YacTtb Il. CoBpeMeHHbIe
npencraBrieHN 0 XMMNYECKOM
KaHueporeHese

Knaccudukauuma
KaHUueporeHoB



OcCHOBHbIe 3Tanbl KaHLUeporeHesa

ITpoxaHIIep oreH

|

AK THBALIA
(P450, pepmeHTEI 2-11 pa3BI)

PeakTHBHBI MeTafomT % Jetok crnprkania (2-aa daza)

Odpazoeanne agykToB ¢ JHK «—  Ankmmpyrougie areH-

ThI
Crcremel permaparpni 1 pernokaanni JHK
4
MyTaIpni B reHe- MIILUIeHIT STIreHe TIrge CKIe

KaHIIeporeHbl
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IToBpexmeHIIe pAKOBOr 0 (YIIPECCOPHOL 0 TeHA ILTH OHKOT eHA
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¥ ciureHe p o nide pargni, MAMNTHIBARL, PaK




HAZARD Database

Chemical Teratogens, Carcinogens, Mutagens




Conception: Chemical Hazard

o Teratogenesis
« Current List of Teratogens (>1000 annotated chemicals)
« Table of Tested Xenobiotics(~400 annotated chemicals)

TESTS:

+/- [ Embrvotoxity

+/- |Palatal Cleft

+/- \Neural System Abnormalities

+/- |Skeletal Abnormalities

o Carcinogenesis
« Current List of Carcinogens(~400 items)
« Table of Known Human Carcimogens(~100 annotated chemicalg)
o Mutagenesis
« Current List of Mutagens(~700 items)




PaHXXupoBaHue oueHeHHbIX akcneptammn MAUP
¢dhakTopOB NO CcTeneHu AoKa3aTesNibHOCTU
KaHLeporeHHOCTU ANA YerioBeka

['pynna dakropor Konnuecteo daxropor
1. Kanneporennre ana yenoeexa 75

24 BepoaTHo KaHUEPOTEHHEE A YENOBEKA 57

2B BosmoxHO KaHUEPOTEHHEE AA YENOBEKA 225

3 He xnaccuduuupyeMee B OTHOWEHHH KAHIEPOTEHHOCTH AnA yenosexa (480

4 BepoATHO HE KaHUEPOTEHHEE A4 YENOBEKA 1

838

Beero oneneHo




MexaHucTunyeckasa Knaccudunkaums

XUMN4Y4YeCKUX KaHueporeHoB

Tun xasueporeHa

HK-mponnpie xanepozenl

‘Hpnmepm

[IpAMEIE KaHIEPOTEHE

ANKHITHPYIOIME AreHTH

IIpoxanueporeHe

IIAY, Ap& TTIA, HUTPO3OAMHHE

He OPraHHYECKHE

Inuzenemuecxie KARIZEPAZEeHHI

Conu pADa METANIIOE

IPOMOTOPEH

Denobapburan, cagapux

]:[PITOTOI{C HYECKHE arcHTEI. HpHMOPO IeHCTBHA

AUeTOHUTPUN, d-THMOHEH

Henpamoro geficteua

B-AroHHcTH

TopMoOHANEHEIE arEHTEH JCTPOTEHE
HmmyHogenpecadTH TuxnocmopuHE
HupyrTopH NEpoKCHCOM Knodpubpar

He xnaccuguunupoeaninvie

CMelmanHas rpynna

MeTanupeneH, JHOKCAH

He OpPraHHYECKHE

Conu pAga METALIOB




XapakTepuCcTuka XuMm4eckux
KaHLeporeHoB

XuMuyeckue KaHyepozeHbi

1. TlonuuMKNYecKkmue apomaTuveckue yrnesogopopabl (MAY)
2. ApoMaTu4eckue U reTepoLlmKnmyeckne aMuHbl

3. AsoKpacuTenu

4. HuTtposocoeanHeHus

5. MUKOTOKCHHDbI

6. ANKunMpyrouwme areHTbl

CoomHoweHue Mexa3y Myma2eHHOCMbIO U KaHYepO2eHHOCMbIO
73 xumuveckux coedurerul (44 karyepozeHa)

HeMyTareH \ KaHueporeH

MyTareH \ KaHueporeH
27% yT uep

33%

34% /

0
8% HeMyTareH \ HeKaHuepores

MyTareH \ HekaHueporeH




anpOAHble U NpPpOMBIWLNEéHHBIe KaHUepOoreHbl

1. 4-AMuHOBHeHMN

Z2. Acbect

3. AdnaToKcHHBI

4., BeH3naHWH

5. BeHzon

6. BepunviA M ero coeaAMHEHHWA

7. BucxnopmMeTHnoebld 3dHp M TEXHHMYECKHHA
XNOpPMETHNOBbLIA 3thup

8. BrHrnxnopna

9, TOPYMYHBIA ras (CEpHMCTBIA MNPUT)

10. KaaMWA M ero coeAMHEHHA

11. KaMeHHOYroneHble NEKH

12, KaMeHHOYroneHble CMONbI

13. MMHepanbHble CMa304YHble Macna

14. MbIWBAK KU €ro CoearHEHHA

15. 2-HadTrnamuH

16. HHKene U ero coeanHeHHA

17. PanoH 1 NpoOAYKTEl 8ro pacnana
158, Caxn

19. CnaHueeble Macna

20, Tanbk, coaepXawni acbecTosble
BOMOKHa

21. ¥XpoM WeCcHBAaNeHTHbIA KU ero coeAMHEHHA
22, DPHOHNT

23, 3TUNeH-0oKCcHA

Mo4eBOH NyY3blpb

Nerkwe, nneepa, OpPHOWKWHE, XEeNya04HO-
KHWEYHEIRM TPAKT, MOpTaHb

MNe4yeHb, Nerke

Mo4eBOoH Ny3blpb

KposeTeOopHaa cMcTeMa

Nerkuve, UHC

Nerkwne

MNe4yeHb, KpOBEHOCHBIE COCYAbl, MO3T,
nerkue, NMMpaTMY4EcKan CUCTEME
MMoTKa, ropTaHb, Nerk1e

Nerkuve, npeacrateneHan xXenesa

Koxa, nerkme, MOYEBOH Ny3blpb, MOPTaHb,
nonocTe pTa

Koxa, nerkme, MOYEBOH NY3bIpb

Koxa, nerkme, MOYEBOH NY3blpb.
KENyAOYHO-KMWEYHbIA TPAKT

Nerkuve, Koxa

Mo4YeB0oH NY3blpb, NErkKue
MonocTe HOCa, Nerkue
Nerkue

Koxa, nerkme

Koxa, ¥Xenyno4HOo-KHWEeYHbIA TPaKT
Nerkwne

Nerkwne, nonocTe Hoca
Mneepa, GprowrHa

KpoeeTBopHaa v NnMMdpaTMHECKaa CHMCTEMBI




KaHueporeHHble nekapcTBeHHbIE Npenaparbl

24, A3aTHONPHH

25, AHanbreTM4eCcKne CMecH, coaepxawmne
deHaueTHH

26. 1,4-ByTananon AMMETAHCYNbDOHAT
{(MunepaH)

27. Anatunctunebectpon

28. KoHTpauenTtuebl (NnepopancHble,
NPUMEHAEMbBIE LMKNHYECKH)

29, KoHTpauenTHebl (NepopantHble,
KOMOMHHMPOBAaHHBIE)

30, 3aMecTUTENbHaA 3CTPOreHoOTEpanua
31. MendanaH

32, 8-MeTokcuncopaneH (MeTokcaneH) B
COYETaHMK ¢ YD-obnydeHnen

33. MOPP (KoMBMHMPOBAaHHaA TEpanuAa
a30THCTEIM MNPHUTOM, BMHKPHUCTHHOM,
npokapbasuHoM, NPEAHU3I0NOHOM)

34. HecteponAHble 3CTPOreHbl

35, CTeponAHbIE 3CTPOreHbl
36. TaMokcudeH

37, TnoT3d

38. TpeocynedaH

39, Xnopambyumn

40, N,N-Buc(2-xnopatin)-2-HadTHnammH
(xnopHadazuH)

NumdaTHYEecKan cCMCTEMa, ME3ZEHXHMMAE, KOXa,
renatobMNNMapHan cMcTeMa

MoYeBOoH NyY3bIpb, NOYKH

KpoBeTBOpHaA cMcTEMa

lWeHKa MaTKK, BNaranuue, aM4kH,
MONOYHAaA Xenesa, MaTka

MaTka

MNevyeHe

MaTka, MONOYHaA Xenesa

KpoBeTBopHaA cMcTeMa

Koxa

KpoBETEOPHAaA CHCTEMAE

WerKa MaTKKH, BNaranuue, a4k,
MONOYHaa Xenesa, MaTka

MaTka, MON0OYHaA xXenesa
MaTka

KpoBeTBEOpHaA cMCTEMA
KpoBeTBEOpHaA CMCTEMA

KpoBETEOPHAaA CHCTEMAE

Mo4eBoHr Ny3bIpb




UcTopusa passutusa XK

Timeline | Advances in ‘chemical carcinogenesis’ in the twentieth century

Cancer was
expermentally
produced the
first ime by
application of
coal tar to the

ear of rabbits'®

Induction of
metastasizing
skin cancer n
mice through
application of
tar46

First proof that single
polycyclic aromatic
hydrocarbons
(PAHS) are capable
of inducing
maignant skin
tumours in mice™®

The tricyclic
aromatic
hydrocarbon
anthracene is
hydroxylated
in vivo™

Production of
blacder
papiliomas and
carcinomas in
dogs by
2-naphthylamine?

Two-stage mouse
skin chemical
carcinogenesis
model established'

Microsome

catalysed

biotransformation Binding of

of N,N-dimethyl-4 N-Hydroxytation Discovery of 2-acebyfiamino
aminoazobenzene | | of aromatic cytochrome filuorene to rat
in a cell-free amines/amides PA50 n ver iver DINA
system*? discavered™® microsomes® | | discovered®

1933 1935

1936

1938

1944

1947

1948

1956

1964

1966

The mouse skin
tumour bicassay
was established"

Induction of skin
canoer in mice
by arsenice

Isolation of
berzolalpyrene
(BF) from coal tar
and proof of its
carcinogenicity in
mouse skin?!

First evidence
that epoxides are
intermediates in
biotransiormation

‘Butter yellow’ Initiating and Covalent binding PAHS can induce
(N,N-dimethyl-4 promoting effeclts of N,N-dimethyl metabolizing
amnoazobenzena) of chemical 4-aminoazo enzymes in rat
isfoundtobea carcinogens are benzene to Ihver in vivo™
potent liver distinguished'” proteins in rat

carcinogen? fiver?®

of PAHs'®

Comelation
between DINA
binding level and
carcinogenicity of
st PAHs




UcTtopusa passutusa XK

Stereoselective
enzymatic conversion
of BP leads to the

BP binds to DNA
through its 7,8
diol-8,10
epaxide’

7R,85-diol-8S8,10R
epoxide, (+)-anti-BP
diol-epoxide
(BFDE)'™@

induction of

mutations in
mouse skin
following
exposure to
P N' {SEIZ

activating Hras

Andhydrocarbon-
receptor-deficient
mice are
protected aganst
TCDD-mediated
carcinogenicity®

Aryihydrocarbon-
receptor-geficient
mice are protected
against PAH-induced
skin fumorigenesis®!

1970

1974

1976

1978

1983

DNA-reactive
sulphate

asters of
N-hydroxyany
amines/amides
formed in vivo™?

Aryihydrocarbon
hydroxylase is
induced by 2,3,7,8
tefrachlorodibenzo
p-dicxin (TCDD) and
carcinogenic PAHS

Binding of BP 1o
DNA in vivo
OOCUrs
pregominantly
through (+)-anff
BPDE'®

through a cyltosolic
receptor protein®

The ex0-8,9
epaxide is
the DNA-
binding
metabaolite of
afiatoxin B,

DNA-binding sigrature
of BPDE in TP53 of
iung epithelial cells
comesponds to human
ung cancer mutational
not spots'#

(REF. 106)




1. MAY

» EXXeCcyTO4YHO Ha NOBEPXHOCTb 3eMSin BbicedaeT OKOJSo
170 T MeTEOPUTHON NbINIX, B COCTaBe KOTOPOWU
oOHapyxuBaroTCA NMONMMLUMKINYECKME apoMaTU4ECKnE
yrnesogopoab! (MAY).

 Ha nnaHete B HacTosLlee BpeMsa aenctesyet okosno 520
BYJIKAHOB, UX €XerogHol BbIOPOC cocTaBnsaeT 3-6 Mnpa.
T XUMUYECKNX BELLECTB (ad3p0o30sin, neners, naea, rasbl).
C nennom B atMocdepy MOXeT NOCTynnTb 00 12-24 T
TONbKO ogHoro 6eHs(a)nupeHa, He cuntasa gpyrux MAY.



KaHueporeHHocTb [1AY

ba}: region hindered hav rebion tJOrd

P
Seoy 59 R

w

K-region CH, K-region

Benzo|a|pyrene 7,12-Dimethyl- Dibenzo|a,/|pyrene
benz|a|anthracene

Fig. 1. Structural features of PAHs that contribute to carcinogenicity.
Bla]P, a known carcinogen, contains a bay region. The diol epoxide
metabolite of Bla]P, which binds to DNA, contains an epoxide group
next to the bay region. Methyl groups in DMBA hinder this structural
feature further, as does the extra benzene ring in DB|a,/|]P. The com-
pounds are arranged in order of their increasing carcinogenic potency,
with DB[a,/]P being the most potent. Adapted from Baird and Ralston
[1997].
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N3omepbl BPDE

B
(+)-Bla|P-7,8-diol

HO’/

(-)-Bla] P-7,8-diol

(-)-anti-Bla|P-7 8-diol-9,10-epoxide




(+)-anti-B[a]P-7R,8S-diol-9-S,3nokcna10R -
Hanbonee KaHUeporeHHbIU MeTabonuTt




Ponb CYP1A1 B aktuBauuu bll

B[«]P-7,8-oxide
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Netokcukauusa bl
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Ponb CYP1A1 B aktnuBauumu
NOMBA
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CYP1A1 B npodmnakTuke paka
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2. leTepouuknuyeckne amuHbl. CTpyKTypbI
HEKOTOPbIX NUPPONIN3aTOB aMUHOKUCTIOT
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{(4,5-f)mupugun (PhIP)
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PaKkTopbl, CNOCOOCTBYIOLLUE
obpa3oBaHuto N'LIA

=== TeMnepartypa

@ Bpema

& KOHTaKT ¢ UCTOYHUKOM OFHS

Al CocTaB nULWMK




YcnoBusa ona oopaszoBaHus LA

8 ——
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£ o 2o 4T =e=415°F (230C)
2 2 31
— nad 2 —
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0
2 4 6 8 10 2 4 6 g 10

Cooking Time per Side (min) Cooking Time per Side (min)




CopepxaHue retepoLUKINYeCcKnx
aMUHOB B nuwe (Hr/r)

Obpasel 1Q MelQX  [4.8DemeiQx |Trpp-l | Trpp-2
Kaperas 0,19 211 021 0,25
TOBAHHA i

[Tepesxapentias | (,70 0,6] 0,12 0,19 021
TOBAIKHA

Kapemsui 2,33 081 0,12 0,18
IIBIIIIEHOK
Kapenad 10 0,67 0,15
OapaiHia




Hamburgers, pan-fried (*home-cooked”)

PhiIP (ng/g

product)

MelQx (ng/g
product)

Beef steak, broiled/grilled/fried

sandwiches and deep-fried chicken)

Chicken breasts, pan-fried 12-70 0
Chicken breasts, grilled (barbecued) 27-480 0-9
Fish, broiled/grilled 2-13 0-5
Fish, pan-fried 1.7-69 14-6
Fast food hamburgers (fried or charbroiled) 0.1-0.6 0-0.3
Fast food chicken (chicken breast 0 0

Fast food breakfast sausages

Fast food fish (sandwiches




[Tyt meTtabonuima N'uA
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Cyab6a metabonutoB LA
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Ponb CYP1A1/2 B MmeTabonuame NuA
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KuHeTn4yeckme napameTpbl peakuum,
katanusanpyembix CYP1A2

nmol/min/nmol CYP 1A2

H,G
N NH
N 01 H,C. N N-cn,
\ 2 TI
(0] (o] O\CHs N

20 Rat CYP1A2
K, =0.21 uM
15 —
1.0
Human CYP1A2
0_5: Km =0.22 I.IM
0.0 0.5 1.0 15 2.0
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3. dnumnknuyeckKkue v nonUUUKnNUYeckKue
apunaMuHbl - KaHUepOoreHbl
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- dexaxTprtaMros NH2 6= aCoLoK PIHEax




MeTabonunam
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4. A30- U gua3oKpacuTenu

A30KpacuTenb - LUMPOKUA TEPMUH, NPUMEHAOLLMINCA K KNaccy Kpacutenen, B
MorneKynax KoTtopblx cogepxatca asorpynnbl (-N=N-). Knacc aTux coeguHeHuin MOXeT
ObITb pa3feneH Ha noAknaccbl MOHOA30-, AMa30- U TpUasn- U T.4. Kpacutenen B
COOTBETCTBUM C KONMUYECTBOM a3orpynn B Monekyne. C TOUYKU 3peHna BpeaHoro
BO3LENCTBMA Ha OpraHuM3M YenoBeka BaXHO YYUTbIBATb, YTO UCMONb3yeEMbIE B
MPOMbILLNEHHOCTU Kpacutenn umetoT ot 20 1 6onbLle NPOLEHTOB NPUMECEN.
Mpouszseodcmeo

A30KpacuTenu CUHTE3UPYHOTCA AMA30TUPOBAHUEM UMW TETPA3OTUPOBAHNEM
apoMaThUyecKkoro MOHoOaMWHa UM apomMaTUYeCKoro guaMmuHa ¢ HUTPUTOM HaTpua B
cpege HCI, ¢ nocnegyolnm coefuHEHUEM C NPOMEXYTOUYHLIMU 3BEHbAMMU
Kpacutenemn, TakKUMU Kak pasnuyHble apoMaTUYecKnue Unu retepounknuyeckmne
coeuHeHna. Ecnu B NpoAyKTe peakuun CoOeQUHEHUA COLEPXKUTCA aMuHorpynna, To
TOrga CTaHOBUTCA BO3MOKHbBIM MONyYyeHne ANUHHOLEeNOYHOro nonunasokpacutend
nyTem NoBTOpAKOLLEroca Ana3oTUpoBaHua U coeguHeHunda. OO6LLne opmynbl And
NepBbIX TPEX YNEHOB rpynmnbi:

R-N=N-R' MoHoa3okpacuTenb
R-N=N-R'-N=N-R" [lnasokpacutenb
R-N=N-R'-N=N-R"-N=N-R™ Tpuasokpacurens




AMUHOa300eH30nbI. [lyTn akTBauun
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ONA/' NYNH DNA N N:
NHp ¥ NHp

AHy
a-partially inhibited N N
by pentachlorophenol @N/ @m‘ﬂ

b- blocked by deficiency of N NH
PAPS In brachymorphs N::,&o

MAJOR HEPATIC DNA ADDUCTS FORMED DURING
INITIATION IN INFANT MALE BEC3F, MICE
HEPATIC PROMOTION
DURING GROWTH
AND ADULTHOOD
MULTIPLE HEPATOMAS BY (0O MONTHS
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CYP
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4,4"bis(0-tolylazo)-2,2"-dimethylazobenzene




5. HuTpo3oamMuHbI

HuTposaMmHEl OEHICTPO QOPMUMPYITCHA M3 BTOPMYHEIX aMMHOB UM al30TUCTOM KMCJOTH, a
COOTBETCTRYLIVE N-HUTPO30COEOMHEHUA = ns [IePBUYHEIX aMMHOB. JoHOpPOM
HUTPOTPYIIE ABJASTCA aHTUMAPUI a3S0THUCTOM KUCJIOTH. I[[O3TOMy CKOPOCThL MpPAMON
peakuMy OpONOPLMOHAaJIbHa KBaJpaTy KOHLEHTpaluuu asO0THUCTOM KUCJIOTH. CKOPOCTH
peakuMy BSaBUCUT OT KOHILEHTpaluuM BTOPMUYHEIX aMMHOB, KBajpaTa KOHLEHTpalun
as0TUCTOM TPYyNNEl M KOHCTaHTH, CBA3aHHOM C pH. CKOpPOCTH peakKuuu yBeJIMYMBaETCH
B KHMCJEIX YCJOBUAX (Iocjle NpeBpalleHMsA HUTPUTa B aS0TUCTYK KHUCJIOTY), HO aMMHE
aKTUBHE B IOeNPOTOHMPOBAHHOM QopMe, KoTopasd IpeobjlajaeT IPU BHICOKMX

pH. B pesyibTaTe OJA MHOTMX aMMHOB ONTMMAJIbHEM ABJAeTcAa pH 2-4, Ommskui K pH
XeJlyoka. AMMHEI pasjMyalnTCAd OO MX CIHOCOOHOCTM MpeBpamaThbCA B HUTPO3aMMHE B
OCHOBHOM B 3aBMCHMMOCTM OT BeJimuMHE pKa

H+ HNO2-H20 R2NH
\ ,

NO,~ — HNO, — O=N-O-N=0 - R,N-NO + HNO,
- 2HNO, + R,NH — R,N-NO + HNO, + H,O

CkopocTr obpasoBaHMA = k[R,NH] [HNO;]? = k' [amine] [nitrite]? , roe k' = £
(pH)




ObpasoBaHue HUTPO3aMMNHOB

O6pasoOBaHMe HUTPOBaMMHOB B YCJOBUAX HEWTpajlbHOM PH kaTammsupyeTcH
dopMaNLIernMIoM, KOTOPEM mMMPOKO IIpeICTaRBJIeH B OKpYyXaomel UYeJIOReKa cpele.
[loBemeHVe onTmMyMa pH BosMoOxHO OJjarozapa obpasoBaHuo [ddoBa OCHOBAHMA C
OEeOPOTOHVPOBRAHHEMY aMMHaMM. BaXHO OTMETHTL, YTO CKOPOCTL pPeaKLUUM
NPONOPLUMOHANIbEHA NEepPBOM CTEeNeHM KOHLEHTpaluy HUTpUTa. J3TOo ofOok’HauaeT, UYTO
dopMaNbIernn CHOCOOeH BHAUMTEeJIBHO YCKOPUTH pPeakKlLMio, KOoTOa KOHLEeHTpalud
HUTPUTa HUBKaA.

ONO-
L3 !
H,CO + R,NH - R,N=CH2 - ONOCH-NR, — R,N-NO + H,CO

Peakuya oOpas0BaHMA HUTPORAMMHOR KaTaJM3UPYeTCHA TakXe THUOLVAHATOM,
KOTOPED TaKxe IMPOKO MNpelICTaBJIeH B OKpyXapmell cpene. Hanpumep, B CIIOHE
KypuJlbIMKa 3TO COeIVHEeHMe MOXeT IOCTMIaTh OMM KOHLeHTpauuu. OnTmMmyM pH Takxe
KMCJIEDI, HO CKOPOCTH peaKLUMM NPONOPLMOHAJNIbHA KOHLEHTpalWM a30THMCTOM KMCJIOTH B
[IEepPBOM CTEIeHU.

R2NH

i
-NCS + H+ + HNO2Z - H20 + ON-NCS - R2Z2N-NO + H+ + -NCS




Obpa3oBaHue HUTPO3aMMNHOB

OKCuOH as0Ta, ofpasypnmyecs B aTMochepe, MOTYT CHOCOGCTBOBATH 0OGPak’0BAHMD
HUTPOBaMMHOB. B mpolecce TopeHMa U3 asoTa ofpasyeTcsa okcum asoTa NO, KOTOpEDA
3aTeM MpeBpamaeTcA B IMOKCUI az30Ta. Janee NPOMCXOIUT TUApaTalUyas OO a30THON
M as0TUCTOM KUCIOT. 3TO ABJIEHME NOCTATOUHO JIETKO MPOTEKAaeT Ha BJIAXHOM
MOBEPXHOCTY (BKJIOUAA MOBEPXHOCThH CIMBUCTHX). O6pakoBaHiME HUTPORAMUHOR B
MPOLECCaX, HAaNpyUMep, MMBOBApeHMA, MNPOMBBOACTBa Tabaka, a Takke B paiioHax
IOOHYM Tansa, NPOMCXOOUT COTJIACHO CIeIyomel peakLyu:
N2 + 02 - 2 NO - 2 NO2 - HNOZ + HNO3

PAI OBOMmEN COINEepXaT SHAUMTENbHOE KOJMUECTBO HUTPATOB. MHOTVE BUMH
GakTepuii, BRJIOUAA MUKPODIIOPY MOJIOCTM pPTa, MOTYT MNPUBOIATE K 0GPasBOBAHMD
HUTPUTOR U3 HUTPATOB. [0 NMpelBapUTENbHEM OleHKaM, OaKTepuy, NpPeNCTaBJIeHHHE B
POTOROM MOJIOCTY, CHOCOGHH MNPOOYLUMPOBAThH NPUOIMBUTENbHO 1 MI' HUTPUTOB U3 20 MD
HUTPATOR, COIEPXAIMXCA B CYTOYHOM pallMOHe (HECMOTPA Ha BHAUNTENbHEE
MEXVHIVBUATYANbHEE DasivuMA). B MoClemyomeM MDOMCXOIMT WX HaKOMIEHME B
KEJTYIIKE .




AKTnBauusa N-HUTposoankmnammHoOB

CH3

cyp_ CH2
N—NO — > | "™y__nNo — ~H2£=0 + CH3NHNO

CH3/ H | /
l CYP CH3

AaNKMNAHa;OHNEBDBIN HOH
HnM: (8 MMV WO WM SreHT)

OHCHQ\ X"
M—NO _Z 4CH3¥+N2+H2C=0 + OH

4
CH3 MetnupoBaHie 31exT pohpnb HbIX
canroB IHK
Hnc
CH

CH3 3 i

Ny (AEHATROZMPO BaHWE) N +H50

//N—NO TR || —* CH3NH 2 + CH20 + NO*
CH3 CH2

invitro: NO — N0 2" ——=NO3




[lpoayKTbl MeTabonnama HA

Coeaunenne 'HpO,II}’K’I‘ MeTaGo1HIMa CROpOCTb MeTadoaH3IMa (HMOIE/MMH/MT Denka)
’ | v neYeHb/MHMEBO
MetunbenznnuuTpozaMmuH  |OeHsanbaerua ;3.0."'0.55

..\’ICTHJISCHSPUIHHI;[)O?.aMHH {¢opn1a.1m,uenm T0.3.-"0.005

JumeTnnOeHIMIHNTPO3aMMH ‘cbbpma.ub,nemn 0.9/0.03 1 menpme




Ponb CYP2E1 B aktuBauun HA

HHIPO30aMHHDI R,
N—N=O0
cHy

N-Hurpo3zoamMuH

CYP2E1

(Hanpumep, N-HUTpo3oaHMe THIaMHH,

R=CH 3

R-EN==

R
“N—N=0
ol D \

HCHO

/A -

N—OHTV R

N, OH




AKTUBaUMAa a3oKCUMMeTaHa
untoxpomom P450 2E1

AOM . H,CMAM Cver |
HsC, Liver \r_ [Extrahepatic ’“\N:N

N—N F 3 N\, \
™ “ck, CYP2E1 Q f“‘- ADH g ¥
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Transportto| Y,
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6. [NpupoaHble KaHUepPOreHbl

MeTabonusm

AdonaToKcuHa
B1

AFB, Guanine-N' adduct

DNA T 1.5x10° M min™!

0 O 0
O,
P450 3A4 2
O
< 1.8x 10° M min”? :
H O OCH5 H O OCH3
AFB,

AFB, exo-8.9- epoxide

GST M1-1¢2x 109 M7 "

H O OCH;4
AFB, GSH conjugate
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/. UnTocTaTUKM - KaHLUeporeHbl

Nitrogen mustards
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FopunyHblii hoccpamn,  METaBONHTLI A3HPHAHHIYMA




MexaHuU3M pa3BUTUA paKa nerkoro

Cytochrome GSTs, UGTs,
P450s NQOI1
Nonelectrophilic
metabolites
Procarcinogens ___, Detoxication
Phase I , : Phasell products
enzyme | Reactive electrophiles enzyme

DNA
repair DNA damage
(DNA adducts)
Normal DNA Apoptosis

Persistence miscoding

Mutations and epigenetic
Changes (methylation):
RAS, MYC,

P53, p16, RB, FHIT
and other critical genes

!

Lung cancer




A deKkT MHAYKTOPOB (hepMeHTOB 2-U
pa3bl Ha pa3BUTUE paKa Nnerkoro

MHaykTop 2-1 hasbl NcToYHMK MuweHb SchpekT Ha PJl
0 e -
i Su'foraphane S AGSTA1/2/3. ‘GSTM‘I/Z. AGSTP1, Inhlblt |Ung tumor |nduced by
SN POKKONU
£ e - Bes *NQO1. tUGT1A1 i g
NC
g : *GSTA1, 1GSTM1/3, Inhibit lung tumor induced by
i l Phenethyl isothiocyanate lNeknHckana kanycTta *GS'I"T1, *NQO1 NNK and BaP
NCS === =
. Inhibit lung tumor induced b
©/\ Benzyl isothiocyanate F€AWC, kpecT canat 'GSTP1 g ’
v PAH and BaP
]q? apce .
s 3H-1,2-dithiolethione- Bploccenbckaa :GSTs, tNQO1, tUGTs ; P—
H I Faiais Kanycra No investigation
S'SS—#N—‘%) ibi i
s*~{ =~ Oltipraz cuuT.  1GSTA, 1GSTM, 1GSTP 1UGTs, tNQO1 Inhibitlung tumorinduced by
CH, BaP
_5
Ye=s A . —
Anethole dithiolethione CWHT- *GSTs tUGTs, 'NQO1 No investigation
H,CO

Iz

Inhibit lung tumor induced by

Epigallocatechin o/ cHEIN 1GSTs, 'NQOT1, tUGTs NNK and cisplatin, but not BaP
- o o gallate A :
OH




8. KaHueporeHbl, He Tpebylowue
aKTUBaUum

CTpyKTypa HEKOTOPbIX NEePBUYHbIX,NOJIHbIX KAHLLEPOreHoB:

0O - 0 —C=0
| 73 S
CH30§|0<:H3 CH,—CH, éHz_éHz
|
0
.LIHMETHJIC}'J'Ib(baT JTUHNeHHWMKHH nponyuoaueToH
0
|
(CICHLHYMCH;  CICH0CHLCI (CH a)zméa

Aa30TUCTBIA MNpUT  Buc(xnopmetun)  AUMeTUNKapbamoun
agup ¥NOpKUA,




Ctaaunu onyxoneBoOro pocTta
1. NTHMUmauums

[Mpouecc HenocpeACTBEHHOro AeUCTBUA KaHLieporeHa Ha
KIMeTKW, 3anycKarLwmmn nx TpaHccgopmauuio, Ha3blBaeTcs
WHULMaLUMeUn onyxorieBoro pocra.

XapaKTepHbIMN OCODEHHOCTAMWU OENCTBUS MHULINATOPOB SBNSIOTCS:
- HeobpPaTUMOCTb;

- KYMMYNSATUBHOCTDb;

- OTCYTCTBME MOPJOSIOrMYeCKnUX NpPOSABNEHUN;

- 3aBMCUMOCTb 3(pdekTa oT ocObeHHOCTEN MeTabonn3amMma KrneTkn u
doa3 e€ KNeToYHOro LUMKna;

- ©ecrnoporoBoCTb.



2. [lpomouusa onyxoneBoro pocra

MNMpouecc, B xoae

KOTOpOro
MHULUMUPOBaHHAaNA KreTka ;
3aBepLluaeT HeKOTOpre NMPOMOTOPbI pPakKa.
HeomnsacTu4ecKkyro
TpaHchopmauuro
Ha3bIBaeTcs NpoMoLnen. /O Clj@:O Cl
@IZS/NH cl o: : :c1
N
0" 0 TXAan
CaxapuH
NH
O Q
PeHobapburan

O




[TpoMOTOpbLI XapaKTepu3yrTcS
crepyrowmMMmn oCo0eHHOCTAMMN:

- 00paTUMOCTbIO U HEa4OUTUBHOCTbIO;

- Hann4mem Mmopdonornvyecknx
NPOABEHNN OMYyXONEBOro PoCTa;

- MOPOroBOCTbIO;

- MOAYNNPYEMOCTbLIO pakTopamu
OKpYy>KatoLLen cpeasbl.



3. lNporpeccusn

[1lpouiecc manurHnMsaumm oo Toro
0obpoKayecTBEHHOW OMyXOsiun.
[lonaratoT, YTO B ero OCHOBE NEXUT
OanbHeuwaa TpaHcdopmauus
EHETUYECKOro MaTepuarna KneTok



KokaHueporeHsbl

BellecTBa, KOTOpble CYLLECTBEHHO
yBENMMYMBaOT BEPOATHOCTb (DOPMUPOBAHUS
HOBOOOpa3oBaHUW, OENCTBYSA Ha OpraHnU3m unu
COBMECTHO C KaHLeporeHamMmu, Unuv o Hero.

[IpOMOTOpPbI OTNINYAKOTCA OT KOKaHLIEPOreHoB
TEM, YTO peanmayrT 3PAEKT NMAULLL Npu
OEWUCTBUUM NMOCIe MHMUMaTopa ornyxoneBoro
pocTta. B kayecTBe KOKaHL,epOreHoB MOryT
BbICTYNaTb FOPMOHbLI, UMMYHOMOAYNATOPHI,
doaKTopbl NUTAHUA U T.4.



[lpegnonaraemMmbie MeéXaHN3MbI
KOKaHLeporeHe3sa

-YBennyeHme ckopoctn n obbema 3axeata
KaHLEpPOreHoB KeTkamu

- IHTeHcndukaums npoueccoB bnoakTmBaLmm
NPOKaHLEPOreHOB B OpraHn3me

- [MogaBneHne npoLeccoB OMONMOrMYecKon OeToKCUKaLmm
KaHLlepOoreHos

- YTHETEHNE MEeXaHU3MOB penapauunn noBpexaeHHOW
OHK

- YcuneHue npoueccoB npespalleHnsa nospexaeHum
[HK B nepmMaHeHTHOe COCTOAHME

(Hanpumep, nbirnib gMokcmnaa KpeMHUSA SIBMNSIETCS
KOKaHUeporeHoMm 6eH3(a)nnpeHa, Bbi3blBaOLLENO
KapuMHOMY ropTaHu, Tpaxeu, Nerknx y
9KCNepUMEHTanbHbIX XXNBOTHbIX)



TecTtupoBaHue
KaHLUepOreHHOn u
MyTareHHOU aKTUBHOCTM
XUMUYECKUX coeanHeHUN



[MpoToKON N3yvyeHns KaHUEepOreHHON
aKTUBHOCTM BellecTBa

A. OueHKka XMMN4eCcKoro CTPOEHUS BeLlecTBa

b. iccneposanus B onbiTax in vitro

1. MyTareHHasa akTUBHOCTb;

2. Bnuanue Ha npoueccol penapauun OHK;

3. NIayyeHne kneto4Hon TpaHcdopmauun.

OueHka pesynbsraTtoB U BbIboOp ycnoBun ganbHenwen paboTol
B. NlccnepgoBaHua B onbiTax in Vivo:

1. IHOyKUua onyxonem KoXu y MbiLLEN;

2. IHoykumnsa onyxonemn nerkux y MmblLien;

3. MHOyKumnsa onyxonen MOSIO4YHOM XKemnesbl Y MbiLLEN;

4. NHaykuma onyxosnien apyrux BHyTPEHHUX OPraHoB Y rPbI3YHOB;
5. OueHka gencrTenst NPOMOTOPOB.

OueHka pesynsraTtoB U BbIbop ycnosun ganbHenwen paboTol
[. XpoHn4eckne nccrnegoBaHa Ha XUBOTHbIX Pa3HbIX BUOOB.
OueHka pesynsraTtoB

OOLee 3akntoyeHne



KaHueporeHHass akTUBHOCTb
HEKOTOPbIX XUMNYECKNX COeaANHEHUMN

CYTOYHAA 0033
MESKT P CaxapmH
1000000 — ThUXNOP3ITUNEH
- CCly
1000 — Z-auetTunamuHodTopKua
OUMEeTUNHUTPOZaMMH
I-METUNXONAHTREH
1.0 — AnaTokcuH By
0,1 - 2,3,?,8'1-}{11[1




BelwecTBa, Ana KOTOPbIX NOKa3aHa COoCOOHOCTb Bbi3biBaTb
ONMyXOJiM Y XXUBOTHbIX, paCCMaTPMBaKOTCS KaK onacHble 1 Ans
yenoBeka. OgHako BnaoBasi YyBCTBUTENbHOCTb K KaHUeporeHam
BblpaXeHa O4YeHb 3HAYUTESIbHO

MoXXHO cuuTaTb AOKa3aHHbIM, YTO:

* - BelWwecCTBO, Bbi3blBatoLlee Onyxorb Yy XMBOTHbIX OOQHOIO, ABYX U
Aaxxe Tpex snaos, HE 0bs3aTeNbLHO KaHUEepOoreHHoO An4d 4esioBeka,

* - 3aBUCUMOCTb "A03a-adppeKkT", nonyvyaemas B xoge uccnenoBaHumn
Ha NnabopaTopHbIX XXMBOTHbLIX, COBCEM He 0bs13aTENLHO MMEET
aHanornyHole napamMeTpbl Ad YenoBeka, oTcioga 1 noporu
B6e3onacHoro AencTBmMa TOKCUKAHTOB A5S1 X)XKUBOTHbIX 1 YernoBeKa B
CTPOroM CMbICSi€ MOTYT BbITb PasHbIMU;

* - Y XXMBOTHbIX KAQHLUEPOreHbl Kak yBernnymBatoT 4acToTy
BO3HUKHOBEHUSA OMyXONen, Tak N COKpaLLakT CPOKU UX pasBUTUS; Y
YyerioBeka aTu a(pdeKkTbl MOryT He BOCNPOU3BOANTLCS;

* - OpraHbl-MULLEHWN ANSA OQHOrO M TOrO Xe KaHLeporeHa y
nabopaTopHOro XXMBOTHOIO U YerioBeKka MOryT OblTb Pa3fMYHbIMN.



HoBble TexHonoruu (-omic) B
OoLueHKe KaHLUepOreHHOCTH

Interactions of —omes through feedback mechanisms




annaemMuonormyecKme
nccrnegoBaHus

OKoHuYaTenbHOEe CyXAeHue O KaHLepOoreHHOCTU BellecTBa ANA YerioBeKa ABNsieTcs
pe3ynLTaToM MaclITabHbIX ANUAEeMUONOrnyeckmx nccrnegosaHuin. Kak npasuwno,
yTBepXaeHune rnpusHaeTca cnpaBeanvBbIM NMULb NMPU BbINOMTHEHUN psaa YCIOBUN:

BbISIBIIEHHOE yBefin4yeHne 4acToTbl HOBOOOpa3oBaHMK B 06CcneaoBaHHON NONYNALUMU HE MOXET ObITb
O0bSACHEHO AEeNCTBUEM ClyYalHbIX NPUYAH;

= aHanorn4Hbie pe3ynbraTtbl NOJly4YeHbl B XO0A4€e HECKOJIbKUX He3aBUCUMBbIX nccnepoBaHum;

= AOKa3aHO, YTO 4YaCcToTa nossBrieHuns onyxoneﬁ n3mMeHsieTtcd npn n"aMeHeHMn Ao3bl KaHUueporeHa n
BpeMeHun npowegwero or MOMeHTa ero BO34EeNCTBUSA.

OaHako 4OCTaTOYHO YacToO UHTepnpeTauuva nosy4YyaemMbiX pe3ynbTaToB BeCbMa 3aTpyAHeHa LernbiM paaom
obcToATeNbCTB, TAKUX Kak:

- MOOMINBHOCTb YenoBe4vyecKnx Nonynsiuun, YTo 3aTpyaHseT Bepudukauumio pakta Bo3gencTems
NOTEeHLUMarbHOro KaHuUeporeHa;

- NPOAOIMKUTENBbHOCTb AEVNCTBUSA TOKCUKAHTA U ANIUTENIbHOCTb CKPbITOro nepuoaa. JlateHTHbIV nepuog
3M10Ka4YecTBEeHHbIX 3aboneBaHUN KPOBM y YenoBeKka coctaBnseT 5 - 10 net, TkaHen - 20 u 6onee nerT;

- U300Mnue NINYHOCTHbLIX OCOOEHHOCTEN, BNINAIOLMX HA KaHLileporeHe3: KypeHue, ynotpeoneHue
pa3nuyHbIX NpenapaTtoB, ObITOBbIE MPUBbLIYKK (B TOM 4YMcre xo66u) u ap.;

- BO3MOXHOCTb paboTbl Ha HECKOJbKMX NpeanpuAaTUAX;

- He Bcerga KoppeKkTHasA AOKYMEHTMPOBaHHOCTb (hakTa BO3AENCTBUS;

- AedeKTbl AUAarHOCTUKM OonyXoren;

- BO3MOXHOCTb AeMCTBUSA Ha NoAen UHbIX, He OLeHUBaeMbIX B uccrneoBaHUn PaKkTopoB;

- BO3pacTHas 3aBUCUMMOCTb naTtosnoruu (6onee 60% pakoB BcTpeyaroTcsa y nuy ctapue 65 ner).



OHK - KpuTnyeckaa MmuileHb
KaHLueporeHesa

1. MHorue kaHueporeHbl ABNATCA (MW MOTYT ObITb TpaHcoOpMUpOBaHbI)
B anekTpocunbl, koBanewTHo ceasbiBatowuecs ¢ AHK

2. ledchekTb! B penapayvn LHK (xeroderma pigmentosum) npeapacnonarator
K pa3BuTuIO paka

3. HacneAacTBEHHbIE UK XPOMOCOMHbIE HAPYILEHWs NPeapacnonaraioT K
Pa3BUTUIO ONYXONn

4.Pak HacneayeTcs Ha KNETOYHOM YPOBHE 1 ,Clie0BaTenbHO, ero NPUYMHOM
senAeTcA noppexaeHue HK

5.BOnbWKWHCTBO, ecni He BCe, Cry4au paka ConpoBOXAAKTCA XPOMOCOMHbBIMU
nepecTponkamm

6. Bo MHOrMx onyxonax HapyilueHa 3KCnpeccus reHos

7. MHOrne pakoBbie KNeTKn UMeIOT aKTUBUPOBAHHbIE OHKOreHbl




OHK - Kkputnyeckaa mulleHb
KaHLUeporeHesa

-HapyLLUeHNa XPOMOCOMHOIo anmnapara KrneTok (MyTtauumn)
BbIABNSETCS nNpu 60MbLLUMHCTBE HOBOOOpAa3oBaHUN;

- BONbLUMHCTBY PaKOB COMNYTCTBYET HapyLUeHMe NpoLiecca reHHOM
3KCnpeccuu;

- B OCHOBE pa3BUTNA MHOInNX OﬂyXOﬂeVI NexXnT aktnBauun4
OHKOIeHOB,

- Heonnasma camMmopacrnpoCTPaHSALWMIACSA NPOLECC, T.€. paku
hopMUpPYIOTCH Ha KNETOYHOM YPOBHE;

- HEKOTOPbIE HApYLLEHUS reHOMa npeapacnonaratrT K pa3BuUTUIO
HOBOOOpa3oBaHUN;

- 9KCNepUMeEHTanbHO AoKa3aHo, YTO KaHLUEeporeHbl obpasyoT
KoBareHTHble cBA3n ¢ monekynou OHK;

- HapyLwleHne mexaHnamoB penapauun OHK npegpacnonaraert K
KaHLeporeHesy.



[Tpumepbl cnabbiX U CUSIbHbIX
anekTpodmnnoB u Hykneodpunos

JN1eKTpOpHIIbI crabpte Hykieopuin
YTIepojt B n07sSpH30BaHHOIM ABOIHOI CBA3H Cepa 8 THONIAX (OCTATKH NHCTEHHA B
{XMHOHBL, ¢, [} — HEHACHICHHBIC KCTOHDI) OCHIKax ¥ IJIOTATHOHE
Yriepon B aMOKCHAAX Cepa B MeTHOHHHE
Apu1 KapOOHHYM HOHBI A30T B NEPBHYHLIX M BTOPHUHBIX

AMHHOTIPYIIAx 0enkon

bensun xapbonuyM HOHBI A30T B aMMHOI'PYNLIAX [IYPHHOBBIX
OCHOBAHMIX HYKJICHHOBBIX KHCIIOT
HuTtpenuyM HOHEI
KHenopom nypHHOB W DHUPHMK/IMHOB
AnKul KapOOHHYM HOMNBI

Kucnopon docarueix rpyin
HYKAEHHOBBIX KHCJIOT

Y

ClIBHbIC




ADOYKTbl KAHLEPOreHoB C
MaKpoMoreKynamMmu yenoBekKa

" ———— TS

MelQ [MelQx

e ————

P450 2-AA }V-N DMA

MelQ - 2-amuHo-3,5-gumeTunumuaaso(4,5f)xuHokcanun
MelQx - 2-amuHo-3,8-aumeTunumunaaso(4,5f)xuHokcanus

IQ - 2-amuHoMeTUn- 3,5-aumetTunummupgaso(4,5f)xuHokcanux
AFB1 - acbnaTtokeun B1

2-AA - 2-aueTunammHodcpnyopeH
N-NDMA - N- HuTposoaumeTunammH




Cneundunyeckme JHK-apayKThbl,
OOHapyXeHHble Yy YerioBeKa

ATIVKT HCTOYHHK AJIVKTA TKaHb

- -

’-Me TILITY AHHH Jrmie THIAMIH, Ta0aYHBIN Ileyens, merkue,
IBIM JIeFIK OLTHT bI

Og-Me THIITY AHITH IIpoxapbarpm Jlef KoL TEI

T-3 THIITY aHHH "JHIOTr e HHBII Jlerkme, ek OIHTBI

Iyc-mmaTHH-TVaHHH Iuc-mnaTH JIe KoL T I

Benzo(a)mpeHryaHiH Oxpvkarwas cpega Jlerkme, JIeIIK OIfHTEI

Adnarokecrm Bl (N7-G) Ilga Mowua




KaHueporeHbl oKpyXxatoLieun
cpeAabl U aaayKTbl

LMHA - pactBopuTenb
b1 — B caxe 1 Ap. NCTOYHUKW,;

[loacynTaHo, 4YTO exxeaHEeBHO C Nuwlen YenoBekoM cbepaetcsa 1 mkr [MHA n

4 mkr BI1, uto cootBetcTByeT 3 * 1077 O°%-G agayktos [IMHA (10 monekyn Ha
reHOM) 1 25 Monekyn Ha reHoMm agaykTos bll.

B Kutae, rge ectb obnactu, 3arpsisHeHHble [1VMIHA, aToT nokasatens - 6000, a 'y
nomoxo3ssek sbisgenaerca 10 000 agayktoB Bl (N-7) Ha reHoMm.



PeakTuBHble meTabonuthbl NMAY

4 OH

OH
C O O /"OH OO //”O“

CH,

3S,4R,IR,25-BaA-diol epoxide 3S,4R, IR, 25-DMBA-diol epoxide

OH
3S.4R, IR, 25-BcPh-diol epoxide 1IR, 125,135, 14R-DB[a,1]P-diol epoxide




PeakTuBHble metabonuthbl NMAY

35,4R, IR, 25-DB|a,j|A-diol epoxide

10S,11R.8R.9S-DB[a,h]A-diol epoxide




CneundunyHoctb aaaykros bl

N
\T;’ 7 e N t
O“" \__r,c__ L~
OH
{-)-syn-BPDE
DNA
o}
«‘/N "'/u\ NH
< |

HOY ,,,,«\:\._ S

OH

(+)-frans-anti-BPDE-N2-dG

NER resistance

A

G—T transversion

3
O, /[
I o HO,, W 57 ,-

{+)-cis-anti-BPDE-N2-dG

l NER




CneundpunyHoCcTb B3aMmMmoaencTBuUs
anonanokcuaa bll ¢ AHK

HangeHo 4 «ropsaymx To4ku» ans nHaykumm amber nnu ochre
myTauun B lacl reHe E. coli:

3ameHa G B nocnepoBatenbHocTax: GCGAC, TCGTA, GTGAG,
ATGAA — G Haxoautcsa pssagom ¢ C nnn T.

13 myTauun HangeHo B H-ras oHkoreHe: 2 B 12-m kogoHe 1 11 — B
61-M KOOOHE:

CAG — TAG
CAG — CTG
CAG —— CAT
CAG — CCG



Msomeps (1) o B cw 40
- U0
n OHK 23 :
an'qyl('l'bl 7R 8S'¢p0del‘ O 75‘ 8R-{.|N)Xl(lc
* EH > 95% +
\ ( 7R,8R-diol @ 75,85-diol,
HO™ > 95% z
OH OH
CYP 0, Qy, CYP 0
EI ‘—L'Q;( C I'x
o™ Y HOW ¥ no' X
OH OH
1 7R,8S,95, 10R u IV
7R,85,9R, 10S- dlol-epexide 78.8R.95.10R- 75 8R.9R. 10S-
(=) syn 14 : 86 (+) anti (+)syn 97 : 3 (=) anti
DNA DNA
dNu dNu DNA dNu dNu DNA
HO, = : ) =
C | HO ( HO 'HO,,/ (
Ho™ o™ dNu dNu o' J C_ : dNu dNu
HO, ) z HO W = o, ik
OH OH “ ( HO 4 OH OH HO
]_ 2 ‘\\ ¥ R\ C 5' Q v
trans- Cis- HO e frans- Cls- HO = HO =
: (zH OH OH
- T dNu=Deoxynucleotide ! 8
trans- Cik- Irans- cis-




B3aumopgeucteue ¢ HK pas3nnyHbix
metabonutosB [MAY

PAHs Percent diol-epoxide trapped by DNA
RSS,R® SRRS SRSR RSRS

BaP 13-15 2-3 3-4 5

DBA 9-10 ~3 3-4 3-4
BaA 25 10 8 10
TMBA 16 3 -

SMC 32° 32° 3 5

Bg(? 12 5 9 4
5,6DMC° 22 10 13 12
BcPh ~75 ~65 ~65 ~60




2. ObpasoBaHMe KaTUOHHbIX
pagukanoB [1AY

‘ ‘] Cytochrome P-450
Peroxidase
400 =
Chemical/Electrochemical

Oxidation )

—-

BaP
(As a Representative) Oxidant

O‘O Reductant

BaP Radical Cation with
Charge localized at C-6




DMEBA

DNJa,l|P
Mo31MunKn BBICOKOW PErno-CenekTMBHOCTU B paaukanbHbIX KaTuoHax MAY u NHA

1 12 2

10

DB[e¢,g]C




3. 06pasoBaHMe XNHOHOB

BaP-7.8-Catechol

Dlhydrodlol C

Dchydmgcnnws HO ol i le .0 Oxidative
11() (DD) H o tautomerization e 22 DNA Damage
trans-7.8-Dihvdrodiol 8 Ketol . -
NAD(P)’ "0 (
e 0. -
o-Semiquinone anion radical
NAD(P)H
0,
o Oxidative
0.

— DNA Damage

Myt metabonnyeckon aktusauuu MNAY vepes
0-XUHOHbI (Ha Nnpumepe BIM)

O o0-Quinone
BaP-7 8-dione
(BPQ)

DNA Adducts




O6pasosaHue agaykTos [1HK ¢

HO DB(c,g)C-34-dione

No Adduct

Gua

DBJc.g|C-3.4-dione

i dAdo (f/N

0O
2 Conformational Isomers Two Adducts HN 9
(Not Fully Characterized) ‘ 0
+
No Adduct / \

N
1
H




Oe O Hydroxylation - ) ( Esterification
Rodent liver Sufnntransferase
homogenate

CH, CH,OH

CH,0S0;H
TMBA
(As A Representative) o e e
5 ~ 0OSO;H
N
L
Il“ NH
dR A
Nz-dGuo Adduct, (major) *CH 2
DNA
NH Benzylic
N// N’A Aralkyl DNA Adducts (A) Carbonium
dR=deoxyribose — H
N N
dR/ \,u//
N®.dAdo Adduct, (minor)

AKTUBaUMA MeTUN-3ameLleHHbIX MAY yepes o6pasoBaHue anekTpodpUnbHbIX
cyneco-achupos




Carcinogen (4-ABP)

(O Oy,

B

Polar Excretal

Metabolite (urine)

l e vivo T — @ltivitamin Prote@

Reactive metabolite e.g. [

/OH ]
H

(O (O)—-NHI
l @ Oxy Hb
AMYKTbI C
Met Hb 4-ABED
©-@-r-o

Hemoglobin
Sulthydryls
(iH
O~ 5 — 1o

} f

—_— DNA
adduct

l

Repair
DNA + 4-ABP

!

Excreta
(urine)
v
TRANSFORMED CELLS

OO =8y |7

!

CANCER




A,D,,D,yKTbI APYyrnx KaHUeporeHoB

G
043
I
T
P
C—

3-(homocyctein-S-yl) N-methyi-4- Afiatoxin By A7 guanine-adduct
aminoazobenzene in peptide linkage




AQOYKTbl APYrMX KaHLepOreHoB

(@)
!:l;
Ho ~%~
CHy SN e NN
c=0 c H | I CH
- o e
e T i G
c C—CH DNA
H, dooxyﬂboTe C I 3
DNA e °
N-(deoxyguanosin-8-yl)- 3-(deoxyguanosin NP-yl)-acetylaminofiuorene
acetylaminofiuorene in DNA in DNA




AQOYKTbl APYrMX KaHLepOreHoB

H
/
[,\q @N o) cggcu,on
VY /fj H-fI ?
k\N N O 'i‘ HN N T
: ' deoxyribose
L DNA DNA
1 AB-ethencadenine 3, N*-ethenocytosine Z‘W"W"‘Y‘) guanosine

in DNA in DNA




MexHuTteBble cuuBku [JHK
(ICL- interstrand crosslink)

A[e HTbI, ICL
00p. CUMBKH
H H 1 i
PN o /L )\ \
L DNA' \ DNA

ManoHoBbIN
AHanbaerna,

HONO </ IU\NH 3

3




Apnyktbl HK n pak

Cancer or organ/tissue

Are adduct levels elevated 1n
smokers?

Lung

Larynx
Naso/oro/hypopharynx
Oesophagus
Oral/nasal cavities
Pancreas

Bladder

Kidney

Liver

Colon (7)°
Stomach

Uterine cervix
Myeloid leukaemia

cause cancer”
Breast
Prostate
Endometrium

(1) DNA adducts 1n tissues where smoking causes cancer

b

Yes

Yes

Not known

Yes

Yes

Yes

Yes

Not known

Not known

Yes (limited data)
Yes (limited data)
Yes

Not known

(2) DNA adducts 1n tissues where smoking does not

No
Not known
Not known




Ankunuposanue OHK (°® O-ryaHuH u’N-ryaHuH)

N MHAYKUNS TUMOMbBI Y MblILLENn

Amxnmipyw- | Coxkpamensoe | CtpykTypa CootHo- | Komryecteo | Iloaenenie

LT ATeHT HA3P aHIe wenme | 8Q-T/108 OITY X 0.JIH
50k N | HykJTeoTHIOR | in vive
in vitre

Merunmeran- | MMS CH3OS5CH5 0.004 0.1 + -

CYNb  OHAT

Srunmetad- | EMS CoHsOS0,CHs 0.03 1.0 4 -

CYNb OHAT

N-metun-N- | MNU CH;N(NO)CONH; | 0.11 20 ++

Hutposo-

MOYEEHHA

N-stun-N- EMT CoHsN(NOYCONH; | 0.7 40 -

Hutposo-

MOYEEHHA




MeToaobl uUamepeHUs agayKToB

32

. - P-nocnemeyeHune

. - UmmyHoxumnyeckne (Pab, Mab)
. - dnyopecueHTHaa cnekTpockonug
o - HPLC

. - Liquid chromatography-mass

spectrometry (LC-MS)

OTN MeTOobl NO3BONSAT onpeaensate 1 agaykT Ha
1 000 000 — 10 000 000 HykneoTtngos. nn 1-1000 agaoykToB
Ha KIEeTKY.



TecTupoBaHue agayKToB

Paanoxmnmmyeckme Mmetoabl
nccrieqoBaHus rno3BONAOT
onpegenatb agayktel JHK B Mmanbix
KOHUeHTpauusax (1 agayKkT Ha

1000 000-100 000 000 HykneoTnaos.).
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Meton P nocnemeydyeHus

S'NpNpNpNpNpNpNpNpNpNpNpXpNpNpNpNpNpNpNpNpNpNpNp3® JTHEK
gudponus Muxpokokkogoii wyxneaszoti (MH) u  cenesenouroi
ik Pocpoduscmepasoii (CDIH3)
10’Np + Xp
obozauyerue sudponuIama
\

104Np + Xp
meuenue [ ¥R PIATS no 5 nonoxcenuio

4+ Visr 32
109 p™Np + p"Xp + [yv-?*PJ]ATD
OMAMBIERA Xpomamozpadueti € D] ranpaenenuu

+¥
p Xp

pa3zdenckie addyKmos O8YMEPHOT XpoMamospaduet
v

xpoMaTorpadHyeckas KapTHHA

N - HopManeHEIR HYKIE0SHT

X - MOgHGHIHPOBAHHEH HYKIEOSHT (A VET)
p - Heoprauuyeckui docdar

p’ - MedeHEIT HeopraHHYecKHit docdar




PagnoaktnBHasa aetekuuvs
aaayKToB

NMaHenb (A) u (B) noka3biBaeT
xpomatorpammbl [HK,
U30NIMPOBaHHOM U3 MbILLEWN,
Nnosly4YaBLUMX KOHTPOSNbLHYIO AUETY
6e3 n ¢ 200 mr/kr 6e3o(a)nnpeHa.

NManenu (C) u (D) — BIN BMmecTe ¢ 5
mM baicalein u wogonin
(dbnaBoHOMADI).

A B ‘(
- Z |
s 2D

=




HK
MeToabl 32P A
Mukpokokkosasa
nocne-meveHusa HK  neaia |
CeneieHouHaa
(pocipoanscrepasa Hykneasa P1
Kucnaa grocarasa
Xp + Np XpN + N
T4 xunasa | T4 kuHasza
iy-¥PJATP [v-"P]ATP
TBepno- unu xxuaKo- ’
Hykneasa P1 ¢pasznana IkcTpakuma
* *
PXp |+ *pNp *pXpN
Xp+N
P Xp Ddoconnacrepasa
T4 xunasza 3IMEeHHOro Aaa
(y¥P)ATP
X« T4 knHaza
agaAykKTupo-Ba . [y-2P)ATP
HHbIN U PXp | « *PX K pN
moandpuymnpo-
BaHHbIN Hykneasa P1L
HyKneosua
- - = o -
CTaHaapTHbIN -~
meToz P 'Hykneasa P1 MeToa 3kcTpakumK OuHykneoTUa/MOHO-
mMeToA GyTaHonom u ap. cdbocchaTHbIN MeTOq

(numuT ATO)




HPLC meTon aetekuun agnykrToB

Time(min)




Apnyktbl bBll B pa3HbIX opraHax Kpbic

Per I mg Bla]P dose (mg) BPDE-I-adduct (pmol/mg)

Heart Lung Spleen Kidney Stomach Brain Liver
DNA 033 J22 13 4424004 128044 TREL0T  1L63IX6TE 096 *0.66 19.16 + 1.99
l 168 221 (119296  352+038  2298+359  3106£702  228=*1I9 5221 £931
3 095£468  2618+823 846146 641274 T64I£1127  S8T£3NT 126081735
Proein ~ 0.33 IST2 11T R295+348 436062 2249+78) 4653 %34 172 £ 061 5332+ 137
| 1907261 8733578 1152+232  6858%692 13213%2142 48144 14150 £4.65
3 M3 1472 4976% 1837 2741397 IR312+1946 35807+2674 1233£524 39337+ 1322
Lipd 033 4380452 193651379 4857277 12744 %1157 33539%1729 14312477 25791 %1149
l [1782+ 1085 53255£2983 11850938 36075+2255 T78480+4184 4065£1083 68444 +31.%
3 30161 £2942 123019 £35.72 31165+ 4268 965.04 £ 8492 204842+ 121.65 9634 £20.03 190271 £ 60.28
TG 0.33 2332100 20054101 352107 1690*461  2269%1019 129023 3880 £6.31
| S4A2+178  049+1252 840223 39531023 52421782 333119 88.86 + 7.62
3 342291 11207£2049 2050£497  9331£1671 12633 £1867 809231 20615 % 13.55

" Mean * SD.




Comet assay ans aHanusa
nospexageHnu HK

untreated

‘Phenebarbital €0




JiInmdpounThbl YenoBeKka B comet-assay

A — KOHTPOIb;
B — nocne gencreus
MyTareHa




3alwuTa OT KaHLeporeHoB
1. YecCcHOK

1 N,
S
VL\COOH

S-allylcystaine sulfoxide (allin)

d

S tigsue disruption (cutting, crushing)

NH‘: . WrCOOH / allinase (C-S liase)

pyrivale
v

A~ SOH

alylsulfenic acld

self-condensation /

HQO‘/

\4
1
/\/S\S/\/

diallyl thiosiifinate (allicin)




OOpa3oBaHMe XNpopacTBOPUMbBIX
coeauHeHUN U3 annuumHa YecHokKa

EN

()S\/
i
g L S WS\S S 3-vinyl-3 4-dihydro-1, 2-cithiin
E-ajoene ? : =

(.

S
AT — S
i R 2-vinyl-2,6-dihydro-1, 3-dithiin

Z-sjoene NS S N~

diallyl sulfide (DAS)

/\/S\S/\/

diallyl disuifide (DADS)

allyl mercaptan

reduction
(e.i. by GSH)

S S

dlallyl tnsuifide (DATS)
ailyl persulfide

/\/S\S/S\S/\/




OOpas3oBaHue XMpopacTBOPUMbIX
COeANHEeHUN U3 annmunHa YeCHOKa

1
/\/S\/\N/C\/\'/COOH
1! NH,

r-glutamyi-S-allylcysteine (GSAC)

l yGT

NH,
S

S-allylcysteine (SAC)

/ N

S COOH S
N\ \S/\r 7 \VA\COOH
NH,




[[MnoTte3a 0 NPOTUBOPAKOBOM
adpdeKkTe YeCHOKa

AHTUOKCUOAHT
NHrmbutop aktuBauum kaHueporeHoB (CYP2E1)

MHOYKTOp akTUBHOCTU doepMeHTOB |l ghasbl
OeTokcudomkaumm

NHaykTOp anonTto3a, MHIMOUTOP KINEeTOYHOro
LMKNa

[ToCT-TpaHCNAUMOHHAA MoauUmMKauns OenkoB C
obpa3oBaHMEM CMELLAHHbIX Ancynbdunaos,
rmgponepcynbmuaoB 1 Tpucynbdunaos.



OueHKa HereHOTOKCUYHbIX

KaHueporeHoB (1)

Tier 1:

Is there direct or indirect mutagenic action?
Use EPA guidance:
*  Measurements of DNA reaction activity
*  Measurements of genetic activity
*  Observations of carcinogenesis in multiple sites and species
Are there reasons to suspect non-mutagenic modes of action also?

Tier 11:

Tentative categorization of non-mutagenic activity using inferences from

initiation, promotion, progression bioassays:
Co-initiator Mode of Action
Early administration enhances carcinogenesis from known initiator
Promoter Mode of Action
Late administration enhances carcinogenesis from known initiator
Progressor Mode of Action
Enhances survival or growth of transplanted tumors
Multi-phase
More than one mode of action observed




OueHKka HereHOTOKCUYHbIX

KaHueporeHosB (2)

Tier I11:

Create a structured description of evidence to establish a basis for risk
assessment:

*  Demonstrate that the agent has a specific activity within one or
more of the identified “alternative™ modes of action in the
classification

*  Describe the hypothesized “alternative™ mode of action with detail
including a pathway with measured biomarker(s).

*  Find theoretical and empirical relationships between dose of the
agent and one or more biomarkers related to the mode of action

*  Identify relationship between biomarker(s) and tumor incidence

®*  Observe reductions of tumor incidence related to specific inhibition
of processes signaled by the biomarker(s)

Tier IV:

Put quantitative assessments in a risk, variability, uncertainty frame:

Note that:
*  There may be substantial inter-individual variability in some
mode of action mechanisms.
*  When there is significant uncertainty about mode of action, less
likely but higher risk possibilities should not be neglected.




YacTth lll. MexaHn3mMmbl MyTareHesa

* MyTauum genartca Ha:

[EHHble U XPOMOCOMHbIE

CMOHTAaHHbIE U NHOYUUPOBAHHbIE
repMmHarnbHbIE 1 cOMaTUYeCcKue
TpaHc3numa — 3ameHa nyp — nyp mnu
nnp_. nmp (AT-I'L; TA-UI utAa.)

TpaHcBepcua — 3aMmeHa nyp ~_ NUp U
Haobopot (AT_TA; TU_TAwuTA4.)



Tunbl MyTaunu

» XPOMOCOMHbIE: TpaHCoKaLuu,
aMmnangukaumm n T.4.

* [eHHblE:
1. 3ameHa ocHoBaHuW (20% CNOHTaHHbIX
MyTaLunmn)
2. COBUr pamMmkm cYmMTbiBaHuS (aeneuyms,
NHcepLuus)



i L

L

ComMmaTnyeckume n repMmHanbHble
MyTauumn

ComaTtunyeckue mytauum
NOABIIAKTCAH B HEPENPOAYKTUBHbBIX

Monynauua

OOpa3syeTcs KITOH KNeToK C
MYTaHTHbIX KIeTOK

MyTaHTbIM reHOM

opraHax

ComaTtuyeckue
MyTauum e —
ComaTtnyeckasn . ; Mizos: |
TKaHb Baserobhecc |

Mutant cell

TkaHb 3apoAbIlLEeBoro
nucTka . . Penpo- ) w
Germ-line FepMUHanbHble AYRLHSE

MyTauum ) Bce KneTKn HecyT

Het auun
FepMUHaNbHbIE MyTaLWK Menos u penpogykums e s

MOSIBASIOTCH B raMmeTax NO3BONAKT Nepegartb MyTaumun
nonosBHe NMNOTOMKOB




TunNbl reHHbIX MyTaluw

Original DNA sequence

(a) Base substitution

@ N N
=
One codon changed
. P \
A base substitution
alters a single codon.
(b) Insertion (¢) Deletion
5 2. o b
= )
T
\ / \ /
Y Y
3 b AN 4 i

J

n insertion or a deletion alters the readi

A
[f—:ame and rmay change many codons.

ﬂ




TpaH3UUUA U TpaHcBepcus

/Transltlons Possible )

base changes

Purine Purine
- T —»C
C—»T
Pyrimidine Pyrimidine
. /
i(rTransversIons 3
s ifS
Q—9 =
B —
— C
Purine Pyrimidine G — T
C—— A
—> C . C
T —= A
Pyrimidine Purine T —»G

N o




[pMmep XpOMOCOMHON MyTaLnn
(X-xpomocoma)




[Mpumepbl reHeTU4YECKNX 6one3Hen, Bbi3BaHHbIX
yBenn4yeHueM TPUHYKNeoTUAHbIX MOBTOPOB

Disease

Spinal and bulbar muscular atrophy
Fragile-X syndrome

Jacobsen syndrome

Spinocerebellar ataxia (several types)
Autosomal dominant cerebellar ataxia
Myotonic dystrophy

Huntington disease

Friedreich ataxia
Dentatorubral-pallidoluysian atrophy

Myoclonus epilepsy of the
Unverricht-Lundborg type*

Repeated
Sequence
CAG

CGG

CGG

CAG

CAG

CTG

CAG

GAA

CAG
CCCGCCCCCG

Number of Copies

of Repeat
Normal Disease
Range Range
11-33 40-62
6-54 50-1500
11 100-1000
4-44 21-130
7-19 37-~220
5-37 44-3000
9-37 37-121
6-29 200-900
7-25 49-75
2-3 12-13




(@)
1 25 3 4 & 6. 57 8 This DNA rrolecule
Pamten Xt ¥ aten W amtun W st W asten W amtun W amten has eight copies of
a CAG repeat.
F4 The two strands
separate. ..
(b)
Y ...and
B replicate.
(©)
—
) v
—_—
Mis-
paired
bases

During replication, a hairpin forms
on the newly synthesized strand,. ..

...causing part of the template

strand to be replicated twice and
increasing the number of repeats
on the newly synthesized strand.

Yuncno konuu
TPUHYKIIEOTUAOB MOXeT
yBerIMYnTbCH nU3-3a
otrctaBaHusa HuUTv [1HK B
pennukaumun

\ -—

9 10 11 12 13

A

I 23 4 5 o o 8

...and the strand with extra CAG
copies serves as a template
for replication.

L2 3 4. & _ G 7 B _0O _H_1]_J]2 13

12345678}\9]01112]3

The resulting DNA molecule
contains five additional copies
of the CAG repeat.

The two strands of the new DNA
) molecule separate, ...




3amMeHa OCHOBaHUN MOXeT Bbi3biBaTb

(a) mucceHc
(b) HOHCEHC,

(C) canneHc myTtauuu

DNA

change in amino acid sequence.

change in amino acid sequence.

No mutation l (a) Missense mutation { (h) Nonsense mutation l (¢) Silent mutation 1
/ X if ™ s i W ™

DNA T A G

A T] C
mRNA UAA
‘ ¢ l Stop codon ‘

e @@SOO || GOS0 G0 ] Bel 1

__[w ild-type protein‘_./ The new codon encodes a L The new codon is a stop \| The new codon encodes the |/
produced. different amino acid; there is a codon; there is premature sarre amino acid; there is no
termination of translation.




CynpeccopHble myTauun
1. BHYTpUreHHble

?A missense mutation
alters a single codon. A second mutation
at a different site in
the same gene. ..

Intragenic [

DL A —{ supressor —»

l l mutation l

MRNA

l ...may restore the
l l joriginal arrino acid.
roen @O @@ L [ nd 1 L L Jledd 1




2. MeXreHHsble

(a) With the wild-
type sequence, ...

DNA ¥

MRNA

Translation

Ribosome

Leu is incomporated
into a protein.

(b)

i ]

A base substitution
at one site produces
a premature

stop codon,. ..

Base-substitution
mutation

v

Stop codon

UAG|

UAG]

...which halts
protein synthesis,
resulting in a non-
functional protein.

©)

Site 1

Atsite 2 isa gene

encoding tyrosine-tRNA.

(first mutation) Site 2

|

=

& tRNA

-

Second base-
substitution mutation

l

Normal transcription
produces a tRNA with an
anticodon AUA (which
would pair with the tyrosine
codon UAU in translation).

1

If a base substitution
introduces an
incorrect base (G),...

...the resulting mutant
tRNA has anticodon
AUC (instead of AUA),. ..

Translation

...which can pair with
the stop codon UAG.

Translation continues

= past the stop codon,
Termination of Tyr is incorporated
translation into the protein.
Full-length, Shortened, Full-length,
functional nonfunctional functional
Baxatoin nratain nrotain




YacToTta myTauummn pasHbIX reHOB

Organism Mutation Rate Unit
Bacteriophage T2 Lysis inhibition ] x 10-8 Per replication
Host range 3 x 10-°
Escherichia coli Lactose fermentation 2% 10-7 Per cell division
Histidine requirement 2 x 10-8
Neurospora crassa Inositol requirement 8 x 10°® Per asexual spore
Adenine requirement 4.3 107>
Corn Kernel color 2.2 X 10-% Per gamete
Drosophila Eve color 4 x 103 Per gamete
Allozymes 5.14 x 10-5
Mouse Albino coat color 45 x 10°° Per gamete
Dilution coat color 3x 1073
Human Huntington disease | x 10-¢ Per gamete
Achondroplasia I x 10-3
Neurofibromatosis ] x 104
(Michigan)
Hemophilia A (Finland) 3.2 x 105
Duchenne muscular 9.2 x 10-5
dystrophy (Wisconsin)




AxoHpgponna3usa




. MexaHn3Mbl CMOHTAHHOIO
MyTareHe3sa



TayToMepHble (bOpMbl OCHOBaAaHUU W
HapyLeHue cnapuBaHus

Common formns Rare forms
o.\Proton shift
HyC M H,C R
8, — B
PG PG
"1 Thymine "‘
OH
_{Nr\N/H _<;
H G —>| H
hll N‘ANHZ ANH
H Cuanine H
”\N)"\ “\.N
© — e
| € -— | €
PSS : NAO
Cytosine
o,
izl o
H A F—l | f\
%fi <A
H Adenine




Standard base-pairing arrangﬁements

rd
HsC CasoaseoassassaseH —N ‘YH
HAE(N—Hon.otto-.on.onoN/A\ N\

N — N
H
Thymine (common form) Adenine (common form)
H\
H N—H osvasvamnvavnsanean O N H
B
H c NuessueosuSssuessResuaHH — N c\ N\
N ——( —N
/ O.'..I.CIOC'..'..H—N
H
Cytosine (common form) Guanine (common form)
Anomalous base-pairing arrangements
H H
H N svesoveovsovssave H—N N H

B
N—H esaeoscaesaesraenra NmN\

I
X
”

L — =~
0 H
Cytosine (rare form) Adenine (commom form)
H3C O esvpasvaeanvasvans H —0O N H
_
: =T
T N—H espasrassassaswa N c \
/N—( >=N
O esvpasvpansvasvans (—N
\H
\Thymine (common form) CGuanine (rare form) £,




Mopenb YoTcoHa-Kpuka
CMOHTaAHHOro MyTareHesa

HopmanbHoe cnapuBaHne 0CHOBaHUNA

‘}‘,‘:'\ M oy o o
P e, - P L TE g
~. by \1 \ / / " / oy “4
, Q."c \ 7 N
o) \ ’C--Il\
A'T ~M’ ......
G-C
HapyleHue cnapusaHua
Ay
/ w
T‘.yc c;.” (G A <Y
v \ C—c" el ST O\ ot
G, % ok |  o~¢ e
\ 2R v v ¥ C
b ¥ gl v
4 = V= / \ f
A-C 4\
-~. o)




Non-Watson-Crick base pairing

7 N\

HaC 0

ﬁN—H---I-llIICCCQCCCIOO N_\
/N —<0 sepsanepEanasnanans H —N>Z\S’jN\

—N

H—N
kN

H
Thymine-guanine wobble

H N —H

H
H%N..‘l..........‘..ﬂ—f]f N
f"_<o.................H_N>/:\gj~
=

H
Cytosine-adenine protonated wobble

\.

Nonstandard base pairings can occur as
a result of the flexibility in DNA structure. Thymine
and guanine can pair through wobble between normal
bases. Cytosine and adenine can pair through wobble
when adenine is protonated (has an extra hydrogen).




OwunbKa pennukaumm

DNA strands separate Thyrrine on the original template strand base pairs with
for replication. guanine through wobble, leading to an incorporated error.
\ / - Wild type
—_—
: \ = .
DNA Wild type MUt
_— > Wild type A

At the next round of replication, the
quanine nucleotide pairs with cytosine,
leading to a transition mutation.

Wobble base pairing leads to a replicated error.




UHcepuun n geneuun MoryT ObITb
pe3ynbTaToM OTCTaBaHUA POCTa Lenu Npu
pennuKkauum

Newly synthesized strand 5’ 3’
Template strand 3’ G’

Newly synthesized Template strand
strand loops out,. .. l 1 loops out,. ..
" /
5’ 3’ 5* 3"

3’ » 5’
...resulting in the 1 ...resulting in the |
addition of one omission of one
nucleotide on the nucleotide on the
new strand. ) new strand.

n v \/ f
' A o 3’

3’ G’ 3 <




UHcepuuun u geneunmn MmoryT ObITb
pe3yrbTaToM HepaBHOIro KpOCCUHroBepa

AATTAATT

TTAATTAA If horrologous
chromosomes

| rrisalign during
Crossing over,...

Unequal crossmg over

AATTAATT _

TTAATTAA \
...0Ne crossover
product contains
an insertion. ..

AATTAATT
...and the other
has a deletion.

TTAATTAA




CnoHTaHHble XMMU4eckKue
nameHeHusa OHK

OenypnHauyms

~

Pt N
DNA : =T = : : :
sugar-phosphate During replication, the apurinic A nucleotide with the At the next round of ...leading to
backbone site cannot provide a template incorrect base (most often replication, this incorrectly a perrmament
for a cormplementary base on A) is incorporated into the incomporated base will be mutation.
5 g the newly synthesized strand. newly synthesized strand. used as a template, ...
ases
— Template Mut%u
strands
— A A
Pyrimidine A
A Strand —
Apurinic o separation Henleion
A site
\
ane e b
separation Replication /ﬂ
\ A nucleotide is incorporated
into the newly synthesized
OH Normal DNA molecule strand opposite the apurninic site.
3 (no mutation)
L /N

S/




PeaKu,vm AdeaMnHNpoBaHusA
1. Unto3uH
TpaH3numa: CG — UA — TA

4 NH, o A
H S H _H
N i i N
| C/Lh Deamination < | U/L\
H N 0 H N 0
| |
Cytosine Uracil
\. E,




Peakunn peaMmHMpoBaHUSA
2. 5-MeTUINIUnUTO3UH

TpaH3nuua: CG —omCA —TA

.
NH,

O

”~

H3C Ry,
| C -

H N

5-Methylcytosine
(EmQC)

O

\.

HaC
Deamination N
. ITJ\
(6

H N

Thymine

~

H

A




Il. Xumunyeckn
MHAYLUUPOBaHHbIE MyTauun



1. AHanormu ocCHOBaHuUA

Normal base Base analog TpaHanuma: TA™
HsC 0 Br 0 5BUA—5BUG—CG
H T N—H Bu N—H
N N
P P T Nnn: GC — G5BU —
A5BU —AT
Thymine S-BromouraciI/
4 Normal pairing H Mispairing ; N
Br Oeapnapepna — N H Br 0O 0 H
HA%;(N —H sassapoepr N A\ Hamm—oooooconn—n G\ N\
N —< >=N N—< >=N
/ 0 H f’ OOOOUOOUOGH""N\
\S-Bromouracil Adenine S-Bromouracil (ionized) HCuanine y




OwuodkKu pennukaunu

In replication, 5-bromouracil may
becorme incorporated into DNA in place of
thymine, producing an incorporated error.

3! 5! '

3 5’ ./;trand

31 5:_>

5 I? 3’ \:eparation
3 - %:rand Incorporated a3

5 3’ \separation €rTol

’ ' 3
5 3> 5 3’

Replication

5-Brorrouracil may mispair
with guanine in the next
round of replication.

Replication

3 >
5 3’

3

Conclusion: Incorporation of bromouracil followed by
mispairing leads to a TA — CG transition mutation.

In the next replication, this guanine
nuclectide pairs with cytosine,
leading to a permanent mutation.

3‘
5’ /;trand
5 B 3’ \separation

5‘

Replicated
error
: 3 [ 5’
¥ o W 3
Mutant
3' 3’ ’
— "5 W 3
Replication p

If S5-brorouracil pairs
with adenine, no
replication error occurs.




2. AnkunmpoBaHue [1HK

* 1. lNpsamMble ankunupyroLwmne areHTbl
(ropYNYHbLIX ra3, HUTPO3OMOYEBMHA 1 AOP.)

» 2. Tpebytouwme metadbonmnyeckomn
akTmBauun (HMTpo3amuHel, INAY v gp.)



INHK-noBpexaawLine areHTbl

4 Original base Mutagen Modified base Pairing partner Type of N
mutation
H3C—CH,
N 0 0 0
r’f / b r;'N CH;
L
@| - G EMS /N‘z/—l’{N—HlootcH—NWH CC—TA
= —_—
N = ! N
(H —H | ATHAMETAHCY Nb- IS LR, X
H (poHar H/
Cuanine OG-Ethylguanine Thymine
o S H 0 H N/H H
eSS — N
Y N Nitrous acid 7\ Y
(h) P: (HNO,) H U N—HesesaN" A N. CG TA
/ o /N >=N
0 H
Cytosine Uracil Adenine
HO
H NHz H N!ID.IH—N, N H
Hydroxylamine V \\‘f/
H—G N (NH,0H) H—f, 3N—H 00|04N>_A\ N CC—TA
(©) N N —N
/ 0 / ” H
Cytosine Hydroxylamino- Adenine
N cytosine J




O6pasoearue nonepeyHbix cuiusok e OHK npu ezaumodelcmeuu ¢ unpumom

A AreerT a s
I 3 | | o H>CHpNCH2CH>OH
= G < G
I I I | N
&kc & T— .'C , H >
!: .......... & e Ho N Sy 1\/
T S
........... A MpoAaykT moHoankunuposaHua AHK
e
5 'CHQCHQNCHQCHQ o .
N

| H;I 7 <\\I - NH2

MpoAaykT AudyHKUNOHaNbHOro ankunuposanus AHK




HapyweHune cnapuBaHusa ankuiamMpoBaHHOIO
ryaHnHa (mogenb YoTcoHa-Kpuka)

H

/L/o

N

H3
N
7 K }\I O 12®
0“ ® N
H NZ 3

TpaHcsuuma: GC-AT




3. ApankunupoBaHue OHK

O

oo
%,

3S8.4R. IR, 25-BcPh-diol epoxide

OH

3S,4R, 1R, 2S-DB[a,j]A-diol epoxide

108, 11R 8R,9S5-DB[a,h]A-diol epoxide
Mpumepbl 3HaHTUOMEPOB 3nokcuaos B-o6nactu NMAY-coeguHeHUNA




OGOpaszoBaHue apaykroB 6eH3o(a)nupeHa ¢ HK

PG bl

7,8-gurngpoauon 9,10 anokcua / NUpeHunN-1-ankun KatuoH

2 06

e

aaAykT ¢ N-2 ryanmna HK




H Guanine

T ,
Cytosine H O\ _,‘\ B
/N \_\/\
Y s =N
< SIS A= SR
N— =N
% H—N
dR ......... —N
oo Blu]P

HapyweHne cnapmuBaHus npu
" aAAyKTUPOBaHHOM OCHOBaHUU

H -
N N-HOs N N ! !
=N I SN
dR/N / N*H ...... N/\,/N | |
N=/ o HO/\/\OH

Adenine (imwmno form)
N2-B[a]P-Guanine




HopmankbHoe GC
crnapuBaHue

H
4
0---H-N

N ¢
dn”

'qNH"

@N-n---o dr

AHTK N-2-Ar-GC cnapuBaHue

--u-u

8o>§7

Syn N-2-Ar-GC cnapusaHue.
BoisbiBaetr GC — CG TpaHcBEepcUIo

Q) "
/
N’ " H H-N
om0 D
\
Jl’NVN O dn

Syn N-2-Ar-G, C HecnapueaHue
Bbl3bIBaeT geneunto

Cneyncpunyeckne mytauun, BbidbiBaHHble N-2- agayKTramm




4. ADOYKTbI C
AdnaTtokcuHom B1



CtpykTypbl AFB1-ryaHunH N7- KAaTUOHHbIX
n FAPY-noBpeXaeHuu.

A




ApnykTtbl ¢ AdbnatokcuHom B1

G —— T TpaHcBepcus

5.
"
C’b—-@;:‘\w-F G Tw—m
C = C
AFBG | L\\_ - AFRaLL Aj
y s . — = E 3 | e o <3 G
5 >

I2%h

2 )
(@) ;2

S
s A X I,
s




FAPY-apoyktbl AOB1

G —— T TpaHcBepcus

5l

FAPYG




5. OKucnurtenbHoe noBpexaeHume
OHK

N Q
Oxidative
Q_< radicals Y‘Z_(
/ NG N—n

Guanine 8-0Oxy-7,8- dlhydrodeoxyguanine
(may mispair with adenine)

CG—T-A transversion-l




6. UHTepKanupyoLwine areHTbI

7 H H H X ™
H H
H,N N NH,
- H
Proflavin Nitrogenous
bases
H H H Intercalated
H H molecule
H3C\|?| | N I/CH3
g 1 H cH;
3 Acridine orange PLT D
Intercalating agents such as proflavin and
acridine orange insert themselves between adjacent
bases in DNA, distorting the three-dimensional
structure of the helix and causing single-nucleotide
insertions and deletions in replication.




7. NoHunsunpyrowian
paguauuvs



KOCMHY€eCKHe nyvYn'ramMa ny4u

i Wavelength (nm)
L el AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY
X-rays
Shorter wavelengths are
more energetic.
b ]0 -
' g Violet
Ultraviolet (UV) 102 Blue
‘ Blue green
500
<> visible light Siaen
Yellow green
103 s
Yellow
600 Orange
104 -
Red
700
Infrared (IR)
10°
Longer wavelengths are
less energetic.
108 g

MHKpOBONHLI/PagHOBOSHDI




[ToBpexaeHue OHK
YD-00nyyeHuem

O6pasoeaHue MuMUHoe020 dumepa nod delicmeueM
ynsmpaghuonemossbix fayvyeu

CH3 H

K caxapy
K caxapy




UV light

N '\\

Thymine
hases

SI

Sugar-phosphate
backbone

Covalent
bonds

/

UV light causes adjacent
thymines to be cross-linked
by covalent bonds.

Thymine dimers distort
the configuration of
the DNA molecule.




Obpa3oBaHue chotonpoaykros OHK

HuxnobyTaHoBHE ZHMED




CxemMmartruyeckoe
npeacraerneHue
XUMUYECKUX U

Simple Double P rocccccsccanss -
Strand Break ‘= ~eg~~-" e * PAAUOLUUNOHHBIX
> noBpeXaeHuu
— =
O = OHK
Single )
Strand Break
o3 |
> 2~ DNA - Protein Q
A ¢ cross link =
x O 2
ae
— e I —O— Chemical cross link
. A 1 —OH Base hydroxylation

—x Chemical adduct
Pyrimidine dimer

Complex I
Lesion

§

b O Abasicsite
( Adcninc
K Guanine
{ Cytosine
(O Thymine




MeTtoAabl
TeCTUpoOBaHUA
MyTauuu



AHanu3 peBepCUOHHbIX MyTauun

Reversal of Mutations by

Table 17.4
Type of 5-Bromo-

Mutagen Mutation uracil
5-Bromouracil C-GeT-A +
2-Aminopurine C-C=T-A +
Nitrous acid C-C=T-A +
Ethylmethane C-C=T-A -
sulfonate

Hydroxylamine C-C=T-A -
Acridine orange Frameshift =

2-Amino-
purine

N

+
+
+

Ethyl

methane
sulfonate

+

-+
+
+

Nitrous
acid

+

-+
+
+

Hydroxyl-

amine

Acridine
orange

Note: + indicates that reverse mutations occur, — indicates that reverse mutations do not occur, and +/— indicates that only some mutations

are reversed. Not all reverse mutations are equally likely.




Cxema npoBegeHus Tecta dMMca

MeveHb
roMoreHm;:upyerca

HHTpanepuToHeanbHO
BBOANMTCA HHAVKTOP
nevyeHoOYHbIX
(epuenros

1 Henens

UenrpudyruposaHue

CynepHaraHr - l

N (5-9)
Kojraxropbi \&
M conm '

CuewmnsaHne
cS-9

Tectupyenoe

N XHHMHYECKOe
10x9 GaKTepmi coegnHeHHe

His- canbMmoHenna \ - S-9 cMech

pacrerB cpe:ne. Markmn arap npm Mogcuer peBepraHTHbIX
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[Mpumepbl NMMHUN
Salmonella thyphimurium

- TA100 — 3amMeHa onpeaeneHHbIX nap
OCHOBaHU

- TA98 — neneuus, BbIABNEHUE MyTareHoBs,
BblI3bIBaOLLMX COABUI PAMKN CYUTbIBAHUS

(GCGCGCGC — «ropsayas
nocrieqoBaTenbHOCTbY)

- TA97 — nmeeTt gononHUTENbHLIK UATO3UH B
HisD reHe. Takxke BbigBNAET CABUI paMKU
CYUTbIBAHUSA



SUpF - reH -MHweHL

\

1, 00pavoTka nnasMnabl KaHUEPOreHom
2, TPAHCIEKUMA B KNETKH MNEKONHTAKWMX
3. [Inasnupa pennuuipyeTca  MytHpyer

4, BocCTaHoBneHHe nnasmuabl

5. TpaHchopuauMA DakTepHanbHbIX KNETOK ANA ALTEKUIH HyTaLpi

6. CeKBHHHPOBAHHE TEHA-MHWLEHN

Wcnonb3oBaHie WarnoBbIxX BEKTOPOB B AETEKLMH MyTareHoB

UV-induced*  BPDE.inguged ¥
(%) (%)
TpaHC3HLMN ——e|
A'T-OG.C b 2
TPAHCBEPCHN
:- -
:§= G‘C-oT.A 13 %
;;E G'C-‘C'G $ U
132 AT=CG 4 0
A'T"T'A 9 ;
e —
A




TACTAC A Care c T

A

CMEKTP MYTAUMW MPH UV-OBNYYEHUK 2

i T

A A

A A

T A

¢ A

A A

AAA AA

TAT G TA

A Y A G TAT G TA

TT AA 1772 T AAA CACGT
AL AN TATAGA TTAAAGT A CTCTCO A TA A
5'OOTGGGOTTCCCGAGCGGCCAAAOGGAGCAGACTC?AAA1010060764760407?

10 11 120 130 140 180

CMEKTP ®OTOAAAYKTOB

_mh|

5‘GGTGGGGT?CCCGAOCGGCCAAAGOOAGCAGACTCTAAA
100 110 120 130

140

ATCGACTTCGAA
l

150

I

|

A
T
ar
TT
TT
TA
TT
AL T CAcY

-S> >

GATTCAAATCCTTCCCCCACCACE
60 170 1aa




100
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$mu -
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AG

TGA

CMEKTP MYTALWW, BbI3BAHHbIX BPDE

1- - b Y.
t g
r—-x- ‘-- r

AGAG T GTT #%--

5’GGTGQGGTTCLES

100

110

CMEKTP BPDE ALAYKTOB

120 130

§'GQTGQCCTTCCEGA CGOCCAAA# AGCAGACTCTA

140

Ad
160

170

180




MyTaunoHHble CneKkTpbl, HAYLUPOBAHHbIE PasfNYHLIMU MyTareHaMm
(3-# 3k30H reHa HPRT - runokcaHTuH ¢occopubosuntparcepasa)

% "eopsiyux moyex" GC—> A - T-» ﬁ yucrio Mymaxmos
Sk Ynerpacuoner — 120
4 - <
NE —> Li Jc NP
« B e 40
1 =

| | 1 1 I | |

| BPDE

iar G»A G»C |
3IF -G A+ T [—300
m |
1 o= &

] | | ] | L | 1
1= CnoHTaHHble

MyTauuu -GG -A
3= 90
| |, |l "
| | ] | | |
n Gy T |
22

2 — AR

| | ] | ] ] l |
135 155 175 195 215 235 255 275 295

2eHHas1 rocriedoeameribHoCMb




3aKnr4YeHe K MexaHnamam
AEeNCTBUSA KaHLlepoOreHoB

:'Carcinogen exposure

Excretion

4

Metabolism

8

GQ! : 1es me "A

Cell cycle
~ DNA repair .
e brea \ Differentiation unosuppression
2 dele'(l(_)n. . ApOptCBlS 7 ve Oxygen.s ecies

regation,

Genomic damage Altered signal transduction
Hypermutability
\—' Genomic instability s—/

Loss of proliferation control
Resistance to apoptosis

l

Cancer




-

a Tumour promotion

S TCDD

Extracellular
signalling

TGEF
TCcoT

Proliferation  Apoptosis

TTNF

LHSP40

'TKRASQ

Cell cycle

TCyclin B2

INEKZ

Tumour initiation

BP Me"* (e.g. Ni2+)

Mutations in cancer-
susceptibility genes

l

Alterations in p53 or RAS




