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ABSTRACT

'" Assays which detect quantitative increases of morphological
transformation in 3T3 cells were employed to detect transformation
by seven temperature sensitive mutants of herpes simplex type 2
virus. It was determined that all seven mutants caused trans-
formation at the non-permissive temperature. Mutant A8 (293)
caused formation of the most foci and appeared to be a more sens-
itive indicator of transformation in comparative experiments (31
foci per million cells compared to four foci per million cells
for ultraviolet-irradiated wild type virus).

Mutagenesis experiments using THO cells as indicator cells
suggested that even after metabolic activation of the test chemi-
cals this cell system does not provide an adequately sensitive
test for mutagenesis.

In additional experiments further information was obtained
which showed enhancement of transformation by hydrazine and 1,2-
dimethylhydrazine of cells exposed to irradiated virus. Signi-
ficant enhancement occurred in these in vitro tests only when the
cells were exposed to the chemical 24 hours prior to virus in-
fection. (k -/Jtu)j
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RESEARCH OBJECTIVES:

a. Determine whether one of seven herpes simplex virus
(HSV) type 2 temperature sensitive (ts) mutants will be a more
sensitive indicator of viral-induced cell transformation than
UV-damaged wild type virus.

b. Determine whether any of the following chemicals are
mutagenic in THO cells following metabolic activation by the host
mediated assay:

dimethyl ni trosami ne
hydrazi ne
monomethyl hydrazi ne
i,2-dimethylhydrazine
1 ,l-dimethylhydrazine
JP-5
JP-lO
RJ-4
RJ-5
Ethylmethane sulfonate (direct-acting control)
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STATUS OF THE RESEARCH EFFORT: ACCOMPLISHMENTS.

A. Transformation of 3T3 Cells by Temperature Sensitive Mutants
of Herpes Simplex Virus Type 2.

A series of seven HSV-2 ts mutants were received for testing.
Stocks of each ts mutant were prepared using standard methods in
HEp-2 cells, and were titrated by plaque assay in HEp-2 cells at
both permissive temperature (340 C) and restrictive temperature
(380C). The stocks were vialed in 2 ml aliquots and stored frozen
at -70 C.

The transformation assays were carried out in Swiss albino
mouse 3T3 cells obtained originally from the American Type Culture
Collection (Rockville, MD). The culture medium was Dulbecco's
Modified Eagle's medium (DME) containing 10% fetal bovine serum
or 10% newborn calf serum, 0.1% sodium bicarbonate, 100 units of
penicillin per ml and 100 ug of streptomycin per ml.

Two methodologies were used to determine transformation by
the mutant viruses. First, cells in suspension were infected
with virus, then plated. 3T3 cells (IxlOu per 1 dram vial) were
infected at a multiplicity of either 1, 5, or 10 plaque forming
units (pfu) per cell. The mixtures were incubated at 380 C with
shaking for one hour. The contents of each vial was distributed
between four 60 mm tissue culture dishes containing 4 ml of media,
so that each plate w s seeded with 250,000 cells. The plates
were incubated at 38 C for 4-5 weeks and the media were renewed
at weekly intervals. The plates were then stained with Wright's
stain and examined microscopically for transformed foci and
scored for the percentage of the monolayers surviving viral CPE.
Sufficient plates6were included in each experiment so that from
3 x 10 to 5 x 10 cells were infected at each multiplicity,
which also included the non-infected controls.

The results of these experiments are shown in Table 1. Virus
A8 (293) showed promise because at Moi=l 100% of the monolayers
remaingd intact (minimum virus leak) and 31.6 foci werg reaistered
per 10 cells. This compares with about 4 foci per 10 cells for
UV-inactivated wild type virus. This mutant is currently beina
employed in assays testing hydrazine and 1,2-dimethylhydrazine for
transformation enhancement.

The second method of testing the ts mutants for transformation
was to infect cells after attachment in a monolayer. 250,000 3T3
cells were seeded in each of a series of plates and the cells allowed
to attach. From 12 to 20 plates were infected with each virus con-
centration (Moil, 5, and 10). Upon inoculation of the virus the
previous media were Eemoved, the virus inoculum added, and the plates
were incubated at 38 C with periodic shaking for one hour. Fresh
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media were then added, the plates incubated for 4-5 weeks, stained,
and examined microscopically for monolayer survival and focus for-
mation. The results are shown in Table 2. Again, the best results
were obtained with A8 (293) which showed the greatest level of trans-
formation with minimum leak. In comparing the results in Table 1
and Table 2, it appears that using A8 (293) at an Moi of 1 and in-
fecting cells in suspension provides the optimum combination and
shotld, in fact, be a superior test system over irradiated wild
type virus for detecting chemical enhancement of herpes virus-
induced transformation.

B. Mutagenesis in THO Cells Following Metabolic Activation.

The THO cells utilized in this study are mutant cells de-
rived from the mouse Balb 3T3 line. They lack HPRTase function.
Revertants can be selected in HAT medium as they grow to form
colonies. These experiments were designed to determine if THO
cells can be used as a mutagen screening test after the mutagens
have been metabolically activated in the host mediated assay.
In a previous report we showed that THO registered direct mu-
tagenic activity only at a very low level.

Th experiments were carried out in the following manner:
4 x 109 THO cells, contained in media (Eagle's Basal Medium
supplemented with 10% newborn calf serum, 0.22% sodium bicarbo-
nate, L-glutamine and 100 units of penicillin per ml and 100
ug of streptomycin per ml) were injected intraperitoneally in
16-18 g female Balb/c mice. Immediately following, the mice re-
ceived a subcutaneous injection of the potentially mutagenic chem-
ical at a dose of 10 ml/kg. The cells remained in the peritoneal
cavity for 6 hours or until the animal died of chemical toxicity
whereupon the cells were harvested by injectinq 3 ml of media,
then removing the cells and media from the peritoneal cavity with
a syringe and perforated needle. The cells in these harvests
were counted in a hemocytometer (excluding erythrocytes) and
plated in media in 75 cm2 flasks. The following day the media
were renewed, then incubated for an expression time of 7 to 9
days. At this point, the cells were again trypsinized and seeded
into HAT medium. After 7 to 10 days the colonies were stained
and counted. The cell numbers were not counted at the time of
seeding into HAT which accounts for the relatively large mutation
frequencies shown on Table 3, but, rather, the viable recovered
cells were used for this calculation.

The results of two experiments are shown on Table 3. Even though
these experiments could only be regarded as preliminary, the con-
clusion indicated that the THO system is not a good mammalian cell
test system, even when a known direct acting control (EMS), and a
known mutagen requiring activation (dimethylnitrosamine) are included
in the tests.
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C. Further Studies on Transformation Enhancement Using UV-
Irradiated Virus.

Initial studies in this laboratory suggested that hydrazine
and 1,2-dimethylhydrazine (SDMH) enhanced viral transformation in
a system utilizing 3T3 cells and UV-inactivated HSV-2. These re-
sults prompted further experimentation which we have carried out
this year.

Employed in these assays was the 333 strain of HSV-2. The
virus was irradiated in the following manner: 1.5 ml of virus
stock was distributed evenly in a 60 mm plastic petri dish and,
with the lid removed, exposed to 60 ergs/s/mm2 of UV light for
2 minutes, agitated for 30 seconds; then irradiated for an addi-
tional 2 minutes.

Cells (250,000 per plate) were exposed to various concentrations
of hydrazine or SDMH contained in 5 ml of media. Exposure of the
cells to the chemicals was for 24 , 6 or 2 hours prior to addition
of the virus or for 24 hours beginning at 2, 6 or 24 hours after
addition of the virus. Replicate plates were included in the tests
which received chemical only. These cells were trypsinized and
re-plated to determine the amount of chemical cytotoxicity. Thus,
the surviving fraction could be calculated.

The plates containing cells exposed to both virus and chemical
were incubated for four weeks with weekly media changes. They
were then stained and examined microscopically for transformed foci.
The results are shown on Tables 4 and 5.

It can be seen that both hydrazine and SDMH enhanced virus
mediated transformation. Enhancement was time-dependent occurring
only at -24 hours (addition of the chemical 24 hours before the
virus).
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PUBLICATIONS:

We have not yet published this work.

PROFESSIONAL PERSONNEL ASSOCIATED WITH THE RESEARCH EFFORT:

1. F. Brent Johnson, Ph.D., principal investigator.

2. Joyce Baker, Ph.D., research technician.

INTERACTIONS:

Participation in and presentation of a report at the Review
of Air Force Sponsored Basic Research in Environmental Protection,
Toxicology, and Electromagnetic Radiation Bioeffects, 15-17 January
1980, San Antonio, Texas.

NEW DISCOVERIES STEMMING FROM THE RESEARCH EFFORT:

1. That HSV-2 ts A8 (293) represents a likely candidate for
further transformation-enhancement studies.

2. That THO cells are a disappointingly insensitive system
for mutagen testing.

3. Further data were obtained on enhancement of HSV-2 trans-
formation by hydrazine and 1,2-dimethylhydrazine.
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