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Component fatty acids of the cholesterol 
esters were quantitated by gas-liquid chroma- 
tography. 
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In  our previous study(l) ,  HEP Flury 
strain of rabies virus ( 2 )  was found capable 
of forming plaques in primary chick embryo 
fibroblasts, and the titration of infectivity by 
this plaque technique has replaced the more 
laborious baby mouse(2) and one-day egg 
LD titrations ( 3 ) .  While applying this plaque 
assay to materials containing a high con- 
centration of virus, we noticed that mono- 
layers receiving an undiluted seed virus sus- 
pension formed no plaques. Our investigation 
of the nature of this phenomenon led to the 
finding that interferon production was 
responsible for it. These results are reported 
here. 

Materials and methods. Diluent. The virus 

* This study was supported by grant AI-04248 VR 
from Nat. Inst. Health, USPHS, and a grant sup- 
plied from the World Health Organization. 

diluent was yolk-saline( l ) ,  which was 0.01 M 
phosphate buffered saline of pH 7.2 con- 
taining fresh egg-yolk at  0.1%. Just prior to 
use, penicillin and streptomycin were added 
at  500 p/ml and 1001 YJrnl, respectively. 

Viruses. Standard 7-day egg passage of 
HEP Flury strain of rabies virus ( 2  ) was used 
at  the 259th to 263rd passage levels. Brains 
of infected embryos were emulsified to make a 
20% emulsion in yolk-saline, to serve as seed 
virus. In one case, the same strain serially 
passaged in chick embryo fibroblasts (4) was 
tested; a pool of culture fluids constituted a 
seed. Small plaque mutant of Western equine 
encephalitis (WEE) virus ( 5 )  and Sindbis 
virus were at  15th and 51st chick embryo 
cell passages, respectively, when used. Dairen 
I strain of vaccinia virus was received from 
the National Institute of Health of Japan as 
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an infected chorioallan toic membrane, and 
passaged here in HeLa cells; when used in 
the present experiments, it was at  the 11th to 
13th HeLa cell passage levels. 

Monolayer preparation. Nine-day chick 
embryos were trypsinized as stated earlier ( 6 ) ,  
suspended in growth medium at  a concentra- 
tion of 2 X 10' cells/ml, dispensed into 60- 
mm dishes in 5-ml amounts, and incubated at  
37°C. The growth medium consisted of YLE 
(Earle's balanced salt solution containing 
0.5% lactalbumin hydrolysate, 0.1 % yeast 
extract and antibiotics) supplemented with 
10% inactivated calf serum and 0.0025 h4 
Tris buffer of pH 7.2. Confluent cell sheets 
formed in 24 hours and were ready for use. 

Plaque assay of rabies virus. The original 
method(1) was modified as follows. The 
above monolayers were washed once with 
phosphate buffered saline (PBS) ( 7 ) ,  and 
virus was inoculated into 3 dishes per dilution 
in 0.05-ml amounts. Adsorption of virus was 
allowed to take place a t  37°C for one hour, 
after which 4 ml per dish of an overlay me- 
dium was added; the overlay was phenol red- 
free YLE containing 2% calf serum, 0.022% 
NaHC03, 0.0025 M Tris buffer of pH 8.6 
and 1% Noble agar (Difco). The dishes 
were then placed in a humidified 35°C in- 
cubator, and 5 clays later a second overlay 
was added, which consisted of 2 ml per dish of 
1 % agar solution containing 1 : 10,000 neutral 
red. The dishes were then transferred to a 
20°C incubator, and plaques counted on the 
next day. PFU means plaque-forming units. 
For assay of the chick embryo cell passage 
virus, DEAE-dextran was incorporated into 
the overlay medium a t  0.001%. 

Plaque assays of vaccinia, WEE and Sind- 
bis viruses. The method was similar to the 
above, except that the overlay medium con- 
tained 0.11% NaHC03 with no Tris buffer, 
and incubation of overlaid dishes was done 
in a 570 C02-air incubator a t  37°C. The 
second overlay was added 3 days following 
the inoculation. 

Bottle culture of rabies virus. Square bot- 
tles, 10 x 5 x 5 cm, were seeded each with 
1 X lo7 chick embryo cells suspended in 10 
ml growth medium, rubber-stoppered and in- 
cubated at  37°C for 24 hours. Then the cell 

sheet was wached once with PBS and in- 
fected with virus, using an inoculum dose of 
1.0 ml. After 2 hours' incubation at  37"C, 
the cells were washed 3 times with PBS and 
each bottle received 10 ml of a maintenance 
medium, which contained 270 calf serum. 
Further incubation was made at  35°C. Pre- 
liminary tests showed higher yields of virus in 
the fluid than in the cells. 

Multiplicity of injection (mo i ) .  At the time 
of virus inoculation, one replicate culture was 
used for determination of cell number by dis- 
persion with 0.0270 EDTA-PBS containing 
0.05% trypsin, and the moi was expressed as 
PFU per cell. 

Assay for interferon activity. Pooled cul- 
ture fluid was dialyzed in the cold against 
0.01 RI KCI-HC1 buffer a t  pH 2 for 24 hours 
with a constant agitation by a magnetic stir- 
rer, and then against 0.01 M phosphate buf- 
fered saline at  pH 7.2 for another day. The 
resulting fluid was passed through filter paper 
and stored at  -20°C for less than one week, 
until use. Quick dialysis was perfomed by in- 
serting a test tube into a tubing containing the 
fluid and changing the outer fluid twice at  
hourly intervals for each buffer. For assay, a 
test material was diluted with maintenance 
medium in serial 4-fold steps and added in 
2-ml amounts to 3 monolayer dishes per di- 
lution. Control dishes were given the same 
amount of maintenance medium. The dishes 
were incubated at  35°C for 24 hours. Then 
the fluid was aspirated, and all dishes were in- 
oculated with an equal dose of about 100 PFU 
of vaccinia virus. Plaque assay of vaccinia 
virus was done as stated above, and the inter- 
feron activity was expressed as the highest 
dilution of the test material initially added 
which reduced the plaque number to less than 
half that of control. 

Antiserum. This was the same lot as used 
previously ( 1 ) , which had been prepared by 
immunizing a rabbit with mouse brains in- 
fected with CVS strain of rabies virus. Its 
titer was 1:2,600 against 2010 mouse LD of 
the homologous virus. 

Results. Autointerference of H E P  F h r y  
virus as seen in plaque dishes. When the 7-day 
egg passage seed of HEP Flury virus was 
titrated for plaques in chick embryo fibro- 
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FIG. 1. Autointerference of HEP Flury strain of rabies virus appearing in plaque dishes after 
infection a t  a high multiplicity. A seed virus was diluted with yolk-saline and with a 2070 
emulsion of normal chick embryo brains in parallel, and dishes of chick embryo fibroblast mono- 
layers were given the undiluted to 10-3 dilutions made with yolk-saline and the 10-3 dilution 
made with the normal chick embryo brain suspension (diluent control). 

blasts, dishes receiving the undiluted seed 
developed no visible plaques, while those re- 
ceiving higher dilutions showed confluent to 
scattered plaques depending upon the amount 
of virus inoculated. Microscopic examination 
revealed that almost all cells in the dishes 
given the undiluted seed virus stained red 
with neutral red. An example of such a titra- 
tion is shown in Fig 1.  In  this test, a parallel 
set of dishes was inoculated with the same 
seed virus diluted in a 2057 emulsion of nor- 
mal 12-day chick embryo brains, but the 
development of plaques was similar in the two 
groups, proving that the above inhibition of 
plaques was not due to the presence of tissue 
components in the inoculum. Such a pheno- 
menon was never encountered with other 
plaque-forming viruses such as vaccinia or 
WEE. The autointerference of rabies virus 
was observed with the chick embryo cell pas- 
sage line of HEP Flury virus, too. Repeated 

test demonstrated that infection a t  a moi 
higher than 0.1 invariably resulted in such 
an autointer f erence. 

Interference with vaccinia and WEE viruses 
occurring in monolayer dishes pretreated with 
a heavy concentration of HEP Flury virus. 
A group of monolayer dishes was infected 
with 0.2 ml per dish of HEP Flury virus at 
a moi of 0.3, and after one hour’s incubation 
at 37OC washed once with PBS. Maintenance 
medium was then added to the dishes, which 
were subsequently incubated at  35°C for 24 
hours. Control dishes were inoculated with 
an emulsion of normal embryonic brains in 
place of virus and treated likewise. These 
dishes were used for plaque titration of vac- 
cinia, WEE, Sindbis and the homologous HEP 
Flury viruses. As indicated in Table I, 
interference was observed with vaccinia 
and WEE viruses, though to a lesser 
extent than with the homologous virus, while 
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FIG. 2.  Plaques of vaccinia virus appearing in chick embryo cells pretreated with a heavy 
concentration of HEP Flury virus (.A) and in control cells pretreated with a normal chick 
embryo brain suspension (B) . 

Sindbis virus was not interfered with. In the 
case of vaccinia virus, not only the plaque 
number but also the plaque size was mark- 
edly reduced (Fig. 2 ) .  

I t  was suspected that interferon might be 
present in the original seed virus suspension. 
Therefore, the following experiment was per- 
formed. A seed suspension of HEP Flury 
virus was divided into 4 portions. One was 
subjected to quick dialysis to obtain inter- 
feron, the second was heated a t  56°C for 30 
minutes, the third was added with one-tenth 
volume of an immune rabbit serum and in- 
cubated a t  37°C for one hour, and the last 
portion was left untreated as control. Then a 
test similar to the preceding one was done 
using these 4 portions and, as another con- 
trol, maintenance medium as pretreating ma- 
terial and vaccinia virus as the indicator. As 
shown in Table 11, none of the inactivated 

TABLE I. Nuiiibers of Plaques of Diff ercnt 
Viruses Appearing in  Moiiolnycr Dishes of Chick 
Embryo Fibroblasts Pretreated with a Heavy Con- 
centration of HEP F l u r y  Strain of Rabies Virus. 

--- 

1)ilntion of virus 
P re t re a t  cd 

Virus with lLV3 10-1 10-6 

12 2 
7 

( Virus* 136 
1 Controlt TNTCS 45 Va win i :L 

j Virus  90 10 1 
1 Control T N T C  26 5 W E E 

Siudbis Virus Conf$ T N T C  14 
1 Control Conf T N T C  19 

- Homologous ( Virus 0 0 
H E P  flury 1 Control 52 6 -  

~ 

* HEP Flury virus given a t  a inoi of 0.3. 
t A 20% einlusion of normal chick embryo brains. 
t Too numerous tg count. 
$ Confluent plaques. 
Numerals are plaque numbers averaged from 3 

dishes. 
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TABLE 11. Effects of Various Treatments of 
HEP Flury Virus Upon Its Capacity t o  Induce 
Interference with Vaccinia Virus in Chick Embryo 

Cells. 

Dilution of vaccinia virus 
P r e t r en t in en t 
of cells with nioi 

Active virus .18 95 5 1 

Acid-dialyzed virus 0 TNTC 25 3 
Neutralized " 0 TNTC 32 2 
Maintenance 0 TNTC 39 4 

Heated " 0 TNTC" 35 8 

medium 

* Too numerous t o  count. 
Numerals are plaque numbers averaged f roin 3 

dishes. 

seeds induced any appreciable interference, 
while a marked intereference was seen in the 
cultures infected with active virus. 

Autointerference of HEP Flury virus oc- 
curring in bottle cultures. An undiluted seed 
of H E P  Flury virus and its lW3 dilution 
were inoculated into 2 groups of bottle cul- 
tures of chick embryo cells, and at  daily in- 
tervals 2 bottles randomly selected from each 
group were used for titration of fluid phase 
virus. The fluid pools were then subjected 
to acid dialysis to extract interferon. The 
resulting fluids were stored in a deep freezer 
and tested at  one time for interferon activity 
with vaccinia virus. The result as depicted 
in Fig. 3, demonstrates that virus yields were 
similar in the two groups, but production of 
interferon was earlier and higher in the group 
infected with the undiluted seed (moi = 0.5) 
than in that infected with diluted seed 
(moi = 0.0005). The interferon titers 
during the first 2 days were generally low, but 
when the homologous H E P  Flury viru,s was 
used as an indicator, similar titers were ob- 
tained. Perhaps tne assay method was not 

TABLE 111. Virus Yields in Bottle Cultures of 
Chick Embryo Cells 2 Days After Infection a t  

Different Multiplicities (moi) . 

moi PFU/ml 
Virus in  fluid" 

1.5 
.15 
.015 
.0015 
.00015 

* Pool of fluids from 2 parallel bottles titrated 
48 hr followiiig infection. 
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very sensitive, or interferon was diluted by the 
fluid in the bottle culture. In  the next ex- 
periment, 5 groups of bottle cultures were 
inoculated with different dilutions of a seed 
virus, and virus yields in the fluid were ex- 
amined after 2 days' culture. The result re- 
corded in Table I11 indicated that a maximum 
yield was obtained when the moi was 0.015, 
and higher concentrations of the seed virus 
resulted in reduced amounts of virus produced. 

Discussion. Data have been available 
which indicate occurrence of suppression of 
virus replication in cells heavily infected with 
WEE virus (8),  parainfluenza virus (9 ) ,  NDV 
(10) and SV 401( 11). However, in no ca,se 
was the autointerference so marked as was 
observed in the present case of H E P  Flury 
strain of rabies virus, which is characterized 
by a complete absence of viral plaques in 
monolayer cells leaving a marked interfering 
capacity against other viruses as well as 
against the homologous virus. In this con- 
nection, i t  is of interest that H E P  Flury virus 
causes a marked autointerfererice in the brain 
of hamsters and guinea pigs ( 2 )  I 

Although these data leave no doubt that 
the autointerference of rabies virus in chick 
embryo fibroblasts is due to production of in- 

I I I I I 

0 1 > 4 .I 

I ] \ )  s 
FIG. 3 .  Viral growth and production of interferon 

in bottle cultures of chick embryo fibroblasts after 
inoculation of an undiluted (moi = 0.5) and 10-3 
diluted (moi = 0.0005) seed of HEP Flury virus. 
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terferon caused by a massive infection of cells 
by the virus, the mechanism underlying this 
phenomenon is not easy to understand. If 
such an autointerference should result from 
a simultaneous infection of adjacent cells, 
then plaque formation by this virus would 
have never occurred, because each infected 
cell releases newly produced virus at  the end 
of the growth cycle which infects many 
neighboring cells almost a t  the same time. An 
explanation of this phenomenon, therefore, 
may be that one PFU of this virus cor- 
responds to many virus particles, and con- 
sequently in an infection of cells at  a moi 
of higher than 0.1 all cells are attacked by 
many non-infectious virus particles resulting 
in a von Magnus phenomenon( 1 2 ) .  Al- 
ternatively, an interferon inducer as de- 
tected in the NDV-L(MCN) cell system(l0) 
may be present in the original seed virus sus- 
pension or be produced on infection of the 
cells. What mechanism really operates in 
the autointerference requires further investi- 
gation. 

Summary. When HEP Flury strain of 
rabies virus was inoculated onto chick embryo 
fibroblasts a t  a multiplicity of higher than 
0.1, no plaques were formed and almost all 
cells remained stainable with neutral red. 
Monolayers pretreated with such a con- 
centration of HEP Flury virus showed inter- 
ference with plaque formation by vaccinia and 

WEE viruses. This was not due to presence of 
interferon in the seed virus suspension, nor to 
the presence of tissue components in the in- 
oculum. In bottle cultures of chick embryo 
cells, virus growth after infection at  higher 
multiplicities was accompanied by production 
of a considerable amount of interferon, and 
the highest virus yield was obtained when the 
multiplicity of infection was about 0.01. 
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Liver Metabolism and Toxicity of Thiophosphate Insecticides in 
Mammalian, Avian and Piscine Species.* (31497) 
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Organic phosphorothionate or phosphorodi- secticides in vivo ( 1 , 2 ) .  The relative sus- 
thioate insecticides are toxic to animals by ceptibility of various species to poisoning 
virtue of their capacity to inhibit acetyl- by these insecticides might, therefore, be de- 
cholinesterase. The actual inhibitors of cho- termined in whole or in part by the rates at 
linesterase are the oxygen analogues which which the oxygen analogues accumulate in the 
are metabolically formed from the parent in- different organisms. This accumulation will 

*This investigation was supported by Research be dependent not Only upon the rates Of for- 
Grants 1 R01-ES-00084 and 5 Pol-ES-00002 from 
Bureau of State Services (Environmental Health) 
USPHS. 

mation of the oxygen analogues but also upon 
the rates at  which the parent insecticides or 
their oxygen analogues are destroyed by tissue 


