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In cultures of 3.a deficient in cytidine deaminase 
5-azacytidine ia a weak inhibitor of total protein synthesis 
in spite of being extensively incorporated into PEA. Strong 
inhibition of protein synthesis in wild-type strains is due 
to 5-azauridine formed from S-azacytidine by deamination. How- 
ever, the blocking of replication of phage T4, shown previous- 
ly to be due to primary inhibition of replication of phage 
DNA, is a function of +azacytidine itself. 

5-Azacytidine, a synthetic analog of cytidine, is a 

strong antibacterial agent (sorm et al., 1964). Inhibition of 

total protein synthesis (DoskoEil et al., 19671, concurrent 

with extensive incorporation into rapidly labeled ENA (PaEes 

et al., 1968) has been shown to account for the bacterioetatic 

activity of the analog in B.a. The blocking of replication 

of phage T4 has a different cause,, being due to the inter- 

ference of the analog with the replication of phage DNA, while 

the synthesis of phage-specific proteins is much less sensitive 

than in uninfected bacteria (DoskoEil and sorm, 1967). 

E.coli contains a strong cytidine deaminase activity, so -- 
that 5-azacytidine is rapidly deaminated in the bacterial cul- 

ture, being converted primarily to 5-azsuridine (Eihak and 

germ, 1965). Until recently it has been impossible to resolve 

the biological effects of these two compounds. The availability 
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of mutants of E.coli deficient in cytidine deaminaae (Munch- -e 
Petersen, 1968) has made possible to determine the effect8 of 

5-aeacytidine itself. These strains have recently been found 

useful for the elucidation of the mode of action of 5-azadeozy- 

cytidine (DoskoEil and sorm, submitted). 

Strain OK 408, deficient in cytidine deaminaee, was 

isolated by Dr.O.Karstrzm, Karolinska Inetitutet, Stockholm, 

and kindly given to us by Dr.Munch-Petersen, Copenhagen. This 

strain has no requirement8 for growth, but is also deficient 

in deozyribomutase and purine nucleoside phO8phOIylaSe. The 

bacteria were grown in shaken flasks at 37', using a glucoae- 

mineral Salt8 medium according to SpiZiZen (19581, a8 preViOUS- 

ly described. 5-Azacytidine wa8 prepared in the Department of 

Organic Syntheses of this Institute, using the method previous- 

ly described (Piakala and sorm, 1964). /14C/ 5-azacytidine ha8 

been synthesized by Dr.J.Moravek. 5-Azauridine cannot be pre- 

pared in pure form, since 5’ ,6-anhydro-6-hydrozy-5,6-dihydro- 

5-azauridine is obtained using the general synthetic method. 

However, in a mildly acidic aqueous medium, this compound is 

in equilibrium with 5-azauridine. Spectroscopic evidence indi- 

cates that if the material is dispersed in water, about 15-20% 

of the material is present in the form of 5-azauridine. This 

eolution ha8 been used a8 a source of 5-azauridine in the 

present experiments. All inh&bitory effects of thie preparation 

are counteracted by uridine. 

Total protein synthesis a8 measured by the incorporation 

of leucine is slightly inhibited in a deaminaaelese strain in 

contrast with the wild-type strain, where a complete inhibition 

i8 observed (Fig.1). In order to exclude the possibility that 

the mild effect of 5-azacytidine in the deaminaeele88 mutant i8 
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liquid cultures of strain OK 408, defici nt -4 

u&ml, 

and by a wild-type strain E.coli B. 
in cyti me deaminase, xi* 

-o-, control; +-------f 5-azacytidine QO,ug/ml). 

. w 2. Incorporation of45-aeacytidine by cultures of 2.c li. 
e concentration of / C/5-azacytidine (specific radioac I- + 

vity 4 mC/tiole) was 5 u&ml. The optical density (A 1 of 
the culture of E.coli d was 0.221, that of strain OK6$88, 
0.221. 
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due to the inability of taking up the inhibitor, /14C/ 5-azacy- 

tidine was used to compare the incorporation rates in wild-type 

and deaminaseless strains. Fig.2 shows that the mutant does in- 

corporate 5-azacytidine, though at a somewhat reduced rate. 

These results show that 5-aeacytidine itself, though ex- 

tensively incorporated into RNA, is a weak inhibitor of protein 

synthesis. Deamination to 5-azauridine is essential for the in- 

hibition. In accord with this conclusion, 5',6-anhydro-+azauri- 

dine, known to produce 5-azauridine in an aqueous medium, inhi- 

bits protein synthesis completely even in the deaminaselees 

strain (Fig.3). 

w Incorporation of leucine by a culture of E col' OK 408 
in he presence of 5-aeacytidine (AzCyd) and 5-azauri ine 3. 
(AzUrd). The conditions were similar to those in Fig.1. 

On the other hand, the replication of phage T4 is strongly 

inhibited by ,5-aeacytidine even in the deaminase-deficient 
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TABLE I 

Production of phage T4 by wild-type and cytidine deaminase- 
deficient strains of lJ.u in the presence of 5-azacytidine. 
The bacteria were grown to 3x108 cells/ml and L-tryptophan 
(20 &ml) was added. The culture8 were infected with 10 viable 
pha 6 es per bacterial cell. After 75 min lyais was completed by 
adding a few drop8 of chloroform. 
cytidine was ZO,ug/ml. 

The concentration of 5-aza- 

Addition8 Phage titre 46 control 

E.coli B OK 408 E.coli B OK 408 

none 6.1~10~' 1.3~10~' 100 100 

5-azacytidine 5.61~10~ 5.1x107 0.08 0.39 

strains (Tab.1). Therefore 5-azacytidine itself, without prior 

deamination, is responsible for blocking the replication of phage 

T4. Since the inhibition of replication of phage DNA by 5-aza- 

cytidine is limited to T-even phages, it seems likely that 

5-azacytidine, or its phosphorylated derivatives, interfere with 

the formation of 5-hydroxymethyldeoxycytidylate. 

The present findings show that total inhibition of protein 

synthesis is not a general function of 5-aeapyrimidines incor- 

porated into mRNA, but is specific for 5-asauridine. According 

to quantum-chemical calculations (Pi'thova et al., 1965b,c) the 

hydrogen-bonding properties of 5-azacytosine should not be dif- 

ferent from cytosine, 80 that 5-azacytosine could be incorporated 

into mBNA instead of cytosine and recognized a8 such by the cor- 

rect anticodon of tRNA. However, Fazauracil easily undergoes 

hydration (Pishova et al., 1965a) of the double bond 5,6, fol- 

lowed by ring opening to yield N-formylbiuret. If this reaction 

is accelerated by incorporation of 5-azauridine into a poly- 

nucleotide structure, e.g. by orbital overlap of stacked bases, 
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the inactivity of mRNA in protein synthesis could be understood. 

The details of this work will be published in Collection 

of Czechoslovak Chemical Communications (DoskoEil and sorm, in 

press). 
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