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MM virus propagated in mouse brain replicates to low titers in L cells without 
production of cytopathic effect (CPE). After growing the virus in BHK-21 cells, 
however, the virus replicates to high titers in L cells· with complete .CPE. It was 
found that suspensions of MM virus propagated in L cells directly from the mouse 
brain contained much more interferon than did suspensions of virus which had first 
been grown in BHK-21 cells. Mouse brain suspensions of the virus were also found 
to contain high interferon titers. Treatment of L cells with actinomycin D before 
infection with mouse brain-grown virus resulted in full virus replication with CPE. 
BHK-21 cell-grown virus diluted in L cell interferon behaved like mouse brain
grown virus in L cells. It is concluded that the presence of interferon in the in
oculum is largely responsible for the suppression of MM virus replication in L 
cells. ..r-· 

MM virus was first isolated and described by 
Jungeblut and Dalldorf (3). It is classified with the 
encephalomyocarditis (EMC) group which in
cludes Columbia SK, EMC, F, Mengo, and SVW 
(13). Members of this group appear to be im
munologically indistinguishable strains of a single 
virus (12), but different strains have different 
growth requirements (4). Since its discovery, MM 
virus has been almost exclusively propagated by 
mouse brain pa.iSage because of the apparent 
failure of the virus to grow in con!inuous cell lines 
(4). Recently, however, propagation ofMM virus 
in several continuous cell lines has been reported 
(1, 8)~ In L cells, mouse brain-grown MM virus 
replicated to relatively low titers [average yield of 
less than 1 plaque-forming units (PFU)/cellJ 
without cytopathic efl"ect (CPE). After growing 
the virus in BHK-21 cells, however, it replicated 
to high titers in L cells (200 to 300 PFU /cell) with 
complete CPE. In this report, we show that inter
feron is largely responsib:e for the suppression of 
MM virus growth in L cells. 

MATERIAlS AND METHODS 

Cell cultures and medium. Land BHK-21 cells were 
grown on Blake-glass bottles in Eagle minimal es
sential medium (MEM) supplemented with 10% fetal 
calf serum. Monolayer cultures were prepared by 
adding 5 X I~ cells in 10 ml of MEM to 100-mm 
plastic dishes (Falcon Plastics) 24 hr before-use. Cell 
cultures were incubated at 37 C in a humidified 
atmosphere containing 5% C02• 

Viruses. MM virus (mouse brain suspension), 
obtained from W. J. Kleinschmidt, Lilly Research 
Laboratories, Indianapolis, Ind., and vesicular sto
matitis virus (VSV) were used in these studies. MM 
virus was propagated in mouse brain, L cells (MML), 
and BHK-21 cells [MM(BHK)]. For production of 
virus stocks in vitro, cell monolayer cultures were 
infected with 0.5 ml of undiluted virus which was 
allowed to adsorb for 1 hr. A 10-ml amount of MEM 
plus 5% fetal calf serum was added to each plate, and 
the cultures were incubated at 37'C. The virus was 
harvested 24 hr later by two cycle.'> of rapid freezing 
and thawing, followed by low-speed centrifugation 
(2,500 X g for 5 min) to remove cellular debris. 
Propagation of the virus in vivo was done by injecting 
0.2 ml of undiluted stock virus subcutaneously into 
mice. The brains were harvested just prjor to death 
(3 to 4 days) and homogenized [2 ml of Hanks bal
anced salt solution (HBS) per brain) with a tissue 
grinder. The brain suspension was then centrifuged at 
2,500 X g for 20 min to remove cellular debris, and 
the fluid was collected. VSV was propagated by inocu
lation of 10-day-old embryonated chicken eggs. The 
allantoic fluids were collected 24 to 48 hr after infec
tion. Titration of the viruses was by the stan<rord 
plaque assay method. For MM virus, the agar-MEM 
overlay was supplemented with 1% fetal calf serum 
and 0.08% protamine sulfate. 

Interferon assay. Samples to_ be assayed for inter· 
feron activity were exposed to ~!1 ultraviolet (UV) 
lamp at a distance of 12 em for 5 min. UV irradiation 
for this length of time completely inactivates MM virus 
and eliminates its capacity to induce antiviral inactivity 
in L cells (unpublished data). Twofold serial dilutions of 
each sample were made in MEM plus 5% fetal calf 
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serum. Cell cultures were treated with the various 
interferon dilutions (5 ml per culture) for I8 hr. Three 
of the most widely used methods for interferon titra
tion were then employed: (i) inhibition of CPE, (ii) 
reduction of virus yield, and (iii) plaque inhibition (11). 

RESULTS 

Interference with MM virus infection. We have 
found a complete absence of CPE in L cells in
fected with MML virus; the infected cells re
mained completely viable. Thus, we had an ideal 
system with which to determine whether prior in
fection of L cells with MML virus interferes with 
MM(BHK) virus infection. Several L-cell mono
layer cultures were infected with 0.5 ml of MML:t 
virus stock (third L-cell passage; 1.5 X 106 PFU I 
ml). After 1 hr for adsorption, the cultures were 
washed three times and 10 ml of MEM plus 5% 
fetal calf serum was added to each culture. Identi
cal cell cultures were treated in a !ike manner, ex
cept that they received HBS during the virus ad
sorption period. Twenty-four hours after infec
tion, all of the cultures were washed three times 
and challenged with 0.5 ml of MM(BHK)L2 virus 

T -\BLE t. Interference by MMLa virus with tire 
replication of MM(BHK)L~ virus ill L cells 

i 
j Virus titer (PFU/ml) CPE 

l're' nfected 
wit~ :>t:\11.," 

1---------- ------ ---------

1 Af!cr adsorp- I 24-vr yield U hr 148 hr I. twn (Ohr) 1 - -----

Yes-----~. 8.0 X 10~ ls.7 X 104 ! Nonel None 
N 0 : 2. 0 X 105 ! 3 . 0 X 108 I 4+ 4+ 

I ' 

" L-cell cultures were infected with MML3 virus, 
and control cultures remained uninfected. After 
24 hr. all cultures were washed and infected with 
MM (BHK)L~ virus. 

TAHLE 2. lncluct ion or illlerferon activity by diffi•r
ellt MM l·irus stocks 

Virus stock 

Mouse hrain. 
MML: 
MM(BHK)L~ ..... . 

Interf~ron activity (units/ml)'' 
-----------------;--1 ------

1 oor; sO'"; 1 50'1 R~-
cr.E Plaque 1 duction in 

protection · reduction \·irus yield 

I,<XXl 6,400 
256 . 2,560 

4 I NO 

NO 
512 
64 

.. L-cell cultures were treated with dilutions of 
each interferon preparation for 18 hr. The cultures 
were then washed and infected with MM (BHK)L, 
virus (10 PFUjcell for CPE and virus yield assays; 
tOO PFU/platc for plaque reduction assay). Inter
feron activity titers are expressed as the reciprocal 
of the highest dilution giving the appropriate pro
tection for each assay. 

TABLE 3. Effect of trypsintreatmellt and cellfrifuga
tion on the interferon activity of MML 2 ill L cells 

Interferon titer" 
Challenge virus 

Control Trypsin Centri· 
treated" fugedc 

MM(BHK)Lt ....... 640 80 640 
VSV ............... 640 80 640 

.. Titers expressed as the reciprocal of the highest 
dilution giving 100% protection against CPE. 

" An 0.05-mg amount of trypsln/ml for 1 hr at 
37 c. 

c Top portion of the supernatant fluid was col
lec~ed after centrifugation at 170,000 X g for 2 hr. 

stock (4.7 X 1()8 PFU/ml). U:.-tadsorbed virus was 
washed off, and 10 ml of MEM was added to each 
culture. One culture from each group was imme
diately assayed for virus content (0 hr). The re
maining cultures were scored for CPE 24 and 48 
hr after infection and assayed for 24-hr virus con
tent. The results (Table 1) show that infection of 
L cells with M ML:t virus protected the cell cul
tures against infection with MM(BHK)L2 virus. 

Comparison of interferon production by MML 
and MM(BHK) viruses in L cells. Since the MML3 
virus inoculum in the above experiment was low 
(about 0.15 PFU/cell), one would expect that a 
maximum of 15% of the cells had been infected. 
The protection against MM(BHK)L2 virus infec
tion was therefore probably not due to prior in
fection of the cells. A more likely possibility was 
that interferon, either in the inoculum or released 
by the cells after infection, protected the cell cul
tures. The amount of interferon activity present in 
each of the stock MM virus preparations [mouse 
brain, MML2, MM(BHK)L2] was determined. 
Suspensions of each virus stock were irradiated 
with UV light for 5 min and assayed for interferon 
activity in L cells against MM(BHK)L1 infection 
(see above). The results (Table 2) show that both 
the mouse brain and MML2 virus stocks had high 
levels of interferon activity. MM(BHK)L2 virus 
stock, on the other hand, had relatively little inter
feron activity. These data are consistent with the 
hypothesis that interferon is responsible for the 
suppression of MM virus-replication in L cells. 
These data also show that, of the methods em
ployed for interferon titration, plaque inhibition is 
the most sensitive. Complete protection against 
CPE, however, has proved to be a quick and reli
able method for detecting the presence of inter- .. 
feron activity and was the method employed in 
the remaining experiments. 

Identification of the viral inhibitor as an inter
feron. Before we could identify the inhibitor as 
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interferon, it was necessary to show that it met 
certain criteria used in identifying interferons 
namely, that it was protein, nonsedimentable, not 
virus-specific, and that its protective action was 
inhibited by actinomycin D. MML2 stock virus 
was irradiated with UV light for 5 min. Part of it 
was then treated with 0.05 mg of trypsin per ml 
for 1 hr (37 C). Another portion was centrifuged 
(170,000 X g for 2 hr), and the upper portion of 
the supernatant fluid was collected. A third por
tion was used without further treatment. Twofold 
serial dilutions of each interferon preparation 
were made in MEM plus 5(,:~, fetal calf serum. 
Samples (2 ml) of each dilution were added to 
each of sev~ral L-cell monolayer cultures (60-mm 
plastic plates). After 18 hr of incubation, all of 
the cultures were washed three times; one-half of 
them were infected with MM(BHK)Lt stock virus, 
and th~ other half were infected with VSV in the 
usual manner (1 0 PFU /cell). The cultures were 
scored for CPE 24 hr after infection. The results 
(Table 3) show that the antiviral activity was sen
sitive to trypsin, was not removed by centrifuga
tion, and was not virus-specific. 

We next determined the effect of prior treat
ment with actinomycin D on the action of the 
interferon preparation. Monolayer cultures of L 
cells were divided into six groups. Group 1 was 
treated with interferon (64 protective units) for 4 
hr, group 2 was treated with actinomycin D for 1 
hr (5 Jlgfml) followed by interferon for 4 hr, 
groups 3 and 6 were treated with actinomycin D 
only, and groups 4 znd 5 were not treated. All of 
the cultures were then washed three times, and the 
first four groups were infected with MM(BHK)Lt 
(10 PFU/cell). Groups 5 and 6 were cell controls 
and were not infected. The cultures were scored 
for CPE and were assayed for virus content 24 hr 
after infection. The results (Table 4) show that 
prior treatment of cell~ with actinomycin D inhib
ited the action of the interferon preparation. 
From the results of the above experiments, we 
conclude that the antiviral agent was an interferon. 

TABLE 4. Effect of prior treatment witlt actinomycili 
D 011 illter(eron actio11 

I 

Cultun: treatment 
CP.E : Virus yield 

«.!~ hr, i (PFU/ ml) 

lntcrfcron.a 4 hr . . . . None 
Actinomycin D I hr; in· 

terferon 4 hr. . . . . . . 4+ 
Actinomycin D. I hr ... 1 4+ 
None (virus control) ... ; 4+ 
None (cell control) ..... : None 
Actinomycin D. I hr (cell. 

control)......... None 

: 9 .I X 10~ 

' i 
j2.7 X I~ 
1 3.3 X ]~ 
i2.7XI~ 

,, A total of M CPE orotective units. 

TABLE 5. Effect of actillomycin D Oil MML~" virus 
replication ill L cells 

Treated with 
actinomycin 

Dh 

Yes 
Yes 

No 
No 

CPE Virus (PFU/ml) 

24 hr 

i 
48 hr 

I 
24 hrc 48 hr 

± -- 108 

I ± 4+ 2.5 X 107 

I None 
j None 

'11.5 X J06 
None 1 9.8 X 1Q3 

a Mouse brain-propagated MM virus passed 
four times in L cells. 

6 Amount was 5pg/ml for I hr before infection. 
c Cells were frozen and thawed twice to re

lease virus. 

Effect of actinomycin D on MM virus replication 
in L cells. The well-known finding that cellular 
ribonucleic acid synthesis is required for the pro
duction or inhibitory action of i.1terferon (2, 5-7, 
9, 10), or for both, enabled us, in the following ex
periment, to determine more conclusively the 
extent of interferon involvement in the suppres
sion of MM virus replication. Two 24-hr, L-cell 
monolayer cultures were treated with actinomycin 
D for 1 hr (5 J.tg/ml). Two additional cultures 
served as controls and were not treated. All of the 
cultures were then washed twice and infected with 
0.5 ml of MML4 (1.7 X 108 PFU/ml). After a 1-
hr adsorption period, the cultures were washed 
three times, and 10 ml of MEM plus 5% fetal calf 
serum was added to each culture. At 24 and 48 hr 
after infection, the cultures were scored for CPE 
and assayed for virus content. The results (Table 
5) show that actinomycin D treatment resulted in 
24-hr PFU titers which were about 2.5 logs higher 
than those of control cultures. The PFU titer was 
almost equal to that of MM(BHK) virus stocks. 
On subsequent L-cell passages, this virus stock 
behaved like MM(BHK) virus with average yields 
of 200 to 300 PFU /cell and production of com
plete CPE. From these data, we conclude that 
interferon was responsible TOr the failure of MM 
virus to grow in L cells. These data also show 
that, by 48 hr after infection (24 hr after maximal 
virus yield), the PFU titers of both the treated and 
control cultures had dropped, suggesting that 
MM virus is sensitive to prolonged exposure at a 
temperature of 37 C. 

Effect of added interferon on the replication of 
MM(BHK) in L cells. The interferon present in 
MM virus grown in mouse brain or L cells (Table 
2), rather than interferon produced de novo, was 
postulated to be the protective factor. We 

. reasoned that if L-cell cultures were infected with 
MM(BHK) containing no L-cell interferon, but 
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TAB~E 6. Effect ol interferon in tlte inoculum on tlte rep/icMion of MM(BHK)L 2 

virus in L cells 

I :\n!(BHK)L~ CPE Virus yield (P.FU/culture) 
Diluting fluid inoculum -(PFU/culture) 

24 hr 48 hr 2-l hr 48 hr 

None ........................ 2.4 X 1()8 4+ 4+ 2.4 X IQ9 7.8 X 1()8 
HBS ........................ : 2.4 X IQ7 4+ 4+ 
Interferona .................. ; 

3.2 X IQ9 8.8 X 1()8 
2.4 X IQ7 4+ 4+ 

HBS ........................ ! 
2.7 X 1()8 1.0 X 1()8 

2.4 X IQ6 3+ 3+ 2.3 X IQ9 1.5 X IQ9 
Interferon ........ : 2.4 X IQ6 None None 1.2 X IQ7 4.0 X 106 ••••••••• '"i 

HBS .......... ............ -! 2.4 X lQ5 2+ 3+ 1.7 X IQ9 2.0 X IQ9 
Interferon ................... i 2.4 X ]05 None None <103 <102 

a Interferon prepared from MML~ stock virus. Each MM (BHK)L2 inoculum contained 256 CPE pro
tective units. 

diluted in H BS to contain PFU titers similar to 
those of MML, full yields of virus should be ob
tained. If MM(BHK) were diluted in L-cell inter
feron, however, virus yields should be reduced and 
should, in fact, be similar to those from cultures 
infected with MML virus. To test this hypothesis~ 
10-fold dilutions of MM(BHK)L2 virus stock 
(4.7 x tos PFU/ml) were made in L-cell inter
feron (256 protective units/ml). Fvr control, simi
lar dilutions of the virus were made in HBS. L
cell monolayer Cllltures were infected in replicates 
of four with each virus concentration. Cultures 
were examined for CPE and assayed for virus con
tent at 24 and 48 hr after infection. The results 
(Table 6) show a yield of 2.4 X 1 (}9 PFU /culture, 
with complete CPE from cultures infected with 
undiluted MM(BHK)L:!. Virus yields from cul
tures infected with virus diluted in HBS were simi
lar to those of the control groups, although the 
CPE was not always ·complete. Virus yields from 
cultures inoculated with virus diluted in inter
feron, however, were different from those of con
trol cultures. A I: 10 dilution of the virus reduced 
the yield by 90r-; (2.7 X 10' PFU/culture). A 
1: HX) dilution in interferon reduced the yield by 
more than 99r_-; (1.2 X 107 PFU /culture) with no 
production of CPE. This dilution of MM(BHK)
L2 virus contained approximately the same num
ber of PFU as the MML virus stock. There was 
essentially no virus production from cultures in
fected with MM(BHK)L:!virus diluted 1:1,000 
in interferon. These results indicate that the L
cetl interferon present in the inoculum plays a 
major role in preventing CPE and in reducing 
viral replication in L-cell cultures infected with 
MML virus. 

DISCUSSION 

M M virus replicated to high titers with produc
tion of CPE in L cells if it was first passed through 
BHK-21 cells (l). Before BHK-21 cell passage, 

the virus did not produce CPE in L cells and the 
viral replication was greatly reduced. The data in 
the present study indicate that interferon present 
in the inoculum is primarily responsible for the 
suppression of MM virus growth in L cells. The 
possibility that interferon -rormed dt! novo after 
viral infection is also involved cannot be ruled out 
at this time. From the data, we suggest that the 
suppression of MM virus replication in L cells 
occurred in the following manner: MM virus 
(mouse brain or L cell produced) contained high 
concentrations of interferon (Table 2) and rela
tively low PFU titers. The multiplicity of infection 
with these virus stocks was low (usually less than 
1 PFU /cell), resulting in the infection of only a 
small percentage of the cells. The rest of the cul
ture was in effect treated with a high concentration 
of interferon for 1 hr during the virus adsorption 
period and was protected against infection with 
newly synthesized virus. The virus yield was thus 
limited, and the culture was protected against 
CPE. 

M M virus appears to be unusually sensitive to 
interferon, and we are currently investigating the 
possibility that the M M virus-L cell system may 
provide an improved assay for mouse and L-cell 
interferons. 
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