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The purpose of this study was to compare 
the sensitivity of three different assay tech- 
niques for murine leukemia viruses: the 
mouse antibody production test ( 1 ), and two 
in vitro assays: (a) based on the appearance 
of a new surface antigen on JLS-V9 cells after 
infection ( 2 )  ; and (b)  the plaque assay on 
D56 cells, recently worked out by Bassin, 
Tuttle, and Fischinger ( 3 ) .  Th' is was mo- 
tivated partly by the fact that in experiments 
concerning the relationship of virus produc- 
tion and the presence of viral specific cell 
surface antigen, we assayed infectious virus 
by the capacity of culture media to induce 
the specific antigen in the JLS-V9 cells. In  a 
number of hybrids obtained after fusion of 
lymphoma cells with various partners, the 
two properties were not concordant. We have 
encountered lines which carried the cell sur- 
face antigen but did not release infectious vi- 
rus (4).  I t  seemed to be necessary, therefore, 
to ascertain whether the sensitivity of virus 
detection can be improved. 

Materials and Methods. The virus source 
was a 50% homogenate prepared from the 
Moloney leukemia virus-induced lymphoma 
YAC (5).  The YAC lymphoma was carried 
in syngeneic A/Sn mice in the ascitic form 
by weekly ip inoculations of lo6 cells. Ascitic 
fluid was collected from 47 (A )( C3H) F1 
hybrid female mice a t  day 8, postinoculation. 
The cells were washed twice with Hanks' 
balanced salt solution (BSS) and adjusted to 
give a 50% cell suspension. This mixture was 
then homogenized for 3 min with an Omni- 
Mixer a t  16,000 rpm. The homogenate was 
cleared by centrifugation at 5OOOg for 20 
min. The resulting supernatant fluid was fur- 

1 This study was conducted during the tenure of a 
Researah Trainee Fellowship awarded by the 
International Agency for the Research of Cancer. 

ther centrifuged at  10,OOOg for 60 min. All 
procedures were carried out a t  4'. After the 
second centrifugation, aliquots of the supw- 
natant were frozen in liquid nitrogen. Sam- 
ples were diluted 1 : 10 and filtered through a 
Millipore filter (pore size 0.45 pm) before 

Virus quantitation by the mouse antibody 
production test is based on the inverse rela- 
tionship between the inoculated virus dose 
and the latency period of antibody appear- 
ance (1 ) .  In  each experiment, the cytotoxic 
effect of sera from groups of 2 (A x C57 
leaden) F1 hybrid female mice were pooled 
and tested against YAC target cells (1). 

The virus assay, based on the appearance 
of specific antigen on JLS-V9 cells detected 
by immunofluorescence, was performed as re- 
ported ( 2 ) ,  except for a slight modification of 
the procedure. While the infection was pre- 
viously performed 24 hr after seeding, i t  was 
carried out after 3-5 hT in the present experi- 
ments. This modification was introduced be- 
cause we had found that susceptibility of the 
cells to the virus is higher during the GI and 
early S phase (6) .  The JLS-V9 line is rapidly 
growing and soon after seeding the majority 
of cells enter the S phase. The cultures wme 
split 1: 10 twice weekly and tested in the 
indirect membrane immunofluorescence test 
for the presence of the specific antigen. 

Plaque formation on D56 cells after infec- 
tion with Moloney leukemia virus was per- 
formed exactly as described by Bassin, Tut- 
tle, and Fischinger ( 3  ) . 

ResuZts. The results of 3 individual titra- 
tions in the mouse antibody production test 
are shown in Table I. Three weeks after virus 
inoculation, the mice receiving a 10-1 and 
10- dilution developed cytotoxic antibodies. 
At 6 weeks, 3 additional groups infected 
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with virus dilutions loo4 and loW5) 
had antibodies. At  9 weeks postinoculation, 
even a dilution of virus gave positive 
results. Mice inoculated with the dilu- 
tion remained antibody-free for the 6-month 
Observation period. 

Five virus titrations were carried out on 
JLS-V9 cells. Parts A and B in Table I show 
the antigen appearance on JLS-V9 cells when 
virus infection is carried out 24 and 5 hr 
after seeding, respectively. It is evident that 
the latter condition increases sensitivity . 
Tested on day 4, the cells infected with the 
two highest concentrations ( 10-1 and 
dilutions) expressed the new antigen. Four- 
teen days later, dl cultures infected with 
virus dilutions up to were positive. The 
virus in the dilution was also detectable, 
but the antigen appeared only 24 days after 
infection. The cells infected with the 
dilution remained negative during the 5-week 
observation period. 

The results of 5 independent virus titra- 
tions on D56 cells are shown in Table I. 
Confluent plaques developed on the monolay- 
ers infected with either a low2 (2 exper- 
iments) or (2 experiments) dilution of 
the virus. I n  2 out of 4 experiments, no 
plaques were observed with the dilution 
although in 2 cases, a single plaque was 
found in plates infected with this dilution. 
When compared on day 5, the plaque test is 
about 10 times more sensitive relative to the 
JLS-V9 test, since plaques can regularly be 
observed with a 10-5 virus dilution in the 
former, and the antigen is detected with a 

dilution in the latter test. While the end 
point dilution of the same virus preparation 
was in the D56 cells, a dilution 
of the virus was still detectable in the JLS- 
V9 test, although detection of this low virus 
amount required considerable time (24 days). 

The sensitivity of the two in vitro assays 
also compared after they had been similarly 
performed, i .e.,  by propagation of the infect- 
ed cultures. In three experiments, subsequent 
to plaque counts in virus infected plates, the 
D56 cultures were divided 1: 10 and further 
passaged every 3-4th day. The subcultures 
were observed both for plaque formation and 

for the appearance of Moloney-type cell sur- 
face antigen by the mixed hemadsorption 
method (4, 7 ) .  The results of one typical 
experiment are shown in Table 11. In  the 
plates infected with and virus dilu- 
tions, plaques were confluent. Infection with 
a dilution produced 0.0 and with 
12 plaques were produced. Further virus di- 
lutions did not yield plaques. In  cultures in- 
fected with a lo-" dilution of virus, plaques 
appeared during the sec+d passage while in 
cultures infected with a dilution, a few 
plaques were formed during the third pas- 
sage. During further passages, the character- 
istics of these cultures were changed since the 
cells did not form a regular monolayer. 
They tended to pile up +d were easily de- 
tached from the glass. In  cultures infected 
with and loplo virus dilutions, 
no plaques could be observed even after pro- 
longed passages. 

The noninfected D56 cells did not react 
with anti-Moloney serum (Table 11). The 
Moloney-type membrane antigen appeared, 
however, after infection with Moloney leu- 
kemia virus. Similar to the JLS-V9 system, the 
period of time for its appearance was depen- 
dent on the virus dose used. In  cells infected 
with the highest virus doses ( lov2, loA3, and 

it  was easily detected during the sec- 
ond passage. With higher dilutions and 

the antigen appeared on the third to 
sixth passage. It is of interest that while the 
antigen was detectable on the ninth passage 
after infectich with the and diluted 
virus, no plaques could be seen in these 
sublines nor were the growth characteristics 
of the cells changed. Cultures infected with a 

virus dilution remained negative dur- 
ing the entire observation period. It must be 
established, through the dilution process, 
whether a virus variant which is lacking the 
mechanism for changing growth behavior but 
is still able to multiply in the cells and 
induce the antigen, has been selected. 

Discussion. These experiments demonstrate 
that the Moloney-type antigen is absent but 
appears on D56 cells after superinfection 
with leukemia virus. Plaque formation nor- 
mally precedes the detection of the cell mem- 
brane antigen, presumably reflecting the time 
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necessary for virus spread with consequent 
antigenic conversion of the majority of the 
population. Also, the carrier cultures change 
their growth characteristics and this occurs 
when antigen is detectable. 

On the basis of the present work, we can 
conclude that the sensitivity of the three as- 
says in detection of mouse leukemia viruses 
is similar. The mouse antibody production 
test requires, however, a considerable period 
of tilme. In comparing the two in vitro sys- 
tems, the advantage of the plaque assay is its 
higher sensitivity (10-fold) when read a t  
day 5, the ease. of scoring, and the correlation 
of the number of plaques with the virus 
concentration. The correlation of antigen 
positive cells with virus concentration is less 
exact in the JLS-V9 test due to sampling 
errors. This occurs because monolayers are 
not inspected in situ. Small virus amounts 
can be detected in both in vitro systems 
when the infected cultures are carried for a 
longer period of time. 

The sensitivity of the two cell lines to the 
Moloney virus was found to be identical 
when they were scored for the appearance of 
the surface antigen. As mentioned earlier, the 
lack of plaques in the cultures infected with 
the two lowest doses may be due to a variant 
virus. 

The JLS-V9 test may be useful for viruses 
with a varying host range; i.e., the L-cell 
virus which neither forms plaques nor in- 
duces the membrane antigen on D56 cells, 
although it successfully infects JLS-V9 cells. 
It should be emphasized that the growth 
characteristics of the JLS-V9 cells are not 
affected by the virus infection. This suggests 
that the induced antigenic conversion is not 
sufficient to impose the change. Also, the 
kinetics of the change of growth pattern and 
antigen appearance on the D56 cells showed 
that the former parameter appears earlier, 
consequently one may consider the two as 

independent virus-induced characters having 
no casual relationship. 

Summary. Sensitivity of three assay tech- 
niques for the detection of murine leukemia 
viruses were compared. These techniques 
were the mouse. antibody production test, ap- 
pearance of new surface antigen(s) on JLS- 
V9 cells, and production of plaques on D56 
cells. The sensitivity of the three assays 
in the detection of murine leukemia virus is 
similar. The plaque assay on D56 cells offers 
certain advantages over the other tests since 
smaller quantities of leukemia virus could be 
detected on day 5 after infection by using 
this technique. The antibody production test 
requires 9 weeks for completion. For viruses 
with a differing host range which will induce 
neither plaque nor membrane antigens on 
D56 cells, the assay of JS-V9 cells may be the 
preferred method. 
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