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Some hlicrobiological Properties of Synthetic Nucleosides.* 
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Increasing interest in the roles of pyrinii- 
dines, purines, nucleosides, and other nucleic 
acid derivatives in the living cell has directed 
the attention of many investigators to various 
biological systems which utilize these com- 
pounds. Through X-ray irradiation, Beadle 
and co-workers1 obtained mutants of S c z ~ r o -  
spora c m s ~ a  which required added uracil or 
uridine for growth. Likewise. mutants of 
Eschcriclzin coli which require uracil for 
normal growth have been developed and 
s t ti d i ed .2 

The L. casci factor (ptero!-lplutamic acid) 
requirements for the growth of Lactobacillus 
cusci, Strcptocncc-us facculis R ,  and certain 
other microorganisms can be fulfilled by thy- 

Because specific metabolite antagonists 
have been useful in determining some of the 
biological functions of metabolites as well as 
changing the growth characteristics of living 
cells, we synthesized a nuinber of derivatives 
of uracil4 and thxmine; as possible antagon- 
ists of these metabolites. The possibility that 
these derivatives might enhance the activity 
of the corresponding natural metabolite was 
eq 11 a 1 1 y in t e r es t i n g . 

mine. 

* This work was started wit11 the aid of a Uni- 
wrsity of Co1or:tdo 12csenrcli (+rant aiid continucd 
in part by x research contract with the Office of 
Naval Research. 
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Emerson and co-workers6 found that a 
specific antagonist of riboflavin was obtained 
when the ribityl group was replaced by a 
dulcityl group. This suggested the possibility 
of producing an antagonist of uridine by sub- 
stituting galactose or other sugars for. ribose 
of the nucleoside molecule. 

Kuhn and co-workers7 reported the 6,7- 
dichloro derivative of riboflavin as a specific 
antagonist of riboflavin. Hitchings, Falco 
and SherwoodS found that 5-chlorouracil and 
5-bromouracil were antagonists of thymine. 
In  both of these instances the substitution of 
a chlorine atom for a methyl group produced 
an antagonist. Since Loring and Pierceg 
found natural uridine from 10 to 60 times 
more effective than uracil as a growth pro- 
motor for a uracil-less mutant of Xeurospora, 
it  seemed possible that the ribosyl and other 
glycosyl derivatives of 5-chloro- and 5-bro- 
mouracil might be more effective thymine 
antagonists than 5-chlorouracil or 5-brom- 
ouracil. 

To test these various possibilities, the ribo- 
syl, arabinosyl, glucosyl, and galactosyl nu- 
cleosides of uracili and thymine5 were syn- 
thesized, as well as the corresponding 5- 
chloro- and 5-bromouracil derivatives. Al- 
though synthetic l-D-ribosyluracil is chemi- 
cally similar to naturally occurring uridine it 
has different physical properties.1° Recent 
work of Todd and co-workersll suggests that, 
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although natural and synthetic nucleosides 
are beta-glycosides, the sugars differ in their 
ring structures. For these reasons the syn- 
thetic nucleosides might be expected to show 
microbiological properties different from uri- 
dine and from the uracil and thymine deriva- 
tives. 

Results obtained in testing these synthetic 
nucleosides as possible metabolite antagonists 
for various microorganisms are reported in 
this paper. 

Tests with Escherichia coli. Two strains 
of E. coli were used: a uracil-requiring mu- 
tant strain (550-460)t and a strain (Ameri- 
can Type Culture Collection No. 9723) which 
synthesizes its own uracil. Good growth of 
the uracil mutant was obtained when uracil 
(0.005 to 0.04 mg per 7.5 ml) or natural uri- 
dine8 (0.01 to 0.1 mg per 7.5 ml) were 
added to the medium described by MacLeod.12 
The tests with this mutant were carried out 
in the presence of 0.015 or 0.02 mg of uracil 
per 7.5 ml of medium. These levels of uracil 
permitted about 50% of normal growth. 
When the uracil and thymine derivatives 
were tested in concentrations up to 1 mg per 
7.5 ml of medium, only 5-chlorouracil was 
slightly stimulatory, while none of the follow- 
ing showed any growth-promoting or growth- 
inhibiting properties: l-D-ribosyluracil, 1-D- 
arabinosyluracil, 1 -D-glucosyluracil, l-D-ga- 
lactosyluracil, l-D-ribosyl-5-chlorouraci1, 1- 
D-arabinosyl-5-chlorouracil, l-D-glucosyl-5- 
chlorouracil, l-D-galactosyl-5-chlorouracil, 1- 
D-ribosyl-5-bromouracil, l-D-arabinosyl - 5 - 
bromouracil, l-D-glucosyl-5-bromouracil, 1- 
D-galactosyl-5-bromouracilthymine, l-D-ribo- 
syl thymine, 1 -D-arabinosylthymine, 1 -D 
glucos yl t h y mine, and 1 -D -g alac t osyl t h ymine . 
None of these compounds, when tested in 
concentrations up to 20 mg per 7.5 ml of 
medium, inhibited the growth of the American 

$ The cultures of E .  coli, American Type Cul 
ture Collection No. 9723 and the uracil mutant, 
E. coli, (550-460), were obtained through the 
courtesy of Dr. J. 0. Lampen of the American 
Cyanamid Company of Stamford, Conn. 

0 The authors are indebted to Dr. Hubert Loring 
of Stanford University for a generous sample of 
natural uridine. 

12MacLeod, C. M., J. Exp. Med., 1940, 72, 217. 

Type Culture Collection No. 9723 strain of 
E. coli. 

The wild 
strain of Neurospora crmsa, Abbott 4A  was 
grown in the medium described by Horowitz 
and Beadle.13 With the uracil-less mutant, 
Neurospora crassa, 1298, a typical growth 
curve was obtained when either uracil or 
natural uridineg was added to the medium. 
To obtain high enough concentrations without 
using too much of the various compounds, 
all tests with Neurospora were carried out in 
10 ml of medium. In this amount of medium 
maximum growth was equivalent to 20 to 30 
mg of dried mycelia. All tests with the 
uracil-less mutant were carried out in the 
presence of 0.1 mg uridine in 10 ml of 
medium. Of all the compounds listed in the 
previous section, when tested in concentra- 
tions up to 0.8 mg per 10 ml of medium, only 
5-chlorouracil slightly stimulated the growth 
of the uracil-less mutant. None of the com- 
pounds in concentrations up to 20 mg per 
10 ml inhibited the growth of either the wild 
or uracil-less strains of Neurospora. 

Tests with Lactobacillus casei. All tests 
with L. casei (American Type Culture Collec- 
tion, No. 7169) were carried out in the 
medium and according to the procedure de- 
scribed by Luckey, Briggs, and E1~ehjem.l~ 
In the absence of added pteroylglutamic acid 
the growth reached a level of 20 turbidity 
units, whereas the addition of 0.010 mg of 
thymine permitted maximum growth equiva- 
lent to 130 turbidity units. The following 
compounds consistently stimulated the growth 
of L. casei: (The percentage values given in 
the parentheses indicate the relative molar 
activity as compared with thymine taken as 
100%): l-D-ribosylthymine (l.O%), 1-D- 
glucosylthymine ( 1.4%), l-D-galactosylthy- 
mine (0.5%), and 1-D-arabinosyl-5-chlor- 
ouracil (0.3%). In  the presence of 0.002 
mg of thymine per 10 ml medium the follow- 

Tests with Neurospora crassa.11 

11 The authors wish to thank Dr. Herschel Mitcc 
ell and Dr. Hubert Loring for kindly supplying 
cultures of Neurospora. 

13 Horowitz, N. H., and Beadle, G. W., J. Biol. 
Chem., 1943, 150, 325. 

14Luckey, T. D., Briggs, G. M., Jr., and Elveh- 
jem, C. A., J. Biol. Chern., 1944, la, 157. 
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ing compounds were slightly stimulatory, 
whereas in the absence of thymine they were 
inactive: 1 -D-glucosyl-5-chlorouracil, 1-D- 
galactosyl-5-chlorouracil, l-D-arabinosyl-5- 
bromouracil, and 1 -D-glucosyl- 5-bromouracil. 
The following compounds were completely in- 
active when tested up  to concentrations of 
1.0 mg per 10 nil of medium: 1-D-arabinosyl- 
thymine, uracil. 5-chlorouracil, natural uri- 
dine, 1-11-ribosyluracil, 1-D-arabinosq-luracil, 
1 -L)-glucosyluracil, 1 -I>-galactosyluracil, 1 -D- 
rib o s y 1 - 5 - c hl o r o u I- a c i 1. I - D - rib 0s y 1 - 5 - b r o m o u r - 
a d .  and 1-D-galactosj.1-5-bromouracil. -At 
concentrations of 1.0 mg per 10 nil of medium 
none of the compounds showed any growth 
inhibitory properties, except uracil and 5 -  
chlorouracil" which inhibited the growth in 
the presence of 0.002 mg of thymine. -At 
concentrations of 20 mg per 10 ml of medium 
some of these synthetic nucleosides were 
slightly inhibitory. 

The 
tests with Strcp. faecal i~  R'. (-American Type 
Culture Collection. Xo.  8043) were made in 
the medium and according to the procedure 
referred to above.14 The  results obtained 
were almost identical with those obtained with 
L. casei. The compounds which showed some 
stimulation in the absence of thymine were: 
1-D-ribosylthymine (2.2% ) ,  1-D-galactosyl- 
thymine (0.7%). and 1-D-glucosylthymine 
( 1.1 ) . The following compounds were 
slightly stimulatory in the presence of 0.002 
nig of thymine per 10 ml of medium but were 
inactive alone : 1 -I)-ribosyl-j-chlorouracil, 1 - 
L)-arabimsj-l-5-chlorouraci17 l-D-glucosyl-5- 
chlorouracil , 1 -D-galactosyl- 5-chlorouracil, 1 - 

Tests  wi th  Strcptococcus faccalis R. 

D-ribosyl-5-bromouracil, l-D-arabinosyl-5- 
b ro mo u r x  il , 1 - D -gl u cos yl- 5 - bromo urac il, and 
1 -D-galactosyl-5-bromouracil. None of the 
other compounds showed any  growth-promot- 
ing activity. 

At a concentration of 0.020 mg per 10 ml 
of medium 5-chlorouracil inhibited the growth 
to 1007% in the presence of 0.002 mg of 
thymine. None of the other compounds u p  
to a concentration of 1.0 mg per 10 ml 
showed any growth-inhibitory properties. 
However, when the concentration of these 
compounds was greatly increased, some of 
them were toxic. Galactosyluracil and 5- 
chlorogalactosyluracil, at levels of 10 and 5 
mg, respectively, inhibited the growth to 50% 
of that obtained with 0.002 mg of thymine. 

A\ number of synthetic nucleo- 
sides, and chloro- and bromo- derivatives of 
these nucleosides, were tested for growth-pro- 
nioting and growth-inhibiting properties on 
Escherkhia coli, strain 9723, and its uracil-re- 
quiring mutant, E. coli, strain 550-460; ,Veuro- 
S ~ U I X  crassa, wild strain Abbott 4A, and a 
uracil-less strain of I17eurospora crassa, No. 
1298; and on the growth of Lactobacillus 
casei and Streptococcus faecalis R. 

The compounds tested were the 1-D-ribo- 
syl-, I-D-arabinosyl-, 1-D-glucosyl-, and 1- 
D-galactosyl- nucleosides of uracil, thymine, 
5-chlorouracil and of 5-bromouracil. Of 
these 16 compounds, only a few a t  high 
concentrations showed inhibitory properties 
on the growth of the microorganisms tested. 
Some showed slight, but insignificant, growth- 
stimulatory activity. 

Summary. 
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