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The SOS chromotest is one of the most rapid and simpie short-term test for genotoxins and is easily
adaptable to various conditions, so that it could be used as an early — perhaps the earliest — test in a
battery.
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protein able to cleave (or to promote cleavage of)
the LexA repressor upon activation by an SOS
inducing signal. The exact nature of the SOS
inducing signal remains mysterious. However, it is
produced when DNA lesions ‘perturb’ or stop
DNA replication.

Monitoring the triggering of the SOS system
could be performed by assaying various end-points
such as activation of the RecA protein, cleavage
of the LexA repressor, expression of any of the
SOS genes, etc. A simple way consists in monitor-
ing the expression of an SOS gene by means of a
fusion with lacZ, the structural gene for E. coli
B-galactosidase.

The SOS chromotest (Quillardet et al., 1982)
makes use of a sfid::lacZ operon fusion; sfi4d is
one of the SOS genes. The assay consists of
incubating the tester strain with increasing con-
centrations of the agent to be tested. After a time
for protein synthesis, B-galactosidase activity is
assayed by a simple colorimetric assay. A micro-
somal activation preparation can be included in
the incubation mixture. The chemical tested may,
at certain concentrations, inhibit protein synthe-
sis, which would lead to an underestimation of
B-galactosidase induction. In extreme cases this
would result in false negatives. To correct for
this, general protein synthesis during the incuba-
tion period can be estimated by assaying alkaline
phosphatase in parallel with B-galactosidase. The
assay takes only a few hours. It is quantitative,
and dose-response curves present a linear re-
gion. The slope of the linear region allows un-
equivocal association with each compound active
in induction of a single parameter, the SOS in-
ducing potency (SOSIP), which reflects the induc-
ing activity of the compound (Quillardet et al.,
1982). For inactive compounds a ‘less-than’ value
can be calculated.

The E. coli PQ37 tester strain used in the SOS
chromotest carries a sfid::lacZ fusion and has a
deletion of the normal lac region, so that g-
galactosidase activity is strictly dependent on sfi4
expression. In addition, the strain is made geneti-
cally more susceptible to genotoxic agents: it is
devoid of the excision repair pathway (uvr4 mu-
tation) so that a number of lesions are not, or are
slowly, processed, and it has a mutation (rfa)
which renders the cell envelope more permeable

to a number of compounds. Constitutive synthesis
of alkaline phosphatase, an enzyme independent
of SOS control, serves as a control for toxicity. A
detailed description of the tester strain and its
construction is given in Quillardet and Hofnung
(1985).

In addition to this general-purpose tester
strain, several derived strains carrying mutations
affecting DNA metabolism have been devised in
order to provide more information on the geno-
toxic action of a chemical (Quillardet and Hof-
nung, 1988; see later in this paper).

SOS chromotest procedures

Original quantitative procedure and its improve-
ments

Briefly, the standard procedure for the SOS
chromotest consists in incubating the compound
to be tested with a 10-fold diluted exponential

_phase culture of the tester strain. The culture is

diluted either in fresh medium, or in a metaboliz-
ing mixture when activation of the compound is
required. After 2 h incubation to allow for pro-
tein synthesis, this mixture is divided into two
series. One series is used for the B-galactosidase
assay and the other series for the alkaline phos-
phatase assay. The two enzyme assays can be
performed in parallel. They consist in adding an
appropriate buffer to disrupt cell membranes so
as to liberate the enzymes into the medium. Then
the mixture is brought to optimum pH for enzy-
matic assay. The assays are initiated by the addi-
tion of substrates specific for each enzyme. They
are terminated after an appropriate time for color
development by the addition of buffers which
stop the enzymatic reactions. The absorbance of
each assay is read against a colorimeter blank.
Enzyme activities are calculated as well as the
ratio of B-galactosidase units to alkaline phos-
phatase units (R) which reflects the induction of
gene sfiA even when some inhibition of protein
synthesis occurs. To compare results obtained in
different experiments, it is convenient to normal-
ize the ratio R(c), at concentration C, by dividing
it by its value R(0) at concentration 0 of the
compound tested. An induction factor is thus
obtained. The SOSIP is the slope of the linear
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These factors have been considered differently
by some laboratories although justifications are
not always proposed. Thus, for Dayan et al.
(1987), a substance is considered positive if the
SOS induction factor is more than 1 and a dose—
response relationship can be observed. For Dutka
et al. (1987), values of the induction factor greater
than 1.3 were considered significantly different
from the negative controls. For Von der Hude et
al. (1988), a result is considered positive only
when the increase in the induction factor is more
than 0.5 combined with an increasing B-galac-
tosidase activity. Mersch-Sundermann et al. (1992)
proposed that a chemical is ‘not genotoxic’ when
the induction factor is lower than 1.5, ‘marginal’
when it is between 1.5 and 2, and ‘reactive geno-
toxic’ when it exceeds 2.

De Flora et al. (1985) defined a genotoxic
chemical by its MGC (minimal genotoxic concen-
tration), i.e., the minimal concentration inducing
the production of B-galactosidase and its MIC,
1.e., the minimal concentration of compound in-
hibiting the production of B-galactosidase.

An interesting calculation has been applied to
the SOS chromotest to evaluate genotoxicity
(Tenenbaum and Malaveille, 1988). In this
method a genotoxic yield potency is defined by
the ‘yield versus lethal hit plot’” of the agent
tested (lethal hits) allowing direct comparison of
agents of different natures (chemicals versus radi-
ations for example). One advantage is that the
abscissa depends on the biological effects (Haynes
and Eckardt, 1980; Eckardt and Haynes, 1980;
see later in this paper).

Although it is essentially a qualitative method,
it is possible to roughly quantify the results ob-
tained in the SOS spot test according to the
relative size and intensity of the color reaction.
As proposed by Mamber et al. (1986) the chemi-
cals can be classified as: 0= negative, +1=
equivocal, +2 =weak positive, +3 = moderate
positive, + 4 = strong positive.

Metabolizing mixture

We described (Quillardet and Hofnung, 1985)
a metabolizing mixture for the SOS chromotest
close to that described by Maron and Ames
(1983). The concentration of all the components
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was adjusted in order to obtain convenient activa-
tion of both aflatoxin B1 and benzo[alpyrene. As
already noticed by others (Ames et al., 1975;
Bartsch et al.,, 1975; Foster et al., 1980), we
reported that, for certain compounds, activation
may be relatively different in liquid media, as in
the SOS chromotest, and on plates as in the
Ames test (Quillardet et al., 1985). Thus, it ap-
peared that modification of the metabolizing mix-
ture could be a way to improve the performance
of the SOS chromotest. However, only little work
has been performed to improve the metabolizing
mixture. Some authors modified the concentra-
tion of rat liver homogenate (Marzin et al., 1986;
Von der Hude et al., 1988; Mersch-Sundermann
et al., 1991a), but the components of the metabo-
lizing mixture were not changed.

Procedure extensions: microsuspension methods;
kit; automation

In order to facilitate the manipulation and to

‘use a multi-channel spectrophotometer, several

authors performed the assay by a microsuspen-
sion method using microtitration plaques (Rueff
et al., 1986; Marzin et al., 1986; Xu and Schurr,
1990; Nair et al., 1991). The use of an automatic
microplate reader allows a kinetic determination
of enzymatic assays which improves the precision
of these assays (Marzin et al., 1986).

As soon as 1984, the SOS chromotest was
commercialized in the form of a self-contained
kit (available from Orgenics Ltd). Some of the
work discussed here makes use of this SOS chro-
motest kit (Riesenfeld et al., 1985; De Flora et
al., 1985; Dayan et al., 1987; Fisch et al., 1987;
Dutka et al., 1986; Kohn et al., 1988; Couture et
al., 1989; Harwood et al., 1989; van Aswegen et
al., 1989). However, sometimes lower perfor-
mances were obtained using the kit procedure as
compared to the standard test tubes procedure
(Brams et al., 1987). This could be due to difficul-
ties in the direct rehydration of dried bacteria
used in the kit.

Recently, another company (Labsystems Oy,
Helsinki, Finland) undertook the development of
a completely automatic machine to perform the
SOS chromotest (Huttunen, 1987). In this method,
a self-contained interactive program controls the
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Similar procedures were also used by Kohn et
al. (1988) to assess genotoxicity using the SOS
chromotest in serum or plasma. The assay was
possible provided the plasma was first inactivated
at 56°C to remove its bactericidal properties.

Detection of genotoxicity in fecal extracts

Venitt and Bosworth (1986) failed to detect
the presence of genotoxic activity in 6 aqueous
fecal extracts, 5 of them showing mutagenic activ-
ity in the Ames test. Nair et al. (1990) investi-
gated the influence of dietary fat on fecal geno-
toxicity using the SOS chromotest. They observed
that genotoxicity decreased during the low-fat
period whereas fecapentaene levels increased.
However, fecapentaenes are highly active in the
SOS chromotest and were suspected to be re-
sponsible for the genotoxicity of fecal extracts
(Nair et al., 1991). Again, the extraction proce-
dures may be of critical importance in such stud-
ies.

Detection of genotoxicity in environmental samples

Similarly, attempts have been performed to
use the SOS chromotest to detect or to evaluate
genotoxic environmental contaminants.

Organic extracts from atmospheric particles in
Paris were monitored during several months
(Courtois et al., 1988). A genotoxic activity was
generally detected but this activity disappeared in
the presence of the metabolization mixture,
whereas mutagenic activity was always detected
using the Ames test with or without the presence
of the metabolizing mixture. By contrast, Schleib-
inger et al. (1989) found that extracts of airborne
particulate matter were genotoxic in both the
Ames test and the SOS chromotest, but in the
SOS chromotest these extracts revealed higher
activity in the presence of metabolizing mixture.

The capacity of the SOS chromotest to detect
the genotoxicity of complex environmental mix-
tures containing polycyclic aromatic hydrocarbons
has been evaluated (Nylund et al., 1992). The
assays were carried out on soxhlet extracted sam-
ples of standard reference materials. Whereas
urban air particulate matter extracts were muta-
genic in the Ames test, a genotoxic activity in the

SOS chromotest could not be clearly evidenced
with these extracts. However, diesel particulate
matter extracts showed a genotoxic activity in
both tests.

The SOS chromotest has also been applied for
various other purposes such as the detection of
beverage or food genotoxic contaminations: afla-
toxin B1 in orange juice (Riesenfeld et al., 1985),
or in cow milk (Frémy and Quillardet, 1985), or
chlorinated butenoic acids in chlorinated drinking
water (Tikkanen and Kronberg, 1990), the moni-
toring of natural genotoxins present in food such
as flavonoids in red wine (Rueff et al., 1986,
1992), or the production of genotoxic compounds
in smoked food in reaction with nitrite under
acidic conditions, as they are suspected to be
formed in the human stomach through an inter-
action between nitrite and suitable amine precur-
sors (Ohshima et al., 1989). Other examples in-
clude detection of genotoxic pollutants in the
aquatic environment (Dutka et al., 1987), influ-

ence of algae on the genotoxiciy of industrial

effluents (Harwood et al., 1989) or verification of
the absence of genotoxic activity of extracts from
plants of medicinal importance (Vargas et al.,
1990).

Thus, when the genotoxic activity of biological
samples or environmental complex mixtures is
evaluated, it is possible that the Ames test and
the SOS chromotest account for different geno-
toxic activities, but it is also likely that the proce-
dures used to prepare the samples (extraction,
concentration, metabolization) have different op-
tima in the two tests. Thus the mere application
of a procedure which gives optimum results in
one test to the other test is not a completely valid
approach.

Use of the SOS chromotest to detect antigenotoxic
compounds

There is a growing interest in the field of
antimutagens, anticarcinogens and therefore

antigenotoxic compounds. As mentioned by sev-
eral authors, the SOS chromotest can be a power-
ful system to search for new antigenotoxic com-
pounds. Generally screening of antigenotoxic
compounds with the SOS chromotest consists in
measuring the inhibition by the compound to be
tested of the SOS induction, triggered by a known
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alkylating agents (ada gene). We, and others,
have described several diagnostic strains, derived
from the general tester strain PQ37, able to yield
additional information on the nature of the DNA
lesions caused by a genotoxic agent (see below).

Use of mutants affected in DNA metabolism

It is well known that the excision repair sys-
tem, dependent on the wvr genes, is quite effi-
cient in eliminating a large number of various
lesions, thus lowering the corresponding SOS re-
sponse. For this reason, most bacterial tests for
genotoxins make use of strains deficient in exci-
sion repair. Thus the general tester strain PQ37,
used in the SOS chromotest, carries a uvrd mu-
tation.

From the comparison of the responses ob-
tained in the SOS chromotest in either the uvrA
strain PQ37 or the uvr™ strain PQ35 (Quillardet
et al,, 1985) it is possible to distinguish three
classes of compounds: (1) chemicals producing
DNA lesions repaired by the excision repair path-
way, giving a higher response in the uvr~ strain;
(2) chemicals producing DNA lesions which are
not recognized by this repair pathway, giving the
same response in both strains; (3) interestingly, a
third minor class of genotoxic agents show a uvr™
dependent response: these agents are more po-
tent inducers in the uvr* than in the uvr™ strain.
Such agents include mitomycin C, a cross-linking
agent (Quillardet and Hofnung, 1985). Other
agents producing DNA-DNA cross-links (cis-
platinum dichlorodiammine or psoralen plus UV
light) are also uvr* dependent mutagens (Ven-
turini and Monti-Bragadin, 1978; Bridges et al.,
1979). It is possible that unrepaired cross linkage
between DNA strands is lethal rather than muta-
genic. The uvr4 gene product would be required
to cleave one of the damaged DNA strands gen-
erating a lesion amenable to repair (Ohnishi et
al., 1987). Thus, in uvrA strains, SOS induction
by DNA cross links could be inhibited because of
their strong toxicity.

A mutation in the ada gene, which codes for
an alkyltransferase able to dealkylate the O-6
position of guanine (O6-alkG), does not affect
the SOS chromotest response to methylating
agents (Quillardet et al.,, unpublished observa-
tions). This is compatible with the idea that O6-

MeG is a direct miscoding lesion rather than a
lesion blocking DNA replication and resulting in
SOS induction. In contrast, a strain harboring a
tag mutation (PQ243) is induced at lower concen-
trations of several alkylating agents than the gen-
eral tag™ tester strain (Costa de Oliviera et al.,
1987; Quillardet et al., unpublished observations).
Indeed tag mutants are deficient in DNA glyco-
sylase which specifically excises 3-methyladenine
from DNA (Evensen and Seeberg, 1982; Karran
et al., 1982). This lesion is known to block DNA
replication and to induce the SOS system (Boiteux
et al., 1984),

The oxyR gene appears to be a positive regula-
tor of the regulon for defense against oxidative
stress. We have shown that a strain harboring a
deletion of the oxyR gene (PQ300) is more sensi-
tive to hydrogen peroxide and various classes of
peroxides or compounds generating peroxides in
vivo than the general oxyR™ tester strain used in
the SOS chromotest (Goerlich et al., 1989; Quil-

_lardet et al., unpublished observations). Thus, an

oxyR deletion mutant derivative of the standard
SOS chromotest strain constitutes a diagnostic
strain for the detection of a subclass of oxidative
genotoxins.

Certain chemicals, such as the base anologues
2-aminopurine or 5-bromouracil, are able to pro-
mote illegitimate base-pairing (mismatches) dur-
ing DNA synthesis (see Ronen, 1980). When in-
corporated into DNA, these chemicals give rise
to DNA lesions. If the mismatches are not re-
paired by the mismatch correction system (see
Radman and Wagner, 1986), these lesions will
lead to mutations. These lesions normally do not
induce the SOS functions and behave as miscod-
ing lesions (Quillardet and Hofnung, 1987). Mis-
match inducing compounds, such as 2-amino-
purine or 5-bromouracil, can be efficiently de-
tected as SOS inducers in the SOS chromotest in
a strain (PQ100) harboring a dam mutation af-
fecting the mismatch correction system (Quillar-
det and Hofnung, 1987). In addition, the SOS
inducing activity of an alkylating agent such as
ethyl methanesulfonate (EMS) is increased in the
dam mutant in comparison to the general dam™
tester strain (Quillardet and Hofnung, 1987). In-
deed, O6-meG, the main mutagenic lesion pro-
duced by EMS, can base-pair with T. This pair
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SOS genes. This observation was confirmed by
the fact that compounds active in both the B.I.A.
and the SOS chromotest were active at 10-100-
fold lower concentrations in the SOS chromotest
(Mamber et al., 1986). Some compounds inducing
the SOS response in the SOS chromotest could
not be detected using the B.I.A.

Other tests, based on the principle of the SOS
chromotest, have been devised. They measure the
induction of an SOS gene (umuC or recA) under
LexA control by means of a fusion with the lacZ
gene. They are the Umu test (Oda et al., 1985)
and the RecA test (Nunoshiba and Nishioka,
1991). Since, in all these assays, the initial event
which triggers B-galactosidase induction is the
same, i.e., the cleavage of the LexA repressor,
one would generally expect similar results in each
of these assays. However, one can imagine that
different affinities of binding of the LexA protein
to the regulatory regions of the various SOS
genes could produce differences in the induction
of these genes.

Few studies comparing the sensitivity in the
induction of the different SOS genes have been
performed. Only a study by Ysern et al. (1990)
compares the induction of sfid, umuC and recA
genes fused to lacZ, by mitomycin C, N-methyl-
N-nitrosoguanidine, nalidixic acid and 3 fluoro-
quinolones, in a similar genetic background. They
found that the 3 genetic fusions were induced at
similar concentrations of compounds and that the
levels of their expression were very close. Similar
observations were made when the induction was
triggered by chromium compounds (Llagostera et
al., 1986). However, it has been observed
(Llagostera et al., 1987) that, in the absence of
metabolic activation, the inducing effect of
quercetin was higher for sfi4 than for rec4 and
umuC. However, in the presence of metabolic
activation, the induction of sfi4 gene was de-
creased whereas the opposite effect was observed
for umuC and recA.

It can also be mentioned that beside the SOS
gene which is monitored, the SOS chromotest
differs from the Umu-test and the RecA-test by
some other points which may influence the re-
sults. First, the SOS chromotest makes use of an
E. coli strain whereas the other tests make use of
Salmonella typhimurium strains. Although these

strains are enterobacteria, some differences in
the metabolism of chemicals may occur as well as
some differences in the processing of the DNA
lesions. Furthermore, whereas in the SOS chro-
motest the sfid::lacZ fusion is integrated in the
chromosome, in the other tests the wmuC::lacZ
or the recA::lacZ fusions are carried by a multi-
copy plasmid. In addition, in the SOS chromotest,
measuring alkaline phosphatase is performed as a
measure for general toxicity. The strains used in
the Umu-test and the RecA-test are not constitu-
tive for alkaline phosphatase so that such a mea-
surement cannot be performed. It is replaced by
measuring cell density (absorbance at 600 nm),
rendering the procedures dependent on various
factors such as cell shape.

To our knowledge only one study which com-
pares the results of the SOS chromotest (the SOS
chromotest kit was used) to those of the Umu-test
was performed with several compounds (Mc-
Daniels et al., 1990). They found that both meth-
ods produced nearly identical rankings of sensi-
tivity. However, these authors noticed that
whereas the SOS chromotest was very sensitive
for direct acting genotoxins, i.e., which do not
require metabolic activation, the Umu-test was
better adapted to genotoxins requiring metabolic
activation to be active. This may be valid only for
the SOS chromotest kit. Other explanations are
possible, such as a different behavior of the bac-
terial strains (E. coli versus S. typhimurium) in
the presence of the metabolizing mixture.

Nevertheless, for the purpose of mass screen-
ing of genotoxic agents, the differences observed
between the test systems based on the colorimet-
ric measurement of one of the SOS genes are
probably not critical.

Multitest

The E. coli multitest is an ingenious method to
evaluate the effects of genotoxic agents by moni-
toring three effects: SOS induction (I effect),
mutagenesis (M effect) and recombination (R ef-
fect). A set of two strains (MT103 and MT119)
allows a quantitative evaluation of these three
effects in the same genetic background by count-
ing Gal* and Lac™ colonies (Toman et al., 1985;
Tenenbaum et al., 1988; Pionneau et al., 1992).
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TABLE 1

COMPOUNDS TESTED IN THE SOS CHROMOTEST BY
MORE THAN 2 LABORATORIES AND FOR WHICH
CONFLICTING RESULTS ARE REPORTED

SOS induction

2-Acetylaminofluorene +13);, +/— 4
Acrolein = (1); + (78)
9-Aminoacridine -3, +/—- @
2-Aminofluorene +(1,2,3,12,67); — (@)
Ampicillin -G53 +/—-@
Benzo[elpyrene - (2) + 8D
5-Bromo-2’-deoxyuridine + (45)(24); — (1)

Chemical name

Chromium acetate (CrIII) - (16); + (53)
Crotonaldehyde - (1); + (78)
1,3-Dichloropropanol - () + (7D
Ethidium bromide -G +/-@
5-Fluorouracil + (45); — @
Methotrexate + (45); - @
2-Nitrofluorene +(2,3,4,9,65); — (1)
4-Nitro-o-phenylene-diamine + (67; — 3)
N-Nitroso-diethylamine +(2); - Q)
N-Nitroso-dimethylamine +(2); - )
Penicillinic acid + @y -
Pyrene +(2); — (81)

Data for SOS induction are (—) negative, (+ ) positive, (+ / —)
equivocal test results. Each result is foliowed by its reference
number: (1) Von der Hude et al., 1988; (2) Quillardet et al.,
1985; (3) Ohta et al., 1984a; (4) Mamber et al., 1986; (5)
Podger and Hall, 1984; (6) Fish et al., 1987; (7) Krivobok et
al., 1987; (8) Auffray and Boutibonnes, 1986; (9) Marzin et al.,
1986; (10) Thybaud-Lambay et al., 1986; (11) Riesenfeld et al.,
1985; (12) De Flora et al., 1985; (13) Rueff et al., 1986; (14)
Quillardet et al., 1986; (15) Koukalova et al., 1986; (16)
Liagostera et al., 1986; (17) Rempola et al, 1986; (18)
Bosworth and Venitt, 1986; (19) Venitt and Bosworth, 1986;
(20) Miertus et al., 1986; (21) Vojtekova and Miertus, 1986;
(22) Sturdikova et al., 1986; (23) Dayan et al.,, 1987; (24)
Quillardet and Hofnung, 1987; (25) Basler et al., 1987; (26)
Miertus et al., 1987; (27) Sturdik et al., 1986; (28) Ohta et al.,
1984b; (29) Olivier and Marzin, 1987; (30) Llagostera et al.,
1987; (31) Bosworth et al., 1987; (32) Potenberg et al., 1988;
(33) Lecointe, 1984; (34) Arnaise et al., 1986; (35) Von der
Hude et al., 1986; (36) Scheutwinkel et al., 1986; (37) Venitt
and Crofton-Sleigh, 1987; (38) Van Sluys et al., 1986; (39)
Tudek et al., 1988; (40) Quillardet et al., 1988; (41) Podger
and Hall, 1985; (42) De Meo et al., 1988; (43) Kohn et al.,
1988; (44) Eder et al., 1989%a; (45) Chen et al., 1988; (46) Dale
et al., 1989; (47) Eder et al., 1989b; (48) Mersch-Sundermann
et al., 1989a; (49) Mamber et al., 1987; (50) Janz et al., 1988;
(51) Mersch-Sundermann et al., 1989b; (52) Tikkanen and
Kronberg, 1990; (53) Venier et al.,, 1989; (54) Ysern et al.,
1990; (55) Mamber et al., 1990; (56) Von Poser et al., 1990;
(57) Valsa et al., 1990; (58) Vasilieva et al., 1990; (59) Von der
Hude et al., 1990; (60) Couture et al., 1990; (61) Eder et al.,
1989¢; (62) Gajewska et al., 1990; (63) Goerlich et al., 1989;

82%. In fact, when the conflicting results are
analyzed case by case (see below), it appears that
the viability of the test may be much higher.

Out of these 103 compounds, 26 were exam-
ined in the SOS chromotest by no less than 4
different laboratories independently. In this se-
ries, a concordant outcome was found for 23
compounds (21 positive and 2 negative responses).
Thus the test viability reaches 88%. The 3 con-
flicting results were obtained for: 2-aminofluorene
and 2-nitrofluorene for which 1 negative response
was reported out of 5 positive responses and
9-aminoacridine for which 3 negative responses
and one equivocal response (+) were reported. It
is likely from these data that the 3 compounds
were not adequately tested in the laboratories
which report a response different from the major-
ity.

Again, for 2-acetylaminofluorene, which was
tested independently in 3 laboratories, a positive
response was found in 2 different laboratories but

it was reported as equivocal by another labora-

tory. For ampicillin and ethidium bromide one
negative response and one equivocal response
were reported. Each equivocal (1) response was
obtained in the same laboratory which used the
SOS spot test.

For most of the other compounds, when a
positive response was reported, this response was
weak and at the limit of detection of the test. In
such a case, the discrepancy of the responses may
not be due to a difference in the result itself, but
rather to a difference in the interpretation of the
result. Thus, one negative and one weak positive
response were reported for benzolelpyrene, 5-
bromo-2’-deoxyuridine, chromium acetate, 1,2-di-
chloropropanol, S-fluorouracil, methotrexate, 4-

Note to table 1 (continued):

(64) Xu and Schurr, 1990; (65) Schleibinger et al., 1989; (66)
Van Aswegen et al., 1990; (67) McDaniels et al., 1990; (68)
Glatt et al., 1991; (69) Henschler et al., 1991; (70) Widdick
and Edwards, 1991; (71) Mersch-Sundermann et al., 1991a;
(72) Moreno et al., 1991; (73) Nair et al., 1991; (74) Eder et
al., 1991a; (75) Mersch-Sundermann et al., 1991b; (76) Eder et
al., 1991b; (77) Hahn et al., 1991; (78) Eder et al., 1990; (79)
Drobnik et al., 1987; (80) Blakeborough et al., 1989; (81)
Mersch-Sundermann et al., 1992; (82) Pommery et al., 1989;
(83) Masek and Sedliakova, 1992.

TABLE 2
COMPOUI

Chemical n

N-Acetoxy-
2-Acetylam
2-Acetyl-7-1
Acridine (I(
Acridine (I¢
Acridine or
Adriamycin
Aflatoxicol
Aflatoxin B
Aflatoxin B
Aflatoxin G
Aflatoxin M
Allyl-metha
2-Aminoant
2-Aminoflu
2-Amino-5-
Anthanthre
Azaserine
Aziridino-2,
Baldrinal
Benz[alant!
anti-Benzo[
syn-Benzo| ¢
anti-Benzo[
syn-Benzo[c
Benzo[b]flu
Benzo[ ghi lf
Benzo| jJflu
Benzo[ ghi )
anti-Benzo[
syn-Benzo[ ¢
Benzo[alpy
anti-Benzo[
syn-Benzop
Bleomycin
Boldine
2-Bromoacr
tert.-Butylhy
2-Butyl-met
Captafol
Captan
Carboplatin
2-Chloroacr
(Z)-2-Chlor
( E)-2-Chlor
(Z)-2-Chlor
2-Chloro-3;;
2-Chloroeth
3-Chloro-3-
Chromium ¢
Chrysene
anti-Chrysel
syn-Chrysen
Ciprofloxaci
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TABLE 2 (continued)

Chemical name SOS induction Mutagenesis
Cisplatin + (4,18,19,31,43,79) + (b)
Cumene hydroperoxide + (1,61) + (1)
Cyclohexyl-methanesulfonate + (44,47) + (44,47
Dacarbazine + (43) + (b)
Daunomycin + (2,3,4,22,49,67,71) + (a,2,4,67)
Dibenz[a,c)anthracene + (81) + (a,81)
Dibenz[a,h]anthracene + (8D + (a,81)
Dibenzola,h]pyrene + (81) + (81)
Dibenzo[a,i]pyrene + (81) + (a,81)
1,2-Dibromo-3-chloropropane + (3,28) + (a,b)
1,3-Dichloropropene + (D + (a,b,1)
2,3-Dichloropropene + (1) + (1)
1,3-Dichlor-2-propyl-methanesulfonate + (44,47) + (44,47)
1,2:3,4-Diepoxybutane + (59) + (59)
1,2,3,4-Diepoxybutane + @ + @&,D
1,2:5,6-Diepoxyhexane + (59) + (59
1,2:7,8-Diepoxyoctane + (59) + (59)
Diethyl sulfate +(1,2) + (1,2,a,b)
2,3-Dihydro-4 H-pyran-5-carbaldehyde + (78) + (78)
Dihydrovaltrate + (1,35) + (1,35)
9,10-Dimethyl-anthracene + (2 +(2)
7,12-Dimethylbenz{ ajanthracene + (1,2,3,4,9,67,81) + (a,1,2,67,81)
3 3-Dimethyl-2-butyl-methanesulfonate + (44,47) + (44,47)
9,10-Dimethyl carbamoyl chloride + (2) + (2,a,b)
N, N-Dimethyl-(2-chloro-ethyl)-amine + (1) + (1)
3,3-Dimethyl-propyl-methanesulfate + (44,47) + (44,47)
Dimethyl sulfate + (2) + (2,b); T (a)
2,7-Dinitrofluorenone + (75) + (75)
2,7-Dinitro-9-fluorene + (65,75) + (65,75)
2,7-Dinitro-9-fluorenone-4-carboxamide + (58) + (58)
1,5-Dinitronaphthalene + (75) + (75)
2,7-Dinitrophenanthrenequinone + (58) + (58)
1,3-Dinitropyrene + (75) + (75)
1,6-Dinitropyrene + (75) + (75)
1,8-Dinitropyrene + (79 + (75)
Enoxacin + (54) + (54)
Epibromohydrin + (59 + (59)
Epichlorohydrin + (1,2,59,71,77) + (a,b,1,2,59)
Epifluorohydrin + (59) + (59)
1,2-Epoxy-3-butene + (59) + (59)
2,3-Epoxy-1-propanol + (59 + (59)
1,4-bis-(2,3-Epoxypropoxy)-butane + (59) + (59)
1,2-bis-(2,3-Epoxypropoxy)-ethane + (59) + (59)
2,3-Epoxypropyl-acrylic acid ester + (59) + (59
2,3-Epoxypropyl-1-allylether + (59) + (59
2,3-Epoxypropyl-n-butylether + (59) + (59
2,3-Epoxypropyl-tert. -butylether + (59 + (59)
2,3-Epoxypropyl-4-tert. -butylphenylether + (59) + (59
2,3-Epoxypropyl-4-chlorophenylether + (59 + (59)
2,3-Epoxypropyl-isopropylether + (59 + (59)
2,3-Epoxypropyl-methacrylic acid ester + (59 + (59)
2,3-Epoxypropyl-4-methoxyphenylether + (59 + (59)
2,3-Epoxypropyl-methylether + (59) + (59)
2,3-Epoxypropyl-phenylether + (59) + (59
N-(2,3-Epoxypropyl)-phthalamide + (59) + (59)

TABLE 2 («

Chemical na

1,2-Epoxy-3.
Ethylenedib
Ethyl metha
N-Ethyl-N'-
Ferbam
Fluoranthen
Folpet
Formaldehy
Furazolidon
Furylfurami
Glycidyl-trin
Glyoxal
Homobaldri
Hydrazine
4-Hydroxyar
Hydroxyure:
Indeno[1,2,3
8-Methoxy-2
2-Methylant
9-Methylant
Methylazoxy
Methyl-buty
3-Methylcho
3-Methyl-gly
Methyl mett
N-Methyl-N
Methyl-prop
Methyl vinyl
Metronidaz
Misonidazol
(trans-trans)
Nalidixic aci
1-Naphthyla
2-Naphthyla
Neocarzinos
Nifuroxazide
2-Nitroantht
2-Nitrobenz
o-Nitrocinnz
p-Nitrocinn:
m-Nitrocinn
p-Nitrocinn:
3-Nitrofluor
2-Nitrofluor
3-Nitro-9-flu
7-Nitro-9-flu
Nitrofurantc
Nitrofurazor
5-Nitro-2-fu
5-Nitro-2-fui
Nitrogen mu
2-Nitro-7-me
2-Nitro-7-mxe
2-Nitronaph

2-Nitrophen
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TABLE 2 (continued) TABLE 3
Chemical name SOS induction Mutagenesis COMPOU?
4-Nitro-o-phenylene-diamine + (67); — (3 + (a,67) Chemical n
1-Nitropyrene + (3,65,75) + (65,75) I
8-Nitro-pyreno-furan: isomers [1,2-b] and [2,1-b] + (14) + (14) Acetéldehyt
5-Nitroquinoline + (7% + (a,75) Acetic acid
4-Nitroquinoline-N-oxide + (1,2,4,6,9,12,19,25...) + (a,1,2) Ac'etone
N-Nitroso-dibutylamine + () + (2,2) AC](.j r.ed 27
N-Nitroso-diethylamine +@); - - 1) + (a,1,2) Acridine
N-Nitroso-dimethylamine +(2); - (D —(); + (a,1,2) Actnqomycu
N-Nitroso-dipropylamine + () + (a,2) Ald.rm
N-Nitroso-ethylurea +(1,2,3) + (a,1,2) AH{IFTOIC @3
N-Nitroso-methylurea +(1,2,3,4,83) + (a,1,2) Aniline
N-Nitroso-morpholine + (2) + (2); T(a) Antl}r_acene
N-Nitroso-piperidine + () + (2,2) Asplrl_n
2-Nitro-tetrahydronaphthofuran: 6 derivatives + (34) + (34) Atrazm.e
Nitrovin + (3,21,26,27) + (a) Auramine
Ofloxacin + (54) + (54) Bentazpn
Olaquindox + (1) + (1) Benzy!ldene
3-Pentyl-methanesulfonate + (44,47) + (44,47) 2,2"-Biphen;
anti-Phenanthrene-1,2-diol-3,4-oxide + (68) + (68) Butyl alcohc
syn-Phenanthrene-1,2-diol-3,4-oxide + (68) + (68) Butylated h;
1-Phenyl-2-butyl-methanesulfonate + (44,47 + (44,47) Butylated h;
2-Phenylethyl-methanesulfonate + (44,47) + (44,47) y-Butyrolam
2-Phenyl-propyl-methanesulfonate + (44,47) + (44,47) Cadm¥um cl
Phosmet + (64) + (64) Cadm.lum st
B-Pinane oxide + (59 + (59) Caffeine
Potassium chromate (CrVI) + (6,16,29,53) + (a,b) Carbazol
Potassium dichromate + (53) +(a,b) Carbon tetr:
Proflavin sulfate + (3 + (a) Chloramphe
1,3-Propane sultone +(2) + (2,a) Chlorochqlh
B-Propiolactone +(2,9) + (2,2) p-Chlorocin
Propyleneimine + () + (2,3) (Z)-2-Chlor
Propyl-methanesulfonate + (44,47 + (44,47) Chloroform
2-Propylmethanesulfonate + (44,47) + (44,47) 3-Chioro-2-1
Pyreno-furan: 2 isomers [1,2-b] and [2,1-b] + (14) + (149 3-Chloronitr
Quercetin + (3,13,23,30) + (a,23) 3-Chloro-1-
:; Quinoxaline-1,4-dioxide +Q) +(D Chiorpyrifos
4 Quinoxaline-1-oxide + (1) + (D Chroml'um ¢
o Reductone + (57) + (57 Chromfum I
$18506 (Nitrofuran) +(23) + (23) Chromlum I
Sodium dichromate (CrvI) + (12) + (a,b) C}nnamfilde
Sterigmatocystin + (D + (a) Cfnr.la.mlc ac
Styrene oxide + (59) + (59) Citrinin
2,4,5,7-Tetranitro-9-fluorenone + (75) + (75) Cyanazine
2,4,7-Trinitro-9-fluorene + (67,71,75) + (67,75) DDT
2,4,7-Trinitrophenanthrenequinone + (58) + (58) 5,5’-Dibrom
Triphenylene + (81) + (81) Dicamba
Valtrate /isovaltrate + (1,35) + (1,35) 2,4-Dichloro
Vitamin K1 + (80) + (80) 5-(2,4-Dichl
Dieldrin
For SOS induction see legend of Table 1. Diethyleneg
Data for mutagenicity in the Salmonella typhimurium assay (Ames test) are (—) negative, (+) positive, ? and T equivocal test Diethyl stilb
results. Each result is followed by its reference number: (a) a report of the U.S. Environmental Protection Agency Gene-Tox p-Dimethyla
Program (1986); (b) McCann et al., 1975b; (c) IARC Monographs on the Evaluation of Carcinogenic Risks to Humans: Genetic and Dimethyl for
Related Effects: an Updating of Selected IARC Monographs from Volumes 1-42; (1-83) results given by the authors who L ] 3,6-Dimethy
i performed the SOS chromotest on the same compounds (see legend of Table 1). Dimethyl su
‘ 6,6'-Dinitrol
4,4"-Dinitrol
3 —
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TABLE 3 (continued)

Chemical name SOS induction Mutagenesis
Diphenylamine - = (1); + (D
Endrin — (48) — (a)
Epoxycyclododecane - (59 - (59)
1,2-Epoxy-5,9-cyclododecane-diene - (59 - (59)
Epoxycyclooctane - (59 - (59)
1,2-Epoxydecane - (59 - (59)
1,2-Epoxydodecane - (59 - (59
1,2-Epoxyoctane - (59) - (59
cis-2,3-Epoxysuccinic acid - (59) - (59)
Ethanol - - (@)
Ethionine -2 - (2,a)
Ethoxyquin - (1,32) - (1)
Ethyleneglycol - -1
Fluorene - (81) — (a; 81)
9-Fluorenone — (58) — (58)
7-Cl-9-Fluorenone — (58) - (58)
9-Fluorenone-4-carboxylic acid - (58) — (58)
Glutathione -1 - (D
Griseofulvin —(2,28,53) - (2); T(a)
Hexachloroethane - (51 —(a)
Hexenal — (78) - (78)
Hydroxylamine - - Q)
(+)-Limonene oxide - (59 - (59
Methionine -2 -@Q
Methoxychlor - - (a,1)
o-Methoxycinnamaldehyde — (74 - (74)
Methylhydrazine - - (D
2-Methyl-1-nitronaphthalene - (7% — (75)
Metribuzine — (64) — (64)
Michler’s ketone - - )
Moniliformin -® - (8)
Naphthalene - (81 — (a; 81)
Naphthofuran: 5 derivatives - (34 - (34
a-Naphthol -4 - (a)
9-Nitroanthracene - (5 - (75)
4-Nitrobiphenyl-3’-carboxylic acid - (58) — (58)
5-Nitro-9-fluorenone-4-carboxylic acid — (58) - (58)
1-Nitronaphthalene - (75) — (75)
4-Nitrophenanthrenequinone — (58) - (58)
N-Nitroso-diphenylamine - (1,2) - (a,1,2); + ()
Ochratoxin A - (7.8) - (8,b) T(a)
Patulin - (7,8 —(a,8)
Pentachloro-nitrobenzene - (28 - (28)
Pentenal - (78 - (78)
Perhexiline maleate - (23) —(23)
Phenanthrenequinone - (58) - (58)
Phenanthrenequinone-2-sulfonic cacid — (58) — (58)
a-Pinane oxide - (59 - (59
Polychlorinated biphenyl (Aroclor 1254) - ) - (2,b)
Prednisone - -
1-Propanol - - (D
Propionic acid —(1,25) - (1,25)
Propyl gallate -(1,32) - (1)
Quininehydrochloride - (D -
Quinoxaline - -

TABLE 3 (

Chemical n

Rubratoxin
Safrole
Sodium ars
Sodium ars
Sodium chl
trans-Stilbe
T2 toxin
1,1,2,2-Tetr
Thallium (1
Thallium (1
Tienillic aci
Trenbolone
1,1,1-Trichl
1,1,2-Trichl
Trifluralin
Tris-(hydro
Trypan blu
Urethane
Vincristine
Vitamin C
Zearalenon
Zeranol
Zirconium |
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ence was given to clear responses (+ or —) over
doubtful or inconclusive responses (?, + or T,
see tables); (iii) preference was given to classical
methods over modified methods, however if a
positive result was obtained only in a modified
method the response was taken into account.
Thus comparisons of the results obtained in the
Ames test to those obtained in the SOS chro-
motest could be made for 452 compounds. We
could not conclude on a clear + or — response for
30 compounds.

Concordance between the two test systems

Out of 452 compounds tested, 373 (82%) gave
similar responses in both tests: 236 positive re-
sponses (Table 2) and 137 negative responses
concordant in both tests (Table 3). This result
strengthens our previous conclusion, obtained
from a smaller set of compounds, that there is a
relatively close correlation between the induction
of the SOS system as measured in the SOS chro-
motest and mutagenesis as measured in the Ames
test (Quillardet et al., 1982, 1985). However in
our previous study (Quillardet et al., 1985) a
slightly higher correlation (89%) was obtained.

This slight discrepancy could be due to the larger
data base used here or to other causes such as
compounds inadequately tested by some labora-
tories (in our previous study all of the compounds
were tested in our laboratory), and, for the com-
pounds which trigger only a slight increase of the
SOS induction factor or a slight increase of the
number of mutants, to a difference in the inter-
pretation of test results.

Discrepancy between the two test systems

The discrepancies between both tests concern
79 compounds out of 452 (18%). Nineteen com-
pounds were given as positive in the SOS chro-
motest and negative in the Ames test, and 60
compounds were given as negative in the SOS
chromotest and positive in the Ames test.

Compounds giving a positive response in the
SOS chromotest and a negative response in the
Ames test

Nineteen compounds gave a positive response
in the SOS chromotest and a negative response in
the Ames test (Table 4).

TABLE 4

COMPOUNDS GIVING A POSITIVE RESPONSE IN THE SOS CHROMOTEST AND A NEGATIVE RESPONSE IN THE
AMES TEST

Chemical name SOS induction Mutagenesis
Alachlor + (64) — (64)
p-Aminocinnamic acid + (74) - (74
Amitraz + (39 - (39
Cacodylic acid + (64) = (64); T (@)
(E)-2-Chloro-3-(dichloromethyl)-butenedioic acid + (52) - (52)
Dihydroxyacetone + (1) -
3,3-Dimethylacrolein + (78) — (78)
Dinoseb + (64) - (64); T (a)
Estradiol-178 + (66) - (b
3-Ethoxy-2-methyl-acrolein + (78) - (78)
3-Ethoxy-2-pentyl-acrolein + (78) - (78)
3-Ethoxy-2-propyl-acrolein + (78) — (78)
2-Furylacrolein + (74) - (74)
Hydrogen peroxide + (1,61,63) -
Linuron + (64) = (64); T (a)
5-Methoxybenzofuran (R7236) + (34) - (34
o-Nitrocinnamic acid + (74,78) — (74,78}
Phenanthrene + (81D — (a; 81)
Quinoline-1-oxide + (1) -

For legend see Table 2.
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TABLE 5

COMPOUNDS GIVING A NEGATIVE RESPONSE IN THE SOS CHROMOTEST AND A POSITIVE RESPONSE IN THE
AMES TEST

Chemical name SOS induction Mutagenesis
Acephate — (64) + (64)
Acridine flavine - HC] (proflavine) - + @
Aflatoxin G2 X)) + 23 ?0) T
9-Aminoacridine -653D+/-@ + (1,4
o-Aminoazotoluene - @ + (a,4)
2-Aminopurine — (2,24,45) +(2)
Benzidine - (1,245 + (a,b,1,2)
1 H-Benzotriazole - + (D
Carbaryl — (64) — (64); + (@)
4'-Chloroacetyl-acetanilide - + (1)
2-Chloronitrobenzene - + (1)
4-Chloronitrobenzene - + (1)
Congo red - (D + (D
Coronene - 8D + (81)
Cyclohexenoxide - + (1)
Cyclophosphamide - (1,2,4,43,53) + (a,b,1,2)
Diacetyl - (1 + (1)
o-Dianisidine - (D + (a,1)
p-Dianisidine - + (1)
Dichloromethane - (51) + (a)
1,2-Dichloropropane - (1) + (a,1)
1,3-Dichloropropane - + (1)
2,3-Dichloropropanol - + (1)
1,3-Dichloropropanone - + (D
Dimethoate — (64) + (64)
4-Dimethylaminoazobenzene - + (a,1)
2,2-Dimethyl-1-methoxy-ethylene oxide - (59 + (59)
4,4'-Dinitrobiphenyl-2,2 -dicarboxaldehyde - (58) + (58)
Direct red 2 - + (1)
cis-2,3-Epoxybutane - (59 + (59)
Epoxycyclohexane - (59 + (59)
Epoxycyclopentane - (59) + (59)
1,2-Epoxyhexane - (59 + (59)
exo-2,3-Epoxynorbonane - (59 + (59)
1,2-Epoxy-7-octene - (59) + (59
1,2-Epoxypropane - (59) + (59)
2,3-Epoxypropyl-(2-ethylhexylether - (59) + (59)
Ethidium bromide -3 +/-@ + @)
Ethylene dichloride - (2,51) + (2,2)
Fast garnet GBC base - + (1); T (a)
Glutaraldehyde - + (1)
8-Hydroxyquinoline - (45 + (a)

Kojic acid -8 + (8)
6-Mercaptopurine - (4,45) + (@)
Methyl orange - -(@); + @
Methyl red - T@); + (1)
Monocrotophos — (64) + (64); T (2)
Mordant black 3 - (1) + (1)
1-(4-Nitrobenzol-azo)-2-naphthol - (D + (1)
Nitrofen ~ (64) + (64)
Perylene - (1,81) + (1,81)
PR toxin -® +(8)
Sodium azide - (1,2,4) + (a,1,2)
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to be miscoding but which does not perturb DNA
replication at least for short alkyl chains. This
lesion is produced by alkylating agents such as
ethyl or methyl methanesulfonate, N’-nitro-N-
nitrosoguanidine. These compounds are SOS in-
ducers because they create other lesions such as
3-methyladenine known to block DNA synthesis
and to trigger the induction of the SOS system.
However, one can imagine that some compounds
produce only, or essentially, non SOS inducing
miscoding lesions.

(1) Is there a correlation between base pair
substitution mutation and SOS induction? It was
noticed by several authors that most of the com-
pounds which induce mutations in the Ames tester
strain TA100, which is mainly reversed by base
pair substitutions, are also SOS inducers in the
SOS chromotest. In contrast, compounds which
induce mutations only in Ames tester strains in
which the Ais™ mutation is a frameshift, TA98,
TA1537 or TA1538, generally do not induce the
SOS response in the SOS chromotest (see Von
der Hude et al., 1988). One possible interpreta-
tion for this observation is that lesions which
block the replicative complex induce the SOS
system which makes it possible to bypass this
replication block generating essentially base pair
substitutions as mutations. On the contrary
frameshift mutations could be due to lesions
which do not block the replicative complex but
which perturb it, promoting strand slipping induc-
ing base additions or deletions. If this observation
was valid, one would expect that most mutagenic
compounds which do not induce the SOS re-
sponse would be mutagenic in the frameshift
strains TA98, TA1538, or TA1537, but not in the
base pair substitution strains TA1535 or TA100.

This hypothesis is discussed below with 43
compounds for which sufficient data were avail-
able to us.

Sixteen of these compounds are better de-
tected on frameshift strains TA98, TA1538,
TA1537 than on base pair substitution strains.
Thus, in the presence of metabolic activation
mixture, benzidine is clearly mutagenic essentially
on strain TA1538 and TA98 (Kier et al., 1986),
o-dianisidine is mutagenic on strain TA98 and
weakly, if at all, on strain TA100, but it is not

mutagenic on strains TA1535, TA1537 (Haworth
et al., 1983), and p-dianisidine is mutagenic on
strains TA98, TA1538 and TA1537 (Dunkel et
al., 1985). In the same conditions, kojic acid is
mutagenic only on TA98 (Stark, 1980) and
coronene on standard strain TA98 and on strain
TA97 another frameshift strain, whereas it does
not increase significantly the spontaneous muta-
tion rate in TA100 (Sakai et al., 1985). Although
the overall results for methyl red and fast garnet
GBC base are ‘T, i.e., inconclusive in the Gene-
Tox publication (Kier et al., 1986), methyl red
was found mutagenic in the presence of activa-
tion mixture on strain TA98 (Mori et al., 1986)
and on strain TA1538 (Brown et al., 1978; Kier et
al., 1986) and in the presence as well as in the
absence of activation mixture. Fast garnet GBC
base was found positive on strains TA1538
(Joachim et al., 1985) and TA98 (Longstaff et al.,
1984). On other strains (TA100, TA1535 and
TA1537) responses were inconclusive for these
two compounds. In the absence of activation mix-
ture, acridine flavine (proflavine) is best detected
on strain TA1538 (McCann et al., 1975b), and
9-aminoacridine is efficiently detected on strain
TA1538 but not on the other strains (Dunkel et
al., 1984). Again, 4,4'-dinitrobiphenyl-2,2’-di-
carboxaldehyde and 2,4,4’,6-tetranitrobiphenyl-
2’ 6-dicarboxylic acid (dimethyl ether) are muta-
genic on strain TA1538 not on strain TA1535
(Vasilieva et al.,, 1990); 2,4,4',6-tetranitrobi-
phenyl-2’,6-dicarboxylic acid (diamide), 2,4,4'-
trinitrobiphenyl-2'-carboxylic acid and 2,4,4'-tri-
nitrobiphenyl-2’,6-dicarboxylic acid are muta-
genic on strains TA1538 and TA98 but not on
strain TA1535 (Vasilieva et al., 1990). According
to Von der Hude et al. (1990), 4'-chloroacetyl-
acetanilide and 1-(4-nitrobenzol-azo)-2-naphthol
are mutagenic on strains TA1538 and TA98. We
do not know if these compounds require an acti-
vation mixture or not to be active nor if they are
mutagenic on other strains.

By contrast, 21 compounds are better muta-
gens on the base pair substitution strain TA1535
or TA100 than on frameshift strains. Thus, in the
presence of activation mixture positive responses
were obtained for cyclophosphamide on strains
TA1535 and TA100 whereas negative responses
were obtained on TA98, TA1537, TA1538 (Mc-
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the presence of activation mixture are reported in
the Gene-Tox publication (Kier et al., 1986) but
the compound was classified as ‘T, i.e., results
were judged insufficient to classify this compound
as positive or negative in the Ames test. Acephate
is judged to be mutagenic in the Ames test (Xu
and Schurr, 1990). Indeed a positive response has
been obtained on strain TA100 in the absence or
in the presence of activation mixture. However,
only a doubling of the spontaneous mutation rate
is obtained at high concentrations of acephate
(Moriya et al., 1983). Ethylene dichloride is an
extremely weak mutagen which does not increase
by more than 50% the spontaneous number of
revertants on strain TA100 in the absence of
activation mixture (McCann et al.,, 1975a). As
mentioned by the authors, reproducible dose-re-
sponse curves cannot be obtained. Other weak
mutagens give a low response only under special
conditions or on especially sensitive tester strains.
Thus, methyl orange is not mutagenic on TA9S,
TA100, TA1535 and TA1537 when the standard
procedure is used (Brown and Dietrich, 1983;
Kier et al., 1986). Only a weak positive response
was obtained when aerobic preincubation in the
presence of riboflavin, which acts as an electron
donor for the generation of azo radicals, was
performed (Brown and Dietrich, 1983). This com-
pound is judged nonmutagenic in the Gene-Tox
publication (Kier et al., 1986). Similarly, for o-
toluidine a positive response in the Ames test is
given (Von der Hude et al., 1988) based on the
results reported by Brown et al. (1983) who found
a very weak mutagenic activity obtained with
TA100 and TA98 under activation in anaerobic
preincubation. However, o-toluidine is also re-
ported negative in the standard Ames test (Mc-
Cann et al., 1975b). In the Gene-Tox publication
(Kier et al., 1986) negative responses are reported
on strains TA100, TA1535 and TA1537 both with
and without metabolic activation mixture and an
inconclusive response on TA1538. However, the
authors judged the data insufficient to classify the
compound as negative or positive in the Ames
test. Congo red and direct red 2 are weakly
mutagenic on strains TA98 and TA100 only in
the presence of activation mixture and if aerobic
preincubation is performed (Brown and Dietrich,
1983). The mutagenicity of these compounds is

increased when riboflavin, which acts as an elec-
tron donor for the generation of azo radicals, is
added to the assay (Brown and Dietrich, 1983). A
weak positive response has been obtained with
mordant black 3 on strain TA100 under aerobic
preincubation conditions. The compound is not
mutagenic on strain TA98 in similar conditions
(Brown and Dietrich 1983). In addition, PR toxin
is a very weak mutagen which is detected only
with the special strain TA 97 in which it increases
the spontaneous mutation rate by only 60% (Levin
et al., 1982). Diacetyl, which has not been found
mutagenic on standard Ames tester strains, gave
a weak positive response using strain TA104 which
is more sensitive than other Ames tester strains
to various aldehydes and ketones very toxic for
the bacterial cell (Marnett et al., 1985).

(b) Equivocal mutagens. Other compounds may
be considered equivocal mutagens. For these
compounds contradictory results have been re-
ported so that it is difficult to draw firm conclu-
sions with regard to their mutagenicity in the
Ames test. For example 2-chloronitrobenzene and
4-chloronitrobenzene are given as positive in the
Ames test by the laboratory which evaluated their
genotoxicity in the SOS chromotest. Data for
mutagenicity came from a report by Shimizu et
al. (1983) which found clear positive responses for
2-chloronitrobenzene in the absence of activation
mixture on strains TA98 and TA1538, but nega-
tive responses on strains TA100 and TA1535, and
clear positive responses for 4-chloronitrobenzene
in the absence of activation mixture on strains
TA100 and TA1535, but negative responses on
strains TA98 and TA1538. They classify 2-chloro-
nitrobenzene as a mutagen inducing frameshifts
and 4-chloronitrobenzene as a mutagen inducing
base-pair substitutions. However, these two com-
pounds were evaluated in the Ames test by three
different laboratories in a collaborative study
(Haworth et al., 1983). In the absence of activa-
tion mixture 2-chloronitrobenzene was found
negative on TA100 in 5 experiments, on TA1535
and TA1537 in 2 experiments and also in TA9S.
In the presence of activation mixture, using rat
liver homogenate, 3 weak positive responses were
found out of 5 experiments on strain TA100, 1
weak positive response out of 3 on strain TA9S,
and negative responses were reported on strains
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mogenate
(5) experi
responses
responses
TA1537.

sence of
were fourn
weak posi
TA100. 1
TA100 ar
rat and h
out of 2 e;
with liver
ing condit
tagenicity
chloronitr

In gen
equivocal
the result
the tests |
same batc
in both te
tion of tl
agreemen
that som
equivocal
been unde
test.

(¢c) No
condition:
compounc
in the An
ing using
negative 1
dard test
after ada
sensitive t
negative i
but it we
publicatio
amined, i
positive b
obtained
ence of ur
tion step
aminoazol
test (Von
response |




Ojul pawIojsue) 9q jou Aew punodwod e 159} A1
-0IXO10Ud8 © Ul Jey]) SI du() "WSIUBYIIW OIX0}OUIF
® AQ 108 p[nom 1o} ul yomgm uafoumpied e Jo
A1101X010U93 JO 9ouasqe judiedde ue 0} peo] uevd
OIym suoseal [eanoeid os[e a1e 213y, 159} SoUIy
a1 10 1S9)0WOIYD SOS AY] Se Yons §)s3) AJIOIX0)
-0UdF Ul Pajddlap 9q JOU [[IM AU} 9I0JAISY) pue
(0661 ‘YiIomIDNNg AQ MIIAII 93S) SUITOUIOIRD
OIXOJGUQS-UOU oI SUSFOUIdIBD JO IdqQUNU Y

SISaUISOUIDIDD PUD 153] SAUY
Y1 Ul PaNSPIUL SISFUISDINUL “1S2IOUI0LYD SOS Y}
Ul Panspaw uonInpul §OS UaIMIdq UOUDIILIO))

'$1$3) OM] ()
U99MI9Q PIAIISQO SAIOURAIIISIP 9Y) JO [BIDAIS 10
JUNOOOE ABW UONBAIIDE OI[OJRISW Ul SOOUIIJNIP
9S9Y ], "1S9I0WOIYD> SOS dYl Ul UeY] 1S9} SOWYy
SY1 Ul I93UO] ST UOIIRAIDE OI[OQBIOW IO Pamoj[e
AWl 9Y} PUB SOWAZUSD UOIIBAIDE ) OZI[IqeIS
0] POAJI[aq SI 189) SAWNY dY) Ul pasn wnipaw 1ege
9L, "189) Sewry plepue)s dyj ur saje[d uo sinddo
1 SBaIdUM ‘wmnipawl pinbi] Ul SINdO0 UONBZIjOgQR
-Jowr 1S910WOIYD SOS dY) U 'S1S) OM]) OY) U9M)
-9q JUSISJIp aunb oq Aew uonEZI[OQEBIAW I10]
SUONIPUOD 9() ‘pPasn dJe SAINIXIW UOIBANOR [BD
-IIUIpI Isowfe YInoyle ‘pouonuaull Apeaie sy
“[ed1wIayd SIY} JI0J IS SAWY 33} Ul paure)
-Q0 2I9m sasuodsar aansod (78T “Ie 19 WiAT)
C0TV.L PU® (6861 “IB 19 NOUIR) H0TV.L Ulens
Suisn ‘I0AOMOH ‘SUTBIIS I9)S9) SOUIY pIBpUR]S
Uo J1Ud3eRINUI pUNO] Jou sem dpAyap[ereIns ‘uon
-Ippe U] "SJ9LIOJRIO(R| JUISHIP WOIJ Ssasuodsor
SAISN[OUOdUI QU0 pue JAIRTIU ¢ JO INO UAIT SI
189) uoneqnouraxd pmbiy oy} ur paureiqo ‘esuods
-91 9AnIsod SUO AJUO JBY) UJIS 2q UEBD 1 ‘poyIe}
-9p 9Ie S)NSAI [ENPIAIPUI UM ‘IOAIMOH -9In)
-XTW uoneanoe Jo 20uasaid dy) ur sanisod oiom
[0ZuU3qOoZeoUIURIAY}SWIP-f IO 191 SAUIY Y} Ul
SINSAI [[BISAO 3} (9861 “[e 19 Iary) uonesrqnd
XO1,-9U90) 9] 0] 3UIpPIOIDY "SAIMIXIW UOIIBAIIOR
suizrjoqelsw Jo 2ouasard Y3 Ul 10 OUISqR Y} UL
(€861 “I¢ 32 YHOMBH) SESTV.L ‘LESTVL ‘SESTV.L
suleils U0 IO (¢861 “[e 190 YlIomeH 9861 “Ie
19 LIOW) O00TV.L PUe g6V.L sulerls uo omofeinw
punoj j0u Sem JdUSZUIQOZBOUIWER[AYISWIP-{ ‘SUON)
-Ipu0d pIepueIsS I9PUN ‘ISAIMOH (€861 ‘YOLILIQ
pue umoig) pauriojrad sem uorneqnoutdrd o1qoioe
Ue U9UM OINIXIW UOMBAIIOE JO DUISR Y] Ul

£9¢

00TV.L Pue 86V L UO paureiqo uaaq sey asuodsax
aanisod e ‘paspuy (8861 ‘OPNH ISP UOA) 1891
SoUIy 9y} Ul dAINSOd USAIS SI QUIZUIQOZBOULWIE
-[Aylowii(]-f "Aesse 9y) 0} poppe s1 dojs uon
~eqnourald e uUayMm IDAI[ 3SNOW PIdsNPUIUN JO U
-sa1d o) ur pue ¢SV Ulells U0 A[UO paure}qo
sem J[nsSaI sIYyJ, "Arojeloqe| duo Ajuo Aq 2anisod
USAIS SI JAIRQIRD JRU) UJIS 2q UBD ) ‘pourwue
-X3 oI §)INSAI [enplalpul JI ‘ysnoyjre uonedrqnd
X0J-ouan) oIy ur danisod pourodar sem I Inqg
(€861) ‘[& 19 BALIOIN Aq 1$9) SOUIY 91} Ul dAneSoU
punoj sem JjAreqied ‘snifJ, ‘Sulells I9)Sd) SANISUIS
Afjeoadse uo 10 Aesse ayy jo uoneydepe 19)Je
sasuodsar oanisod 9AIS Ing ‘surells I19)s9) piep
-ue)s 9y} )M SUONIPUOD JSI) pIepuels ui danedou
aIe spunoduos 9say] ‘poopu] “Aesse sI) Suisn Fur
-U92.10S [edIssed © 9deoso prnom 1893 SoUry 2y} ul
9A1IS0d SB 919 PaIapISuod Ik Yorym spunoduiod
[eI0A3S JBY) PAJoU 9q OS[e P[NOYS I "SUONIPUOD
UOnezIjoqeIsl 10 Sulells plepuels UON (9)
18391
I9710 9(] IO SUO Ul PIJBUWIISI-IAAO IO -IPUN UIAQ
9ARY $1S9) 9U] Ul $asU0dsal J1X0)0udg [ed0AINbO

T 10 jBom 0onpur yomym spunodwiod JwWoOs Iy}

AJOYI] ST 1] "S)NSAI $1$9) YI0Q UIIMI2Q JUIWITe
I9139q 03 ped] pnod spunodwod 33y} Jo uon
-BN[RAIII SNOLISS € JBY) JAJI[OQ A\ °SISI) [loq Ul
suonipuod refrurs uisn punodwod Jo yojeq dwes
a1 uo [o[[ered ur pawIoad aq 0} 2ArY $1S9) I}
‘renonied U] ‘PIIeN[BAISI 9q 0O} JABY SINS3I 9Y)
1) JuIiyl am spunodwod orudfeinw [edoAlnbo
IO jeom JO SOLI0Z31BD 9SO} 10 ‘[RIdUOT Uy
(S SIqe]) PUNO} 9q UBD SUIZUIGOIITUOIO[YD
-t puB QUJZUIGONIUCIOYD-7 I0J 1891 ANdIuage)
-NW Ul 3Nsal 9ANIsod © poLIBA 318 SUOLIPUOD Ful
-1891 J1 SNy T, "I9jSWey Woly 91eUdF0owoy IAI] Im
86V .1 Urens uo pajrodal sem sjudswiadxa 7 Jo jno
asuodsar aAnisod jyeom e pue ‘Iojswiey pue jel
WOl 93eUIZOWOY ISAI UM SECTV.L PUR (OTV.L
uo aanisod punoy sem punodwod Syl "00IV.L
uo papiodar sem 4 JO In0 asUOdsa1 danIsod Jeom
T PUe GECTV.L PUR LESTV.L ‘B6V.L UO puUnoj arom
$9sUOdsSal QANIRSAU ‘OIMIXIWI UOIJBAIIDE JO 90USS
-Qe 9y} Ul ‘9UdZUSQONIUCIONYd-p M "LESTVL
pue GESTV.L sulenls uo pajpiodar a1om sasuodsal
3AnE3aU pue ‘YEV.L, UIRIIS UO ¢ JO Ino Sasuodsal
aAanIsod yeam 7 ‘GOTV.L Urens uo syuswradxs (§)
[le ul punoj arom sasuodsar aanisod ‘9reusgow

-0y 10Al] Iojswey Suis) ‘LESTVL PUB SESTVL

5

©

“

<

sureIs
‘86V.L
I ‘00T
QIoMm §:
jel Sur

B6V.L
SESTV.
punoj
-BAIOR
Apnjs
201} A
-Woo o,
Suronpt
S)JIYSoU
-010[>
Uo SSt
surei}s
QUIZU(
pue ‘G¢
-e8ou u
UOIJBAIY:
10J sosu
19 nzmu
10J ®e1B(
I9Y) po
ay) ur a
pue auo:
Ay} ur
-NouU0d |
=9I U9(
AsaY)  IC
Aew spun

I0J J1X0)
surens I
yaygm 40
2aeg ‘sur
punojy us
UIAYT) %
SaseaIOU]
AJuo poyx:
uxo} ud
SUONIpUO
jou s1 pt
J1qoIdk 1
Yim pou
V(€861
ST ‘s[eoIpe
-09[3 U S




264

TABLE 6
COMPOUNDS OF CLASS 1

Chemical name SOS induction Mutagenesis
(a) Positive response in both the SOS chromotest and the Ames test

2-Acetylaminofluorene +(13);+/-@ + (a,1)
Adriamycin + (4,43) + (a,b)
Aflatoxin B1 +(2,4,6,7,8,9,10,11...) + (2,a,b)
Aflatoxin B2 + (2,7 + (2,b); T (a)
Aflatoxin G1 +(2,4,7) + (2b); T (a)
Aflatoxin M1 +(2) + (a,2,b)
Benz[alanthracene + (1,81) + (a,1,81)
Benzo[b]fluoranthene + (81) + (81)
Chromium oxide (CrVII) + (16) + (b)
Chrysene + (3,81) + (a,81)
Dibenz[ a,h)anthracene + (8D + (a,81)
Dibenzol a,ilpyrene + (81) + (a,81)
1,2-Dibromo-3-chloropropane + (3,28) + (a,b)
1,3-Dichloropropene + (1) + (a,b,1)
1,2:3,4-Diepoxybutane + (59 + (59)
1,2,3,4-Diepoxybutane + (D + (a,D)
Diethyl sulfate +(1,2) + (1,2,a,b)
9,10-Dimethyl carbamoyl chloride +(2) + (2,a,b)
Dimethyl sulfate + (2) + (2,b); T (2)
Epichlorohydrin + (1,2,59,71,77) + (a,b,1,2,59)
Ethylenedibromide + (1,2,3,28) + (b,1,2); T (a)
Formaldehyde + (D + (b,1); — (D
Hydrazine + @ + (2,b)
Metronidazole + (4,23) + (a,b,23)
1-Naphthylamine + () + (a,b)
2-Naphthylamine +(2,3) + (2,a,b)
Nitrogen mustard +(2) + (2,a,b)
N-Nitroso-dibutylamine + (2) + (2,3
N-Nitroso-diethylamine +); - - + (a,1,2)
N-Nitroso-dimethylamine +Q); - - (), + (a,1,2)
N-Nitroso-dipropylamine +(2) + (a,2)
N-Nitroso-ethylurea +(1,2,3) + (a,1,2)
N-Nitroso-methylurea + (1,2,3,4,83) + (a,1,2)
N-Nitroso-morpholine + (2 +(2); T
N-Nitroso-piperidine + (2) + (2,2)
1,3-Propane sultone + Q) + (2,2)
B-Propiolactone +(2,9) + (2,2)
Propyleneimine + (2 + (2,3)
Sodium dichromate (Crv1) + (12) + (a,b)

(b) Negative response in both the SOS chromotest and the Ames test

Amiitrole (3-Aminotriazole) - - (2,a,b)
Auramine -Q@ - (2,a); + (b)
Cadmium chloride - @ - (2,b); T (a)
Cadmium sulfate - (29,53) — ()
Carbon tetrachloride - (5D - (a)
Chloroform - (2,51 - (2b)

DDT - (1,2,23,28) - (a,b,1,2,23)
Diethyl stilbestrol - (23) — (a,b,23)
Ethanol - - (a1
Michler’s ketone - - (D

Safrole -2 - (2,2
Sodium arsenate - (29 —(b)
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among the 73 chemicals tested. It is unlikely that study. However, this result might indicate that
a specificity of 100% would be found on the induction of SOS is rather specific for carcino-
larger number of compounds examined in this gens. The slightly higher accuracy obtained with
TABLE 7

COMPOUNDS OF CLASS 2

Chemical name SOS induction Mutagenesis
(a) Positive response in both the SOS chromotest and the Ames test

Aflatoxicol + (7,8) + (8)
2-Aminoanthracene + (1,3,4,6,12,50,53...) + (a,1)
2-Aminofluorene + (1,2,3,12,67); — (4) + (a,1,4,67)
Azaserine + (2,3,4) + (2,a)
Benzo[ j Jfluoroanthene + (81 + (81
Benzo[alpyrene +(1,2,4,9,17,2532,42...) + (a,1)
Bleomycin + (2,3,4,9,43,49) + (b)
Cisplatin + (4,18,19,31,43,79) + (b)
Dacarbazine + (43) + (b)
Daunomycin + (2,3,4,22,49,67,71) + (a,2,4,67)
Dibenzola,h]pyrene + (81) + (81)
7,12-Dimethylbenz[ aJanthracene + (1,2,3,4,9,67,81) + (a,1,2,67,81)
1,3-Dinitropyrene + (75 + (75)
1,6-Dinitropyrene + (79) + (75)
1,8-Dinitropyrene + (75) + (75)
2,3-Epoxypropyl-phenylether + (59) + (59
Ethyl methanesulfonate + (1,2,3,4,44,47) + (a,1,2)
Furylfuramide + (3,26,27) + (a)
Methylazoxymethanol-acetate + Q) +(2); T (a)
3-Methylcholanthrene + (1,2,3,9,67,71,81) + (a,1,2,67)
N-Methyl-N '-nitro-N-nitrosoguanidine + (1,2,3,4,20,21,39...) + (a,b,1,2)
Nitrofurazone + (14,62) +(a,62)
2-Nitro-7-methoxynaphthofuran (R7000) + (2,34) +(2,34)
4-Nitro-o-phenylene-diamine + (67); — 3 + (a,67)
1-Nitropyrene + (3,65,75) + (65,75)
4-Nitroquinoline-N-oxide +(1,2,4,6,9,12,19,25...) + (a,1,2)
Sterigmatocystin + (7 + (a)
Styrene oxide + (59) + (59
2,4,7-Trinitro-9-fluorene + (67,71,75) + (67,75)
(b) Negative response in both the SOS chromotest and the Ames test

Acetaldehyde - - (b,
Aniline - — (a,b); + (1)
Butylated hydroxy-anisole -(1,32) - (a1
Chloramphenicol - @ - (a,b)
2,4-Dichlorophenoxy-acetic acid (2,4-D) - (48) - (@)
Ethionine -2 - (2,a)
Griseofulvin — (2,28,53) — (2); T(a)
Methoxychlor - - (a,1)
Methylhydrazine - (D -
Polychlorinated biphenyl (Aroclor 1254) - - (2,b)
1,1,2,2-Tetrachloroethylene - - (b,1)
1,1,2-Trichloroethylene - -1
Trypan blue - — (a); + (1)
(c) Different response in the SOS chromotest and the Ames test

Dichloromethane - (5D + (a)

For legend see Table 6.
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TABLE 8 TABLE 8 (i
COMPOUNDS OF CLASS 3 -
Chemical n:

Chemical name SOS induction Mutagenesis Dieldrin
(a) Positive response in both the SOS chromotest and the Ames test Diethyleneg
N-Acetoxy-2-acetylaminofluorene + Q) + (2,a) Dimethyl su
Acridine (ICR170) +(1,3) + (a,1) Endrin
Acridine orange + (1,3,4,71) + (a,1) 1,2-Epoxydc
Allyl-methanesulfonate + (44,47) + (44,47 1,2-Epoxyoc
2-Amino-5-nitrothiazol +Q) + (1) Ethylenegly
Anthanthrene + (81) + (a,81) 9-Fluorenor
Benzo| ghiJperylene + (81 T (a); + (81) Hexachloro
anti-Benzo[ ¢ Jphenanthrene-3,4-diol-1,2-oxide + (68) + (68) Naphthalen
syn-Benzo[ c]phenanthrene-3,4-diol-1,2-oxide + (68) + (68) N-Nitroso-d
tert.-Butylhydroperoxide + (1,61) + (1) Ochratoxin
Captafol + (3,28,64) + (64); T (a) Patulin
Captan + (3,28,64) + (64, a) Pentachloro
Cumene hydroperoxide + (1,61) + (D Phenanthre:
Dibenz[a,c)anthracene + (81) + (a,81) Prednisone
1,2:5,6-Diepoxyhexane + (59) + (59) 1-Propanol
1,2:7,8-Diepoxyoctane + (59 + (59) Propyl galla
9,10-Dimethyl-anthracene + Q) + ) 1,1,1-Trichl¢
N,N-Dimethyl-(2-chloro-ethyl)-amine + (D + (D) Trifluralin
1,2-Epoxy-3-butene + (59) + (59) Vincristine
N-Ethyl-N "-nitro-N-nitrosoguanidine + (1,3) + (1); T (a) Zearalenon
Ferbam + (64) + (64) (c) Different
Fluoranthene + (81) + (81) Acridine fla
Folpet + (64) + (64,a) 1 H-Benzotr
Furazolidone + (3,62) + (62) Carbaryl
4-Hydroxyamino-quinoline-1-oxide + Q) + (a) 2-Chloronits
Hydroxyurea + (1,2,45,53) +Q12 4-Chloronitr
9-Methylanthracene + (81) + (81) Coronene

: Methyl methanesulfonate + (1,2,4,39,4447...) + (a,1,2) Cyclohexen

fi 3-Nitrofluoranthene + (65,75) + (65,75) L2-Dichlorc

2-Nitrofluorene + (234,965 — (D +(1,24,75) Dimethoate
Nitrofurantoin + (14,15,26,27) + (a) Epoxycycloh
Potassium chromate (CrVI) + (6,16,29,53) + (a,b) 8-Hydroxyqt
Potassium dichromate + (53) + (a,b) 6-Mercaptoy
Proflavin sulfate + (3 + (a) ! Methyl red
Quercetin + (3,13,23,30) + (a,23) Perylene
Quinoxaline-1,4-dioxide + (1) + ) PR toxin
Triphenylene + 8D + @D Sodium azid
(b) Negative response in both the SOS chromotest and the Ames test i Trichlorfon
Acid red 27 - - @ Cacodylic ac
Actinomycin D -@ - ) Dinoseb
Aldrin — (48) —(a) Hydrogen pe
Anthracene - 28D —-(a,2,81) ] Phenanthrer
Atrazine - (1,64 - -
Butylated hydroxy-toluene - (1,32) - (a,D For legend s
y-Butyrolactone -2 -@
Caffeine -@ - Q) )
Carbazol - - b
Chlorocholinchloride - - ¢ compa
3-Chloronitrobenzene - - compounc
Chromium chloride (CrIII) - (16,29,53) — (b); T(a) i response |
Chromium nitrate (CrIII) — (16,53) — (b); T (a) gave a ne
Chromium potassium sulfate (CrIII) —(12,53) — (b); T (a)
Citrinin - (7,8 - @8); TR Compound

3
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TABLE 9

COMPOUNDS TESTED IN THE SOS CHROMOTEST FOR WHICH MUTAGENESIS OR CARCINOGENESIS DATA

WERE NOT AVAILABLE

Chemical name

SOS induction

2-Acetyl-1-dodecyl-5-nitronaphthofuran
Acridine yellow

Ajmalicine

Allopurinol

Alodan

Aluminum chloride

Aluminum sulfate
1-Amino-4-nitronapthalene
Ammonium sulfide

Ampicillin

Ascorbate-copper (oxidized solution)
Atrapazine

Averufin

8-Azaguanine
3'-Azido-3'-deoxythymidine (AZT)
Azobisisobutyronitrile

Barium nitrate

Bismuth nitrate
5-Bromo-2’-deoxyuridine

Calcium nitrate

Carminomycin

CB 1954 (nitroimidazole-aziridine drugs)
Cesium sulfate

CHIP (platinum complex)
Chlorbenside

3-Chloroacrolein
Chlorodibromomethane
2-Chloro-3-methylacrolein
4-(4-Chloro-2-methylphenoxy)butyric acid (MCPB)
4-Chlorophenoxyacetic acid (4-CPA)
6-Chlorothymine

5-Chlorouracil

Chlorthiamide

Chromomycin

Citreoviridin

Colistin

Cyclocytidine HCI

Daunomycin: 8 analogues
Daunomycinone

Daunomycinone: 4 derivatives nos. 10, 11, 13, 15
Daunomycinone: 1 derivative no. 14
DDT-DDVP mixture
Diacetoxyscirpenol
3,6-Diamino-10-methylacridine
Diazouracil

cis-1,2-Dichloroethylene
trans-1,2-Dichloroethylene
2,4-Dichlorophenoxy acetic acid methyl ester (2,4-DE)
2’ 3"-Dideoxyadenosine (ddA)
2’,3"-Dideoxycytidine (ddC)
2'.3'-Dideoxy-2',3'-didehydrothymidine (D4T)
2’,3"-Dideoxyguanosine (ddG)

2’ 3'-Dideoxyinosine (ddI)
2',3'-Dideoxythymidine (ddT)

- (34)
+ (1,45)
— (56)
- (45)
— (48)
- 29
- (29)
+ (75)
- (29
-3 +/—- @
+ (38)
— (48)
-
— (45)
+ (55)
+ (61)
- (29
- (29
+ (45 @4); - (D
- (29
+ (22)
+ (46)
- (29
+ (79)
— (48)
+ (78)
- (5D
+ (78)
- (48)
— (48)
— (45
— (45
- (48)
- @
- (8)
+/-@®
+ (45)
+ (45)
-2
+ (22)
- (22
+ (45)
-
-
+ (45)
- (51
- (5D
— (48)
+ (55)
— (59
+ (55)
+ (55)
+ (55)
+ (55)

TABLE 9

Chemical 1

2,7-bis-(2-N
2,7-Dinitro
2,4-Dinitro
Diplodiol
Diplospori
Dodecyl ga
Ducitol
Ethylene-d
Ethyl vinyl
Fast blue F
Fecapentac
Fecapentae
Ferric chlo
Ferric nitra
Ferric sulfz
Formic aci
Fulvic acid
Furylethyle
Furylethyle
Gentamicir
Gentisic ac
Gliotoxin
Hexoestrol
Humic acid
2-Hydroxye
Todine
Iproplatin
Magnesiun
Magnesium
Merecuric ¢l
Methanol
2-Methylpt
Mithramyc
Molybdenu
Naphthofus
B-Naphtho
Nigeron
Nitracine
4-(4-Nitrob
Nitrocapha
2-Nitro-9-f]
5-Nitro-2-fi
5-Nitro-2-fi
2-(5-Nitro-:
2-Nitro-7-n
2-Nitronap!
5-Nitro-1-n
Nogalamyc
Norsolorini
Novobiocin
Octylgallate
9-Ox0-10-a
9-Ox0-10-a
Oxoplatin
Paraplatin
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TABLE 9 (continued) of the SC
Chemical name SOS induction motest ar
Paraquat (methylviologen) - (61) t?St.' Out
Phleomycin E + (5) similar re
trans-Platinous diamine chloride - (79 between
Potassium chloride - (29 counted 1
Potassium ferrlcyanl.de -(29) of the re
Potassium ferrocyanide - (29 .
Potassium iodide - 29 exl_)enme‘
Potassium perchlorate - (29 lation be
Potassium permanganate - (29 confirms
Psoralen (in the dark) + (33) tagenic g
Pyrfethn.n ' — (45) lardet et
Pyridoxine hydrochloride - The ca
Razoxanum + (45) .
Roseotoxin -8 tivity, of
RSU1069 (radiosensitizer) + (70) 68%) is |
RSU1069 (nitroimidazole-aziridine drugs) + (46) chromote
RSU1069 (6 analogues) + (70) Ames’ te
Sodium bicarbonate - (29 h
Sodium carbonate -9 ] assay tha
Sodium hydrogenophosphate - 29 of poten!
di-Sodium hydrogenophosphate - 29 (Quillard
Sodium molybdate - (29) the abilit
Stennous chioride + 6% ' and non-
Streptonigrin + (4,49,55) SOS chro
Tetracycline L)) ficity of |
Tilorone + (17 motest an
TMA (platinum complex) + §79; ) that the |
a-Tocopherol - (32 e ‘
: Trichlorofluoromethane - (51 positives
Trioxalen (in the dark) +(33) al., 1985),
t‘ Vamidothion + (28) i 1991) no
Vanillin + (45) specificity
‘ Veractamycin A (PD 114, 759) + (49) present s
Veractamycin B (PD 115, 028) + (49) one test
Versicolorin A + )
Versiconol acetate —(8) one sugge
Viomellein +(8) mentary
Vitamin E - tion, the
Vitamin K1 /ferric chloride + (80) y results of
Vivakorfen . + (17) deficienci
Xanthomegnin -8
Zinc acetate - (29 reasons w
useful as
For legends see Tables 1 and 2. o battery of
The S(
ple and r
il are of gi
reproduci
data are not sufficient to consider them definitely Conclusions to. t?e me
carcinogenic. It is likely that, in this series, after mixtures
reevaluation, several compounds will be recog- From all these data, it appears that there is a L They hav
. ’ . . i . . SOS test
nized as non-carcinogens. relatively close correlation between the induction large-scal
1




314 S[EJIWAYD Q] UO SAIpN)s aaneredwod pue UCHepPIEA
(0861) " ‘OuesoUON pue ) ‘N[00 “D ‘UoIAlg “J,
‘DjoIny “V ‘uiqreq “N ‘OIpeqes “V ‘o[[Inajoiney <O ‘unig
“0) ‘uourid-oMe “IN'V ‘snwe)) <D ‘O[IeAe[eiA “H ‘yosiieq
"1S9-1H9 ‘GE "s9Y 120
-ue)) "SONSSI) ISNOW pue I9JSWey ‘Jel Ul SQUUesONIU[Ay[e
-Ip Jo Aorusdeinl pajeIpIW-dWOSOIdW PUe WSI[oqe)ouw
OIYIA U] (SL6T) " ‘OUBSIJUON pue ) ‘S[IdAe[e]A “H ‘yosireq
“T8—6L ‘TLT "S9Y uoneiny 131 jods SOS Y1 ut 702
pIyoaYIs BUISn SUIXOJ00AW JWOS JO AJIAIJOR DJIXOJOUdd

2y jo uonenfesq (9861) ‘d ‘seunoqunog pue X ‘Aerjyny
"6ZC—L1T ‘1 SISoudaeIny ‘SS[NOS[OW PAIR[3I pUE SUBINJOY])
-ydeuoniu-z Jo sanIAlOR JIXOJ0UID) (9861) ‘N ‘Sunujoy
pue "J ‘A[[9Y “Y 1040y “M'V OISH “M'S ‘anpIad “v'd
‘uug W ‘urpewe “0 ‘epowe] “f ‘uroyury “d ‘uewr
-os1aWd( “N “9eiue) “df ‘uossing “H ‘gnoog “§ ‘asreury
Y9E-LYE ‘TI€
'$9Y uoneInjA °1531 AjorusseInul SWOSOIDN-W RI[RUITIBUI
/e[[ououles oY1 Yiim suafeinw pue susgourdred Surdolap
10y SPOYIdIA (SL6T) “H “Diesewre pue ‘[ ‘UUBDIW “N'd ‘Seury

SIUIIY

*I93UR)) 3] INS SYIIAYIY
el 9p Juawaddo[aAg( 9] anod UOIIRIdOSSY JY} pue
I20UR)) 9] 21U0D JeuocneN onSrT oY) OedIPIN
AY2I2YO9Y e] Inod uonepuoq 2yl woij sjueid
Aq poyoddns sem YIOM SIYJ, "9oUBISISSE [BdIU
-1}09] JUD[IXI I0] aqUIOIIAY 2 D Jueyl om

SIUIWABPIMOIOY

*1S9) SaUNy 3} Ul $aAnISod as[e) 21BUTWILIdSIP
01 d[qrssod 11 ayew Aew )1 ‘pIy], ‘(JOIpRIISS “F'9)
1S9) SoUIy 9Yl Ul QAIDBUI S[BOIWDYD OJIX0I0UdF
JOo uonoolep SY3I MOJ[e IYIIU 1 ‘pUOddS ‘SUSS
-oupied [enudlod Jo Furudards J1) ul Aesse ApIed
ue se pasn 3q pnod N ‘Aypider pue Aduis sy
JO 9snedaq ‘ISIT] ‘SABM 931U} ISBI[ JB UI 159 SOWY
o) 03 judwd[durod [Nyasn € 9q pPInod 1$9J0WOIYD
SOS 2y} ‘posodoid Apeaie se ‘Arewwuns uj
‘(Y861 “T8 12 PIOD ‘t861 “I8 13
019d) eiep AIusSouroled sAneiuenb yim eyep
Ao1xojoudd aanjeinuenb aredwod 03 3ursarojur
9q Ie[nolired Ul PInoOM JI ‘SMITAI IaYMINg Ul (8861
‘Sunujol pue 19ple[[InQ)) UIRI}S I3)S9)1 pIlepue)s
9U) WOIJ PAALIOP sulel)s dwos 3uisn AQ paure)
-Q0 9Q UBD S[ROIUWISYD PIISI) dY} UO UONRULIOJ
-Ul S1ISIUBYOSW [BUONIPPE dWOS ) pue ‘JI1SOS
I2y) 03 3ulpiodoe sjuade O[X0JOUd8 Yl Jo uon
-BOUJISSB]D Y]l SuImof[e ‘eaneinuenb ore 159) a1
AQ UQAIS S)[NSaI 213 Jey) PI[[IAI 2q ABW N ‘UON)

€LT

-Ippe uf "sjuade JIX010Udd JO SUrusaIds J[eds-a81e|
e I0J o[qeuns Apremnonred st gomgm 1891 SOS
oY) Jo uonewoIne oY} PIMO[[e OS[e dAeYy AdY],
‘BIPOUW J[qeloAejun Apeindonied Ul 10 S9INIXIW
Xo[dwod ur sjuafe O1x0j0uUds Jo SuriojuOW JY) 0)
suoneldepe Asea pue ‘Aesse 9y} Jo AIqonpoidax
poo3 & mo[[e Asy) 90Uls ]SaId)Ul JedI8 JO dIe
sogejueape asoy], 1591 wirdl-1roys pider pue o[d
-LuIs Jsow 9y} A[qeqold st 1ss30WoIyd SOS YL
'SU930UIdIRd I0] S159) ULID)-LIOYS JO AIayjeq
B Ul 1S9} soury 9yl 0) Juowo[dwod e se [njosn
9q Aew 1$910WOIYD SOS 2Y) 1By} JUIY) oM SUOSEBAI
9S3Y} JOJ 1S9} ISYJO AY) IO JUO JO SIAUADIJIP
A} JuowR[dwod oS[e Aewl sAesse [j0q JO S)MNSaI
) UIIM]I(Q PIAIISQO SIOUIIIMIP Joulu Y3 ‘uon
-Ippe U] "SUrUdaIds udSourored I0J Aem Arejudwn
-o[dwod e ur pasn 9q Aewr A2y} jey) 3so83ns ouo
910 2y} Jo Aoroads 12139q 92U} pue 1$3) dUO
Jo ANIAIISUDS 12319Q Y] ‘ISAOMOH Apmis juasaxd
AU} UI PIJBN[RAIDI JOU SBM §1$9) I3 JO AIoiJoads
o) ‘paIdpISUOd JOU JIe SUSFOUDILI-UOU (T66]
‘SIMT) UOTIRIIJISSRIO SIMIT UT asnedayq (6861 e
19 JapIR[[INQD) 182J0WOIYd SOS dY) uey) saanisod
9s[e} 2IOW PJATA 01 AJoYI[ SI 1S9} Sowry 913 el
SUBIUWI SI], ‘PAUIUEBXD S[ROTWIYD ¢/ Juoure 1saj0ul
-0Iyd SOS 9Y) YiM paurelqo sem 9,001 Jo A1y
-102ds © :1$59] SAWY 2U) YIM Uey) 3s930WolIyd SOS
AU} UYum IdYSIYy 2q pInod ‘sudfournted-ucu pue
SUAFOUIdIR)d UIIMIDQ DJRUTWLIOSIP 01 AI[Iqe 9]
“9'1 ‘froyioads sy Jeyl (S861 “T8 312 I9PIR[IIND)
PaonIoU oM “I9AOMOY ‘sudgourdied [enuajod jJo
8uruoa15s 93 10¥ 1SAI0WOIYd SOS Y3 uey) Aesse
10139q ® ‘90adsa1 jeyy ur ‘readde Aewr 31$9) Soury
ay) snyT, '(2%99 T SSeO 9,79 -1 SSB[O) 1S9)0WOIYd
SOS 2 jJo AAnisuas oY) ueyl I1ay31y st (%89
T SSe[d 195/ 1 SSB[O) 189 SOWY Sy} JO ‘ANAn
-1SU9s 2y ‘suafourdied AJnuapt 0y Ayoeded sy T
"(S86T ‘7861 “I® 12 19pIe]
-[InQ) s190onpul §OS OS[e 21k SUIXOJOUIF d1udge)
-nuw jsowr ‘suoridooxs maJ AISA YIIM Jey) SULIJUOd
SIY ], ‘I9y31y 2q Y3 $1$9) [JOG UIMI9Q UOIIe|
-01100 JU) 1B} OS SIAJOSWAY) SINSII [RIUDWIIIAXD
o) Ul QOUDISJIP B AQ ueY) ISYIRI S)[NSII 9y} JO
uone)dxdiojur Yy Ul SOULIDJJIP © Aq I0] pajunod
-0® 9Q U93J0 ABW $3S3) YI0Q JO SIMSIAI UIIM]IQ
AouedaIosip 9y, 'S189]1 Y3joq ur sosuodsal Ieums
Ae3 (%18) 1pE ‘spunodwiod (zy Jo mQ °1s9)
SAUWIY 9Y] Ul PAINSBOW SB SISOuUdSejnui pue 1$9j0u
-0IUd SOS Y] Ul pIINSBIUI SB WAISAS SOS Y} Jo

[}

€3

&5

uonOnpPL
B ST 9131




274

S. typhimurium strains and V79 Chinese hamster cells in
the presence of various metabolizing systems. Mutation
Res. 76, 1-50.

Basler, A., Von der Hude, W. and Scheutwinkel, M. (1987)
Screening of the food additive propionic acid for genotoxic
properties. Food Chem. Toxicol. 25, 287-290.

Bedouelle, H. and Hofnung, M. (1978) Test a court terme du
pouvoir cancérigéne: Evaluation, valeurs prédictives,
stratégies diverses. C.R. Acad. Sci. (Paris) 287, 891-894.

Blakeborough, M.H., Owen, R.W. and Bilton, R.F. (1989)
Free radical generating mechanisms in the colon: their
role in the induction and promotion of colorectal cancer?
Free Radical Res. Commun. 6, 359-367.

Boiteux, S., Huisman, O. and Laval, J. (1984) 3-Methyl-
adenine residues in DNA induce the SOS function sfi4 in
Escherichia coli. EMBO J. 3, 2569-2573.

Bootman, J., Lodge, D.C. and Whalley, H.E. (1979) Muta-
genic activity of propylene oxide in bacterial and mam-
malian systems. Mutation Res. 67, 101-112.

Bosworth, D. and Venitt, S. (1986) Testing human fecal
extracts for genotoxic activity with the SOS chromotest:
the importance of controlling for fecal enzyme activity.
Mutagenesis 1, 143—-149.

Bosworth, D., Crofton-Sleigh, C. and Venitt, S. (1987) A
forward mutation assay using ampicillin-resistance in Es-
cherichia coli designed for investigating the mutagenicity
of biological samples. Mutagenesis 2, 455-467.

Bouloc, P. and D’Ari, R. (1991) Escherichia coli metabolism
in space. J. Gen. Microbiol. 137, 2839-2843.

Brams, A., Buchet, J.P., Crutzen-Fayt, M.C., de Meester C,,
Lauwers, R. and Léonard, A. (1987) A comparative study,
with 40 chemicals, of the efficiency of the Salmonella assay
and the SOS chromotest (Kit procedure). Toxicol. Lett. 38,
123-133.

Bridges, B.A., Mothershead, R.P. and Knowles, A. (1979)
Mutation induction and killing of Escherichia coli by DNA
adducts and cross-links: a physiological study with 8-
methoxypsoralen. Chem.-Biol. Interact. 27, 221-233.

Brown, J.P. and Dietrich, P.S. (1983) Mutagenicity of selected
sulfonated azo dyes in the Salmonella/microsome assay:
Use of aerobic and anaerobic activation procedures. Muta-
tion Res. 116, 305-315.

Brown, J.P., Roehm, G.W. and Brown, R.J. (1978) Mutagenic-
ity testing of certified food colors and related azo xan-
thene and triphenyl methane dyes with the Salmonella/
microsome system. Mutation Res. 56, 249-271.

Butterworth, B.E. (1990) Consideration of both genotoxic and
nongenotoxic mechanisms in predicting carcinogenic po-
tential. Mutation Res. 239, 117-132.

Callen, D.F. (1978) A review of the metabolim of xenobiotics
by microorganisms with relation to short-term test systems
for environmental carcinogens. Mutation Res. 55, 153-163.

Chen, Z., Xiao, F. and Zujia, S. (1988) The role of the uvr4
gene in the screening of genotoxins in the SOS chro-
motest. Acta Microbiol. Sinica 28, 313-318.

Cooper, J.A., Saracci, R. and Cole, P. (1979) Describing the
validity of carcinogen screening tests. Br. J. Cancer 39,
87-89.

Costa de Oliviera, R., Laval, J. and Boiteux, S. (1987) Induc-
tion of SOS and adaptive responses by alkylating agents in
Escherichia coli mutants deficient in 3-methyladenine-
DNA glycosylase activities. Mutation Res. 183, 11-20.

Courtois, Y.A., Min, S., Lachenal, C., Jaquet-Deschamps,
J M., Callais, F. and Festy, B., (1988) Genotoxicity of
organic extracts from atmospheric particles. Ann. NY
Acad. Sci. 534, 724-740.

Couture, P., Blaise, C., Cluis, D. and Bastien, C. (1989)
Zirconium toxicity assessment using bacteria, algae and
fish assays. Water Air Soil Pollut. 47, 87-100.

Dale, L.D., Widdick, D.A., Biol, G.I. and Edwards, D.I.
(1989) Comparative DNA damage and repair induced by
misonidazole CB1954 and RSU1069. Int. J. Radiat. Oncol.
Biol. Phys. 16, 995-999.

Dayan, J., Deguinguand, S., Truzman, C. and Chevron, M.
(1987) Application of the SOS chromotest to 10 pharma-
ceutical agents. Mutation Res. 187, 55-66.

Dean, B.J., Brooks, T.M., Hodson-Walker, G. and Huston,
D.H. (1985) Genetic toxicology testing of 41 industrial
chemicals. Mutation Res. 153, 57-77.

De Flora, S., De Renzi, G.P., Camoirano, A., Astengo, M.,
Basso, C., Zanacchi, P. and Bennicelli, C. (1985) Genotox-
icity assay of oil dispersants in bacteria (mutation, differ-
ential lethality, SOS DNA-repair) and yeast (mitotic cross-
ing over). Mutation Res. 158, 19-30.

De Lorenzo, F., Degl’Innocentini, S., Ruocco, A., Silengo, L.
and Cortese, R. (1977) Mutagenicity of pesticides contain-
ing 1,3-dichloropropene. Cancer Res. 37, 1915-1917.

De Meo, M., Miribel, V., Botta, A, Laget, M. and Dumenil,
M. (1988) Applicability of the SOS chromotest to detect
urinary mutagenicity caused by smoking. Mutagenesis 3,
277-283.

Devoret, R. (1992) Les fonctions SOS ou comment les
bactéries survivent aux lésions de leur ADN. Ann. Inst.
Pasteur (Actual.) 1, 11-20.

Drobnik, J., Koutecka, E., Noskova, D. and Saudek, V. (1987)
chromotest estimation of SOS functions as a screening
method for antitumor platinum complexes. Neoplasma 34,
379-387.

Dunkel, V.C,, Zeiger, E., Brusick, D., McCoy, E., McGregor,
D., Mortelmans, K., Rosenkranz, H.S. and Simmon, V.F.
(1984) Reproducibility of microbial mutagenicity assays: 1.
Tests with Salmonella typhimurium and Escherichia coli
using a standardized protocol. Environ. Mutagen. 6, Suppl.
2, 1-254.

Dunkel, V.C., Zeiger, E., Brusick, D., McCoy, E., McGregor,
D., Mortelmans, K., Rosenkranz, H.S. and Simmon, V.F.
(1985) Reproducibility of microbial mutagenicity assays: 2.
Testing of carcinogens and noncarcinogens with Salmonella
typhimurium and Escherichia coli. Environ. Mutagen. 7,
Suppl. 5, 1-248.

Dutka, B.J.,, Jones, K., Xu, M., Kwan, K.K. and McInnis, R.
(1987) Priority site selection for degraded areas in the
aquatic environment. Water Poll. Res. J. Canada 22, 326—
339,

Eckardt, F. (1980) Quantitative measures of mutagenicity and

mutabili
439-458
Eder, E., N
Mutager
ture-acti
direct in
29, 993-
Eder, E., D
monofur
as a func
the mut:
211, 51-
Eder, E., F
(1989b)
methane
Structur
genicity
186.
Eder, E., F:
Inductio
different
Eder, E.,
Shekenb
damage
as crite
Health |
Eder, E., D
P-nitroc;i
bonyl co
261-269
Eder, E., H
tion anc
methyl v
the keto
£0-57.
Elespuru, R
inductiol
interact
Evensen, G
resistanc
Nature -
Fish, F., L
Herzber
method
ment 2,
Forster, R.,
levels of
apparen
agar. Ca
Franz, S.W.
ity and |
90, 67-7
Fremy, J.M
aflatoxin
an HPL
milk saf
Gajewska, .
(1990) S




30 uonINPU (Z861) "L ‘[PYPUIT pue "] ‘USISWSIH “d ‘Uerrey]

‘61-11 ‘18
'soy uoneInpy ‘s1eussuod paleuddoIpAY S} PUEB QUIZUI]

JO SIAIJBALIOP QURIIXO Paje[dl AjjeInioniis Jo Aoiusgeiny

(1861) "4 UYoSeQ pue Y'H Ne[D “Q ‘uuewrssg “y ‘Sunf
‘ET-TET ‘9G] "SoY UOIBINJA 'UOHBAIIOR OAIA Ul PUBR OIJIA
ur Suisn Aesse OWOSOIOIUL/ B[[QUOWRS Y} Ul SIAp OZR JO
ApuageIniy ($861) [ ‘USSIOpUY pue "y ‘[[auIng “q ‘Wnyoeof
‘TIP—€0¥ ‘67 "[OIQOIONA dIsed °[ "Isdjowoyd SOS 343 Jo
UoISIaA pajewolne ue ul (OON-t) 9prxo-[-aurouinboniu
-4 Jo Aousjod Juwnpui-gOS pue paje[nooul Isqunu
192 19159} udamjaq diysuorje[al ayj jo uonejuend) (6861)
‘H ‘Uoiol§ pue ‘J ‘aqeey “I ‘wsunyiny “O ‘POM “S ‘Zuef
619
—GH9 ‘Cp1 TOIqOINIIA ‘[Q[elUd7 "WIISAS ISZAJUR UIJIDSOIq
03 peldepe UOISISA pajewIolne ue Ul spunodulod dIXojouad
JO UOI102)9p 2y} 10] AeSSE [BLI9)OB(Q ULID}-1I0YS dAljRInUEND
€ ‘18910WOIYd SOS (8861) "H YoI0IS pue 'D JPom “S ‘Zuef
T{UIS[OH ‘A O SWRISASqeT "USdIdSOIg YIM 1$3j0WoIy))
SOS :enuefy uonedddy usasorg (L861) L ‘usunynyy
‘0£€—61€ ‘1 SIsauaseiny ‘sjuode
JIX010Ud3 JO UOI}I3I3P JY) 10] $1S9] ULISI-MIOYS [eLId)oRq UL
sjuawdopasap 1209y (9861) "d “19pie[InD pue ‘W ‘Bunujoy
*Cp—GE ‘817 'Sy uoueINJA “OpAYIP[RUOINW-( SUDL]
‘sup4p) jo sonradord JuIUIOSURIN-[[3D pUB OIXOIOUSD)
(1661) "d ‘uuewyIyog pue g ‘°dg “g I9pd “d “1RMYISUSH
*LOS—TLT ‘9 "UaSeInjy "WRY)) ‘SIUAULY UOONPUI-UOTIBINW
Jo sisA[eue TesnewayIeIA (0861) A IpIeyod pue "'y ‘seuley
ZP1—€ ‘1 1ddng ‘G "uadeinpy "UOIAUY “S[RIIWSYD (ST
10} s)nsal s3] AJorusageinu effpuowes (£861) J ‘198197
pue ‘A 9oadg <) ‘SUBWRLIOIN I, ‘IomeT “S ‘UilomeH
'9L7-€92 ‘p1 ‘[oo1x0] “1enby sojdures pmbry xojduod
pUE S[EJIWAYD PIJOJ[As JO AJIAIIOR OIXOJOUST Y] (lIm Suon
-orIaul [e81y 6861) "d ‘@InIno) pue D ‘asie[q “A ‘poomIieH
‘(ssa1d ur) "jorIaU] [OIg-"WIAY)
WSIURYOSW  JIXOJOUdE oY) JO UONepON[Fg 189} SOy
9} Ul pue 3s3j0WOIYd SOS 2Y) ul jouedoid-zZ-010[ydIp-¢‘T
Jo ApIxolouan (1661) D ‘18uIulsq pue 'g ‘ropd “H ‘UyeH
L8L—S8L ‘007 0USDS ‘susFeinuwi dIv SI)jOqRIdW PIOAdXd
s pue ‘areydsoyd-([Adord-z-010[yoIp-¢1)-SI11 ‘Juepreldl
SWIB[} I8YIOUY (8L61) 'N'd ‘SOWY pue vV ‘wnig “A’W ‘PIOD
‘62€-6
‘9G "10adsiod YIedH ‘UOINAUY ‘SABSSBOIQ [ewllue JO sjns
-31 pazipiepuels 9] jo aseqelep Adusjod drusdourored y
(¥861) 'N'd ‘sewry pue "D’ ‘91 “Y ‘0194 T ‘UrIsuIag
UM ‘TopuaseH “I'N ‘1odOOH ¥ ‘UOSUIAYT “JA ‘BUBIOOA
o W'D ‘ueunforg “Y ‘meSely ‘gD ‘Iodmes “S71 ‘PloO
"LP19-1#19 ‘TLT '[oUeIdRy [ "dSewep YN 24HepXO
jsureSe uoro9jold paldle Yim SJURINWL §OD DIYOUIYIST
snouea ur oprxorad uo3olpAy Aq asuodsor §OS Syl Jo
uonINpuf (6861) ‘W ‘SUNUJOH pUE “d “19pIR[InD “O ‘Yd1130D
*L99T—6S9T ‘IS SOy Jooue)) ‘S[[90 URI[RUIWRW PUR WHLNU
-yd&y pppuowyps Ul Koruagelnul pue ‘oo vwyOUIYISH
ul uondonpur §OS ‘ANfIqels 103 pajednsoaul saprxods-joip
uoigal-Aeq pue -pIofy (I661) S M2RIq[Y Pue " YoSIO
“d ‘epoIyds I ‘I9YdaIquials “Y ‘Aned “v ‘991d “H ‘WeID
"L6T-T61 ‘TET 'S9Y uonRIny "duopljoz
-BInj pue SUOZEINJOIIU :SUBINJONIU JO AJIDIX0OJOUI3 Y} Uo

SLT

WnNIus[es pue pIoe JIGIOOSE JO 109JJ3 3} U saIpms (0661)
‘L YAzowiAzg pue g Yopnl “IN ‘eydAzozg “f ‘ejysmolen

"LOZ—TOT ‘T SIUBUNUEBIUOD) SIANIPPY POO4 “Ajafes Y[u

SUIUTULISISP I0] 1S9 AJIDIX0I0USS © pue poylow )Y TJH ue

JO 9s[] :SuONjBI PIIRIUOWILE PJ SMO0D JO [IW OUI UTXOlEe[fe
Jo 13A0 ALIed, 9yl (S861) 'd 19pIe[IND pue ‘W'f ‘Awalg

"8L—L9 ‘06

'$9y uoneInpy ‘sapxods dneydieo[dAd Jo AIX0) pue A1
-oageinu [ersoeq (1861) "H'[ ‘ISWIAYSUIS pue “M\"S ‘Zuel]

‘9pE—L €€ ‘1 sisauadournie)) ‘Iese

do] woIy sajIjoqelawW JO UoISnyJIp jo souejroduw judredde

'$1$9] UOIIBNION[] pUR SAUNY Y} Ul UOINDRIJ 6§ JO S[2A9]
rewndo (0861) 'V ‘Assslid pue "THI ‘U321 “Y ‘1915104

“LyT—G€T ‘T U

-$$35SY AJDIX0], "AJIDIX0J0USS JO UOI19919p 3Y) I0) poylawr

pider v a1y 1soj0WOIYd SOS YL (L861) ‘W ‘BIogzIdH
pue "D ‘ppyusseny vy ‘rwiyoejey “p ‘wedwe] “d ‘Usiy

"SLL—ELL ‘96T IMEBN

‘9SBJASODAIE YN B JO UONONPUL 9Y} SOAJOAUI IDUBISISSI
uone[Aye 0} uoneidepy (7861) 'H ‘815¢as§ pue ‘D ‘uasuasg

"0£82—618T ‘€ "SoY Ieoue) "YN( Wi 10BIdIUI

jey) sjuade Jownjnue 1o0j 153} pider B :fesse uononpul
a8eydoid 1eorwaydorg (£861) "I { ‘OIYM pue “ ¥ ‘nundss[g

‘LS-05

‘b 'JOOTXO, 'S9Y WAy 1SII0WO0IYD SOS 2Y) Ul S2U01aY Y3

JO KJI01X0J0UID) *oU0]AY [AUIA [AY1D pUE SUOIY [AUIA [A)dUI

_Jo sjonppe suisouen3AXosp JO UONEZIIdlORIEYD pue uon

-edlIIuapL (qI661) "D ‘IRSuIUIeg pue D ‘uewyjoy “H ‘19pH
'69¢-19¢
‘g sisouafeInjy "sAesse eLI91oBQ O0Mm) Ul spunodwod jAuoq
-1BD pajeIniesun-g‘ov paje[ai pue IpAYIp[eWRUUIDONIU-J
Jo fyprxolousn) (BI661) "A “WNA pue D ‘1efuiulsq “dg ‘19pq
"901-68 ‘88 "102dsIad yijeaH
‘uoNAUy CAldIusSeinw pue AJOIX0JOUST I10] BLIDILID SE
spunodwos [Auoqled pajeinjesun-g‘o Aq pajeniul afewep
VN JO swsiueyssuwr Ie[ndd[o (0661) 'S ‘YoRqUaNaYS
pue D ‘wuludg “Y ‘uenseqg “D ‘uewyjoy “J ‘I9pg
PE€T—STT ‘8Y NI [OIIXO], ‘Sulel)s yod “H USISPIp
9a1y3 Sursn sopixorad Aq wonouny SOS KIS Jo uononpup
(96861) D ‘IP8uIUId( pue ) ‘UURUNYING “V ‘d1Aeg “H ‘IopH
981
—6L1 ‘b SIsoudSeIniy ‘wmumuiydA) pjjauowypg ul AIIUdg
-enw Yum uosuredwnod utl sdiysuone[al ANAIOE-31INIONINg
‘SUTRIIS 702 DIYOLI2YOST SNOUIRA Ul $3JRUOJ[NSAURYISW
[euonpunjouowt Aq nedsr §OS Jo uononpul (q686T)
‘A NNy pue H ‘uyey D ‘reduruidq “y ‘a1aed “yg ‘1opg
¥9-1S ‘117
'soy uoneIn ‘001VJ1 wnunuwiydA ¢ ur Koiuageinw Yyl
Y3 uosiredwos y SWSIURYIIUI UOTIB[AY[R JO uUonounj e se
15910WOIYD SOS Y] Ul $9JRUOINSIULYIAW [RUOIIDUNJOUOW
JO QI0IX010U3D) (B6861) "M ‘NI pue D) ‘Teduruiaq “g “I19pg
"866—€66 ‘6T
‘Josewreyd ‘waysorg ‘saniadoid dtusfeinur OIjIA UT 10311p
pue SunejAyje Aq pauurislop se digsuoije[al AIAnoe-ain)y
-onng spunodwod JfAj[e pue [A[[e Jo [enuajod dusgeiny
(0861) A ‘IoIydsuay pue (@ ‘zing “1, ‘IoydopnaN “H ‘Iopg
‘BSY—6EY
‘pL "soY UOIBINIA "BiEp P[OIA jueinul UO paseq Ajfiqeinur

i

5

Ps

pue A3o1us

-9z7€ ‘zT ®
9y ur se:
A ‘suupd)

‘[ ‘udfein
vjjauowyng
7 ‘skesse A
T'A ‘Uoun
‘1082100

‘[ddng ‘g ‘U
10> p1Y31a
*T :SAesse A
A ‘Uourt
‘1083100

‘b¢ ewse|dc
SuluaaIos

(L86T) A

‘Jsuy utry
SO  JuSuIW

‘C sIsauoge;
109)3p 01 38
‘Tluswingg pi

L161-
-UIBIUuOd SIf
1 ‘o8uayig

-$SOID 1103
-1afip ‘uoin
-X010Uan) (G
“N ‘03ua)sy

[ersnpur
‘uoisny pur

-eurreyd gy
‘W ‘UoIASY))

‘ToduQ eIpe
Aq pasnpur 3
TA ‘spiemp

pue se3[e ‘e
(6861) D ‘u

AN ‘uuy s
Jo Auoixojou
‘sdwreysso(g-

"0Z-1T ‘¢
-UIUIPL[AY)3
ul syuage Sun
-onpu (£861)




276

a DNA glycosylase for N-methylated purines is part of the
adaptive response to alkylating agents. Nature 296, 770-
773.

Kier, L.D. (1988) Comments and perspective on the EPA
workshop on ‘the relationship between short-term test
information and carcinogenicity’. Environ. Mol. Mutagen.
11, 147-157.

Kier, L.E., Brusik, D.J., Auletta, A.E., Von Halle, E.S., Brown,
M.M,, Simmon, V.F., Dunkel, V., McCann, J., Mortel-
mans, K., Prival, M., Rao, T.K. and Ray, V. (1986) The
Salmonella typhimurium /mammalian microsomal assay. A
report of the U.S. Environmental Protecion Agency Gene-
Tox program. Mutation Res. 168, 69-240.

Kohn, A., Donchin, M., Jacobs, J.Y., Horn, Y., Giber, Y.,
Fish, F., Riesenfeld, G., Kirenberg, F., Lampert, L,
Hlachmi, A. and Herzberg, M. (1988) Detection of geno-
toxic substances in cancer patients receiving antineoplastic
drugs. Ann. NY Acad. Sci. 534, 776-791.

Kosubek, S., Krasavin, E.A., Soska, 1., Drasil, V., Amirtayev,
K.G., Tokarova, B. and Bonev, M. (1989) Induction of the
SOS response of Escherichia coli by heavy ions. Mutation
Res. 215, 49-53.

Kosubek, S., Ogievetskaya, M.M., Krasavin, E.A., Drasil, V.
and Soska, J. (1990) Investigation of the SOS response of
Escherichia coli after vy-irradiation by means of the SOS
chromotest. Mutation Res. 230, 1-7.

Koukalova, B., Soska, J., Kuhrova, V. and Reich, J. (1986)
SOS induction of the gene suld is partly inhibited in
Escherichia coli K12 cells overproducing the RecA pro-
tein. Mutation Res. 175, 17-21.

Krivobok, S., Olivier, Ph., Marzin, D.R., Seigle-Murandi, F.
and Steiman, R. (1987) Study of the genotoxic potential of
17 mycotoxins with the SOS chromotest. Mutagenesis 2,
433-439,

Lave, L.B. and Omenn, G.S. (1986) Cost-effectiveness of
short-term tests for carcinogenicity. Nature 324, 29-34.
Llagostera, M., Garrido, S., Guerrero, R. and Barbe, J. (1986)
Induction of SOS genes of Escherichia coli by chromium

compounds, Environ. Mutagen. 8, 571-577.

Llagostera, M., Garrido, S., Barbé, J., Guerrero, R. and
Rueff, J. (1987) Influence of S9 mix in the induction of
SOS system by quercetin, Mutation Res. 191, 1-4.

Lecointe, P. (1984) Induction of the SFIA SOS repair func-
tion by psoralens in the dark. Mutation Res. 131, 111-113.

Levin, D.E., Yamashi, E. and Ames, B.N. (1982a) A new
Salmonella tester strain, TA97, for the detection of
frameshift mutagens: A run of cytosines as a mutational
hot-spot. Mutation Res. 94, 315-330.

Levin, D.E., Hollstein, M., Christman, M.F., Schwiers, E.A.
and Ames, B.N. (1982b) A new Salmonella tester strain
(TA102) with AT base pairs at the site of mutation detects
oxidative mutagens. Proc. Natl. Acad. Sci. USA 79, 7445~
7449,

Lewis, R.J. Sr. (1991) Carcinogenically Active Chemicals: A
Reference Guide. Van Nostrand Reinhold, New York.
Longstaff, E., McGregor, D.B., Harris, W.J., Robertson, J.A.

and Poole, A. (1984) A comparison of the predictive

values of the Salmonella /microsome mutation and BHK21
cell transformation assays in relation to dyestuffs and
similar materials. Dyes Pigments 5, 65-82.

Mamber, S.W., Okasinski, W.G., Pinter, C.D. and Tunac, J.B.
(1986) The Escherichia coli K-12 SOS chromotest agar
spot test for simple, rapid detection of genotoxic agents.
Mutation Res. 171, 83-90.

Mamber, S.W., Okasinski, W.G., Pinter, C.D. and Tunac, J.B.
(1987) Bacterial DNA reactivity of the novel antibiotics
veractamycins A and B.J. Antibiot. 40, 1044-1049.

Mamber, S.W., Brookeshire, KW. and Forenza, S. (1990)
Induction of the SOS response in Escherichia coli by
azidothymidine and dideoxynucleosides. Antimicrob.
Agents Chemother. 34, 1237-1243.

Marnett, L.J., Hurd, H.K., Hollstein, M.C., Levin, D.E., Es-
terbauer, H. and Ames, B.N. (1985) Naturally occurring
carbonyl compounds are mutagens in Salmonella tester
strain TA104. Mutation Res. 148, 25-34.

Maron, D.M. and Ames, B.N. (1983) Revised methods for the
Salmonella mutagenicity test. Mutation Res. 113, 173-215.

Marzin, D.R., Olivier, P. and Vophi, H. (1986) Kinetic deter-
mination of enzymatic activity and modification of the
metabolic activation system in the SOS chromotest. Muta-
tion Res. 164, 353-359.

Masek, F. and Sedliakova, M. (1992) Inducible stable DNA
replication in Escherichia coli uvr* and uvr™ cells, treated
with genotoxic chemicals. Mutation Res. 281, 63—66.

McCann, J., Simmon, V., Streitwieser, D. and Ames, B.N.
(1975a) Mutagenicity of chloroacetaldehyde, a possible
metabolic product of 1,2-dichloroethane (ethylene dichlo-
ride) chloroethanol (ethylene chlorohydrin), vinyl chloride,
and cyclophosphamide (environmental carcinogens /alkyl
halides). Proc. Natl. Acad. Sci. USA 72, 3190-3193.

McCann, J., Choi, E., Yamasaki, E. and Ames, B.N. (1975b)
Detection of carcinogens as mutagens in the Salmonella/
microsome test: assay of 300 chemicals. Proc. Natl. Acad.
Sci. USA 72, 5135-5139

McDaniels, A.E., Reyes, A.L., Wymer, L.J., Rankin, C.C. and
Stelma Jr., G.N. (1990) Comparison of the Salmonella
(Ames) test, Umu tests, and the SOS chromotest for
detecting genotoxins. Environ. Mol. Mutagen. 16, 204-215.

Mersch-Sundermann, V. (1991) The SOS-chromo-spottest:
Evaluation of a short-term test for the determination of
genotoxic compounds in contaminated environmental sam-
ples. Int. J. Hyg. Environ. Med. 191, 36-45.

Mersch-Sundermann, V., Hofmeister, A., Miiller, G. and Hof,
H. (1989a) Examination of mutagenicity of organic micro-
contaminations of the environment. III. Communication:
The mutagenicity of selected herbicides and insecticides
with the SOS chromotest. Int. J. Hyg. Environ. Med. 189,
135-146.

Mersch-Sundermann, V., Miller, G. and Hofmeister, A.
(1989b) Examination of mutagenicity of organic microcon-
taminations of the environment. IV. Communication: The
mutagenicity of aliphatic hydrocarbons with the SOS chro-
motest. Int. J. Hyg. Environ. Med. 189, 266-271.

Mersch-Sundermann, V., Kevekordes, S. and Mochayedi, S.

(1991a)
genotos
51-60.
Mersch-Su
Genoto
and re
chromo
Mersch-Su
(1992) ¢
Escheri
Miertus, S
mutage
its decc
33, 447
Miertus, S
Use of
genic al
508.
Mohn, G.F
ing. Mt
Moreno, |
riques,
the bol
otic org
Mori, H.,
Ni-i, H
(1986) (
azoben:
test an
46, 165
Moriya, M
and Sh
pesticid
Res. 11
Nair, P.P,,
Jones, |
Taylor,
(1990)
premen
Nair, P.P.,
Schatzk
toxicity
Nakabeppt
Sekiguc
gene of
alkylati:
Nakamura,
Kawam
alkanol
typhimi
Nunoshiba
detectir
toxic su
Nylund, L.
semi-at
ities of
cyclic a
Oda, Y., D




‘TL~€S ‘66 S uoneinjy -Loruagourdred
10} $1891 2anpipaid Jo [esrerdde uy (zZ861) "H'A'T ‘@seyding

"T1-L ‘L0T '$3Y uoueINA ‘sjueprxon

-Ue O1OYIUAS AQ 702 " Ul uonounj §OS padnpul susiid

-[r]ozuaq Jo uonIquuUI pue JuAWROURYUH (886T) ¥ ‘TUES
pue "y ‘I9[seq “JA ‘snzsneg “p ‘OPNH I9p UOA [ ‘8Ioqualog

"681—€81 ‘€7T 's9Yy uone)

-nJA Adousjod o1X010USS $9ouRISqNS JMWUNY JO BIIIID UOTIE

-1021dde owos FuruIsdUod ApnIs 3$330WOIYd SOS (6861) I
‘qIg pue ' ‘WIzIR “J'V ‘UdL) “N ‘O1ouaqui] “f ‘Areurwog

‘16-L8 Tyl 'S9Y uUoneIn “winunuiyd

-& pjauouyps  Jo IdNIRW 9/0£) Sy 9Yl 1B SISauad

-eInuW JIYSOWeL] DUIN[JuI jou Sa0p [6TYD] Aq asuodsax
SOS W jo uononpuy (S861) ‘W' ‘TIEH Pue "W'd ‘198pod

"TZI-STT ‘I€1 's9y uoneiny

‘89 dn urens wnumutydAy) pjppuowps Ul SUIPLIDEOUTWIE-(

Jo frusgeinur Juspuadap | poas 10§ pa1mbal jou st suorn
-ouny SOS Jo uononpy] (861) ‘W'Y ‘IeH pue "IN'd ‘I1e8pod

TIA

-SHEeJ Op MNSISAIUN "II0[0IQOMIN N[e1ads ‘arunyoorg

9p 9SYl -9dudfeAlnby-per op UONON -duFoIdURD

Ioanod 3] 93AB UONB[PLIOd 3P Y2IdYD9Yy "ISaI[nul 9

‘USLIPIOR( 1$9) UN,p JpIe [ € sanbrunyd 32 sanbisAyd sjusfe,p
oxojoud Bl op saneiguenb spmyg (Z661) o ‘nesuuoid

‘-1 ‘8¢ 103dsIag Yiesy "uol

-laug CsjuaWIadxd jeunue dINSodxs-dIUHOIYd Ul S[eoTwayd

Jo Aousjod orusfoundied oY) Jo uondudssp [esuownu

3y I0J UONUSAUOD [RI3UAT pasodoid e :0¢L YL (b861)
g ‘sswy pue ‘g1 ‘PloH T ‘Uraisurdg “O'W ‘ONid “Y ‘0184

PSI-6v1

‘OpT 'SaY uoHBRINN ‘uoIisny Zov; Yum Apnis e :sosuodsal

SOS pue sandepe sonpur 0] sjusfe JunjejAyje snolea Jo
AMay (S861) W ‘Tyon3nyas pue "X ‘nddaqexeN “N ‘ejnsiQ

"69T—€9T ‘681 'S9Y UoneRINy

“1S910WOIYd SOS Yl YNM SIAIBALIOP dluedioul gy JO [en
-uajod o1x010udg Jo ApniS (L861) "d ‘WIZIRJN pue ‘yd “ISNAIQO

PT—61 ‘EL1 "SOY UOURINIA 10D DUfILYIST

ul SISOUageINUW pasnpuli-A() UO SUIPLINAXOSPOION[J-§ pue

[I9BINOION[J-G JO SI9J)0 dIuagenunuy (9861) "L ‘eped
pue ‘X ‘nsenyg “y ‘ejoweynsy “N ‘Oqeuejep “L ‘O

‘86—€6 ‘9 UNWWO)) "$3Y UdfeInjy "uolAug

"1S910WOIYd SOS Y AQ sudde)nui [BJIWDYD JO UONDNJ
(ar861) "A ‘MsedyS pue "W ‘eALOW “N ‘einuexeN “I, ‘10O

‘60T—T01 ‘TET "S9Y UONBINIA ‘7700 P1yoLIdYIS- Ul susgejnua

[eOIWSYD JO ANArde Zuonpul uonduny SOS UL (861)
"L ‘epey] pue A ‘nseigs N ‘BALOIN “N ‘eIlnweseN I ‘®1qQ

"€0T—€61 ‘LT [0oMX0], "way)

pooyq ‘s1npoid dA10BaI SB SUOl wniuozeipjAuayd pue sIos

-1noaid odrousyd adwirs Jo uonednULpP! :synpoid jeswr

pue ysij payows pajesoljiu ul sadueIsqns orxojouss Sunoe

-J02I1p Jo uonewlog (6861) "H ‘Yosueg pue 'y ‘dqnagj
-oIney] “1 ‘1enolg D ‘OIAR[RIN “IN ‘Ussallj “H ‘ewnysyQ

‘TI-L ‘P81 '$9Y UONEBINIA ‘SUOISS] YN( 19110

pue SYUI[-SSOID AQ uoIsssardxs 2ud8 mwn jo uonOnpul
(L861) " ‘nZON pue Y ‘oue]-ley] “§ ‘Ojowem] [, ‘TYsIUyQ

"62Z—61T ‘L1 'SoY uoneinjy

'suagourdIed pue SusSSeINW [BIUSWIUOIAUI JO UOIOIIP

oY) I0J (Is9)-nwin) WASAS mau Iyl Jo uonenfesq (S86T)

LLT

"H ‘emeseulys pue "1, ‘o1ey] “[ THO “'S ‘enweyeN “X ‘epO
"TET-STT ‘9LT 'S UONRINJA SUOQIBIOIPAY DIIBWIOIE DI[OAD
-Ajod SUIUIRIUOD SAINIXTW [EJUSWUOCIIAUS X3[dwod Jo saul
-0IX010U08 ulInseaul 10J 1S9I0WOIYD $OS PIILWOINE-1S
® Jo uoneonddy (Z661) "W ‘Es10§ pue g ‘e[edeH “T ‘PUNJAN
‘LL=TL ‘PST 'Sy uoneInpy ‘sodoueisqns dxo)
-OUdE [RJUSWUOIIAUL JO AJiANdR Sundnpul-§OS Sunosjap
10§ Jsa1 oe[-09Y, (1661) 'H ‘BACWYSIN pue "I ‘eqysouny
"08€-€LE ‘99 'SOY UONBINN ‘ununiuyda}
pjjauowps 10§ sI91s9 pwe ouoydsoyd 1oyl pue sjoueyje
pajeusgoley jo Apmaeinw 9yl (6L61) "I ‘eInwemey]
pue "Y'JA ‘emruey “S ‘ewnfoy] “N ‘oudle] “Vy ‘einweyeN
"9ELET-OELET ‘65T "WoYD "[oig ' ‘syudde Sune[iye
0} asuodsal aandepe Ul PoAJOAUL 30D DPIYOILIYIST JO SUF
P21v 9yl Jo uolssardxs pue armonng (F861) ‘W “1yonsopeg
pue 'S ‘eSeuem] “H ‘opuoy] “I ‘@lRAIN “A ‘nddoqeyeN
‘LST—€ST ‘097 "soY uoneiny ‘sausejuadessy Jo L1010}
-0u9d3 9y} JO JUSWISSIsse daneInueny) (1661) 'V ‘UNzZleydos
pue ¥'d ‘I0[ARL “I'f ‘PPNf “H ‘zule§ “S ‘ueys “d-d IHEN
LLE—PLE ‘9p Iaoue)) *f ] "uswom [esnedousward
ur AJorusgeinu [ed9) UO 1eJ AIeldIp Jo ddusanpul (0661)
0’0 ‘umoig pue ) ‘AIpinn “V ‘UNzieyds “J'd ‘10jde],
“H'IW ‘uewiys “s'my ‘Teqdwe) “L[ ‘ppuf “X°d ‘souof
“d71 WPqeIsf “IN ‘UOUIN “Y ‘zule§ S ‘Mueys “d-d HeN
9TZ—S8T ‘911 'say
uoneIny ‘SWAISAS ABSSE UOISIOAJI [ELISIOoeq Ul sapronsad
uo salpmis Aydrusdeinw Idyung (€861) A ‘nselys pue
3 ‘orey I, ‘emezeAA <Y ‘9qeueiep “L ‘eI N ‘BALION
"8S91-¥S91 ‘o
'$9y  1edue) °159) Ajoruafeinu/e[[suowes oY) pue 3s9)
Tredal YN /?14003eday oyl ur spunodwiod JUIZUIGOZE
-OUIWE PUB JUIZUDIQOZE JO AJOLIBA B JO AJDIX0I0UIL) (986T)
‘D ‘swelm pue Yy ‘lysodo], “H ‘Mezewex “H T-IN
“W ‘Tyseyeye] “N ‘WIYsox g ‘oi8ng “X ‘UON “H ‘UOW
‘TST—SPT ‘097 "S9¥ uoneInjy ‘swsiuedio oo
-Axexno pue osnoireyord ur projeyje sauiydiode auipjoq oy
Jo Q1oxo10usn) (1661) "d'V'[ ‘senbuusy pue "1y ‘sonbux
SUSH “WH'H ‘opelpuy “JIN'A ‘seSieA “HY'd ‘OUIONN
‘012161 ‘L8 "soY uoneIn|y “gul
-189) QoIus3ourdied 10§ swWalsAs [elaoeg (1861) “W'D ‘UYON
80S
—$0S ‘6 WAy Jeuy ‘spunodwod diusfourdsed pue diuas
-eINl JO UOHRUIWLILISP 9Y) I0] eLIdIORQq dYads Jo asn)
(L861) 'H ‘BrOY3If0A pue g NIpim§ “[ DI0AS S ‘SMULMN
"SSh—Lvy ‘€€
ewse[doaN ‘1ssjowolyd SOS Aq parpnis uonisodwoosp s
Suumnp suipiuendosonu-A-j[Aylaw-y Jo AJ1anoe oruafeinw
Jo a3uey) (9861) "M ‘BAOUBA pue "H ‘BAOYIMOA “S ‘SNIIDIA
61 ‘8LT "S9Y UONBINA "LEDd 100 DWILIYIST
Ul SUOGIed0IpAy d1yewore oI[oAdA[0d JO AJIDIXOI0UAD) (7661)
'S ‘SOPIONIASY puB 'S ‘IPoARYIOIN “A ‘UURWLISPUNS-YISISN
"0S—1¥ ‘81 "uadeiny "JON “uoIAUH (1S310WOIYD
SOS) LEDd 1702 vpiyousydsiy U0 SIINJONIIS Paje[al pue
SUOQIBO0IPAY d1RWOIR J1[9A04[0d PajeINu JO AIIDIXOIOUID)
(qT661) "J ‘UURULISJUIM pUER "§ ‘UIDY “A ‘UUBULIOPUNS-UISION
09-16
‘76T 'S9Y uoueIniy ‘(1sd10WOIYd SOS) Aesse AJDIX0J0ULT
LED #7109 p1y2142yos3 3 JO AfIqeLIeA JO $32IN0S (B1661)

[

&3

>

-n

'S ‘1padey

014D SOS
9y, :uor
-U020101W
Vo a0)819

681 ‘PO
Ssaponoast
‘uonesIun
-0Id1W o1y

JOH pue -

-Wes [ejus
Jo uoneun
‘159)30ds-0
"STT—H0T
10] js3j0W
Bj[ouOUI|Rg
pue 37D “u

‘PEIV TIEN
/Bljauowe
(9SL61) "N
€6T¢E
1&1e /suasc
“APLIOIYD A
-O[Yy21p 2ud
J[qissod e
‘N'd ‘saury
99—¢¢
paleals ‘spa
VNQ 21qe

“BINJA '1S31C
aY3 jo uon
-1319p onaul
"STT-€LT ‘€1
3y} 10§ spoy

19189)  pjjauc
SULLINDO0 A]]
3 “4'q ‘u

‘qonlunuy
4q 50> vuyo
(0661) 'S ‘e

6701
sonoIgnuE |

g1 ovung

'sjuage JIXox
Ie3e 18930WC
d'[ ‘oeungy, p

PUB SJIN}SoA|
IZ3HY pue u




278

Quillardet, P. and Hofnung, M. (1984) Induction by UV-light
of the SOS function sfid4 in Echerichia coli strains defi-
cient or proficient in excision repair. J. Bacteriol. 157,
35-38.

Quillardet, P. and Hofnung, M. (1985) The SOS chromotest, a
colorimetric bacterial assay for genotoxins: procedures.
Mutation Res. 147, 65-78.

Quillardet, P. and Hofnung, M. (1987) Induction of the SOS
system in a dam 3 mutant: a diagnostic strain for chemi-
cals causing DNA mismatches. Mutation Res. 177, 17-26.

Quillardet, P. and Hofnung, M. (1988) The screening, diagno-
sis and evaluation of genotoxic agents with batteries of
bacterial tests. Mutation Res. 205, 107-118.

Quillardet, P., Huisman, O., D’Ari, R. and Hofnung, M.
(1982) SOS chromotest, a direct assay of induction of an
SOS function in Escherichia coli K12 to measure genotox-
icity. Proc. Nat. Acad. Sci. USA 79, 5971-5975.

Quillardet, P., de Bellecombe, C. and Hofnung, M. (1985)
The SOS chromotest, a colorimetric bacterial assay for
genotoxins: validation study with 83 compounds. Mutation
Res. 147, 79-95.

Quillardet, P., Jenek, J., Demerseman, P., Royer, R. and
Hofnung, M. (1986) Genotoxic activity of two furans
analogs of benzo(a)pyrene and their 2-nitro derivatives.
Mutation Res. 172, 223-230.

Quillardet, P., Bilger, C., Demerseman, P., Royer, R. and
Hofnung, M. (1988) Evaluation of the genotoxic activity of
2-nitroanthrafurans. Mutation Res. 204, 141-147.

Quillardet, P., Frelat, G., Nguyen, V.D. and Hofnung, M.
(1989) Detection of ionizing radiations with the SOS chro-
motest, a bacterial short-term test for genotoxic agents.
Mutation Res. 216, 251-257.

Raabe, F., Janz, S., Wolff, G., Birkenfeld, T. and Storch, H.
(1989) Influence of the solubilizing effect of liposomes and
nonionic surfactants on the detection of genotoxic activity
of complex water-insoluble mixtures of substances in the
SOS chromotest. G.U.M. 1, 14-17.

Radman, M. and Wagner, B. (1986) Mismatch repair in Es-
cherichia coli. Annu. Rev. Genet. 20, 523-538.

Rempola, B., Demkowicz-Dobrzanski, K. and Fikus, M. (1986)
Genotoxicity assessment of low-molecular weight inter-
feron inducers by the SOS chromotest. Mutation Res. 172,
47-50.

Riesenfeld, G., Kirsch, I. and Weissman, S.H. (1985) Detec-
tion and quantitation of aflatoxin B1 in orange juice by
SOS chromotest. Food Additives Contaminants 2, 253-257.

Ronen, A. (1980) 2-Aminopurine. Mutation Res. 75, 1-47.

Rosenkranz, H.S. and Speck, W.T. (1976) Activation of nitro-
furantoin to a mutagen by rat liver nitroreductase.
Biochem. Pharmacol. 25, 1555-1556.

Rueff, J., Borba, H., Laires, A., Gomes, M. and Halpern, M.
(1984) Assessment of the urinary inducing activity of SOS
functions in E. coli using the SOS chromotest, Mutation
Res. 130, 213-216.

Rueff, J., Laires, A., Borba, H., Chaveca, T., Inacia Gomes,
M. and Halpern, M. (1986) Genetic toxicology of
flavonoids: the role of metabolic conditions in the induc-

tion of reverse mutation, SOS functions and sister-chro-
matid exchanges. Mutagenesis 1, 179-183.

Rueff, J., Laires, A., Gaspar, J., Borba, H. and Rodrigues, A.
(1992) Oxygen species and the genotoxicity of quercetin,
Mutation Res. 265, 75-81.

Sakai, M., Yoshida, D. and Mizusaki, S. (1985) Mutagenicity
of polycyclic aromatic hydrocarbons and quinones on
Salmonella typhimurium TA97. Mutation Res. 156, 61-67.

Salles, B., Germanier, M. and Defais, M. (1987) A bacterial
strain for detecting agents that produce free radical-medi-
ated DNA strand breaks. Mutation Res. 183, 213-217.

Sato, T., Chikazawa, K., Yamamori, H., Ose, Y., Nagase, H.
and Kito, H. (1991) Evaluation of the SOS chromotest for
the detection of antimutagens. Environ. Mol. Mutagen. 17,
258-263.

Scheutwinkel, M., Von der Hude, W. and Basler, A. (1986)
Studies on the genotoxicity of the anabolic drugs tren-
bolone and zeranol. Arch. Toxicol. 59, 4-6.

Schleibinger, H., Leberl, C. and Rueden, H. (1989) Nitrated
polycyclic aromatic hydrocarbons (nitro-PAH) in sus-
pended particulate matter. II: comparison of the muta-
genic activity of nitro-PAH in the Ames-, the SOS-repair
and the SCE-assay. Int. J. Hyg. Environ. Med. 188, 421—
438.

Shimizu, M., Yasui, Y. and Matsumoto, N. (1983) Structural
specificity of aromatic compounds with special reference
to mutagenic activity in Salmonella typhimurium: a series
of chloro- or fluoro-nitrobenzene derivatives. Mutation
Res. 116, 217-238.

Stark, A.A. (1980) Mutagenicity and carcinogenicity of myco-
toxins: DNA binding as a possible mode of action. Annu.
Rev. Microbiol. 34, 235-262.

Sturdik, E., Benova, M., Miertus, S., Balaz, S., Rosenberg, M.,
Sturdikova, M., Ebringer, L., Stibranyi, L., Ilavsky, D. and
Vegh, D. (1986) Relationships between structure of 5-
Nitro-2-furyl-ethylenes and their SOS function inducing
activities in Escherichia coli, Chem.-Biol. Interact. 58, 69~
78.

Sturdikova, M., Fuskova, A., Prikrylova, V., Pudojil, M. and
Fuska, J. (1986) Cytotoxic and mutagenic in vitro effect of
7-O-epoxyalkyl derivatives of daunomycinone: Part IX,
Neoplasma 33, 297-305.

Tanirbergenov, T.B., Vasilieva, S.V., Kostyanovski, R.G.,
Rapoport, J.A., Huttunen, J. and Hukki-Immonen, O.
(1988) Regularities of mutagenic and toxic effects of eth-
yleneimine and its oligomers; a comparative study in the
automated system SOS-chromotest and in standard bacte-
rial test systems. Genetica 24, 763-765.

Tenenbaum, L. and Malaveille, C. (1988) Quantification of
the genotoxic effects of alkylating agents in bacterial as-
says. Mutagenesis 3, 317-322.

Thybaud-Lambay, V., Decloitre, F. and Courtois, Y.A. (1986)
Role of the uvr gene in the SOS function inducing activity
of two tryptophan pyrolysis products, Trp-P-1 and Trp-P-2,
in Escherichia coli K12. Mutation Res. 173, 177-180.

Tikkanen, L. and Kronberg, L. (1990) Genotoxic effects of

various
water.
Toman, Z
man, ]
epigen
DNA-«
Tudek, B.,
Szymcz
amitra:
204, 58
Valsa, J.C
Alcant:
dehyde
ars. Mi
Van Aswe
Stein,
catechc
Physiol
Van Sluys
Martin
Ascorb
cherich
Vargas, V.
JAP.
extract:
isms. M
Vasilieva,
Huttun
and S(
quinon
Venier, P.
M. and
in Esc}
and hu
Venitt, S.
detecti
faeces:
typhimi
genesis
Venitt, S.
mutage
nitrobe
tase-de
Venitt, S.,
M., M
Roberf
assays




g et

‘99—¢9 ‘G sisouageinjy ‘souojournboionyy Aq
wnunuwiydq) pjjpuowypg Ul SISSUSSeINW PUR 1702 DIYILIIYD
-S7 Ul Saudg §OS JO uononpuy (0661) N ‘eIs1sodel]
pue ‘[ ‘eqleq “] ‘1aquD) “IN ‘ourise)) “g ‘YoIs|) “°d ‘UIISXK

"6Y1S—LY1S ‘6€ SO

I20ue)) "AJ1ANoe JunejAy[e Hsy) 0} UOIB[I Ul SE3INOSOIIU

-N -lAUIow-, N-[Are-, N-JAYIaW-A puB SBIINOSOINU-pN-[AIR
- N-IAg1ew-N Jo Qidruagelniyl (6L61) ‘I ‘2qOsf pue "y ‘ouex

“P1-1 ‘G 1wew

-$83sSy AJIDIXO], '1SII0WOIYd §OS UONBINOIOIW Ul SIPId
-isad zz Jo Aomolousn (0661) W ‘HNYdS pue "H'H ‘0¥

‘PYTT-TYTT ‘€L VSN 19 "PedV TEN -do1d
‘Tenusiod drusgourdied pue WS[OGeIdw Y} 0 PIIR[II sul
-Xorefe Jo AiotuaseIniy (LL6T) "H'd'd “YdISH Pue “['[ ‘Suom

"L06—698 ‘OF "A9Y

‘[ousioeq 7702 pryoLRYIsT ul dfewep YN 01 sasuodsar
3|qIonpul pue SIsaUaseInW 19[olARN[) (9L61) W'H ‘UM

"€6—68 ‘65T 'S UOHEINJA "1s9j0W

-0IYd SOS 9Yl Ul SISZIJISUISOIPRI g JO SINIAIOR JANR[AI
343 Jo uosuedwoo v (1661) 'I'A ‘SPIempd pue "v'd “OIPPIM

'€6-09 ‘8p "A9Y ‘Jolq

-OIOIA ‘700 PIYoLIaYIST Ul dFBWEP PIdR JI3[INUOQLIAX0IP
0] sasuodsal s[qnpul pue sIsaudSRIN (F861) "D'D ‘Isyem

‘€p—LE ‘TET $9Y uoueINN

‘SpIo[eYy[e eljjomnel JO $109J)9 JIUS50UIqUIOddl pue diuage)

-Nu “0IX0I0U3N) (0661) "d'V'[ ‘Sonbliusl] pue ']y ‘sanbu
“USH “TD'A™ ®AIS B “Y'H'H ‘OpeIpuy “O ‘19s0q UOA

"812—G0T ‘T£T "S9Y UOnEINN °183) sauwry

oY) ur fyoruadejnul [BLISORG SY) pue LeDd §O0 vIyoLayo

-sg ur aredar §OS Jo uononpul ay) Jo uosuredwod Sap1
-X0dg (0661) 'V ‘IS[Sed PUB 'V ‘YOBQ[OIS “M ‘OPNH 1P UOA

‘¥6-18 ‘€0T

'S9¥ UONBINJA "ISII0WOIYD SOS Y3 Jo uoneneaq (8861)
'V o‘I9[seqg pue Y ‘IopIng ¢ ‘wyag “A ‘OpnH Iap UOA

‘LT—€T ‘691 "S9Y UonRINA] ‘$]00I SBIDRUBLIS[BA JO SIUSNIIIS

-uod Fuizijinbuen syl jo Lorusdeinw [eudloed (9861)
¥ ‘uneig pue ‘N UDIY-[OYUIMINAYIS “A\ ‘OpnNH ISP UOA

"869-169 ‘€€

ewise[dosN 182J0WOIYD SOS AQ pIIpn)s sueinjolju pue

QUIPIURNFOSOIU-N-[AYIaW-N JO AJdluageinl sy} uo poe
J1qI0dsE JO Qouanjjul (9861) 'S ‘SNIUBIA pue ‘I ‘BAOYOA

8-1

‘0§ "s9y uoneINy "suonduUNny Iedal UMOUY Ul JUdDIJIP 7709

DIYOLYIST] JO suTeIls UI SISSUISRINW JO JUSWAOUBYUS PIle
-pawr-prwse[d Y (8L6T) "D ‘UIPESeIg-NUON PUE 'S TULINJUIA

‘191-€p1 ‘€8 UOAT [qnd

S DYV esterddy [eonu) vy oisuadoumre) 10 sAes

6LT

-SY ULI9)-1I0US pue uLId)-3uo :uf ‘elsjoeq Juisn sfesse
uRl-1oyS (9861) "S'H ‘ZUBIUasOy pue ‘I ‘ployIaqoy
“YN Apsmoley U1 ‘ewiysnsieiN D ‘SqlleaReN W
‘Bunujoy “d'dy ‘syong 0 ‘Sunpog “H ‘Yosueqg S ‘NIUSA
“I8E—GLE T Stsauddeinjy o2 i JO uieIlls JUIIDIJIP-3se)
-ONPAIOLIU UI PIINPAI A[IeaI8 SI ($$61GD) SpHULZUIGOIIU
-Ip-p‘z-oulpllize-¢ Fnip JIownjnue 3yl jo Ayorusfeinuw
pue Amol oYyl (L861) "D ‘YSIG[S-UOPOID pUB S NIUIA
‘Y9—6 ‘T sisauad
-RINJA ‘1S30WOIYD SOS Y] pue 702 ‘i pue wnunrydAy
'S Yium §)$9) UONENJON[J JIQOISBUR puUR DIQOIIE :$3JJe]
uewny ur £J1anoe orxojouss pue dmuadejnuw Jo UONINIP
Y1 uo sapmIs 1PN (9861) " ‘YIIOMSOg pue ‘S NIUSA
LS—1S ‘b sisauadeinjy 'S)O0BIIXd SULIN UBWNY pue
spunodwod [eatwayd 91 Aq ££0d UIRNS 7702 p1yoraysssy ul
3suodsa1 SOS 9y} Jo UOHINPUL (6861) "DV ‘SIAST pPue ‘W
‘080[09[ed “H ‘0IBJUO[D “JA ‘UBPIOZ Y ‘IUNUON “J ‘ISNUIA
‘6ZE-1ZE ‘PpT "SOY UOlIBINA ‘SSUOUAION[J pue ssuouinb
-suarqiueusyd ‘sjAusydiq jo Auanoe Supnpu-§OS pue
oruadeinu Jo Apmis saneredwod v (0661) L' ‘usunjinyg
pue "0 ‘AdYIeBIN “S ‘AIQY “ I, ‘A0uaBIaqirue] S ‘BAJIJISBA
"SI—€T ‘0bT S9Y UONBINJA “SUIS
-ued10 onoAreyoIld ui §aproaumps uiD0IAYIY JO SIORINIXD
snoanbe Jo $109)J9 o1xolousd pue dsruddeiny (0661) 'd'V'[
‘sanblusy pue ")V ‘orUYT “d'T'A ‘BMOIN “JIN'A ‘sediep
"00Z—L61 ‘L SISaUagourdIe)) 's[[30 ZTY Y09 vrfoLays
-5 Ul 1redal pue suoisa] YN paonpul 10ddod-21eqroosy
(9861) " ‘ZOWIOD-BIRIUBI|Y PpuUB ‘J) U SUILE]
“1 ‘Qremzsudz[a “Y ‘BISIAIQD Sp BISOD) “VA ‘SAN[S UBA
"6E—YE ‘L "woyoolq [o1sAyq
‘ur) "susdourdied orxojoudd 9[qissod se S[OIPeRIISI[OYIeD
pue [oIpenisg (6861) [ ‘SISsAld n@ pue "Td ‘UGS
“r'O'H ‘SIngsuay ueA ‘g1 ‘IpnomnalN “HD ‘Usfamsy UeA
"SE-1€ TET 'SOY UONBININ SIk
-3ns gunpal Jo uolepeldap [ewray) Aq pasnpoid spAyap
-[e-019Y ® JO 109JJ3 2IX010U3D) (0661) Y ‘SWON-LIRIULI[Y
pue 'y ‘olnery op elope) “I ‘qremzuozidd “Q ‘BS[EA
"T65-58S v0T
'$9) UONRIN[A "SABSSE [BLIDJOBQ WLIS)-1IOUS UJim ZeI)IWE
Jo AAnoe oxojouss 10y FuiuadIdg (8861) "L YAzowAz§
pue ‘[ ‘uoreig-uspyey “ ‘eydAzozg “r ‘eysmalen) ‘g ‘yopnl
"S0T—L6 ‘981 ‘[otd O [ ‘Siuade Sulsewep-yNQ
AQ poonpul o2 pryouaydsy Ul suonerde odndusfido
pue o1jouss JO UONIIISP 10 WASAS Y (S86T) ‘N ‘UelL
-peYy pue T ‘wnequsaud], <) ‘aIIpneyd-A|quie(q “Z ‘ueuwo],
‘911601 ‘OFZ 'S UOHBINIA "IStem
SupjuuIp paJeULIOYd Ul PAYNUSPI SPIOR DIOUIING SNOLIRA

&

Jo spoays

‘081 -
‘T-d-dag, p
Ajanoe Su
(9861) 'V~

-Se [eL1ao
JO uones]

-3108Q pIR
ay) ur Apn
-39 jo s
‘O ‘usuou
“OW D

XI Meq
J0 103333 0.
pue " ‘Iif

~69 ‘85 101
Sunpur u
-¢ JO aIny
pue g “Ays
“ ‘S1aqus

nuuy -uor
-004W JO )

uoneInp -
SOlIaS © (s
OULIIJAI |1
[eIMONNS (

~1Zt ‘881 ']
Ireds1-gOS
-enw ay) |
-sns ur (H
Pa1enIN (68

-uan ssnIp
(9861) v

‘L1 "uageiny
J0J 19100
"H ‘osedeN
LIT-€T1T
-Ipaw-fesipe
[eLIa10Rq W |
L9-19 ‘96T
uo ssuournk
Aowageny

‘unaoranb
'V ‘songLpo;

-OIYD-IJISIS |




