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incorporated into the overlay. Furthermore, if
Agarose was substituted for Ionagar, large
plaques also could be obtained. Other workers
(4-9) have shown that DEAE dextran is
essential for plaque production with certain
rhinoviruses when ordinary agar is used in the
overlay. Thus, present knowledge indicates
that the conditions required for rhinovirus
plaque formation include a sensitive cell
system such as the HeLa cells used in this
study, and an inhibitor free overlay medium.
Additives, such as MgCl,, DEAE dextran, or
protamine sulfate can be used to facilitate
plaque formation.

Summary. A reliable plaque assay is de-
scribed for 60 rhinovirus strains representing
55 distinct serotypes and one subtype. Using
Hela cell bottle cultures, plaques were pro-
duced under starch gel and Ionagar overlay
media. Employing the methodology described
in this report, certain basic aspects of rhinovi-
rus plaque formation were investigated.
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Unusually Large-Plaque Mutant of Sindbis Virus (32942)
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In the course of a study on the plaque
formation of various viruses at elevated tem-
peratures, we noticed that Sindbis virus
plaques formed at 40°C in primary chick
embryo fibroblasts (CEF) revealed a pleo-
morphism, small plaques of various sizes
mixing with the parent-type plaques. Then, it
was attempted to separate the small-plaque
clones by plaque purification. Thereby, a few
of the small-plaque clones yielded progenies
producing unusually large plaques. Analyses
of some properties of this mutant have been
done in comparison with the parent type and
small-plaque type clones.

Materials and Methods. Virus. Egypt Ar339

1 Present address: Department of Virology, the
Institute of Medical Science, the University of
Tokyo, Minato-ku, Tokyo, Japan.

strain of Sindbis virus was supplied by Dr. T.
Okuno, the National Institute of Health,
Tokyo, as a lyophilized suspension of infected
baby mouse brains. It was passaged through
CEF bottle cultures 61 times before starting
the present experiments. The diluent for virus
was 0.1% yolk—saline (1).

Plaque technique. The technique of plaque
titration was essentially the same as described
in a previous report (1). The CEF monolayer
sheets formed were washed once with phos-
phate buffered saline (PBS) (2) and inocu-
lated with serial decimal dilutions of Sindbis
virus in the amount of 0.05 ml per dish. After
an incubation at 37°C for 1 hour, the dishes
were overlaid with an agar medium which
contained 2% calf serum and 0.0025 M Tris
buffer of pH 7.2. The dishes were then
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incubated either at 37°C or at 40°C, and 3
days later a second overlay with neutral red
agar was made. After a further incubation at
20°C for 1 day plaques were counted.

CEF bottle culture. This was also essential-
ly the same as described earlier (1), except
that bottles measuring 4 X 7 X 2.5 cm were
sown each with 5§ ml of growth medium
containing 5 X 10% cells. After 1 day’s
incubation at 37°C, the cell sheet was washed
with PBS and received 0.5 ml of virus. After
adsorption at 37°C for 1 hour, the inoculum
was washed off with PBS, and 5 ml of
maintenance medium was added which con-
tained 2% calf serum and 0.0025 M Tris
buffer of pH 7.2. Subsequent incubation was
made at 37°C. In growth curve experiments,
residual unadsorbed virus was removed by
antiserum which was subsequently washed off
with PBS before the addition of maintenance
medium. For routine passage of virus, the
inoculum was an appropriate dilution of the
previous passage fluid which contained more
than 1000 pfu (plaque forming units) of
virus. Calculation of MOI (multiplicity of
infection) was done as stated previously (1).
At each passage, fluids were harvested after
1-2 days’ incubation when the cytopathic
effect was distinct, and stored at -20°C.
Little degradation of virus occurred at this
temperature within a month.

Plaque purification. Limiting dilutions of a
seed virus were inoculated to a number of
CEF dishes, and dishes forming one plaque
were selected. Each plaque was rinsed with 2
ml of diluent, and the rinse was put in CEF
bottle cultures. Subsequent steps were the
same as just described.

Results. Separation of small-plaque (sp)
and unusually large-plaque (u) mutants from
the parent large-plaque (lp) virus. The CEF
monolayers inoculated with Sindbis virus
were overlaid and incubated at 37°C and
40°C. Plaques formed at 37°C were mostly
uniform in size (av diameter approximately
4 mm) while those formed at 40°C showed
varying sizes from 1 to 3 mm. It was ar-
bitrarily decided to call plaques larger than
2 mm as lp and smaller ones as sp. In 4
experiments, a total of 51 sp plaques were
subjected to cloning. Of these, 24 produced

progenies which formed small plaques at 40°
C, while 24 others were of the parent Ip type.
The remaining three clones demonstrated an
unexpected result that after one passage in
CEF bottle culture a majority of the progeny
virus formed plaques as large at 6-10 mm
even at 40°C. This unusually large-plaque
(u) mutant as well as the parent lp and sp
viruses were clone-purified.

In the case of u mutant, a small portion of
virus population was occupied by sp type
virus even after repeated clonings. In con-
trast, purification of the lp and sp clones was
successful after one or two clonings. After 3
consecutive clonings, they were subjected to
passages in CEF bottle cultures in the routine
passage manner. Plaques formed by these
viruses at 37°C and 40°C are illustrated in
Fig. 1. Identification of these viruses was
done by a neutralization test with an an-
tiserum which was produced by immunizing a
rabbit with baby mouse brains infected with
the Ip clone. All the three viruses were
neutralized to a similar extent.

Mutual exclusion between the three clone
viruses. After serial passages of the above
clones, only the Ip virus could be maintained
well, showing maximum fluid virus titers of
about 10® pfu/ml at each passage. The sp
virus showed much lower yields, which be-
came gradually lower after repeated passages.
An interesting fact was that the u mutant was
replaced completely by lp type virus when
examined after several passages. When pas-
sage was repeated from the stock fluid of the
earlier passage using the technique of plaque
purification at each passage, the u mutant
could now be maintained. An explanation to
account for this phenomenon was that an
incidental appearance of the Ip type virus by
back mutation might result in exclusion of the
u mutant. To test this possibility, experiments
were performed in which CEF bottle cultures
were infected with various combinations of
the clone viruses and subjected to serial
passages. As indicated in Table I, when given
together with the u mutant the lp virus
tended to exclude it. To the contrary, when a
large amount of the sp virus was given to cells
with a small amount of the u mutant, the sp
virus was replaced by the u virus after a few
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F1c. 1. Plaque formation by the Ip, sp, and u clones of Sindbis virus in CEF monolayer dishes at
37 and 40°C. (The dishes were 60 mm in diameter.)

passages. These relations are expressed as

Ip > u > sp,

where the left-hand virus can exclude the

right-hand one.

The reason why the Ip virus excluded the
rapidly growing u mutant was then studied.
The possibility that the per cell yield of the u

mutant may have been lower was denied by
the fact that growth curves of those viruses in
CEF bottle cultures following infection at
comparable MOI (ca. 5) testified a quicker
rise and a higher peak of the u mutant.
Sensitivities to interferon of the three
clones. The exclusion of the u mutant by the
Ip virus was then thought ascribable to differ-
ence in the sensitivity to interferon, and the

TABLE I. Analysis of Progenies after Mixed Infections of CEF with Two Different Types of
Virus and Serial Passages Therefrom.

Virus in starting inoculum

Distribution of plaque types (%)

(pfu/bottle) first pass. third pass.
Expt. Ip sp u Ip sp u Ip sp u
1 1.5 X 107 0 6.0 X 107 92 3 5 — — —
0 1.5 X 10* 6.0 X 107 0 1 99 — — —
2 2.3 X 10° 0 7.0 X 10! 98 0 2 100 0 0
0 2.8 X 10° 7.0 X 10? 0 97 3 0 0 100

¢ Not done.
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TABLE IL. Recduction of Plaque Sizes of the Three Clone Viruses under Overlay Containing

Interferon.
37°C 4090
Interferon Interferon
(mm) Control (mm) Ratio (mm) Control (mm) Ratio
Virus (a) (b) (a:b) (a) (b) (a:b)
Ip 0.7¢ 3.7 0.2 0.7 2.2 0.3
sp 0 4.1 0 0 1.4 0
u 0.8 8.1 0.1 0 7.3 0

¢ Average of ten plaques randomly sclected from 3 parallel dishes.

following experiment was carried out. An
interferon preparation, produced from CEF
bottle cultures infected with the parent Sind-
bis virus by means of dialysis against pH 2
buffer followed by dialysis against PBS, was
diluted 1:4 with maintenance medium and
given to CEF dishes. Control dishes received
plain maintenance medium. After 24-hours’
incubation at 37°C, the dishes were used for
plaque titration of the three clone viruses. In
the interferon-treated dishes, the plaque num-
bers of the lp and u mutant viruses were
reduced to 8 and 2% of respective controls,
while no visible plaques were formed in the
interferon-treated dishes in the case of the sp
virus. A clear difference between the Ip and u
viruses was observed in the plaque size rather
than in the plaque number. For further
confirmation of this point, the three viruses
were inoculated to untreated CEF dishes and
an overlay medium was added which con-
tained the above interferon at 1:8. Control
dishes were given interferon-free overlay
medium. As can be seen in Table II, the sp
and u viruses were proved to be more sensi-
tive to interferon than the lIp virus. The
difference was especially marked when the
dishes were incubated at 40°C

Discussion. The parent Sindbis virus
maintained by our standard passage con-
tained the sp and u mutants in addition to the
parent lp type virus. The sp virus herein
defined may be different from the conditional
lethal mutants which cannot grow at 42°C
(3). The u mutant has not been found before.
The reason for this may be that, although the
u mutant appears at a certain rate during the
standard passage of the parent virus, it is

excluded by the parent type virus due to its
higher sensitivity to interferon. Here remains
a question of why the sp virus, which is also
sensitive to interferon, occupied a consider-
able portion of virus population of the stan-
dard passage seed. There may be the possibil-
ity that mutation from the parent type to the
sp type occurs frequently. In fact, the Ip
clone, when examined at the sixteenth serial
passage, included sp type progenies at 9.4%.

It is of interest that the u mutants were all
isolated from sp plaques. Attempts thus far
made failed to obtain a u type mutant from
any of 32 Ip plaques tested. Then, we consid-
ered that the first-step mutation is rep-
resented by the sp virus, which is more
interferon-sensitive than the parent virus, and
the u mutant is a daughter variant which does
not stimulate interferon production in infect-
ed cells to such an extent as the parent Ip or
sp virus. However, when interferon produc-
tion in CEF bottle cultures infected with
these viruses was examined in the manner
described earlier (1), the results obtained
were quite irregular, failing to substantiate
the above explanation. This was so even when
the influences of subtle changes of cultural
conditions upon interferon production (4-6)
were taken into consideration. It may also be
possible that some helper virus is responsible
for the u type plaques, since such an effect of
mumps virus is known (7). The true mecha-
nism underlying the present phenomenon is
being studied.

Summary. When Sindbis virus plaques
were formed in chick embryo fibroblasts
(CEF) at 40°C, plaques varying in size were
observed. Plaques measuring less than 2 mm
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(sp) were subjected to cloning. Qut of 51 sp
plaques so examined, three yielded predomi-
nantly, on passage through CEF, unusually
large-plaque (u) mutants. This mutant as
well as the parent large-plaque (lp) and sp
viruses were purified by consecutive clonings.
Mixed infection of CEF with the sp and u
viruses tended to exclude the sp virus. Con-
trarily, mixed infection with the Ip virus and
the u mutant tended to exclude the latter.
Thus for maintenance of the u mutant, fre-
quent clonings had to be done, because
otherwise an incidental appearance of the
parent type virus by back mutation seemed to
result in exlusion of the u mutant virus. The
u mutant as well as the sp virus was more
sensitive to interferon than the Ip virus. The
reason why the interferon-sensitive u mutant

can grow more rapidly and yield a higher
amount of virus than the parent lp virus
remains to be elucidated.
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The Effect of Dimethyl Sulfoxide (DMSO) on Cellular Systems (32943)

CHUNG-YI CHANG!? AND EDWARD StMoN (Introduced by H. Koffler)
Department of Biological Sciences, Purdue University, Lafayette, Indiana

Dimethyl sulfoxide (DMSO), a dipolar
aprotic solvent with a high dielectric con-
stant, differs from protic solvents such as
water and alcohols because of its tendency to
accept rather than donate protons. It has
been used as a chemical solvent and a
biological preservative (1,2), and also pro-
vides protection from radiation damage (3).
It enhances the percutaneous penetration of
several steroids (4), and the permeability of
the frog skin to mannitol, urea, sodium,
potassium, and chloride (5,6). However, it is
possible that the effects are mainly caused by
changes in osmotic activity of the bathing
solution (5,6).

In this report the effects of DMSO at the
cellular level are investigated. We found that
DMSO inhibited the growth of L-cells, HeLa
cells, Escherichia coli, Mengo virus, and
bacteriophage T4. We could find no evidence

1 Supported in part by a grant from the National
Institute of Health.

2 Part of this work is taken from a thesis sub-
mitted in partial fulfilment of the requirements for
the Master of Science degree.

that DMSO altered the permeability charac-
teristics of any of these systems.

Materials and Methods. DMSO: spectro-
quality reagent from Matheson, Coleman and
Bell was used. Maximum evaporative residue
was 5 ppm.

Mammalian cells and tissue culture. HeLa
strain Sy and L-cell strain 929 were grown in
a modified Eagle’s medium custom-made by
General Biochemicals with 20% horse serum
(for HeLa) and 10% new born calf (for
L-cells). The cells were maintained as mono-
layers on 60 X 15-mm plastic petri dishes
(Falcon) and incubated at 37°C in a 5%
CO. atmosphere.

Bacteria. Escherichia coli strain FW3A,
Smr T— L— B~ M~ lac— (y—) was ob-
tained from Dr. F. Neidhardt. E. coli strain
P4X6, M~ L— lact and strain PA106, M~
lac— were obtained from Dr. P. Margolin.

Virus. Mengo virus was obtained from Dr.
R. Franklin, and passaged in L-cell monolay-
ers in growth medium. The Beaudette strain
of NDV was maintained by passage through
embryonated eggs. The 7II mutants 7147 and



