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Reovirus Type 2-Infection, Cycloheximide, and Cell Death." (32337) 

PHILIP C. LOH AND J. R. CROWLEY~ (Introduced by W. C. Cutting) 
Department of Microbiology, University of Hawaii, Honolulu 

Mammalilan cells infected with rmvirus 
have been shown to prolduce two kinds of 
rihnucleic acids, an early singlie-strandled 
species, followed by a double-stranded struc- 
ture which is also found in ithe mature virion 
( 1,2,3). Thle present communication describes 
the effect of cycloheximide, an antagonist of 
protein synthesis, on the production of viral 
RNA land of complete reovirus particles. In 
addition we wish to describe the unique devel- 
opm'ent of extensive cytopathology occurring 
only in infected cell cultures which have. been 
treated with the antibiotic. To our knowlledge, 
this combined action between virion and anti- 
biotic has never been previously described. 

During ithe course of this investigatioa 
Watanabe, Kudo and Graham(4) and Shatkin 
and Rada(2) reported that inhibition of the 
production of the two kinds of ribnucleic 
acids by cycloheximidle was dependent on 
when the antagonist was added. Whereas the 
early additioa of cycloheximide to L cells in- 
fected with reovirus type 3 was found to in- 
hibit the production of both kinds of nucleic 
acids, the antibiotic when added later during 
the infectious cyde selectively inhiblited the 
synthiesis of the double-stranlded form of viral 
RNA. 

Materials and methods. Cell cultures. The 
* This investigation was supported by research 

grant A104685 from Nat. Inst. Allergy & Infect. Dis. 
t Pre-d.octora1 fellow of National Science Founda- 

tion. 

routinle growth and preparation of H d k  cells 
have been d'escribed previlously( 5 ) .  The 
growth and basic experimental media con- 
sisted od Eagle's basal medium (EBM) plus 
10% calf serum, and EBM plus 0.2% fetal 
calf serum, respectively. 

Virus. Reovirus type 2 (strah D-5) was 
grown in HeLa cell cultures and titer was 
determined by the immunofluorescent assay 
method( 6).  The titer in RA cells was 2.1 X 
108 infectious units (IU) per ml. 

Infection procedure. Monolayers olf HeLa 
cultures were infected with an exposure mullti- 
plicity of 10 to 20 IU pier cell. After ad- 
sorption for 2 hours a t  37"C, unadsorbed virus 
was removed by washing with balanced salt 
solution; then the experimental medium was 
introduced, and the culture reincubated a t  
37°C. 

Protein and R N A  analyses. Protein synthe- 
sis was determined by exposing experimental 
cell cultures at various intervaIs to tritiat'd 
leucine (New England Nuclear Corp., s 'p- 
cific activity 5.0 C/mM) for 15 minu'tes. The 
amount of trichloroacetic acid-insoluble radio- 
activity incorporated was measured in a 
Packard liquid scintillation spectropholtometez 
and expressed as coullits per unit of absorbancy 
at 280 mp. The synthesis od RNA was deter- 
mined as previously described ( 7) .  

Antibiotic. Cycloheximide ( Actidione) was 
generously supplied by the Upjohn Company, 
Kalamazoo, Michigan. 
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Results. Effect of cyczoheximide on forma- 
tion of reovirus. Cycloheximide at two con- 
centrations (2.5 p d m l  and 5 pglml) was 
added to HeLa cell cultures at zero hours 
after infection. At 24 hours postinfection (pi .)  
the yields of infectious virus from all cultures 
were determined. As seen in Table I, the 
an ti biotic at both concent rations completely 
suppressed virus production. 

When cycloheximide was added a t  various 
intervals beyond 4 hours after infection3 
partial production of the virion was obtained 
(Fig. 1). Maximal yields of the virion were 
attained only when the inhibitor was added at 
10-12 hours p i  or later. 

Effect of cycloheximide om protein synthesis. 
Monolayer cultures of HeLa cells w m  trmted 
with 5 pg/d  of cycloheximide and the syn- 
thesis of protein was followed by pulse 
labelling (15 min) with tr i t iatd leuaine (0.75 
pc/ml). The total amount of acid-insoluble 
radioactivity incorporated at  various intervals 
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FIG. 1. Effect of cycloheximide added a t  different 

intervals of the infectious sequence, Cycloheximide 
( 5  &g/ml) added a t  times indicated. Virus yields de- 
termined at  24 hr post-infection and expressed as 
per cent of untreated infected controls. 

TABLE I. Effect of Cycloheximide on Production 
of Reovims Type 2 in HeLa Cells. 

Cone of 
cycloheximide Virus titer (infectious 70 Virus 

(fiLg/ml) units/ml X lo4) inhibition 

O* 1800 - 
2.5 7.5 100 
5 9.0 100 

* Virus titer a t  0 hr  after infection was 11 X lo4  
I U  per ml. AU virus titer determined at 24 h r  
after infection. 

15 20 30 45 
T ime ( m i n s . )  

FIG. 2. Effeot of cycloheximide on protein syn- 
thesis in uninfected HeLa cells. At various intervals 
the cell cultures were exposed to tritiated leucine for 
15 min and were subsequently processed for de- 
termination of radioactivity as previously described. 

was determined (see Materials and Methods). 
The results (Fig. 2 )  indicate that syn- 

thesis of protein is inhibited by 87% 
within 15 minutes of addlition of the anti- 
biotic. After 30 minutes the inhibition of 
protein synthesis is almost complete (99%). 
At 2.5 p g / d  the suppression of protein syn- 
thesis was about 90%. 

Inhibition of double-stranded viral RNA 
synthesis by cycloheximide. While examining 
the effect of the addition of cycloheximick at 
various intervals after infection on the produc- 
tion of viral RNA, it was found thai addition 
of theantibiotic late in infection (S to 10 hrs. 
p.i.) selectively inhibited the synthesis of the 
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with cycloheximlide. In such cultures only 
single-strknded RNA was formed. 

,8-\ Cytopathology, reovirus infection a.vl.d cyclo- 
1 1  I (  heximide. Microscopic examination of infected 

--, I \ HeLa cells treated with the antibiotic revealed 
b-. -d I '.#, 

i6S p--- hours post-infection (Table 11). The marpho- 
logical changes biecame progressively marked, 

B 

I '\ 

\ 
\ the appearance of cytopathololgy aft about 4 

is 
A \ + m s e  1' \ + 'hse and by 10 to 12 hours after infection most of 

10 20 Fraction 30 2 o  the cells had rounded and sloughed off. In 
- '  

contrast. control cell cultures treited with the 

,ug/ml) was added at 8 h i  p.i. and-all infected cul- 
tures were labeled with tritiated uridine (1  Pdrnl) 
for 120 min at  10 hr pi .  Total RNA was extracted - - -  - 

Furthermore, untreated-infected cultures did 
show any cytopatho~ogy until 14 to 16 

and analyzed by sucrose gradients as described( 7 ) .  hmm after infection. 
The RNA fractions from alternate tubes were treated 
with RNase alt a concentration of 2 pg/ml for 30 
min at 37OC. (A) No cycloheximide. (B) Plus cyclo- 
heximide. 

Essentially similar results mre obtained 
at conceo- when actinolmycin D* 

trations (0.05 pg per ml), which selectively 
suppressed host cell RNA synthesis but not 

We have reported (9) the cytotoxic prop- 
erties od UV-inaativatad reovirus type 2 when 
added to H&a cell culltuires at high multi- 
plicities of e x p u r e  (80 to 100). Unlder such 
conditioim morphdogic changes occurred as 
early at 3 to 4 hours after infection. Included 
in Table 2 are the results obtained when UV- 
inactivated remirus type 2 at an exposure 
rnulltipliicity of 10 is used alone and in com- 
bination with cycloheximide ( 5  pg per ml) . 
In both instances cytopathollolgy clcculrrd as 
early as 4 hours after infection. However, the 
morphlologic chang,es were mare extensive in 
antibiotic-treated infected cell cultures than 
in untreated cultures. 

double-stranded RNA. The inhibitor when thle production of viral RNA( 7 ) .  
addled at zero time of infection colmpletely 
suppressed the farmlation of boith kinds of 
viral nucleic acids. 

Monol'ayer cultures of HeLa cells infeotd 
with reovirus type 2 were treated at 8 hours 
pi., with 5 pg of cycloheximide per ml. Un- 
treated and lantibtiotic-trleated infected cultures 
were both e x p e d  to tritiated unidine from 10 
to 12 hours p.i. The RNA was extraated and 
fractionated in sucrose gradients as previously 
dmcribed(8). As shown in Fig. 3, almost 40% 
of the viral RNA formed in untreated in- 
fected cultures was resistant to RNCase. In 
contrast, no RNase-resistant compumnlt could 
be demonstrated in infected cultures treated 

TABLE 11. Effect of Qcloheximide and Reovirus Infection on HeLa Cell Monolayers. 

Samples 
Appearance of Cycloheximidet 
cytopathology" Cyclo- Cycloheximide t + UV-inacti- UV-inactivated 

(hr) heximide t Virus$ + virus$ vated viru(s$ virus$ 

- - - - I 2 
3 

6 

- + + - - 
4 - - ++ ++ + 

- ++ ++ + 
1 0  - - +++ +++ ++ 
12 - - +++ +++ +++ 

- 

* Cytopathology scored as follows: - = no change; + = degeneration of 25% of mono- 
layer; ++ = degeneration of 50y0 or more of monolayer; +++ = degeneration of 75% or 
more of monolayer ; + -( + + = degeneration of entire monolayer. 

t 5 pug cycloheximide per ml added a t  zero hour of infection. 
$ Reovirus type 2 a t  an exposure multiplicity of 10. 
Q UV-inactivated reovirus type 2 a t  an exposure multiplicity of 10. 
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Discussion. The present investigatioln con- 
firms the findings that the synthesis of both 
kinds of ribonucleic acids in reovirus-infected 
cells is dependent upon the formation of early 
proterin(s). It also reaffirms the selective in- 
hibitory action of cycloheximide when added 
late in the infectious sequence (8-10 hours 
p.i.). It was presumed that, since the double- 
stranded RNA compment is preferentially in- 
hibited at this late period, the continuous syn- 
thesis of another new protein(s) is required 
for the specific production of the RNA com- 
ponent. 

The accelerated appearance of extensive 
cytopathology in the a k n c e  of virus repli- 
cation in infmted cell cultures treated with 
cycloheximide is inexplicable at present. I t  
suggests the possibility that the antibiotic acts 
synergistically with some component (s) of 
the incoming virion in a manner yet to be 
defined. Several investigators have suggested 
that the cytotoxic effect of many virions 
which cause cell death in the absence of the 
production of infectious particles can be 
directly related to virus-induced metabolic de- 
pressions. Thus, the cell-killing property of 
EMC virus and of poliovirus is due to their 
ability to inhibit eithier cellular RNA only( 10) 
or both cellular RNA and protein synthesis 
(11,lZ). In the poliovirus system, it was 
further determined that such virus-induced 
morphological lesions could be caul& by the 
synthesis of new virus mat proteins, which 
occurred toward the end of the latent perid 
(13). The possibility that the capsid protein 
from the incoming virion(l2) or some other 
vilriom-elated protein may be responsible for 
the cytopathology observed cannot be ex- 
cluded. Although suppression of both cellular 
DNA and protein synthesis in rmvirus-in- 
fected cells has been reported(l,l4), it is un- 
likely from the evidence obtained here that 
a vilrion-induced protein is responsible f a r  the 
morphologic changes since protein synthesis is 
almost completely inhibited by +he antibiotic. 
That new RNA synthesis is also not involved 
is indicated by the appearance of morphologic 

lesions in infected cultures treated with 
actinomycin D. In such cultures cellular RNA 
activity is markedly suppressed. Since the in- 
hibition of cellular DNA synthesis occurs late 
in the infectious cycle, ilt was postulated that 
this may well be a pathological consequence of 
virion replication. 

Summary. The antibiotic cycloheximide, an 
antagonist of protein synthesis, when added 
early in the infectious cycle has been found to 
inhibit the production of the two kinds of 
virus-specific ribonucleic aoids found in HeLa 
cells infected with reovirusrtype 2. When 
added at later periods, the antibiotic selec- 
tively inhibits the formation of the double- 
stranded form of viral RNA. I t  was also noted 
that the addition of virusinhibiting mncen- 
trations of the antibiotic to infected HeLa 
cells results in the accelerated appearance of 
extensive cytopthdogy of the monolayers. In 
contrast, during the same period normal cell 
cultures treated with the antibiotic and in- 
fected cell cultures without cycloheximide did 
not exhibit any morphologic changes. 
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