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Summary. - Treatment of  TC7 cells with interferon (IFN) drastically 
reduced the yield of  infectious Mayaro virus under experimental 
conditions that virus attachment and penetration into the cells w e r e  
not affected. In IFN-treated cells, synthesis o f  Mayaro virus proteins 
was  inhibited and cellular protein synthesis w a s  restored. This  
phenomenon is dependent on IFN concentration and multiplicity o f  
infection. Electron microscopy o f  these cells revealed normal and 
anomalous viral particles inside cytoplasmic vacuoles. This suggests 
that IFN also interferes with Mayaro virus  morphogenesis  and 
inhibits the release o f  virions f rom cells. 
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Introduction 

Interferon (IFN) can inhibit virus replication b y  interfering with different steps 
in virus replicative cycle. These  effects  vary primarily with the virus-cell system 
and the IFN used  (Pestka et al., 1987). 

Mayaro virus (Alphavirus genus,  Alphaviridae family isolated in Brasil) is an 
arthropod-borne virus, antigenically closely related to Semliki Forest virus 
(Casals and Whitman, 1957). Clinical manifestations o f  human infection w e r e  
described as a feverish illness accompanied by headache, epigastric pain, 
backache, chills, nausea and photophobia (Causey and Maroja, 1957). 

The  replication o f  Mayaro virus in vertebrate cells produces acute cytocidal 
effects leading to cell death in approximately 48 hr. However, in Aedes al bop ictus 
cells there is a development of  a persistent infection (unpublished results). 

The  alphaviruses are enveloped R N A  viruses with a wide  host range. T h e  viral 
RNA functions as  a m R N A  molecule for  the synthesis of  a RNA-dependent 
RNA polymerase which transcribes the viral genome (42 S) as well  as a subgeno-
mic 26 S RNA molecule which serves  as  a m R N A  for  the synthesis o f  the 
structural proteins (Kaariainen and Soderlund, 1978). Three structural virus 
proteins have been identified in Semliki Forest virus  (Kaariainen and Soderlund, 
1978) as  well  as in Mayaro virus. T h e  relative molecular weights  o f  structural 
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proteins o f  Mayaro virus are 54 K, 50 K and 34 K (unpublished data). T h e  
nucleocapsid of  alphaviruses contains a single RNA molecule and only one  type 
of  protein, the C protein (Kaariainen and Soderlund, 1978). Little is known 
about the effects  of  IFN on alphaviruses except for  f e w  works  with Semliki 
Forest virus (Friedman  et al., 1967; Friedman, 1968; Munoz and Carrasco, 1984).. 

In this paper w e  have undertaken a study on the effects  of  recombinant IFN 
alpha-2b on s o m e  aspects of  Mayaro virus replicative cycle, especially on the 
synthesis of  the major  virus 34 K protein (p 3 4). 

Materials and Methods 

Cell cultures and virus. T h e  T C 7  cel l  l ine,  a c l o n e  o f  C V - 1  cel l  l i n e  d e r i v e d  f r o m  t h e  k i d n e y  o f  
a m a l e  a d u l t  A f r i c a n  g r e e n  m o n k e y  w a s  u s e d .  T h e  ce l l s  w e r e  g r o w n  i n  6 0  c m 2  g l a s s  b o t t l e s  a t  3 7  ° C  i n  

D u l b e c c o ' s  m o d i f i e d  E a g l e ' s  m e d i u m  s u p p l e m e n t e d  w i t h  2 % f o e t a l  b o v i n e  s e r u m  p l u s  8 °/o b o v i n e  

s e r u m .  M a y a r o  v i r u s  w a s  o b t a i n e d  f r o m  t h e  A m e r i c a n  T y p e  C u l t u r e  C o l l e c t i o n ,  R o c k v i l l e ,  M D ,  

U S A .  T h e  v i r u s  s t o c k  w a s  p r e p a r e d  f r o m  B H K - 2 1  ce l l s  a n d  s t i r e d  a t  - 7 0  ° C .  I n f e c t i v i t y  t i t r a t i o n s  o f  

M a y a r o  v i r u s  w e r e  p e r f o r m e d  b y  p l a q u e  a s s a y  i n  L - A 9  cel l s .  V i r u s  d i l u t i o n s  (0 .5  m l )  w e r e  a d d e d  t o  

ce l l  m o n o l a y e r s  i n  6 0  m m  P e t r i  d i s h e s  t h a t  h a d  j u s t  r e a c h e d  c o n f l u e n c y .  A f t e r  6 0  m i n  a t  3 7  ° C ,  v i r u s  

i n o c u l u m  w a s  r e m o v e d  a n d  t h e  m o n o l a y e r s  w e r e  o v e r l a i d  w i t h  4 m l  o f  m e d i u m  199 s u p p l e m e n t e d  

w i t h  10 °/o f o e t a l  b o v i n e  s e r u m  a n d  0 .95  % a g a r o s e ,  a n d  w e r e  f u r t h e r  i n c u b a t e d  i n  a n  a t m o s p h e r e  o f  

5 °/o C 0 2  a t  3 7  ° C .  T w o  d a y s  l a t e r ,  t h e  m o n o l a y e r s  w e r e  s t a i n e d  w i t h  n e u t r a l  r e d  (25 /yg /ml)  a n d  t h e  

v i r u s  p l a q u e s  w e r e  c o u n t e d .  
IFN. R e c o m b i n a n t  h u m a n  I F N  a i p h a - 2 b  (10 8  I U / m g  o f  p r o t e i n )  w a s  a g e n e r o u s  g i f t  f r o m  D r .  P .  H .  

L e a l  f r o m  S c h e r i n g - P l o u g h .  C o n c e n t r a t i o n s  o f  I F N  a r e  e x p r e s s e d  i n  i n t e r n a t i o n a l  r e f e r e n c e  u n i t s .  
Measurement of infectious virus yields. C o n f l u e n t  m o n o l a y e r s  o f  T C 7  ce l l s  g r o w i n g  i n  s c in t i l l a t i on  

v ia l s  ( 4  X 105  ce l l s /v ia l )  w e r e  t r e a t e d  w i t h  v a r i o u s  c o n c e n t r a t i o n s  o f  I F N  f o r  18 h r .  T h e n ,  t h e  m e d i u m  

w a s  r e m o v e d  a n d  t h e  ce l l s  w e r e  i n f e c t e d  w i t h  M a y a r o  v i r u s  a t  a m u l t i p l i c i t y  o f  i n f e c t i o n  ( M O I )  

1 P F U / c e l l .  A f t e r  1 h r  i n c u b a t i o n  a t  3 7  ° C ,  t h e  i n o c u l u m  w a s  r e p l a c e d  b y  f r e s h  m e d i u m .  I n c u b a t i o n  

a t  3 7  ° C  c o n t i n u e d  u n t i l  4 8  h r  w h e n  m e d i u m  w a s  c o l l e c t e d  a n d  v i r u s  w a s  a s s a y e d  b y  p l a q u e  t e s t .  
SDS-polyactylamide gel electrophoresis (SDS-PAGE). C o n f l u e n t  m o n o l a y e r s  o f  T C 7  cel ls ,  g r o w i n g  

i n  s c i n t i l a t i o n  via ls ,  t r e a t e d  o r  n o t  t r e a t e d  w i t h  I F N ,  w e r e  i n f e c t e d  w i t h  M a y a r o  v i r u s  a s  d e s c r i b e d  

a b o v e .  A t  i n d i c a t e d  t i m e s ,  t h e  m e d i u m  w a s  r e m o v e d  a n d  t h e  ce l l s  w e r e  p u l s e  l a b e l l e d  f o r  3 0  m i n  

w i t h  5 0  / / C i / m l  o f  3 5 S - m e t h i o n i n e .  T h e  ce l l u l a r  p r o t e i n s  w e r e  a n a l y z e d  b y  S D S - P A G E  a s  d e s c r i b e d  

b y  L a e m m l i  (1970) .  G e l  s l a b s  w e r e  a u t o r a d i o g r a p h e d  o n  K o d a k  X K - 1  films. M a y a r o  v i r u s  p r o t e i n s  

w e r e  d e s i g n a t e d  b y  t h e i r  r e l a t i ve  m o l e c u l a r  m a s s  e s t i m a t e d  b y  r e f e r e n c e  t o  s t a n d a r d  p r o t e i n s  

( C a r v a l h o  et al., 1989). 
"S-labelling and purification of Mayaro virus. S a m p l e s  o f  T C 7  ce l l s  w e r e  g r o w n  i n  150 c m 2  flasks t o  

c o n f l u e n c e .  O n e  g r o u p  w a s  t r e a t e d  w i t h  103  I U / m l  o f  I F N  a n d  t h e  o t h e r ,  u n t r e a t e d ,  s e r v e d  a s  
c o n t r o l .  A f t e r  18 h r ,  t h e  c u l t u r e s  w e r e  i n f e c t e d  w i t h  M a y a r o  v i r u s  a t  M O I  10 P F U / c e l l  d u r i n g  1 h r  a t  
3 7  ° C .  T h e  i n o c u l u m  w a s  r e m o v e d ,  g r o w t h  m e d i u m  c o n t a i n i n g  3 5 S - m e t h i o n i n e  w a s  a d d e d ,  a n d  
i n c u b a t i o n  c o n t i n u e d  u n t i l  ce l l  lysis.  T h e  s u p e r n a t a n t  f l u i d  w a s  c o l l e c t e d  a n d  s e d i m e n t e d  a t  10  0 0 0  
x g t o  r e m o v e  cel l  d e b r i s .  V i r u s  f r o m  t h e  supe r r i á t a n t  fluid w a s  s e d i m e n t e d  a t  100 0 0 0  x g f o r  9 0  m i n  
a t  4 ° C ;  t h e  p e l l e t  w a s  r e s s u s p e n d e d  in  P B S  c o n t a i n i n g  0 . 4  % s e r u m  a l b u m i n e  a n d  f u r t h e r  p u r i f i e d  o n  
a 5 - 5 0  % p o t a s s i u m - t a r t a r a t e  g r a d i e n t  i n  P B S - a l b u m i n e  b y  c e n t r i f u g a t i o n  a t  100 0 0 0  x g f o r  9 0  m i n  a t  
4 ° C .  T h e  v i r u s  b a n d  w a s  c o l l e c t e d ,  d i l u t e d  i n  P B S - a l b u m i n e  a n d  s e d i m e n t e d  b y  c e n t r i f u g a t i o n  a t  
100 0 0 0  x g  f o r  9 0  m i n .  T h e  p e l l e t e d  v i r u s  w a s  r e s u s p e n d e d  i n  P B S .  

Virus binding and penetration w e r e  s t u d i e d  a s  d e s c r i b e d  b y  B e l k o w s k i  a n d  S e n  (1987).  Br ie f ly ,  t h e  
m o n o l a y e r s  w e r e  i n f e c t e d  a t  M O I  10 u s i n g  p u r i f i e d  v i r i o n s .  A f t e r  v i r u s  a d s o r p t i o n  a t  3 7  ° C  f o r  1 h r ,  
t h e  c u l t u r e s  w e r e  w a s h e d  3 t i m e s  w i t h  a b u f f e r  c o n t a i n i n g  150 m m o l / 1  N a C l  a n d  10 m m o l / 1  T r i s  p H  
7.4,  a n d  l y s e d  in  t h e  s a m e  b u f f e r  c o n t a i n i n g  0 .5  % S D S .  T h e  r ad ioac t iv i ty  o f  e a c h  lysa t e  w a s  
d e t e r m i n e d  in  T C A  p r e c i p i t a b l e  m a t e r i a l  i n  a l i q u i d  s c in t i l l a t i on  c o u n t e r .  



I FN ACTION ON MAYARO VIRUS 225 

I n  t h e  p e n e t r a t i o n  e x p e r i m e n t s  t h e  m o n o l a y e r s  w e r e  i n f e c t e d  a n d  w a s h e d  a s  d e s c r i b e d  a b o v e .  
T h e n  a f r e s h  m e d i u m  w a s  a d d e d  a n d  t h e  i n c u b a t i o n  c o n t i n u e d  f o r  9 0  m i n  a t  3 7  ° C .  T h e  m o n o l a y e r s  

w e r e  w a s h e d  w i t h  t h e  s a m e  b u f f e r  a n d  t h e  r e m a i n i n g  v i r u s  o n  t h e  ce l l  s u r f a c e  w a s  r e m o v e d  b y  

i n c u b a t i o n  w i t h  0 .25  % t ryps in -0 .25  % E D T A  f o r  5 m i n  a t  r o o m  t e m p e r a t u r e .  T h e  t r y p s i n i z a t i o n  w a s  

s t o p p e d  b y  a d d i n g  a f r e s h  m e d i u m .  C e l l s  w e r e  h a r v e s t e d  b y  c e n t r i f u g a t i o n ,  w a s h e d  w i t h  c u l t u r e  

m e d i u m  a n d  t h e  ce l l  p e l l e t  w a s  s o l u b i l i z e d  i n  lys i s  b u f f e r  a s  d e s c r i b e d  a b o v e .  T h e  r ad ioac t iv i t y  w a s  

d e t e r m i n e d  b y  sc in t i l l a t i on  c o u n t i n g .  

Electron microscopy. T C 7  ce l l s  w e r e  p r o c e s s e d  f o r  e l e c t r o n  m i c r o s c o p y  a s  p r e v i o u s l y  d e s c r i b e d  

( M e z e n c i o  et al., 1989). 

Results 

Effect of IFN on initial events of Mayaro virus infection 
T h e  effect of  I F N  t rea tment  o n  infect ious Mayaro  virus product ion  is s h o w n  

in Table  1. T rea tmen t  of  T C 7  cells wi th  I F N  concentra t ions  as  low as  10 I U / m l  
led t o  a decrease o f  m o r e  t h a n  90 % in  t h e  product ion  of  infective particles, 
a l though cells lysed 48 h r  af ter  infect ion as  did t h e  controls.  W h e n  higher  
concentrat ions o f  I F N  were  u s e d  in  condi t ions of  low M O I  (5 PFU/cel l ) ,  cell 
death  was delayed f o r  approximately 36 hr .  If  t h e  d rug  was  present  cont inuously  
in t h e  cul ture  m e d i u m  af ter  infect ion,  C P E  could b e  preserved. A t  h igh M O I  (20 
P F U / m l )  w e  observed cell dea th  in  all concentra t ions  of  I F N  tested (data n o t  
shown).  

I n  order  t o  test  t h e  effect  o f  I F N  o n  Mayaro  virus binding and  penetrat ion,  
T C 7  cells were  pretreated f o r  18 h r  wi th  I F N .  T h e  I F N  containing m e d i u m  was  
removed  a n d  t h e  cells were  infected wi th  35S-labelled Mayaro  virus. T h e  results  
indicated that  t h e  adsorpt ion a n d  penetra t ion of  Mayaro  virus in  T C 7  cells were  
no t  inf luenced by I F N  t rea tment .  T h e  averages of  th ree  independen t  experi­
m e n t s  showed tha t  t h e  values o f  adsorpt ion and  penetra t ion o f  Mayaro  virus in to  

Table 1. Inhibition of Mayaro replication in TC7 cells 

I F N  t r e a t m e n t  
( I U / m l )  

V i r u s  y ie ld  

( P F U / m l )  
% o f  i n h i b i t i o n  

2 . 6 X 1 0 7  

1 1 .95X10 7  75 

10 1 .6X10 6  9 4  

102 8 . 0 X 1 0 5  9 7  

103 4 . 0 X 1 0 5  9 9  

104 n . d .  > 9 9  

T C 7  ce l l s  w e r e  t r e a t e d  w i t h  d i f f e r e n t  c o n c e n t r a t i o n s  o f  I F N  f o r  18 h r ,  t h e n  i n f e c t e d  w i t h  M a y a r o  

v i r u s  a t  M O I  1 P F U / c e l l .  T h e  s u p e r n a t a n t  w a s  c o l l e c t e d  4 8  h r  p .  i. 

n . d .  - n o t  d e t e c t e d  
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TC7 cells were  9 8 %  and 9 6 '  
respectively. 

of  control (infected, IFN-untreated cells), 

Effect of I FN on protein synthesis 
i c i  cells were pretreatecl with different concentrations of  IFN, infected with 

Mayaro virus at MOI 5 PFU/cell and the proteins were analyzed by SDS-PAGE 
at 24 and 48 hr p. i. T h e  results are shown in Fig. 1. In IFN-untreated cells w e  
could identify at 24 hr p. i. only the p 3 4  viral protein, while cellular proteins were  
not affected. A t  48 hr p. i. there was  a drastic inhibition o f  cellular protein 

C 
r 1 r 

i i r 
25 50 75 100 I U / m l  

II II  I I  I 

84 K 
73 K 

60 K 
45 K 

34 K 

f 

24 48 24 48 24 48 24 48 24 48 24 48 h r  p . i .  

FÍR. 1 
E f f e c t  o f  d i f f e r e n t  c o n c e n t r a t i o n s  o f  I F N  o n  p r o t e i n  s y n t h e s i s  

T C 7  c e l l s  w e r e  t r e a t e d  w i t h  IFN (25, 50,  75,  100 I U / m l )  a n d  i n f e c t e d  w i t h  M a y a r o  v i r u s  a t  M O I  
5 P F U / c e l l .  A t  2 4  a n d  4 8  h r  p .  i. t h e  p r o t e i n s  w e r e  a n a l y z e d  b y  S D S - P A G E  a n d  a u t o r a d i o g r a p h y .  
C - c o n t r o l ,  n o n - i n f e c t e d  c e l l s ;  I - i n i c c t e d  c e l l s .  
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synthesis and all the viral proteins w e r e  clearly distinguished. In the cells treated 
with l o w  concentrations o f  IFN (25 IU/ml) the synthesis  o f  p 3 4  w a s  inhibited at 
24 hr, but  at 48 h r  the profi le  o f  all proteins resembled  that o f  the  IFN-untreated 
cells. Higher concentrations o f  IFN, however,  suppressed apparently all viral 
protein synthesis.  In these  conditions w e  could also observe  n o  inhibition o f  
cellular proteins. T h e s e  results  indicate that IFN can block viral protein 
synthesis and protect cell protein synthesis  f r o m  inhibition. 

T h e  effects  o f  IFN on protein synthesis  a s  described f o r  others  v i rus  cell-
systems are dose  and MOI dependent  (Pestka  et al., 1987). Thus,  w h e n  w e  
analyzed viral and cellular proteins in conditions o f  high MOI, w e  observed  that 
low concentrations o f  IFN (under 200 IU/ml) did not  protect the  cell (data not  

O 1000 

O O 500 103 0 500 103 0 500 i ď  0 500 103 0 500103 I U / m l  

Fig.  2 
E f f e c t  o f  d i f f e r e n t  c o n c e n t r a t i o n s  o f  I F N  o n  p r o t e i n  s y n t h e s i s  i n  c e l l s  i n f e c t e d  a t  d i f f e r e n t  M O I  

T C 7  c e l l s  t r e a t e d  w i t h  I F N  (500  a n d  1000  I U / m l )  2 4  h r  p .  i.  w i t h  M a y a r o  v i r u s  i n  c o n d i t i o n s  o f  h i g h  
M O I .  C - c o n t r o l ,  n o n - i n f e c t e d  c e l l s ;  I - i n f e c t e d  ce l l s .  
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shown). In other experiments, cells were  treated with high concentrations of  
IFN (500 and 1000 IU/ml) and infected with high MOI (50-1000 PFU/cell). A t  24 
hr p. i., the cells were pulse labelled for  30 min with  3 5 S-methionine and the 
proteins were analyzed by SDS-PAGE and autoradiography. T h e  results are 
shown in Fig. 2. In IFN-treated infected cells, no  inhibition of  cellular protein 
synthesis was  observed except for  MOI 1000, but  even in this case, this 
phenomenon was  not s o  drastic as  compared to the control infected cells. 
However, in these conditions, high concentrations of  IFN could not block viral 
proteins synthesis since p 3 4  was  clearly distinguished. 

Effect of IFN in the morphogenesis of Mayaro virus 
In TC7 cells infected with Mayaro virus it was  observed that the virions 

mature by budding from the plasma membrane,  either to the extracellular 
medium (Fig. 3A)  or to the intracellular spaces (Fig. 3B). T h e  presence of  
vacuoles containing virus particles was  not detected. 

In contrast in IFN-treated infected cells budding of  Mayaro virus f rom the 
plasma membrane w a s  scarcelly detected (Fig. 4A). However, the presence of  
cytoplasmic vesicles containing viral nucleocapsids and mature viral particles 
was  observed (Fig. 4B). Together with complete, enveloped particles 43 n m  in 
diameter w e  also observed particles 69 n m  in diameter containing electron-
lucent centers (Fig. 4B, 4C). In addition w e  observed in these cells vacuolization 
with aberrant forms and inclusion bodies scattered in the cell cytoplasm (Fig. 4C). 

Fig. 3 
E l e c t r o n  m i c r o s c o p y  o f  T C 7  c e l l s  i n f e c t e d  w i t h  M a y a r o  v i r u s  

( A )  T h e  cell  m e m b r a n e  s h o w s  a n u m b e r  o f  b u d d i n g  v i r i o n s  i n  s p h e r i c a l  f o r m  ( a r r o w )  ( m a g n .  
21  0 0 0 X ) .  ( B )  T y p i c a l  v i r u s  b u d d i n g  i n t o  t h e  i n t e r c e l l u l a r  s p a c e  ( a r r o w )  ( m a g n .  4 2  0 0 0 X ) .  
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Discussion 

The aim of  the present study w a s  to identify the step s of  the replicative cycle 
of Mayaro virus sensitive to IFN-mediated inhibition. In some experiments w e  
used relatively high doses  of  IFN which are presumably well within physiologi­
cal limits. I n  t h e  vicinity o f  I F N  producing cells in vivo t h e  local I F N  concentra­
t ions has  b e e n  es t imated as h igh as  107 I U / m l  (Whitaker-Dowling  et a/., 1983). 
O n  t h e  o the r  hand ,  concentra t ions  of  I F N  be tween  1 a n d  1000 uni t s  had  n o  
significant effect o n  cellular growth (data n o t  shown).  

A s  described by M u n o z  a n d  Carraso (1984) f o r  Semliki Fores t  virus, very low 
concentrat ions of  I F N  reduced drastically virus yields a n d  prevented C P E .  
However ,  w e  did n o t  f i nd  protect ion against C P E  b u t  only a delay i n  t h e  t i m e  of  

• ř . i  • -

Fig.  4 
E l e c t r o n  m i c r o s c o p y  o f  T C 7  c e l l s  t r e a t e d  w i t h  I F N  a n d  i n f e c t e d  w i t h  M a y a r o  v i r u s  

( A )  T h e  a b s e n c e  o f  v i r u s  b u d d i n g  ( m a g n .  3 7  5 0 0 X ) .  (B), ( C )  V a c u o l e s  w i t h  c o m p l e t e  v i r u s  p a r t i c l e s  
(46 n m  d i a m e t e r ,  a r r o w ) ,  v i r i o n s  w i t h  e l e c t r o n  l u s c e n t  c e n t e r  ( 6 1  n m  d i a m e t e r ,  d o u b l e  a r r o w ) ,  a n d  
a b e r r a n t  f o r m s  a n d  i n c l u s i o n  b o d i e s  ( a r r o w  h e a d )  ( m a g n .  4 7  6 0 0 x  (B), 5 7  8 0 0 X  (C)).  
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cell lysis. T h e  protection occurred only if  IFN w a s  continuously present  in t h e  
culture medium.  

Our  present results  s h o w  that when T C 7  cells are infected with Mayaro v irus  
in conditions o f  low MOI, cellular proteins are gradually replaced b y  viral 
proteins and the inhibition o f  total protein synthesis  takes place relatively late in 
infection. In cells treated with IFN w e  f o u n d  an inhibition o f  v i rus  protein 
synthesis  only in conditions o f  low MOI. W h e n  higher MOI w e r e  employed at 
least the p 3 4  w a s  synthesized efficiently even in the presence o f  high concentra­
t ion  o f  I F N .  C o m p a r i n g  o u r  resul ts  with t h o s e  descr ibed b y  M u n o z  a n d  Carrasco  
(1984) f o r  Semliki Fores t  virus, w e  find tha t  f o r  b o t h  vi ruses  (in IFN- t rea ted  
cells) t h e r e  is n o  shut-off .  T h e  a u t h o r s  also f o u n d  a n  i m p a i r m e n t  in  Semliki  
Fores t  virus prote in  synthesis ,  b u t  in contras t  wi th  o u r  resul ts  th i s  inhibi t ion w a s  
observed  with  all M O I  tes ted a n d  with  relatively low concen t ra t ions  o f  I F N .  

T h e  da ta  p resen ted  h e r e  d o  n o t  provide  any  molecu la r  explana t ion  f o r  
a puta t ive  effect  o f  I F N  o n  t h e  inhibi t ion o f  M a y a r o  vi rus  p ro te in  synthesis .  It is 
possible that  t h e  t w o  sys tems  (oligo-A synthe tase  a n d  pro te in  kinase)  descr ibed 
f o r  o t h e r  virus-cell sys tems  (Staeheli ,  1990) opera te  also in  o u r  case.  I F N -
induced  pro te ins  can  have  a restricted antiviral proper t ies  a s  ol igo-A synthe tase  
which  inhibi ts  p i comavi rus  a n d  possibly vaccinia virus.  O n  t h e  o t h e r  h a n d  
prote in  kinase  P I  can  regulate  prote in  synthesis  affect ing t h e  mult ipl icat ion o f  
a great  n u m b e r  o f  unre la ted  virus (Staeheli ,  1990; Samue l ,  1991). 

A s  descr ibed in t h e  l i terature t h e  process  o f  a lphavirus  a s sembly  s e e m s  t o  b e  
ex t remely  fast  a n d  efficient .  Genera l ly ,  viral particles f r e e  i n  t h e  cytoplasm are  
n o t  s e e n ;  on ly  m a t u r e  particles b u d d i n g  f r o m  p lasma  m e m b r a n e  c a n  b e  
observed  (Koble t ,  1990). T h e s e  resul ts  a r e  in a g r e e m e n t  wi th  o u r  f indings  f o r  
T C 7  cells infected with  Mayaro  virus.  

It is a lso  well  k n o w n  tha t  I F N  in ter feres  wi th  t h e  process  o f  v i rus  m o r p h o g e ­
nes is  in m a n y  virus-cell sys tems  (Cha te r j ee  et al., 1985; Cha te r j ee ,  1987; Staeheli ,  
1990). O u r  resul ts  suggest  t ha t  I F N  inhib i t ion  o f  M a y a r o  v i rus  replicat ion 
involves b lockade  at a la te  stage in  viral m o r p h o g e n e s i s  a n d  in te r fe res  wi th  t h e  
process  o f  v i rus  b u d d i n g  f r o m  cell m e m b r a n e .  I n  o u r  s tudy  t h e  e lec t ron 
microscopy did n o t  reveal v i rus  b u d d i n g  b u t  n u m e r o u s  cytoplasmic vacuoles  
conta in ing  m a t u r e  a n d  defect ive virions.  A t  p r e sen t  w e  d o  n o t  k n o w  w h e t h e r  o u r  
findings resul ts  f r o m  IFN- induced  changes  in p l a sma  m e m b r a n e  o r  a r e  d u e  t o  
a l terat ions  in t h e  express ion o f  viral p ro te ins  ( A b o u d  et al., 1982; C h a t e r j e e  et al., 
1985; C h a t e r j e e  a n d  H u n t e r ,  1987). 

M a n y  laborator ies  a re  present ly  engaged  in precise  def in i t ion  o f  t h e  I F N -
sensit ive mult ipl icat ion s teps  o f  d i f ferent  v i ruses  (Staeheli ,  1990). H e r e  w e  find 
tha t  M a y a r o  vi rus  m o r p h o g e n e s i s  is a f fec ted  b y  I F N .  Viral  p ro te in  synthesis  is 
also inhibi ted in certain condi t ions ,  b u t  it is a lso possible  t ha t  th is  p h e n o m e n o n  
is a c o n s e q u e n c e  o f  a l terat ions in t h e  process  o f  viral R N A  synthesis .  W e  are  
n o w  developing s tud ies  in o rde r  t o  d e t e r m i n e  t h e  I F N  act ion o n  M a y a r o  R N A  
synthesis .  
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