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(21). It is also possible that the effect of
nucleic acid inhibitors is due to inhibition
of interferon production. In the RV-BHK21
cell system, however, this is unlikely, as no in-
terference appears to be induced against vesi-
cular stomatitis and Newcastle disease viruses
(22). The enhancement of RV by ACTD and
FUdR might also be due in part to modera-
tion of the overall cell metabolism in cell
cultures and resultant better maintenance.

Summary. The excellent growth of rubella
virus in BHK21 cells is further enhanced by
a number of substances. DEAE-dextran in-
creased the plaquing efficiency, yield of virus,
and cytopathic effect of the virus, particularly
when present during virus adsorption. The
incorporation of semicarbazide into main-
tenance media improved plaquing efficiency
and cytopathic effect, but not virus yield.
Other substances such as actinomycin and
5 fluoro-2’deoxyuridine, when present in low
dosages in the maintenance media of in-
fected cells, increased virus yield, cytopathic
effect, and plaquing efficiency.
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Complement-fixing (CF) antigens for ru-
bella virus have been reported in a number
of cell systems: Sever et al(1) reported the
development of a cell-associated antigen in
infected RK;3 and African green monkey
kidney cells. Soluble CF antigens were found
by Schmidt and Lennette(2) in concentrated
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supernatants from RK;; cells late in infection,
and by Veronelli et al(3) in concentrated
fluids harvested from LLC-MK, -cultures.
Chronically infected LLC-MK; cells—the
RAL carrier line — produce rubella CF an-
tigen(4). The production of high titered
rubella CF antigens in BHK21 cells has been
reported previously by Schell et af(5). This
paper gives details of production of CF
antigen in BHK21 and the results of analy-
sis of the antigens produced.

Materials and methods. The BHK21 cell
lines, the RA 27/3 rubella virus strain, and
the methods used for cell culture and virus
assay are described in the first paper in this
series(6).

Preparation of cell pack antigens. The cell
monolayer was scraped from the glass with
a rubber spatula and centrifuged at 1000
rpm for 10 minutes in an International PR 2
Centrifuge. The sedimented cells were sus-
pended in the supernatant fluid to give a 10%
cell concentration; this suspension was frozen
and thawed 3 times in dry ice and alcohol, the
final material constituting the antigen.

Preparation of fluid antigens. Supernatant
fluids were clarified by centrifugation at
2000 rpm for 20 minutes. The clarified fluids
were concentrated a hundredfold by dialysis
against polyethylene glycol (Carbowax 20
M) overnight at 4°C.

Purification of virus and sucrose density
gradient centrifugation. These procedures are
described elsewhere(6). The only difference
was that in the present work the gradients
were centrifuged for 9 hours.

Complement-fixation test. CF tests were
done in the microtiter system described by
Sever(7). Antigens and control antigens
were diluted serially in veronal-buffered saline.
Following addition of 0.025 ml of complement
(containing 2 exact units), the plates were
incubated overnight at 4°C, after which the
hemolytic system (0.05 ml of 1% sensitized
sheep red blood cells) was added. After this
mixture was incubated at 37°C for 1 hour, a
reading was made. The sera employed for
CF testing, i.e., rubella convalescent sera and
sera from rubella syndrome infants, had titers
of 1:32.

Virus assay. Plaque assays were per-
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TABLE I. Rubella CF Antigen Development in
BHK?21/13S Suspension Culture.

Hours Cell Supernatant Infectivityt
after in- associated CF antigen (fluid
feetion CF antigen* (cone.100X) phase)
18 No activity <1:2 1054
42 1:2 <1:2 1000
66 1:4 1:8 1088
90 1:4 1:16 10%-°
138 1:16 1:8 10¢°

Input of multiplicity virus/cell — 5/1.

* 109 suspension.

t pfu/ml: titrated in BHK21 WI-2 culture.
formed in BHK21/WI-2 cells as described
previously(6).

Results. Production of CF antigen. The
BHK21/13S cell line infected with rubella
virus in suspension or in monolayer, was
tested for the production of rubella CF anti-
gen. In experiments with monolayer cultures,
the maximum titer of supernatant virus was
generally reached at 5 days after infection.
Cell-associated CF antigen reached a peak at
3 days after infection. CF antigen was also
demonstrated in the supernatant fluids after
a hundredfold concentration. Results obtained
in monolayer culture, however, were not as
satisfactory as those obtained in suspension.

The results of an experiment performed
with suspension cultures are given in Table
I. A CF titer of 1/16 was produced in a
10% cell pack at 5 days. A similar titer was
obtained in concentrated supernatant fluid at
4 days. From the second to the fourth day
the virus yield in the supernatant was al-
most 107 PFU/ml.

13S cells in suspension culture, chronically
infected with rubella virus, produced CF anti-
gen for at least 23 days, at which point the
culture became contaminated (Table II).
Virus yields in the supernatant fluid also were
continuously high.

The nature of CF antigen. Elsewhere(6) we
report the partial purification of rubella virus.
To determine whether CF antigen was as-
sociated with purified virus, partly purified
virus was placed on a sucrose density gradient.
CF activity was found only in the fractions
with the highest infectivity (Table III).

A partial purification was performed to
determine the nature of the CF antigen de-
tectable in the tissue culture supernatant
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TABLE II. Rubella CF Antigen in Chronically
Infeeted BHK21/13S Suspension Culture.

Time after Cell associated
infection antigen* Infectivity (fluid)
9 hr <1:4 10%3
20 <1:4 10%®
33" <1:4 10+#
44 7 <1:4 1092
56 7 1:4 108-¢
727 1:8 1008
95 " 1:16 108
2 days after split 1:8 1085
4 days 1:4 1087
6 ” 1:4 100®
8 ” 1:8 1087
14 7 1:8 1098
23 7 1:4 108°

* 10% suspension.

fluids; CF antigen was tested at each step.
After centrifugation sufficient to precipitate
virus, although part of the antigen was sedi-
mented, part remained in the supernatant
(Fig. 1). Tween-ether treatment performed
according to the method of Norrby(8) did
not enhance the titer of soluble antigen.

Supernatant tissue culture fluid harvested
4 days after infection of BHK21/13S cells
in monolayer was centrifuged on a sucrose
density gradient. The peak of infectivity lay
between densities 1.17 and 1.21 (Fig. 2).
CF activity was found both at this point and
at a lower density (1.06-1.08) where there
was little infective virus.

When the supernatant fluid was harvested
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at 7 days after infection while the cells were
showing pathologic effects and virus in-
fectivity had fallen off, CF activity was
localized in the lower density fractions of
the gradient, with little if any activity re-
lated to the fractions containing whole virus
(Fig. 3).

TABLE III. Rubella CF Antigen in the Fraections
of a Sucrose Density Gradient of Partially Purified

Virus.
CF activity
No. fraction (1:10) Infectivity az
1 — <1058 1.245
2 — <108
3 — <10 1.227
4 — 10°-8
5 + 1078 1.196
6 — 1072
7 — <105 1.159
8 — <10%-¢
9 — 1081 1.121
10 — <1056
11 — <108 1.084
12 — <10%-¢
13 — <108-¢ 1.056
14 — <105¢
15 — <1058 1.033
16 — <105-¢
17 —_ <1058 1.029

It was possible to estimate the amount of
infectious virus particles necessary to produce
one unit of CF activity. The results of testing
4 different preparations of purified virus are
given in Table IV. One unit of CF activity

Tissue Culture Fluid

CF (-)*
Zn Acetate Precipitation
900G 30 minutes

SupeI!natant
CF (-)

1
Precipitate Resuspended
Dialyzed Against

Tris-Hcl
( EDTA Buffer pH 7.3
Centrifuged] (30,900G 3 hours)

r
Supernatant
CF (+) 1:2/p, 025m1

1
Pellet (Resuspended and)
Sonicated

FIG. 1. Rubella CF activity during partial purification of virus.
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corresponded to about 100,000 PFU.

Stewart et al(9) have recently described a
rubella hemagglutinating antigen. We tested
the sucrose density gradient fractions for
hemagglutinating antigen, using one-day-old
chick cells as described by the original
authors. The results (Figs. 2 and 3) show
that HA antigen is associated with the peaks
of virus infectivity.

Discussion. We have demonstrated that
rubella CF antigen is produced in large
amounts in infected BHK21/13S cells and
that such antigen can be harvested repeatedly
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FIG. 2. Sucrose density gradient centrifugation of
supernatant tissue culture fluid obtained from BH
K21/13S cells, 96 hr after infection. The density and
the infectivity are shown in part A; the complement-
fixing and hemagglutinating activity are shown in
part B. The density of each fraction was measured
by refractometer.

FIG. 3. Sucrose density gradient centrifugation of
supernatant tissue culture fluid obtained from
BHK21/13S cells, 7 days after infection. The density
and the infectivity are shown in part A; the
complement-fixing and hemagglutinating activity are
shown in part B. The density of each fraction was
measured by refactometer.
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TABLE IV. Relationship of Rubella Virus In-
fectivity to Content of CF Antigen.

Exp No. pfu/ml  cfu/ml (units) pfu/efu
1 1078 400 5.2
2 107 400 5.0
3 107+ 40 5.8
4 107 160 4.9

from chronically infected cells in suspension.
The CF antigen produced in this system is
of two types: one is associated with the
virus particle and one is soluble. The two
types could be separated on sucrose density
gradients.

Early in the cycle of virus production in
BHK21, when large amounts of infective
virus were produced, the CF antigen obtained
from the tissue culture fluids was largely
sedimentable, and was demonstrated in su-
crose gradient fractions having a density of
1.18-1.21 g/1. Furthermore, partially purified
virus from supernatant fluid gave a CF reac-
tion in direct proportion to infectivity.

In contrast, in cultures no longer producing
much infectious virus, a soluble antigen was
found predominantly in the sucrose fractions
having a density of 1.06-1.08 g/1. Thus the
soluble CF antigen of rubella resembles that
of other myxoviruses with regard to nonin-
fectivity and small particle size.

These results confirm those of Schell and
Wong(5), who showed the late appearance of
soluble antigen in rubella-infected BHK21
cultures, and Schmidt, Lennette and others
(2,10), who separated the two antigens on
Sephadex G-200 gel.

In addition we have shown that the recently
discovered hemagglutinating antigen also was
associated with the whole virus particle.

Summary. The production of rubella CF
antigen was studied in a cloned line of
BHK21 cells cultured in monolayer or in
suspension. Two antigens were demonstrated:
one present in purified virus preparation and
associated with the virus particle, and the
second soluble and tending to appear late in
the course of infection of BHK21 tissue cul-
ture.
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Moudgal and Li(1) reported that rabbit
antiserum prepared against ovine luteinizing
hormone (LH) neutralized endogenous and
exogeneous LH in the rat. This antiserum
also neutralized LH preparations of pig,
whale, and human pituitaries or pregnant
mare’s serum (PMS), but had no influence on
chicken LH or human chorionic gonadotropin
(HCG) when tested by ventral prostate
weight in hypophysectomized rats. Bourdal
(2) presented evidence that rabbit antiserum
to ovine LH suppressed increases in ovarian
and uterine weights of immature intact fe-
male rats, and subsequently, Bourdal and
Li(3) blocked vaginal cycles in adult rats.
Rennels(4) has reported that antibodies
against LH prevented ovarian ascorbic acid
depletion in immature pseudopregnant rats
when injected ip 30 minutes prior to iv LH
or when the antiserum and LH were incubated
together in wvitro prior to injection. He ob-
served that sc injections of antiserum were
ineffective, and hypothesized that the in-
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Kansas Agr. Exp. Station, Manhattan, Kan.

t Present address: Dept. of Microbiology and
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effectiveness was due to the rate of absorption
of the antibody.

The present study was conducted to deter-
mine the influence of an iv injection of rabbit
ovine-LH-antiserum on ovarian ascorbic acid
depletion (OAAD) by LH in immature
pseudopregnant rats. It was of interest, also,
to determine if the ability of the antiserum
to inactivate standard amounts of LH in vivoe
would correspond with estimates of the anti-
body predicted by a precipitin test.

Materials and methods. Adult male rabbits
were immunized against ovine LH-S8 by 4
weekly 1.5 mg sc injections of LH dissolved
in 1.5 cc of saline homogenized in an equal
volume of Freund’s complete adjuvant
(Difco, Detroit, Mich). Two 2 mg booster in-
jections of LH were given at 2-week intervals
subsequent to the fourth 1.5 mg injection,
After an additional time lapse of 12 weeks, a
third 2 mg booster injection was administered
followed by a final 2 mg injection 2 weeks
later. Four days following the third and
fourth booster injections 25-50 cc of blood
was withdrawn (ear vein) from each rabbit.
Adjuvant serum to Freund’s complete ad-
juvant was prepared in the same manner in
2 male rabbits. Control serum was obtained
from normal male rabbits. The sera within
each treatment were pooled, and the globulins
were concentrated to one-third of the original





