JIEKLINA N@ 5.

buoTtpaHcdopmauma YyxepoaHbIX COEAUHEHUI B OpraHnu3me. JTtarbl U OCHOBHbLIE
nyTn GuoTtpaHcdopmaunun. PakTopbl, BAUSOLLIME HA METABONNU3M Yy KEPOOHbIX
coegnHeHnn. Metabonutbl U TOKCUMYHOCTBL. [peacraBneHne o BTOPUHHOM
MeTabonmame. SKCKpeunst Yy>KepoaHbIX COEANHEHNN N UX METADONMNTOB.

BuotpaHcchopmaumna — metabonuyeckoe npeBpaLleHne 3HAOreHHbIX U
3K30reHHbIX XMMN4YeCKMX BelecTB B Ooree nonsipHble (rugpoduribHbie)

coeAUHEeHMUS.
da3bl 6MoTpaHcchopMmanmm
/ \
Peakuum 1-1 ¢a3bi Peakuum 2-iu ¢a3sbl
(peakumn cuHTE3a)
-rngponus,
-rNMIOKYPOHMUpOBaHUe,
-BOCCTaHOBJIEHMeE,
-cynbaTupoBaHue,
-OKUCrieHue.
-aueTunupoBaHue,
-MeTUnMpoBaHue,

-KOHbloraums (coeamMHeHue) c:
a) ryTaTMoHOM (CUHTE3 MepKanTypoBou
KUCIOTbI)

06) ammnHokucnoramu (rMULUHOM, TaypUHOM U
rmyTaMmMHOBOWU KUCIIOTOMN).



OcHoBHbIE MyTH OHOTPAHCHOPMAIIMH YYKEPOXHBIX COETUHEHUIA.
1. Oxuciaenue:

a) MUKPOCOMAaJIbHOE

— anudaruvyeKoe Ui apoMaTuieCcKoe TUIPOKCUIIMPOBAHHE,

— BIOKCUAUPOBAHUE,

— N-TUIpOKCUIIMPOBaHUE,

— N, S-okucnenue,

— JI€3aKWINPOBAHUE,

— JI€3aMUHUPOBAHUE,

— necylb(UpPOBAHUE;

0) HEMHKPOCOMAaIbHOE

— OKHUCJIUTENBHOE J€3aMUHUPOBAHNUE,

— OKHCJICHUE CIIUPTOB, AJIbJIETHJIOB,

— apoMaru3aiys aTUIUKINYEeCKUX COCTUHEHUM.

2. BoccranoBJieHnue:

a) BOCCTaHOBJIEHUE HUTPOCOEAUHEHUH, a30TCOCIMHEHN MUKPOCOMAIIbHBIMU (DEpMEHTAMU;
0) MUKpPOCOMaJIbHOE BOCCTAaHOBUTEIBHOE TaJIOT€HUPOBAHKE;

B) HEMUKPOCOAJIbHOE BOCCTAHOBJICHHE.

3. I'mapoJm3 ¢ y4acTueM MUKPOCOMAIBHBIX 1 HEMUKPOCOMAJbHBIX (DEPMEHTOB.
4. CunTe3 (peakuny KOHbIOTUPOBAHUSA):

a) o0pa30BaHNUE KOHBIOTATOB C MIIOKYPOHOBOM KUCJIOTOM;

0) oOpa3zoBaHuE CIOXKHBIX 3(PUPOB ¢ cepHON U POCHOPHON KUCTOTAMH;

B) METWJIMPOBAHUE;

I') alleTUIIMPOBAHHUE;

1) IENTHUIHAsT KOHBIOTAIs.



BuotpaHchopmaumsa KCeHOOUMOTUKOB OCYLLECTBSAAETCA NPEeMMYLLECTBEHHO B NeYeHu

depmeHTbl BnoTpaHcdopmaL MM KCeHOOMOTUKOB MPUCYTCTBYHOT B OCHOBHOM B
MUKPOCOMaX 1 B LIUTO30ME N HE3HAYMUTENbHAsS YaCTb — B MUTOXOHOPUSX, AOpe U

JIN30COMax

APYTME OPIrAHBI
JanbHerWuH meTabonuam

/ SODEKT

NEYEHb| s npoaykt dassl |
TOKCHUKAHT ———» |Pazal

Paza ll —®» NPoAYET a3kl
peaﬁcopﬁuuﬂ\ H“5|511'-||="/ \
KIAWEYHIAK I'IO'-II{M“ _
MeTabonuam B CTEHKE AanbHEHWKWK MeTabonuam;
KMWEYHUER:
BakTepUanbHbIA SKCKPELIMA
MeTabonuam
SKCKPELIMA




PepmeHTaTUBHbIE peakuun 1-u dasbl OMoTpaHchopMmaLum KCEHOOMOTUKOB

| pa3za metabonuama - atan bnoTpaHcpopmaunm, B Xxoge KOTOPOro K Morekyrne
coeanHeEHUs NMBO NPUCOEaNHSIOTCSA NONAPHbIE AYHKUMOHAaNbHbIE FPynnbl, NMM60
OCYLLECTBIISIETCA 9KCNPECCUA TaKMUX rpynn, Haxoaawmxcs B cybcTpaTe B CKPbITOW

doopme
1. T'maponus npu 6nortpaHccpopmaunmn

0 H,O, E 0
R—C\ R—C\ HX
X OH ‘ ‘ ‘
X=OR,SR,CI,NR2
kapbokcunacrtepasa, 5
ALETUNXONMHACTEpa3a adompbl KAPOOHOBLIX KUCIOT, aMUA0B U TMO3MPOB
nceBaOXONMHACTeEpasa
napaokcaHasa -, admpbl OCdOPHON KUCNOTbI
aMuaHasi CBA3b Mexay aMUHOKUCNOTaMu B nentuaax,
nenTuaassl —

PEKOMOMHAHTHbLIX MEenTUOHbIX TopMOHaX, akTopax pocTa,
LUTOKMHAX, PacTBOPUMbIX PELEenTopoB W MOHOKMOHAamNbHbIX
aHTUTEN.

anokcugHasa rmgponasa npncoegnHeHne BoAbl K 3rnokcnaam arsikeHoB N OKCaamMm apeHOoB




2. BoccTtaHoBneHue npu buorpaHccgpopmaumm

HeKOTOpre MeTallnbl anbgerngbl, KETOHbI, ,D,I/ICyJ'IbeVI,EI,bI, CyJ'IbeOKCVI,EI,bI, XUHOHHBbI,
alikeHbl, a30- N HUTPOCOEANHEHA

KodepmeHTbl — HUkoTuHamuaaoeHnHannykneotua (HAQ/HAOH, HAO® /HAOPH)
conasuHageHnHanHykneotua (PAL/OALH,).

BoccTtaHoBneHne a3o- U HUTPOCOEAUHEHUM - LmToxpom P450
HALO®PH-xnHOH okcmaopenykTasbl

H, E
R=CeH;mN=N—CgH;—R1 ——— R—CH,—NH, + H,N—C,H;—R1

C,H:—NO, CH:—NH,

peakuusi UHIMBUPYIOTCA KUCNOPOOOM



BoccTtaHoBneHne KapooHUIIbHbIX COeAUHEHUM -

ankoronbaerngporeHasa
rpynna depMeHToB — KapOboHUNbHbIE peayKTasbl

I H, E
R—C—H — R—CH;—OH

O OH
I H, E |
R—C—R1 —> R—C—R1
BocctaHoBneHne aucynb¢puaos - rMyTaTnoHpenykrasa,
rMyTaTUOH - S-TpaHcepasa
HedpepMeHTaTUBHO

RS—sR—Es oRsH



BoccTtaHoBrneHue cynbqoKcnaos - ymtoxpom P450 n HAOQ®PH

R H, E
R—S—R1 > R—S—R1

BoccTtaHoBNeHne XMHOHOB -

HALO®PH-xnHOHOKCMOopeayKTasa,
donaBonpoTENHbI LMUTO30M1A B OTCYTCTBME KMUCnopoda

mMukpocomanbHas HAO®H-umtoxpom P450
penyKkrasomn




HderanoreHnpoBaHue:

oKuclrnuntTenbHoe aAeranoreHnpoBaHume

CHCl,— CICOCI +HCl

XNOPO®OPM  ®OCIEH

ABOMHOe faeranoreHnpoBaHue

|

gerngporarnoreHmposaHue

—C—C— — \C:C/+ HX
H X 7N



3. OkncneHue npu 6uortpaHccpopmaumm

AnkoronbpernaporeHasa (ALl) — UMTO30MbHLIM hepMeHT

Knacc | AQlN-unsocdepmenTtonB (a-AlL B- AOl v y - AAlN) — okncnenne ataHona u
OpYyrnx anndaTtn4yecknx CnmpToB HEOOSbLLMX pa3MepoB.

AJIT P AJIIT ,0

CH.CH,OH —> CH,CY > ‘CHET
/ \ H [ \ OH

YTAHOJI AUCTAJIBACTH YKCYCHasA KHCJIOTa

HAJI HAIH HAJl"' HAJIH
\\ Karanasa /

H,O, 2H,0

Knacc Il Al (r-AlN) (B neyeHn) - okmcneHne Gomnee KpynHbIX anndaTuieckmx 1
apomaTu4eckunx CnmpToB.

Knacca lll AQI (x-AOlN) - anvHHouenoYeYHble anudaTnyeckne cnupTbl (HaYnHas ot
NeHTaHona) u apomaTu4yeckme CrnmpTbl.

Knacc IV AOIN (0- unun u-AlN) — okucnenun petuHona.



Anbpernpg-perngporeHa3sa (AJ14I) - okucneHun anbaoernaoos 4o KapboOHOBbLIX KACTOT
(kodpakTop HALLY).

OvrnpgpoanongerngporeHasa - okucreHve nonmuuKnmMyYeckux apoMaTnyeckmx
YyrneBoOAoOpOaoB.

MonunbaeHoBble rmapoKcunasbl — anbaeryaokcuaasa u KcaHTuHaermaporeHasa /
KCaHTUHOKCMAasa, CynbduUTOKCHaas3a - OKUCNSET TOKCUYHBIN CynbdUT OO0 OTHOCUTENBHO
B6esonacHoro cynbdara.

KcantuHgerngporeHasa (XD) n kcaHTuHokcuaasa (XO) — y4acTByloT B npoLeccax
CBSI3aHHbIX C OKCUOATUBHbLIM CTPECCOM, NEPOKCULHOM OKUCITIEHUM NUNNOOB.

Anbaerngokcmaasa - NepokcuaHoe okucreHne nMnnaoB, kKatabonnam
OMOreHHbIX aMMHOB U KaTexornaMMHOB.



MoHoamMuHOKCcUuAaasa - OKUCnuTenbLHoe Ae3aMNHNpoBaHNN NEPBUNYHDbIX,
BTOPUYHbBIX N TPETUYHbIX aMNHOB, BKJTHO4MaA CEPOTOHUH.

H,0 o

RCH,NH, — RCH=NH

Nepokcuaasa-3aBUCUMOE OKUCIEeHUe

npeBpaLleHne KCeHODNOTUKOB B TOKCUYHbIE METADONUTLI

NPSAMON NEPEHOC NEPOKCUOHOIO KMcnopoda K kceHobmnotuky Tox — ToxO

aMUHbI NN PEeHONbI OKUCNSAKTCA NEPOKCNAOM BOAOPOAA B MPUCYTCTBMU NEPOKCMOA3
c obpasoBaHMeM CBOOOAHLIX paaukanos

PrnaBUHMOHOOKCUIreHasa - OKUCIISIET HYKNeoduIibHbIN a30T, cepy 1 doocgop B
MONneKynax KCeHObMOTNKOB



LHutoxpom P450 katanuaunpyert peakumm okUCreHus:

-rMOPOKCUNMpPoOBaHuE anugaTtndeckmux n apomMaTnyecknx yrnesoaopoaos,;
-anokcuanpoBaHne OBOUHON CBA3M;

-okucneHue rerepoaromosn (O-, S-, N-, Si-)

-N-rmgpokcunmpoBaHue;

-geankunmpoBaHmne retrepoatomos (O-, S-, N-, Si-),

-OKMCNNTENbBHLIN NEPEHOC rpynmnbl;

-pa3pbIB CIOXHO3(MUPHON CBA3MN;

-nerngpupoBaHue.

RH+ O, +H + HAO®GH ——> ROH + H,O + HAL®



Fe" RH

FeOH’' Re

NADPH-P450 reductase™

PucyHoK. YnpouleHHaa cxema npespalleHma cybertpara npu yyactum P-450

NADPH-P450 reductase™

1e'@

NADPH-P450 reductase”™

NADPH-P450 reductase”



GHOKCMAMPOBaHMe nrnapoKkCcuiinpoBaHme apomMmatTnyeCcKunux coeaAVUHEeHUN
OH

/ 1-HadTaHon

OH

00—

HajTaneH Had)TaneH \

3NOKCKHA ‘O

HadTanex
1. 2-aurngpoguon

OH

3[10KCVI.DMpOBaHVIe gnucbamqecmx n anmumuKiin4eCKux Coe,qVIHeHVIVI
0 |
I 0

S T A

atnatokcuH B 3NOKCKA,
anatokcuHa B

HLO



H OH
N-okucneHwue. ACOCH; S )—I!ICOCHz

Z2-auetamuHOpAKOpEH MN-rugpokcu
2-aueTamMUHODNHOpeH

OkucneHue Tmoacpunpos.

CH,CH,C! CH,CH,C! 0 CHCHOU
S/ — O:.S:: z — - ::_,S\

™CH,CH,CO CH,CH, O 0% ™CH,CH,O
MNPUT CyNbPOKCHI UNPKUTA CynedOoH UNpuTa

OkcunutenbHoe gean KununpoBaHue

OCH,0H

5-3---

P-HUTROAHWZ0N p-HHTpOdJEHO.I'I



PepmeHTaTUBHbIE peakuumn 2-u cha3sbl bnorpaHcchopmauumn

®dasza ll metabonuama - atan 6GMoONOrM4YECKON KOHbIOraLMm NPOMEXYTOUHbIX
NpoayKTOB MeTabonmama ¢ 3HOOreHHbIMWU MOSIEKYNaMn, TaKUMU Kak rMyTaTUoH,

[MIOKYpOHOBAas KMcnoTa, cynbdar 1 T.A.

mioKypoHMpoBaHue, cynbcaTmpoBaHue, aueTUNMpoBaHMe U MeTUNMpPoOBaHue
NPOTEKaloT C y4aCTUEM BbICOKO3HEPreTU4ecknx KocyocTpaTos.

KoHbrorauusa (coegnHeHue) ¢ aMMHOKUCIIOTAaMM UMK FIyTaTUOHOM NPOXOAUT C
y4yacTueM akTUBUPOBAHHbLIX MONEKYST KCEHOOMOTUKOB.

BonbLlKHCTBO (hepMeHTOB 2-# (ha3sbl OMoTpaHcopmaumm nokanmsoBaHbl B LUTO30J1€.

1. MMoKypoHupoBaHue

COOH

HO/ OH
HO

OH

MOKYPOHOBasA KMCJIOTa

% 0
C\Oi HN
L 5 J\ ’
@] O
o0 N ] IO
O—P—0O—P—0—CH,
5 L o

OH

HO OH

YpuauH-5-gucocco-a-D-rnioKkypoHoBas Kucnora

PepmeHT- YOD-rnokypoHosuntTpaHcepasa



COOH

0
OH 0
+ B’.D,MK — 3
+ ¥Ao
HadToN
COOH
0
NH,, NH
L o — A
HadTUNAMKH
COOH

0
SH §
+ YOOMK ——= O/ + ¥Oo

THOdeHoN



2. CynbhatnpoBaHune PepmMeHT - cynbgoTpaHchepasa

R
O_—ﬁ—O—Fl’—O—CH2
O O
(l) OH
PO;

3'-cbochoaneHo3unH-5-cpochocynbpar

NH, NHSO,H
+  oADC _> + OAD



3. MeTunupoBaHue

‘00C C’:H3

AN
H,N

ROH + SAM —— ROCH,

—CH-CH;CH;—S—CH, _

HO OH

S-aaeHo3nNMeTUoOHUH

4. AueTunnpoBaHue H,N

o1

1T 0
HN—C—CH-C—CH;O—P—0—P—0—CH
| R )
CH, OH CH, O o)
c|:|_I RNH, +ALUKoA ——RNHAL| + KoA
I 2
c|::o ﬁ O OH
HN—CH;CH;—S-C—CH, PO,H

AueTun Ko3H3um A



5. KOHblorauma ¢ aMMHOKUCotamMmu

HN _C0O0" HN—_  ~CH, . “00C NH
© TCH, CH, SO, \/CH-CHZ-CHZ-C\\/
H2N O
rMyuuuH TaypuH rmyTaMmuH
O
|| »
C—0
CoA—S—COCH 3
(Auetun-KoA) ’ CH,CO0
\Mun KoA cume'raJ
benzoiinas kuciora AT® AMO + dd,
) :
[} ' v
C—S—CoA C—NH,—CH,; —CO00O

NH,CH,COO CoA—SH
(m“u"“)Auun KoA: aMUHOKNCNOTHAR
& N-aumnTtpadcpepasa >

benzoun-KoA ['unnyposas Kuca1o0Ta




6. KoHbroraums c rmyTaTMoOHOM

W
C|3H—CH2—CH2—C—N|1 /C—NH—CHZ—COO
NH, GH
CH,
|
SH
myTaTuoH
GST -Br v

BrCH,CH,SG ——» Gs(?Hz

BrCH,CH,Br+ GSH L

2



R¥ + HSCHLHCO NHCH,COOH
I
NHC(© YCH,CH 4CH(NH 5)CO OH
l rNyTaTMoH-S-TpaHcdepaza
R—SCHLCHCOMNHCHCOOH
I
NHC(O YCH,CH ;CH(NH 5)CO OH

l ryTamunTpaHcnenTaasza

R —SCH,CHC (ONHCH 40 0H

L l UMCTEMHINMUKMHAZA

R—SCHLCHNH,)COOH
l M-aueTunTpaHchepaza

R —SCH,CHC OOH
I
NHC(O XoHs



q)aKTOpbl, BIindArouine Ha MeTabonnsm HyXepoAaHbIX COeANHEHUN.

1. TeHeTn4yeckne hakTopbl U BHYTPMBUOOBLIE Pa3Nnyma (BO3MOXHbI
reHeTn4yeckme aeektbl PepMeHToB, NX U3yYEeHMEM 3aHMMaeTCA
doapmakoreHeTuka).

2. dnsnonornvyeckume:

-BO3pAacT 1 pa3BUTUE PEPMEHTHbLIX CUCTEM,;
-NOMNoOBbIE Pa3NUYUS;

-rOpMOHarnbHbIN OOH;

-0epeMeHHOCTb;

-MUTaHKE;

-naTonorM4eckne CocTosaHus, 3abonesaHus;
-ONUTENbHOE NPUMEHEHNE NTEKAPCTB.

3. PaKkTopbl OKpYXatloLLlen cpeabi:

-CTpecc;

-NoOHN3MpYyoLLaa pagnauns;

-CTUMYNUPOBaHNe MeTabonmama 4y>XepoaHbIMU COEQNHEHNAMU;
-UHrMbmpoBaHne MeTabosimama Yy>xepoaHbIMU COEANHEHUSIMMN.

BTOpUYHbIN MeTabonnM3m - NoCMepPTHbIe MeTabonuyeckune npouecchbl



