5 % : Environmental Biotechnology(Ill)

Mutagensof| 2| %t DNA Damage % Repair Mechanisms 2}
Monitoring Technology

FokE . ix|s
PEHled $AT%H 2 FARUEY 471 A

NE

= =8
1. DNA damage #Efof| m}2 mutagens] 2&F

YukA © 2 mutagens] S, 150 nXE= gk ule}
ultraviolet light, Z1e]¥ d#<] sS2HEE mutagensO & Thokst 222 B8 4 gioh 53], glEEg AulelSe]
EFED12). o122 mutagens S B7bste] fdAe) 224 & @ #u 715 T4d) mutagense] BAaT Qv
9719l 942 A= mismatches, cyclobutane pyrimidine o} 8-+ AA-J-721¢) proto-oncogene 2] mutagenesisS -3
dimers & FAAF)= A} 22 altered bases, single-strand oncogene®. 2 WYAA e $28A Iy LEA ot
breaks, double-strand breaks, 18]35 cross-links®] el & [3,4]. 79H= w2, X mutagene] AL S WA

AMA g2 7 @FRHEDC] ¢A e, 1 F
[e]

AAN e AR £&A4S Ao 7= ionizing radiation,

ro

[e]
T
’

ﬂF

O
T

Azl £4& Q31A =2, A3Fols AWl ¢& ek T signaling pathway®] cascade’del] #Ash= FH=He]
carcinogens 2.2 EFH 7T FTH1,2]. T3 X HF AWE mutagenesisS E3] &g A A]7]= antitumor agentsZ]
FEdte FHRE HYAA AHS AEAY YA EE T 71%5€ 37 Stoi4]. wEbA w=9 EPA(Environmental

FAA LS sk mutagens?] FTRE AT SATH
[3.4]. & 3o A = thekdt mutagens o] E79}F o] 2 Qs 24
3l DNA damage ¥H|, T3 DNA damageE 12]8t2 &
A& repair 3= mechanismsol] tisiA ZHeRsA AF3t

34 @k ®eh ohie} mutagens© 2 Qs BB HH

£AH2 237 Y8l prokaryotes$} eukaryotesE o]-£-3la]
AP 7 ¢1E mutagenicity assay$t HHEH GF HIYL Q0

H 1. EPAC|A] A3} & Mutagens 2] £57-9} EAlo] u}

rlu

M

Protection Agency)$} NIH(National Institute of Health)ol]x]
+ "id mutagens® & FHFHE e EC] thI muta-
genicity %5 ERI3le] /3t Utk ok & 12 1996
EPAS| A #78 mutagensT B7ATHE Qokste] At A
ojth. = 3k A8 IZAE A A VA YR 7 7
Ay Qle xS gk 4 qURAIE AEAE 5
e ARE AW b, AAF IS FETNLER A E
Aol A FHAE U F Utk AFEHAE] I XA
A7 3 AZE L e, Ao Q13 F2 fefk ol

=2
r

Categories Mutagen name
Carcincgen Aflatoxin, Cisplatin, 1,3-Dichloropropene, Diethyl sulfate, Dimethyl sulfate,
Epibromohydrin, Ethylenedibromide, Hydrazine, 2-nitrofluorene, Nitrogen mustard,
1-Nitropyrene, Propyleneimine, Syrene oxide
Antibiotics Bleomycin, Ciprofloxacin, Enoxacin, Nifuroxazide, Ofloxacin, Mitomycin C

Antitumor agents

Pesticides

Daunomycin, 2,7-Dinitrofluorenone, N-Methyl-N’-nitro-N-nitrosoguanidine, Homobaldrinal

Acridine, Captafol, Dacarbazine, Dihydrovaltrate, Nitrofurantoin, Nitrofurazone,

Phosmet, Quercetin, Reductone, Baldrinal, Paraquat, Methyl bromide

PAHs

Radiation Ultra Violet, x-ray, y-ray

Anthanthrene, Benz[a]anthracene, Benzo[a]pyrene, Dibenz{ah]pyrene, Triphenylenem, Naphthlene

etc. Acetonitrile, Cumene hydroperoxide, metronidazole, Azaserine, Cadmiun chloride, 2-Ethylhexanol
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1.1 DNA reactive chemicals

MutagensS DNA template 2] 422 AgkA7]7] 913 DNA
o AR G3kS AT AEH baseE ArYdte rcpllcatlon°ﬂ
EHE 7R H2,6]. ©lF, 53] DNAC 3y 9%
S DNA reactive chemicalso]| 2+ 3}Y, chelaung
agents$} alkylating agents?} FEF ©]Ft}. DNA reactive
chemicalsol] 23} bases$] 318} TLFo|| o]Ato] WAEA =W
ZH2H base pairing®] =53, 2= mutagendl] 23] genetic

code®] ¥sl7}t dojuA FTH1,2,6].

F mutagens=

1.2 Base analogs

Base analogst= AAF2Ql bases®t X7t FAFSle DNA
replication AJol DNAWZ 4= A E=d, 5-bromouracil &)
A9+ thymined} FF7} FAsled base analogsZ <13
mutantsE F4sHA] ETH5-7]. 5-bromouracile] ¢FZ3E keto
form¥d 7Agols AAZ O 2 adenine} base pairingg olF

A5}, enol form @ & tautomeric shift7} Qold 7% guanine
3} #-& 0] FA =)o} AT—GC transitiono] A FITH6,7].

1.3 Mutagens causing frameshift

s} Z2 1 ol bases7t 2ol HIMAFAY A A3}
Z 2 DNA2] purine®]} pyrimidineel] 2%
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reading frame®] WH3lE Z 3o transcription3} translation
9] vigkel] FE-E FA ATH6-91.

2. Mutagens@ 2 218t DNA damage
2.1 SOS response
Mutagens SbA AF-3F vl o] gtd 2 FHA;
o] £4-& f3Al 51 )9k, A= SOS responseS 84
olFF FAA £4E A8t EAF-AE A &35 FrHS)
SOS response & AR} €48 F2HA] 7]+ mutagensol] A
A7t xE2HAJL W, FAR &35 Qs 33 20497
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9] SOS fAAEo] BHTe] &4 RS AR DL
£5] IUTH6-9] (T 3). HAA £4R9] ANH &3

2ol FE T3l AA SOS responsed| = F7HA] F2=}

7} 83 98-8 GF3=ul, recA9} lexA7F 1A o] tH5,10].

A} lexA= SOS response HE Fd1e] whg TS; A& &=
repressor 24 mutagensoll wEEA] 42 AStolAE LexA
proteino| 2047FX]¢] SOS #H FAA] promoter F9]4
Af=H 2RSS gASA ot 1Y {37 &43o] EAY8
A =Y recAth= fAALe] d8o] AlAE T, recAQ] protease
activityol] &J8)A] LexA proteino] 2350} SOS #H F-A#}
o FPo 7 viEo] RAA &4 FHY A7 A FH
FTHoR &4 AR F9A9 87 ¢EHY T LexA
protein®] Ao 2 Qg EE SOS #H FAASY F¥o]
AsfEo] JAFE 2 HEo7HA "tH11-13]. I¥ 3(a)el Y
eht o8 71X §AAE] SOS #H FHAEZHA LexA
protein®] 32 A FAdol R FARY SFFAE
AR FLT 9T AT, recAst lexA FHA
EdWol7F el MEe] ZAL-F SOS responsed]] o}Xdo]
BASA HolA AR &4 A9 2ot X 57F ¥R
Ao g dojuA HEZE, 7Ief TE FAR ] vEtA recA,
lexA A 719 %7F 20y & 4 QUtH11-13).

2.2 SOS boxes2} LexA repressor2| gt

SOS regulatory network2 LexA<] Aoz Qs zFo]
dojuA =Hedl, g A E8]¥ LexArt tiFE9
SOS ## A Ae] operator F-$1o AY3= AL &3]
A% AP Foll HFEHUTHG,7]. LexA7l A¥ 3= Fo+=
TACTGTATATATATACAGTAS} 72 AdAF Az AE
S 33l 9o, SOS Boxesztal H-ETH6,7,19]. A7}
A g#HF ZE SOS #& {ARY operator? 9= 5°-CTGT
£ 23ey o, 53] 49 T G+= LexA repressor$}t
o Al slo} Fad 4FE sh= AR EwiA SUtHel.
¢ tiAQl SOS boxest LexA7} dimers®] FHej2 SOS
boxesd] AFgtheE AE 2| ®y ol dimerization-g
A3 LexAe]l FEo] in vivoolAd SOS #H FAAE
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repressionA] 7] S8 FY3ItH6,13]. N-terminal domain
£ SOS boxes& <14]&ty. C-terminal domain-2 dimerization
o ZAFHA TS 3} LexAE dimers2 A H o] Fof o]
22 SOS boxesoll AFAHE Agd F vty ¢8iA Ut
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SOS #H FAHAHEL DNA damage 2AIA]9) transcription
Axol M7 ztolE velA Hed, dE B sulAe
SOS response el H|&) transcription AE7F 100v] A& F
7Vet=dl wal, wvrA, uvrB, uvrD, ruvAB= 4v} A7t =7}
SeH12]. ©]& 3 R}o]+= operator strength, promoterd]] B]i
9 operator®] €%, prmoter strength' 52| 2.¢lof| 2]afA] @Al
gc6,12). wWelA LexAst SOSHA#A #-Ax}e] operator &
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2.3 RecA 2| LexA cleavage

RecA @@ DNA damage <427t olyzl, DNA
repairo]| = #el 31+= multifunctional enzyme ©. 2 A <) A
ol M shte] M FEoll oF 800-1,0007F AEr}t EA et
UTH6,7]. RecA+= double strand DNAE ¥AJs}7] $13] =
DNA replication 5ol 23} single-stranded DNA S o
helical filamentE 3ASPHA AFt=Eo] i), o] Aoz

single-stranded DNAQ] ¢AHS Q1A E = glow, F3l Zof

£ARL 9] 0143 A FE 93 SOS response. (a) SOS response HAH FH A}, (b)
kAl & o] SOS response.

3. RecA bound to ssDNA causes LexA autodeavage ‘
4. S0S operons all activated.

s

AF3Al 2 DNA repairdl= #AISIA "tk o] DNA
damageE <143l SOS response®o] W&ol HEHE
RecA2] 42 LexA repressorE @8 &= 9+ co-protease
ZM, LexA repressord] 2]3F SOS ## F-3x}le] 9y <A
E JEANFE= 982 3H6-8]. RecAT LexAg Ala-Gly
bondE HW3A HIT, o]E 218l LexA autodigestionS A=
3A BoH6]. et SOS FE FAzLY AH-E S
38 LexA inactivaonS 918} RecAr ¥FE=A] active state™d
of 3t} LexA cleavage ©]9o|x u]A)E chromosome]
UV mutagenesis induction®] A 8l= UmuCD protein®] &
g 53 ol& A8 E 3i{7,12].

2.4 SOS-inducing signal

U AFFE uiel 7ro] RecA protein LexA cleavageE
ZAste= 988 A9 RecA9] overproductiono] SOS
E 4 ok By ol
mutagensol] 2]3§A4 DNA damage7} 2AI3L3L o] & 2ls) SOS
responses7t F- == A9t mutagensol] &3 FAR}F £A4F HA
SOS responsesol]l A<l QA o}t Mutagensel] ]3]
U1 et DNA damage: replication arrest, nucleoid F3%¢)
st 9 superhelicity o] ¥H3l5-0] £712Q) AE o713l
o] Zo|A replication 3|1}, ¥ AAFZ Q) replication fork$]
uHAlS single-stranded DNAE AAAIZITH6]. o|EA] AR
single-stranded DNA7} 8}2 SOS inductiong 913k X329
signal24 Zr2-3HA] gk olggt o|8L in vitro A¥ASH
RecA protein, ATP “12]3 single-stranded DNAZ} SOS
inductiong $j3] Q7= Zs FAT APo 2 FHHAL
o, in vivoolX] GA] single-stranded DNA ¢S] o] SOS-
inducing signale]gl= Zol ZHEYTH6,121. FF single-
stranded DNA damageE Y27]+ mutagens< =3] A0]
Zuk, E-E mutagens© Z Qla A3 DNA damages
&9 DNAE replication 3lE= #AAdAM AAHE

responses< FEdle £83 QA40E

single-
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stranded DNA 7} RecA proteindl] 23] A=A 37 A=)
£ SOS responseZ} S-E5HA ®rH12]

3. DNA repair mechanisms

DNA damageZ Q13| BAEA =& F23 Wy} 33t
2] & 7%ol] mutantsE {437 AHLE A & YA L
HE3 0 2 mutagens .2 913 #7434 H3H= natural mutagenic
process2 Q1% Ao] ol EZ ME7} Arix] F&y &R
A ABHTA BTHI4L. W DolME AT AT
h= AR A9 37}A] repair mechanismsof thale] 8 oFabgr)

3.1 Direct reversal of damage

Direct reversal®] 7-9-= DNA FZ9] ¥z} §lo] &AM g
& Ag3ske= A2, F7HA] protein reactiono] ZEx) =t
alkylating agentsoll 93] 2AIsl= O°-methylguanine(O°-
MeG)ollA] methyl groupS A A3l methyltransferase 9}
cyclobutane pyrimidine dimers& F 7§¢] pyrimidine2.2 A
23} photolyase7t EF L 2 ool &£3lti{14, 15].

UV irradiated DNA €] 73-¢- cyclobutane pyrimidine dimers
7t FAHA HEd o)A photolyase ] substrate 24 A&
&4 "t} Photolyasex= Wo] gl ZZ9 4 DNA substrate
ol HE33, AFe Al719) Wl xZ& =S w photolyase 2]
N9 cofactor & 3Ft<¢l methylene-tetrahydrofolate 7} &
Fgstgd AYRE ToE cofactor$]l reduced flavin
adenine dinucleotideo] Z@alA Hrh olw] WA= A=
AYE pyrimidine dimers7} 2}Z}9] pyrimidine 2 2257
Ht}. ol 19 59 thymine dimer 3473 3} photolyase ©.
E Q1% DNA repair#2 Ve 2 QltH14-16].

Direct DNA repairg] T 915 el alkylation® DNA©)
4] methylo]u} ethyl groups& A A= AL 3] dojulA

e, o FHAM Fo& A¥L = FA7 wpE O

o

S5t copmn LSt Aas i e coams 3
TGCCTTAQAT
s ACEEARTETA ©
I ¥ Cleavage cf
‘ crosg-links
UV irradiation
Thurnine dimer
& . /‘\7 -3 5
TGoo ™ AGAT '
ACSGEAARTCT A
PP S0 o i P
- Phofolyase binds

tc the thymine
dimer in DNA

38 5. UV irradiation®]] £]%} thymine dimerd Ao 2 A8l
A2 £4F 2971 photolyaseo] 913 thymine dimere] A
O 2 repair.
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18] 6. Base excision repair mechanism.

methyl-guanine methyltransferase © 2, DNAo]| A 0O°-
methylguanineg $14]3F & methyl groupS DNAO|A AA
3tod enzyme 0 2 AYEA HrH14,17]. o] &4+ adaptive
responsed] FoJsl=d]l, MEL AR 7| BFE FLo
alkylating agentsE 718l JAAEE 5H methyltransferase
o] Ao o3 ES X9 alkylating agents H7FAM %
A 7ol A AWA] ¢k adaptive response’t WERA Atk

3.2 Base excision repair

Base excision repairs= £/ basesE N-glycosylase®] #t
|02 HAATI= HFHHLZ N-glycosylaser= DNA sugar-
phosphate backbones} FZAE baseE A HAr}t E3),
Uracil DNA glycosylases cytosine2] natural instability 2
Q13 WAIBl= cytosine 2] amination® & AJAIE]= uracil¥-&2
S A A A repairstA "®rH14,15].

DNA glycosylase®] 282 2 uracil F9|7F A AGHA Al
AEE= hole-® AP site(Apurinic B+ Apyrimidinic)2}2 3}
=, o] ¥$I= AP endonucleased] 23} <l4)=o] poly-
peptide chain $917} AAHEcH14]. o] A A} single-strand
break”7l A= DNA ligaseo] 2JsiA £4 ¥-219) repair7}
gs Ak

3.3 Nucleotide excision repair

UvrABC nucleaseo]] 28l A]ZtE = nucleotide excision
repairy= ThF3E DNA &5 904 &3l 53] &%
A7F & Ao dojdrH18]. =3 UvrABC nuclease: & &
744 2] damage BAE AA T 4 o] repair systemo)
B2 o]HE AlFdth. UvrABC complex= £35-9E 4
© 2 DNA strand A}el] 3° sided]] 3-4 nucleotides$} 5° side)
7 nucleotidesE Awhs] WATtH20-23]. A ¥l = ATP
2R7F QFHAR ZF AR vhg- o tisiAE AA)
3] dE XA gk
4. Mutagenecity assay
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E 2. Microorganisms=- ©]-£-3F Mutagenecity assay

Test Strain Genotype Detection Method Additonal substrates
Ames test(1975) [26] Salmonella typhimurium his- Colony count -
Rec-lac test(1991) [28] Escherichia coli recA::lacZ Colorimetric assay X-gal
Umu test(1992) [27] S. typhimurium umuC::lacZ Colorimetric assay X-gal
SOS chromotest(1993) [27] E. coli sulA::lacZ Colorimetric assay X-gal
Mutatox test(1993) [29] Vibrio fischeri lux- Bioluminescence -
Luciferase-bearing E. coli pUTmini-Tn5luxAB Bioluminescence 5% Aldehyde
prophage assay(1996) [30]
VITOTOX test(1997) [31] S. typhimurium recN::luxCDABE Bioluminescence -
SOS-lux assay(1997) [32] E. coli SOS::luxCDABE Bioluminescence -
recA::lux(1997) [33] E. coli recA::luxCDABE Bioluminescence -

Mutagens-Z identificationd} A HA o o] =58 ¥=]3}
AL o9 ool F23lth Mutagen® 2 Q3] HAYE
FRAHR] FAF Wk olF7] Hube 28 g &
olm, ©]& g o] ALUE FH== Aol & TAolth H]
o germ cellso] o} somatic cellsol| A 2] mutation HA] Az}t
3 £AE o}7]5l=dl ulE uncontrolled cell growthZ 213}
WA S cancer®] f9lo)7] wiFolv{24]. wEhA mutagens
o7 <ls WA S mutagenicity Y o} g}, carcino-

genicity & BA 817} aFe o] £37 X|&3]o] S,

olr

F{F

2y

4.1 Microorganismsg 0|28l mutagenecity assay

FZF mutagenecityE £4317] ¥ I+ 1975 Bruce
Amesol] 93] 7/BEH Ames testZ back mutation?] ¥ E o]
£-3}e] mutagenicity o35 F23ta} 3}grH26]. o] WY
2 histidineo] Z¥H vl M= A 5 L= Salmonella
typhimurium(his-)& ©)-£3ld, mutagens® 2 <13t back
mutation ¥ A] histidine 2% WA 9] #F¢] HAAEL
Bl W3l 72 E mutagenicityS #9134 ©c)h EF Ames
testy= FlAAE)A 9] mutagenicity FRlHK-E EH-F 217
oA 9] carcinogenicity 7F5AIC R AAE 4= d&d), 1A
B2 MAZYelE RES P450 systemE TEHFNT U=
mammaliar; liver homogenateZ A}-3}ed mutagenso] |4
Bl ZHFoA e} 22 845 ZES g Aot} o]g
Ames testy= #A] AJZko] 3y, 7k Wyolgte A WE
o] thdzZt mutagenicity testES tEs] stk ®ulk ofye}
recombinant DNA technology 2] 22 Z mutagenicity 2§ A|
T == SOS A A= A< reporter geneo] 2
2 Fote] Bt AgH< Whgoe] AMEEA HUuTE E 29
HI7MA A7 mutagenicity assay®] 7 2 5A-& Q945
Fri=

lacZ reporter gene2 o] £-3

P-4}

Y o) 9ol X-galo]ehs

F7HQ 718 o] FFEHAAA L 31 o= ) wistele= M7
o] AE=ZM mutagenicity A= E E4A Hok I o]
F7HQ1 71d FEe 87 g BAH S ddte A
ol &8l GHOE RAHEo] AE L reporter gene?l lux F
AAre] o2 WAE= bioluminescence(WETE WE
o] &3l FHRLY WS- JRE FI4=H, bioluminescence
= 7R 7129 FEel 2FHA ¥ SAHol s}

o @A o] ATHAAZL AH29,34].

4.2 YeastE 0|88l mutagenecity assay

u] B E-& o]&3 mutagenicity assayr: THAES BAES
0]2-3F HFHo]7] wlEo] Ames testx]d mammalian liver
homogenateZ A}2-3led mutagenic activityE XA stk
T AMZ o9& cell typedA &A= mutagenicity, =
carcinogenicity & 24 31=r A @] UTh3s). wekd £
A T AZ FHrt 1F AP 77 yeastE o1&
3l mutagenecity assay 77} HZ A8 2 U} Yeastol A
E. coli®] recA §3AS} ST 75 3 HHAE rads54
EX mutagensS 2 QI FHA &4 HAA o] Q1AL
repairdl= 7152 dled, 53] UV lighto]y} ionizing
radiationell tafx WAsHA Bk-SshE 53] $TH35.36). &
3t yeast9} 7HE eukaryotic cells®] 7390l = firefly luciferase
9} green fluorescent protein reporter gene 2 E o]&3}A
¥, mutagens® 2 A3+ F-AX} £4E rad54 promoter7}
A4S o ANe) o PHHE Wl FooH BN
T UTH35,361

4.3 DNA-damage monitoring2| S8} A|AH] 7y}

LA oG g7 7FA mutagenicity assay HPHS o 7}
2 e FHE 3850 A 5 3tk 53] recA promoterg
o]-&-¢ assay el A& SOS signalol] thgt A4 &r9}
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2Y Fxrt g2 SOS FH {FHRe] s Hojuhr] wiie
B3 Ql mutagenicity assay H 222 7)d s5Ado] oln
19 7[37,38], §AA}F £48 oF7] 5= mechanisms 2] 2}
ool Wt thE el ) WheA-S Yehl 7] wEo)] mutagens$)
FTHE &) YeEE ERE 4 AtH34]. Mutagenicity assay 2}
24 Rop= #8tE A Ml o], ionizing radiation®} 7+-&
frall Fabd g BHgeds &8 2 & den[39]), gdukl
AP W ohe) Hel, GJokE A4 YAS da) 94 9
% 9tk dF mutagensE°] AF3tT U carcino-genecity
£ YuAE°] mutagens? S-S TR M
o]-f-¢ld], ©]& ¢} environmental source:™= 44, 7], EUS
o] TheFsith. weEtM o]E mutagens®] £ AR

mutagenicity ¥E7F olU g} carcino-genecityE A E£FH O R
Z3}17] 9= A< 4] monitoring system®] 7idte] Q7
Bt @A7EA AU £ 8= mutagens S £43}7] 9138
d& ZYUEE A|&"[40,41]7 7h=Ael o] mutagens #4)g
A& Al=dlo] JHE=oj[42] 373 mutagens®} A&H) &
S A% 4Py A7 wi AAF LR FPHT ok

29
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ze

A2 02 DNA replicationo] Zgf=ojopyt A= Al
8 + ok g AFEAE genetic codedl] £4L Y
T e e, Beld &o2 R AR Qg BiE
% 9)&= mechanismso] L E T B FAME 2 o] E
A el fARE £ 2148 $1%F SOS-inducing signals# &
AR &4 #7 2 & 59 repair WY FHE Fs
Q.om, w2l = mutagenicity assayE 13 H7kR] zls)
B a7 ¥l diste FEgch AQLER HI A4to]

Z7FH 3 Q& oh#e] mutagenic actiong Y& sHehEA ¢

REDY

- UAE

3 sl Bk AAFHOZ i sty) e MEUelA &
2 45 A4, EFF9E A 83 mechanismse] o
g 49 olairt B, FARTEE mutagens© 2 Q1%
7t der| A olER g HE X A%

mutagenicity assay Wy e} Jido] Q7 HT)
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