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protein are increased after 6-TG administra-
tion.

In guinea pigs, some investigators have re-
ported failure to suppress antibody produc-
tion during administration of 6-mercaptopur-
ine(13), although suppression of production
of allergic encephalomyelitis and of delayed
hypersensitivity was observed by others(14).
In the present work, administration of 6-MP
(50 mg/kg body weight; 50% mortality)
produced neither loss in body weight nor de-
crease in serum gamma globulins, whereas ad-
ministration of 6-TG (5 mg/kg body weight;
100% mortality) produced decreases in
guinea pig gamma globulin concentration. It
will be of interest to determine whether a
difference is found in the effect of 6-MP and
6-TG on guinea pig gamma globulin concen-
tration as well as on antibody production
when 6-MP and 6-TG are administered at
dosages which produce comparable mortality.

Summary. Administration of 6-mercapto-
purine and 6-thioguanine decreased serum
gamma globulin concentrations in rabbits and
produced an increase in concentration of a
B2 protein as measured by agar and paper
electrophoresis. Immunoelectrophoretic stud-
ies confirmed the increase in the B, globulin
and allowed detection of a ‘“vy,” precipitin
line which was masked by the gamma globu-
lin precipitin line prior to treatment.
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Quantitative Studies of Japanese B Encephalitis Virus in Hamster Kidney
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The development of a plaque assay by Dul-
becco and Vogt(1) led to quantitative studies
with animal viruses equivalent in precision to
those made with bacterial viruses. Plaque
titration of infectious particles has proven to
be virtually essential for quantitative studies
in present day virology. Certain of the arth-
ropod-borne viruses (arboviruses), notably
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among the B group have .not been readily
amenable to this technic. Hamster kidney
cell cultures (HKC), among the most suscep-
tible for certain of these have proved particu-
larly difficult for the plaque technic(2,3).
This report describes the details of a
plaque assay for precise quantitation of Jap-
anese B encephalitis (JBE) virus. Control
of environmental variables, and precision at-
tained are given. Comparative sensitivity of
plaque production in cultures of HKC and
chick embryo cell cultures (CEC) has been
studied. Titers obtained in plaque forming
units (PFU), in TCDj;o by the cytopathic

endpoint, and in intracerebral titration
(LDj5o) in mice, are compared.
Materials and methods. Virus. The Na-

kayama strain of JBE virus was used in its
46th passage in mouse and 28th passage in
HKC cultures. The stock virus was prepared
in HKC in lactalbumin hydrolysate medium
(4) with 4% calf serum (maintenance medi-
um) and harvested after 3 days of incubation.
Cultures were frozen with an equal amount
of inactivated (56° 30 min) normal calf se-
rum (INCS) and thawed to disrupt residual
cells and release intracellular virus. Follow-
ing freezing and thawing, cultures were har-
vested, centrifuged at 2000 rpm for 20 min-
utes, pooled and stored frozen in small sealed
ampoules at about -70°C (mechanical
freezer).

Tissue culture. Monolayer cultures of
HKC and CEC were grown in 3 oz. bot-
tles with lactalbumin hydrolysate medium.
Growth medium consisted of 0.5% lactalbu-
min hydrolysate in Hanks’ balanced salt so-
lution (BSS) with 4% calf serum, 1% gluta-
mine, 19 vitamin stock solution (100X con-
centrated for Eagle’s basal medium) and an-
tibiotics(5). Maintenance medium consisted
of the same as the growth medium except
that it contained only 0.5% concentration of
glutamine and vitamin stock solution. Phos-
phate buffered saline (PBS) (1) was used for
washing cultures.

Diluent. Bovine albumin, 0.2% in 0.5%
lactalbumin hydrolysate medium was used as
diluent for titrating virus.

Virus assay. After removing the growth
medium and washing twice with PBS, drained
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monolayers of HKC were inoculated with 0.1
ml of selected dilutions of virus in diluent.
After an appropriate incubation period and
with 2 further washings as described, 6 ml of
the first agar overlay were added. After the
agar solidified the cultures were turned over
and kept at 37°C.

The first agar overlay was made by mixing
equal parts of 3.0% agar in sterile distilled
water and the following: 2% lactalbumin hy-
drolysate in Hanks’ BSS (4X concentrated,
without either phenol red or NaHCO;) 25
ml; INCS 4 ml; NaHCO; (4%) 3 ml; anti-
biotics 1 ml; sterile water 17 ml. After 4
days of incubation a second overlay of 6 ml
was added. The composition of the second
overlay was similar to the first except that it
contained neutral red to give a concentration
of 1:30,000. Plaque counts were made on
the sixth day after seeding the virus.

Experimental results. Effect of time of ad-
sorption at different temperatures. Experi-
ments were designed to test the time neces-
sary for adsorption to take place. Virus was
seeded in 0.1 ml volumes into different sets
of drained bottle cultures and incubated at
30°C, 35°C and 40°C. At the end of 15, 30,
60, 120 and 180 minutes aliquot cultures
were washed and the first overlay then added.
The results after the second overlay (Fig. 1)
show that 50% of the maximum adsorption
obtained occurred in about 30 minutes at the
higher temperatures and approached a maxi-
mum at 2 hrs. The highest efficiency of ad-
sorption occurred at 35°C.

Effect of volume and diluent on virus in-
oculum. The effect of volume of inoculum
and of different diluents on plating efficiency
was examined. Equal aliquots of the same
suspension of virus were diluted to a final
volume of 0.1 ml, 0.5 ml, 2.0 and 6.0 ml],
using diluent, maintenance medium and PBS.
The total of each of these volumes was used
to seed a bottle culture. Two bottles were
used for each volume and each diluent. After
2 hours adsorption, the fluid was removed
and the double overlay applied as described
above. The plating efficiency with each dilu-
ent was highest when the virus was present
in the smallest volume employed (0.1 ml)
and it decreased with increase in the volume
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FIG. 1. Effect of time of adsorption and tem-
perature on number of plaques.

FIG. 2. Effect of varying volume of a constant
amount of virus with different diluents.

PIG. 3. Effect of diluents including Ca** and
Mg++ on adsorption,

inoculated (Fig. 2). The 2 diluents con-
taining serum protein were of about equal
value, while PBS yielded poorer results.

Effect of amino acids and divalent cations.
Experiments were carried out to compare the
rate of viral adsorption using standard dilu-
ent (containing glucose, an enzymatic hy-
drolysate of highly nutritional protein, plus
the salts required for cell growth and 0.2%
bovine albumin as stabilizer) with phosphate
buffered saline, with and without Ca** and
Mg+, -

The results given in Fig. 3 show that ad-
sorption was probably less complete without
Mgt and Ca**. The most complete adsorp-
tion was obtained with the diluent which has
been employed as standard in the JBE virus
plaque assay system.

Plating efficiencies for cultures washed be-
fore and after exposure to virus. The effect
of washing cell layers with PBS at pH 7.0
before and after incubation with virus was
studied. Washings were carried out with 5
ml of PBS. Table I shows that either type
of washing alone or in combination did not
alter the plaque counts.

Possibility of infection of the cell layer by
diffusion of virus through the agar overlay.
Experiments concerned with the possible dif-
fusion of JBE virus through the overlay were
performed. Maintenance medium was re-
moved from several cultures. They were
then layered with either 3.0 or 4.0 ml vol-
umes of non-nutrient agar fluid. After gela-
tion, these cultures, along with others with-
out agar overlay were exposed for 120 min-
utes to 0.1 ml inocula containing approxi-
mately 30 PFU. Agar which would nor-
mally represent the first agar overlay medium
was then added and brought the total volume
of overlay on each infected culture to 7.0 ml
prior to the additional incubation for plaque
development. The ‘“second” agar overlay
was added. by the same method described
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TABLE I. Effect on Plating Efficiency of Wash-
ing Cultures Before and After Exposure to and
Ineubation with Virus.

‘Washing procedure

Before After exposure*  PFU Avg PFU
exposure and incubation per bottle per bottle
None None 43, 36 39.5
” Once 32, 40 36
Once None 45,35 40
” Once 37,27 32
Twice Twice 33,33 33

* Incubation for 2 hr at 37°C.

above. An average of 30 plaques developed
on control plates, while none was found in
cultures which had been protected with agar
barriers prior to inoculation with virus.

TABLE II. Reproducibility of Plaque Assay on
the Same Virus Suspension.*

No.of Avg No. of

Exp Dilution plaques  plaques  Virus titer
No. faetor  perbottle per bottle (PFU/ml)
1 1x105 99,73,80 84 8.4 X 107
2 1X 10° 88,82 85 8.5 X 107
3 13X 10° 77,89 83 8.3 X 107
3 2 X 10 58,40 49 9.8 X 107
3 4 X 10 20,30 25 10.0 X 1077
3 8 X 10 14,12 13 10.4 X 1077
4 10 X 10 8,10 9 9.0 X 1077

* Different ampoules of the same virus stock were
assayed by the plaque technic. Eaeh numbered
experiment was performed on a different day. Each
culture was inoculated with 0.1 ml of virus dilution.

Reproducibility and precision of plaque
assay. Reproducibility of the plaque assay
was determined by repeating the titration on
a separate frozen ampoule of the same virus
stock on different days. Plaque assay by this
method was quite reproducible, particularly
when the inoculum was diluted to contain not
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more than about 50 PFU per bottle (Table
I1).

Sensitivity of the plaque method (PFU)
compared with the cytopathic endpoint tissue
culture infective dose and the intracerebral
titration in weanling mice. Comparative
titrations were made of 2 JBE viruses at
different levels of mouse and HKC adapta-
tion by 3 different methods to determine the
relative sensitivity of each method. The re-
sults are shown in Table III. The titers by
plaque assay were in almost all instances
similar to those of the tube culture method
and varied with the mouse titer as might be
expected on the basis of the passage level in
mice or in HKC,

Comparative sensitivity of JBE virus

plaque production in monolayers of HKC
and CEC. To determine the comparative
susceptibility of JBE virus plaque production
in HKC and CEC, simultaneous titrations
were carried out with the same virus stock
in HKC and CEC. The results of several
experiments (Table IV) show that HKC
were uniformly slightly more sensitive than
CEC, the average ratio being 1:0.6.
" Discussion. The HKC plaque assay for
JBE virus described above is shown to be
precise, reproducible and relatively sensitive.
The sensitivity of the plaque assay is at
least equal to that of CPE in monolayers of
HKC and when using HKC adapted virus is
superior to that of the intracerebral titration
in the weanling mouse, and of plaques in
CEC.

Bachtold et al.(7) in work with foot and
mouth disease virus state, ‘“that more

TABLE III. Sensitivity of Plaque Assay Compared with Tube Culture Titration and
Intracerebral Titration in Miee.

Strain and
passage level Log virus titer/ml Ratio of titer
Mouse-HKC PFU TCD;, LDy, (PFU:TCDg:LDs,)
Nakayama
48-26 7.8 7.7 8.0 1:0.8:1.6
48-27 7.3 7.5 7.6 1:1.6:2.0
48-28 7.9 8.0 7.7 1:1.2:0.6
OCT-541*
0-2 6.8 6.5 7.0 1:0.5:1.5
0-30 7.3 7.3 6.5 1:1.0:0.16
0-55 8.2 8.3 6.7 1:1.2:0.03

* Mosquito isolate(3).
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TABLE IV. Comparative Titers of Japanese B
Encephalitis Virus (Nakayama Strain)* by Plaque
Assay in HRKC and CEC.

No. of Avg

plaques No. of Ratio
Tissue per bottle plaques PFU/ml to HKC
HKC 99,73,80,88,82 8 85X 10" 1.0 °
CEC 52,51,72,40,43 52 5.2 X 107 6

HKC — Hamster kidney cell.
CEC = Chick embryo cells.
* Nakayama strain HKC passage 28.

plaques were formed when adsorption was
carried out at 37° and 43° than at lower
tempergtures suggests that physical adsorp-
tion is not the rate-determining step in virus
invasion. Primary attachment of virus to
cell layer by forces of physical adsorption
theoretically should proceed as well or better
at the lower temperatures. Therefore, ini-
tiation of infection may be more dependent
on chemical or enzymatic reactions with posi-
tive temperature coefficients.” The better
results obtained with JBE virus at 35° and
40° than at 30° might support the same hy-
pothesis.

In experiments on the effect of volume and
composition of virus inoculum on plating ef-
ficiency, the data indicate that higher effi-
ciency of plating resulted when virus was
suspended in small volumes. This result was
most likely due to the increased opportunity
for virus to come in contact with cells before
thermal inactivation occurred. Also data
show that bovine albumin was required for
maximum efficiency. It was found that bo-
vine albumin could be used as stabilizer as
well as serum in arbovirus storage(11) and
in overlay medium(5,12). It was found also
that there was greater recovery of plaque
forming units when bovine albumin was
added to the diluent in adenovirus plaques
in grivet monkey kidney cells(13). The loss
of plaque forming units on dilution in salt
solution may have been due in part to ad-
sorption of virus particles to the glass of the
container. Bovine albumin is an excellent
desorbing agent(14). "

The experiments on plating efficiency (Fig.
3) showed that plaques were produced .in' the
absence of added Ca* and Mg* but that
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these cations were required for maximum vi-
rus adsorption. Puck and co-workers(6) had
shown that Ca** and Mg promote adsorp-
tion of bacteriophage to host cells, but the
effect seems to be equivocal for enteroviruses
(7,8,9) and reovirus(10). No reports have
been observed for the arboviruses.

Table I shows that washing cells, before
or after virus inoculation and adsorption,
alone or in combination, did not alter the
plaque counts. Bachrach et al.(15) obtained
similar results with foot and mouth disease
virus in the primary bovine kidney cell sys-
tem. It was found that cellular monolayers
need not be washed with buffer at pH 7.0
prior to infection even though the pH of the
nutrient fluid on such cultures before infec-
tion is frequently as low as 6.7, an environ-
mental condition which might inactivate
much of the applied virus before its adsorp-
tion to cells(15). The absence of such in-
activation on unwashed monolayers might be
explained on the basis that residual fluid
(i.e., approximately 0.5 ml) remaining after
aspiration of the major portion probably rap-
idly loses carbon dioxide to bring the pH
into the range (7.0 to 7.5) which is more
suitable for virus stability(15).

A recent finding of Kanda Inoue et al.(12)
that particles of mouse adapted JBE virus,
unadsorbed at the time of agar overlay, sub-
sequently diffused through the agar and pro-
duced plaques, but unadsorbed HKC adapted
virus was unable to produce plaques, led to
the diffusion experiments reported here. The
virus used in our experiment was mouse
adapted and subsequently hamster adapted.

That washing of cell layers after exposure
to virus was not required indicates that virus
not adsorbed by the time agar was poured
was subsequently unable to initiate plaques.
This conclusion, confirmed by the agar bar-
rier experiments in which less than 1 par-
ticle in. 30 survived diffusion through the
thickness of a 3 ml agar layer, is opposite to
Youngner’s findings(16) that poliovirus dif-
fuses through agar to infect monkey kidney
monolayers. It is interesting to know why
JBE virus, which is about as small or smaller
in size, does not appear to behave similarly.
The failure to detect diffusion of JBE virus
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through agar may be due to its instability at
37°(2), and to inactivation by agar or aque-
ous agar extracts(17).

Summary. Japanese B encephalitis virus
on hamster kidney cell cultures has been
studied by the plaque method, and the fol-
lowing results obtained. 1. The effect of
some environmental variables on plating ef-
ficiency: a. Maximum adsorption was ob-
tained by 120 minutes incubation at 35°C.
b. Optimal conditions for initiating plaques
were obtained by seeding the virus in a small
volume of lactalbumin medium containing
bovine albumin. c. Cations were required for
maximum virus adsorption but plaques were
produced in the absence of added Ca*+ and
Mg**. d. Washing cultures with phosphate-
buffered saline (pH 7.0) before and after ex-
posure to virus was not required, and it was
shown that plaques developed only from vi-
rus adsorbed on cells before agar was applied.
2. The titers obtained by plaque assay were
in almost" all instances similar to those of
the tube culture method and varied with the
mouse titer as might be expected on the basis
of the passage level in mice or in HKC. 3.
Hamster kidney cells proved slightly more
sensitive for plaque assay than chick embryo
cells, when HKC adapted virus was used.
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Previous studies in this laboratory have
employed desoxyribonucleic acid (DNA) as
a quantitative index of mammary gland de-
velopment during pregnancy, lactation, and
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involution(1,2,3). It had been considered
that mammary gland growth occurred pri-
marily during the first 24 of pregnancy, fol-
lowed by gradual initiation of lactation dur-
ing the final trimester(4). By estimating
DNA of the mammary glands, it was found
that DNA increased significantly during last
V4 of pregnancy and between day 1 and 3 of
lactation indicating cellular proliferation con-
tinues during early stages of lactogenesis in





