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sorption was distributed throughout the bowel 
in both groups, was quantitatively the greatest 
in the colon, and was increased in the deficient 
animals. The relative distribution of ab- 
sorption did not appear to be significantly 
altered, indicating a generalized enhancement 
in the uptake of Nlg from the alimentary tract 
in magnesium deficiency. 
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Simian virus 5 ( S V j ) ,  a strain of para- 
influenza 5,  is a common myxovirus contami- 
nant in uninoculated monkey kidney tissue 
cultures ( 1 ) . Previous studies showed that 
SV5 was incapable of interfering with the 
multiplication of poliovirus in the monkey 
kidney cell system( 2,3). In addition, Choppin 
found that SV5 infected monkey cell cultures 
did not interfere with the growth of several 
other viruses including Coxsackie, ECHO, 
vaccinia, and vesicular stomatitis virus ( 2 ) .  

Embryonated eggs have been commonly 
used for the propagation of most myxovirus 
types but the avian host system has not been 
generally applied to the cultivation of SV5. 
In our laboratory, attempts were made to 
adapt SV5 to growth in avian cells both in 
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embryonated eggs and in tissue culture. After 
serial passages of SV5 in the avian host sys- 
tem it was noted that an inhibitor, subse- 
quently identified as an interferon, was ob- 
tained. The results of these studies are 
reported here. 

Materials and methods. Virus strains and 
infectivity assay. A newly isolated strain of 
SV5 was obtained from an uninoculated rhesus 
kidney tissue culture. Infectivity titrations 
were made by the hemadsorption technique, 
essentially as originally described by Shelo- 
kov et aZ(4). 

Sindbis virus, strain AR339 M1318 Egg 2,  
was obtained through the courtesy of Dr. 
J. R. Henderson of Yale University School 
of Medicine. Infectivity of the Sindbis virus 
was determined by the plaque technique using 
chick fibroblast cultures in 3 oz prescription 
bottles as previously described (5 ) .  
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Tissue cultures. Primary chick embryo 
(CE) fibroblast cell culture and African 
Green (AG) or rhesus (Rh) monkey kidney 
cell cultures were prepared by standard meth- 
ods. With the CE cells, complete monolayers 
were obtained 2-3 days after seeding, while 
the monkey cells were used 7-8 days after 
seeding. 

Preparation of the interferon in embryo- 
nated eggs and in tissue culture. Embryonated 
eggs, 7-8 days old, were inoculated with 0.3 
ml/egg of SV5, egg adapted strain, by the 
allantoic route. At various time intervals, the 
allantoic fluids from 3-5 eggs were pooled 
and were tested for virus infectivity, hemag- 
glutinin ltiters, as well as interfering capacity. 
In  order to produce interferon in tissue cul- 
ture, SV5 stock virus was added to the freshly 
trypsinized cell suspension a t  a multiplicity 
of 10. Complete monolayers were obtained 
2-3 days after seeding CE cells and 6-7 days 
for monkey cells. Supernatant fluids from 
these infected cultures were tested for their 
effectiveness as inhibitors. 

Assay for interferon activity. Serial 2-fold 
dilutions of the SV5 infected egg fluid (EF) 
or tissue culture fluid were made in Hanks' 
balanced salt solution. CE bottle cultures, 
in duplicate or triplicate, were each inoculated 
with 0.5 ml of the serial dilutions of the SV5 
infected fluids. After 3 hours adsorption a t  
37"C, 0.1 ml of Sindbis virus suspension con- 
taining 510-100 PFU was added. After an 
additional hour of incubation a t  37"C, 18 ml 
of agar overlay medium was added to each 
inoculated CE bottle culture. All cultures 
were returned to the incubator after the agar 
was solidified. The numbers and size of the 
Sindbis virus plaques were recorded 2 days 
after inoculation. The highest dilution of the 
SV5 infected fluid which suppressed the 
growth of Sindbis virus plaques was consid- 
ered to be the titer of the interferon tested. 

Results. Growth of SV5 in avian ce€ls. The 
growth of SV5 in embryonated eggs required 
adaptation. After 2-3 serial passages of 
growth in the amniotic cavity of 7-8-day-old 
embryos, SV5 could be propagated well in 
the allantoic cavity, reaching an infectivity 
titer of log 5.5 TCD50/ml, 6-7 days after 
inoculation. The growth rate of SV5 in the 
embrvonated ems was slower as comDared to 
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FIG. 1. Growth curves of SVS in rhesus (Rh) 
monkey kidney cultures, chick embryo (CE) fibro- 
blast culture, and embryonated eggs (EF). 

that of the tissue culture systems (Fig. 1). 
In  addition, 7-8-day-old embryos appeared to 
be more sensitive to SV5 infection than 10- 
12-day-old embryos, and were used through- 
out the study. 

The growth of SV5 in CE tissue culture 
was easily obtained. Although the yield of 
virus in CE cells was lower than that in the Rh 
monkey kidney cells (Fig. l ) ,  the rate and 
pattern of growth in 'both cell systems were 
similar. The yields of virus in the tissue 
culture systems were significantly higher than 
those in the embryonated eggs. 

Demonstration of the presence of an inter- 
feron in allantoic fluids obtained from em- 
bvyonated eggs infected with SV5. When the 
CE monolayer was first adsorbed with SV5 
infected egg fluid and then superinfected with 
Sindbis virus, a marked reduction of Sindbis 
virus plaque was noted. An example is illus- 
trated in Fig. 2. As the concentration of the 
SV5 egg fluid was decreased, an increase in 
number and size of Sindbis plaques was ob- 
served. The interfering capacity of the SV5 
infected egg fluid was not affected by heating 
at  56°C for an hour, was non-dialyzable, and 
was resistant to acid treatment at p H  2.0. 
Specific SV5 antiserum showed no effect on 
the interfering property, while treatment with 
0.25 % trypsin abolished the interfering ac- 
tivity completely. All these properties indi- 
cated that an interferon was present in the 
allantoic fluid of embrvonated e ixs  infected 
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FIG. 2 .  Inhibition of Sindbis virus plaques by SVj infected egg fluid. Bottle at left, Sindbis 
virus control. The 3 bottles a t  right were each inoculated with 0.5 ml of undiluted 1:4 or 1:16 
dilution of SV5 infected egg fluid 3 hours prior to  challenge with the same Sindbis virus suspension 
as shown in the bottle a t  left. 

with SV5. Allantoic fluid obtained from non- 
infected eggs did not show an inhibitory effect. 

Inhibition of the multiplication of Sindbis 
virus in CE fluid cultures previously treated 
with SV5 infected egg fluid was also demon- 
strated. The results of the two separate ex- 
periments are summarized in Fig. 3 .  During 
a single growth cycle of Sindbis in SV5 inter- 
feron treated cells, the multiplication of Sind- 
bis virus was inhibited completely when the 
inoculum of the challenge virus was small, 
i.e., a t  an input multiplicity of 0.001. How- 
ever, Sindbis virus infectivity was detected 
in the interferon treated cultures 24-48 hours 
after challenge although the yield of the 
challenge virus in the treated cells was only 
1/10,000 of that in the non-treated cultures. 
When the challenge virus dose was increased 
to a multiplicity of 1.0, the inhibition was 
never complete; although the yield of Sindbis 
virus was significantly lower in the treated 
cultures than the non-treated ones. 

Factors influencing the yield of SV5 inter- 
feron in embryonated eggs. It was noted that 
the titer of SV5 interferon varied greatly from 

experiment to experiment. These variables 
were found to be due to: 1) the amount of 
SV5 in the inoculum, i.e., a minimum dosage 
for the initiation of interferon production was 

TCD5,0 per egg; 2 )  the age of the embryo 
inoculated, i.e., 7-8-day-old embryos showed 
greatest susceptibility and gave maximum in- 
fectivity titers, as well as interferon titers; 
3 )  number of days the embryos were infected. 
The latter experiments are summarized in 
Fig. 4. Each determination was based on a 
pool of 4-5 infected eggs. At an inoculum of 
6.5 log TCD50Jegg, SV5 infectivity rolse 2 
days after infection. Interferon and hemag- 
glutinin titers were both detectable on the 
fourth day, and reached maximum levels on 
the sixth day post-infection. Infectivity titers 
of SV5 were maintained a t  high levels in the 
infected eggs, while the titers of interferon 
decreased significantly 7-8 days post-inocu- 
lation. 

Comparison of SV5 interferon derived f rom 
CE fibroblast cultures and f rom AG monkey  
kidney cultures. CE cultures treated with 
SV5 infected egg fluid or monolayer cultures 



INTERFERON IN EGGS AND CELL CULTURES 843 

M = 0- 001 M = I . O  

'1 
m 0  l l l7 -n-h-wh 

0 2 4 6 8 1 0 2 4 4 8 7 2  0 2 4 6 8 1 0 2 4 4 8 7 2  
HOURS AFTER INFECTION 

W 

&F Hernagglutinin Titer 

Interferon Ti ler 

f 

DAYS AFTER INFECTION 6l 
FIG. 3.  Growth of Sindbis virus in fluid cultures 

of CE cells with or without treatment of SV5 in- 
fected egg fluid (EF), a t  input multicplicity of 0.001 
(figures a t  left), and 1.0 (figures a t  right). 

FIG. 4. Growth of SV5 in embryonated eggs, the 
yield of hemagglutinin and the produotion of in- 
terferon. 

derived from SV5 infected CE cells, were com- 
pletely resistant to a challenge dose of ap- 
proximately 3000 PFU of Sindbis virus (Table 
I ) .  Harvests from SV5 infected CE tissue 
culture fluid also gave protection to CE cul- 
tures superinfected with Sindbis virus. SV5 
infected AGMK culture fluids containing 7.5 
log TCDso/ml of infectious virus did not, 
however, alter the susceptibility of CE mono- 
layers to Sindbis virus infection, but did 
render AGMK monolayers resistant to super- 

infection by Sindbis virus. In a, separate ex- 
periment, a 2 log reduction of Sindbis virus 
yield was noted in the fluid cultures of rhesus 
monkey cells infected with SV5. Such inhibi- 
tion could not be demonstrated either in AG 
or Rh monkey kidney cells when the SV5 
interferon produced in the avian cells was 
used, nor could the SV5 MK interferon pro- 
tect monkey cultures from infection with 
poliovirus type 1. 

Discussion. The experiments reported here 
demonstrated that harvests from embryonated 
eggs, CE cell cultures, AG or Rh monkey 
kidney cell cultures infected with SV5 induced 
an interferon which interfered with the mul- 
tiplication of Sindbis virus both under agar 
overlay medium and in fluid cultures. Pre- 
vious ,reports showed that in monkey kidney 
cell cultures, SV5 did not interfere with the 
multiplication of a variety of viruses includ- 
ing poliovirus, Coxsackie A9, ECHlO 7, vac- 
cinia, and vesicular stomatitis virus, but Sind- 
bis virus had not been tested. The selective 
action of SV5 interferon upon Sindbis virus 
was worth noting but the mechanism was 
not clear. Apparently Sindbis virus was more 
sensitive to the interferon action than the 
enteroviruses tested. Thus minute amounts 
of interferon induced in monkey kidney cul- 
tures by SV5 were not sufficient to restrict 
the multiplication of enteroviruses or other 
viruses tested. 

Species specificity oif the antiviral action 
of interferon has been shown by previous 
investigators( 6-9). The present study dem- 
onstrated that SVS interferon induced either 
in avian cells or in primate cells was host 
specific. There was no evidence that heter- 
ologous activities could be exhibited even 
though the interferon samples used were 
crude preparations. 

Embryonated eggs are the most susceptible 
host system for the cultivation of certain types 
of the myxovirus group but avian tissue has 
not been commonly used for the propagation 
of the parainfluenza viruses. Non-specific 
inhibitor for DA virus, a strain serologically 
identical to SV5, has been found in the normal 
egg fluid ( 10) . Difficulties were encountered 
in the adaptation of DA grotwth in embryo- 
nated eggs when 10-day-old eggs were used. 
In  the present study, 7-8-day-old eggs were 
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TABLE I. Species Specificity of SV5 Iiiterferon Derived from Chick Embryo or African Green 
Monkey Cells. 

Avg No. Sindbis plaque 
per bottle at dilu- SV5 infeetiv- 

Cell culture used for i t y  titers, tions : 
interferon assay Trcatnient of test culture" log TCD,/ml 10-5 10" 

Chick embryo fibroblast None 
SV5-infected EF 
SV5-infected CEt  inotiolayers 
SV5-infected CE tissue culture 

SV5-infected AGMK tissue cul- 
fluid 

ture fluid 
African green monkey S o n c  

kidiiey S V 5 i n f e c t d  A G N K  tissue cnl- 
ture fluid 

SV5-infected EF 

0 
3.5 
4.5 
4.5 

T.5 

0 
7.5 

3.5 

ConflS 300 36 
0 0 0  
0 0 0  
0 0 0  

Coiifl Confl 3 1  

100 29 NJ) 
0 0 0  

100 24 ND 

4 
0 
0 
0 

3 

N 1) 
ND 

ND 
~ ~~ 

* Absorbed 3 hr with test fluid indicated. 
t CE cells were infected a t  time of seeding. 
t Confluent. 
EF = egg fluid ; CE = chick embryo ; AGMK = African green monkey kidney ; ND = not 

done. 

found to be superior for the growth of SV5. 
Adaptation of DA virus as well as several 
other strains of SV5 were accomplished in 
the 7-8-day-old egg system (unpublished 
data). Apparently the age of the embryos 
used was an essential factor. 

Summary. SV5, a strain of parainfluenza 5, 
was adapted to grow in 7-8-day-old embryo- 
nated eggs. SV5 infected egg fluid proved to 
be capable of inhibiting the growth of Sindbis 
virus in CE tissue culture both under agar 
overlay and in fluid medium, The inhibitor 
substance was found to be acid resistant, 
sensitive to trypsin digestion, but could not 
be neutralized by specific SV5 antiserum, and 
was characterized as an interferon. The yield 
of SV5 interferon in embryonated eggs was 
dependent on the dosage of inoculum, and 
the days of virus growth in the embryonated 
eggs. Chick embryo cell cultures infected with 
SV5 or CE fibroblast cultures adsorbed with 
SV5 supernatant fluid from infected CE cells 
were resistant to plaque formation by Sindbis 
virus. SV5 infected CE culture fluid did not 
protect AG monkey cultures from superinfec- 
tion with Sindbis virus. AG monkey cells 

infected with SV5 were resistant to super- 
infection with Sindbis virus, but these SV5 
infected monkey cells did not interfere with 
the multiplication of poliovirus type 1. SV5 
produces interferon in both avian and primate 
cell systems but the presence of SV5 inter- 
feron requires a highly sensitive test system. 
-~ ~~ 
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