
Vol.3,No.3 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS Sept. 1960 

CONVgRSION OF CYTIDINE s'-PHOSPHATE TO DE(PLYCPTIDINR s'-PH@PHATE 
IN CEZL-FREE -IAN EKTRAcTs1 

Richard Abram, Leon Libenson, and Hzry Edmotir 

Razearoh Departrw& Montefiora Hospital, Pittsburgh, Pa. 

Received August 31, 1960 

The observation of Row and Sahwelgert (1953) tbt ~nifonn~ Clklabeld 

cytidlm was utilized w  the rat for DNA-d& qntheeiir with UI unchanged 

cytosine/sugar cfi ratio, provided the first direct evidence for reductlar 

ofriboseto 24eoqribose without cleavage of the gyrimidine-ribowlboad. 

Recently, reports have appeared by Relohard and Rutberg (1960), tulng 

E. Coli, and Moore and Hurlbert (1960), udng Novikoff hepatomz, demon&rat-. 

ing a conversion of m to dC3F In cell free artractr with the suggestion 

that TPNH is involved in the reduction of C-2'. We have indepetiently ob- 

mrved the zame reduction In axtractr of Rhrlich aeciter cells and eati 

thymusbuthave found a requirement forDPNHratherthanTPNH. Wewlzhto 

emphasize that aoncluslons concerning the identity of the reducing agent with 

ralaaalian extracts ruuet await purtiication of the em. 

ExperirPental 

~tilne-u-cfi and cfiidine-24cllr were purchazed (ae wae tritiated CM') 

from Sohwarz Laboratories and oonve- to CMP by Incubation with pheml 

phosphate and a-carrot phozphotraneferaae (Tunir and Chargaff, 19%). CMP 

war purified before ure by chromatography onDowe&O, nluting with 0.02 H 

fona$a acid. Azciter cellz were suspended in 2 volumes of 0.05 M phozphate 

or Tris buffer, pH 7.b; 3.5 g of 200 micron glars beadr were added per ml of 

packed cellr; and the zuspenz%on waz shaken for 20 WC. in a Nossal vibrator. 

%'his work was supported bp KS Publio Health Senrlce Grauxt rJcL W&76. 
2The following abbreviatione are ueedr DNA, deoxyribonucleic acid; 

CMP, cytidine 5'-phoephate; dCMP,decqcytidine !?-phozphate3 DPNH, reduced 
diphosphpyridine nueleotide3 TPNH, reduced triphosphmldine nucleotide3 
ATP, adenosine triphozphate. 
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The glass was filtered off and whole cells removed by centrifugation at 

1200 g for 5 min. T-s was homogenized in the same buffers in a Servall 

Omni-mix for 1.5 ndn. and centrifuged. A clear solution was obtained after 

centrifugation at lO~,OOO x g for 1 hour. 

After Incubation at 37' with labeled substrate, dCMp carrier was added, 

and the protein precipitated with 0.5 M perchlcrric acid. The extract was kept 

at 1COo for 20 min. and then chromatographed on a column of 2 per cent 

crosslinked Dower-l-bicarbonate (1.5 cm x 0.8 cm2), eluting with 0.003 M 

Na2Bb07 In 0.06 M N$I?C03. The dCMP fraction was purified by rechromato- 

graphy on Douex-9 (10 cm x 0.8 cm2), eluting with 0.02 M formic acid. 

Aliquots were dried and counted in a windowless flow counter. Enzyme 

units are expressed as qunoles dCMP formed per hour, calculated as 1000 

times the ratio of total counts in dCMP to counts/min/)uaale in CMP. 

Results 

In surveying a number of tissues it was found that essentially no 

conversion of CMP to dCMP could be detected with homogenates unless a 

reduced pyridlne nucleotide was added tc the incubation mixture. As in- 

dicated in Table I, TPBB was partially effective, but maximum activity was 

Table I 

Reduced Pyri$ne Nucleotide Requirement for dCMP Formation --- _--- -- 

Cofactor A B C D E 

apmoles dCEB/hr/lOO mg protein 

None 0.1 0.15 0.2 9.9 7J.I 

TPNH 0.7 1.7 OS 10.8 4.4 
DPNR 3.5 6.0 2.9 55.6 &o 

Incubation mixtures contained 0.0004 H CMP, 0.005 M ATP, 0.010 M MgC12, 
and 0.0005 M TPNH or DPNH. 
A: Thymua homogenate, CMP-2-Ca. 
C: Thyruns ho 

Bt Ascites homogenate, CMP-2414. 

!r 
genate, CMP-H3. D: Soluble extract of stor 

F 
frOZSn 

tbymus, CHP-H . E: Soluble extract of fresh thymus, CBSH . 

obtal.ned with DPNH. The activity with TPNH was not increased by addition 

of a TFWI regenerating system. When the clear supernatant solutions were 

used as in D and E, soms activity was observed in the absence of reduced 

pyridine nucleotides, but only DPNR and not TPRR resulted in st~ticn, 
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The imreased actitity observed with clear extracts uas correlated with the 

removal of phosphatases in the partimlate fraction. In sll cases, ATP and 

& +* UWXJ required for activity. Oxidized pyridine nucleotides and sulfhy- 

dry1 compounds (glutathione, BAL, di&drolipolc acid) uere ineffective. 

The production of dCMP was found to be a linear function of time with 

test intervals from 15 min. to 2 hrs. Alinearrelationwithsnz~ oon- 

oentration has not been observed, and in the presence of large amounts of 

ertract,dCMPyleldswere stronglydepsessed. 

That dCMp was formed from CMP without oleavage of the ribosyl bond was 

4 shawnbyusingCMP~-C . Countswere made on the Isolated dCMP snd on the 

cytosine obtainedfromitby&drolysisdth concentratedperchloricacid. 

When the precursor CMP contained 50 per cent of its C4 as cytosine, the 

rscovered dCNP yielded 45 per cent as cytoslne. These are idsntical within 

experimental error. 

Ths reduction of CMP to dCMP was first observed in oalf thymus extracts 

in the spring of 1959. During the sumer the observed activity of such ex- 

tracts decreased to zero. Active sxtracts were again obtained in the spring 

of 1960, but once more fell off to zero during the case of the ansner, 

Since the average age of the calvesbeing slaughtered increasedduringthls 

period, are obtained thymus frcm 2 to 4 ueek old calves and found It Ailly 

active while tissues from the local slaughter house were completely inactive. 

Acknowledgement. The authors are Indebted to Onnolee Trapp and 

Adrimns Kriss for expert assistawe. 
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