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Environmental Mutagens and Risk Assessment

Joellen Lewtas, J. E. Gallagher, D. M. DeMarini

Abstract

Recognition that most human exposures to environmental chemicals occur as complex
mixtures has stimulated research and the development of new methods to assess exposure,
dosimetry, and genotoxic effects. Risk assessment of environmental mixtures relies on data
for either individual chemicals present in the mixture, the whole mixture, or fractions thereof.
In the case of very complex mixtures, it is nearly impossible to quantitate all of the constituent
chemicals, the potential for human exposure, dose, and how these factors effect risk assess-
ment. New genetic and molecular methods are being applied to each aspect of research to
develop new methods for the assessment of cancer risk from human exposure to complex
mixtures. Short-term genetic bioassay methods utilizing new engineered bacterial strains are
being used to assess total human exposure to mutagens in the environment. New DNA
adduct methods are being used in exposure-dosimetry studies of complex mixtures in humans
and in experimental systems. Finally, new advances in sequencing the genetic mutations
induced by environmental mutagens will improve our understanding of the relationship
between DNA adducts, DNA damage and repair, mutation induction, and tumor initiation.

Combustion emissions represent one of the most extensively studied complex environmen-
tal exposures in humans, animals, and short-term genetic bioassays. We have developed a
comparative potency method for cancer risk assessment of combustion and related emissions
using human lung cancer data for populations exposed to these mixtures. The constant
relative potency hypothesis invoked in this method is being tested using new human, animal,
and short-term bioassay data. New molecular and genetic methods are now being applied to
studies of air pollution in the U.S., Japan and China, in integrated multidisciplinary studies

of human exposure, and in evaluating potential cancer risk.

Key words: risk assessment, environmental mutagens, complex mixtures, mutagenesis,
cancer, air pollution, combustion emissions, source apportionment, DNA adducts

1. Introduction

The recognition that most human exposure
to environmental chemicals occurs as expo-
sures to complex mixtures has stimulated re-
search on the toxicology of complex mixtures
(NRC, 1988). Integrated multidisciplinary
studies are now beginning to assess human
exposure, dosimetry, and cancer risk to com-
plex mixtures of pollutants and to apportion
the human exposure and risk to various
sources. Strategies that hold promise for in-
corporation of genetic bioassay data in the
risk assessment of complex mixtures include
1) biomonitoring environmental levels, fate,

transformation and human exposure; 2) char-
acterization of the genotoxic components of
complex mixtures using advanced chemical
and bioassay methods; 3) molecular dosimetry
of complex mixtures, and 4) mechanistic
studies of the effects of complex mixtures
induced by both genetic and nongenetic
mechanisms. Important advances in under-
standing the genetic and carcinogenic effects
of complex environmental mixtures will in-
creasingly rely on the successful implementa-
tion of interdisciplinary strategies, including
state-of-the-art genetic and molecular meth-
odologies.

MD 68, Genetic Toxicology Division, Health Effects Research Laboratory, U.S. Environmental Protection

Agency, Research Triangle Park, NC 27711, U.S.A.
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Fig. 1. The two-stage cancer model illustrating the relationship between exposure, DNA
adduct formation and mutation which is proposed to induce the first transition from a
normal stem cell to a preneoplastic “first stage” cell. The second transition to a cancerous
cell may require additional exposure, cell proliferation, and/or a second mutation.

2. Risk Assessment

Assessment of human risk from exposure
to environmental mutagens may focus on
cancer, deleterious heritable mutations, or
other adverse human health effects that could
result from exposure to mutagens. Cancer
risk assessment is the most thoroughly de-
veloped of the possible types of risk assess-
ment. Initially, cancer risk assessment was a
qualitative procedure, exemplified by the
IARC monograph series (IARC, 1977-1989),
which uses a weight of evidence approach
to the classification of chemicals or mixtures
into categories. Human, animal, and other
experimental data, particularly short-term
tests for genotoxic activity, are considered in
establishing first the strength of evidence that
the agents are carcinogenic. The extent of
carcinogenic activity (e.g. potency) and the
mechanism of cancer induction is not general-
ly factored into this evaluation. After
evaluating the strength of evidence for car-
cinogenicity in humans and animals and sum-
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marizing the genetic activity data in short-
term tests, an overall evaluation of the total
body of evidence is taken into account in
categorizing the agents into one of several
groups: 1, 2A, 2B, 3, and 4. Group 1 car-
cinogens are those where there is sufficient
evidence that an agent is a human carcin-
ogen. Group 2A (probably carcinogenic to
humans) and Group 2B (possibly carcinogenic
in humans) rely more heavily on the evidence
in animals together with supporting evidence
of genotoxic activity in short term tests.
Quantitative cancer risk assessment as de-
veloped and applied by the U.S. Environmen-
tal Protection Agency (EPA) in the 1980’s
(Anderson et al., 1983) was based on a meth-
odology developed by Crump (1981) to
estimate cancer risk from chronic animal ex-
periments. This approach is referred to as
the linearized multistage model and is widely
used to establish upper bounds on suspected
cancer risk. One of the important deficien-
cies of this model is that it is not derived from

an underlying biological theory of cancer in-
duction and does not take into account agent-
induced stimulation of cell proliferation.

A two-stage model of carcinogenesis pro-
posed by Armitage and Doll (1957) was based
on the biological evidence that stem cells are
transformed into premalignant cells. They
proposed that these premalignant cells divide
at a constant rate, producing an exponetial
growth of preneoplastic clones. A preneo-
plastic cell is then transformed into a cancer
cell, which may ultimately develop into a
tumor. More recently, Moolgavkar and
Knudson (1981) have proposed a mathemati-
cal model that is based on the biological
evidence linking mutation induction and
tumor formation as depicted in Fig. 1. This
model assumes that the first critical event in
a series of steps that can lead to cancer is
the induction of a mutation in the DNA of
a normal stem cell, resulting a preneoplastic
cell. The second critical step is the trans-
formation of a preneoplastic cell into a malig-
nant cancer cell. Thorslund er al. (1987) in
reviewing the biologically based cancer risk
models point out the many advantages of the
two-stage cancer model for risk assessment.
Improtantly, the parameters in the model are
interpretable in biological terms and may
potentially be estimated from experimental
cellular data including mutation and cell
transformation data. Cell proliferation and
cellular toxicity (death) data may also be in-
corporated into this model.

3. Predicting Cancer Risk Using Short-Term
Bioassays

One important issue for genetic toxicolo-
gists in applying these strategies is the issue
of predictability. Evidence has accumulated
since the 1960’s to support the theory that
electrophilic chemicals react covalently with
nucleophilic centers in DNA and subsequent-
ly induce mutations. Extensive studies by
the Millers (1971) showed that these electro-
philic chemical mutagens were also animal
carcinogens. The basis for using short-term
genetic bioassays to detect carcinogens is the
theory that electrophilic chemicals covalently
binding or reacting with DNA will result in
the induction of mutations that subsequently

serve as the initiating event in the induction
of cancer. Studies of hundreds of chemicals
in the 1970’s demonstrated a high correlation
between mutagenicity in bacteria and car-
cinogenicity in animals (McCann et al., 1975;
Bartch, 1976; Sugimura et al., 1976).

Despite a preponderance of evidence for
the utility of genetic bioassays in detecting
potential carcinogens, a recent report on 73
chemicals tested in both animal cancer bio-
assays and short-term tests for genetic toxicity
by Tennant et al. (1987) has called into ques-
tion the predictability of genetic bioassays.
This study and the many papers published in
response to these questions (Ashby and Ten-
nant, 1988; Brockman and DeMarini, 1988)
have been evaluated by DeMarini et al. (1989)
in the context of the utility of genetic bio-
assays for the evaluation of complex mix-
tures. Issues that pertain to the utility of
short-term genetic bioassays include 1) con-
cordance between carcinogenicity results in
rats and mice and the concordance between
these rodents and short-term genetic bioassays
(Brockman and DeMarini, 1988); 2) influence
of chemical class on the sensitivity and
specificity of genetic bioassays (Claxton et al.,
1988); and 3) genotoxic and nongenotoxic
carcinogens (Ashby, 1988).

We cannot expect bioassays that detect, by
definition, genotoxic agents to detect agents
that may induce cancer by a mechanism that
does not involve interaction with DNA,
mutation induction, or other genetic effects.
This issue of the predictability of genetic
bioassays needs to be kept in mind when con-
sidering the nature of the complex mixture
under study and the specific questions being
addressed in the research.

4. Assessment of Exposure to Mutagens
Using Biomonitoring

The development of short-term genetic bio-
assays in the mid-1970’s led rapidly to the
use of these assays in environmental monitor-
ing. The essential elements of these bioas-
says that facilitates their application to en-
vironmental monitoring is their simplicity,
rapidity, low cost, and small sample size
requirements. The genetic bioassay used
most widely has been the Salmonella typhi-
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murium plate-incorporation assay described by
Bruce Ames in 1975 (Ames et al., 1975) and
initially validated as a bioassay to screen for
carcinogens (McCann et al., 1975). This bio-
assay was rapidly adopted across the world
and applied to environmental studies of com-
plex mixtures. In air and water pollution
monitoring studies, this bioassay was used to
detect and quantitate the mutagenic activity
associated with environmental pollutants
(Lewtas, 1990).

The relatively small sample mass require-
ments (milligram quantities) was one of the
important attributes that facilitated applica-
tion of bacterial mutation assays to environ-
mental monitoring. Recent advances in
personal exposure monitoring have resulted in
the need for assay methods that could be
applied to even smaller, microgram, quanti-
ties of environmental samples (Lewtas, 1989;
Lewtas er al., 1990). Microsuspension
bacterial mutation assays have been develop-
ed to meet these needs through simple modi-
fications of the Salmonella typhimurium pre-
incubation assay by reducing the assay
volume by 10-100 fold (Kado et al., 1983;
Lewtas et al., 1990). These microsuspension
assays have utilized new engineered
bacterial strains in human exposure monitor-
ing, indoor air pollution monitoring and in
monitoring trends in air pollution over rel-
atively short time periods (Lewtas et al.,
1987; Matsushita er al., 1990; Lewtas, 1990).

Biomonitoring of ambient air using bacteri-
al mutation assays is being used for the first
time in source apportionment studies to
determine which emission sources are the
major contributors to the mutagenic activity
of ambient air (Lewis et al., 1988). Source
apportionment uses a combination of mathe-
matical and analytical procedures to deter-
mine the contribution of specific emission
sources to the whole mixture and has been
applied most extensively in air pollution
studies. Two different methods have been
used to apportion the contributions of source
emissions to ambient air quality: source dis-
persion modeling, which relies on monitoring
source emissions, and modeling ambient dis-
persion and receptor modeling, which relies
on ambient monitoring and source tracer

species (Gordon, 1988).

The receptor-modeling approach to source
apportionment has been combined with bio-
monitoring and is being employed in the U.S.
Environmental Protection Agency’s Integrat-
ed Air Cancer Project (Lewis et al., 1988;
Lewtas, 1989). This approach has been
shown to be effective in apportioning the
mutagenicity in a simple airshed with mobile
sources and woodstove emissions. In this
case, the number of sources is small and well
characterized with respect to tracer chemi-
cals. In addition, emissions from mobile
sources and wood burning contain unique
elemental tracers that improve the accuracy
of the source apportionment calculations. The
unique feature in these recent receptor model-
ing studies is that mutagenicity data from
biomonitoring is being used directly in the
model together with elemental tracers (e.g.,
K and Pb). This has made possible the direct
apportionment of mutagenic activity in the
woodstove-impacted airsheds. Future field
studies are in progress to extend this meth-
odology to more complex airsheds.

5. Molecular Dosimetry of Environmental
Mutagens

Highly sensitive methods are now being
used to measure protein and DNA adducts
that may result from exposures to environ-
mental pollutants. Several combustion emis-
sions constituents, including polycyclic
aromatic hydrocarbons (e.g., benzo(a)pyrene)
and nitrogen-containing aromatic compounds
(e.g., nitrosamines, and 4-aminobiphenyl),
can be detected either as protein or DNA
adducts (Harris, 1985). The postlabeling
assay for DNA adducts is particularly appli-
cable to complex mixtures because the assay
does not depend upon prior identification of
the specific chemicals in the mixture that
may result in the formation of adducts
(Randerath e al., 1985).

Multiple DNA adducts have been detected
in humans, animals or cells exposed to com-
plex mixtures (Gallagher et al., 1990; Lewtas
and Gallagher, 1990; Perera et al., 1990). This
is consisent with bioassay-directed fractiona-
tion studies of complex mixtures that have
shown the presence of many genotoxic com-

pounds and isomers in several chemical
fractions (Schuetzle and Lewtas, 1986). A
challenge for the future will be the separation
and identification of specific adducts after
exposures to the multiple chemicals present in
complex mixtures. The level of DNA ad-
ducts detectable by postlabeling, 1 adduct in
10°— 10 nucleotides, is far below the current
detection limits for direct chemical identifica-
tion of the adducts.

A number of methods are currently being
explored to identify specific types of DNA
adducts by selectively using enzymatic diges-
tion methods to identify enzyme-sensitive ad-
ducts. We have used this approach to
identify arylamine adducts that can form
from either nitroaromatic compounds or
aromatic amines (Gallagher er al., 1989).
Using this approach, Gallagher et al. (1990)
have shown that the formation of specific
nitroarene DNA adducts can be enriched
through incubation of diesel particle extracts
and xanthine oxidase with calf thymus DNA.
These adducts have also been shown to be
nuclease P1 sensitive. A second approach is
to use DNA adduct standards in co-elution ex-
periments to identify specific adduct regions.
Adducts resulting from treatment with com-
plex mixtures that migrate in the same
chromatographic region as the major BaP
adduct were quantitated in DNA isolated
from skin and lung tissue of mice treated by
a skin application protocol (Gallagher et al.,
1990). The complex mixtures were combus-
tion-related emissions containing a known
concentration of BaP. Future research will
be aimed at resolving and identifying the
nature and source of these adducts.

DNA adduct dosimetry studies using this
postlabeling assay are being conducted simul-
taneously in comparative microbial mutage-
nesis and tumorigenesis assays of combustion
emission and airborne particle extracts
(Lewtas and Gallagher, 1990). Complex mix-
tures that are potent mutagens and tumor
initiators form higher concentrations of ad-
ducts in DNA isolated from rodent skin and
lung tissue than do those that are less potent
(Gallagher, unpublished). These new dosim-
etry methods for complex mixtures may
provide a critical data link between exposure
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and dose in human, animal, and in vitro
studies, further reducing the large uncertain-
ties in current risk assessment methodologies.

6. Mechanistic Studies of the Effects of Com-
plex Mixtures Induced by Both Genetic
and Non Genetic Mechanisms

The predictability of short-term genetic bio-
assays has become an issue (DeMarini ez al.,
1989) that is critical to the application of
these bioassays in the assessment of complex
mixtures. It is becoming clear that bioassays
that detect genetic effects (e.g., mutations,
DNA damage, chromosomal effects) will not
be able to predict the potential carcinogenicity
of chemicals or mixtures that induce cancer
through a non genetic mechanism (e.g., in-
duction of hormones, viruses, etc.). Certain
classes of chemicals, particularly chlorinated
hydrocarbons, are often not detected as gene
mutagens (Claxton er al., 1988). Recently,
DeMarini and coworkers (DeMarini et al.,
1990; Houk and DeMarini, 1987) have re-
ported that a number of the carcinogenic
chlorinated pesticides and chlorophenols that
are not mutagenic in Salmonella do induce
prophage lambda in E. coli. The mechanism
responsible for this phage induction may in-
volve the formation of free-radicals by the
quinone metabolites (DeMarini et al., 1990).
Free radicals are known to cause DNA strand
breaks that are thought to result in prophage
induction.

It is critical to have some knowledge of the
nature of the chemicals present in a complex
mixture or to evaluate an unknown mixture
for toxicity and potential carcinogenicity by
using a series of bioassays that detect a wide
range of genetic and non genetic events.
Often a battery of bioassays is selected to
detect the same genetic events, albeit in dif-
ferent biological systems. Recent studies
make it clear that it may be more important
to select a battery of bioassays that detect
different genetic and non genetic effects re-
lated to carcinogenesis when using these as-
says in a predictive role.

Recent advances in molecular methods us-
ing the polymerase chain reaction (PCR)
(Saiki et al., 1988) have made it possible to
rapidly amplify sections of genes to facilitate
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the direct DNA sequencing of mutants.
Several investigators are now sequencing the
mutations occurring at the hisD gene in
Salmonella typhimurium using this method
(Bell et al., 1989, 1990; Cubula and Koch,
1990; Fuscoe et al., 1988). Bell et al. (1990)
have recently determined the mutational
spectra for 1-nitropyrene-induced revertants
of TA98 and spontaneous mutants. This ap-
proach is now being applied to understand
the mutational spectra induced by complex
mixtures (DeMarini, personal communica-
tion).

7. Cancer Risk Assessment of Complex Mix-
tures of Environmental Mutagens: The
Comparative Potency Method

One approach to risk assessment of com-
plex mixtures is to analyze the mixture for
the presence of compounds for which their
are published cancer unit risks (human cancer
potency values). The risk of the mixture
is determined from a sum of a series of
products of (concentcation of each chemical)
X (human cancer potency) (US EPA, 1986).
The additivity assumption is invoked when
using this approach because there is generally
not sufficient data available to factor in
synergistic or antagonistic interactions. The
disadvantage of this method is that it misses
the identification and assessmrent of previous-
ly unidentified and potentially important
carcinogens.

A more direct approach to the quantitative
risk assessment of complex mixtures is to
conduct experimental carcinogenesis and
mutagenesis assays on the mixture itself
(NRC, 1988). Combustion emissions re-
present one of the best studied complex en-
vironmental exposures in humans, animals,
short-term genetic bioassays. In order to de-
velop a comparative data base for risk assess-
ment, mutagenesis and carcinogenesis bio-
assays have been used to evaluate complex
mixtures of ambient air and combustion
source particle extracts. A comparative
potency method has been developed for
cancer risk assessment based on a constant
relative potency hypothesis using data from
a battery of short-term mutagenesis bioassays
and animal tumorigenicity studies evaluating

a series of diesel vehicle emissions (Albert et
al., 1983; Lewtas, 1985). The same bioassays
have been used to evaluate complex emissions
for which human lung cancer risk estimations
are available from occupational and relatively
high dose exposures (emissions from coke
ovens, roofing tar pots, and cigarette smoke),
thereby providing a comparative basis for
estimating lung cancer risk from emissions for
which human data are not available.

Recent studies have expanded the combus-
tion emission data set for which comparative
mutagenesis and carcinogenesis data are
available to include gasoline vehicle emis-
sions, coal, oil, and wood combustion
(Lewtas, 1988). It has recently been possible
to directly compare the cancer unit risk esti-
mated for diesel emissions by the comparative
potency method (2.6x10-° lifetime risk/
microgram particle/m?) to the unit risk esti-
mated by a lifetime carcinogenesis study of
rats exposed to diesel exhaust (1.2x107%)
(Albert and Chen, 1986). The two cancer
unit risks are surprisingly similar, considering
that the two methods used different diesel
vehicles, different exposure routes, different
bioassays, and different risk assessment
models.

8. Summary

Risk assessment of environmental mixtures
relies on exposure, dosimetry, and health ef-
fects data for either individual chemicals
present in the mixture, the whole mixture
itself, or fractions of the mixture. In the
case of very complex mixtures, it is impos-
sible to quantitate all of the constituent
chemicals and their human exposure, dose,
and health effects for risk assessment. New
genetic and molecular methods are being ap-
plied to each aspect of research and assess-
ment of cancer risk resulting from exposure
to complex mixtures. Short-term genetic bio-
assay methods utilizing newly engineered
bacterial strains are being used to assess total
human exposure to mutagens in the environ-
ment. New DNA adduct dosimetry methods
are being applied to assess human exposure
to complex mixtures. In addition, new
advances in sequencing the genetic mutations
induced by enviromnental mutagens will im-
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prove our understanding of the relationship
pbetween DNA adducts, DNA damage and
repair, mutation induction, and tumor initia-
tion. New research on the molecular mech-
anisms involved in cell proliferation and
the events critical to tumor progression also
need to be incorporated to improve the risk
assessment procedures for complex mixtures.

Studies of complex mixtures (e.g., soots
and tars) in the early 1900’s first employed
the use of animal cancer bioassays. The
development of short-term genetic bioassays
has fostered emerging methodologies and new
assessment strategies for complex mixtures.
These new strategies are characterized by
their multidisciplinary nature. Methodologies
developed by engineers, chemists, physicists,
and biologists have been integrated into new
strategies. Strategies being pursued and
developed as a part of the integrated studies
provide new evidence on the sources and
nature of airborne carcinogens. The use of
bioassay methods in exposure and dosimetry
assessment will provide direct data on human
exposure to genotoxic carcinogens. Molec-
ular methods are being developed to under-
stand the mechanisms of cancer and mutation
induction by mixtures.

Disclaimer: The research described in this
paper has been reviewed by the Health Ef-
fects Research Laboratory, US Environmen-
tal Protection Agency and approved for pub-
lication. Approval does not signify that the
contents necessarily reflect the views and
policies of the Agency.
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Fig. 18. HiEIF 5 L R5C XS 6-mercaptopurine
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Fig. 19. a5 L dife i 502 X % 7,12-dimethylbenz-
(a)anthracene(DMBA) /NMEAREM:. B THLE
85, BB 2 EHS, TR 4 @S, #5R
(mg/kg), BA (LA (h), )N H B8R (MNPCE,
%) CXB3IRLST 7.

DEEB DI\t s, IMEOBBLEE K E E

BbOKCELCBRTA D LELIS,

6-MP Tix, 1 EI#5 (1x48h) T~ % &,
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EMS
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Fig. 20. Hi[EY L i 512 X % ethyl methanesul-
fonate (EMS) O/ MEEFM:. BB HEIHE S, B
k2 EfS, TR 4 mEys. 55 (mg/kg), £
AR (h), MEHBE (MNPCE, %) 12X
53KkL757.

iz ANOVA ik » CHEMICEREZEND
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Fig. 19 o AL H A7z DMBA oOf %
T BB 1A, A 2 B, FEA
4 E# 5 TH D, DMBA Tid 1 [m#5C 48 Bl
g — 27 nBbhsh, Thh 2 pb iy
— 7% 24 BRI H A~ 7+ LTL AL RD
hic, 2%, 1 A5 0 48 Rl B 2 [l
BEIC X s LEc - T, 2 \RED 24 FfH
Bire—7 Ltk THbhTWAEEZDRS,
2 AL oGO MBLBEE S —FFE < Lo TW
B0, A EEEZERALR TR,

EMS cix 16, 2 [, 4 EHGEORICIzEAE
BUAL LR T W (Fig. 20), 2o X 5y
LEBUC & - TH B IRERL LB W FlEAD
i 2 o0{t&4y, 2-AAF, potassium chromate
Chbiiic,

£ EO F G- BFIC O T OILFEPIZE T, H
L DRV TE L 5 e b B EA TR
iTotedd, SERGE Lic 11 {bA¥Hri4T 1
Bl CEMER R AR Lic, ZOH T MTX 2
1 @G CoOMEFHERELTL, 55 LTt
Litot, oD MTX #4%, ENU kL0t 6-
MP <1k 1 [I5 X 0 & #EE D J5H38 b ic/
FRUED BN -T2, FOftlic 5-FU, ARA-C,
benzene X 512k DMBA, phenacetin 7¢ K IC s
WTh 2 \H DT 4 EHEGICE - TMEDOH
BEEL ERTAEALAAR DR, BLTLLHE
HEOCEE T d o 1o, ek, 2-AAF, EMS &
X 0" potassium chromate @ 3 > (kL& Tl
B X BERIFEE R BRI - e,

BHERO T — <k, JlcEER LR T
LEY EFbh Ty, 2V -7V FOESH
ERREA RS (ICEM) Tikthbo 7w
—7ORBFEBML, BiOREREBN LI, £
DFER, B4 OILFEPIROHE & EESRBIREC
X R A —§#ic LT Mutation Research 125
#Xhic (CSGMT, 1990),

6. &hVIC

Table 1 icZ h ¥ COXRPFEOERLYS T X
T, IMERBROEARN T v b 2 —VERLT,
L L QISR ~ Y AL DD, DWHKT v b
LEATES, HL, 7. b CIEMIRCEE
T 5 RO & e 525, Zhid Acridine Or-
ange O WGty (Hayashi et al., 1983) THES
CXATE D, =7 ADRFeo T EF5E
DIAic & R m 55 2 LRI TV 5D,
WFR LB R AR T L0 S ETIR—H LT
%, MS/Ae ~ v AWM R ICH A TEWIIG
PeA R T EIAEFTH H05, IEEHRTHHE
KATLHET LT W & & HRBREED,
BV ESMETH B, e o Tk RirhlfEr
V5 o & CRIBIL DY, METoOBE N E
b L otk vig EOERRIcr — ADEEIC
HEDFI A #FETHIE L WTh A 5, BEREIC
DUWTIE, ip, PO EBHHTH LW, WTFhb
MeJkfEE, o F h LDy, wIEHE & UIcRERE D D
HEWrich,

B ERCOWTE, SERE L Lathig
€ 1 AR TR AR LI &b, 1 [E#E
LT+ THDBENLD, KL, TOBEK
TR B A 1T - Y e BEAE R 2 E D 5

Table 1. Summary of the results of the collaborative study for the in vivo

micronucleus test

Species: Mouse (Rat)
Strain: Any Strains seem to suffice as a tester
Sex: Male mice is sufficient for general screening

Administration route:
Administration time:
Sampling time:

Both ip or po routes are practically acceptable
Single or double dosing
To find optimal time by a pilot test

Maximum concentration: To find optimal level by a pilot test

Staining method:
Target organ:

Giemsa or Acridine Orange
Bone marrow erythrocytes
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DHRREDHINC X > THDHTZ D X 5l HWF
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(1) ZTEEHRBRUERFREEEMHERBRE

28 BIE M L Ames test © Yahagi HOE
BERH G, BHMERIUTOX T, T
T, EBbatn () S0 pl, i (0.1
M Na-PO, pH7.4) % L <k S9mix 0.5ml, B
# 0.1 ml RO RFEHWE 50 pl % 2 OIFF Tl
41 7- preincubation mixture %, 37°C, 20 4y
£v% o=, Y7L 7%— 2ml M,
minimal agar plate bic % <, 48 Wi[HIEE, T
2m=—FKrRx1,

W oA 2 EEL oL KB ETT
WEBMOBH B Z L HTENDT,

2) ZTEEMEHERICKTIERRUEE

L7 5 v 7 o surviving fraction OHIEITILK
» 2 Fpw Pt L1z, Protocol 1 & LT, 4RI
L {5 fiiF| % &1y preincubation mixture % 20 N
AvEd.~<—1# 01lml o+ v 7 AxED
phosphate buffered saline ¢ 10 fBEeHERL, €
D5Hn 0.lmlicy 7 7 H— 2ml (e AFY
~ 0.08mg, A4 F v 0.04mg ¥&Eiy) Mz,
minimal agar plate bic % <, 48 B§fEEE, e A
F o vERE, FERECThoyLExIHE
yar=—%ELDT, TDO= EER 2 S
teo FRE LD, TOBRROEEBZIHR L.

Protocol 2 & LT 10*fZ&F ML~ 7 0.1
ml |- preincubation mixture ([ fjv 7z & [FC&ED
25 B, 1S, S mix % XA Nz T
L— bicE X, 48 BERIMRIC 2 m = — BB T,
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Protocol 1 & 2 oA —F 3 % Y& proto-
col 2 DFERHRLIC,

DA EDABEBGIE 21T e WAL, BN
Ry 2 75wy FRBEL, BRI LD
W ERHED DI,

B) ~ATFAYA 7)o 7T ORBICKY

ERTIEEZERFROREE

~NFRYAL 7Yy 2T IVOKBK L LI
DMSO %% (0.1 ml) % S9 10 pl #&¢s S9 mix
(0.5ml) &g+, 37°C,20 8L, EHEEL
T, K& 7 2 b v (0.6 ml) Zhnz T, XK
E 15 4@\~ 7o, 3000 rpm, 10 4y, 2°C TEOL,
EEREDOTHE LI, BIEKT &N L TH
\,, —80°C TUfEMfEL 720 LLF, activated
Trp-p-2 L EKRT 5, @e LTk, HEFRKOD
equivalent T/RL 72,

(4) Trp-P-2 QRBIFM(LICHT S hemin D

7

Trp-P-2 20 nmole, hemin 0~200 nmole % 0" S9
mix 1 m/ (20 ¢/ S9) » mixture (4 & 1.2ml) %
37°C, 20 54 vF o=+ L, &7+ v 1.2ml
iz, XKk 10 &<, 3000 rpm, 3°C, 10 43
LL, EEXIY, %E L, S % 005M
disodium phosphate - 0.025 M citric acid fz&fify
W (PH3) 1ml CE»L IV ET 7 4 vx— (3
) E7H~< 4 L7 A HA £7£ 0.45pm) %l
+. A% 100 pl % HPLC =51}, Trp-P-2, Trp-
P-2(NHOH) %% & U7, HPLC &ffix, AH»
Z A p Bondapak Cg, ¥ 25% acetonitrile -
20mM (NH,)H,PO,(pH 4.0), ¥ 1ml/min,
254 nm OWHFEERACHWT, 1 7 7
7> a vuEE b, Ames test TH LT x5 TA
98 WK F HiEM AR TN,

(5) Trp-P-2(NHOH) Q&RRICxd % hemin

DORE

Trp-P-2(NHOH) 10.8 4M, hemin 10.8 M,
pH 7.4 sodium phosphate #Zfffj% 0.1 M ¢ mix-
ture (&8 2.04ml) 2WEHEHF D+ T AR,
H—tavtre—35—T37°C b, AXx—7
— CHEB L, BRB - TREE OZEL 2 HIE
L, BB v 7 10 pl % HPLC @iz} T
T8 L, HPLC ki3 » 5 - Inertsil

ODS,,, it 25% acetonitrile - 20 mM(NH,)-
H,PO,(pH 4.0), ¥ 1 ml/min, #Hix 258 nm
DWRIEIE % AT,

(6) Trp-P-2(NHOH) @ 4y fZ(Cxt$ % myo-

globin @&

G R A% o # g 1x, Trp-P-2(NHOH) 2.4
¢M, myoglobin 2.5 yM, pH 5.0 sodium-acetate
0.1M ThsH, HiiIxl->TH v 7B\ TH
LEZFH TAR kT HERFEEOELEH
Nfeo #7100 pl iooWT HPLC iehld, E&
L7, HPLC # 5 4% ¢ Bondapak Ciq, HiHilL
254 nm OB TIT» 7o T O §5 & Ak
Thb,

(7)  %E4h « ATARMUERAR D RIE

Fig. 6 ¢ Table 3 (% 0.1 M Na-PO, pH
7.4,0.05M KCl %t L L, #E 5pM THlE
Lice

(8) Trp-P-2 @HKICHT S hemin DF

Trp-P-2(0.2 xM), hemin(0, 0.2 or 1 M), 0.1
M Tris-HCI - 0.05 M KCI pH 8.0 f+ CTHITE L 72,
Excitation spectra (3 403 nm emission (2% L,
emission spectra | 265nm exitation X} LT
JE Lo

9) BEFFHREZE

S9 oEEFEMx B (a) P @ 3 iz OH {LiE#,
RBOWT =V v DS 7 RKEMEIEE A IE L
o

3. BER

1) NILRUKRILT74)-FERCEDAE

B ZEREOEE
(i) ~3I>0 Ames test [CHITDERFRMMAE
ER

Fig. 1 i Trp-P-2 o RFEHCH T, ~3 v
DB AR LI, ~ 3 VEWIX LT dosere-
sponse M FHE(ER 2 % », Trp-P-2 0.1 nmole
ext L~ 1 v 10nmole o¥imc X b 50% O
FHE 2 25230, -~ 3 v 50 nmole FRiMC L H -3y
7 7S5y Y FUL_AK ¥ TEREERN T Hio
oo FRRICZ Off oA M INEZERFICH L TH~
3 VIRHEER 2R L1 (Table 1),

Ft, rme7 4 Y)Y, EYRATF, v AR
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Fig. 1. Trp-P-2 & X ON& AL Trp-P-2 WX+ %~ 3 v
DEHE.
O: Trp-P-2 0.1 nmole (940 His*) S. typhimurium
TA 98, +S9
@®: /514t Trp-P-2 0.1 nmole equivalent (3600
His*), S. typhimurium TA 98, —S9
Solid line: ZFEFMICHT 3 HZhR
Dashed line: -3 A ~S A 234 5 &hH

i 6 D RFIWCHEFE LD - o, 77 P B
7 4+ ) ik Trp-P-1, Trp-P-2 RO* AaC 12 fHE
BN Hotc, €V A EVIIEENRho T, ¥
s 3 vohLEETH D Fe OER* R A 1=
% FeCl, & FeCly iwo\WCREBRICT A+ Lich

FHE G (RS B S hish - fe,
(ii) ~3I2&D Trp-P-2 ORBEFHALICHT
DB

DA Eah <7 fHE £ 7 = XA BB BT S
W, 2R DA NV RIF LA TRENE AL 2 24
BELFLEmb, ~31 vick s Trp-P-2 o
TEH b B B A AT,

Fig. 2 1© Trp-P-2 %~ : v OffE, FHELET
S9 TR L7 & AR T 5 LA% HPLC
THRARIHERER T, ~ 3 VIEFET TR,
HPLC o F 4 — M k) % FF#5E 8.1 4y o
Trp-P-20NHOH) » v — 7 [Hifgix, 9.6 > Trp-
P2 o —7HEEEIFERALTHDH, £ AHD, S
e~ vick b Trp-P-2(NHOH) ov— 7
AL, HMIEmE O Trp-P-2 v — 7 235K L
oo TOZEIE 1 HTERT7IT IV vERD
Ames test I/ 745 E, Trp-P-2(NHOH) o 7
57 v s v DEFEERFEMEL~ I v OFET T
B, i Trp-P-2 7 5 7 v a v ORIEE S
BN TS Z &b BT bk,

Fig. 3 1c HPLC i X B EBMRETRT L 51T,
~3 vEEREmEE S &, ERT S5 Trp-P2
(NHOH) Hxpid L, #fF Trp-P-2 EidiginL
2o DIEOEER, ~ 3 vick 5 Trp-P-2 0B RIR

Tablel. ~F e A2V, 27 I vVOERFEHCH TS r - ABFEOHERR

Dose of pigments required for 50 % inhibition (150) and for > 95 % inhibi-

Amount of tion (Igg), (nmole/plate)
Mutagen mutagen

Wl gip Hemin Chlorophy11in Biliverdin Protoporphyrin

pate) & Isp g lsg  Igs lsg  Tlgs Iso  lgs
Trp-P-1 1.8 3 75 100 200 200 750 50 300
Trp-P-2 0.1 20 50 200 300 500 2000 100 300
Glu-P-1 1.7 75 200 100 300 300 1000 (-) (-)
Glu-P-2 9.1 40 100 150 300 200 750 (-) (-)
AaC 80 30 100 150 300 500 2000 (-) (-)
MeAxC 250 25 100 200 500 500 2000 50 500

a) Numbers of S. typhimurium TA 98 revertants per plate found in the absence of the pigments were 7800-
T, 975-2170

T6900 with Trp-P-
AaC , and 1370-6500 with MeAaC .

with Trp-P-2, 18200-33000 with Glu-P-1, 3380-8640 with Glu-P-2, 3400-9750 with

25 —
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Fig. 1 i, Activated Trp-P-2 i+ 5~ 3 v
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Fig. 4. ~ I v¥ofior v — A1t X%, Trp-P-2
(NHOH) 7% B J5 phFR .
Trp-P-2 (NHOH) 0.05 nmole (15400 His*), S.
typhimurium TA 98, —S9.
@ ~3IV,0: FrbEALT VY, AL EY N
F4v, A EYVLEY, B AR EFELT7 1YV,
O: Ge-Fn ki 7 4 Vit

DEEAER UIc, ~ 3 VIix Trp-P2 325 LD
4 A8 Activated Trp-P-2 oiftk% HE L7,
¥, ZOROAEMEBERNIER, FrERT
R s REERR o T, T, BRE=
m = —HOWMPPAEEB OB X 2 BArTob
DT, BREMCHTHHEDHRTHSHC
Ehbhoilc,

%z, Trp-P-2 oLk LTRESRT
W% Trp-P-2(NHOH) x4 5%~ 3 v ROAEL
7 4+ V) vBEE LA O R A F N Fig. 4 1TRL
too WG HER RSB o Too ~ I VAR DHE
$, L& BOINT m b ELT 4 ) XEEL TR
stee FTTHLEBE ¥~ =T 2ARCEZICD
DEFAP LIEIATREELT7 4 YV EDE
HIZFEL fe ot T, EEEEICHOEBL D
NoOBEEERE-LTWASLD LB,

Table 2 1=+ o fh 7 fEDEFHMEZE ZFE O Ac-
tiveted form 135~ I vORIRAYR LI, ~
VIV TRe R L TO BIEFR 2R Lic, ¥
7z, Glu-P-1 OFEMALELE LTRHE S ATV 5
Glu-P-1(NHOH) 1&xf L T#% ~ 3 v% Activated
Glu-P-1 R BHEER 2R L1,

Ft, TRMPELT LV VROIRRT 4 YV
1% Table 2 OERFEFTXTIEHL, Floey <

— 96 —

Pf—

Table2. FEHAL~T v A2 5277 3 v OERFN
exiT B~ 3 v OFAERR

Mutagenicity Inhibitory dose of

hemin (nmol)
e U TR e
Trp-P-2(NHOH) 0.05 15400 0.5 %
Activated Trp-P-2 0.1 3600 28 18
G1u-P-1(NHOH) 1 6640 8 %0
Activated Glu-P-1 L7 4350 15 130
Activated Glu-P-2 kL] 2900 25 100
Activated Al 50 2310 30 100
Activated MeAoC 100 610 7 30
Activated 1Q 1.28 6560 15 45
Activated MelQ 0.695 9940 8 2
Activated MelQx 1.25 3390 25 100

2) The mutagenicity assays were done in the absence of S9. The volume of the

individual assay mixtures was 0.7 ml.
b) Igy represents the dose of added hemin with which 50% decrease in the number

of revertants was obtained, and 190 that with which 90% decrease was obtained.

Foovuk T EERL, €V rEVIL S fiCxL
BESERRO BB = & DD o 1o,

PR XD, ~3 vROBEEL A O HEE
B0 2 & LT, REERLACHED R 2R
T LR LB LD T,

(iv) Trp-P-2(NHOH) DQHBRICHTEI~NID

. R

(iii) 1313 BIE AL~ O BEE 1EH O A # i
Al B % 8 R B e DI RDER T > 12, Trp-P-
2(NHOH) ixrpih: &, MLienff+sc &
Babh T, =& ¢ Trp-P-2(NHOH) 0 %%
Peexbd 5~ 3 v O &R - (Fig. 5), Trp-
P-2(NHOH) ® %4 Clix 8 2 TN A D 258 nm

DWKED 50% WA T DDA L, ~3 v
HETFTIX 45 T50% Lisb, HPLC 2 X 5%
Ttk 5, Trp-P2(NHOH) o &LTlE 20
DBITIE O 2 4 20D 36% NI L T DITK
LT, ~3 vEETTIE 22% BECRE o>
720 Tl b, Trp-P-2(NHOH) DA RN~ I v
ORI L D REI D Z L mahoTc,
(v) Trp-P-2 KU Trp-P-2(NHOH) &KILT 4
) ¥EEDOEEER

~3 v Trp-P-2(NHOH) & ofEfFROE
A TN D=1z, Trp-P2(NHOH) &~ 3 v &
DRI 2 T~ 7D » Fig. 6 TH 5, H 4 O
W OB OFN & BB OWIL & IX B b o iezE
MY, MELOMEERO B B 2 L ATh-
Fro AT P AKRH BRI, BRI~V
L Trp-P-2 L DAL M ARBEHRE TR LI,
Fhox <27 A Trp-P-2(NHOH) KO
Trp-P-2 OWINEAAFTED 260 nm 243 %, 270
nm iC¥— 27 %KL, ~ 3 v ORNUEAMIELO
350 nm 24 %, 420nm [ — 7 iR Lz, 3
v & Trp-P-2(NHOH) DEAWK % 5 fHCHEER
THFRLTLEARZ P VIAERNCEDL b\
7, 509% x x# ) — VBB CHRT H L, 4D
BOORIOFEZELL Isote, o T, AXZ
P A BIMEERIGIC X B b O Tl L, AR
FALTH DT LA Ssrh- iz, Table 3 12 Trp-P-2
(NHOH) s HEL7 4 YV vH EDEAXZ b L%
FANIAERAY F LT, EOLE L REOHEALNE

Trp-P-2(NHOH) in buffer

Absorbance

E

8 Trp-P-2(NHOH) + hemin

in  butfer

oS | o min

25

7.5
10, 20, 30, 40

200 300 400 500

Wavelength (nm)

200 300 400 500
Wavelength  (nm)

"~ Fig.5. ~3vi@Xs Trp-P-2 (NHOH) 4 D gk,
B 01M Y vEES U wa, pH 7.4. 37°C.
- A: Trp-P-2 (NHOH) ®% (10.8 xM), B: Trp-P-2 (NHOH) (10.8 xM)+~ 3 v (10.8 xM)
ANT P VDBEDEFIIA v o N— v 2 VI (&) BET.
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Fig. 6. Trp-P-2 (NHOH),
UV BIL A~ 27 b,

WHE: 01M ) Vg + Y v 4-0.05M KCI, pH

7.4. gif#: Trp-P-2 (NHOH), Bi5: ~ 3 v, 928

RBEW. ZEAXZ PAZRTE, E#: Trp-P-2

(NHOH) &t~ : v 2DRAWDEASY b, B
B:Trp-P-2 L~ 3 v L ORBEDEARY } .

~I Y B IDEORARD

AZLTwab0LBbhs, Xbic, Trp-P-2
DK T 5~ 3 v OFEIT oW THTHN
(Fig. 7), Trp-P-2 ¥z~ 1 v 0% LW
LD ED T0% WA L1z, EHIT 5 fEEn
T 50% *FTHEXLI,

PEzXb, ~3v& Trp-P-2(NHOH) For
Trp-P-2 & ORI &2 DA H 2 F A EAF
RAPFET D &, Thic Xk W RO RHE
BETWDEEZDLNDZ LD o1,

Table 3. Trp-P-2(NHOH) & (b DEA X 2RI A
7 b VEALE

Pigment added Changes as observed

to Trp-P-2 (NHOH) in difference spectra

Peak Trough
nm ALY nm A AR
Hemin 273 + 0.0162 258 - 0.0060
416 + 0.0100 353 - 0.0101
Protoporphyrin 262 + 0.0156 376 = 0.0157
486 + 0.0071
Hematoporphyrin 259 + 0.0166 367 - 0.0058
400 + 0.0182
Biliverdin 259 + 0.0090 422 - 0.0184
Bilirubin 259 +0.0108 none
Ge-Protoporphyrin 260 + 0.0106 428 - 0.0017

395 + 0.0096

intensity

Relative

a) These values represent deviations from the calculated sums of

absorbances of the individual components, i.e. Trp-P-2 (NHOH)

and the pigment.

R s

NI VBRI s ey T = vy AL
7+ & — b & Trp-P-2 iZBJ L T Face to Face ®
Complex B AWt LicZ Lo ELHbED &,
NIVBELT 4 ) YBIC X B PEHEY b,
Trp-P-2 g Yo e B RIF 4 3 Bk AT
L PG R Loz b, ko Complex
WA RE S Lx+aeExbhs,

(2) ~N32C&B3B(a)P 2DMORENED
ERFMECHT ZIHEER
NI D Ames test (CH(T L REEMAE
ER

~ 3 vix Table 4 iw/R+ X 512, B(a)P oZR
JRPEwx LT TA98 ¥k, TA100 #, \Thow
B AVTH BEER R AR L1, Fig. 8 it~ v
DAFEE R L ERE % LD TRLE, B@)-
P Do BET5F K RI1EKFE (3-Methylcholan-
threne,7,10-Dimethylbenz(a)anthracene, Chrys-
ene) XL T % Ak HEME 2R L 72, 2-
Acetyl-aminofluorene,Aflatoxin B, iz % [#:C
Hotee BExvFhd 89 2uELT507T,
S9 ~DORFEOTEEM: S B %A%, 89 1T X B RHHE
AL & LEE L Ligy 2-Nitrofluorene 7¢ &'ic 3 [
FHRERTIENnD, ~s vEBRE, 1<
FERFOERACE & OEBA AR O W
HhEZL bR,

7z, ~ 31 vk 2-(2-Furyl)-3-(5-nitro-2-furyl)-
acrylamide(TA100, —S9), 4-Nitro-quinoline-1-
oxide(TA100, +S9 and —S9), Nitromin(TA100,

(i)

Emission

Excitation

1

250 300 350 350 400 450 500

Wavelength  (nm) Wavelength  (nm)

Fig.7. Trp-P-2 L~ 3 vORBWEDOMIEA~<2 F 1.
i 0.1 M Tris-HCI-0.05 M KCL, pH 8.0.
line-1: Trp-P-2 (0.2 uM), line-2: Trp-P-2 (0.2
M)+~ 3 v (0.2 pM), line-3: Trp-P-2 (0.2 M)+
~ 3V (1pM), line-4: ~ 3 v (1pM).
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Table 4. ~v Y €V VigEOBRFEMTHTH~ ¢ v OIAELE

Amount of Inhibitory dose Bacterial Amount H‘is+ reyertants

Mutagen mutagen of hemin (nmole) strain of S-9 in the absence
b ic)

(nmole) lgg 95_) (u1) of hemin

Benzo(a)pyrene 8 10 50 TA 98 25 738, 1022
Benzo(a)pyrene 30 10 150 TA 100 25 1149, 1034
3-Methylcholanthrene 50 100 300 TA 100 50 1901, 2708
7,10-Dimethylbenz(a)anthracene 100 30-100 300-500 TA 100 50 1215, 1504
Chrysene 120 100 300 TA 100 50 611, 863
2-Acetylaminofluorene 100 100-200 500 TA 98 50 1402, 2109
2-Acetylaminofluorene 300 200 500 TA 100 50 2372, 2573
2-Nitrofluorene 100 200 1000 TA 98 - 3961, 5330
2-Nitrofluorene 50 100 750 TA 100 - 1663, 1890
Aflatoxin B, 5 10 500 TA 98 10 636, 1293
Aflatoxin B, 0.5 50-70 300-500 TA 100 10 1243, 1661

a) The values in this table represent those per p1ate

b) 150 is the dose at which 50% decrease in the Hist revertants was observed, and 195 is that at which

the decrease was more than 95%.

c) The two numbers given for each mutagen are those obtained in two independent inhibition-experiments.

055, G0 0508,

Ri:H or CH3
Ry: NHpor NHOH

" TNHZ
or NHCOCH; H3C< @»N—CHE,
(0]

N

o8 &

R3: NH, or
NO, or
NHCOCH;

Fig.8. ~ 3

N
0]
OCH3
CHs3
Ry,
OCHj3
N
. CoHs
R, : NH(CH5)-N
w: NR(Ch)3 <CH2CH2CI
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= Table 5. RS INBZERIT OERLEOBRFHCKT T2~ 4 2 v 27 OFHER) R ;
B 0.12f 4
' Mutagen Dose for 50% inhibition (nmol)2’
2 0.1
| nwol or nmol equiv-
alent (No. of rever- Mycglobin  Hemoglobin  Cytochrome ¢ Globin  Albumin
tants per plate) 0.08f
l"‘I
‘ 1
N-OH-Trp-P-2 0.05 (8800) 1.8 0.74 0.23 ) n.d. 0.06F HI J
p pay
N-0H-Glu-P-1 1.0 (7100) 18 15 2.8 (=) ) . \
Activated é |
Trp-P-1 0.25 ( 370)2 2.8 1.9 0.1 ) 50 o 0048
(o]
Activated 2
Glu-P-2 5.0 (800)® 35 12 6.5 ) ) % 0.02f 1
Activated
MeAaC 80  (2700)% 25 20 4.4 80 )
of - 4 g . ; e
hctivated AaC 40  (4700)® 200 32 ) ) (=} ; g ' ' 80 300 320 20 260 280 300 320
60 280 300 320 240 260
Activated 1Q 0.25 (7100)% 9.5 6.2 0.5 100 ) E
Wavelength (nm)
| Activated MelQ  0.10 (1100)%’ n.d. 2.9 4.8 ) )
Fig. 9. A 7w v OHEERL L%, Trp-P-2 (NHOH) D4fif.
Activated a: Trp-P-2 (NHOH)+ 3 5 7 = £+, b: Trp-P-2 (NHOH)+ 7 = £+, c: Trp-P-2 (NHOH) alone.
MelQx 0.40 (2600)%’ n.d. 60 6.0 n.d. (=)
Activated S9 o> B(a)P D AFEERIEICE 25~ v (3) ALy NVICLkD, ESMBERED
"beef extract 0.4 g equiv. DR S -0, B@P b 3-ng FrF - EMEECH T DHEEER
mutagens” (4600) n.d. 25 4.8 n.d. n.d. B@)P ~DKMLERPEL 2L ZH, ~I VIIE NARYRITCHBIAIREY, ~ESRYE
REHEZFHE L., = ofiF%, Nemoto HfE v ROF 7 e a C ik Trp-P-2 ig & o ih gk
RE—FLTb, To—F, 7=)vo 5L ERFCHLERFEBHHR Y R I ishoic
a) (=), no inhibition; n.d., not done. . . : I _ =
DRI 5 LTk By 52 It otc, - 7y, REHEML U e EEA RIS R 2 R
b) Amounts of "activated” mutagens are represented by those of the promutagens subjected T, ~3 VRESERMCEREYRIETC &2 L7z, Table 5 i2{EtAb U 7o fi B RIEA D
to the metabolic activation by S9 mix, and therefore these values should be taken as Mot WMBEEE LD, I 7vEY, ~ESrE VT
nmo! equivalents. (iii) B(a)P OFEM(biA~DEE LT TH, Trp-P-2 O L 5 DLl b
B (a) P oFJEiticpi4 5 ultimate form L+ X ¥, beef extract 2> L7z, WAWARER
—S9), N-methyl-N-nitrosourea(TA100, —S9), N- 3 BUEOFEEEY L OBRETHD, BT T % B(a)P-7, 8-diol-9,10-epoxide(BPDE) » JRORE D 2 BRI TEHLERIT S R D - 12,
nitrosodi-n-butylamine(TA100, +S9), Quinoxa-  H-7cd DL T2 BU T TH o720 ~ 3 ViL#E BREMCH T2~ 3 vORBRIHI L 5, #7125 b 7 & C X Activated AaC L4t 9 f

line-1,4-dioxide(TA100, +S9 and —S9) ¥ L ¢
carbadox(TA100, —S9) (1315 fizh B n JUF X 7%
molz, o T, BREMERBRZO DI, JF
BRI ES R KT LR T, R
FWBECF D@ ENTE LickRThHH &
oy o o,

¥z, ~I VOERABHETH - 1ob DIik4T

W7 4 ) YEREWSTFHEEERY b o2 L0 b,
Face to Face o interaction o % % A[REM:D B 5
T EDBGDo T,

(ii) PEEHE

DL Ewgh N7z, ~3 vick % B(a)P o B

FHED £ 7 = X2 &MBb i, FFBER
THEE YT,

— 0 —

NI VRV EXR THOLEBICEEY 2B
&£78{ BPDE o REMZHE L, XbIT,
B(a)P-4,5-epoxide nZERFMIC KL TH, ~ 3
RRBIC M BEE A R L7,

BEXy, ~:vo B@P o4 2 R
b, BB R 7 b OB AL AT ~ 0 %
ERTHS = L iy 0ot

R B oTce ThIEHL, IAZ7rEY D
NATR\N T 2w E VIGO0, B
> ThHHL<, ~AMAVBEETHHZ EHDh-
Too EXRT AT I VHIEEAEGREN D TE
VAT EWOKROTFOFLECLD, 2V RE
FoOPHNFETIRVWEEZ DS,

¥, A7 m Y vOEEFRHIETEDE
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Fig. 10. 34 7 m € vIc X% Trp-P-2 (NHOH) 04z jEd HPLC 44,

KEIE Trp-P-2 (NHOH) o ¥ — 7 /R

(NADPH, cysteine) DN X b iz B, Trp-
P-2(NHOH) 2% & DiF#:%R L7, NADP* T
Iz X5 iR bhishotc, f- T, 3
+7e€vickt s Trp-P-2(NHOH) oE{Li4)>
BNE 2z bihic,

%z, Trp-P-2(NHOH) 0 ZEM K T3 3
A7 ey ORELFHI:, Trp-P-2(NHOH) (%
bk G 8 4 & RRE fe 1o DFEMTc /T 23
R#Echsd, Lo L, PHS TRREKLDT, £D
BT TO s 47 e v oEs Hi-0n Fig. 9
TH %, Fig. 9¢ ® X 51z, Trp-P-2(NHOH) » %
TRBRNERFREBL L d o, 4 7rE
VEEE TR b, 266 nm O
60 2 TH & D 56% WA Lic, WRDERFEHE
IR NTHFHRI L2 A, 30 0 TH & D 72%,
60 5T 49%, 90 5T 44% WTiEWEAIA LI,
b, JleyrvyIrdedivt, HPLC T &
B50H % {1 7= o A Fig. 10 % %, Trp-P-2
(NHOH) o v — 7 2Rl & & b el T2Z &
NEoEh ERENE, L2L, T Bue—

s OB B b 0D, HfREL Trp-P-2
(NHOH) o»bbh LBbhav— 273k, &
Pt UV IRIL & & ITF D, FoRE b DT
SsltBbhs, ~a%RWics/ v Tk UV
WL DOWANL 3 4 7 = € v & il U CHEZ Tl
mote, 7 v EvREREMDEEDHROT L&
W EHREXI DD E, IFITREVONAN
Bi4-L T, Trp-P-2(NHOH) % FR{LHNC /3 L T
WAHTTHEMED D B 2 E DD o T,

4. ER
~NIVIREDENLT 4 ) VRO RFHEE A
Bzt W onD AT o 7HBEELTWAEZ &M
BbnhEtot, ~3 VRSB 5H0 ©
TRAEEF @ < | @QMEMHIAETE < | oA
ERLTWAZ ENRDhotc, @ DAH=XA
LLTIEF b7 ra P450 FBEEE 2 TS50,
BHHIES - EBDZ O L%, HERDEK
X DEEROKEE L bV L SR LTV HHATHE

‘[ﬂ:_ﬁ;b% &Au‘bﬂéo O@/‘ h= XA(&L'CTI'I)-
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P-2(NHOH) 0/ R0 Riin 2 bhd, Of
gpi« ~ L Trp-P-2(NHOH) o##&hEML
TRE > T5h b0k Bbh, Trp-P-2(NHOH)
oOFEGREL THZ LT DNA ~FET 2HTIC
FEEEL T, ZREHEORBAYT 2% L%
zbhb, i, COBEEHEPEICLD, Tp-P-
2(NHOH) 7' DNA LRIET A xR TS
WS » 5, HEAEKERIC oW T, Trp-P-2
(NHOH) &~ 3 VDEARI PVEF IR A
P-450 JEBOETF N EDZHICEMUL T3,
Sakurai (% P-450 0 & 7/ & LCO /v 5 F5
VHEERCT =) YR D EEARY
FA® 360nm T — 775, 420nm /N TE
&:ﬁ;ﬁ%b'ﬂ %, %7z, Schenkman, Yoshida
Bk AEDEASNZ b ADEEEF P 7 r A P-
450 X oMEEFEATCELhS LWEL T2,
VIR E B DA B R~ B 0 4
H=RAWOR, 7rbtRLT7 4 ) vigEDRNL
gmbvﬁrlbmikohfmxt%ﬁfkb
“ ,?PF74/'/‘ Zmrr7 4 ) /DOWTIL,
Tep-P2 L OBAHHRLEEL Thh, S5
éﬂyﬁifﬁ%tm
" B@P 15~ < ¥ DI b (S (L
DT 8 Al BORFE AN OIER OiiH & 4y
o EHEENOIER DKoV TR 4O
%7, Sayer 5% ellagic acid izt %
P giiol epoxide ~DFHEEH D 2 H = X 4 L
LT, B(a)P diol epoxide » finfkxm L, 4
MeREST L LBEL TS, ~1 vl
ﬁ‘!ﬂﬁk complex %k LT, [AkED KL
nﬁif‘ct SRR 5% L Bbhs, Fhick
Dy EFCNCEREEREORE L e s
C LRI, k\CIEMALfEE complex I
L, Bkfi< 35 & © DNA ~F5%&4 2 5710
HEEL TV, $%\4 1% DNA L o541
SRR DS, S, 775
2 B, Ig L OTERFE 0 PRI >\ b
O LTIT & 7200,
u.w‘? YARSIRBLTIE, ~® ey iiEig
SOFFAET, uric acd & guaiacol »{LIc
T D LOBENRDL, s+r/evvict s
WHOH) DO RIEHE ~ 2 34 2SN EE

!/—-—I\v

Bolel bbb, IA7r VOB —~AHH
LB DIBILIN T EIT B 2 EAVRIEE h
%o

BEwC, W< o o BREFEMOAER (ellagic
acid, palmitoleic acid %s k 0' N-acetylcysteine)
DFEFEVER T 5 L oW Sh Tk, BR
R BER OB T-REH % R o35 52T
FREEZOR, SHICHROERNHEENS &
ZAHTHAH

5. miEg
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¥ LicRE@mERefckiator- L3,
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Development of Sensitive Determination Methods
for Environmental Contaminants

Masatoshi Morita, Hiroyasu Ito and Yasuyuki Shibata

Abstract

Analytical Instrumentation has been developed for higher sensitivity, selectivity,
rapid and easy operation, cheap cost and high sample throughput, automation and imag-
ing and so on. A rarity of spectroscopic methods are used for the identification and
quantification of organic materials of the kind and the sensitivity of the method is often
very important for the analysis of environmental mutagens and carcinogens since those
materials are usually at low concentrations.

1. Introduction Table 1. Analytical Method and Sensitivity

Spectroscopic methods and their sevisitivity
are summerized in Table 1. For volatile

Analytical method Detection limit

materials, gaschromatography/mass spectrom- Nuclear magnetic resonanse 10°g
etry is the most convenient method for spectrometry (FT)

dentificati d det . Bithar. aas Infrared spectrometry (FT) 10-%g
identification and determination. g Miisé spectromelny i

chromatographic methods are also employed

UV/VIS spectrometry 10-6—10-°g
for specific compounds with selective detectors Fluorescence spectrometry 10°—10-12 g
such as electron capture detector, flame photo- Gascbromatography
metric detector and NP detector. Gaschro- GC-FID SIS 10-0g
matography with FT-IR is also another choice GC-ECD 1091015 g
when mass spectroscopic differentiation is not GC-MS 10-19—10-13 g
enough for example in the cis-trans isomerism. GC-FPD 10-°—10-10 g
It is also worthy to note that gaschromatog- GC-TCD 10-5—10-% g
raphy, by using capillary column in stead GC-NPD 10°g
Gf'iﬂtked column, has gained ten-fold higher Liquid chromatography (HPLC)
sensitivity. LC-UV/VIS up to 10 g
- For non-volatile, thermally unstable com- LC-Fluorescence up to 107t g

LC-MS 10-¢g

pounds, the choice is to use liquid chromatog-

y for separation and detect them with
molecular spectrometry such as NMR, UV/
VIS, IR and fluorescence spectrometry. The
recently develop two-dimensional and three-
dimensional FT-NMR is the most powerful
identification method if samples are obtained
in sufficient quantities (more than micro-
gram). For the smaller quantity samples,
UV/VIS, FT-IR fluorescence spectrometry
and mass spectrometry are the other choices.

e e ‘” Ce spectrometry is often very sensi-
S UF

tive and selective and fluorescent carcinogens
or mutagens such as benzo(a)pyrene, aflatoxins
and Trp-1 are determined by HPLC-FL. The
sensitivity is further enhanced by using laser
as an excitation source.

Sensitivity improvement in gaschromatog-
raphy/mass spectrometry is very marked in
recent two decades. As shown in Fig. 1,
detection limit of 2,3,7,8-tetrachlorodibenzo-
p-dioxin has been lowered by the factor of

‘The National Institute for Environmental Studies, 16-2 Onogawa, Tsukuba, Ibaraki 305 Japan.
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Fig. 1. Detection limit of 2,3,7,8-tetrachlorodibenzodioxin by gaschromatographic method

during recent two decades.

10* in the period. It is also pointed out that
the selectivity is improved through the devel-
opment of separation capability and resolu-
tion so that interference by concomitant com-
ponents can be minimized.

For the determination of element(s), marked
development in the analytical sensitivity is
given by the use of inductively coupled mass
spectrometry. Detection limit of ppm to ppb
by conventional method is now lowered to
ppt or lower by the method. The method,
when it is combined to separation method,
can give the information of the chemical state
which is important to assess the role of
elements in toxicological and nutritional
aspects.

In the present paper, we will further discuss
two methods in detail, capillary column gas-
chromatography-high resolution mass spec-
trometry and inductively coupled plasma
mass spectrometry since both methods have
been applied widely in our laboratory.

2. Capillary Column Gaschromatography—
high Resolution Mass Spectrometry—its
Application to Chlorodibenzodioxins and
Chlorodibenzofurans

2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD)
and the related compounds are known as the
most toxic compounds. Its mutagenicity is
not established but its carcinogenicity is shown
at low dose levels (NIH, 1980a, 1980b, 1980c,
1980d). Therefore it is necessary to determine

TCDD with a very low detection limit, for

example 10ppq in drinking water. The de-

tection limit is solely possible by the recent
development of capillary column high resolu-
tion GC/MS.

Fig. 2 shows chromatograms of several
TCDD isomers by high resolution mass spec-
trometry with two different gaschromato-
graphic colums. The instrument used here
was a Hewlett-Packard 5890 gaschromatog-
raphy/JEOL JMS-SX102 mass spectrometer
with DAS5S000 data processing system. Two
columns are DB-1 fused silica column (30 m X
0.25mm x0.1 pm) and SP2331 fused silica
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Fig. 2. Separation and detection of selected TCDD isomers on different capillary columns.

Each peak corresponds to 1pg sample.

oﬂumn (30 m < 0.25 mm X 0.2 #gm). The mass
spectrometer was operated in selected ion
monitoring mode (SIM) under the resolution
of 10,000. Mass locking was performed by
computer control using perfluorokerocene as
internal standard. Gaschromatograph was
operated by temperature program mode with
helium gas as carrier gas. The substantial
detection limit for 2,3,7,8-TCDD was c.a. 10
fg for DB-1 column and 50-100 fg for SP-2331
column taking s/n=3 as a detection limit.
The inferior detection limit in using SP-2331
column may be attributed to the thermal
unstability of the column.

~ Chlorodibenzodioxins and chlorodibenzo-
furans were analyzed in ambient air partic-
ulate matter which was collected with a high
volume sampler in Tokyo central area. The
sampler was operated in a constant flow rate
for 24 hours during which time approximately
2000m* of air was sampled. Particulate
matter on the fliter (Pallflex Quartz fiber) was
extracted with Soxhlet Extraction by refluxing
using toluene as a solvent. The extract was
purified by the partition with concentrated

with sulfuric acid, and later by alumina
column chromatography. The dichloro-
methane/hexane fraction was concentrated to
a small volume and subjected to GC/MS. As
shown in the chromatogram (Fig. 3), chloro-
dioxins in the atmospheric particulate matter
have the similar isomer patterns as those of
municipal incinerator origin.

Owing to the high sensitivity of the instru-
ment, 2,3,7,8-TCDD which was hard to detect
in the ambient air was demonstrated in the
chromatogram. The level of 2,3,7,8-TCDD
in the atmospheric particulate matter was
2-26 fg/m® about 0.05% of the total tetra-
clorodibenzodioxins (Table 2). Chlorodibenzo-
dioxins and chlorodibenzofurans in atmos-
pheric particulate matter shows season varia-
tion as shown in Fig. 3, being high in winter
and low in summer. The cause of the varia-
tion may be explained by these reasons:
photochemical degradation in the atmosphere,
vapourization loss during sampling in elevated
temperature season, and meteological and
geological effects.

Analysis of chlorodioxins in human mother
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Fig. 3. Monthly change of chlorodibenzofurans and chlorodibenzodioxins in atmos-

pheric particulate matter.

Table 2. Concentration of 2,3,7,8-Tetrachloro-
dibenzodioxin in atmospheric particulate

matter
,3,7,8-TCDD
2378TCDD %l TepD
January 10 (fg/m?) 0.3x10-3
February 16 0.6
March 13 0.5
April 9 0.8
May 6 0.9
June 3 0.7
July 4 0.5
August 2 0.4
September 4 0.5
October 5 0.3
November 17 0.5
December 26 0.5
Average 9.6 0.5

milk requires more sophisticated clean-up pro-
cedure to remove interferents. Several parti-
tion methods, chemical treatments and chro-
matographic combinations are compared. The
rutine method now being used in our labora-

tory is as follows: Sample is spiked with
13C-labelled internal standards, (**C-2,3,7,8-
TCDD, #3C-OCDD, 12C-2,3,7,8-TCDF, 3C-
OCDF) saponification with KOH/EtOH (1N)
at room temperature, partition with concen-
trated sulfuric acid, alumina column chro-
matography and finally fractionated by reverse
phase HPLC. The average concentration of
2,3,7,8-TCDD in Japanese mother milk was
5.3 ppt on fat basis.

For determining chlorodibenzodioxins and
chlorodibenzofurans in natural water, efficient
extraction method is necessary since their
concentration is often extremely low. An
automated liquid/liquid extractor is used in
our laboratory for this purpose. 200 liter water
sample was extracted in three days into 150
ml hexane and the hexane layer which is
concentrated to 100 p#1 by evaporation. By
the procedure, concentration up to two million
folds was possible. The method exhibits re-
covery of 78.29; for monochlorodibenzofuran.
The extraction coupled with high resolution
GC/MS will make it possible to determine
sub-ppq level of these contaminants.
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Fig. 4. Chromatogram human urine after eating fish. An Arrow indicates interference

by chloride.

3. Inductively Coupled Plasma Mass Spec-
trometry Coupled with HPLC

Recently developed inductively coupled
mass spectrometry (ICP-MS) is the most sensi-
tive determination of elements with multi-
elemental capability. After the first announce-
ment of commercial instruments in 1984, the
instruments are improved rapidly in sensitivity.
' The recent commercial instrument (1989-1990)
“has the capability of detecting sub-ppt level
gf element in water. The high sensitivity is
‘making it possible to determine elements in
very small samples such as biopsy samples
or isolated cell samples. When ICP-MS is
qud to a separation method, chemical
y of each element can be determined
Sﬁghlgh sensitivity. The high sensitivity
of ICP-MS coupled with high performance
liquid chromatography (HPLC-ICP-MS) has
been applied to chemical speciation of several
m including arsenic.
! Amnic is a ubiquitous but toxic elements
WIth metalloid property. Its chemistry is
complex and there are many different com-
‘pounds in both inorganic and organic form.
In water and air, it is usually present in the
form of pentavarent or trivalent inorganic
arsenic, the latter form being considered to
be carcinogenic. On the other hand, marine
organisms are known to accumulate arsenic
in organic form, such as arsenobetaine, arseno-

sugars, and arsenolipids. For the understand-
ing of the toxicological significance of the
element, it is necessary to know the chemical
form of the element and to determine each
chemical species.

Arsenic species were determined by HPLC-
ICP-MS. Fifteen arsenic compounds were
separated on C-18 column with three different
pH buffer solutions (Shibata and Morita 1989).
Authentic samples are either synthesized or
isolated from marine organism. Detection
limits for individual arsenic species were 20-
50 pg As. Fig. 4 shows chromatograms of
human urine sampled after eating a flsh.
The major species are shown to be arseno-
betaine.
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Fig. 2. Sites of monitoring in the Yodo river system. A, Hirakata-ohhashi, Osaka; B, Yamazaki,
Osaka; C, Gokou-bashi, Kyoto; D, Gokou-bashi-shimo, Kyoto; E, Gokou-bashi-kami, Kyoto;
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Tenjin-bashi, Kyoto; K, Kyokawa-bashi, Kyoto.
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Fig. 4. TLC and HPLC fractionations of mutagens
at site H. Zones II-IV of TLC, obtained from
blue-rayon extract, were individually subjected to
HPLC.
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Table 1. Mutagenicity and chemical oxygen demand (COD) of the Katsura river water (December

19-20, 1988)

Mutagenicity (no. of His* revertants per plate)

Site Hanging method Batc?vi{ﬁethOd (glg/ll))
0.025 0.05 0.1 (gE)® 117 water
F 808 2,400 5,000 2,500 8.5
G 1,900 4,200 6,100 2,600 7.6
H 2,800 5,700 11, 400 3, 600 9.9
1 39 52 86 256 4.0
J 864 1,800 2,600 1,700 16.8
K 48 43 69 40 13.2

Solvent control: 46, 40

@ gF represents gram equivalent blue-rayon extracts.
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1. FL®IC

20 {HAT B DR R 7S - fons, 21 g
O BRI D ] SHUET £ Y p bRk
75V 7 s TVAEEDFETHDL, TDL OIS
AMEA~ O, 19T0ERD D E > 1T

WO RS AR S hTwb 2 LIk
5 ¥ T 7\, ODNA IR S RE R AT O HEA,
@7 »—2, 7T A3 KRV~ 7 % — DB,
OFIBEEFEORR LFIACRE I LB 4 OFH
R IC L b oI LEER S
#BET DNA EoZfbd, 4 H TRy, &%
AW il TN T VST 5 2 L 2RRRIC
1o T &t KLY ORIET DNA I 51k
MR OB RS RRERE O RIS E
T, 0L IGRETRERK S ED TERTH
L BT LITERE RIS,

4 1%, Salmonella typhimurium TA1538 75
=} e BICESE (NRase), 0-7 + 7 LV EBESE
~ (0O-ATase) O@fFxH/7/r—=v 2L, Thb
 BEFTAVC=trT L— v EbLORHFREKT

3 vk LB R RE AT TAL00 &
LU TASBDH L\ keI L T &, DT
CBAR O e HONC S B O BEIC O TR~ e
-

T158 FpiEitHA X B 1-18-1

-2 7 [HLCREEREOMREF S

BIZFTHEHTEZHCTICH LWL
YV E F 7 IEEEKOBTE

HepREZ, 1%, Pirkko Einisto*
PARE T, #ACTE R, Ay A

2. Complex mixture R[CEETND= AT L —
CHEUBEEKRT I COEREMRE

=t r7 V- YRBIOHFERT ¢ Vi, wTh
L REWCREERR D7 5 ATHY, ZOHIC
A s X OVFLE MR R LR A R
wr b et { sy (Weisburger et al.,
1988; Rosenkranz and Mermelstein, 1983), %
BREMEETSH =+ r7 L= LT 2-nitro-
fluorene (2-NF), 1,8-dinitropyrene(1,8-DNP) %
HFDENTED, BREWLRTHERT 3
v L LTIt 2-acetylaminofluorene (2-AAF), 2-
aminonaphthalene, Glu-P-1 #H % 2 LT &
Ho ZHLE=t T V—VEBIOHFEFKRT I v
FOEREFL, KR, K, &, RicEo com-
plex mixture HICHEEL TW5 2 EH B R T
B, FOBELIEET S L IXBREE R
DFEPE—FETHSH LB b D (Rosenkranz
and Mermelstein, 1983; Tokiwa and Ohnishi,
1986),

Complex mixture hicEGEhb =+ r7 L —
v, BEET L v o BRFEERINCE, 16K,
Salmonella typhimurium TA100, TA98 7Y &
T Xx7- (Wang et al., 1980; Pederson and Siak,
1981), TA100 %5k 0f TA98 | HlieiI&Z ¥ D i
VHERCH B0, BREEFICRERCAEAE T B i O
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=te7 VU=V, HEET I v OEREMA BT
T BB, WE, KEOWv v SO, #
HARTIRTH D, LhEmuREREZET 5%
EEROBRAE F T\ e,

3. ZREEURHOEERTTHS= OETE
%E O-TEFILEBER

=trmr7L—v, BEET I vILEE DNA
fER L CEREM X RELT 2 b Tidie <, #fifg
N S hicBicF opEs DNA BT
Lo b hTuws (Fig. 1), 2-NF 1237 7
Yy 7 oEp> NRase 12 L h N-KE{bfE~@EIC S
h, Fo% O-ATase 1Tk hifitkib X h, &#
B Ulc=t L=y A4( 47 DNA Zh#E
THLDLFEZ bR TW5 (Weisburger, 1988),
—7F, BEWT7 3 v o 2-aminofluorene (2-AF) i
WAEGMIADOINTF 2 v — & P-450 e LD
EBERIC X N-KEEb S hoictk, N-KBR{EkD
BAEMMBENCAY, Tolik=tr7 LV
FA—o k%% C DNA 1cfffi+% (Kato and
Yamazoe, 1988), J2[ NRase 1H#:D &L~ TA98
NR #:Tl%, 2-nitronaphthalene (2-NN), 2-NF,
1-nitropyrene (1-NP) o5} 3 2 J&ZHAVE T LT
% (Rosenkranz and Mermelstein, 1983), O-
ATase [EM:D{E TA98/1,8-DNP, kkTik, 2-
NF, 1,8-DNP /e &= | v 7 L— v 21T <,
2-AF, 2,4-diaminoanisole, 2-aminoanthracene

(2-AA) e FOBEFET I VIS T ARZHLE

Ar—N02
bacterial cell-

Ar-NOz

Ar-N(gH

SR - ¢ "
-Ar N\OH P-450 Ar-NH

etc.

2
Reg-cay

[A"“:%’Lc-ca ]
3

[Ar-rf-HJ
@B

Fig. 1. Salmonella typhimurium $IPIC O FHlE = +
e LAWY OB FrF L7 3 v ORGH
1EM(LFR%. NRase, O-ATase (I = | riE TR,
O-7 2 F VILBEHF Y H b 7.

TLTWAZ ENHEIRTWA (McCoy et al.,
1983; Vance et al., 1987),

ChbDRREN BE 4L, NRase (1=1tr7
v VOBERFHERBICKS W THRERT & LTE
Tk b, NRase #LEICHITHHEKEE= b
BT U— v iIcH LSRN ERZHC b0 &
%% 1-, kg, O-ATase iz=tr7 Lv—v, %
FET s vZEOHRERTF L LTEHWTHD, O-
ATase ¥ SECRELTCWAHiE=1t+r 7 L —
VEIOHEET I v OmZ IR LRt v R
L35 b o EHERM L,

% = ¢, Salmonella typhimurium TA1538 76
NRase 3L 0% O-ATase OEEFH I/ r— ="
7L, ThZho@ET e >vvFaed—-73
23 ¥, TAI00 & TA98 ~EATHZ LIk
D, =ter7 V= vRIOHFEFET 3 vIcH LEF
R EEZ A s TIRERR R FRT 5 &%
& 7- (Watanabe et al., 1987; Watanabe et al.,
1989; Watanabe ez al., 1990a),

nitroreductgse or
/ acetyltransferase gene

W O
TA1538 chromosome DNA pBR322

[§gg3AI (partial) IMHI

S

— em— T

O0O0O0

‘ltronsformutlon

OOOO

sensitivity to killing =
by 2-nitrofluorene

Ames test i +
enzyme activity e “+

Fig. 2. Salmonella typhimurium TA1538 © = + » &G
B, O-7 t F NVEBBEERETFDO 7 e —=v 7.
pBR322 75 2 3 FEHAWTUE-L#BETFFA 75
Y —% TA1538NR #:» 5\ ik TA1538/1,8-DNP
RNEAL, 2-= v 704 UV ICHKTERSZ A R
TE A BIR L. Fo=— A 2ARK, B
FIEHREZTVCEROBREBETFA 77 A2 I VY ECH
LELTER LI,
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 EEEREEMAREL,
. ATase OBEEFVEET S Z L 2R L1,

4 = FOETERRETL O-TEFLEBE
=RBEFOI/O—=4

- NRase 51U O-ATase {ZFD 7/ r—=v
7k, ChOEEROXREKRTH S TAISIBNR #,
- TA1538/1,8-DNP ko> 2-NF 12i$4 5 BIERZ
R EE SR SRETYRET 5 HEIC L - 1
 (Fig. 2).

%% TAI1538 offafk DNA ZHhifiL, SR

| Bk Sau 3AL CE MR L7, BamH1 CHIE

. L7 PBR322 7523 FiICHifE LBETFIA 7
5 1) — REH L 72, TA1538NR ks L o TA

- 1538/1,8-DNP #it 2-NF O FFE(EA T LIEHT
- Hic7c o Tk D, 2-NF(50 pg/ml) #& ik b
. cABHTE %A, NRase JBIET & O-ATase ifz
- Frlav—forExbhb TAISB BRI,

- DRED 2-NF B AT s ECIRE T X o,
-z FaFA L, TA1538NR #: - TA1538/1,8-

. DNP % 5 4 7 5 U — DNA CHEER L7

%, WHEERKY 2-NF (50 pg/ml) % &k b

V7Y AL, OB ECRIETER ot
MBI 2 BN L 7o, BH L IO E R B

77 A3 F DNA Zii L, #E TAIS38NR jk

. »%\ 1% TA1538/1,8-DNP #riWHERRL T,
. EEBMER 2-NF ioxh LS 2R k2 & L

foo T 2-NF O RFRIERICH 35 R,
75 A 3 F_Ekiz NRase, O-

25 L AL, NRase #a— VL7
523 F pYGIlll 7, pYGI11l 1 14.4kb
D75 A3 FT, pBR322 HisRotEHIBHMA & &

 ampicillin FiHEEET 2 FOM, % 10kb o
~ TA1538 fiskofutafk DNA %o Tuviz, £

RIS BAR A 1B B NRase (% pYG111
D 1.6kb FHRICHFAEL T DHZ EAVHBL 7,

TA100 % X8 TA98 Ffizz o pYGlll LU
ampicillin fitffko 7 5 2 1 ¥ pKM101 % § - T
Wb, FZC, =0 1.6kb fHIExETs 6.85kb
735 72w b %P0 pBR322 0 Pstl site ~ 7
7 w—=v 7L, tetracycline fiift: % - 7- pYG
216 Z{E8l 1L 72, pYG216 % TA98 & TA100 i
WAL, WHEEKEY YG1021 kX0 YG1026
LWL, Chb OB, BkTth s TA

1538 L v H % 50 &\ nitrofurazone-nitrore-
ductase {EM:%R L7z,

FREIC, O-ATase 10T+ DRET R
o775 A3 F pYGI22 HHpEL7-, pYG122
1t 11.65kb 7 5 2 3 ¥ T pBR322 skl
Bita A& ampicillin & ET 2 2@, 19
7kb » TA1538 fiskoYutafk DNA % T\
7o BHERRERGE AT EERL B O-ATase
1% pYGI122 o 1.35kb FHIKICHFEL T B &
DB L7z, TAL100 & TA98 ~EA T % 7o,
Z D 1.35kb {4y % o> pBR322 @ Scal site ~
AL, tetracycline fiffk&/cn 7o 75 A 3 F
PYG219 #{E# L7, & pYG219 % TA98 &
TA100 ~35 A L, WEERKEY YG1024 3 X O
YG1029 L@ Lic, ChbOWKE, BlkkTH
% TA1538 X b $# 100 %5\ N-hydroxy-
Glu-P-1 O-acetyltransferase 1G4~ L1,

5. =bATL—, FEET I CCH LERSY
CEVWERSEEREYT YG1021, YG1026, YG
1024, YG1029

EitoHmr L YG #icox, REN
ABE= v LB, HFEET I 7tk X
OSSR 2 h b & B 0 M\ ZERFICH 3 2 &
=M% 3~ 7- (Einistd et al., 1991),

Fig. 3A 13, ZREFEMAYHFT 2 REM L 6 oD
=t efb &Rt s YG FRoRsZMER LI
LDTH5H, YG FROEZ ML, nmol X4 ) DFF
RIGIFHB A E L, TA » 5\ i TA100 D
EEZMECR T AR S & LT Y 7 7 O
TELTH5, NRase jE:ofik L YG1021,
YG1026, % L 08 O-ATase Mok L7 YG
1024, YG1029 1%, TA98, TA100 ic}k~X 2-NF
DA TH 10 2, 2-NN OBETH 3 Lm0k
ZHAR LT, 72, 2,6-dinitrotoluene, 1-NP 1
% L, NRase {Et:oHk L7 YG1021 (3 TA98
Ihdzhrh 100 £, 30 f5EVEZELRL,
O-ATase DK L7 YG1024 449 10 55
WM AR LT, YG1024 i3 1,8-DNP (2% L
TA98 L b 419 30 fEm\  RZ AR LIc2y, YG
1021 1z TA98 & FIFEEDEZM LRI T, %
7z, 4-nitroquinoline 1-oxide (4-NQO) z*} L T
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Fig. 3A.
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2,6-Dinitrotoluene
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YG1021
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YG1021
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YG1021
YG1024 [
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4-Nitroquinoline 1-Oxide

TA100
YG1026
YG1023
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YG1021=TAS8(pYG216) YG1C26=TA100(pYG216)
YG1024=TAS8(pYG219) YG1029=TA100(pYC218)

Fig. 3B.

Fig. 3A. fREMTL 6 MOKEK = t rLAWHTHYG FhoRZH:. 3B. 3EOHEET I v, 3
DFFEFEe FrF o7 3 viowT 2 YG BORZM. £Ek, &84T L nmol X4 H 0FERE
IAREEA B L, TAL100 B 5\ ik TAIS Offir 1 L Lk XOMMEE LT YG MOREZMH R L

1.

X, YG1026, YG1029 & 4, ic TA100 & [F]fEEE D
JEZH LR E e o fe, D &IX, 1,8-DNP
DTG, B IO 4-NQO D RFHEMALL, fLo =
FrEAW LRI TWBZ LR RBEL T W
%, 4-NQO 0 3#itfk T & % 4-hydroxyamino-
quinoline 1-oxide oW Tix, KBED seryl-
tRNA SEEERIC L WL S hD & v 5 B
»3%» % (Tada and Tada, 1975), Bife$ 4 1%, 1,8-
DNP 050 % Al 3 % BB I5 F OB R L fE D
T3,

Fig. 3B 1%, ZREMYHE T2 3 BOHEEKT
v, ROBEOH /L Fr¥ o7 3 VIH

35 YG BORZMEZR LD TH S, YG
DIEZHL, oz & g TA9S, TA100 &%)
THHENNEE L THEZ 7O TRLTH
Do

= b rELYRFV b OREwEH L,
NRase {EtEoik 1L 72 YG1021, YG1026 (%,
TA98, TA100 & RIfREORZH LR LT E
o tc, —7, O-ATase {HfEoHkL: YG
1024, YG1029 (3 TA98, TA100 X b % g5\ J&kar
PrRRL, F03%L 2-AF < 30 £, Glu-P-1 ¢
10 f%, 2-AA T 20 f#%, N-hydroxyaminofluorene
<~ 15 £%, N-hydroxy-Glu-P-1 © 5 f%, N-hy-
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droxyphenetidine < 7 f5Td - 7z,
o 7 5 ADERFCH T % BE w7 &
£5, chb YG BRk7 vk LA (methyl-

 methane sulfonate, N-methyl-N’-nitro-N-nitro-

soguanidine), & RILKFE (benzo[a]pyrene)
# | CaflatoxinB,,7,12-dimethylbenzo[a]anthra-
cene, lucidine D=t w7 v — v, FHEET 3
v LSRRI D 2 7 A DERFECHLT
3, Bk L FRED B VI T T ORZMEL 2
RXIMote, 2D EMD YGI021 LD YG
1026 1z=Fr7 L—viRLT, YGI024 %X
o YG1029 i3 h5&/K =1 », 73 /LB b
EFHFHBHFE e Fexror7 s VERLT, Th
ZHERNCE VGRS R TIRERK TS L b
DRI T AP

6. BEEQORPICETNIZEEEOESKERT
we ki o YG Fk# BV, SERRIC complex
mixture FICE ¥ h 52 RFE & ERE Rt T
BB EHRAND I, BEE R X OIEREE O
Riexi-45 TA98, YG1021, YG1024 o &3z %
Itz U7 (Einisto et al., 1990),
REBER T D S A0BEE L 5 ADIER
iAo, H&xZE 2 T2E (500 mlx2) R
BELTH O, ThZhOV v T b7 v —
v—za v W TERRE 2R U (Hayatsu er
al., 1989), ¥z DMSO =L, S9 mix
DHEFETF © TA9S, YG1021, YG1024 % i\ 4
BB % 4T - 7o, Fig. 4 Wi+ & 51, O-
ATase {Et:ofik L7 YG1024 13, WSO R
R L YG1021 = TA98 Xk b 4§97 %
BWESEM AR LI, COFREND OYG10247:
R h 2B REoERERBCES TH 5
L, OBBEEORFITIISEET I v ROLER
FEREELTWDHZ EAVRE NI, YG1024 137
NKFPEEEh ERFEORMICOEMNTHS
ENHEIhTWS (D, 1989),

7. = FAOETERBEGTOEEES

WIEHE A%, Zh bREZHEO S TR
B omicd 5 -dic s »— vk L7z NRase, O-
ATase SE{ET ORI A RE L1z,
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(1464)
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Fig. 4. W ¥ X OVJERREEE o IRIPAERFCK 3 2
YG1024, YG1021, TA98 DJEaZ1:D e, WL,
M L4 ¥aiEY S0 ¢ 1 42.5 ml DRTHY T
%. “Blue Rayon” |, 74 —v—=2v (18) &#7%
2k 500ml cHiH L, ROy v 7 b EREICALER
LTHELEEDE H bbhT. RfoBiu, A6k,
KA T E O 50 pl 24D OFREIRHEE
#E L, EMEOKTILFOFEE (18-20 7 v —
M) BET

Fig. 5 1 pYGI111 |2 = — N Xt 7= NRase i
LT OWEHRF L, PHIWLT7 3/ BORSI%
T L7 DOTH 5 (Watanabe er al., 1990b),
YadEE 7 & peE L7z 1,690bp fHISICIL 651 = 7
V4T Ko bich open reading frame 73fFEAE
L, NRase (% 217 D7 3 7 FBIT X - THERL
NEF 23,955 £ r vOBABLETFHEIR
foo SONTFEIE, <F v AEEAGCTHIEL
fe & v 7 BOFik (28kDa) & X< —FK LT,
open reading frame o {j#i1cix —35, —10,
Shine-Dargano signal % L T rho-independent
FAGRAE ~ 7 v R S e, NRase BRI
el A%, NRase o7 3/ BRI % B
HEAEW 6,300 i (NBRF, HEAHT — % —~—
# Release 17.0) Mg L7=ny, HiE/ctRME:
(homology score 7 100 L) ) # o EEAE LR
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GGATCCCCAAAAGTCCCTGGTAAATCAACAAATTTACCCCAGCATTGCGCCTGGCTATCACATGAATAAGAAACACTGGATTTCAGTCTA 90

1.6Kb region
TGCGGGCGAGGATATCA(
A TGCAATAACC

AAGGGTACTAAACCAACCAGGAGCATTTATGGATA'
(SD) M D

'ACTCAACGATTTGATAAATGACTCATGGAA'
GTTTCCGCATTTTCCTCCCIT.

TCTGGTCGTAGACGGGCTGCCTAAAAGAGAGCA 180
A 'ACCGATAACCCGGTAC TACAA 270
'ACTCCACTAAGGCGTTCGATCCCAGCAAAAA 360

TCGTTTCTGTCGCCTTACAGCGCT!
I,V S VAL QRY S5§TIKAFDUPSKK

ACTGACCGCCGAAGAAGCGGATAAAATAAAAACACTACTACAGTACAGCCCCTCCAGCACCAATTCCCAGCCGTGGCACTTTATTGTCGC 450

L TAEEADI KTII KTULLOGQY
CAGTACGGAAGAAGGCAAXA(

GCGCGCGTAGCAAAATCCGCTGCCGGAAA
S TEEGI KA ARV AIKSAAGN

P S STNSQPWHT FTIUVA

CTACACGTTCAACGAACGCAARATGCTGGACGCCTCCCATGT 540

Y T F NERIKMTLUDASHYV
GGAAGATGCTGATGGCCGTTTCGCTACGCC 630

GGTGGTCTTCTGCGCCAAAACCGCAATGGATGACGCATGGCTTGAGCGCGTCGTCGATCA
VVFCAIKTA AMDUDAWTLEU RVVDOQEUDADGRTFATP

GGAAGCTAAAGCGGCAAATGATAAAGGTCGCCGCTTTTTCGCCGATATGCA(
EAKAANUDI KGR RRTFFATDM

GCAGGTTTA’

TCTGAACGTCGGCAACTTTCTGCTGGGCGTCGCCGCGATGGGTCTCGACGCCGTCCCCATTGAAGGTTTCGACGCCGAGGT
Q VY LNVGNVFLLGVAAMGLUDAVUPTIESGTFUDATEYUV

GGCTATACCA

GCTCGACGCTGAATTTGGTCTGAAAGAAAAA GTCTGGTCGTGGTGCCGGTCGGCCATCATAGCGTCGAGGATTTCAA
LDAEVFGLIKEIKSGYTS SILVVVPVGHUHSUVET DTFNA

CCGCGTCTCGCTGAAAGATGACCACCAGTGGATGGCGAA 720
H RV SL KDUDUHQWMAK

810

CGC 900

CGGGCTGCCGARATCACGTCTGCCGCTTGAAACCACACTGACGGAAGTTTAATCCCCTGCCTAAGCCGGACGCCOGTCCGGCTTTTTICA - 990
GLPKSRTLPLETTTLTEV * *RRRAE

CCTTTCTGCCAGGTTCCTCAATGATCAA'
AAATAACATTTAAAACTGGCA

GCCA’ CTTATTAACAGTCTA'
GCTTGAA

A
TGTTGCTGGAGTTTTTA(

TCAACACGCTAATAACACAACCATCCGCTGACCTACAGGGAGAATCCCA'

TGGCGCGAAGTGCCAGGTTTT.
CGCCGTTTGCCATATCTGGATACCCCCTATCTGGATGAAGGAGAAAACGGGTGAGACATGTTTATGTAG 1170
TCGCTGCTGA' CGGCGTGACACCGGTTTGCGCCTACG

'ACATCGCTAGTGTTAACTTCCTCTTTCAATTTATTGAAAAT 1080

CAGGTGGTCTTCGCCTGGACCCGGGCGCTGGATA! CCATATCATCGTCGCTAACGCCAACGCCGCCG 1690

1.6Kb region

Fig. 5. Salmonella typhimurium TA1538 ® = + v @ICEER% = — N L= 1.6 kb fHIROEILRF &, T4

Ihs=trRITEROT I 7 BES.

W hih-to, 7 NRase (1 NADPH %4
BRLTH7 IV ERALTFHEEALY, Thi
TICHE i NADPH &4 consensus se-
quence (Hanukoglu and Gutfinger, 1989) |
NRase © 7 3 7 BEH| EWCIZFEEL T 7o >
oo MY, WHAEMREE &= r BITER
DERBIC OV TEBR R LT TITE W&
Ex 5,

8. EELEYD N-TEFILGBEELTI/ B
B3 L OERMEEED S. typhimurium @ O-
TEFILEBESE

[ pYGI22 ic =2 — F &tz O-ATase i

BT OWEHERIN & RE L1z, O-ATase (& 281

D7 I /B bishsTE 32kDa ox vy

BLEFHIN, ConTFRE~FYerERHG

THIELASFR (33kDa) & X < —%% L 7=,

FEET 3 v ORFIcBI53 2% O0-ATase 13-

77V 7RG TR, BEEWIHFETH L

PHILRTWD, Zhbm%%Edtyo 0-ATase 1%

S. typhimurium > O-ATase [ [fffic, N-7 «F

VIEBEE RGN 2RO 2 LB N-7 € F v
IEEL R (N-ATase) LI X T\ % (Weber et
al., 1988), v + & %Ay D N-ATase 121
RBYELT 4 RADHBHZ EVHBATED, =
—HHAAND 50% LI E27 2+ MEEE D B
slow acetylator TH 5 L EbhTkbh (Weber
and Hein, 1985), A A # 10% i slow acet-
ylator TH B EEPbNTW%, slow acetylator
EHEEET « v ROEY I L OLEWE O REHE
AMEN -, slow acetylator (X gutafk B LM
FHRRERL>TOBLDELTVEHEELD
hTkb, B, BOMHREIN—TREDHTF
Bk 2 B 5792 Lo % (Ohsako ef al., 1988;
Ohsako and Deguchi 1990; Blum e? al., 1989b),

FEF HEH 2 F\ e mige s S, typhimurium
D O-ATase & X UOE&EEY D N-ATase 1%,
T I BT X o TiEMAIE & b cysteine
(Cys) BIEN, 7w F Lfit5fkTh % acetyl-
CoA LRILTHIDEE 2 BIRT\W5% (Saito et
al., 1985; Andres et al., 1983), 2 h ¥ Tig, t
b, vHF, =7 b VU N-ATase OELEFH

ye—=v73h, TOFERTINHE I T
% (Grant et al., 1989; Blum et al., 1989a;
Ohsako et al., 1988), S. typhimurium o O-
ATase OFHIh57 3 7 BT % @Sd:4 o
N-ATase l[Htifig3 % &, O-ATase © N-FKufl
20 180 FHODT7 s 7 FhE TIXHY 25-30% D
Rt %Z~ Uiz, S. typhimurium o> O-ATase (1.5
B Cys BEEFON, 05 bESemcs
WTREIRTWA DL 69 FH D Cys #21FT
Bolco TOFMERREINRTWS Cys 69 OIf
PRCITIEIENET 2 VR TH D Arg 65 ML,
D7 3 S, typhimurium L S OF
FOMTRE IR T, BEFLE T site-direct-
ed mutagenesis @A T Cys69, Arg6s 71
D7 3 7RTEWRL, DR S. typhimurium
D O-ATase {EHIC & D L& 5 e a TFT O h
KOWTHRFNFPTH S,

S. typhimurium © O-ATase » C-FK i {l# 100
BHIRFEY D N-ATase & 4 < HAM AR X
oo te, BEgYy» N-ATase & S. typhimuri-
um O O-ATase |} N-7 + F VIEBEFEEM: S &
O O-7 v F VIEBBERTE 2 o5 Tkl L
TW52, @ S. typhimurium o O-ATase |}
N.O-7 e+ ViEBEERER 2. kv, @ 5%
Ao N-ATase o acetyl-CoA 1=xf3+% Km
fEix S. typhimurium © O-ATase 1= }t~% 100
fEEu s oM EE - T\ 5 (Kato and Ya-
mazoe, 1988), [ M: % #i7-7c\» O-ATase o C-

Kol 100 HS, DLk H/eERLED LS
B L T B D &\ 5 AT ed T EBRE,

9. S. typhimurium @ O-7 v F LGB ERER
FOF +4 ==X« NLRY—EERE~D
HA

4 13Bi7E, S. typhimurium © O-ATase g5

FEIMFEMEF TR I HEYRAA T2,

O-ATase H{iFx=2— NL7H 1kb o757

AV b, pYG221 2 og)h L, WEEMIR O

RPNy x—ThsH pMSG 735 % 3 & (Phar-

macia ) ~EA L7, O-ATase BEFxFHF

PMSG <7 2 — 3, @I VY 2 v 2FERTF

A ==X o a2 — B (CHL) ~EA

L, 2325070 gpt BIETFHFEBLL T2 Ml

W Ui, BlAE, B o Milgic > T O-

ATase BBLOFELHFL Tk b, EWFRIT

O-ATase jEMEDHK L7 CHL fifaxir L

WEEZTWD,

10. HHYIC

Table 1 1%, #5EDIL¥WE & & DX RFMER
BofERAFXELDILDTHD, &< DI
BB RFOERFEHFEB X KB HE, S.
typhimurium k% UmuD, C % %\ % MucA, B
NBETHH, MucA,B % = — L7 pKMI101
N NBEREWERT 2 S. typhimurium O s
HEAHRIB T B LB ABRTWS

Table 1. Mutagens and their rate-limiting factors for mutagenesis

Mutagen or Chemical Compound Rate-limiting Factor Strain
Most base change type mutagens UmuD/C TA100
MucA/B
o YG1021
itroarenes Nitroreductase YG1024
Aromatic amines O-Acetyltransferase YG1026
YG1029
Alkylating agent
yiating agents 0%Methylguanine
methyltransferase
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(Walker, 1983; Walker, 1984), YG #3258 2R
HRBEOFHEKNT TH 5 NRase, O-ATase » %
BCEATIC LKLY, =T v—v, HE
B7 2 vicH LBRNCECREZEYRT, 2h
LOFLVEKL, ch¥Tic 16 »H, 60 HoE
BBI~NBCAT S h, K&, K, &dh, R#EH4, Kis
Yo complex mixture FiIZ& Fnbr=rr7T L
—YHHVRHEHEET I v OB RFEERCEN
ERELTVS,

4 2 BL4E, S. typhimurium o Ofmethyl-
guanine DNA methyl iEBERBETFDO 7 » —
=V IZERToTED, SHRBEChEHVTT v+
MEFNC R, B 5\ YT i fe B bk &
PA LW EFE LTV B,
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5o HilE= 1t viLtd, F=rr7Lv—ViX
F 4 — VPR A AR & OBYE TR EH 24
DTEH, i, HFHET 7 {LEHOFRICHF
B> TERTA~NT e Y A7) w27 3 Vi
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KTt THELAHEMLTWEIDEEL RS
», ThbDYEOEECHERROAGREG R
RECET A REMHESECETh T 5,
BB O « BRIEWEIC X 515 FEY IEHE
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St SE O FR AL HT 048 BRI M B ik
L, B5hSBOMEE RSN LT %
DBERB D, L L, BIEOERFEMERBREI,
EFESWTEEENT 1) ZRORARIZNIEL TS

& DRI ERZERRROE A BRE R 0% R
R % SRR T E T A FkicB LT, BifEE
iz Ames ¥ (Maron et al., 1985) O RET
4 % microsuspension : (Kado er al., 1983,
1986), micro forward mutation 3t (Lewtes et
al., 1987a) 7c Kl oW TORRE Tl TWh 5
7%, BRHRESHBMEROM S Lo tu T
LR LA RBENERIhTWS kv
WBLIREH 5

G, bad o R 5 A R BB
THERWRDO—BRELT, =t r7 v—vRAEEHE
7 I MbEeEuERFEZEYRT YG %
AE R (Watanabe et al., 1989a,b) (S. typhi-
murium YG1024, YG1029 7¢ &) # I\~ 72 micro-
suspention % KOOI HEMEF L LTS
t7- spiral assay ¥: (Houk er al., 1989) ofif

Tk, 2) BRGNEICSKIRER, %R0 A
il EBHEETHI L, 3) WEKECHLZ Lkl
i DEELBD EELBRD, LEA-T, Thb 2.
B LT, Tib bR o 5 i e g
REMABREOMREIZ TR TS,

| EEOOPRE TR, BT HIINATETRD
ﬂW B3 2 0> 22 R IE R R B MR ST AE BR S

HRICOWTHET S,

microsuspension %M 7 RE % HAE
microsuspension ¥k, WAREE o R O% R
%z Ames 3 X ) & @ ICIIE T 5 7o, KE
Y 7 4 =7 Mo Kado HiZ X - C, preincuba-
tion ¥ (Yahagi et al., 1977) oagg: s LCE

HEH T108 HE#X AsA 4-6-1

il Application of the new YG strains derived from S. typhimurium TA strains—microsuspension assay and
i ] spiral assay—
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over night culture

2pl (5pl)‘of sample
soln. (DMSO0)
L

100}” of sample
soln. (DMSO)

|
|

incubation o
(shaking, 37°C, 90min)

1<—Zml of soft agar

pour over

PBS (or 89mix) [ centrifugation

<«—— 50p1 (100p)<—o
of bact. soln.

resuspension
(0.015M PBS)

4
50p1 (100p) of - hcentration (x10)

(9,000xg, 15min)

100).|I of
——
bact. soln.

j <—— 500p! of PBS
(or S9mix)

incubation | )
(shaking, 37°C, 20min)

<«——2ml of soft agar

pour over

& g

incubation
(37°C, 64hr)

counting of colonies
(Revertants)

(Microsuspension assay)

(Preincubation assay)

Fig. 1. microsuspension 7% & preincubation o 3

*: Kado HOREHETOERE

Bxht-dDThs, Fig. 1 12i%, microsuspen-
sion ¥ (Kado HLOFELXHTEELLFE) &
preincubation IO FLEELR L TH S, /s,
Fig. 1 ® ( )* 12 Kado HEBEIREINT W%
BKETH D, Fig. L WRLTHSH X SICiljFk
g3 % &, microsuspension 3Tl 7 LA v
Fo_—va VRO BED HEY Pl L (700
p1—200 pl X4k 100 pl), F 7o, {d BRI 25 <
L (8 2x10°cell/700 pI—10° cell/100 pl) iz A
vF L= g VEERIE R (20 590 43) L
TH & BB OBMTER > BT 5 e 0t R A
¥ NhT\w3%,

FUrAvF . _—v s VEFOBEEBEKEL T,
Kado 5382l o fF > XAD-2 # g5 4 % f
WTEE LR L, ToZREMEBHEO AR
P pE AR O BRE R B, £ 110" cell/ml 72
EOWEBE MGE TH L EEWELTWD
(Kado et al., 1983), %7- Kado Hix, Z O
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Fig. 2. microsuspension %% 0" preincubation i X

BREIFER C AR ORI,
@: microsuspension
A: preincubation #:

DEK (TA8) & EFto Rtk % A\ ~C, micro-
suspension g DOZE FRFE MR BEA X, Ames ¥
xF LCH 20 %, preincubation 1%t LTy
13 o BRFHEESAGOhcC L b WL T
W5,

Z o THEFE 51, TAL00 ¥k, TA98 HER UK
N C AR 4 % F \» T, microsuspen-
sion HOZRFEMBHIGE L preincubation D
Th &R Lic, ZofR% Fig. 2 1R
4, Fig. 2 7%, microsuspension D 5. 2 %k
SKIFWER U A BB 28 RIF S, TAL00 #
T 32.3rev/pg, TA98 BT 63.2rev/pg TH D,
preincubation #0452 5% ik, TA100 #T
3.1rev/pg, TA98 ¥k 4.5rev/pg ThHT &
%, microsuspension (% preincubation 2%}
L#y 10~14 fEoZ REERHBEYFELTW5E
s, ZORBHERL LB ED BRI,

Fig. 1 /R L TH A X 912, microsuspension
BoiEEFEESE A v BT pre-
incubation ¥ & KX e\ 43, 45 SRR HREE 23
B & (HBREREHE 2 A e T Es), S9 < co-
factor #Hif9 LA & & 7c &5 microsuspen-
sion YRITFIH B LB, AB, B0
KR D135y KRIFHER CA ho T (<2.5
pm) EF (Kado er al., 1986), s5Z%e&kiiatkt

5000} 5000}
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©
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Fig. 3. YG FHi#k/microsuspension 0% TA R
Fk/preincubation i X 5 K&IFHER U ARK D%
SR

®: microsuspension ¥k
A: preincubation ¥

(Lewtas et al., 1987b) i3, A I h, FHET
bENBHIC X hENESRAR (Tamagawa ef al.,
1989a,b) oA RFEHFIECLFIH I hTWv5,

3. microsuspension EA® YG REHKDER
YG BlBROBE L B<ORT VWS L 5 i
YG REHRIL, =t @B mEE7 5 X 3
F (PYG216) X7 w F VB EE R E AR EW 7 7 R
3K (PYG219) % TA REHKICEA LICEKTH
D, HEE7 :ve=tre7 - v LEVE
RFEZWEERT C EnmbhT\w% (Wata-
nabe et al., 1989a,b), L 727 - T, Ames
(preincubation ¥:) X b & &\ B MR HAE %
71 L7 microsuspeision 12 YG Rk A 3
THEFCEWERFEERBESE SRS Z &2
Wireshs, 22T, YGRHtk& LT TAL00 g
ic pYG219 %A L7 YG 1029 £, 20 TA98
Fkic pYG219 %A L7- YG1024 #:% micro-
suspension #:C 7 A O KKIRHER U AR
BHOXH 2 B RIFRHRILRE A F X7, TR R%
Fig. 3 iw/Rr¥, & & T Fig. 3 11, HigoxE &
L T4 YG ZEDBIFE (TA100 0~ TA98 F) %
preincubation HCEH L7 S5A OfE R L fFeT
"L TH b, Fig. 3 b, YG FRbkw M1
microsuspension ¥ (% 5 3B 5 A1 28 B R Mk
HEEDE S EVH D, ZhLOREREND, R
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Table 1. FEHZEZFENT OERFEHCIIETRGBEH RO =7 2 VEBOFE
(microsuspension ¥, YG1024)

Mutagenic activity (revertants/ m3, air)

Sampling
location OFF (VF** & AC*+*)

VF**  ON AC*** 0N

"date(cig*) +S9 -S9 date(cig*) +S9 -S9 date(cig*) +S9  -S9

Stoker's 5/26(10) 3680 3640 5/29(16) 1170 2440 6/14( 8) 1080 2290
5/30(10) 5250 3930 6/12( 6) 951 2570 6/15(14) 1730 3500

e ) 6/5 (10) 2250 1940 6/17(10) 394 4350 6/8 (12) 1800 2810
6/19( 9) 2290 2440

avg. 3727 3170 1201 2950 1537 2867

s.d. 1500 1075 796 935 397 607

. 5/26 270 1480 5/29 696 2390 6/15 205 586
22;§ng‘"9 5/30 146 959 6/5 307 888
e n3) 612 1010 3120 6/8 341 1820
6/19 806 655 6/14 176 874
6/17 227 1476

avg. 558 1554 349 1490 205 586
s.d. 416 1098 204 644

5 i 7- microsuspension/YG 1029 o 5 % % k&
Tk CARE O RIF G 110rev/pg T
» b, %0 microsuspension/YG 1024 Tl 252
rev/pg, preincubation/TA 100 Tk 3.1rev/pg,
T o8 preincubation/TA 98 L 4.5rev/pg TH
% T kb, microsuspension/YG 1029 o k&%
Wk CARRHT R 3 528 55 4 8 1 BB 1, pre-
incubation/TA 100 Oy 35 %R &, RO
microsuspension/YG 1024 (% preincubation/
TA 98 Dy 56 fEAird = LMD bR, A
W BRI T 5 i< C, microsuspension 3
2 YG REbkx M35 & K&UFER U A B
T A A RFEBRIEES RO TR b & &n
¥ foo

4. EAZTHHOZERFRMERE

KEIRER CABUERCH U T4 SRR i
BExRL7E YG REHA V% microsuspen-
sion 1%, MIEZEKHEI O RFEMREIC L HR)
ThHZENRETES, £Z T, ABOKRER
B e DB RIFEMRELH E v fTlcbh T
W IR\ 2R S O RIERL T D28 BT MR E T A
BaREA L,
BRNZELFOFER TFix, 47 mme o5 kE
TaNE—BAT VY VABLT7 4 VX -k E—T

cig*: no. of cigarettes smoked during working/sampling time (8 hrs),
VF**: ventilating fan, AC***: air-conditioner.

.y b L, ZHIZENDZESREH 20 [/min OHfHE
TH 8 B EME X B TR L, 2 DERERD
BB IR A v 7 (<50dB) Wi, B85
RICFERTORRK ST 7 rr 2 2 VAL
THBZFWHRHEL, cov 7z rr sz v 2EREH
TTHEELTHALhLEE (£ - vIRDE) 2%
HEMEER (microsuspension/YG R #E) 1 ft
Lz,

Fig. 4 1cix ZBRFEWRABH RO flemL TH
%, Fig. 4 725, ZBAZEKRENL YG 1024 KU
YG 1029 ojE ke LC, S9 mix FEinoHE
12 i B RIT 7 dose-response PR &R Z
L, ROWEE O E 0 EKRARHIIERE L 0 £
I EUWEREREYRT LB, 2Ok
B, —cARFEESESAREE ShTwb
JEM L o R o 225 AR T AP (microsus-
pension/YG FREH) HWIUE, ZoOZREM:
RELES Z ENREBI NI,

F T, 1989 EoF L EMcA) T 10 H
M, WEEOE (68 m®) DZER Ak KO IR
EZowE (155m®) oZE&HkY Lt & R4 T
BIL, %+ o ZHREFEM % microsuspension/YG
1024 BECHIE L1z, £ DfsHE % Table 1 1R,
ks, BAEKOFHHRRIWEELRETEEL
LR AWK RO =T 2 VEB DO FHICOVTOR

— 70 —

| pbfifeo o, Table 1 2vh, BERRO=7 =

v R SRITER) X T U WS SR 022 & 3
B I b i ZERFE G (+S9: 3727 rev/m?
Fo* —S9: 3170 rev/m?) w742 &, MR EY
=7 2 v R{EB) ST 5 BEE OB %2R
K E CERFIES: (B FEFE); +59:
1201 rev/m?® JZ 0¥ —S9:2950 rev/m?®, =7 = v {E
#h; +S9: 1537 rev/m® Jr o8 —S9: 2867 rev/m?®)
R &, FEBEE oI R 022 KRR D& IR
WG O FEE RS DR Oz X ) EWE
REWESELRTC LR EVBDLRE, BED
RS YG RE k% microsuspension 32 5#
AT5Z LI o TERNERFPOIFHR FOLER
BB HCHE LEDL ARSI R, REN
=t rT7 V= VRHELRT I /LEWEEE UM
BREAROLERFEHRBCER TH B = LUK
®ahic,

5. spiral assay %

Z DFERKE EPA o Houk HIC L - TER
JhicFEE: (Houk et al., 1989) Th %, Mgk
BETHEEOUTBC LELERA VLR TS A1
v A7 A (Gilchrist et al., 1973) % Ames
BLHEAL b D TH Y, 1 MOB/NERFR
By (7 v—1) hesBRelhidm, ERERk
O SO mix (NER) &A1 7 R Glie T+ v
R) C&/HL, 1 vFaX—vaivEsr—1+t L
CHELIcze=—%L—HF—am=—p v &
— TEHM LT, dose-response Mz fEs &5
W EBELFETH D,

PERREURHAYE, BB IO S9 mix DBAiIC
BY 7 7 H =T, AL FAT V- & —
PRWCHEHEY V- BB fiT 5 HE L s T
W3, SOARRLFATv—2—i, £LLTH
WDOREB| « BAiT 2/ AN (F7RrVF0—7),
<=4 r7my) vy, FU— b EEEFRAERES
RDB1DD R — VT — 7 VROV OB %
B3 2i-00 2 EOH Al ETHRINTWVS,
variable cam % F\ USRS 50 pl O%H A T v
= b OFLEA D, RAFICE 5> TASL T 4R
CREZ WD SRRV T 5 & & » kK,
uiform cam %\ AUEEE 20 pl OB R EH—

BT A EAHKES, LichisT, Ames 3
WCHEHLT % f-b1TiE, variable cam % U T 3B
AW A A6 L, uniform cam % i\ C GBI L
O S9mix & AT 5 kTR T e T
%o

—F, Vv—F—ar=—nvva—13 EE
633nm o He/Ne L — -+ — FIRE, L —+ — N5
% w2 2 Claldg (500 [6/F) S@BHDOH
WX A= F =R e = - ORKELYRET S
V= =R S TS hTw5b, Tov
—Y—ar=—pvva-—HV L -t
bieasg s BB L ERER2r =%
7 v — t ORI HHOIRICE - THET 5 C
ENHK, TOHBEMEIRY TAEA ATHA=YF
VAV —2—RE bR D, T ©FHEEE,
Ames 1T & % B R & FIRE O M2 1T 78 % %
ok, HEASLFARKLT, Fr—1 1KY
hDzr=—KLLTHRAEIhS, 7, FKC
FZAASRL FTAEK LT, Fr— b 1Y D ok
BOBREIh, CoOfis Eiio 2 e = —FIARE
7B, dose-response Hifi% {35 LA KD,
7ok, [AERC, 29 L7-#iHPN o, dose-response
Mo x (FREFELEECHY) 2 oIk
BbHHEHTES,

6. YG ZE#ZHA/: Spiral assay (CkBKKT
BB LAOEREMRE
BRABEE Y DI RIR TG A E L€ D5 Y
% S B fe b iy, SBARRIE O FTRE o 48 SRR
PR LI TH S, A spiral assay @i, 1
¥eoo 7 v — + ¢ dose-response {ifgH 5 S A fil
SHBMEFETHSHZ LD, Ames FEITHE AT
1 BT OBRAEOZEREFENARE LE S0 EM:
0%, % & TA spiral assay 1Z X % S BARIE
DOFREERS YG REKROMEHIC X 5% RFHER

Table 2. K&FilER UA R4 O B REFE M ZIETR
KA B o % (spiral assay 3, YG1024)

Ratio of : _
solvent Mutagenic activity (revertants/ug)

(DMS0:DCM) avg. s.d. c.v.(%)

0.34 8.62 7.59 1.90 25.0
: . . . 9.03 6.59 7.31 1.41 193
50: 50 7.64 10.63 7.61 8.54 9.43 8.77 1.28 14.6
9.11 12,73 9.73 2.06 2.1
3.17 11,78 11.17 1.56  14.0
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Table 3. FURHAW S D © B BB S O OER(ER
B3 A3 (spiral assay #:, YG1024)

Interval Mutagenic activity (revertants/ug)

time

(min) avg. s.d. c.v.(%)
30 9.48 11.85 9.21 8.51 8.07 9.42 1.47 15.6
60 9.68 8.15 11.21 8.43 8.02 9.10 1.35 14.8
120 11.39 9.81 9.80 7.62 7.72 9.20 1.60 17.3
180 11.80 11.71 11.93 9.24 7.93 10.52 1.83 17.4

HRGEE DSR2 iIc DWW THRE L 72,

SRRIIECB LT, fFEEREDRBEE L
CEBHE AT FB TS LAR J OV AR R E R R oD [ i 7 &
COWTRKRE L 7o, KRR U A O Bt
MiE—RE i AKIC RS 7 7o 3>, Ames B TIL £ D
DMSO #mrRBcftIh T, LaLl, &
ko DMSO ¥ (50 pl) H A4 50T L— X
—FHCTEAITHE, 1,2 FHDA AL T AN
FicH B L DMSO 737 v — + OFEHE X
oz Lic EBR Lo #RrZDd bhic, £D
i A BET 5 7o DMSO L b 54k LS < #
B o BB ChH L 7 v i 2w (DCM)
B 8A O RIFEB RIS OV THRE Lo
FokEEA Table 2 1WRT, 7ok, AR T
DMSO ¢ DCM DRAWEEAY H WL H8EICDW
TH#Et L1z, Table2 725, DCM # H\ 5854
B bR A ERF G (rev/eg) (X, DMSO %
AW BE L0 b HE TR LA2BAIH L LR
5 @D RS R HE DRI EBRIED HTEL
A NILESEThDH L ENnBDdLRS, it
5T, kitkEE Lt DCM 2%k L5 < ks
BChH LicE®EETHL, DMSO kb
DCM o Jih K& o BB ECEL Tw 5
tEzZzbRS,

—7J4, A& spiral assay TIIBAERN S Tno e
By, SORHE WA — B R B AT O BRE O i
LTk, REHEAH 2 2 L OB IRIERR
THEDND T, 2 BOH 2 OEHBEDEIEMN
Mo (EREROE TGS hb, £
T, ARBEWRBRMAERIEY £ LD TITRVWELLE
S OWTORNZ T e - T, AR T, K
KR 2B L T DB L A5 £ TD
Rl A2 2 CTRB R fT7e v, REEVRHETR K
EL I [ 23 SRR AR B 3 B A 8 e
B hieksE 4 Table 3 127554, Table 3 755,

e

10 ) Exp.l
W Exp.ll

Mutagenic activity (rev./pg)

1x 5x 10x 20x 30x 40x 50x
Concentration hold of the bacterial solution

Fig. 5. K&FilE AR O RFE G CRITTH
IR AR RSB DB (spiral assay #:, YG1024).

FhzEn 1B, 2 BRRO 3 REERE L7
BTHo Th RIFRESCHEAME LRI LRD
b, foT, KKFER UAREOSHRERN
T, RO 7 v— bTh b LD Y
WA Lo, BB EAT  ch e &b 3 Bl
BET S ENTHETH D Lot Tk,
kE EPA o Houk 5%, /Kicx U CHMEE A
<, FEREMBOIEHEE OKEWE (7 o1k
+ } ) w4, MNNG, 4NQO 7c k&) #& spiral
assay Ttk L7c¥i4, BIf7c dose-response B
FEoE LR &R (Houk er al., 1989)
LT\ 5%, Table 3 T 5% BIF LG
AR ELFRESZT Tt w2 e n
B, KRB CARCE Eh 2 ERFEME D
R COIBORE LS E Hh RES LW T L
LRI,

7 B A HE RS O o o AT REREICBY L T,
X h A HBRBROHERE O ERD YG X
HHE R o Zh R oW TOBRE #1778 - oo

Houk »o#i4: ik, spiral assay TIXEHED
14-16 Wl % L BB E O V-5 &
DA 3 BN L cEBRERYH VS BE0)h
BIifffBa b2 5 b WELT05, BEL
1o BB O OB oL TR e RE &
171> Twig\ (Houk OFLAF) & &b, SEID
T, S0 £ & T L 2 ERER A VT
T DGR Y 2 5 RIF R R~ DY
FATo . BEESEEI O ¥EHE 513 microsuspension
Boga LRk S GEOLER-HRE) «H

— 7D —

TA100/pYG219
2500) 2500 (YG1029)
TA98/pYG219
(YG1024)
- 2% TA98/pYG218 2000
5 (YG1021)
Q
<~ 1500 1800} TA100/pYG216
3 (Ya1026)
[
L]
T 1000 1000}
>
e TA100
500 TA98 500
0 e
0 200 400 600 0 200 400 600

Airborne particulate extracts (pg/plate)

Fig. 6. TA ZEV YG REHKOKKIFER U ARk
DR R GE (spiral assay 7).

W, FREFROBEBEKICOWT 3 [E (Fr—+
3K FoRBaE Ty, B URG 2B A 2%
2T 2 [T te, BHIIfER%Y Fig. 5 KR
T, Fig. 570 b, BMERER O & BB (30£F,
40 508 50 fi%) G IHEIE ERKRREIOE
RE-ERILEL 8D 2 &, FOERBERHERGERD
BB BEK (1 5RO 5 ) HAWIGE 08
25 HRTE R ENRBEDBLNRS,

Z DR & LTIk, microsuspension assay o
A L FEE, PRME & E OBEMRER A E L e
Sl ENEDO—REELBIRLN, ZhbDB]
R 2 B R e £ OFBICB LTk Ames
B X HRBRERE oBAEHCET ARFALED
TEHBAFMCBRFT 20 B 5,

R\C, K spiral assay O K&ZIEHH) U A Uk
OERFHRBAECB LT, YG kA E 78
G, RO Z OB TH S TA REHEE VIS E
LEBREHE L, BbhifER % Fig. 6 R
3, Fig. 6 206, WO L Th R&R
FHI B 7c dose-response BfR%& /R & 2k
bhi, 12, FRENROEKOZ REFE MR
1k, YG1024>YG1021>TA98 it YG1029>
YG1026 >TA100 Dl§L 7ch, =+ rY) £ 7 &% —
YEEENE7I XN pYG216 % HA Lk
(YG1021 X% YG1026) X b & 7 & F VIR REH
AN 5 X 1 F pYG219 #EA Lk (YG
1024 it YG1029) 0 iz 5 mk&aVEheH LT
WERFEHBEELZRTZ EARDBRS, o

T, 2hbD YG REkA H\ % spiral assay(1,
KEIFH CAOBERFE, =29 v 7FHEL L
THYETH S LIARB IR,

Pk, YG REHOIEH & L CRE&E(LFEET
# % microsuspension EROHBEFEETH S
spiral assay ¥~ GICL OF Bk E#E L
o CRHLOFHECBL TIRER, REY LS5
e D DB RHEREE & B 5 1= Dgg Rig & H°
WBETHDH, ThbOFEIC L 5% RIEENE
il % W[5 2 DFHIC A B A, thZho
HRABERSFEO R 2 T7 1 E & L CHHilic A
WHLEDLRD D,

KBTI 514 ), YG Rkt E Y
T E U ENL#AERBRAT « BB 054
I, spiral assay #: Y% microsuspension i
Tnotefl & & LickE EPA {REESEM R, A
RAGNYRAT A, 7y CREER O KR
DEFEELET,

2 £ X W
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D=9 a7 [HLOVRREREOMREFE]

In vitro 7

Eﬁﬁ

% B

HREESERAY AR#EyHE 8 O B A

1. [FL&IC

BB e T 5 R E o B L HTBLC B2
BUE S B O R B ARG A 1,
Ames test, Rec assay, Fi#&ffg% A 7o fu otk
BEARS D in vitro ABRR L, DEHER, #
HWHEIFERBRLE o in vivo KRR E0H S, In
vivo RERITAKROEERY KL T2 DT,
ERFEWRBROFERELY v VAT T2 &5 mh
HiX, in vitro MBER LV IFELVEWVW D,
Schmid (1973) & Heddle (1973) i1z X » CTHAZE X
iR HFER—RIMERRAME %A VT o in vivo /)
BiadBiE, BHBRE D HRPE - C & BRIER
CHVWHLRTWARBHETHD, L, HEL
DREEFROZERF B BHERE L, in vitro FAER
FoFHin vivo REFR LD bBRTWD LWV D
WED S, WE 0L RIE 2§ 2 Lo
i, in vivo BRI TRATH EE 2 bR b,

In vivo ABROBMREIME VR & L TR
D ENELLNRD; OBRBWEOERCNTS
BHEOLDEGHELEL TE v OfBRYE
ik, o REEY OB~ ORERI T
Tl OFBHEIC L » THSEZEYHE <R
T4 (Goldberg ©, 1983) @EH D A &I,
B R (Chrisman 5, 1980), ik & Ko ks
4 (Gollapudi &, 1986) 1= & % fE B~ D%
G BB O RS in vivo R & in vitro /T
BRI DGEETHD,

o TR BT, in vitro GERR A B
FeTHZ EXWEOERFMFHE D L CTEETH
bo TZ TAMTE, BEETTHEIRTVS

T105 HURHEEX FEHTE 3-25-28
The in vitro micronucleus assay
Yuji Suzuki

fli 4 OFIfAA AT o in vitro /MNERER &, T4
T - T\ B B E R & F > Co/Mga Rk
& CHL ffifas v Co/MEaBgEz i L, &
BIZE DGR OWT SRR %,

2. NEFROADN=Z L

MR o> s IEH fe kg DAt o B SUT A TR A
ClNE i ~—h— L THHETHD, T
bbb, (LEWECBEHR R ER L CEBR
R ettt o G-Il BBl o Ye e fhag i
X o THEL %) PEBFEAY AT S L, B
AR RE S A VE UC, 2 2RI R kBl
WEZ OWT D EIC BB T 5 & &2V T & T E
PRI i O BRI CIME R BT 5 (B B,
1977), Fig. 1 (/R ZFFRRRMNR A U oMk B
R BAMEIEER D 2 H = X AIDWTR Lo

3. &EAFEOMIEERAVIIEZERER
Table 1 KO 212, ffi4c OAMAEMIA B/
BB R Uiz, U v Bz AW/ MERERIC

@®—®—3—-0—-0
e REERBERC LS
INEH
®@—O s
HiiE kR X5
NS

N
CINCENGENGENG)

iE Bt
L % e b R 3 R | EHRERGIR  pRnA0R) Fm |

< 6~12hrs 24hrs>

Fig. 1. /MEOFHER AR
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Table 1. kRN % A o/l

Mytomycin C

Cyclophosphamide

Bleomycin

Platinum complex
X-ray contrast media

EMS

MMS

Benzene
Hydroquinone
Phenol

Disel tar
Diaziquinone

Lymphocyte Gosspol

5-bromo-2’ -deoxyuridine

Aflatoxin B,
X-ray

Y -ray

uv

Polyester resin

Vinyl acetate

Alchohol drinking
Marihuana smoking
Tabacco smoking

Age

Ethylene oxide
Styrene
Styrene oxaide

Morishima A 1976

Heddle JA 1978
Linnainmaa K 1978
Natarajian AT 1980

Iskandar 0 1981

Heddle JA 1981

Huber R 1983, 1989
Hogstedt B 1983a,b, 1984
Tsui YC 1983

Tanaka K 1984
Aghamohammadi SZ 1984, 1989
Pinca M 1984

Fenech M 1985a,b,c
Stenstrand K 1985, 1987
Kwan DK 1985
Shinkawa K 1986, 1988
Parvez Z 1986, 1987
Maki-Paakkanen 1987

Blasko M 1987

Cole J 1988

Kormos C 1988

Narod SA 1988

Prosser JS 1988

Ramalho A 1988

Erexson GL 1989
Khadzhidekova V 1989
Migliore L 1989

3, RBILCT2HEY B D, —20%, EEL DY s
WREBMY L LEBERCB LT, Lo BREWE
Nz CTMEBRBE X5 HEThH D, B
&% (Obe &, 1975; Aghamohammadi », 1984;

Heddle », 1978; Sorsa », 1988; 7)I| %, 1988)
< benzene (H7)I| 5, 1987) Ziz o\ T D H
B%, o—ou%, ZERFEWECHRE L EED
B VARREID 2L CHEERCE L/IMEER A

Table 2. EFERMIEE 7o AR

Mitomycin C

Erythroblast Vincristine Suzuki Y 1985
Benzo (a)pyrene Nito S 1986
Benzidine
Asbestos
Benzo(a)pyrene
Embryo X-ray X-ray + Lead Oshimura M 1984
Caffeine Miller WU 1985, 1986, 1987
Mercuric chloride Cheng SJ 1986
(3H)arginine

Sodium arsenite

X-ray
Spermatozoa

Cyclophosphamide

Adriamycin

9,10-dimethyl-1,2-benzanthracene

Risley MS 1988
Pampfer S 1989
Tates AD 1989

= 6 ==

Table 3. KEaMfas F - foME AR

Mitomycin C Laane C 1984
Cyclophosphamide Pleskova I 1984
Adriamycin Wilson WR 1984
Actinomycin D Cheng SJ 1985, 1986
Nitracrine Bonatti S 1985
Platinum compound Ferguson LR 1985
Cytosine arabinoside Alaoui-Jamali MA 1986, 1988
ENNG MNNG Vhite GR 1986
BNU ENU MNU Das SK 1988
MMS EMS De-Ferrari M 1988

v79 Acridine derivative Ferguson LR 1988, 1989
7-ethylbenz(a)anthracene 7-methyl- Li MX 1988
Diethylsulphate Glatt H 1989
Ketonucleoside derivative Kirishna G 1989
ICR-191 Kulkarni JR 1989
9-aminoacridine Miele M 1989
2-nitro-7-methoxynaphtho[2,1]furan Nusse M 1989
Fusarine C Xing SG 1989
T-2 toxine
Tannin
Tobacco

ExEET 55 Ch b, in vivo & in vitro ©
PRI RRIE L W2 D, T4 7 A XA NI
T53H oL L CEE (Natarajan 5, 1980;
Hogstedt £, 1983a, 1984; Stenstrand 5, 1985;
Narod &, 1988) <=#kji (Natarajan », 1980;
Hogstedt 5, 1984) o&G 2 h b, BREEMH BT
B+ %% » & LT vinyl chloride (Natarajan #,
1980), styrene (Hogstedt ©, 1983b, 1984; Lin-
nainmaa %, 1978) <> ethylene oxide (Hogstedt
5, 1983a) 23 % , = Dftiic, bk (Hogstedt i,
1984; Fenech », 1985c; Cole , 1988) 2L
TebDbHFEL, & bHEKDY v ABRE AWM
RBOBE VKLY D EOVEHMTH S,

iz, embryo % 7o/ pEEAEE (Oshimura
%, 1984; Miller »,, 1985, 1986, 1987) TH % 73,
CITRTARALINRA 7 214 V%, BADOBHE
AFCRRLD S5 SO EFbRTw%, K
Fa R AR (Risley &, 1988; Pampfer
b, 1989) i, MAHRCHUER OFBEICOWT
B IhTws, F4b, v~V AHROFRIHIR—
SR ERRAIIE % L 72 in vitro MEERER A BER L
7= (Table 2), FMk, FIETHBT S,

4. HAFTREREEMIBE AV IR
Table 3 = Chinese hamster lung fibroblast

Table 4. 523 g% A\ oz

X-ray Bonatti S 1983
Benzo(a)pyrne Heddle JA 1983
MNU Walton DG 1984
MMS Brock WA 1985
CHO 4-NQO Bertsche U 1986
MNNG Stich HF 1986

Kozachenko VI 1987
Salnikova LE 1988
Serebrianyi AM 1989

Acriflavin

Cadmium chloride
Acridine yellow
Propidium iodide

cell (V79) R I/MElenT, © CHFES
Bo®mEnRzT b, FREwE oA L
THiE ST, Table 4 1= Chinese hamster
ovary cell (CHO) 7/ A TRT, R
FWE BT o ME 1S, ThbREORED
%\, V19 LT3 & CHO o#fifiz g 1247
\y, Table 5 12k, MERATEES Z D f oo Mg o
Mz A MR FIC DWW TR LI, Hix D
#=Ccl%, Chinese hamster lung cell (CHL) i
flane X B/ EREB R PIR L ico T, FEMRGIE T
HAT 2,

5. FFBHR—FMBRMITZE ALIERER (8
X, 1985)

BB A K33 5 720 mixed medium o

f#H (Fig. 2) & L Tix, NCTC 109, NU-serum,

FRRBRMER B IO ME 7 VT I v 757 v a

— T




Table 5. }5#MAa% F - fo/VE AR

Rat kangaroo
ovary tumor cells

Mouse 3T3 cells
Walker carcinoma 256

Ehrlich ascites
tumor cells

Syrian hamster
(BHK21 C13)
(LSH/ss LAK)

Colchicine Sekiguchi T 1978

Colchicine Sekiguchi T 1978

Nitrogen mustard Koller PC 1969

DL-buthionine-SR- Bertsche U 1986
sulfoxiimine

Radiation Roberts CJ 1986

Glass fiber Hesterberg TW 1986

McCoy cells Colchicine Deig EF 1962
mouse lymphoma cells Actinomycine Doerr CL 1989
(L5178Y) Adriamycin
DMBA
DMSO
ICR 107, 109
3-MCA
CHL Mitomycin C Wakata A 1987
Colcemid LiJd 1990
Caffeine
Fluoride
(1) NCTC 108 ~-=--==mmmmmmmmmmmmmmeeooe 14 ml
(2) NU-serum --=---=-=-=---mmmemmeeee 10 ml
(8) Bovine fetal extract sol, ----------- 1 ml
(4) Bovine serum albumin
fraction V in @ -medium -------=---- 5 ml

Fig. 2. Preparation of mixed medium (30 m/) containing (1)-(4).

v Vg Ehs, 2o mixed medium (%, Fif
Mg T R FRARMRRORCHE L b
DTH%5B, Fig. 3 @RBIZFE 5 S9 6 X O S9 mix
DFBB A IR LT, S fERAEY X, BALB/c <
v 2, FMHFciz PCB %\ /-, S9 mix OF
Hiliz, Ames test T3V vEEREEKRZHV5 &
Ak, ORI 10% NU-serum jji NCTC
1091c X W T » 7z, Fig. 41, = v AO KA B
B A BRI 5 kR LTz, Fig. 5 i,

REBRFEAR L, 7, B SOmix ¥
7=t 1095 NU-serum jji NCTC109 - @545 %
Mz T, 37°C T30 iR EE R T 5, L0, &
DPEHC X h R E 2D B, mixed medi-
um (R L 7ok, 37°C T 30 Refd) RIR 7 A KE

BEIRPTEELTHLD, A2 TERZENT %,
May-Grinwald Giemsa s o %2 i L C, /MExH
35 S YRR D FE k> 5, Table 6 12,
RO BERWE D R %RT, HHT, BALB/c
<y A X % in vivo /LR & Ames test
LOB TORMBEDORE R AR LI,
a) 7 ¥ AbFH

1) carboquone (CQ)

2) cyclophosphamide (CY)
b) R HEEHUH

1) 6-mercaptopurine (6MPR)

2) amethopterine (MTX)

3) 5-fluorouracil (5FU)

4) tegafur (FT-207)
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BALB/c mice (&)

d
Injection of PCB (500mg/kg)

{
Hepatectomy 5 days after pretreated with PCB

Homogenize the liver

Centrifuge the homogenate at 9000g

{
Post-mitcondrial supernatant (S 9)

{
1ml of S9mix (pH7.2) contains (1)-(7)
(1) 0.2m1 s9
(2) 0.8m1 NCTC109 containing 10% NU-serum
(3) 16 xmole MgCl,
(4) 66 umole KC1
(5) 10z mole G6P
(6) 8xmole NADPH
(7) 8umole NADH

Fig. 3. Preparation of S9 and S9 mix. e)

Sacrifice BALB/c mice (J")
{
Shorten the femur with scissors untill a small opening to the
marrow canal become visible
{
Take out bone marrow cells with mixed medium
1
Centrifuge at 1000rpm for 5 min
{
Drav the supernatant off with a pipette
i
Add NCTC109 containing 10% NU-serum and adjust the cell number
to 0.6~6X10"cells/ml

Fig. 4. Preparation of bone marrow cells suspension.

5) ancitabine (Cyclo-C)
c) PURIIAEWHE
1) mitomycin C (MMC)
2) aclarubicin (ACR)
3) chromomycin A; (CHRM)
4) bleomycin (BLM)
5) neocarzinostatin (NCS)
6) actinomycin D (ADM)
d) #hEEGRpEAE FHE
1) vincristine (VCR)
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(1) Each sample dissolved in water or DMSO --- 0.05ml
(2) Bone marrow cells ==-===========ccemomo—— 0.5 ml
(3) SOmix 1.5 ml
(4) NCTC109 containing 108 NU-serum =--------- 0.95m1

Mix (1)-(4) and incubate at 37°C for 30min
{

Add the mixed medium
{

Spread bone marrow cells in petri dish
1

Incubate at 37°C for 30hrs
{

Smear bone marrow cells
1

Stain with May-Grinvald and Giemsa
{

Count under a microscope

micronucleated polychromatic erythrocytes

Caluculation -- X 100 (%)

polychromatic erythrocytes (1000 cells)

Fig. 5. Test procedure.

L TEWE, KRRIGRWEF

1) S5-nitroacenaphthene (5NA)

2) Dbenzo(a)pyrene (BaP)

3) benz(a)anthracene (BaA)

4)  3-nitrofluorancene (3NFR)

5) 6-nitrochrycene (6NCHR)

6) phenylhydrazine (PH)

7) 2-aminoanthracene (2AA)

8) N-methyl-N’-nitro-N-nitrosoguanidine
(MNNG)

9) benzidine (BZ)

10) benzo(e)pyrene (BeP)

11) 3-amino-1-methyl-5H-pyrido[4,3-b]in-
dole (Trp-P-2)

12) 2-acetylaminofluorene (2AAF)

13) 2-naphthylamine (2NA)

14) dimethylnitrosamine (DMN)

15) benzotrichloride (BTC)

16) 1-nitropyrene (1NP)

17) 1,1-dimethylhydrazine (DMH)

18) 2-nitrofluorene (2NF)

19) chrycene (CHR)

20) diethylnitrosamine (DEN)

21) 3-amino-1,4-dimethyl-5H-pyrido[4,3-b]
indole (Trp-P-1)




Table 6. In vitro /M%ZaE: & in vivo /MEZikER, Ames
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In vivo
micronu-
cleus test
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MMC
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VCR
CHRM
NCS
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BTC
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INP
BLM
AMD
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6MPR =
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Fig. 6 «willr# Li: 35 MED 5 biEtExe R L1
WEOEE, ThbbBEMERERLL, In vitro
MEERERTIL 86%, in vivo /MERERTIL 439,
Ames test TiL 74% »\BtE & e b, in vitro /)
¥k L Ames test 2VENCRER AR Lic, B
L 35 WHED > H 25 HPHILOWTEDOFRME

BYRPTHEL 2o A (BEX)

OstruR DOritvR
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0 20 40 80 100%

In vitro MERH |

In vivo MEHER

Ames test

BRORHBHRICHT 3 —HR(HEE)

BiteE OREyR
60 80 100%

In vitro MERR

In vivo MEHR

Ames test

%
Fig. 6. & HiMa% A\ o/ MERBORERO T L.

RGN EhT WA, £ T T, 25 O REY
Hiext UCRBKE R AR LcHElg, BlbE
RS % R 1 (Fig. 6) , In vitro /MBS 80%,
in vivo /NMEZEAERA 329, Ames test 2% 929 T
Ho, “hi in vitro /PERERE Ames test 7
BhifEREER L, ¥7:, Ames test THH
FEAME D - TR AN LT h, in vitro /Mgt
RIBhICERER LI, ThbDZ &hb, in
vitro /MZERER & Ames test O HEEEFHE T
TERID, DV EVCHERTREEY A2 ) -
=V /I TEBLLEELDLIRD,

6. CHL #aZz Ao/ MR BRE

4 Ef 7. CHL M, o ECs - THE
hREARBRCRLEZAVLRATVS (AED,
1983), = CHL fifaz v TR 4 i3/l
R LT, O ML, Fig. 71C/R L7, CHL
M SO mix ¥ 7o IAEEK & B E Nz T
25, +S9mix OB 6 F§fdl, —S9 mix DI
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CHL cells
( 10°cells/6cm petri dish for 2 days )
E——————— | Eagle’s MEN contained with 10§ FCS

Chemical
S9 Mix or Buffer solution

Incubated a§$37'c in a humidified atmosphere

containi
+ E"I'I\fx * 6 hours
-SOMix ¢ 24 hours

Trypsinizing

Hypotonic solution( KC1 ; 135mM )

| for 4 ~ 5 min at 37C
Fixation

I 3 times with a mixture of acetic
acid-methanol ( 1:3 v/v )
Spread onto clean slide glasses

Staining with 10% Giemsa at pH 6.8

Counting at 600x magnification

Micronucleated CHL cells
1000 CHL cells

Fig. 7. CHL g% fi\u-#= In vitro /Mgt Y.

X100 (%)

24 BHEEET 5, 2o ) Sy v uBER L,
eV CTIERAE > 35, Wk v [EE, Giem-
sa Yty L7otRic, 1000 EoMfax iz <+ s
CHR LI MR T M0 84 % R %,
Table 7 ICRB#ER % R L1, HeT, CHL
MR & 2 Yt thii s BB, Bx 0fF-of
M A F V7 in vitro /M%itER, BALB/c < v
AW X Ain vivo /Mg EE, Ames test, By
X DRHEDIR LR L, T Table 55
CHL iRz F v o/ MERBR 3o X OF Juf fAoh o 52
WP RO —BERIE <, RERES S &0
2%, SORREWE ¥RINT 5 BE L BIFCH
%, #- T, CHL fifa% i sk, %
o g S R E RBREO AN T E B THEMELD
Ho SHIC, FRMAMHCHELBRS THLZ L
b—oDFIH L2 B,

Table 7. CHL ffiffa% Fi\ i/ itk o 5 5

Chemicals  CHL CHL
micronucleus chromosome
test aberration

Bone marrow  Bone marrow Ames Carcino-
in vitro in vivo test  genisity
MN test MN test

SFU
MMC
cQ

VCR
BLM
NCS
AMD
ACR

cy
FT-207
MNNG
BZ
2AAF
244
2NF
CHR
DEN
DMBA
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3MC
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ENU
SNA
INP
BaP
Fluoride

= 22, P
il L e Rl R L £l dede €2

2z
]

t+++++ 4+t A4+
++

2
-

P+ L+ ++++

N R

W
Sool I H++++++++++++4

2
-
2
=

5
L2k e
|
I I o e T S S E R R T N

P+l +++++++++++++ 1+ 0+ 1 ++

Z
-
2
=

NT : Not tested, + Positive,

— ! Negative

— 81 —
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|
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ATP
(e
——— | cyclase
cAMP
EPOD B4 FUifE

| MIBEPCa® MENE(L
erythropoiesis D &1L

| ZREHR
NIRRT & 7= 13 )

Fig. 8. /MEAERICHT % —H%%.

7. 1In vitro i RERD IS A FI
(1) FRFER—ARMBAAIDNC X % in vitro /]v%
RBROGHAA (20 1)

W4, BEABREF T4 OB CIL¥EmE
DT EZIT T 5, PIEERE, BEML, i
i, (bpES, TR, WM, InEGRE
i, KREY, KEGBRETHD, ZhbD
hicite PCRB I LIPBELTFET D Lo
BhTw %, — kMR PR DRI
ERBRE, v ~OBRGEIE L OWEICOWT
BB EBBETHDHI ENS N, TR b D
T, KRIGY M L iligE o Rk & ORRBIRAS
EHCER S hTW 52 813, REWE~DR
@& T Ps ot 4« BRI EARE > THDTH
WeEL DEEXLBRS, 22T, FEMIERN
TEREMRRATF O, (FERE TR
LEAYEREER OME « HInER MRS, ©
b D FFEME A AT T B 7o DI A IR b ML T b
ERb 5D,

2 CH 4%, in vivo 3 L in vitro /MR
BrxBACTREAREFRIRRFOE=%) v
rLlde, zOERABFOMPELIT> T 5,
ZDOWE % Fig. 8 R,

AR —MR L R % EE (Suzuki &, 1988) L
7o, BERZICTH LAKTOBBERZIRAEN
BB, THEEMKIAA G R & v RO

BONE MARROW

STEM > ERYTHROID
CELLS TISSUE
ERYTHROPOIETIN RED CELL MASS
4— ATMOSPHERIC 0,
4— CARDIO-PULM. FUNCTION
4— BLOOD VOLUME
“— HEMOGLOBIN CONC.
<— 07 AFFINITY
RENAL VASC —» [ERYTHROPOIETIN 0,
RENAL 0, CONSUMP -»| PRODUCER SENSOR
KIDNEY
Liver

ive
Macrophages

Fig. 9. Current model of the feedback circuit that
regulates the rate of red blood cell production to
the need for oxygen in the peripheral tissues.

%, Fig. 9 o X 5 eikiERES: € 5 v (Erslev,
1977) 2@ EETEELBRB, Tihebb, £&
o 0, vy =2l CoMBERZEZRML,
g, TFE, fANRE%C erythropoietin % pEA:
L, B#irhco erythropoiesis 2 T % &% 2
bhb, —HEx v B, RZIKX Y, BEEAM
DD ENMBRTED, TORFICEF 3
v By, BlFIA# 5, €2 3 v By OfLEiESEH
» =231 L, erythropoietin #3575 = & 25
HMHRTWE, COLICEADERIC X » T
erythropoietin g4 » RHE X 5 & 446K, i
BB co erythropoiesis 7\ JHE L, FD#EE/N
BAREOF v v AN, ThobbEREWEIC
X BNEHERBESENT2LELDbhS, OF
D, HREROMHAIBACK S &, BREWED
DNA ~ assessability 23 mL 7 b, DNA &
B> DNA BEEENTEE TRV ODEIE
AT 570 E#E 2 bhb (Suzuki &, 1989a,
b),

> Xz, erythropoietin pEA: ks & /IMERABRD
BAR A M3t L7, Erythropoietin pgA: 15 LT
W5 E#E 2 BT b prostaglandin E; % R4l
B 5 L ERFEWE W X 5 /AR B 2% T
L, prostaglandin &L HEAID indomethacin
ZHTLE T 5 L B RIFEWEIC X % /MK R REE 1
mElxht-, XBic, erythropoietin 23 IHEERD
b W G- 2 D BLAINT Y ALV ED
BgfR% in vitro /MERABIC X D BIBMIC L, T
b bR FREBER DI NV Y A4 A VBEY

— 8 —

L

VCR ( we/ml ) 0,01 ~=0.02 —0.03
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(%) s

0.5

NININOBRE
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& F&¢ 5 L, erythropoietin = X % erythro-
poiesis IS h, ZTOMRERFEWE LS
NG FE BB BT L e,

(2) FRFER—ARMBRAMIDC X % in vitro /)M

REDIGAB (2D 2)

DEBHREEL LAV LR TV S I LYY A
HERATH D7 % 3 v O/MERBRAN D& 5 B
AL (R D, 1987) , FRFEREERIEHIC N 5 <
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2L (K 10),, B, b oAk
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e bERFEERERIEAC OV TR T 5 04

HrbhsbEEbhs,
(3) CHL fiffic X % in vitro /NMERER O IHH
£

BERAC L% &, WESREE & A IR R o B

BAHE I hTuw b (WHO, 1987), —F, 7 o1k
F Yy ARBERFEWESEDOND Z &AM
fafcELE ShTws (WHO, 1987), 745 =
YATTV T, 7o b b Y v AR R
Tk, e rPRBCBRE T 2RECD
Ho 0T, WBD7 o{bF bV v ADZRFEM:
CRIETHELRHT I LREETH DL EEX
bhb, FxDERICLBE, 7 obF Y VA
DINGER IR, BB L v IiET S5 &
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=7 ®— & — 7% —, RELH AR IR RESE,
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QT EREETH D, WHEHEOLE T E~DRY
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8. Invitro J\EBREBOT LD
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1) HEEETH S
2) IR CRE R A2 e S
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7) In vivo /MM ER (lymphocyte, erythro-
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