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Development of umu Test Based on SOS Response
in Bacteria and Its International Contribution

Yoshimitsu Oda
Institute of Life and Environmental Sciences, Os8kin-Ai College

Abstract. Ambient radiation and chemical mutagens in environment can have adverse effects on health.
Genotoxicity studies conducted using different microorganisms have proven to be effective in identifying
potential mutagens and carcinogens in the environment. Using a Salmonella typhimurium TA1535/pSK1002
tester strain, a rapid genotoxicity assay (umu test) based on SOS response in bacteria has been developed for
screening environmental samples, foods and medicines. This test has been widely used to predict the detection
of DNA-damaging chemicals in environmental genotoxicity field for three decades. We also developed the
sensitive umu tester strains for detecting nitroarenes, aromatic amines, dihaloalkanes, and alkenylbenzenes
by using different genetically engineered umu test systems, which introduced bacterial and rat or human
phase I and IT drug metabolizing enzyme genes into umu tester strains. Furthermore, we developed new high
throughput umu-microplate assay systems to evaluate genotoxicity of small-volume environmental samples.
The assay method has been adopted in Japan as the official method for water and wastewater test. Following
several modifications, it is used as German standard water and wastewater testing method (DIN 38415-3) and
Malaysian standard method. Furthermore, this test was approved as International standardization
organization standards (ISO13829). The umu test has been evaluated as a genotoxic test method contributing

to the society widely globally in this way.
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The SOS response
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Fig. 1. The SOS response.

Table 1. SOS response-dependent genotoxicity test using
bacteria

Test SOS Reporter Host strain
gene gene(s)
umu test umuDC  lacZ S. typhimurium TA1535

SOS chromotest  sulA lacZ E. coli PQ37

SOS Jux test cda luxCDABFE  S. typhimurium TA1535
VITOTOX™ recA luxCDABE ~ S. typhimurium TA104
SulA-test SUlA lacZ S. typhimurium TA1535
recA::lux recA luxCDABE  E. coli RFM443
nrdA::lux nrdA luxCDABE  E. coli RFM433
recA::gfp recA gfomut3 E. coli C600

cda’::gfp cda gfomut3 S. typhimurium TA1535
recA’:DsRed recA DsRed? E. coli UTL2

ZEME TR, OMEmD SOS KiGEFH L=
umu RKBR O T 2058, Q=rueT L—r %
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Fig. 2. Principle of umu test.
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Table 2. Characteristics of umu test and Ames test for
predicting carcinogenicity with 83 NTP

Table 3. Sensitivity of umu test strains overexpressing
nitroreducrase and /or O-acetyltransferase

Ratio of minimal concentrationqui/)

Measure umu test results(%)  Ames test results (%)
Sensitivity 57(30/50) 47(25/33)
Specificity 87(26/30) 90(27/30)
Concordance 67(56/83) 63(52/83)
Tester strains and plasmids

Strain Character

TA1535/nSK1002 Parent

NM1000 Nitroreductase- deficient

NM1011 Nitroreductase-overexpressing

NM2000 O-Acelyitransierase-deficient
NM2009 O-Acetyitransierase-oue rexnressing
NM3009 Nitroreductase- and

O-acelyltransierase-overexpressing

Fig. 3. Tester strains and plasmids.
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Chemical S9 TA1535/ NM2009 M3009
pSK1002

1-nitropyrene — x1 ND x 250
1,8-dinitopyrene — x1 ND X 262
MMS — x1 ND X 64
2-AA + x1 X7 ND
MelQ + x1 x 95 ND

IQ + x1 x 160 ND

o

ND: not determine

Table 4. Development of newly umu test system
expressing rat and human drug metabolic Phase | and I
enzymes

® Human cyochrome 450s and NADPH-P450 reductase
® Human N-acethyltransferases

® Human salfotraansferases

® Rat glutathione S-transferase 5-5

B L-RBREKO= h o7 L— U R0BFET I v
WX 52 fa L= (Table 3), %+ DfkHE,
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64 15 L RER < M c&7213], £72. NM2009 #ix
SOFHETT2T7I/7 v ok y, MelQ BLUIQ
EZENEFNT, 95, 160 L ERECTHRHETELZ &N
oM o72[14], 2 b OEBKIL. KRBERDE
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Table 5. Establishment of umu tester strains expressed
human metabolic enzymes

S. typhimurium Character Detection
0Y1002/1Al Human CYP1A1 and NADPH-CYP-reductase and O-AT PAH,Ary1amines
0Y1002/1A2 Human CYP1A2 and NADPH-CYP-reductase and O-AT ~ Arylamines
0Y1002/1B1 Human CYP1B and NADPH-CYP-reductase and O-AT PAH, Arylamines
0Y1002/2C9 Human CYP2C9 and NADPH-CYP-reductase and O-AT
0Y1002/2D6 Human CYP2D6 and NADPH-CYP-reductase and O-AT
OY1002/2E1 Human CYP2E1 and NADPH-CYP-reductase and O-AT Nitrosoamines
0Y1002/3A4 Human CYP3A4 and NADPH-CYP-reductase and O-AT Aflatoxins
0Y1002/2A6 Human CYP2A6 and NADPH-CYP-reductase and O-AT Nitroarenes
NM6001 Human N-acety1transferase 1 A_rylamines,
Nitroarenes
NM6002 Human N-acetyltransfease 2 Arylamlnes,
Nitroarenes
NM7001 Human sulfotransferase 1A1 Arylamllnes,
Benzylic alcohols
NM7002 Human sulfotransferase 1A2 Arytamines,
Benzylic alcohols
NM7003 Human sulfotransferase 1A3 Alkenylbenzenes
NM5004 *Rat gultathione s-transferase Dihaloalkanes
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Fig. 4. SOS umu test system.

Table 6. Comparison of results of umu test and Ames
test to dihaloalkans in strain expressing rat glutathione
S-transferase

umu test system Ames test system

Chenmicals GST(+) GST() GST(+) GST(-)
1,2-dibromoethane +++ - +t+ -
N-[2,3-epoxypropyle]phthalimide ~ +++ + B
1,3-dichlororoacetone ++ + T+ +
Chaly + -
1,2-epoxy-3-phenoxypropane + -

2,3-epoxypropyl . _

p-methoxyphenyl ether

1-bromo-2-chloroethane + -
1-bromo-2,3-dichloropropane + -

CH2BrCl + - + -
CHaBr2 + - + -
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\CHLEE9 5 & CYP &2 DETEEEICL Vb=
KA ERIL., SHICT B FNLIEBERICL Y T
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Shb,
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Procedure of umu test
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Fig. 5. Procedure of umu test.
Table 7. Standard methods for the determination of the 8. umu HEROERREM
genotoxicity of water and wastewater using umu test
Year Description Country ez 1%, umuBBRICEET 55 0% 1985 EIZHR T
1993  An official method of the water supply test ~ Japan Mutation Research (ZHfk L7, = O C1%. BIAE 590
1995 ileth()(; (211) hod of tl icity of G EElA &R T o0,
A standar t t 0 toxicity >ermany = b —
5 standard method of the g)‘eno 0:(1(1; o‘ ermany umu KB EEICA, HEKOREEERER DA
water and wastewater (DIN 38415 T3) (23) L B .
; < \ <
1997  An official method of the wastewater test Japan EEE LTRA S TN S (Table 7) ° * j: HATE
method (29) 1993 A4 & 1997 42 Bk, TFTAROAEIEICEHRHA I N
2000 A genotoxicity test of water and wastewater  1SO [21, 22], 1995 4FI2i%, KA T, 2000 421 ISO T
in International standardization K K DB G R OMEYEE & L COURREN=[28,
Organization (ISO) Standards (ISO/CD 24]0 BACIE, ~ L —3 7 ClilizaMtRER otk b
13829) 24) LTHWLRTWA[25],

2008 A standard method of the genotoxicity of Malaysia

water and wastewater (MS ISO13829) (25)

9. umuEEROFvy LIS

Table 8. Available umu test kit
Ferxld,. Vo7 7 AT L4410 72 umutest v

< Umulac AT-F kit: ProteinPurify Co. LTD (Japan) FRAR L, £/, MM LTHOFHFSTAY B TYH
¢

UMU-cthmo Test kitI.Environmental umutest ¥ v FRIEF LTS (Table 8).
bio-detection products inc. (Canada)
< UMU Genotoxicity Test Kit: MOLTOXR,
Molecular Toxicology, inc (USA)
< umuCEasy AQ Genotoxicity Assay Kit: ANTARA.
Com (USA)
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