I7oo 

Abbrev ia t ions :  CMP, cy t id ine  S - p h o s p h a t e ;  dCMP, 2 ' -deoxycy t id ine  i f - p h o s p h a t e ;  Tris,  
t r i s ( h y d r o x y m e t h y l ) a m i n o m e t h a n e  hydrochlor ide ;  gluc-6-P, glucose & p h o s p h a t e ;  ATP,  adenos ine  
t r i phospha t e ;  TPN,  t r iphosphopyr id ine  nucleot ide ;  DPN,  d iphosphopyr id ine  nucleot ide ;  DNA,  
deoxyr ibonucle ic  acid. 
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cleoside) of 0.68, it was found that the ratio of the product dCMP was o.66, Th,;s 
indicated that the deoxyribose of the dCMP was derived from the i%,ose of the 
substrate. The radioac~.:h;ity of deoxycytidine (isolaied with carrier) was negligible 
with either pC]CMP or [~4qcytidine as substrate. 

Centrifugation of the enzyme extract, adjusted to pH 5 with aee!ic acid, yieided 
"pH-  5 soluble" and "pH-5 precipitate" fractions, both of which were fou~d to bc 
necessary for the overall reaction, iBoth hactions were labile i:o heat and s~abR: ~'o 

dialysis. As shown i~ Table II ,  the sequence and substrate requirements o; Use two 
enzyme fractions were explored. The action of the pH- 5 so]ubIe enzyme with tJ~e 
TPN-reducing system and possibly with ATP was ~nece~_~sary before or Si,'TN~ll.aneous]';~ 
with the incubation of the pH-5 predpi ta te  wit;h [HC!CM]). The pH- 5 soh~bie fraction 
appears to produce a~) essential, unidentified component, while N:~e pK- 5 precipitate 
fraction appears to cataJyze the reduction of CMP nucleotides. 

Z'A B L E  ii 

SEQUENCE OF ACTION O F  TlqJ~ 71~rO IrRACTIO-N'S 

After  the  first incuba t ion  for z b, the  tubes  were hea ted  2 mJn Jn a boJlJng--w;~t;e:" ba th ,  egoied and 
the  add i t i ona l  subs t r a t e s  and enzyme  were added  for tI~e second I -h  incuba.tk,n. The lh~a] a mom~ts 

of componen!-s were the  s a m e  as in Table  I. 

Compo~ents in firsf i;m~d)o/ion Adgitio~la~ colnpo~e~lgs ~;~ second i~,; ~ba/ioi~ C,~,~tts/~ni;~ 

,i~; dCMP e~zyme ])r@aratl'o~l s~¢bstrates m~.zy~ne J~r@o~wtio~ s~bs[ra~es 

k pH-  5 p r ec ip i t a t e  ATP, MgCI 2, TPN, pH -  5 soluble  - o 
G]u c-,~-]?, [14C]CMP 

2. pH-  5 so]uble - pH -  5 p : ' ec ip i ta te  ATP, MgCi2, TPN. ~o 
Ohlc-@ P, [~ 1C](;)JI~ 

3. pH-5  soluble  a ' H t  MgC1 s, pH-5  p r e c i p i t a t e  TPN, OJuc-(>] ) ," ao 
[I'aC]CMP 

4. pH-5  soluble  AT]?, MgCI~, TPN,  
Gluc-6-P, !1~C]CMP pH- 5 p r e c i p i t a t e  .... ?7 ° 

5. pH-5  soluble  TPN, Glue-6-]-" pK-5 p rec ip i t a ]e  ATP, Mg(;l;v 270 
[HC] ()MP 

6. plq-5 soluble  A'J'P, MgC] 2, TPN pHi- 5 p r e c i p i t a t e  [~4C]C5,J P ::o 
G] uc-6-P 

7. p H  5 p rec ip i t a t e  ATF, MgCI 2, T P N  (no second incul)at ion)  7Jo 
@ pH-  5 soluble  O]uo.C>-P, [HC]CMP 

8. whole e x t r a c t  ATP, MgC] 2, TPN, (no second incubat ion]  790 
G]uc-6-K [NC CMP 

These experime~t.~; support the concept that  N~e deoxyribose c,f DNA deoxy- 
cytidine may be derived fi-om th,,: ribose of eytidine by a reductive ::iep ai 1he mlcleo- 
tide level. 
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