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ABSTRACT

Recently, several new methods for the detection of genetic damages in vitro and in vivo
based on molecular biological techniques were introduced according to the rapid progress in
toxicology combined with cellular and molecular biology. Among these methods, mouse
lymphoma thymidine kanase (/%) gene forward mutation assay, single cell gel
electrophoresis (comet assay) and transgenic animal and cell line model as a target gene of
lac I (Big Blue) and lac Z (Muta Mouse) gene mutation are newly introduced based on
molecular toxicological approaches.

The mouse lymphoma tk*/~ gene assay (MOLY) using L5178Y tk*/- mouse lymphoma cell
line is one of the mammalian forward mutation assays, and has many advantages and
more sensitive than Aprt assay. The target gene of MOLY is a heterozygous tk*/- gene
located in 11 chromosome, so it is able to detect the wide range of genetic changes like
point mutation, deletion, rearrangement, and mitotic recombination within t£ gene or
deletion of entire chromosome 11, The comet assay is a rapid, simple, visual and sensitive
technique for measuring and analysing DNA breakages in mammalian cells. Also,
transgenic animal and cell line models, which have exogenous DNA incorporated into their
genome, carry recoverable shuttle vector containing reporter genes to assess endogenous
effects or alteration in specific genes related to disease process, are powerful tools to
study the mechanism of mutation ¢ vivo and in vifro, respectively. Also % vivo acridine
orange supravital staining micronucleus assay by using mouse peripheral reticulocytes was
introduced as an alternative of bone marrow micronucleus assay.

In this respect, there was an International workshop on genotoxicity procedure
(IWGTP) supported by OECD and EMS (Environmental Mutagen Society) at Washington
D.C. in March 25-26, 1999. The objective of IWGTP is to harmonize the testing proce-
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dures internationally, and to extend to finalization of OECD guideline, and to the
agreement of new guidelines under the International Conference of Harmonization (ICH) for
these methods mentioned above. Therefore, we introduce and review the principle,
detailed procedure, and application of MOLY, comet assay, transgenic mutagenesis assay

and supravital staining micronucleus assay.
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I. Mouse Lymphoma L5178Y tk+-
(thymidine kinase) Gene forward
mutation Assay (MOLY)

1. M £

Mouse lymphoma tk gene assay (MOLY):
mouse lymphoma M EFE |48 in vitro
mutagenicity & A73he Alde=EA I 44
Aol Clive %o &Jsl] 1972 x&o2 A=Yy
3, 2% AZFE AR AYEe) B &
AR RET} Hold $ASAAYEes o=

Salvage Pathway
Thymidine

ATP —

TK

DNA

DHF

H3 93, dA ICHE FAL=2 in vitro YAA|
o] A& NAE 7} 3F tool2 A international
Harmonization H3 )= dFubH o]t} (Clive ef
al,, 1987).

2. MOLYY| 7|24l

o] MOLY®] 7]#4<l €8]+ mouse lympho-
ma L5178Y #£+/--3.7.2C cell line& o] &3},
111 G ol heterozygote® A8} thy-
midine kinase gene (tk*/7)2] tk/- homozygote
29 mutationg AT ¢ U AFAAE A

ot

De novo Synthesis

dUMP

N°N"-methylene THF

DHFR

MTX inhibition

Fig. 1. Biosynthetic pathway of thymidine monophosphate.

TK : thymidine kinase, TMP : thymidine monophosphate, DHFR : dihydrofolate reductase, TS : thymidylate

synthase, dUMP :
methylenetetrahydrofolate, MTX : methotrexate

deoxyuridine monophosphate, DHF :

dihydrofolate, N°, NY-methylene THF : N5 N-
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MOLY¥¢ 2] thymidine kinase® 9&
o ¢lt}. thymidine kinaser DNA®] A §AIA
AT7A=2 YLF thymidine monophosphate
(TMP)& qt57] #9138 thymidine®] UAb3}el]
g5l 542 Az WA TMPE FA3=
#A-2- Fig. 1A BeJA]E= v}l 7ol de novo
synthesis®} salvage pathwaysell 23 F 7}#]
A2l o8 FA€E 5 U

MOLY* de novo synthesisol] £JdjAj9t TMP
A sted AEF 4 &t/ mutant A E
JAre) 5 pathwayd 53t TMPE @4
4 Q)= fkt/m NEZZHRE detectiondte Al FH A
As A, webd od AlFEA Y mutageni-
city® H7ksl7] $g & AFE AR AHel
L5178Y celle]l de novo synthesisE A3 3l==
methotrexate  MTX)E A Feo=z4 AdE
dold o] FAE 4 9l k79 homozy-
gotest= AEE 4 Y =F 3l tk7/ 9 heterozy-
goteThS A= ¥ 2 AL AAEH. L5178Y
tht/m AEFo| AlPEAE AedozH k-
homozygotes® EdH o7} F2% M EE triflu-
orothymidine (TFT)& o] Hajgozn
AgEelzet, HzfeA TFTx tkell A& 7|
A=z Al4= o] ¢lAbz}lE o] TFT-monophosphate
(TFTMP)E AASAHI o] AHE2 Axe] 4
E& W3l A= S =80 (Fig. 2). %
g B9 elrt F2HA 942 kY heterozy-
gotes5-2 AJE3}x] £3}1, thymidine kinaseZ
F48 4 ¢J= tk/~ homozygotes:= de novo

=
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synthesisel]l &3] TMPE 3AlsH Q=384 2
o

3. MOLYS| EH

MOLY%: tk geneW o] %X tk gened %33}
11¥ chromosomeyell A WAstE Y2 ¥
FAA WH3E AT £ ook A Ad
Z, 71E9] HeldAd ez de o]4Fd
23 9y welgel EFHEdHe] AP
Ames test”} point mutation, frameshift muta-
tion 59 s} == 4719 base A= & f
ARWo|tE dAT 4 93, EHFEBEAHEZE
o] &5t A o] FAHe] A FFA
large scale®] F&4, $3 oiihE AXNE
glot=d ¥lsl, MOLY:E ¥ 7HA] %8 A&
F dfez g8 F AFHE FAl 29 5
gJob= Aot} (Gorelick, 1995; Toyokuni et
al., 1995). &, MOLY%: tk gene W3-2] point
mutation, ¢tk gene A 2] deletion, 11’1 94

_szrlr

A AA S deletion, =3 th gened T §

AR Az Foll J&iH =8 b/ cellsE 2
A & e $5T Aoz dFH2 3l
=

4. MOLYS| g&7lsM

MOLY: fAxwe|e] oFAdel wiz} L5178Y
tk*/m A E AR ledM ¥ A e
mutant types & 4 v}, F, tk gene WH9
small scale®] Wl HsME AL A4S

Nucleotides

» Thymidine
Monophosphate

%w
A

—» Lethal Nucleotide

Trifluorothymidine TK

Fig. 2. The enzymatic role of thymidine kinase.
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Fig. 3. Genetic mutations in thymidine kinase gene and 11 chromosome, and growth patterns of L5178Y

tk*/- cells.

ol large colony mutantsE 3A3s}A H,
tk genedt A QM 118 W] large scale?]
£A4e] Agole ARz 3gkE mAA He
slow growth® <¢1&F small colony mutantsE 3
A3 "ok (Applegate ef al., 1990; Moore et
al., 1985). @Wetx BA4sHEAC 9 MOLY
9] 43 Ao 8 mutant typed EA o] o
2 $AFEA ] F=3= mutation?] SAE
&% 4 Ut (Fig. 3).

MOLYY: #}A ] soft agar wj=x]AtolA mutant
celle] clone® ¥ ¥4 (agar assay)e| ©]-&F <]
gtor} Cole (1986) Sl 28 96-microwell &
0] 23} cloning ¥ (microtiter assay)e] 7§25 o
(Clements, 1990) &) Zoll= microtiter assay
off ule} 331 9l

MOLY® ZFAxz2]x= UKEMS (United King-
dom Environmental Mutagen Society)dlA Gui-
deline (Robinson et al., 1990)& AA|s3 Q=

d], microtiter assay®l eI UKEMS Guide-
lineS ulelto =z ¥ EA X7 software package
7} o132 Hazleton AlelA] 7N¢= Mutant
V2.3420.2 AFHe 434 o] 4FHI AU &
o2 FARNEA AN L FAA K43t
A Aed 5 slege Alandy,

I1. Single cell gel electrophoresis assay
(comet assay)

1. M 2

Qfel 3o} o e Fe A4,
R AART BFH e AL gyed
W Qe B e Getede) FHE
oJslslee 2% Yook @ & A =3 o
2o} ¢ 0ol SATAES 5272
A437] Wgel ZAze] ME4FM DNA &
4e A > Ax e MR RS Fo
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g Aol AF7HA o] A & fd
5 DNA &A45S SA&8W7] 8 3oz
AN B2 AT UHEe] AdEe] s

SCGE (single cell gel electrophoresis) assay,
o™ comet assayy A& Ostling and Johanson
(1984)° 23 7o A|zpEA 2] DNA &
AHe AR 37 Yt =YH microgel elec-
trophoresis W22 N.P. Singh (1988)<l] 2|3}
¥} wizbslAl damage® AASE & U WU
oz WAFE. o9} Fro] ME levelol| A2
DNA damage® &AT 4 U+ single cell gel
electrophoresis (Singh N.P., 1988)= upHZ <l
Hel| gleir 71dd] oz I &4 AEE G
E 4 3ol A=A fdel BT assayF A4
AzpFzoz ZA3E 9& 4 U 43 93
oz HZ ¥ d Aol HPAFANE W)
#o]3 9Jon] HZej= OECD guidelineos =
918}7] 913t International workshop N3¥ &
2 AE7}Eo] FAA<l Harmonizations 213}

Zof g},
2. SCGE assay2| flg|

Ax & qlel] Ex)3= DNAE supercoiled=
o] tightd}A =e Q= «37]el high salt=
lysis A& AXH kWA o] wprv}r1A e
3 =g AY™A e DNAE =#3te
nucleoid?} ¥}, o]wl 3-& supercoiled”} £3}
H open loop FFE°] d#H9 higher order F
ZE o|Fx A ok olwl nucleocid el
strand breakage’} 1= A% alkali Abe]elA]
DNA 7%l £ 5" DNA 7Hee] A2 &
2]5 o] moleculed] ¢ZF: o] A=z Z|A IFH
A Fz=7} W3 Fe] supercoiling AEl7} 3=
g AFAH oz DNAL FF7} relax¥H 1 &=
o] 9R=2 xZFo] HJ|GFA FF Foz o
F5e] dF22HE AR taild] S 2
el o 23 gel electrophoresisel] 23} 44 73#) &
4~ ¢l=} (Mckelvey-Martin V.J. et al., 1993).
g de A= we 3FBE e head
BB tail 24 vERA B3 AR R ok
Nz 443 Pl headTg RolAl e} A
EA 93 AL taild] G A= F
DNA<ks} #He] gleom B4 Az Exlz A=

o] ZFe) ulzl AFA taild] ZHolrt Az BF
9] =7t ZUMge) wet FokEE Ae] ol
dAAo|7kA] AP ] o]t zEHA| ¢
ool tailel £A)3= DNA & A3 A
o] 238 £A4E FAsYE Ba AT v
Woletm & 4 .

ool wie} tjRE AYPAME data FAA|
computer softwareol]A] imageZ A3l H]I
71538 data2A] tail e DNA contentd& E3}H
3= parameterE tail momentE F2 A3l

312 tail lengths} W73tz io}.
3. SCGE assay2| &H

SCGE* Nucleoid sedimentation (Cook P.R.
and I.A. Brazell, 1976)3} halo assay (Rotti J.
L. and W.D. wright, 1987) Z-& o2 ¥hiE
< A3l alkalinee]E wHEe] FozHi o
d 7}t DNA €48 B J&83 o] 74
2 AA 2 nucleoid sedimentation ¢]v} alkaline
elutionwhg w73k wk oz 449 strand
breakage® YER & 4 & Aoz YriEz
et olA7HA] AFd viEE pHZF S A%
%= double strand breakageE, alkaligl 7%+
single strand breakage®] A& ZAE 4 e
¥ @2 BAEo] 5~20008] A= double strand
breakage Bt} single strand breakage® %
3171 @& DNA £A4& Zx|8h=d alkali®]
ZA$7F o8 RIZEE welebe Eav) oyt
(Singh N.P. et al., 1988) AR =4 we} A
Ask uhg-g Adgsteiof st} APAAL data
BEA7R] Rl B £ o] e, &4RE
FANESFAM AFe] 7HsdlEz AL sam-
ple®] ko z= Age] 7Pesln] FFPAel o3
o2 A AT 5 Uv= 98 FHe) A

4. SCGE o|2% #8754

Comet assay w2 A|ZF o kWA M=Z
$Zd A data® €& 4 olo] DNASAS 4
g 4 9lx EAe| i3] subpopulationox] *8}
Aot RIZt=E A8 B &z, A 9
Az A AFE71%38l3 DNA €4S 2R 3=
w1 7+8te] 10°dalton % 0.1 DNA breakageE 7+
A & 4 de v 23 AHE vz g
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Cell cycle positiondl] ¢J3F& x| ¢ Aoz
X 15 el asynchronous® wjefsl x| A&7}
53l MEZF7] stage’t SUE€ Feol g=
primary M ZME H47Ps3be Aud oM e

2 short term teste]l L7EHE= Axoh AN
A S AY 2 2 Y92 comet assay S
%3 DNAASIE & =85 33 AAz¢ 5
Aoz FA3A =753 v} (Fairbairn D.
W. et al., 1995),

o}9} 7Zte] B SCGE assay:= Z#3lx 21435
A G N5 ES 7HA 2 FHEZ DNA £4F o
F-E cell leveldlA A 4= glo] Wi f-43
A7 wWez ] viE & Holm A in
vivo comet assay’} 9] AleF o] wmr=E T g)
¢, in vivo DNA damage ZX= dz] A48
Aoz Axdd,

b

II1. in vivo Acridine Orange Supravital
Staining Micronucleus Assay with
Mouse Peripheral Reticulocytes

1. M =

E-HFEE4 moused ©]438 AAFo FHW o
A4 A8 T (polychromatic erythrocytes, PCE)

Vol. 14, No. 1~12

Z o] 83 23 A (micronucleus assay)o] 1975
W Schmidell &8 7Ndse] s o]F 318
EA5Y WHeldAdE HrskE in vivo AlEHL
2 AAF oz 45 23 9},

2. SAEHES W

2YAPLE HYTF E3dA Fo JAHE
[ AAA Q] AL 28 (micronuclei) )
FEE A E2Z3}= cytogenetic AlPWHozA] &
3 (micronuclei), Fig. 494 & 4 glEo] &
o] Y7 mAzzRE FYAHYTE target
22 3o 2L F43 g4 A7 ¥
vz WHoldAde WA, T AA
33t "ul7 3|2 Giemsa Pl o8 43
o, FPAE AMSE do WAYE, =
= AAE Y& AHEEY =4, 53" 2
A A7)k FH 5 e 9HE HEskm ¢l
£ Aol Aol

o]9} o] FLMEE 0|43 Giemsa GHel
gt AAAPYY dHE ndstuzl, FHZ 4
YAl gloN FFAE HA TxPY S o4
8k A& o] 1980 MacGregor 5o 23 A4
Helovh, vAdsHETe] 71 He A &
9] Giemsa JMH ozt wAd4HG T} H5H

Mo whi 1

MN-inducing agent
nucleus

DRt

Stem Cell

—>

micronucleus

‘ e
—>
Sa

g
©

©

l O Bone Marrow
! polychromatic

, normochromatic
J erythrocytes

Peripheral Blood

e d () =)
O =

Fig. 4. Micronucleus formation in erythropoiesis.
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o] & A 42 ofE2 ¥y AMEHEA
zalgdk. 28y H T Hayashi 5 (1990)4] <]
3 wxdo e AT (reticulocyte) &
target &2 &} acridine orange® ¥ FFA sl
Z A A QMY (Supravital Staining Method) ©|
AF I, o] A N 7] F4 o
AAHE T Giemsa FAE 53 2FHAH ]
AV 9lE o8 7HR] EAAHE B Fr,
ZHAE WA Tz ANz A F840
A¥A HF5E 53 dF5AH

3. YA J1=2a

DxPAY e AP TE T2 g A
Hres AEdAe el N EW RNA
9 Fig. 59412} Zo} acridine orange 3%
AA Type I, 11, I, IVY 47}=] ez FE3
4 Q. o5 EIHANAM o] A2AHG
HFe] AR 2 AYA o, Tt ¥
3AA F HoldA EAN ZF2 A EEA
s FAE 2L YLFAAE AAHR g1
AYT PYAAA A Tz SR He] A
Yol Aoz FaE A,

dxy NS o]23% supravital stainingel] &3
2¥AIFL Type 1, I, I8 AHET7E AS
39, ¢]& F A¥E FH3 YA T (mic-
ronucleated reticulocyte)?] BIEE A 53}
Cochran Armitage®dl] 23 BAAY= FA
£+ Hrlgiet
4. 28AIHHe FH

71E8 F9Y 9498 T 58 Giemsa ¢
Aol BAAES Auag, RNA g, B9
Azo Z3z PP HFY Fo] AT {AE
A gGAe] Heol FRo] o A FAR}

Type II

Reticulocyte

o F#HQ o)zt o= Aeolw. =3 AYF
Be] dEg2tE 248 AR A TES
A opt gohe A, = olz Qs FUER )
A HoAlA Q] Azt w2 HA ¥ F2A]7H9
AA o] Brl5slve Aol

v, 2P e PAHE 9] acridine
orange HFFAAd =, AT artifacts®] +H
o] ¥sitte & AHE AN+ DNA AE4d
482 acridine orange$} A¥3™ 520 nm I3
9 A9 g s, RNAS AgsA 5
W 590 nme] HAYPFL LA A, =3}
Giemsa GAA] A3 §AEH Ge] HE A
uk}e] o]y} mucopolysaccharides 4382 A4 9)
A A oz AT AP 2 v}
Hel M £33l Aol A+

TDxyNE o]43 =H A = o
A7 0 = A= cell populatione] dXsln F3H
ojodA] FFo] 1 wraw, =I AIFELS =
Al oty ZAE winH oz AYY 4 W)
o Foll, duAdgs dxe 3 gdyw FY )
A Wl HAH LW F= AZLE AT £ sl
= Aol

5 2¥AIEHY #8874

ZAA AL AFFES FoA 43 &oF
o] gluke Faz 7] dio G 54T
v R AL 59 AfT) Wt & 4 Qloe
AAL Ad}, & ¢A AdF3 transgenic mou-
sed |43 BA WH/AH dT7 B AYAY
o] "Wa)e] spsdlet= Flol.

o]NH 71E8 FHW FG94HE T Giemsa
G o3t AWM HY FHES T2YL ol
3} supravital staining o2 =83 5 UL ¥

ofizt |9 AA BREE A2, o) Y

L LesoNel

Type III

Type IV Mature

erythrocyte

Fig. 5. The types of reticulocyte in erythropoiesis.
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ol &l in vivo PP 2N B oz}, FAH
© 2% International Harmonizatione] o]Fo]%]

SIS

IV. Transgenic Mutagenesis Assay
1. M B

Transgenic animal model2 2}419] genomey
o 9% FAHAE KUAA AA A EA
HolE AT 4 U=F A ew )
mutation assay system @2 7}A} o] o] £EH 1
2lx A2 Big Blue™ mouse (Stratagene) %}
Mutamouse (Hazleton) ¢]©}. ©]E mouse model
L A3 HeEstn A7) £l lac 1
gened} lac 7 gene target© 2 3}l lambda
shuttle vector& 7}X| 32 glejA] AA W o= =
Ao A2 in vivo mutation &AL 7}53HA @l
Zn] 7} compound? target geneo)A2muta-

tional spectrume W¥F=dl Z 9L 3}

olek. o]x3 target geneollA 9} mutationdl] W
2 reporter gene W& sequence analysisE
7V538HA] )%= transgenic mutagenesis assay
= Add] B3 HAoz JAHRE BEA gene
o] #H3e} i vivol MY &= BE mutation,
cancer A mechanisme o] 4 U==E 3}
7 ARY SAYPY $9 et & &
A=t

2.8 9

1) Transgenic animal & cell line2| X|Z+

Transgenic animal-& Z}412] genomeel] £]¥
DNA fragment (transgenic vector)E zti )
o}, Big Blue mouse¥ lambda//acl shuttle
vectorE microinjection. 8.2 integrationA] 7]+
714 ¢ Stratagenerlo| A 7Nt gdel, Cell
line®] A4 =A chzA g @x) s
transgenic cell line2 == Big Blue cell line
(Stratagene) ©] 1™ o] cell linesll*= Big Blue
mouseoll AAUEH A EUF vector7} EFF o]
alr}, =3 pSV2Neo plasmidE lambda shuttle
vector®} &7 calcium phosphate cotransfec-
tion® © 2 cotransfectA]|# A|zEgomz A
= wokA] YA G418 (geneticin)E o] 83}

Vol. 14, No. 1~12

select & 4= ¢Jo},

2) lambda shuttle vector & /ac / gene

lambda/lacl shuttle vector(ALIZ)¥ size7} ¢}
45,5kbo]"] cos site’} & 422 cosmidel},
7+ shuttle vector: mutagenesis®] targeto =
228V Jge T geneS 7V 9o}, lac I gene
(2F 1080 bp)& Lac repressor protein® coding
3}E geneo. 24, B-galactosidased codingdh:=
lac Z gene® transcriptiong GA|dl= &
g}, aebr lac I genedll mutatione] Yo}
2, Pp-galactosidase7} LA FHo] X-gal FA
blue dyeE ¥JA3}A ¥}, transgenic Big Blue
mutaion assays= ©|# 3t lac I gened} lac Z
gene®d] Ao =& F3 Ut

3) Assay & Detection system

AlHEAE o8 AZE S84 moused Fo
sl dFYA =2 oz HE] DNAS B3,
Cell line8] 79+ compoundxd £ cell&
harvest3le] DNAE 223}, £8]8 genomic
DNA-¢) shuttle vectorel] 313+ cos site® X]s}
o o] ReolE Al packagingA]7)E trans
pack extractZ #7}3PH infectious phage parti-
clee] A=}, lambda head® package® ph-
age:™ a-complementation® ¥ host E. coliol
infectionA] 7] X-gale] 3% indicator agar
vl x]o)| platingdtd AAAIZE ¥lF F mutantS
detect@d 4 A Hr},

Mutant frequency¥ mutant?l blue plaque$}
nonmutant?! colorless plaque] &2 blue
plaque $¢] ¥]-&=2 vehdo},

3.2 49

1) Test compound®{z|
(1) Animal
Test compound®] AAZ} A=z, 35 =
e ZAAsta =8 Wez dAFdHe U
Z7, x&7=2d 27135} target tissuedH A
g, Y3= =AM EQ proliferation rates}
compound®] cytotoxicityS il#]3}e] expression
timeS ZA 3
(2) Big Blue rat cell line
10% fetal calf serum3} 200 ug/ml! geneticin,
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50 units/ml penicillin, 50 ug/ml streptomycin®)
A71E DMEM WA Z Al&3l3 37°C, 5% CO,
9] z718}9] incubatorell A v} 3~4Ymict A
v ekt <u]Aldg AA test compound?) ¥
=2 ZAAT F celle] 30~40% confluency & }
eie 9 Az)det, Art F PBSE washing
B} celle] confluentdtA] Atg W71A] culturest

=

2) Genomic DNA isolation

Animal®] 7% test compound® Az *
DNA replication®] doid 4 ¥ =83 A7t
T F 3k 24& EE3ld DNAE #3
cell line®] 79+ cell® scraping3d}e] har-
vest 3t & DNA isolationg 433k} (—70°Cel|
A dA717 B3R 7Hstet). Genomic DNA
isolation proteinase K digestion, phenol/

ft o

chloroform extraction, ethanol precipitation$
Az Agste] SR SEe] dAH A
o8 71 Bhgelut kit AHE-S B RE¥ 5
At

3) in vitro packaging & plating

23 DNAE AF F AA5xo DNAE
transpack packaging extract (Stratagene)®l ¥
A incubation (30°C)38}le shuttle vector®
recovery3tt}, Packagingo 2 213 343 infec-
tious phage stockS SCS-8 E. coli host cell®l
infectionA] 712 chromogenic substrate X-gale]
X% top agar® cell-phages} &3}
bottom agar (25 X 25 cm®assay tray)plateol]
=t

Top agar7} Zo]A® plate® ¥ 3e] 37°C
incubatore| Al incubationA] 71},

oF 8A7te] Avid plaqueZt Hehtr] A)zbst
™, 16~24h M4 plaquedS Ao mutatnt
frequencyE& ZA 3k},

4) Lambda plaque2| 22|

Platesll A blue plaqueZ pickingdt & plaque
9] ¢pA53e]E 913 replatinge A A3}

Pickingdt plaque® SM buffer (chloroform =%
FHE Azl & 3A8}ed host celle] infec-
tionA] 7] 3L platingdht}. 3 plates] AA 9]

plaqueZ} AAQEHEF 313 QB FLE pla-
queEe] ¢= A EH mutant plaque?d] top
agar¥-3ihE ¥ejs] W, TE buffers] gt
plaqueE #7}3}a boilingdte] phage DNA7} &
£5 =% 3,

5) Mutant plague2| DNA sequence analysis

EA8l8 3 lac T geneoll W8 primers} 2 &
2]& phage DNAE template® 3} PCR (poly-
merase chain reaction)& AlA]§h}. PCR 43
% productdH#-E AH7iG5sted Htge] Ada
HHEeA s T DNAE purifydtA,
phage2XE ZA lac I gene¥ excision, ¥
3le] sequencing3tc}, £u]3F DNAE sequence
analysis¥tv}, #Zo|= automated fluorescent
DNA sequencer® R#HA o7 o]g3lc}

4. Transgenic mutagenesis assay system<
By 28

Transgenic animal transgene® &zj7} A}
EiH oz AA J8FS FA) ¢to v F nontrans-
genic mouse$} A9 FUT uk-3-& el o
2kA ¥ compound’} F-E3}= target gened
mutation 7F E3 endogenous gened A9
A& o 4 3. Chemical®] 23] 50]4& ¢
obd & glem o2 o8] 7}A] endpoint$} ©lE
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