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Infectivity of RD-114 virus (RDV), an
endogenous cat type-C virus (1-3), for
human cells was first demonstrated when
cell cultures exposed to the virus were
shown by electron microscopy to contain
type-C virus particles, gave positive inter-
species group specific antigen reaction in
immunodiffusion tests, and released RNA-
dependent DNA polymerase activity into the
culture fluids (4). Thereafter, Oroszlan
et al. (5) purified the major internal pro-
tein, gs-1, of RDV and used it to prepare
antibody in guinea pigs. As for infectivity
assays of nontransforming type-C RNA
viruses of chickens, mice, hamsters, and
cats (6-8), such antibody could be used to
detect induction of RDV specific gs-1 anti-
gen in infected cells. In addition, Kelloff,
Hatanaka and Gilden (9) reported an assay
of type-C virus infectivity by measurement
of RNA-dependent DNA polymerase activ-
ity. This paper describes the assay of RDV
infectivity by measurements of gs-1 antigen
and of polymerase activity induced in inocu-
lated cultures. It compares these assays with
those based upon the capacity of RDV to
cause a syncytial cytopathic effect upon
human KB or KC cells (10, 11).

Materials and Methods. The RDV used in
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these experiments was the tissue culture fluid
from the 23rd to the 55th in vitro tissue cul-
ture passage of the cell line XC-114B (12)
harvested 24 hr after the fluid change and
clarified by filtration through a Millipore
(0.45 um) filter. Cell-free extracts of RDV
were also prepared from pelleted XC-114B
cells by the Moloney procedure (13).

The human rhabdomyosarcoma cell line,
RD (14), used for the infectivity assays (in
33rd to 76th passage level), was propagated
in Eagles minimum essential medium
(EMEM) supplemented with 10% heated
bovine serum, penicillin (100 units/ml),
streptomycin (100 pg/ml), and glutamine
(2 mM), and was passed by trypsin dis-
persion once a week.

RD cells, trypsinized and resuspended in
growth medium, were plated in 25 or 75
cm® Falcon plastic flasks, 3.5 X 10° or
1.5 X 10° cells/flask, respectively. Twenty-
four hours after plating, the fluid was re-
moved and 0.4 ml (per 25 cm? flask) or 1.2
ml (per 75 cm?® flask) of virus inoculum
was added. After 1 hr incubation at 37°, 4
or 15 ml of complete growth medium was
added. Thereafter, the fluid was changed
every 2 or 3 days. The infected cultures
were subcultured to two new flasks approxi-
mately every 10 days.

Fluids were harvested for polymerase
assay at 24 hr, clarified (17,000g, 10 min),
pelleted (81,000g, 90 min), and resus-
pended in 0.04% NP-40, 20 mM dithio-
threitol. Reaction mixtures (50 pl total)
contained 25 ul of resuspended sample, 2

366

Printed in U.S.A.



367

MEASUREMENTS OF RD-114 VIRUS INFECTIVITY

Juop J0u = —,

‘uonrexy juawedwod .3 03 ¢ Surard uonnyip 159y8ry Jo [ed01dway ,

‘Yoe2 woIj

parenqns (a1ejdw ou) wdp [onuo) ‘wnipsw axnjnd reuiSuo jw 1ad wdp srqendward yv) 1, "9reidw) se i1 Ajod: 1p 0810 "dINI.-H: Jo uoneiodioouy,
‘urazoxd s§ payrind snoojonyosd 03 Apoqnue Sid eoumsd Sursn 19113 vaSnue s8 A 4
SPOYIaN 29§ "A11An30R oserdwi[od YN IUpuadop YN »

>

>

0 €01 > 0 — — — — > 0 S[12 a4
> 8¢3 > 891 > I — — — — — — urw g
099 P1E3Y 1-01
1> 0 1> 0 — — — — — — — — 01
> 0 > 0 > 3 — — — — — — 0-01
3 8066 > 8¥GE > 0 1> 0 - — — — +-01
¥ PILGLT 3 668°F1 > 0 1> 0 — — — — 01
¥ 795 1% ¥ 339°G¥ > o 1> 0 > 0 — o ¢-01
4 0L9°63 ¥ $50F b > 1603 1> LL > 79 > 9 =01
3 131°981 ¥ 136°LG 1 $£8°81 > 1681 > 13 > S 01
— — — — > L8G°81 > 3L88 > 6LS¥ s 1> 20 01
8v-s3 Jad 8v-s3 dad 3y-s8 dad 3y-s8 daa  8v-s8 dayd Sv-s8 Ldad AQY
¥ L1 8 ¢ 1 sheq

‘uononpuy wadnuy oywads dnoxg 4q pue Liandy ssepwiiod VNA £q (2 "oN 100d4) AQY Jo Aessy ‘I ATAV.L



368

mM MnCl,, 50 mM KCl, 40 mM Tris (pH
8.1), 2.5 uCi TTP-Me-*H (18 Ci/mmole),
and either 0.025 OD,q, oligo dT-poly rA
or water (blank). After 60 min at 37°, ali-
quots were adsorbed to 24 mm Whatman
No. 1 filters prewetted with 10 1 ATP (10
mM) and precipitated in cold 5% TCA,
2% sodium pyrophosphate (10 ml/filter).
The filters were washed successively in cold
5% TCA-1% sodium pyrophosphate, 5%
TCA (2X), 95% ethanol (2X), and ether,
dried and counted in a Nuclear Chicago
Mark II scintillation counter.

Cell pack antigens to be tested for in-
duction of RDV gs antigen were prepared
by scraping the cells from the surface of the
flasks with a rubber policeman, centrifuging
them at 1000 rpm for 10 min, resuspending
to give a 50% (v/v) cell pack, and soni-
cating for 2 sec at 4 setting on a Branson
sonicator.

Results. The time course of development
of DNA polymerase activity and gs antigen
in infected cultures is summarized in Table
I, which presents a representative example
of 11 such assays, carried out 7 to 35 days
after infection of RD cells. No polymerase
activity or gs antigen were detected 24 hr
after infection; 3 and 5 days after infection,
polymerase activity, but no gs antigen, was
detected; 8, 17, and 24 days after infection,
both polymerase activity and gs antigen
were detected in increasing levels in the in-

TABLE 1I. Virus Necutralization of RDV.

RDP? RDV®
RDV incubated with® gs-Ag
EMEM with 109, fetal
bovine serum 21054 4¢
Normal rabbit serum 1:10 868 4
Rabbit RDV antiserum 1:10 0 <1
1:20 0 <1
1:40 69 <l
1:80 917 2
1:160 570 2

@ Tissue culture fluid pool diluted 1:10 from RDV
culture was incubated with equal amounts of re-
spective dilutions of antiserum, control serum, or
medium for 1 hr at room temperature before in-
oculation.

b-¢See Table I. Assays carried out 7 days after
infection of RD cells.
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TABLE III. Inactivation of RDV-Induced DNA
Polymerase Activity and gs Antigen by Heat and

Chloroform.

Inoculum RDP*  RDV gs-Ag?
None—RD cells 0° <1t
RDV 10~ 10,772 4
RDV 10" heated 56° 30 min 13 <1
RDV 10 chloroform treated 142 <1

-4 See Table I. Assays carried out 7 days after in-
fection of RD cells.

fected cultures. The highest infectivity titer
(107 infectious doses/0.4 ml) of RDV (pool
No. 2) was obtained 28 and 35 days after
infection of RD cells (data not shown).
Electron microscopy of pellets of the in-
fected cells revealed no type-C virus particles
1 day after infection but they were present
3 days after infection.

With these techniques it was demonstrated
that the capacity of RDV to induce polym-
erase activity and gs antigen was neutralized
by specific rabbit antiserum (Table II)
(R. M. McAllister and M. O. Nicolson, un-
published data) and was inactivated by heat-
ing at 56° for 30 min and by treatment with
chloroform (Table III). No polymerase ac-
tivity or gs antigen appeared in RD cells
inoculated with supernatant fluids from RD
cells, KB or Hela cells, or cells derived
from another rhabdomyosarcoma (Cope
cells), or three osteosarcomas (MT, Mar,
Kief cells). It was possible to pass the RDV
released (polymerase activity and gs antigen
inducing capacity) from the infected RD cell
cultures by cell-free extracts of cell suspen-
sions and by filtered culture fluids.

The heat and chloroform sensitivity, as
well as the neutralization by specific anti-
serum prepared by immunization of the rab-
bits with RDV purified on sucrose density
gradients (fractions with specific densities
1.16 g/ml), indicate that the polymerase
and gs antigen inducing agent has the same
physicochemical and immunological char-
acteristics as RDV (4, 10).

Table IV compares the RDP and gs anti-
gen induction assay methods with two other
published methods (10, 11). Approximately
the same infectivity titer is obtained by all
four methods when the assays are carried
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TABLE 1V. Comparison of RDV Assay Systems.

RDV culture fluids RDV cell-
Assay system Pool 1 Pool 2 free extract
RDV-gs-Ag induction® 10-te 102 10
RDP? 10-* 10 10-3
Syncytium induction in KB cells? 107 ND 10-2
Syncytium induction in KC cells® 10 10— 10-2
Electron microscopy (type-C
particles/ml) ND 10° <10#

2t See Table 1.

° Highest virus dilution causing induction of RDV gs antigen and RDP 7 days after infection of

RD cells. See text for details.

% See Ref. (10); syncytia counted 8 days after infection of KB cells.
¢ See Ref. (11); syncytia counted 9 days after infection of RD cells, 2 days after overlay with KG

cells,

out 7-9 days after infection of RD or KB
cells according to the latter two methods.
The KB and KC cell assay systems are
simpler than the other two systems; how-
ever, the combined use of the RDP and gs
antigen induction assays carried out 21-28
days after infection of RD cells give a more
accurate estimate of the infectivity titer (107
infectious doses/0.4 ml for pool No. 2) than
do the other assay systems. Of interest, the
physical virus particle to infectious dose ratio
for RDV in pool 2 was about 102,

Discussion. Although evidence of RDV
infection of RD cells is present 3 days after
infection by detection of DNA polymerase
activity and observable type-C virus in the
infected cells, approximately 3—4 wks and
one or two subcultures of the infected cells
are required to determine the infectivity of
higher dilutions of virus. A similarly slow
progressive infection of human lymphoblas-
toid cell cultures has been observed (15);
the explanation for these observations is
unknown.

In contrast to our findings, Riggs et al.
(unpublished data) could detect newly
formed RDV gs-1 antigen by an indirect
immunofluorescent technique in a line of
dog cells 24 hr after infection. This result
suggests that this technique was more sen-
sitive for the detection of gs-1 antigen than
the CF test used by us; however, studies of
RDV-infected RD cells using it were not
carried out.

During the course of these studies, many

human cell strains and lines other than RD
cells, as well as nonhuman cell strains, were
surveyed for their susceptibility of RDV
using the RDP and gs antigen induction as-
says 21 days after infection. None, including
epithelial cell lines (HeLA, KB, J-111),
sarcoma cell strains (Cope, MT), human,
or beagle embryo fibroblasts, was as sus-
ceptible as RD cells. These data will be re-
ported separately. These observations, as
well as the observed capacity of RD cells
to rescue the Crandall virus (feline endo-
genous type-C virus) (1-3) and the AT-124
virus (NIH Swiss mouse endogenous type-C
virus) (16), suggest that RD cells are not-
ably permissive for two endogenous type-C
viruses. The explanation for this permissive-
ness may be of interest and is being sought.

Summary. The infectivity of RDV, a non-
transforming type-C virus, can be assayed
by induction of virus-specific gs antigen and
of DNA polymerase activity in infected cell
cultures. RD cells are more susceptible to
RDV infection than other human cell lines
or strains tested. Although RDV infection
of the cells can be detected 3 days after ex-
posure of RD cells to large doses of virus,
3—4 wk are required to obtain demonstrable
infection of cell cultures infected with small
doses of virus. Simpler assays based upon
the capacity of RDV to induce syncytia in
KB or KC cells 7 to 9 days after infection
expectedly yield lower infectivity titers than
those obtained by RDP or gs antigen induc-
tion assays in RD cells 21-28 days after
infection.
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