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A Host-Mediated Microbial Assay for the Detection of
Mutagenic Compounds (33666)
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Health, Education, and Welfare, Washington, D. C. 20204

Assay systems for the study or detection of
chemical mutagens utilize indicators ranging
from microorganisms to mammals (1-3).
Microbial tests (4) have a number of advant-
ages since one can observe several gener-
ations and large populations over a short
period of time. Bacterial systems, however,
tend to give false negatives for compounds
which are metabolized to an active state of
mammals (5, 6), and give misleading results
for compounds which are rendered less active
in the host. The following microbial assay,
which uses a murine host to mediate the test
agent, represents one attempt at eliminating
these difficulties in a simple but reliable test
for mutagens. :

Materials and Methods. Three histidine
auxotrophs (7) of Salmonella typhimurium,
strain C207 (a frameshift mutant) and
strains C340 and G46 (nonsense mutants),
were maintained on tryptone agar slants.
Swiss albino mice (Flander’s strain), 18-23 g,
were used throughout, and were treated in
groups of three. Test compounds were dis-
solved in saline wherever possible. When
necessary, dimethyl sulfoxide or ethanol was
used, along with appropriate controls. Final
concentrations represented a compromise be-
tween solubility, mouse toxicity, and organ-
ism toxicity.

For the host-mediated test, tryptone broth
was inoculated from an agar slant culture of
S. typhimurium and incubated in a reciproca-
ting shaker for 2 hr at 37°. This culture was
diluted 1:4 with saline (final ODgg approx-
imately 0.1) and 2 ml of the resulting sus-
pension was injected intraperitoneally into
the mouse.

Each mouse was then given the first of
three intramuscular injections (0.1 ml) of the

1 Present address: Dept. of Microbiology, Universi-
ty of Michigan, Ann Arbor, Michigan 48104.

test compound; the remainder was ad-
ministered at 1-hr intervals. All mice were
sacrificed 30 min after the third injection.
Each mouse then received 1 ml of saline
intraperitoneally and as much fluid as pos-
sible was aseptically removed from the peri-
toneum.

Tenfold serial dilutions (10— to 10~") of
each peritoneal fluid sample were made in
saline. The four highest dilutions were plated
on minimal agar with a histidine overlay to
give the total Salmonella cell count, and the
three lowest dilutions were plated on minimal
agar without histidine for mutant growth.

Plates (15 X 100-mm plastic petri dishes)
contained a base layer of 20 m! minimal
agar (8) with 0.5% glucose. A standard pour
plate technique was used: 0.1 ml of the
proper dilution and 2 ml of molten 0.6% agar
were added to a sterile tube, mixed, and
poured over the surface of a base plate. The
histidine overlay contained 0.1 ml of 0.1
M v-histidine/40 ml of agar. Plates were incu-
bated at 37° for 48 hr, and the ratio of
mutants:total cells (mutant frequency or
MF) was determined.

A modification of the Szybalski (4) meth-
od was used for the in wvitro tests. Molten
0.6% agar (2 ml) was added to 0.1 ml of an
overnight broth culture of Salmonella and the
mixture was poured over the surface of a
minimal agar base plate. Positive results con-
sisted of mutant colonies in a ring formation
around the sample of test compound after
incubation.

Results. In vitro tests. Streptozotocin, N-
methyl-N’-nitro-N-nitrosoguanidine (NNG),
and 2-aminopurine nitrate (AP) were positive
in the standard plate test using S. typhimuri-
um, G46. The remainder of the test com-
pounds were negative.

Effect of procedure on organism viability.
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TABLE 1. Effect of Streptozotocin (250 ug/injeec-
tion) on Mutant Frequency of Salmonella typhi-
muriwm Implanted in Mice.?

Mean mutant frequency

Trial Mice® (X 107
1 10:2 1.7
2 10:2 1.6
3 10:2 1.7
4 10:2 3.1
5 10:1 2.1
6 7:4 2.3

@ Control mutant frequency approximately 1 X
10-5,
® No. treated : no. controls,

To determine the effect of the in wvivo
procedure on organism viability, one group of
mice was given the standard intraperitoneal
injection of diluted S. typhimurium, G46,
without the subsequent mutagen injections.
Pairs of mice were sacrificed at hourly inter-
vals, and the number of viable organisms
(mean value) per milliliter of peritoneal fluid
was determined as previously described. The
diluted culture, before injection, contained 4
X 10% organisms/ml and approximately
50% were recovered immediately after injec-
tion (¢ = 0), while at 2.5 hr (the normal
recovery time) the titer was 1 X 107 organ-
isms/ml.

Test reliability. Streptozotocin, at 250
pg/ml, markedly increased the S. typhimuri-
um, G46, mutant frequency with the method
described. This compound was tested further
with a total of 70 mice (57 treated and 13
controls) in six separate trials to determine
the reliability of the procedure (Table I).
The mean mutant frequency had a range of
1.7 to 3.1 X 10~* In each trial, the mean
mutant frequency (MF) with streptozotocin
was increased at least 50-fold over the con-
trols (control MF was approximately 1 X
10—8), with an average increase of 4000-fold
for the entire group. .

Mutagens tested. Table I records the re-
sults of testing 19 compounds against S
typhimurium, G46, in the host-mediated as-
say. Streptozotocin, NNG, and dimethylni-
trosamine were all active.

Figure 1 shows a dose-response curve for
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NNG in a concentration of 200-1000 pg/in-
jection. A dose-response curve of streptozoto-
cin in a range of 50-600 pg/injection also
displayed a linear relationship, but leveled off
at MF,/MF. = 1400 for the 400-600 png
range.

Dimethylnitrosamine (DMNA) was con-
sistently nonmutagenic in the standard plate
test, but displayed activity in the host-
mediated assay. The mutant frequency from
five separate trials with 0.1 ml of 10%

TABLE II. Summary of Results from Host-Medi-

ated Assay.
Highest
cone
Compound* tested®  Results®
1. 2-Aminopurine nitrate 1200 —
2. Caffeine 1000 —
3. Theophylline 1000 —
4, 6-Azauridine 1000 —
5. Triacetyl 6-azauridine 1000 —
6. 5-Bromodeoxyuridine 1000 —
7. 5-Fluorodeoxyuridine 2000 —
8. Captan 400 —
9. Mitomyecin C 100 —
10. Chloramphenicol 100 —
11. Streptozotocin 600 +
12. Neocarzinostatin 500 —
13. N-Methyl-N'-nitro-N-nitroso- 1000 +
guanidine
14. Triethylenemelamine 100 —
15. I.SD 10 —
16. Patulin 500 —
17. Quinacrine 1000 —
18. Hydroxylamine 1200 —

19. Dimethylnitrosamine

10% (v/v) +

¢ Compounds 1, 4, 5, and 6 were obtained from
Calbiochem, Los Angeles, Calif.; 2 and 17 from Nu-
tritional Biochemicals Corp., Cleveland, Ohio; 3
from Matheson, Coleman and Bell, East Rutherford,
N.J.; 7 from Hoffmann-La Roche, Nutley, N. J.; 8
from California Chemical Co., Richmond, Calif.; 9
and 12 from Parke-Davis Co., Detroit, Mich.; 11
and 16 from Aldrich Chemical Co., Milwaukee,
Wis.; 14 from Lederle Laboratories, Pearl River,
N. Y.; 15 from the Bureau of Drug Abuse Control,
FDA; 18 from Fisher Scientific Co., Pittsburgh,
Pa.; and 19 from Eastman Organic Chemicals,
Rochester, N. Y.

> ug per 0.1 ml injection.

°(—), no increase in mutant frequeney; (),
more than 10-fold increase.
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Fic. 1. Effect of N-methyl-N’-nitro-N-nitrosoguan-
idine (NNG) on mutant frequency of S. typhimuri-

um, G46, in mice: MF: — mutant frequency in
treated mice; MF. = mutant frequency in control
mice.

DMNA was 1.3 X 10~9; the lowest concen-
tration that gave a positive response was
0.1% (MF = 1.2 X 10—7). When the MF
after one injection of 109 DMNA was deter-
mined with time as a parameter, the maximal
effect was noted at 120 min (Fig. 2).
Additional strains tested. S. typhimurium
C340, was tested in the host-mediated system
with streptozotocin at 50, 100, and 200
pg/injection. The increase in the number of
revertants to histidine independence was
370-, 700-, and 870-fold, respectively. Strain
C207 was negative for streptozotocin.
Escherichia coli, strains 532 and SD4-73
(streptomycin-dependent), were also tested.
The saline used to dilute before injection and
the complete agar (tryptone) contained 200
pg/ml of streptomycin sulfate. Streptozotocin
increased the mutant frequency of strain
532, twentyfold and SD4-73, sixtyfold. Mito-
mycin C and triethylenemelamine, both posi-
tive in the plate test, were negative in the in
vivo test. Difficulties were encountered in
recovering large numbers of viable E. coli.
The Salmonella strains adapted more easily
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to this system, and the spontaneous mutant
frequency to prototrophy was lower and more
stable.

Discussion. The preliminary experiments
described here confirm the feasibility of a
chemical mutagen detection system using a
bacterial indicator and mediated by a mam-
malian host. Repeated trials with one of the
positive compounds, streptozotocin, reveal
that test results are reproducible. A histo-
gram of mutant frequency versus frequency
of occurrence indicated that the results were
from the same homogenous population and
were not randomly distributed.

Of the three compounds positive in the
G46 plate test, NNG and streptozotocin were
active in the host-mediated system, while
AP was inactive. The negative is most proba-
bly due to detoxification, but a nonsystemic
distribution or suboptimal concentration is
also possible. A negative result would also be
obtained following a point mutation at a lo-
cus different from that used in defining the
auxotroph; i.e., a negative result only indi-
cates the absence of a mutation at the locus
being examined and does not preclude other
mutations (7). The probability of detecting
mutagenic activity could thus be increased
by using an organism(s) with more than one
marker.
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F16. 2. Effect of time on the mutant frequency of
S. typhimurium, G46, in mice after administration of
0.1 ml of 10% dimethylnitrosamine: MF. — mutant
frequency in treated mice; MF. — mutant frequen-
cy in control mice.
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Although a large part of the methodology
was established using S. typhimurium Ga46,
other organisms may also be used. Prelimi-
nary results indicate that implantation,
recovery, and mutant detection are feasible
using various organisms, strains, and mark-
ers, as well as different genes within an operon.

Dimethylnitrosamine is a potent carcino-
gen which fails to give evidence of mutageni-
city in vitro, although it methylates protein,
RNA, and DNA in vivo (6) and is mutagen-
ic after hydroxylation (9). Its activity in the
host-mediated test is especially pertinent
since (a) this is the first instance of microbi-
al mutagenic action due to DMNA after pas-
sage through an intact host, and (b) it illus-
trates the unique property of this test—the
ability to detect mutagenic activity in meta-
bolites of apparantly nonmutagenic com-
pounds.

While an increase in mutant frequency
suggests a mutational event, the role of selec-
tive forces must be evaluated. A compound
which selectively kills auxotrophs or stimu-
lates spontaneously arising prototrophs would
result in a false positive. This source of error
could be eliminated by the use of recon-
struction experiments on each compound
which substantially increases mutant {re-
quency.

The role of selection could be further min-
imized by showing that (a) slopes of growth
curves for auxotrophs and prototrophs are
identical, and (b) the time in which mutants
arose in treated animals is less than that
which would be required for the propagation
of the same number of mutants spontaneous-
ly. Each of these experiments has been con-
ducted with the three compounds tentatively
identified as mutagens, and selection by them
has been completely eliminated.

Mutation rates, which could be determined
using a zero-point or fluctuation method
adapted to the animal system, would also
minimize selection. These are also subject to
limitations, however, since the concentration
relative to the organism could not be deter-
mined, and it is not possible to recover 100%
of the organisms originally injected.

The method described here has obvious
advantages over simpler tests (4) since these
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results are semiquantitative and the activa-
tion—detoxification reactions become an inte-
gral part of the system. Compared with the
more complex tests (10, 11) less time and
expense and fewer manipulations are re-
quired. In addition, since a change in pheno-
type constitutes a positive response, this test
can detect more subtle nucleic acid alter-
ations than the widely used dominant lethal
systems (10, 11) which primarily detect po-
lyfunctional alkylating agents, and thus score
NNG as negative, in contrast to our results.
The haploid genetic complement also elimi-
nates the masking of a recessive mutation by
a dominant gene.

Summary. A procedure was established
whereby a microbial indicator was incorpo-
rated in an animal system to identify and
characterize mutagenic agents. The organ-
isms, histidine auxotrophs of Salmonella
typhimurium, were injected into mice intra-
peritoneally, and the test compound was ad-
ministered intramuscularly. Mutagenesis, in-
dicated by an increase in the incidence of
prototrophs in the population, was induced
by dimethylnitrosamine, N-methyl-N’-nitro-
N-nitrosoguanidine, and streptozotocin. Such
a system appears capable of detecting micro-
bial mutagenic activity in compounds which
remain or become physiologically active after
administration.
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