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OECD guideline for the testing of chemicals %9
SAE AMREHY gom, HoEe BAYET 7
=€ o83 AT MAIESL FAez nAZQY
B7b Aol A Blejd AEe fAXE: 249
&35 ZEgt 54 H7h 71He ML paradigm

FAHT Qi ol YL FZo] HHEH
o], 19993 39 24264, u©|= Washington DCejj A
OECD$} ICH guideline®] International Harmoni-
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toxicology, comet, transgenic, thymidine kinase gene forward

zations 3 IWGIP workshopol s, AR=E =4
B771
midine kinase gene mutation, single cell gel electro-
phoresis, DNA binding/adduct 5& FA2 A3
J7t AAFYR, BAE AR 2HH] P
5 gle.

He =

HE &, transgenic mutagenesis system, thy-
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=
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ste] Ruel W, ue FE FvEn glos, 02
E9Wo|8}3] 9 official journalq] Environmental and
Molecular Mutagenesis, Vol. 33, page 91 (1999) oA
% “Classic" battery of genetic toxicology tests (e.g.,
Salmonella assay, cultured mammalian cell gene
mutation and chromosomal aberration assays, in
A
"We now turn to the future”, next generation
battery of genetic toxicology tests®& AFslH, 14
ol WA Yolrt AEY XA dFr|He e
R LSRR

ol¢} o] AX . BEXEA S (Cellular and Mole-
cular Toxicology)e] A7 o] BAstsHA NEE

vivo bone marrow cytogenetic assays)o]

E497E wyeg R4 2dE Agse Fa
topice. 243, DNA AAE F&31x] %= DNA

EFE cell leveldlX &4 Aoz Aol 7bs
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gt single cell gel electrophoresis (comet assay), 1&]
I FARE &838to] DNA EFARE IHFE Al
XA ZHE 4 9t thymidine kinase gene
forward mutation assay\} lac [ geneg targeto. 2
/tE Stratagene2| Big Blue$} lac Z gened target
o2 Jpdg Hazelton®] MutaMouse &} 7&
Transgenic mutagenesis system &9 #82 ¢og
EAY] BYY dF, ATE 2 KA &Y

& BolstA HEd ¥ & de JEd d7Y
oz ST E Yo ¥ WL, 58 Fo|X %
Z4% 4 Q& supravital in vivo micronucleus
assayl, ¥ uo}7} in vitro cytokinesis block micro-
nucleus assay’} 7j¥E o] international harmoni-
zation ¥ )t}

ANHoz I0Y wFol B &
T ul= NIEHSS] Dr. BurkhartE® FA/0F trans-
genic fish7} W= gz, FAHIIAE ¥
o] 7}t FISH(fluorescence in situ hybridization),
PCRE o]8-3 PRINS(primed in situ hybridization),
microarray 7]&-& ©o]&3% DNA chip vo}7} protein
chip 9] toxicogenomics A+ & = A
AT/ N 4% W) gistel And 54 W7
%ol %Y 2 BFol Fsiok selet Abg BT

Aq71ME TAAY AF7IHAAN gHs) ARE 5
4 B7F 719 S ol EER AMgd 2

ARG BRE o|Fsuz, & ATAdN FIYsin
A JEE =4 B Wysd d9g9, Human
Genome Project ¢4 ¥ A7§€ microarray 7}&&
o]-&% Functional Genomics®] DNA chip, Protein
chip, Toxicogenomics 5ol gt £A&E staA 3}

Il. Mouse Lymphoma L5178Y tk'"
(thymidine kinase) gene forward mutation
Assay

II-1) &

Mouse lymphoma tk gene assay(MOLY)E mouse
lymphoma L5178Y A¥£5& ©]|&8 in vitro AP
224 1972d Clivesd 98 Loz AMEYT,
a3 F AZF AL APEY B T AA Y
AEZL Aol SHANYHeE BFH T ok

I2) 44

Mouse lymphoma L5178Y t""372C AXFE o
g3, 111 g4A Wol heterozygote2 EAI3}
" §AAe] %7 homozygoteZ o] WolE 914 }
A A Aoltt. Thymidine kinase:= DNAS] J}
A7 ¢l thymidine monophosphate(TMP)& %}
thymidine®] QIits}e] Beofste ahojm AX LHO!
A TMP9] @4 de novo synthesis9} salvage path-
wayso] o3 F A2 =2 F4€ F dvh MOLY+: de
novo synthesisol] 2|sjA 7 TMPE §AJsle] AEET
F AE #" mutant AT, ZAFA F pathway &

£5t] TMPE FAE & = t7 AZ2RH A2
stE N@AAS Ntk &, de novo synthesisE A
&3t =2 methotrexate® Xjglste] zAwold] <3
F4" 4 dE 79 homozygotes: AET 4 Y=
3o} th'/° 9 heterozygotewrs Mdlet F H 2
A
NEEAS Aegozn &7 homozygoteZ =
7t =9 AXEE trifluorothymidine(TFT)-S )
of xglste], AEUA tkoll g 7HZ ARE
Q14tsts o] TFT-monophosphateE AJAJ5}AI =
AEE AABEE G f2A 29
TyA e & heterozygoteE& A &3}
] 23}3, thymidine kinase2 FAHE F & &7
homozygotet= de novo synthesiso] ]3] TMPE 343
st AE3HA Ak
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MOLYE th genef o] Et th gened EFste 11
W GAANA FASE W MY fHH Wg)
g Q4% 4 gE AFE Adh F, 71&9 2y
o} BEAEAWo] A|¥Wo] point mutation, frameshift
mutation 59 3t TE £/ G719 AL FHAW
ol AT F U, EFFEAELE ol 8T A
O AN L AR FEoM Y large scaled] FZFH,
L3 olAg s d wh, MOLYE F 77
E5E &, tk genel]F 9] point mutation, tk gene &
Al deletion, 11 AMA HA ] deletion, 8 th
genes X3E FHA AZF T 3 FE=€
K" HZE ANT F e FFE Yol

14) #8754
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MOLYE §a=woje] opate] ojgh L5178Y #'/°
A 43 wat F 7kx FE 4 mutant type
tk gene )%-9] small scale®} W3lo] tiajxe HA
Al A7AE Mol large colonyE FAsHA H
tk genedt 7 FAA 11 Nl large scaled] &4
o] Afdde ARd= 9FE PAA He slow
growth® 13t small colonyE FHAdstA dok oz}
A colony typeg #A3}H mutation type: o357}
Fateh. A A= soft agar #lA| ol A mutant cello]
clone¥&= agar assay’} o]g¥ojgton}, HoE
96-well- 2 |83t microtiter assay”’} 7f#=Eo] g
gaxly 9lx, UKEMS(United Kingdom Environ-
mental Mutagen Society) Guideline-d wlgo =
S A48 software package’} Mutant V23402 A
TE F&8tA olHE Urk

~

o

H
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lIl. Single cell gel electrophoresis assay
(comet assay)

o) Aq&

Single cell gel electrophoresis U™ comet assay+
#& Ostling and Johansonell 2|3 Ztzte] NE+F
odde DNA®4S A7 sy et w99
microgel electrophoresisti ' © 2, Singh(1988)¢]] ¢
Brb ugsA $4E 24 A F 9
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o458 Wges Ao gy 2eoja gloH O
guidelined] E9137] 93 IAE XTFPHF AEIE
¢] International workshop2 &, Harmonization$
A8 Fo gltiTice et al, 2000).
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AT & oro] supercoilH o} tightdlAl EAsHe
DNA®| high saltZ lysis A7) sk Aol whAu}
7b & Eokg AUWA P DNAE x¥ste
nucleoid7} ¥, oju} ;L supercoil FEi7t &3d
open loop FZEo] d# 2 higher order +3x& o©]
27 ") o]d nucleoid o] strand breako] &
749 alkalitejols DNA  @7]%o] RY=HAA
DNAZ}eo] x| ¥%F £o] N2 FHA HEA
supercoil 727} &3lElHA AxH oz DNAS Fx

7b g I S=0) mEH AT A ¥
]

Z olzHo dHTEERE

Atk g e ATE WS WYL
head &3 tail2X YeiuA HH, H2Edol

& SAAEE wile] ¥Y BT
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Qem, g 227 AEY
5% 70w sldets Aol ohun dgde
A4 AW o ol WA &) 9ol wilg
DNA & #4sh: o] nth 43a Wioldn
g 4 gty ol met giREE APAdM: image
analyzerg AH&3t4 tail Uje] DNA contents *3
&= parameter24] tail momentg F2 ARSI
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Comet assay: nucleoid sedimentation oju}
alkaline elution?+& D78 Wy o2, alkaline’d el &
nhso] @4 7l DNAEAGS HEeHA st 22
strand break® 4% & vk pH7b T4 A5
double strand breakg, alkali¢l 7$-+ single strand
breakg ## & 4 glow, g EHEC] 5~
20008 A% single strand breakg F&3}7] W&l
DNA&EAS ZHA8le dlE alkalie] 79-7F of%
@ wdold, A% %40 Wel A4F PEe A
felor Wtk Q@sgel wew, VML
ey BEE H¥o] 7bsstH,
A Y & 4 93, data

og
9 % Qo 98 3Rl Ak
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M4) o] &3 #7154
Comet assay: MWHE AJZF o] 7HASHA DNAE

A GuEAd 3} subpopulationd X A Ao
NREE 24 &£ dx, FE Y AEZR: A3
Asata wigste] 10°dalton F 0.1 DNA break$
A & 5 glo] g fast, AX FUld 9%
ubx] kol asynchronous® ®jF® AEY} primary
ATAHE HErhssty S43u7 askA &=
= oy AL Y, F2 old #F =F5°] ¥4
A =7stm gow, @A in vivo comet assay’}t
A== Yt
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IV. in vivo Acridine Orange Supravital
Staining Micronucleus Assay
with Mouse Peripheral Reticulocytes

V) A&

EHEFER] moused o|&3 A7 EFY o4
AAETE o] &Y 2FAIYe] 1975 Schmidd] 9
3 AL olF, in vivoof A WolUPS B3 Al

oz AAAACE F&HI QUth 71&Y 419
NP ZFHAELE o] 438 Giemsa G o3 MY
T 23R Fol| FAHE vAFED dBAYE
3l A#W(micronucleus)?] FEE AEZ 3 cytoge-
netic A|EHOZA {3 AP RAXZRE 7Y
ARETE ANER 39 28S T3 G998 48
79 ENEE AAA ey AR 23 #r)
73 3tellA, Giemsa @Al o3t L3 4, FFA
X AR WARE, E 25 AFAE 98 A¥F
B9 =4, sHd #FE A48 ANy FHT B
< 93E WEstn dvh HZ AFAHA glolA

FFAE gA T2IEAS o] &3 AlFHe] 1980
MacGregor 5ol 93] A/=ERey, 541

7} A3, Giemsa gAoz2E uAdEy J5HYT
o FEo] 4A got Eg AHA Rt 29
U} Hayashi5-(1990)0] 93] o8] FA¥E Rgsin
B2 Yo FFHETE acridine orangez FF
FE= 2 AA YA Y (Supravital Staining)o] A7)
o, Bx FAAEY F&4ol AFHANT:

Iv-2) €9

gy PHHAYTE 29 MYS HBTF
ZA g 23 A X RNA g3t wa} acridine
orange 3% GHA] Type I, 11, III, IV 47} HH|
TE Y, BagdA o] AAET] P ¥
AYR gout Holgdy EFA o3 yHE 49
3 2PANAE AAHA Fn a2 EASHA H
FAREFU dxAez AFED 2¥E F
ste Type L 1L, M9 FFHET 2@NEE A
8o} Cochran Armitage®iol €3¢ FA A2}

P 2 o ro fu

V3) 2889 33

1&g 25U 9N HETE BT Giemsa QA

el ZAHL AW, RNA 3¢, HTAEe sa=z
S0l 287 fASHA dAEH FEol

o]Py, BAA] FAAQ o], YEHSEHEH IF
iﬂ%% -‘?45 TE B4, olz A3 FAMA el
2 28 FeA7te Aol Brbedt

wEANG] G
acridine orange 3% Ao, &¥3e) o]
SysGE 2 392 AU DNA 42 298
acridine orange$} AP 520nm uHFe] 3FEA
H%&, RNAE 590nme] HH4FFS TaAdH &=
& Giemsa 4A 287 §A8A GAe] T A
W1} o]y} mucopolysaccharides= 2 Me] 3§ ]
o] 283t Agoe] golairh vrolr} cell population
o] dAHT FHHolOIN Bo] AT W2v, E
AQEES B Fu BEHOZ QT + 3
71 e, dxe Agglol Y MA MM FHAH
AYFE AZE AR F AT 279 IgNE A}
£317] Wi o2 SAE/MER 19T 5 ot
E AHg 72 319 transgenic mousedTo+o] W3
o] 7hsdto. Agyozn FIAHoR

International Harmonizationo] o] &0}z ¢t}

in vivo

V. In vitro cytokinesis block micronucleus
assay

V1) A8

Ao GHA oS AES] A% AMEL A
=9 in vito 23 AAYPE, 44 42 ¥ spindle
dysfuction®] B715 93 A&sx, AHs =53
oby Aggon AN Urh In vivo LAY
QHE AEHE agent BE UARIZO] 34 250
EgaE Aol ofd & e} in viroslH W
AEL AL ANPEHo] AR HAPHLE ¢ 1
27 A4 F Utk 8 T e AEE
ol843le] in vitro AFAY A7t AFAAE E=
o, Fenech and Morley7} human lymphocyte
2 cytokinesis block %S ¥t

V-2) 94
HA8)E actin®] polymerizationo] 4} &3} cyto-
chalasin B (CYB)Z ©]83}9] cytokinesis& block 3}
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o, ol roln ag AR Hused Axs
£ 9ok CYBApA|=
CYBE o3ty 14 24 A =
binucleated cellEZHH A2#E AT 4 gt} &
A= V79 Chinese hamster lung cell lineg o] &3t
Aol A7ige] EWEE locus mutation, sister-
chromatid exchange Z12]1 chromosomal aberration
o] BN 7R da] AFEEH Y3 FUF cell lineo)
A B A vgd F14 endpoint%—% B 23}
- H=E _‘.:_% AH o]ld1}t  spindle
& %3 gAEAY
QaAo el F14E ATsHEUE ol g & vt

@o%

m[o
N
2

VI. Transgenic Mutagenesis Assay

Vi) A &

Transgenic animal model& 2412} genomev)jd)
F FHAE FAAA AA UolM9 ol x|
o 5 RS a9k JHY ARy EAgspYges
dg olg¥x on, A Big Blue™ mouse
(StratageneA}) ¢} Mutamouse (HazletonAl)7} AH-&3}
Ho{lth. o] model& A3}y Hsn EAa)
&o|&t lac I genex} lac Z gened targeto 2 3t
lambda shuttle vectorZ 7}x)3 glo} oJ&] A %3
dAe Wolg 2A¥ % U, HABY uH9Y
mutation spectrum3} 247 AS FHE 5 Yk o]
AE BAFA Aol wolo] mE reporter gene
nE 7bs g
system& Aol Bolaks 54 A W in
vivoo| A9 T BEE 9w, & 24 NAFS

TRY & Aok

sequence analysis7}

Vi2) 4 &

a. Transgenic animal & cell line¢] A& : Big
Blue system2 lambda/lac] shuttle vectorZ micro-
injection© 2 integrationA] 7] 7]&o] 98 Strata-
geneAlol| A} ZLE T, transgenic cell lineoZ&
Big Blue cell lineo] Qon FYUZ vector7} AYE
o] 9t} =3 pSV2Neo plasmidE lambda shuttle
vector®} 37| calcium phosphate cotransfectionA]#
ME wlg A FAA  G418(geneticin)S  ©]-&-5}o]
+ YES Hof gtk

selection®

b. lambda shuttle vector & lac I gene :
lac] shuttle vector(ALIZ)= size7} <F 45.5kbo]™ cos
site7} Q1= cosmidZA target AR A-L31=
lacl FAAE 7HA 32 Sloh lacl gene(2F 1080bp)
gene 2 A, B
-galactosidase & codingdl= lac Z gene9] trans-

lambda/

Lac repressor proteing coding3d}i=

criptiong AAsHE J&E 3t lacl genedl] Wol7}
dojuH, B-galactosidase7} L& o] X-gal FEA] A
blue dye& ¥Ad3tAl €t

¢. Assay & Detection system : A& EZ 7] &
DNAE 2231, £ 3k genomic DNA©] shuttle
vector?] cos siteE <At o] RYE Az
packagingA| 7]+= transpack extractZ H7}s}H infec-
tious phage particleo] A Eth lambda head2
package® phagetr a-complementation®]= host E.
colidl infectionA]7]31 X-galo] X3td indicator agar
WAl platingsiel ARAZE WF F
mutantE Al$5te] Mutant frequencyS
gom, EMa#E lac I geneol I primerst
w23t phage DNAE templateZ 3} PCR
(polymerase chain reaction)S A A|3ld, DNAE &
AsAY, phage2HE AH lac I gened
25l sequencingdc}.

blue plaque?]
Ay

excision,

VI3) 3AH &8

Transgenic animal-> transgene®] &xj7} AJE3H2 o
2 3A 4¢E FA $OU 2 nontransgenic mouse9}
Aol FYU ¥E-E Uehdt. mEtA target gened
mutationdT& F3 endogenous geneo] A2 W3}

3 2ASRS ¢+ 30T, U8 in vivod P
Waste] of2] endpointE H7FE 4= ¢l germ cell
< AH83l9] heritable effect® o}& 4 Qivh lac I
gene®] 7$- white background oA blueE AZ
SRR B 43 U target genedl nldle 3AV)7}
Homz Aol gold Aol ATh E@ I8
9] mutation spectrum& ¥ 4 1] carcinogenesis
o #ddte 54 gened 4TS WY + Y, &
4ol Hohe AHQ WAL BAG olFold & 3lg
£ FolN o) BrHH SAWelATE 22, DNA
repairs ThFE SAAT &&E F U3, HA in
vivo 2 AP S v, 71 T8 SEE & Y

T fr8&¥ tool2A WMEAZN] A B MY
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W Yoz vzt Alsdrh
Vil. DNA microarray and Toxicogenomics

VI-) H&

AAMAZRA genomeA 72| A2 e Eolz R E
A7kl ol27174A] o 10%H) ol MEE FHA
ARE A ok 199599+ Haemophilus influ-
enzae?] BE d7|Adgo] ¥dA 3, ©|F Saccharo-
myces cerevisiae (12 Mbp: %) ¥ Caenorhabditis
elegans (97 Mbp: A% dF)T < 19719 AHA
g Fd24 vde] Wazen, f#3x ¢35 A=5re
o FEE g& §59] w0l ¥ AR qidEn. &
| 158 A AE AT g3 A Aw AxRE
stz oj2%la, ol& ul'gez GVIMEd 9
1 wdse d#de 7]%5<$ Y31, Functional
genomics, Structural genomics F7E T AwY
TFZo 7% U ARE Ao, A Mg W
sed 249 =& FEg Asddt AS7A
o] FAF8 WP Eo] A B2 9 #4AAE 7}
An AL st=d FA7E ARy post genome
Aldiele AZ2E 7l€9 do] 2781 3 1 F
o U7}l w2 DNA chipg o8¢ % A4 @
o).

#Z o] DNA chip& ©]43 functional genomics
9} molecular toxicology A7} HEHo] Toxicoge-
nomicsg} R2= N2 AT Fope] Fo] delxn
AL, EHEAC i SRS olHF SHEH
o =¥ At digk {34 profiled] WM3to] AA
£ A 478 7 WA H}AS F AFEHA 2
B Ede] 5% FRAANE AMEHY 239
T TEAYAA Uo7t ¥o2e 5F SHEAY
oA FFE B e FHFY FHA 7REHA
ol FAAV} L] FUHEIL AAHEAE & F
AA At} Toxicogenomicse] ©AJL ek, AlF
of A 9 SEASY HrielA nHAQA Il
2F3 249 toxicology$}t environmental healthe]
Toll W28 Next Generation Battery2 5331 3l
3, v NIEHS| & 94&8& 5o ToxChipS /I
a7 HA3 USFDAAME o9 HE& HIFHoZ
Awstn gle Aotk dAe A9 B FAA

& slide glassell 4& < {17] W&o FEHoz g

ol

in)

oy, ¢o2 DNA chip2 chemicale] 4
2 £4%5S screening 3t REsE Wyo] e
gl Wt} u NIEHSS ToxChip 7jZelx EZo|
$HE M2E g =4 & gt & Aol 7t
& "ol $ElE FHAFE HARE /X2 o2 2
Hé
_/]:

i.rl_l‘
s H
%0,

A T §ARA A &

& Aog, wAd A AETH AN} 714 R
Aaarles FEo2 hEo] i1, DNA chipo]
% & Southerni} Northern blot,

M = L o

Aol FAGl A2 Fu) oo FARE
we AlZE okl AME £ e A FHERS
Eo|= w7} Southemo]y+ Northern blot2] nitro-
cellulose 2} thAle] DNA chipelA &= &9 & 1
YAS AH43T DNA chipe ¥ 72 4es 3
ow, cDNA chipsls 28 500bp oo S
7}, oligonucleotide chipoll= oF 1525748 @7]<
oligonucleotide7} €914 3t}

VII-3) DNA chip?] F#/

(http:/ /www.genechip.co.kr/chipmaker.htm).

(1). Pin microarray chip : Ping ©]-§3 microarray
dotting chip2 19953 ©]= Stanford t&tellA] A&
SAA B =4e ZPoz (DNAS 29 DNA
chipeg 7= en, F 23379 FAAS F 1
cm’ Qo] BY F 93, AFL oligonucleotideS ¥
9 chip® /M=ot

(2) Inkjet microarray chip : Inkjet ¥ & ©]&3}4
pin thAlo] computer inkjet printers} 22 o]
cartridgeE AHESTHE Aol a2k AL #AA
2 A7|FH o2 chip EWd| 94 &3 #¥ F g7
ol e fAA B2 oY chips AN
T Aok

(3) Photolithograph chip : U< AffymetrixA}7}
photolithography el 7]€2 F9/H¢] nucleotides
& el fEld A gt A= 400,0007
9] oligonucleotideZ 7} chipg e F Jow,
cDNA chipHd o8 FHARES FAd AT
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At} oligonucleotide chip2 3tule] @7l gt 57
L ARE oA ¥ormg 3 grjd A7 WMol %
ghopd 4 9}

(4) Electronic array DNA chip : DNA7} (1) A3}
e 4de ol&ste chipd BA Ao (+) A
g ol A3t 99 F04E Bolt Wol
Nanogenol| /| = et 2332 target DNAS
S B4 QA0 W olgae) AY ANg B
AA, BE 577t AW DNA 74 e 42
o zy 4 9.

rii{ﬂdziuim\m

VII4) DNA chipe] 935
BE AxE Z%% 2l

AdAeA 249 A& =

#stA Eoh 2 1 D2 DNA chip& °]&3te] 24

) a‘H“ OP‘Eﬂ o} 28T 204)7)9
e @ fAA 2% e gl of
7} lfﬁﬂﬂ}b 7401 TEAL HE AT 2
d, A4 7S, FHE

Kl
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bioinformatics (A& AR 3ol d

2o 474% laboratory on a
3 ZAFsh S wEn 432

Ae Aotk FAA
Z

AR ¥ 2E 43 BatdE 100
W o]ido] 7&%‘ Ao g FZgAt DNA chip7]& 9
N2 B2 AZte] @&5dE Roly 77ke vl $-
dt §448 AANE AN oy Awe Aus
I, 4 2EE AN gAE & A €
Holtt.
Vill. 388
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