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Abstract 

5-Fluorouracil (5FU), an analogue of uracil, was found to inhibit the production of infectious particles of 
rinderpest virus (RPV) in Vero cells (African green monkey kidney cells) by 99%, at a concentration of 1 /lg/ml. The 
levels of individual mRNA specific for five of the virus genes were also reduced drastically, while the level of mRNA 
for a cellular housekeeping gene--glyceraldehyde-3-phosphate dehydrogenase (GAPDH)--was unaltered by fluorou- 
racil treatment of infected cells. Both virus RNA and protein synthesis showed inhibition in a dose-dependent 
manner. The virions which budded out of 5-fluorouracil-treated cells also contained reduced amounts of virus 
proteins compared with virus particles from untreated cells. 
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I.  Introduction 

The anti-metabolite 5-fluorouracil (5FU) has 
been used to study its effect on biosynthetic events 
in virus-infected cells. 5FU has at least two im- 
portant  modes of action: (i) it is converted in cells 
to fluorodeoxyuridine monophosphate  (FdUMP),  
which inhibits the enzyme thymidylate synthetase 
(Danenberg, 1977; Danenberg and Danenberg, 
1978; Danenberg and Lockshin, 1982), leading to 
inhibition of  D N A  synthesis; (ii) fluorouracil 
tr iphosphate (FUTP)  can incorporate into RNA,  
leading to alteration of R N A  function and 
metabolism (Spiegelman et al., 1980). 5FU re- 
places uracil in all types of  RNA,  and alteration 
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in structure and function of  t R N A  (Madan Ku- 
mar  and Nayak,  1990; Vulimiri and Nayak,  1993, 
1994), r R N A  (Herrick and Kufe, 1984) and 
m R N A  (Will and Dolnick, 1989; Wu and Dol- 
nick, 1993) caused by 5FU can affect the transla- 
tional machinery, leading ultimately to 
cytotoxicity. 

The effect of  5FU on D N A  viruses has been 
examined in detail and in most  cases, the synthesis 
of  virus-specific proteins in the absence of mature 
virus formation has been shown to occur in the 
presence of  5FU. In the case of  pseudorabies virus 
(Ben-Porat et al., 1967) and SV40 virus (Melnick 
and Rapp,  1965), empty capsids were seen, but 
even so, abundant  virus-specific proteins were de- 
tected in treated infected cells. In the case of  
infectious canine hepatitis virus grown in vitro 
(Altera and Moulton, 1966), 5FU abolished the 
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production of infectious virus particles, whereas 
infected cells showed reduced hemagglutination 
and virus-specific antigen production. 5FU inhib- 
ited the multiplication of the papilloma virus 
(Brillhart, 1990), herpes virus and vaccinia virus 
(Dragun et al., 1990). 

In the case of RNA phage MS2, substitution of 
uracil by 5FU produced inactive particles 
(Shimura and Nathans, 1964) and such substi- 
tuted defective viruses were shown to carry 
molecules of stable 6S RNA, tRNA of E. coli, 
together with a broken viral RNA molecule in its 
capsid (Shiba and Saigo, 1982). However, in the 
case of poliovirus (Munyon and Salzman, 1962) 
and Tobacco Mosaic virus (Gordon and Staehe- 
lin, 1959) 5FU incorporation does not always 
alter the function of RNA, whereas there are 
reports demonstrating an increased mutation rate 
of these viruses in the presence of 5FU (Cooper, 
1964; Davern and Bonner, 1958). 5FU has been 
used as a mutagen for a large number of animal 
RNA viruses (Bussereau et al., 1982; Cosby et al., 
1985; Caplan et al., 1985; Chui et al., 1986; Agut 
et al., 1989; Takehara et al., 1989) and attenuated 
mutant viruses have been checked for their im- 
munogenicity and pathogenicity for use as candi- 
date vaccines (Tolson et al., 1990; Hubbard et al., 
1991). We report here the antiviral action of this 
drug using rinderpest virus as a model system. 

Rinderpest virus (RPV) is the causative agent 
of an acute, febrile disease of cattle and wild 
bovids, and causes high mortality. RPV belongs 
to the genus Morbillivirus in the family Paramyx- 
oviridae (Barrett et al., 1991). It is a negative 
stranded, enveloped RNA virus. From the 3'- to 
Y-end, the genomic RNA encodes virus proteins 
in the following order: nucleocapsid protein (N), 
phosphoprotein (P), matrix protein (M), fusion 
protein (F), hemagglutinin protein (H) and poly- 
merase protein (L). The genomic RNA is encapsi- 
dated with N protein to form a helical structure 
called nucleocapsid. P and L proteins are associ- 
ated with nucleocapsid. The envelope of the virus 
contains H and F proteins which are responsible 
for cell attachment and cell fusion functions. In 
between two gene sequences, there is a stop signal, 
an intergenic sequence and a start signal for the 
next gene. The polymerase falls off from the tern- 

plate at the end of each gene, thus proximal N 
gene transcripts are synthesized more than distal 
L gene transcripts. After sufficient protein synthe- 
sis has taken place, replication starts through a 
full-length positive sense genomic RNA interme- 
diate that serves as a template to produce negative 
sense genomic RNA. The genome of these groups 
of viruses contain large stretches of uracil residues 
at the 3'-, Y-ends and intergenic regions (Galinski 
and Wechesler, 1991) and 5FU could effectively 
replace these uracil residues and thereby bring 
about alterations in the synthesis of mRNA tran- 
scripts, antigenomic and genomic RNA. 

Previously we have demonstrated that 5FU 
causes marked alterations in the structure of the 
nucleocapsid complex of RPV (Ghosh et al., 
1994). This communication presents data on the 
antiviral activity of 5FU against RPV. Here, we 
provide evidence to show that 5FU significantly 
inhibits the multiplication of RPV in Vero cells 
(African green monkey kidney cells). The effect of 
this drug on the transcription, translation and 
virus multiplication is described. 

2. Materials and methods 

2. I. Cell cultures and virus 

African green monkey kidney cells (Vero cells) 
were obtained from the National Facility for Ani- 
mal Tissue and Cell Culture, Pune, India and 
were grown in Eagles minimum essential medium 
(E-Mere) containing 4% fetal bovine serum and 
antibiotics, streptomycin (50 /zg/ml) and ben- 
zylpenicillin (100 U/ml). The virus strain used was 
RBOK RPV Kabete 'O' vaccine strain (tissue 
culture adapted), and was obtained from the In- 
stitute of Animal Health and Veterinary Biologi- 
cals, Bangalore. 

2.2. Reagents and radioisotopes 

5-Fluorouracil (5FU) was obtained from Sigma 
Chemical Co., St. Louis, MO, USA. 

Radiochemicals: ~_32p dATP (sp. act. 3000 Ci/ 
mmol) and 35S- methionine (sp. act. 1000 Ci/ 
mmol) were obtained from the Bhabha Atomic 
Research Centre, Bombay. 
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Antisera: RPV hyperimmune sera (polyclonal, 
rabbit raised) was obtained from the Institute for 
Animal Health, Pirbright Laboratory,  UK. 

2.3. Cell viability test 

Viability of  cells was checked according to 
Yang et al. (1988) to determine the concentration 
of  5FU which is not toxic to host cells, but has 
antiviral effects. A range of  concentrations of  
5FU was added to confluent monolayers of  Vero 
cells in 24-well plates and the cells were main- 
tained in the presence of  5FU for 3 days. Viable 
cell counts of each culture were determined by the 
trypan blue dye exclusion method. 

2.4. Cell growth rate 

The assay of  growth rate of  Vero cells in the 
presence of  5FU was carried out according to the 
method of  Hu and Hsiung (1989). Concentrations 
of  drug similar to that used for the cell viability 
assay were used to monitor the growth rate. 5FU 
was added to Vero cells in 24-well plates 24 h 
after seeding. The treatment was continued for 3 
days and each day the cell viability was moni- 
tored. The 5FU concentration required to inhibit 
growth rate by 50% was calculated using 5FU- 
free control cultures as reference. 

2.5. Viability and infectious particle assay 

Inhibition of  virus-induced cytopathic effect 
(CPE) was determined by the method of  De 
Clercq et al. (1980) and Field et al. (1986). Vero 
cells were seeded in 96-well cell culture dishes. 
When a monolayer was formed in each well, cells 
were infected with a constant dose of  50 TCIDs0 
(tissue culture infective dose 50) units of  virus. 
After 1 -2  h of  virus adsorption at 37°C, virus was 
removed and E-MEM containing various concen- 
trations of  5FU was added to the cultures. For  
each drug concentration, there were quadruplicate 
cultures. RPV-induced CPE was recorded each 
day until all the quadruplicate cultures in the 
virus control (i.e. cultures without 5FU) showed 
CPE. The 50% effective concentration (ECs0) for 
5FU was determined by the concentration that 

inhibited CPE in half of  the quadruplicate cul- 
tures. 

To determine the effect of  5FU on the release of  
infectious RPV particles, the methodology de- 
scribed by Hu and Hsiung (1989) was followed. 
Vero cells were grown in 24-well dishes and in- 
fected with RPV (at 100 TCIDs0 units/well). After 
1 h of adsorption, the cells were washed and 
treated with a range of  5FU concentrations at 0 h 
post infection. One set of  wells served as un- 
treated control. At 48 h post infection, when CPE 
had progressed well in cultures with virus control, 
supernatant fluids were collected from treated and 
untreated wells and checked for released virus 
particles by the TCIDso method (Reed and 
Muench, 1938). 

2.6. Cell extract preparation 

Confluent monolayers of  Vero cells grown in 
35-mm dishes were infected with RPV and differ- 
ent concentrations of  drug were added at 0 h post 
infection. At 48 h post infection, the monolayers 
were washed twice with chilled phosphate 
buffered saline (PBS). The cells were scraped into 
200 /~1 of PBS and sonicated three times with a 
pulse of  30 s at maximum amplitude. The nuclei 
were removed by low speed centrifugation at 4°C. 
The supernatant which constituted the soluble 
proteins was aliquoted and stored at - 7 0 ° C .  

The total protein content of  each sample was 
determined according to Lowry et al. (1951) and 
total virus protein present in each was measured 
by indirect ELISA using RPV byperimmune sera 
(Barrett et al., 1989). 

2. 7. Isolation o f  R N A  and dot blot hybridization 

Confluent monolayers of  Vero cells, grown in 
25-cm 2 tissue culture flasks, were infected with 
RPV (at 0.01 TCIDs0 units/cell) and different 
concentrations of drug were added at 0 h post 
infection. For  each drug concentration, cells 
equivalent to two 25-cm 2 flasks were taken. At 48 
h post infection, when CPE was pronounced, the 
monolayers were washed twice with chilled PBS. 
The RNA was extracted by acid guanidine isoth- 
iocyanate single step isolation method (Chomzyn- 
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sky and Sacchi, 1987). Total RNA (25 /~g) was 
blotted onto Hybond N membrane, and fixed by 
UV crosslinking. The membrane was prehy- 
bridized for 4 h in 50% formamide, 5 x SSC, 
5 x Denhardts, 50 mM sodium phosphate and 
100 pg/ml calf thymus DNA, and hybridized for 
16 h at 42°C after addition of  32p-labelled probes 
specific for each gene. Washing was done with 
2 x SSC and 0.1% sodium dodecyl sulphate (SDS) 
for 15 min three times, with 0.5 x SSC and 0.1% 
SDS at 60°C for 10 min twice and a final wash 
was done in 0.2 x SSC. The blots were exposed to 
autoradiographic films for 2 days. 

2.8. Preparation of cDNA probes 

RPV gene-specific cDNA cloned into plasmid 
pUC13, pGem or bluescript KS + contained the 
following RPV (RBOK vaccine strain) genes: N 
(D-74), M (C-6), F (pF23), H (RBH 3.4) (gener- 
ously provided by Dr. T. Barrett, Institute of 
Animal Health, Pirbright, UK). A full-length P 
gene (p3-35) was isolated beforehand in the labo- 
ratory from a cDNA library of RPV RBOK 
vaccine strain. A clone carrying the full-length 
glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) gene from rat muscle (Fort et al., 1985) 
was a kind gift of  Dr. Kondaiah, Centre for 
Reproductive Biology and Molecular Endocrinol- 
ogy, Indian Institute of Science, Bangalore. The 
inserts were released from the clones by using 
appropriate restriction enzymes, and then 
purified. They were used to make radiolabelled 
probes, using ~-32p dATP by the method of Fein- 
berg and Vogelstein (1983), and purified by Sep- 
hadex G50 spun column chromatography. 

and quantified. Since a 5FU concentration of 1 
~tg/ml reduced production of infectious virus par- 
ticles by 99%, this drug concentration was used 
for this experiment and all subsequent experi- 
ments. 

2.10. Preparation of 35S-methionine labelled cell 
extract 

Vero cell monolayers grown on 35-mm dishes 
were infected with RPV, or RPV with 1 p g/ml 
5FU added at 0 h post infection and FU-substi- 
tuted RPV (RPV grown in 1 /~g/ml drug concen- 
tration). 48 h post infection, when visible CPE 
was seen, the monolayers were washed with PBS 
and incubated with methionine-free medium 
(Sigma) for 1 h. At the end of  this period, the 
culture medium was removed and fresh methion- 
ine-free medium was added with 35S-methionine 
(500 pCi/ml). Cells were further incubated for 2 h 
and after the incubation period, washed with cold 
PBS twice and lysed by the addition of RIPA 
buffer (2% Triton x 100, 1% deoxycholate, 0.1% 
SDS, 1 mM Tris-HC1 (pH 7.8), 0.15 M NaC1, 1 
mM PMSF) (Bhavani et al., 1989). Th e  lysed cell 
extract was incubated on ice for 20 min and then 
pelleted first at 1000 g for 5 min followed by 
centrifugation at 60 000 g for 45 rain. The super- 
natant was immunoprecipitated with RPV hyper- 
immune sera for the analysis of whole virus 
proteins. The precipitated immune complexes 
were separated by SDS-PAGE (polyacrylamide 
gel electrophoresis) and the gel was 
fluorographed. 

2.11. Purification of virus 

2.9. Northern blot analysis of RNA 

For northern blots, equal amounts of total 
RNA (25 pg) from normal and treated infected 
cells were run on a formaldehyde agarose gel in 
MOPS buffer system according to the method 
described in Sambrook et al. (1989), blotted on to 
Hybond N membrane and hybridized to different 
gene-specific probes, as described previously. Af- 
ter exposing the blots to the X-ray films, the 
signals were scanned in a LKB laser densitometer 

Vero cells were infected with 0.01 TCIDso units/ 
cell in the absence or presence of  1 #g/ml of 5FU, 
added at the time of  infection. After 72 h, the 
virus released into the supernatant was collected 
and pelleted at 100 000 g in a Beckman ultracen- 
trifuge using SW28 rotor for 1 h. The pellet was 
resuspended in PBS and layered over 15% sucrose 
(w/w), pelleted onto a 60% sucrose cushion in TE 
(pH 7.5) by centrifugation at 110 000 g in a Beck- 
man SW41 rotor for 1 h. The opalescent virus 
band at the 15%-60% interphase was collected, 
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diluted with PBS and pelleted again at 100 000 g. 
The virus pellet was resuspended in a small vol- 
ume of PBS, the protein concentration was deter- 
mined by Lowry's method, (Lowry et al., 1951) 
and stored in aliquots at -70°C.  

were greatly reduced (67%, 86% and 90%, respec- 
tively). Fig. l a, shows the Northern blot analysis 
of all mRNAs from infected and infected treated 
cells. However, the level of mRNA for a cellular 
housekeeping gene, GAPDH, showed no reduc- 
tion in 5FU-treated cells (Fig. lb). 

3. Results 

3. I. Effect o f  5FU on the multiplication of  RP V 
in Vero cells 

A range of concentrations of 5FU starting from 
0.1 pg/ml to l0 pg/ml was used to study the 
inhibition of virus multiplication. The ECs0 value 
(concentration of 5FU required for inhibition of 
CPE in 50% of cultures) was 0.5 /tg/ml. The 
concentration of the drug required for 50% inhibi- 
tion of virus-specific RNA synthesis was 1.2 /~g/ 
ml. This concentration was determined by 
probing total RNA from infected and infected 
treated (1-5/~g/ml) cells with 32p-labelled cDNA 
probe specific for the N gene. Similarly, the value 
for 50% inhibition of virus-specific protein synthe- 
sis was 1.5 pg/ml. The dose of drug needed to 
produce toxicity in 50% cells was found to be 16 
pg/ml. The concentration of the drug required for 
50% inhibition of growth of Vero cells (ICs0) was 
17 /~ g/ml. 

These results reveal that the dose of 5FU re- 
quired for 50% inhibition of CPE is 2-3-fold 
lower than that required for 50% inhibition of 
virus-specific RNA and protein synthesis. It is 
also clear that 5FU shows selective antiviral activ- 
ity and the calculated selectivity index (ICs0/ECs0) 
is 34, using an ECs0 value of 0.5 pg/ml for the 
inhibition of CPE of the virus. Furthermore, 1 
pg/ml of 5FU inhibits the production of infec- 
tious virions by greater than 99%. 

3.3. Effect o f  5FU on the synthesis o f  virus 
proteins in infected cells 

The effect of 5FU treatment on the synthesis of 
virus-specific proteins in infected cells was studied 
by pulse-labelling infected cells which were treated 
with 5FU at the time of infection, followed by 
immunoprecipitation with hyperimmune serum 
against purified virus and SDS-PAGE analysis 
followed by fluorography. Virus proteins derived 
from infected 5FU-treated cells (Fig. 2, lane 2) 
showed severe inhibition of synthesis of all the 
virus proteins compared to untreated, infected 
cells (lane 1). In order to see whether such virus 
(grown in the presence of 5FU) could produce 
virus-specific proteins upon infection of Vero cells 
in the absence of 5FU, the same experiment was 
repeated except that 5FU-substituted RPV was 
used and no additional 5FU was present during 
infection and labelling. The result showed more 
pronounced inhibition of synthesis of all the 
virus-specific proteins (lane 4), such that they 
could not be picked up by hyperimmune serum, 
as compared with the control (lane 3). The actin 
protein, which usually coprecipitates with virus 
proteins in the immunoprecipitation of infected 
cell extracts with polyclonal antisera, served as an 
internal marker and showed no change at all in 
either control or 5FU-treated cells. 

3.4. Effect o f  5FU on virion proteins from 
purified virus 

3.2. Effect o f  5FU on R P V  gene-specific mRNA s  

The amounts of individual gene-specific mR- 
NAs, i.e. N, P, M, F, H, present in cells treated 
with 5FU were then measured. 5FU treatment 
reduced the level of N and P mRNA by 19% and 
18.5%, respectively, whereas the levels Of down- 
stream gene-specific transcripts (M, F and H) 

Normal and treated (grown in the presence of 1 
/~g/ml 5FU) virus (50 pg) was disrupted and the 
proteins were electrophoresed on a SDS-polyacry- 
lamide gel. Silver staining of the gel showed re- 
duction in the amounts of all virus-specific 
proteins with an apparent loss of P protein in 
treated virions (Fig. 3). The lower molecular 
weight of the nucleocapsid protein, as seen in 
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Fig. 1. Effect of 5FU on RPV gene-specific mRNA synthesis. Total RNA from infected cells (C), and from infected cells treated with 
5FU at a concentration of 1 Itg/ml (5FU), were run on a formaldehyde agarose gel, transferred onto an N membrane and probed 
with (a) different gene-specific cDNA probes, N, P, M, F, H or with (b) a cellular housekeeping gene glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH). 

b o t h  the  n o r m a l  a n d  the  5 F U  v i r i on  lane,  is a 

p r o t e o l y t i c  d e g r a d a t i o n  p r o d u c t  o f  the  N p r o t e i n  

o f  48 kd,  wh ich  is f r e q u e n t l y  seen in all  P a r a m y x -  

ovi ruses .  
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4. Discussion 

We have earlier reported (Ghosh et al., 1994) 
that 5FU alters the structures of  rinderpest virus 
and viral nucleocapsids. The striking morphologi- 
cal differences noted were the loss of glycoprotein 
projections on the virion envelope and condensed 
nucleocapsid structure, exhibiting 'beads on 
string' appearance in place of the normal herring- 
bone structure. These results suggested two lines 
of  investigation, (a) the molecular basis of  the 
morphological change and (b) altered biochemical 
consequences resulting from structural alterations. 
The present study was aimed at understanding the 
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Fig. 2. Effect of 5FU on RPV protein synthesis. Infected Vero 
cells (lanes 1, 3), infected Vero cells incubated with 5FU at a 
concentration of 1 pg/ml (lane 2) and FU-RPV-infected Vero 
cells without any 5FU (lane 4) were labelled with 35S-methion- 
ine, cell extract was prepared, immunoprecipitated with RPV 
hyperimmu.ne serum, run on SDS-PAGE, and fluorographed. 

Mr Normal 5FU 
RPV RPV 

Fig. 3. Effect of 5FU on virion proteins from purified virus. 
Equal quantities of purified normal and FU-treated RPV were 
run on an SDS gel and were silver stained. 

second part. 
It was of  importance to know that the biochem- 

ical and morphological changes produced were 
not due to the toxic effects of  5FU on Vero cells. 
The ICso for Vero cells was found to be 17 #g/ml 
whereas the ECs0 value for virus growth was 0.5 
#g/ml. Therefore, a therapeutic index (selectivity 
index for virus) of 34 was obtained which is a 
reasonable window between toxic and therapeutic 
activity. 

In the present study, all the experiments were 
carried out at a 5FU concentration of  1 # g / m l - -  
1/17th of  toxic concentration. The levels of  a few 
cellular housekeeping genes like actin and 
G A P D H  have been routinely monitored to ensure 
that the effect of  the drug is due to the direct 
action on the virus and not due to indirect effects 
through inhibition of  cellular functions. 

Our results clearly demonstrate that 5FU in- 
hibits replication of  RPV and the virus stocks 
prepared from 5FU-treated cells are only 1% as 
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infectious as the virus from untreated cells. The 
RNA genome of RPV has stretches of U 
residues in the intergenic, start and end of indi- 
vidual genes (Baron and Barrett, 1995). Substi- 
tution of 5FU in these regions is likely to alter 
the function of  the transcribed and translated 
products from structural genes. We have ob- 
served severe inhibition in the transcription of 
viral genes, compared to cellular housekeeping 
genes, after 5FU treatment. 

Northern blot analysis showed that transcrip- 
tion of different genes in the genome of the 
virus is inhibited to varying degrees whereas 
that of  cellular housekeeping genes like actin 
and G A P D H  is unaffected. An alternative expla- 
nation for this inhibition could be that a cellular 
transcription factor necessary for rinderpest 
replication was selectively inhibited by 5FU. 
However, this is not likely because, to date, 
there is no evidence that such factors are in- 
volved in paramyxovirus replication (Moyer and 
Horikami, 1991). Although paramyxoviruses do 
require host stimulatory factors such as actin or 
tubulin, as has been shown by different groups 
of  workers in the case of respiratory syncytial 
virus (RSV), human parainfluenza virus type 3 
(HPIV3), measles virus (MV), as well as by us 
in the case of RPV (De et al., 1991; Moyer et 
al., 1990 and Ghosh et al., 1995), these proteins 
have been thought to act as scaffolding factors 
in holding virus transcription machinery to- 
gether. Although theoretically it is possible that 
host cellular factors are responsible for reducing 
the levels of virus transcription as a consequence 
of  inhibition by 5FU, one such cellular protein, 
actin, is not altered by 5FU treatment at the 
concentration used in the present work. 

The same mechanism of 5FU incorporation 
into RNA will occur in the case of cellular tran- 
scripts, but at much higher doses. In fact, this 
may be responsible for the decrease in cell vi- 
ability at higher doses of the drug. But at a 
concentration as low as 1 /~g/ml, the effects are 
virus-specific. Moreover, with cells, the effect of 
this drug would be linear, i.e. the effect of sub- 
stitution of 5FU into an RNA will be confined 
to that RNA only and perhaps will be reflected 
on the respective protein products whereas sub- 

stitution into viral RNA will be transmitted to 
generations of viruses through cycles of replica- 
tion. A single base substitution in genomic 
RNA or antigenomic RNA will be amplified 
many times over through cycles of replication, 
as a result of which we see alterations in the 
virus structure and its corresponding nucleocap- 
sids. 

Immunoprecipitation of newly synthesized 
proteins and their quantification, as well as the 
steady-state levels of virus proteins in the 
treated cells, were markedly reduced on FU 
treatment which may be a consequence of re- 
duced levels of virus transcripts in the cell. 
Analysis of proteins in pure virus released from 
FU-treated cells has shown the apparent absence 
of the P protein. Considering that the inhibition 
of transcription of the P gene is only 20%, this 
results appears surprising. However, it is possi- 
ble that all the synthesized P protein may not 
be incorporated into the virus nucleocapsid. Al- 
tered association of  proteins with RNA has 
been shown in the case of  ribosomes in FU- 
treated bacterial cells (M. Joshi and R. Nayak, 
unpublished). 

In summary the well known anti-cancer agent 
5FU exhibits antiviral properties against a RNA 
virus of considerable economic importance. The 
results of this study provide a rationale for fur- 
ther investigations of the possible antiviral ac- 
tion of 5FU against other RNA viruses. Any 
base and nucleoside analogues sharing properties 
with 5FU are also candidate antiviral agents. 
There are not many antiviral drugs available 
against RNA viruses (positive strand, negative 
strand and retroviruses) which are the etiological 
agents of many human and animal diseases. The 
use of established drugs of known molecular 
mechanism of action, with or without combina- 
tion with other antiviral agents, would be useful 
in the care and management of many of these 
diseases. 
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