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Inhibition of Arbor Viruses (Group A) by a Protein-Like Constituent of a 
Corynebacterium." (27791) 

DAVID H. CARVER+ AND KIARASH NAFICY~ (Introduced by J. F. Enders) 
Research Division of Infectious Diseases, The Children's Hospital Medical Center, Boston, and 

Department of Pediatrics, Harvard Medical School 

During the course of experiments in which 
Sindbis virus was being cultivated in primary 
human amnion cell cultures( 1) it was ob- 
served that the expected cytopathic effects of 
this agent failed to occur in one preparation. 
This culture proved to be contaminated with 
a bacterium which was subsequently classi- 
fied by Miss Elizabeth King of the U. S. Pub- 
lic Health Service Communicable Disease 
Center as a corynebacterium. The species, 
however, could not be identified. I t  was dem- 
onstrated that the bacterium regularly in- 
hibited cytopathogenicity of Sindbis virus 
and the experiments described here were un- 
dertaken to determine the nature of the bac- 
terial factor responsible for the viral inhibition 
and its mode of action. 

Methods. I t  was noted that the bacterium 
grew better in bovine amniotic fluid (BAF) 
tissue culture medium ( 2 )  than in bacterio- 
logic media such as beef broth and thioglyco- 
late. BAF medium was therefore used as 
routine to propagate the organism. The 
original contaminated fluid from the tissue 
culture was diluted with 25  ml of BAF me- 
dium and stored at  6°C. In subsequent ex- 
periments 0.5-ml aliquots of this suspension 
which contained approximately 20,000 viable 
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bacteria per ml were inoculated into 100-ml 
aliquots of BAF medium which were then in- 
cubated for 3 days at  37°C. Total counts a t  
this time gave 5O,OOO,OOO viable organisms per 
ml of culture. The bacteria were removed by 
centrifugation at  800 rpm for 10 minutes, the 
supernate (medium supernate, MS) was 
passed through a Millipore filter (pore size: 
0.45 mp) and then assayed for viral inhibi- 
tory capacity. Bacteria were suspended in 5 
ml of BAF medium and then sonically dis- 
rupted for 30 minutes. The suspension was 
frozen and thawed 3 times, and again soni- 
cated for 30 minutes. The preparation was 
then filtered through a Millipore filter. The 
filtrate (bacterial concentrate, BC) was as- 
sayed for inhibitory capacity. 

Except as otherwise noted, assay of bac- 
terial inhibitory factor (BIF) was carried out 
in 3-4-week-old primary cultures of human 
amnion cells employing 100 TCID50 of Sind- 
bis virus as the test dose. In these assays 
materials to be tested for inhibitory capacity 
were diluted serially by a factor of 2 in BAF 
medium and 1-ml aliquots were added to each 
of 1-3 amnion cell cultures immediately be- 
fore inoculation of virus. 

Titer of a given preparation of BIF is ex- 
pressed as the highest dilution which com- 
pletely suppressed 1CPE (Cytopathic Effect) 
in human amnion cells on the day that in 
virus control cultures approximately 50% of 
the cells exhibited CPE. Unless specifically 
stated all preparations of BIF used were BC. 
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Results. Association of BZF with bacterial 
cells. I t  was found that the titer of different 
lots of BC ranged from 1:64-1:512. In con- 
trast MS prepared from the same bacterial 
cultures inhibited in only low dilutions (1 :4 
to 1:8). Thus, BIF appears to be closely 
associated with the bacterial cell itself. 

Physical properties. BIF activity was not 
decreased by dialysis in a cellophane bag 
against BAF medium for 24 hours, heating at  
37°C for 3 hours or heating at  56°C for 1 
hour. It was completely destroyed by dialy- 
sis against a glycine hydrochloric acid buffer 
a t  p H  2.3 and heating in boiling water for 5 
minutes. 

Eflect of trypsin and nucleases. BIF was 
inactivated by trypsin under the following 
conditions. BIF (titer 1 : 2 56) was diluted 
1 : 10 in BAF medium. An equal volume of 
0.25% trypsinll was added and the mixture 
kept a t  37°C for 3 hours. The effects of 
DNAase and RNAaseQ were also studied. A 
preparation of BIF (titer 1 : 64) was diluted 
1:16 with BAF medium. DNAase and 
RNAase were respectively added to an ali- 
quot of BIF to give a concentration of 1.0 
pug/ml of the enzyme and the mixture was in- 
cubated at  37°C for 3 hours. Serial 2-fold 
dilutions of each preparation were then pre- 
pared and tested in amnion cell cultures. 
Results indicated a delayed and partial re- 
duction in inhibitory capacity. Thus on the 
day on which the virus control became posi- 
tive inhibition was apparent. Later, how- 
ever, CPE became evident which appeared 
more rapidly and was more extensive in the 
highest concentrations of the inhibitor, Be- 
cause of these equivocal reactions obtained 
with the nucleases, BIF was treated with an 
equal volume of 1% protamine solution and 
allowed to stand for 15 minutes at  room tem- 
perature. The mixture was then tested for 
inhibitory activity which was found to be 
undiminished. This result together with the 
failure of the nucleases to rapidly destroy 
BIF would seem to indicate that its activity 

11 Crystalline 2x salt free trypsin obtained from 
Nutritional Biochemicals Corp., Cleveland. 

Q DNAase lx crystalline obtained from Nutritional 
Biochemicals Corp. RNAase crystalline salt free ob- 
tained from Worthington Biochemical Co. 

is not attributable to a nucleic acid compo- 
nent. Accordingly, taken as a whole all the 
properties of BIF so far defined strongly sug- 
gest that it belongs among the proteins. 

Inhibition of viral cytopathogenicity and 
multiplication. As stated above, BIF was 
active in suppression of viral cytopathogeni- 
city in dilutions as high as 1:512 when read- 
ings were made at the time when approxi- 
mately 50% of the cells in the control cul- 
tures were affected. Subsequently, the end- 
point of inhibitory effect was reduced ap- 
proximately 4-fold. Experiments were car- 
ried out in which the infectivity of the fluids 
of cultures manifesting no CPE was assayed 
several days after treatment with BIF and 
inoculation of virus and in infected prepara- 
tions without BIF. Infectivity titers of fluids 
from cultures without BIF in 2 such experi- 
ments were lW3 and 1O5e8; in BIF treated 
cultures no virus was demonstrated. Thus i t  
was shown that BIF interfered with viral in- 
fectivity as well as cytopathogenicity. In 
other experiments in which varying concen- 
trations of virus were employed it was dem- 
onstrated that BIF interfered with cytopatho- 
genicity when as much as 10; TCIDS0 were 
added. 

Mode of action of BIF.  That the action of 
BIF did not consist in a generalized toxic ef- 
fect on the cells which might render them in- 
capable of supporting replication of all vi- 
ruses was shown by results of the following 
experiment. BIF was titrated, employing 
Sindbis virus as the test agent. After 2 weeks 
CPE was not observed in the cultures that 
had received dilutions of BIF ranging from 
1:4-1:64. At this time after replacing the 
BIF-containing fluid with BAF medium 100 
TCDBo poliovirus Type I was added to those 
cultures that had been previously treated with 
1 :4 and 1 :8 dilutions of BIF. Multiplication 
of poliovirus occurred in the usual manner 
after 1-2 days as indicated by appearance of 
typical cytopathic changes. 

In addition to this evidence for lack of pro- 
found toxic effect of BIF, cells treated with 
the inhibitor in concentrations ranging from 
1:16 to the endpoint exhibited no morpho- 
logically recognizable signs of injury when 
examined either in the natural state or in 
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stained preparations. Moreover cells treated 
with dilutions of BIF  ranging from 1:4 to 
the endpoint although exhibiting rounding 
and increasing granularity continued to me- 
tabolize in a normal manner as indicated by 
continuing acid production comparable to 
that of untreated control cultures. 

Experiments were performed to determine 
whether the inhibitor acted by (a)  directly 
inactivating the virus, (b)  interfering with 
penetration of virus into the cell, or (c) by 
interfering with viral replication. (a)  A mix- 
ture consisting of equal parts of BIF (diluted 
1 : 10 in BAF medium) and a suspension of 
virus (100 TCD5"/0.1 ml) was allowed to 
stand a t  room temperature for 2 hours. Ali- 
quots (0.2 ml) of the mixture were added to 
amnion cell cultures. After incubation for 2 
hours a t  37°C cells were washed 5 times with 
medium 199. BAF medium was then added 
and cultures incubated in the usual manner. 
Inhibition of CPE was not observed in cul- 
tures exposed to the mixture when compared 
with others without inhibitor that were inocu- 
lated with an equivalent dose of virus. BIF, 
therefore, does not appear to act directly upon 
the virus. 

(b)  Results of the following experiments 
indicate that penetration is not affected by 
the presence of BIF. To each of 9 amnion 
cell cultures from which medium was re- 
moved 1 ml of BIF  (titer 1:256) diluted 1:30 
in BAF medium was added and 100 T C D 5 ~  
Sindbis virus. Nine control cultures without 
BIF were also inoculated with this dose of 
virus. Cultures were incubated at  37°C for 
2 hours and washed 5x with 5-ml aliquots 
of medium 199. Pooled fluids of the final 
washing were tested for virus. None was 
demonstrated in washings from BIF  treated 
cultures. In one of the washings from the 9 
cultures without BIF virus was found. BAF 
medium was added to all cultures which then 
were incubated a t  37°C. Subsequently no 
inhibition of CPE was observed in those 
treated with BIF as compared with cultures 
exposed only to virus. Further evidence that 
BIF does not interfere with penetration was 
obtained as follows. To each of 3 human 
amnion cell cultures aliquots of BIF (titer 
1:256) diluted 1:30 and 10" TCDso of virus 

were added. Three cultures without BIF  
were similarly inoculated. All preparations 
were incubated a t  37°C for 2 hours. Each 
culture was then washed 5 x  with 5 ml me- 
dium 199. Cells were suspended with trypsin 
as described by Ho and Enders(3). Separate 
pools of cells from experimental and control 
tubes were prepared, and each was treated 
with homologous antibody diluted 1 : 20. Cells 
were then washed 2x with BAF medium and 
resuspended in 1 ml of BAF medium. No 
virus was demonstrated in the 2nd washings 
from either experimental or control suspen- 
sions. Cells in each preparation were counted 
and diluted in series by a factor of 10. Ali- 
quots of each dilution were added to 3 human 
amnion cell cultures which were incubated at 
37°C. CPE endpoints were recorded on the 
4th day. Calculating the number of infected 
cells according to the method of Ho and 
Enders no significant difference was found be- 
tween BIF treated and control cells; 1.3% of 
control cells and 1.2% of BIF  treated cells 
were estimated to be infected. 

In  other experiments to determine whether 
B I F  might inhibit when added after the virus 
it was shown that this factor was effective in 
suppressing CPE in cultures infected 1 hour 
previously with 100 TCDJo of virus. BIF, 
however, was ineffective when added 2 hours 
after the virus. Pfefferkorn(4) has found 
that by 1 hour following exposure of primary 
human amnion cells to Sindbis virus a t  least 
70% was adsorbed. Although he employed 
somewhat different conditions (bottle cultures 
treated with a small volume of inoculum) his 
results suggest that in our experiments a sig- 
nificant proportion of virus was absorbed by 
1 hour. Accordingly, the fact that BIF  when 
added 1 hour after the virus inhibits CPE 
may be regarded as providing further evi- 
dence that BIF does not interfere with ad- 
sorption and penetration. 

(c) The possibility that BIF prevents re- 
lease of newly formed virus has also been in- 
vestigated. Each of 3 amnion cell cultures 
from which medium was removed received 1 
ml of BIF (titer 1 : 160) diluted 1 : 80 in BAF 
medium and 100 TCDZo of Sindbis virus. 
Three control cultures without BIF were also 
inoculated with the same dose of virus. Three 
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days after the inoculation of virus the control 
cultures showed the cytopathic effects of this 
virus in 50% of the cells while these changes 
were not present in the BIF treated cultures. 
At this time the medium in the BIF treated 
tubes was harvested and pooled. No virus 
was detected when this medium was inocu- 
lated into amnion cell cultures. The cells in 
the BIF treated cultures were washed 5X 
with 5-ml aliquots of medium 199 before be- 
ing scraped down from the glass of the tubes 
and pooled in a total of 1 ml of BAF medium. 
This pool of cells was frozen and thawed 3X 
to release intracellular virus before it was 
inoculated into amnion cultures. No virus 
was detected. 

Activity of B I F  in chick embryo cell sys- 
tems. Complete interference by BIF with 
Sindbis virus CPE and replication was also 
demonstrated in trypsinized cultures of chick 
embryo cells prepared according to the pro- 
cedure of Katz and his associates(5). In- 
hibitory titers employing a viral test dose of 
100 TCDjo for this system were comparable 
to those recorded in human amnion cell cul- 
tures. 

Capacity of BIF to 
inhibit agents unrelated to Sindbis virus was 
studied. I t  was found that in a dilution of 
1:4 a preparation of BIF (titer vs Sindbis 
virus, 1:256) in human amnion cell cultures 
failed to suppress CPE of ECHO 11, vac- 
cinia, Coxsackie B5 and Herpes simplex vi- 
ruses. Another preparation (titer vs Sindbis 
virus, 1 : 5 12) when diluted 1 : 50 exhibited no 
inhibition of CPE when tested with poliovirus 
I, adenovirus 2 and ECHO 9. 

In  view of the failure of BIF to inhibit 
these unrelated viruses i t  became of interest 
to determine whether replication of other 
members of the Arbor group is suppressed by 
the factor. So far only Chikungunya virus 
(Group A) has been studied. In  both human 
amnion and chick cultures BIF completely in- 
hibited its cytopathogenicity. Experiments 
with other representatives that include mem- 
bers of Group B are in progress. 

Discussion. The experimental data seem 
to eliminate the possibilities that BIF acts 
by inactivating the virus directly, by pre- 
venting penetration of virus or interfering 

Specificity of BIF .  

with release of the agent. By exclusion, then, 
it may be tentatively concluded that BIF 
acts to prevent viral replication within the 
cell, 

Among numerous substances that have 
been found to limit viral multiplication, those 
derived from bacterial sources consist, to our 
knowledge, only of single or conjugated poly- 
saccharides. Horsfall and his coworkers (6) 
showed that the capsular polysaccharides of 
K .  pneunzoniae B and streptococcus MG as 
well as the somatic antigen of Sh. paradysen- 
teriae, Type V inhibited proliferation in vivo 
of mouse pneumonia virus (PVM). Inhibi- 
tion of mumps virus in chick embryos was 
also described by these workers ( 7 ) .  Others 
have reported limitation of pathological ef- 
fects or survival following inoculation of ma- 
terials derived from various bacteria (8,9,10) 
into animals infected with different viruses. 
No evidence that these substances interfered 
with viral replication was presented. 

Our findings appear to be significant not 
only because they offer another instance of a 
factor present in a bacterium that inhibits 
viral multiplication, but also because this in- 
hibitor appears to be a protein. Of interest? 
too, is the specificity of the inhibition. 

With the exception of interferon, none of 
the viral inhibitors so far described are pro- 
teins. Many of them are of small molecular 
size and known chemical configuration. Al- 
though both BIF and interferon appear to be 
proteins they cannot be identical. The ac- 
tivity of BIF is destroyed in acid solutions 
whereas under these conditions interferon is 
unaffected. Interferon reduces viral multi- 
plication whereas BIF may suppress it com- 
ple tely . 

The sharply specific action of BIF in re- 
spect to the Arbor viruses is noteworthy since 
it suggests that certain metabolic pathways 
may be required for synthesis of some agents 
which are not essential in the replication of 
others. From the standpoint of the possible 
future development of effective antiviral com- 
pounds these observations encourage the 
search for substances which, like BIF, may 
specifically interfere with the multiplication 
of a given virus by affecting only a limited 
number of cellular processes that are essential 
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for replication of the agent but not crucial in 
the function of the cell. 

Summary. A factor (BIF) has been dem- 
onstrated in a corynebacterium of unidenti- 
fied species which interferes with the multi- 
plication of 2 Group A Arbor viruses, Sindbis 
and Chikungunya, in cultures of human am- 
nion and chick embryo cells. Cytopatho- 
genicity of seven unrelated viruses was not 
inhibited by the factor. Evidence is presented 
that interference of the Arbor viruses depends 
upon inhibition of replication after virus has 
entered the cell. Evidence suggesting that the 
factor is a protein is presented. 
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Effect of Periodate on Cell Wall Antigens of Streptococci.* (27792) 
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The streptococci are divided into 1 7  sero- 
logical groups on the basis of specific carbo- 
hydrate antigens present, with the exception 
of group D, in the cell wall( 1) .  In the case 
of group A, the antigen is known to be com- 
posed of rhamnose and N-acetyl glucosamine 
(2 ) ,  and in group C, rhamnose and N-acetyl 
galactosamine ( 3 ) .  Among the other groups 
of streptococci, however, the composition of 
the antigen appears to be more complex( 1) .  
In group K for example, glucose, galactose, 
glucosamine and galactosamine are present ; 
rhamnose may or may not be present depend- 
ing upon the strain (4). The same compounds 
have been found in the group antigen of group 
0 and in the cell wall carbohydrate of a sero- 

*Supported in part by Chicago Heart Assn., 
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logically unclassified streptococcus (4) . 
The sugars and amino sugars given above 

plus, in a few cases, arabinose and/or man- 
nose, are most likely components of the strep- 
tococcal cell wall grouping antigens of all the 
serological groups ( 1 ) . In  addition, a number 
of type antigens of the streptococci are lo- 
cated in the cell wall and are carbohydrate in 
nature. As a consequence, many of the known 
grouping and typing antigens of the strepto- 
cocci, and many others yet to be detected, de- 
pend for their specificity upon chemical struc- 
tures composed of these substances. 

To obtain further information on the prop- 
erties of these cell wall antigens, a study has 
been made of the effect of periodate oxidation 
on the antigens as determined by ability of 
the antigen to combine with antibody. The 
results indicate that resistance or sensitivity 
to oxidation by periodate are properties which 
might aid in identification of antigenic deter- 
minants, as well as providing information on 


