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I t  has previously been reported(1-3) that 
infection of minced lday-old mouse brain 
with Theiler’s GD VII strain cyf mouse en- 
cephalomyelitis virus increases the incorpora- 
tion of Ps04 into the phospholipide and ltotal 
protein-bound phosphate fractions. The in- 
creased turnover in the total protein-bound 
phosphate fraction was due primarily to the 
increased Iturnover of the ribonudeic acid 
fraction, the slower turnover of desoxyribo- 
nucleic acid phosphorus being unaffected by 
virus propagation ( 1) .  These experiments sug- 
gested that virus propagation was intimately 
associated with ribonucleic acid metabolism, 
and raised the question of what effects a 
nucleoside antagonist might have on virus 
propagation and nucleic acid metabolism. 
Previous studies have shown that 8-azaguan- 
ine had little effect on the growth of Tlheiler’s 
virus in minced l-day-old brain or on P O 4  
metabolism of this system (3). Benzimida- 
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zole, however, inhibited virus growth and 
PaOa uptake (3 ) . 543lorouridine has been 
shown to ,be a potent uridine antagonist in 
Neurospora (4). hliminary experiments 
showed that 5-chlorouridine inhibited the 
propagation of Theiler’s GD VII virus and 
led to the present experiments. In these ex- 
periments we have investigated the effects of 
S-chlorouridine and of uridine, alone and in 
combination, on the uptake of PW4 by the 
acid-insoluble fractions of minced l-day-old 
mouse brain and on the propagation of 
Theiler’s GD V I I  virus in this tissue. 

Methods. The methods employed have 
been described in previous papers( 1-3). 
Minced brain tissue, 40 to 60 mg, aseptically 
removed from l-day-old mice was added to 
sterile 50 ml Erlenmeyer flasks containing 2.5 
ml of Simms’ solution containing 1 micro- 
curie of P2Oa. Uridine and 5chlorouridine5 
were added in concentrations of 3 mg per ml 
and 1 mg per ml of Simms’ respectively. The 
pH was adjusted to 9 with dilute NaOH. The 
preparations were inoculated with virus or 
control supernatants, and brought to a final 
volume of 3 ml with Simlms’ solution. The 
flasks were closed with rubber stoppers and 
incubated 24 hours without shaking at  35°C 
in an atmosphere of air. At the termination 
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of the incubation period, all preparations were 
tested for sterility and 'the virus titer deter- 
mined as previously described( 1,3,5). Studies 
were made of the uptake of radioactive ortho- 
phosphate into the organic acid-soluble, phos- 
pholipid (LP), and the various protein-bound 
phosphate fractions by procedures previously 
described( 1) .  -4s the turnover and the dis- 
tribution of phosphorus in the organic acid- 
soluble fractions of the present experiments 
were not significantly different from values 
previously reported ( 1 ) . and neither of the 
compounds employed in this report exhibited 
any significant effect on these values, the data 
for this fraction have been omitted in this 
report. The protein-bound phosphorus was 
fractionated as follows: r The trichloroacetic 
acid-insoluble fraction after removal of lipides 
with ethanol-ether and chloroform-methanol 
was treated with 5 ml of 1s SaOH (phos- 
phate-free). .I\fter a sample of the clear 
solution was removed for the determination of 
total protein-bound phosphorus, the solution 
was acidified with 0.1 volumes each of con- 
centrated HCl and S O Y ,  trichloroacetic acid 
to precipitate desoxyribonucleic acid ( US.\) 
and residual protein ( R P ) .  The acid-super- 
natant contained ribonucleic acid (RS .4 )  and 
inorganic phosphate ( PIP), presumably liber- 
ated from phosphoprotein during treatment. 
Contaminating inorganic phosphate will also 
be found in this fraction. The PIP fraction 
was separated from the R S A  by the method 
of Delory( 6 ) .  The DX-\ was extracted from 
the R P  by two 15 minute treatments with 5 
nil of 5% trichloroacetic acid at  90'C. This 
method corresponds closely to that developed 
independently by Furst et QZ. ( 7 ) .  Previous 
esperiments( 1 ) have shown the nucleic acid 
phosphorus values obtained in this manner 
were in good agreement with those calculated 
from pentose and desoxypentose determina- 
tions. The chemical analysis for phosphorus 
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was carried out by a modification of the 
method of Fiske and Subbarow(8) in which 
ascorbate was used as a reducing agent and a 
heating period was employed for CO~OT devel- 
opment and stabilization. Radioactive samples 
were prepared in ;d-oz. tin ointment dishes 
and counted with a thin mica-window Geiger- 
JIuller counter tube. minimum of 3,000 
counts per sample was 'taken and all counts 
were at  least 3 times background. 

Experimental. Table I gives data for the 
uptake of P3W4 in a 24-hour incubation 
period into the LP, RNA: DNA, RP, and PIP 
phosphate fractions of noninfected and virus- 
infected minced 1-day-old mouse brain as 
influenced by the presence of uridine and 
3-chlorouridine in concentrations of 3 mg and 
1 mg per ml of Simms' respectively. \'slues 
are expressed as relative specific activity, i.e., 
the specific activity of the fraction relative 
to the specific activity of the inorganic phos- 
phate fraction. I t  can be seen from Table I 
the presence of virus stimulated the uptake 
of FO, into the LP and RNA fractions as 
previously reported. The turnover of the 
other fractions was unaffected by tlhe presence 
of virus. 

Addition of 5-chlorouridine not only elim- 
inated the virus effect on the RKA fraction 
but reduced the uptake below the values for 
the noninfected, control tissue. Curiously the 
stimulating effect of virus on the LP fraction 
was still present. No effects were noted on 
any other fractions. It  is of interest to note 
that 5-chlorouridine had no effect on any of 
the fractions of the control tissue. Along with 
the inhibition of RNA turnover, virus propa- 
gation is also inhibited by S-chlorouridine as 
evidenced by a reduction iin titer from 50,000 
to 1,000. I n  other experiments virus titers 
were determined after flasks had been incu- 
bated for 72 hours. The titers were 100iOOO 
for control tissue with or without uridine, 
50,000 with 5-chlorouridine and 100,000 with 
uridine plus 5-chlorouridine. 

These observations suggest that RNA meta- 
bolism associated with virus propagation is 
more sensitive to 5-chlorounidine than is the 
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TABLE I. Effects of 5-Clilorouridine and Uridine on €'SO4 Uptake by Acid-Insoluble Fractions 
of Minced l-day-old Mouae Brain and on Propagation of Theiler 's OD VII Virus. 

(Three independent seriea of experiments). 

Relative specific activity" 

Frafition 

c 
5 -Chloro- 

K O  5-ChlOro- uridine 
n.ddi tion uridine Uridine + uridine 

LP No virus avg 
Range 
Virus avg 
Range 

Range 
Virus a.vg 
Range 

Range 
Virus avg 
Range 

R a q e  
Virus avg 
Range 

Range 
Virus arg 
Range 

RNA No virus avg 

DNA No virus avg 

PIP No virus avg 

RP No virus avg 

Virus titer t 

3.02 

3.87 

2.78 

4.07 

.64 

.66 

2.8-3.2 

3.6-4.1 

2.6-3.0 

3.6-4.6 

0.5-0.8 

0.5-0.9 
4.7 

4.3-5.5 
4.16 

4.1-4.3 
.93 

0.7-1.3 
1.12 

0.8-1.4 
50000 

3.17 
3.1-3.3 

3.9 
3.8-4.1 

2.42 
2.2-2.8 

1.9 
1.8-2.0 

.43 

.55 

4.3 1 
4.2-4.9 

4.22 
4.0-4.4 

.95 
0.7-1.1 

1.09 
0.9-1.5 
1000 

0.4-0.5 

0.3-0.7 

3.05 
3.0-3.2 

3.88 
3.8-4.0 

2.51 

4.15 

.57 
0.5-0.6 

.62 
0.6-0.7 

4.14 
4.0-4.3 

4.76 
4.6-4.9 

1.16 
1.1-1.2 

1.08 
1.0-1.1 
50000 

2.4-2.6 

4.0-4.3 

2.87 

3.89 

2.63 
2.6-2.7 

2.96 
2.9-3.0 

.59 
0.5-0.7 

.66 
0.6-0.7 

4.14 
4.0-4.3 

4.13 
4.1-4.2 
1.1 

0.9- 1.3 
1.05 

1.0-1.1 
5000 

2.8-2.9 

3.8-4.0 

counts/y P in fraction 

counts/y P in inorganic fraction 
t Virus titer is expressed as the highest dilution of the supnatant solution that wouId kill 

* Relative specific activity I= x 100. 

at least half of a group of 7 mice after intracerebral injection of each with 0.03 ml. 

normal metabolism of RNA. Uridine by 
itself had no measurable effect on virus propa- 
gation or on the uptake of P"04 into any of 
the tissue fractions of either the control or 
infected Itissue. Unidine, however, partially 
overcame the inhibiting action of 5-chlorouri- 
dine on virus propagation and on the turnover 
of P3?04 in the RNA fraction of the virus- 
infected tissue. 

In Table I1 the data for the distribution of 
phosphorus in the various #tissue fractions from 
the experiments in Table I are given. As 
previously reported( 1) the presence of virus 
increases the content of RNA and decreases 
the content of DNA. Addition of 5-chlorouri- 
dine inhibits this virus effect and reduces %he 
RKA content to that of the noninfected tissue. 
The DNA content of the control and infected 
tissue may possibly increase slightly in the 
presence of 5-chlorouridine, although the 
magnitude of this effect is too small to estab- 
lish Ithis with certainty. Uridine appears to 

have no effect on the distribution of phos- 
phorus in any of the fractions of the control 
or virus-infected tissues. Uridine in the 
presence of 5-chlorouridine partially restores 
the virus effect on the RNA content as shown 
by a rise from 15.8 to 18.3 and partially re- 
verses the virus inhib'iting action of S-chlor- 
ouridine. 

Discussion. I t  has been shown that propa- 
gation of Theiler's GD VII virus in minced 
l-day-old mouse brain is associated with both 
an increased turnover and an increased net 
amount of RNA. The finding that virus 
propagation is inhibited when these effects 
of virus propagation are prevented suggests 
that RNA plays an intimate role in the 
propagation of Theiler's GD VII virus in 
minced l-day-old mouse brain. Since 5- 
chlorouridine inhibits these virus effects on 
the RNA fraction, while having no effects on 
any other tissue fractions examined, possibly 
5-chlorouridine is acting as a specific inhibitor 
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TABLE 11. Eff ectu of ~-I"lilorr)uiidiiie and Uridine on the Distribution of Phosphorus in the 
Acid-'lasolnble Fractions. of Jlinced One-day-old Mouse Brain. 

(pg  of Y per 100 mg of tissue). 

5-Chloro- 
S O  .5 - Chlo r o - uridine 

Fraction addition uridine Uridiiie -j- uridine 

I, E' S o  1-irus avg' 
Haiige 
Yirus avg 
Range 

Range 
Virus a\-g 
Range 

Range 
1-iriis arg 
Range 

Ra iige 
I-ii*us a\-g 
Range 

Raiigc 
Virus a\-g 
Raiige 

EX-1 S o  \-iius av'g 

D S h  S o  virus aT-g 

€'I P S o  virus avg 

HP S o  virus avg 

3.J.i 
35-36 

33.3 
34-3; 
1Wl 

1.7-17 
19.9 

19-21  
12.4 

1.1-13 
1O.X 

l(I-11 
6.2 

4-7 
.5.9 

3.2 

3.T 

- -  .)- I 
2-4 

3 - 6 

34.4 
34-33 

3 Cj. (i 
34-39 
16.0 

l.?-li 
1.3.8 

1.7-17 
14.5 

13-13 
19.3 

11-14 
5.3 

3 - G  
6.1 

5-7 
'3.9 

2-4 
2 . i  

9-3 

38.5 

38.2 

16.4 
16-17 
20.2 

20-21 
13.0 

12-14 
10.6 

10-11 
6.3 

6-7 
4.8 

4-5 
2.6 

2-3 
2.5 

2-3 

36-40 

36-40 

38.3 
38-39 
33.2 

32-35 
15.2 

15-16 
18.3 

18-19 
12.5 
12-13 
10.3 
9-11 
6.5 

5-7 
,5.8 
5-6 
2.3 

2-3 
2.6 

2-3 

* Ax-g of 3 espeiiment s. 

of RSA metabolism associated with virus of 5-chlorouridine on virus propagation and 
propagation in th,is system. on the uptake of P3204 by the ribonucleic 

Summary. 5-Chlorouridine inhibits the acid fraction. Virus propagation has been 
propagation of Theiler's GD \'I1 virus and the shown to be associated both with an increased 
uptake of Ps204 by the ribonucleic acid frac- turnover and increased net amount of ribo- 
tion of minced, l-day-old mouse brain bu-t nucleic acid phosphorus. 
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-4 ninhydrin-reacting substance has been 
observed frequently on 2-dimensional paper 
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chromatograms prepared from the mines of 
many subjects, which appears no& to match 
any of the 60 ninhydrin-reacting substances 
given in the "map of spots" by Dent (1), most 
of which were available for direct comparison, 
as well as a number of additional compounds 
available for checking. This unidentified 
compound falls between alanine and proline 

1. Dent, C. E., Biochem. J., 1948, ~ 4 3 3 ,  169. 


