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The enzymic synthesis of 5-hydroxymethyldeoxycytidylic acid* 

.k unique viral pyrimidine, 5-hydroxymethylcytosine(l tM{'},  is present in the d(,oxvrib(}se nucleic 
acid (DNA) of the T-even I~acteriophages 1. and is absent  from the nucleic acitls of the host 
bacter ium, E. coli, which contain cytosine. \Vork in this laboratory has shown that  the t}yrimMinc 
ring (if viral llM(" can be derived-from the cytosine of I-. coil I')NA". The hytlr()xymethyl sub- 
s t i tuent  of H.M(', as well as the methyl  group of thymine,  can be derived tr{)m the fl-cart)()n of 
serine z, bu t  not from the methyl  group (}f methionine 3. It has been SIlt}WIT tha t  the formation ~)f 
HMC does not occur in infected cells at  the leve,1 of the free pyrimidines or their nucle()sides a.5 

The formation of HM(" has now lleen fl)und to take place at the level t)f the nuch~<}titte, with 
deoxycytidine-5'-phosplaate (deoxy-CMl') and formaldehyde as subs t ra tes  in the preston{t; of 
5,6,7,8-tetrahydrofolic acid (TIIFA) and an enzyme preparatit}n derived from 1".. colt infectc{l 
with "/'6 bacteriophage. The reaction has been followed b.v measuring the amount  ()f formaMehvde- 
la(- rendered n{m-volatile and acid-stable. Two t}acterial ext racts  were studied : {me ohtaincd frt}m 
exponential ly growing cultures of E. coli, and the second frmn similar cells infecte{l with T(,r-. 
The hydroxymethyla t ion  of {leoxy-f'Ml' was far greater (at least six-fold) with extracts  of infected 
cells than with extracts  of uninfected cells. Indeed, it is not certain that  the very slight uptake 
of 1t14{'HO with deoxy-( 'MP in extracts  of uninfected ceils led to the forination of hydroxy-  
methvldeoxv-CMl } as it did with extracts  of infected (:ells. The hwtroxvmethvla t i tm {>f (le- 
oxyuridine-,5 '-phnsphate (deoxy-UMP) proceeded with extracts  {if bt,th uninfected and infected 
cells, the activity of the latter being _,- to 3-fl)ld greater. With extracts  1if mfecte{l cells the product  
of this reaction was thynTidylic acid 6. 

Infected cells were centrifuged 15 rain after adsorpt ion {if the virus in an aerated synthetic 
medium. Cell-free extracts  were prepared by grinding with ahlmina, followe(l by extraction with 
o.l M phospha te  butter, pH 7.(i. The extracts  were dialyzed against o.nt 31 phosplmte lmtte, r, 
pl l  7.o, and treated with l)owex-Dchh)ride resin. Table I shows the fixation {if fi)rmaldchyde-l*C 
obtained with the extract  frmn infected cells and deoxy-( 'M[ '  an{l deoxy-UMP. 
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Moles Itz~(gHO 
Additions to system incorporated 

None 0.oo 3 
"l't t FA o.o5(I 
l )eoxycytidylate  o.02 t 
l )eoxyuridyla te  O.Ol 3 
T I t F A  ÷ deoxycytidylate  o.2o- 
T H F A  + deoxyuridylatc  o.09{} 

The system (0. 5 ml) con ta ined :po tass ium phosl}hate, pH 7.0 (25 /ramies), MgSO 4 (5 /lmoles), 
H14Ct-lO (i /imole; specific activity, tg, loo CPM/t tmole) ,  enzyme from T6r * infected cells of 
E.  coli (o.63 mg protein). \Vhere added: T H F A  (o.48 t~mole), deoxy-CMP or deoxy-UMP (z. 5 
t~moles). After incubation for 3 ° rain at 37 ~', the reaction was stopped with 0. 5 ml. lO qo trichloro- 
acetic acid. After centrifugation, aliquots were placed on planchets with o.05 ml 2 N I I('l and dried. 
The planchets  were assayed for fixed ~4C. 

5-hydroxymethyldeoxy-CMP has been isolated as a product  of the reaction with deoxy-CMP 
and formaldehydeJ*C in the presence of T H F A  and an enzyme prepared from T6r" infected 
cells under conditions described in Table I, with quant i t ies  increased 6o-fold. Formaldehyde 
uptake  was maximal  after incubation for 45 min (i z.4 /*moles tta4CHO). The reaction was 
terminated with cold HC104. After centrifugation, the excess perchlorate was removed as KCIOp 
Ion-exchange chromatography  on Dowex- i -ace ta te  revealed the pa t te rn  for the cytosine nucleotide 
region shown in Fig. i. Deoxy-CMP, free of isotope, was eluted first. 5-methyldeoxy-( 'MP could 
not be detected. The peak containing 5-hydroxymethyldeoxy-CMP followed deoxy-CMP, and 
accounted for 58 o~, of the isotope incorporated. The ratio x4C: HMC:organic  phosphate  was 
o.97: 1.o: 1.o. The nucleotide showed an ultraviolet absorpt ion max imum at 283-284 m/z, at 
i}1t t.o, with an e,n,.) of I I. 7" IO 3 based on the phosphate  content.  The ultraviolet-absorption 
spectra  at pH i, 7, and 13, were similiar to those reported for the deoxyriboside s. 

Enzymic dephosphoryla t ion of the nuclcotide yielded a compound with properties identical 
to 5-hydroxymetlLvldeoxycytidine isolated from T6r :: bacteriophage I)NA. The R F of the nucleoside 



668 PRELIMINARY NOTES VOL. 25  (1957) 

in n-butanol-5 % NH4OH was o.18, identical with the  nucleoside from viral DNA. In this sys tem 
it separa ted  from deoxycyt id ine  (R F o.24) and 5-methyldeoxycyt id ine  (R F 0.3o ). 
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Fig. r. lon-exchange chromatography on Dowex-l-acetate, of the cytosine nucleotide area. The 
column was eluted at this point wi th  0.06 M ammonium acetate, pH 4.2. The shaded area 

represents  the  fixed radioact ivi ty .  
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Acid hydrolysis  of the  nucleotide in 6N HCI yielded a base whose R F was identical wi th  
syn the t ic  HMC and which differed from cytosine or 5-methylcytosine.  With  bo th  the  nucleoside 
and the  free base, the  ratio of ul traviolet  absorpt ion to radioact iv i ty  was the  same as t h a t  in the  
nucleotide.  

Two different hydroxymethy la t ion  reactions of pyr imidine  deoxyr ibot ides  are presented 
below : 

Deoxyur idyla te  + HCHO + 2H THFA > thymidy la t e  (i) 

Deoxycyt idyla te  + HCHO THFA ~ 5 .hydroxymethy ldeoxycy t idy la te  (2) 

The reaction wi th  deoxy-UMP proceeds pas t  the hydroxymethy l  level and involves a reduction,  
leading to the  format ion of the  methyl  pyrimidine,  thymine .  In ex t rac t s  of infected ceils, the  
react ion with deoxy-CMP appears  to s top wi th  the  product ion of the  hydroxymethy lcy tos ine  
deoxyribot ide.  The mechanisms of these react ions and the  reasons for this difference in the  
na ture  of the  products  have no t  ye t  been clarified. 

The problem of the  origin of the marked increase of act ivi ty  in the  hydroxymethy la t ion  
of deoxy-CMP by ext rac ts  of infected ceils is now under  investigation.  
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