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96300 3obo 3o Jdbs, GoEash gEdghdo-mJbosbyde, Gmdmadagy

dson  gobagoo gBMJLogsesl sbmG30gmgdge NdoMadglsre  Fymemgeb

@b38o g6 J30mbotigdgh. JopOmgomnmdol aebbs BmJuogebBol

Immgygmedo Gmdgmody dmmségmo x3gpob (9G3mJlomols, 53m-

JUoal, 6 gzgmoeby bBBoMse JopAmlomol) Rsbgagom o6 Foedmdd-

6o TFgodgmgds 0gbsl BomGgmmo. gb Ggojpos  (g3bombamobaias)

domemo  sJBogegoel 9bgGanom babosmregds. gdramdo  astis Jdbolisre-

do 7gbm 6sghonl  Bmmggnms  mJbopsbydalogol  asgomgdom  swe-
30r2f3rmdseo (,@s3ymmo™) bregds.

6530 FpamsGymdlL 33 moodmles ,,7860830gmm* Ggedi00ob oo
domjodogio sbG0? Bsogzsdomsb (3o Brogds, Gm3

1. 6o gpeem Whsger as6bmAgagmregds JxrGaede Jgofogme Jug-
bedomBogol @b jombsmobszos, oo PG  sRJsGrogds ol
3g9pamdo LAmo EIaGaes(30s;

2. gpbjpombagmobaggas  Jugbmdomos-BmlogebBol  as73bgdmmmdols
Gogmo  3Geigbol  LoBJsGgdsmadaBodgdgmo  (boBJstol  3063Lss-
3Ggmn) qobss s sdomd LEpmo  gmJuogsieol Gy mo-
Ggdag 93 GPJaool gbgGagdogame dsMaghol sdmgzel embyby
Tbes bmAgagmedeegl [19, 20]
osgolo aegdono Gomol dogbgmegse oG Bgadmagds o6  owab-

ad6mb g6 j30mbamobaool  (JoptmJbomatigdol) aségagmmo  boy-

o(3. 8gbagsem 6sFormBo om36086gm, G gotiresddbolislt JLgbmdomEo-

396 BmJbogtmds Ggndmgds asobasdeml gomgn (.8gmGsmo ©sdabdy-

G30s"). ogsmoanse, baghom Badjmbolamgol Laygggogber baBgaemgds

Jootrgeédo m6psbatdobomgol memGgbse Ls80d Ladédmgmm Lsdy-

26



smpdoe astaddbsb 3s6o(3eol (CHCl3; — CCl,C=0). sdo@mdss Jorer-
GogmGdo  smommdlognGo; dmmogogmgGo  sGmdsggmo  bsbBo-
Tgoemdao 356%(a)3oGg6o, Gmdgmoag 3Gmysb336magbl  Fatdmamaqbl,
gbJaombsgmobazool dgegase dmogé  3sb(3gGmabnd — odopGe-
33mJLoel  odmggs; 3m3gmedamo B goz0masdsgnhgdgmoe ws Logbol
330 3Gg3seBo sds(gdsdmmo  GohdmJdbol dgBedmmo@ls, Ge-
dgmo dmemo EmBgdolel mzodmbs s oG ydgml sbasbgdls [21].
sdgbse 08 ™mEFbMms ssgsgdolsl smboBbymo 3GgdsGagob aedm-
496g%s 39Be ImbogAobogmgdgmos.

Bogmmologsb  s63  gBmJLogsgool  3Gmglol  dmBegzber  jmbo-
035300b  gpobos obmagnmo. gpJdogcee gb gsbe gbjrombsmate-
300b  Ldowash s3Gdgmadl, Gog JUgbmdam@oyms Jopdmgoma®mdols
20bOEslbs s BHoJloggemdol  ©sf3gomgdsdo  dramdatgmdl.  dslido
dmbsformg 99@3bBgdo BAeblgggBebgdol yemeblb Bagymmgbgdosh. as6-
Lagpotigdon  quompss 3aghpgmadame s dAsgomagqtimgzsbos
280006 BM6LggeBg3al  myxobmdal Fohmdmdsmagbmmgda. doMams-
0 690d3es  smeagbarm  geBsmombmsb  (GSH-osb)  jembomaodgdss,
Godgmog @6 3otosbBee Bgodmads bmGogmegdmegl: 1. GSH-ol
Inm0sb  dmmggamobost LmdbgGs@ob (JugbmdomBogol) Baghmgdoom,
36 2. JugbmdomBogms BsbBoGdsmol, sBm@ol, gmaodmol, gmlgméob
I20d@GmPomyt sBhmdgdess byymgmgacegho Absggmgdan:

R + GSH - HRSG 8)

RX + GSH = RSG + HX €))
amBemanbyto  ymbomasdgdel Bdmamdo dgBedmmobde g ged-
Bgdg035b o6 39 3038e6530L  Fo63mJd6aTo gumaal. amrndecomb-

Bsblogg@abgdo méysbymo JoeemIghndlongdol LloAggdse smEag-
Bols s bHgtmmagdol ob  IGmbBagmabrobydol  obm3ghobaosteg
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3gosmabgdab [21-25]. ymbogaseol gobsl dngymmabgds saGgmgy BIO-
3680 g3mJlolopamests, Gmdgmag 336%(a) 3otgbol, dxbbmemol @
Lb3s 33 JLopgdl Fyomb gegdl romegdal Fatdm Jdbeo [23]:
S ) S 0 S
\ / 2 [ )
HO OH

dMbomasgeol gubol g3g@dgbBos dmgdgreads odomss dgbryogmo,
63 obobo Fbmmme 0d bogomoggdgdl 9398 edmmabgdgh, Gmdgmos(
gabJgombsmoabagos y3g aogmomo  sjgm. oo moclgds 03830
3oamdstigedl, Gm3 a3Gdgmgdgb 6 sdmeghgdab eadmJlogsiesl, be-
e bemgogho 9gdabzgzede odggm — g3nbiombamabszool gebsdo

330 ,350em333lsg" ¢ SUFmORR6. ymbogaodgdol  s@lLgdomo
bogrmo 0dsdns, A3 93 EAEML  JugbmdomBhogdosb Gged30930 Bgr006

s ,,00m3g3006°  PrGgeobsmgzol  gsblsymmGgdon  d6083b6gmmmgabo
obgmo  BogmagHgdgdn, Gemameing  9806mdgezgdo, 3gddowgdo, (30emgda,
353mb3ge380 s Ubg. s60s6 [26], sb7 gmbopasos PxGgede o8
Bogmngtigdams  Lsgcdbmd  gaooBl  Jobol  gggms  Bgbsdgrm  dembs-
goepebgmo gotigmaemo dgegano.

egdmdbogsool méogg gebs (gubjaombomobagos s gmbogas-
ao)  Jugbmdompo ol Immgigmol  JoeGmgmdnGedol @sdmggel gd-
babyégds. abem  bogmoggdsms LGgmose  asbbbgegpdanme  Jodogdo
smbsgmdol  dogboesgsm, gobagoo 3ocs]dbgddo gorsdfyzgde Gomo
do36mbmdgm  godmJemd P450-833337em  Lobggdel  ggobegds. ogo
Gg3desos gotiom Fegl 3mayegl, doasd ggzgms obobo g6Hm Bemase
99]s60b3by a0yzsbxds @s dobo sGLo  JopGmJbomotigdss [27] gb
63030900 datramasre:

36m3sBmo  JopAmJlomotigds:
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CcH.X [o] HO-C¢H, X (11)

3304 g0 gobyge:

0
RCH, o], RCH,OH (12)
0-ro9bagm jagmatrgds:
[0] (13)
ROCH, [ROCH,0H | —— ROH+HCHO
N-rpgbom jomatigds:
+H,0
RNHCH, RNHCH,0H — RNH, + HCHO (14)
N-rogbad0botrgds:
R o] |[R R
“CHNH, Lol C(OH)NH, | ——> ">€0 + NH, (15)
R R R
boymagegebygs:
RSR’ Aol RS'(OH)R' — = RSOR' + H' (16)

JopémJbomatgdol gzgme RsBmogmoamo Ggsjaes NADPH-Ls s
02-b Logocmgdl. odob godm, Gmd gabm  bogmaghgpdgdol dmmgy-
8o Gac3mJdbormo Jopéemdlomol xanseb gebadsmo dmgemaynegGo
996333006 s 36> [ymomebss sgdymo, sdoBmd JugbmdomGo ol
d046mbmdnmo 76330 ogoon NADPH-ol 4063308 Gglsdsdolse b~
(ogenegds. 33 3omecrgdsd0 4o gdmJlogeasts s REgE380 dodwo-
6569 NADPH-podmjogdgm ,,060m33696 3Gm3glgdt deméol  jmb-
Jo0hGme 0blodatipds Jbrs Feobrydmrgl.
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Rggbo asdmygmagagdem [28, 29] 6oRzgbgde obs, Gmd sJBomco
3mbme Jioggbaby@a LolBgdol 8jmby dogOdmlmdnm g3@sd30s80 Jugbe-
domdogadol  gebagelimsb Bgmmmgdymo NADPH-ob  gobaj0b  LoRjség
dobo  magobggema gobagol LoBjedgbmseb dgstigdom gmggmmgolb ds-
maras. 380b0b, 83 3megqGdgbBol gebazol Jobgdhognt LyMsol IGm-
©7Jdoe 0bdndodgdals ymsliognGo dGgeol Lsby ojgl. dombgosgse
sdobs, Tgdamdds  (3gdal  LgMogdds (oggebsbs, GM3  sgsby o
3M53639680 dobo spEagbomo gmAdal gebagel 396 méa7bsgl, sby
030 06dndotigdol ymbihgdnm dobybl o6 GoMdmopagbl. s8oBmd s-
bs3ggdae dogohbogm, Gmd o3 gmbiosl bmda 3];3g3dmG0 bws ob-
Gampdrgl, Gedgmbsg Ayrggengdsre gizogemgbdode Lgdlghay by
390303l s gl IBm3gle ImmgynmnGo gobadsols s bmdlBGagol
35(306G (309800 madoBotregds. Lgdedgdere gl Bgdmgabsatisme Bgo-
dgds GFaédmgomanbme:

NADPH + A* 2 NADP* + AH 17)
+0, +H*
AH + SH ——— A* + SOH + H,0 (18)

635J300080 At — 33393%me0, AH — smpagbomo o493 eéo, SH @s SOH -
3gLsdadoboe Jugbmdam@oge s dobo JoGmJlomotgdol 3Gmegddes.

353sbsady, dolomgdsre godmgds Rsomzgameml, Gmd doygGmlicmdyma
JogAmlogmahipds Bggrmadame  gsbags-smmagbon Ggsjiegdem 3ad-
©0bsymdL, @Gmdgmdoy NADPH-ob 3036  guég3gamo  oJig3dméo
smEagbsl  aoboyeol @  GmIgmol  Bgdamd  gebadomst pé-
0090 ddgegdol abom ssjBoggdl dsb. o333 megRse Bgodmgds ogmb
gmodoregdol o6 Jobmbgdol sbagmmagda, Boymm  93g@dgbBgdorst (E.N.
1.1.1.24)-$0dob  mgdopdmagbsbs o6 (E.N. 1.6.99.2)-8030L 6gre7-
JBebs [28]

30



33-3 Babobby FoMdmmagbommas Bogoghme LpdlgGsgol NADPH-
readmgorgdgmo 9sbazol 3obgBosgee IGmregde (mmsnbyoggG-336 40l go-
tabs$7080), Liopsbsy AL, GmI 539GdgbBobsdn LFAsgz0m (ogo-
Lemdom) obabo 3Bgdmgan  96s30dmygtmdonm (s gboesb  datzbbog)

Qoaggabooﬁ.

AN
1lv|AMP/ CA P

NA DMA

7S]

6sb. 3. lLmasl ggbggdol doyeembmdgddo (3ogmemd P450-0l bmgo-
9600 bl GeBol NADPH-psdmjoegdgmo 496330 jobgdo-
3> [28]. BP (356%-a-306960) > DMA (madgmogmsbomabo) >
PNA (3sésbogymebobmmo) > CA (@soRobdgegs) > AN
(s60gmabn) > AMP (s30bm3otaba).

I Logntepmndms, Gmd Bpbgoe o3 Gogon msgmgdast gb
603009653580 JoEAMEM3Gmdol bsGinlbol dobgrgom. 93 Lowowggddoe
03 gmolbdgds  sBedemodgm  (IpJusb3o) s Imadrgm  (FyoemBo)

399bLbgrmadl Bl dosmo gsbsFommgdol ymgaoagbde. 8mggmeron,
63 39 o BobsbosogRgml Bmel  LFmEbsbmdMogo  sdmgomgdy-

mads  asdmamabregdmes, Gudmgbies ¥b3gzedo  Jmbyaegbiasl  dsamo
gobagn@-JodogGa mgobgdgde s 3sblagnmGgdon  JoapGMgmdTGemds
39bLobmghsgl. omdmRbrs, M3 olgoo  Esdmyegdnmgds  gmoabrgds
1/Km — Voopgls s Joptngmdgemdol bsdabbomsb gmda6t gglgb

Amol, o6y Bogmnghigdal JoeGmgmdgheds ghmghnn 7360836 emm-
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396gL0 30633980 03 030l M0, GM@Axmo 8mbmmJLogabstygo
3949603000 gobagals obslinamgdl. (6ob. 4) [28].

1K,

—

VH
6sb. 4. (308mJ6@3 P450-000 LgdlgGagos g96330Lsb 5936 obage-
80 LGGAsg30bs o éoggt‘)mqjmbgt‘)mbo‘b bocolbl Bmeob  gm-
Ggmagos [28].

393356000, JUgbmdam@Bhogol aségdg NADPH s6s8gammgdamae
07963988 s xGge8o dolo smEagbomo  PMGL  AbLsbmgGma
rpmby  dpmdogee  Tbsdhbgdgmos. bm  bogmoghgdol  xégede
Bgmfagolsl  3meyg@dgbdol Ggreniedgdsme 3mBgbosmo 3aMsggbse
Byyomgdym  gsbageby Ggemobrgds s 98 I0Gmdgd8o (30 Gmd
P450 206bs3moeRnm ogobmdsl dmogé Joptimamdnéd badlgGsgms
dndotrn  0RgbL. JnpdmJlomotigéal gbtom  Jugbmdom@Boims e3mbjomb-
srobsgos 93 Igdm3BmBgol Gmamey oByz0s6  JoBrsded 38 e
3'3;'3'80“ dmbgs. ol dogh bogmoghgdems ,,bs ynmat L3l Goadem
» 8936005 B0 ggoboga-Jodogto @mzolgdgdon s s ,,gbpmygbne"
07 ,33bma0me" (33ms8o dmbsFammgmdon waobregds. sdal gJb3gHo-
36Bm B8mGagdal omgamobfobgdms H3gbl msdmGsBmAnsda Rado-
GRgmo asdmygemagado [29-32]

seM) s@3bodbgm, Gmd (30dmJocmd P450 8mbsformgmdal mgdu-
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3l gabemgd bsghoms domlobmgbda. sfpesb 398mBmabaty (3098-
Bo Smpgmse Bg306hagm 83 bogmagBgdems (ggmegsbmamadol, gggbmpm-
356306393930L, $)s606g30Ls s oabobgdol) FotdmJdbal ggbamIGm-
3sbmogo g3bs, G@mIgmBng geo-géhm Loyzebdm ggdgbder aGahab-
3g030-4-JoeAmJbomsts (CA4H) qoamtotdl. gb g9édgbde mmgbsg
03 LobgmGmegdomn dmoblgbogds by gGoJdogdere ogo  goBmIGmd
P450-353(339mm0 3mbmemJboggbsbss. Qd&mdhodooooh J6mgglo  g3slipoy-
s dogHembmdgmo  gobagzol  LdebrsBgme  bydlgEsgob NN-
reodgmagmsbogmobol (DMA-L) N-padgonmoatigdol Ggejpeol (gmedsgm-
©gdool — FA-b Go6dmJdbol) Bobgogom. (rgdda 3s3mygbgdmmo
33dmbes s36gogg Babogrsmsbobobs (Phe-ols) s §GeblimatraRobdgs-
3ob (tCA-b) GsmomsdBogio obmgm3gdo (4-3H-Phe ms 4-14C-tCA)

bmost  10-pmosbo Bsbadiegdol qgliggdomsb domgdagem  8oj6mlm-
g gcej3es8o NADPH-006 ghooe DMA-U 3g8sbobsl gi633sr00b
dmbdsgds dmaghgds s sjBogtere anéanbgds BabBotdswol dmbm-
mJbogon. ggbmnG Bsghmms dombobogbob  LdlBGsBol (Phe-ob
©s CA-L) s DMA-036 30g6mbmdpdol ghoptmgmsm 06 ymgdotgdolsl
mf0g) 3Gmiagbo smGanbzsl goboseel: gmGBsmmgdomals §okdmJdbs
25-30%-00, bermer CA-b 96333 70-80%-000 Jggoomeqds (63b. 5).

sBagmmgogto Ggegae dogomgo Phe-ols ms CA-b Gspoms]@ogto
36g3sd0l  308mygbgdol Fglmbggzedag: DMA 3y3qmbse 333063l
Paborgr® Boghoms 13796 gtajiesde 4-3H-Phe-olis o 4-14C-CA-b
Gopomsddogeo 608bol RsGmgal.

NADPH-ws8mgoegdnme  g96330b 49698 040G3s 3Bagmobds ggoRggbs
603 CA-bsdo  LHGog3ebosd Bgestigdom (Km=2.5-10"6 M) DMA-
bogde (30mJemd P450-0L Léenzs (Km=0.7-10-6 M) ~3.5-%36
9GO dsmagmns.
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dill

12 3 524

6sb. 5. CA-b Jopémjbomoigdobs s DMA-b N-pgdgmomoatigdal Ggsd-
(3030 YPM0gOMY3emabo.

baobygdsgem blbsto (3 3m) Bgogeges 1/15 M gmliggedolb d7gg6t pH

7.4; 2 93/3m Bojhobodym gorsb; 6 33 M NADPH-U; 1. 60 mkM Phe;

2. 60mk M Phe + 18mkM DMA; 3. 60mkM CA; 4. 60mkM CA + 18

mkM DMA; 5. 18mkM DMA; s = as6wsgdbogmo CA; 3 — GodmJdbommo FA.
(100%-50 domgdgmos ol 1, 3 s 5 3560368 900).

6oB396380 odbs saégmzg DMA-oo CA4H-b 0630d0tigdols 3mbyy-
Gbdmmo dubgds. gl dmba(ygdgdo baBgemadel agadmrgil wogslzabom,
6md G080 Jugbmdam@Bogol Bgmfags 0 GgameBmegm  Log-
Bornl  FoMdmamagbl, GmAmol  Lsdmemgdomsy @oBmdemd P450-ab
baghoer  Bos  xGgRYmo  gebrowpsb  ,,gbemagbncowsd”  ,.gabm-
20676 33ty dobo IoMeBglo bsfomoal garsbsfomagds Brogds, 969
30mbobogbgdal Bglglhgdol bstpby Jugbmdam@Bogol rgBmbogszaol
Ihmggbo  dmoghregds. gl asbsggdoges, Gumash  (gmgbag R Gl
»bogaeomlb LoenbZodgdo bmgagds g6Rgbos.

B3t (xR0 jorgy ghmo  LoobBghgler gejdo ofbs  gedmgz-
gmabogmo  [29]: axégeBo gofggmo DMA-U  N-pgdgmommatigdolst
63530380 méogy NAD(P)-psdmgopgdagmo Ggomfb-gogge 3mbsGogg-
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mdl, Gopasb o3 JugbmdomBogols QU@)"’JI"’J"O"OI’ 3sJbodsgno  Lod-
dmszhy mGogzy §mggedgbBol Jhmehmgmo s6ssAlgdmdolsls gmmab-
335, 967 spaomo ozl LobgHaobdals dmgmgbst. DMA-bL 496330
boddsgegds NADPH/NADH-ol  3mb(3068®s0sms  1:4-006  rsbaggath-
Emdobsl. Hmgmég Rbl, 83 AEmL mGogg dogGmbmdnme Gaenu-
bobgadal dogé (gogmdemd P450-0b gmgd@Gmbideo gggmseby m3go-
oo gbegbggmymps bt gogmrgls.

3omJ6md P450-0b gbogomaéd mgobgdsl mogol bdbdGegqdmsb
©s 0630808mG3msb L3gJdGmamgmdgdegmsre sezommgaolgomgds-
o §mI3mgdlol Gocdmdbs Focdmaragbl. doyeimlmdnm 95336693380
dsoo  opabBogagsgoologol  LobmgGegid mo gemBsbgal  Tscgd76
3m33mgdbobs s osgolgsmo  dgdm3Gm@gebol  Bosbogdal  L3gdd-
GRL. 83 dodstorymgdon J3mazob ©sGggds 6smoloddnmal s oe-
65038 [33] bobgml 949380tmgds. s 3ogh omagbomo odes, Gmd
d0gombmdby  Legmose  asblbgsggdnmo  Jodoygdo  BogmoghHydgdols
3358388 Bm360Jdol  ogzgdgb30emaG  L3g]#egd38o madsbslinsmagdgem
(G3omgdgdl 0fgagl. gladsdolse Bgoddbs o8 (33mommgdgdol 3s8madf-
393 bRbBGsBme gmobogogeiosg [34-37), Gmdgmoe 3s6LsBmgHgma
Gommmal Log@dgby dsmo Bmsbmddol dsJLodygdgdoms s 80bodydgdom
boboomegdash. sdol obgmgoon bRLBGIFPRL gmggh I, I @s 3meo-
gogotgdam I Hodgdse (6sb. 6) obws Bg36086mm, GmI (3odmIGmd
P450-0b gL mhzgpme ogolgds Lbgs Ip8m3ém@gaendobomgol @sdsb-
sbosogdgmo 36ss.

[-8o3ob Lpdlg@eBgdo dotomsmse odmdemd P450-0l madsem-
L3oby® gmEAEdLeE Pemoghmndaeidlb s 3gdnco  Gyobol  sHmdo
933bgmmGeobatgdamo ©BmLInbgho dpamdsGgmdonsd bgmgmmteo-
Bocgdnm  Bomarnblobyéd dpamdstigmdsBo  psmeysgm. 83 Boadal  gmd-
Imgflos  GotdmddbsBo §sdy3sbo Ao g39Adbdol sJBoné (336S-
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0.03
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0.01

0.00
=0.01
=0.02
=0.03
—-0.04

=0.05

360 390 420 450 6

bsb. 6. doyHmbem3gdals pogggmgbznsmdo L3540l Bodxdo Lbge-
©slbzs LndlBGs@Rmsb HGmogHndgrgdalst.

I-303ab L3gdEtamgeo (33emommadgdo bobosopgds Bmsbongdob dsdloddos 390

63-by s 80bodydoc 420 63-by (36gro 1. LndLEGsBo 8.4 63mmo Jgjbmdscido-

Bomo); -1 Bodob LB Hmme gmomadgdo balbosmpgdass dmsbogdol 85Jto-
37000 420-430 63-by s 30603n3nm 390 68-by (Ao I, LRLBGBo 2.5
6dmgmn sbogmobo); 8mpogopetigdgmo 33-11 Bodo GFo8mamagbl ,,853669d 7
I-8odb*, 63 I-Bodob Lgddégmo  (ggmomgdgdol  Lad jobgdge  sbabgeb
(3670 III. Lp3bEAsB0-1.6 63mmn sgtmyemsgabo) [33].

Gnsh  3G33mmstrgmo  LndlGeBol JoeAmgmdn®  ao0gcmJdgegdsl
935309, I-$adol  3gjdtemmdo  (3momadgdo  dFom®mmss @8-
3%06307mo  bogmogGgdsms dgBademmoBdmsb, GmBmgdo ogoo (zodm-
J6c3d P450-0b Lpdlg@oBgdl §ohdmamanbgb s 8ob abrwmdiosl of-
30306. 9o Bogymmgbgdost BoggGo s sGMIsmo  BabTo@yommds-
©gdo, dgledgamo sdobxdn, gmghgda, smoGagmgGo s 3gdgmiog-
mmaco bsghmgdo s Lbg.
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[-803ol  Bogomoghgdsms dogh  smdGgmo b3yd@egme  (3gmamy-
3380k sLsblbymoe Gadmegbody dombabegdss  IobFnmohgdamo s
doo  Bmeol Rzgho sBMom g3gmoby Bobampdae Pbs  Hsomgsmels
356070, AmImol mbsbdspsz 33 EAML ggAdgbdal sjBome Ga96-
$c30 smaomo s 4MbgmGds30m dzegdl, Golsg badmgmeem 8330
dOmbEabsgogmo  jmddmgdlol  Leghmm  (33momgdgdmst  Boggsgetion:
smagbom  odmdtmd P450-msb 636306350l 3mbmmJbowols dog6-
ogdabol CO-b dmmgygmes gmmGrobsgogmo bggdhmesb ©93bols dgé-
3o %a37xnl, Gmdgmoi b Esgbamgmo  gmG3el 339360-
B90bBo  g4s3s. 930l Fgegase  donmgds 4M33madlo, Lo 3850
3506060l doAmgzol  LodtGgoesb CO-b  8odstorgmgdomss  gos-
Voo, bome $EG6L-8ramdstgmds o6 msgoliggsmos, 96 Bggomast
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Botol, beome bpdLgGsg 80 C—H-3033060L obmghs s JopéemJuo-
mocydol 3GmEgddob Gomdmgdbs brgds, Mmdgmoan Ladgsjiom dmay-
eds8a gsdmmols.

3pmgymer o gbadspopst  sdopéeJlommatgdgmo  s3g6B0  (dol
bobmbodsre bBoMae $H®dab ,6sFamsgbs™ bIstHimdgh) Fbmmme gho
shedL  oggbgdl  [86]  s3s%y  Bydyzomadl regbanm  GodmIGm3
P450-0006 omeobmdgbbmmobs s (C¢Hsl = 0) s 8abo  Goo-
Imgdmgdol 0sbsdymgmdolsl  JopBmJlomotgdol Ggojzool ddmmsgtn
b§odamotgdsy [96] gmédnmopsd gbgresgm, GM3 omeabmdgbbmme-
36 03996339 9376 gm0 sBMAal smgds Byydmns. sdsbmsb -
393806900m  Bgladmadgmo  asbes  FgJdbomoagm 03 bogmagegdgdel
dpatspa  sbammagdo, Gedgmesy  odmJemd P450-0lsmgol  dsdo-
eOmJlomotgdgmo 5396l dmpgmogds Bggdmose [97, 98]
16560 87300 §3613043656 bsFommaggdo, Bmdgmas dsabod)ndo sdmgoligdmm-
3o3 Grgobob  BsmamldnbyMo dpgmdségmdol (IV) Bgbadadalos [98]).
angmads, Gm3d gb boghmo 3ghmJlowsbal, JmmA3ghmJlowsbel s gogo-
mabsb je83mydb-I-ob (ob. 6sb. 7) sbamemagdo s60s6 [76]:

P+Fe"’05 2 PFel''0~ 2 PFe!llQ (25)
o] P 3m6c306050.5.

sbgm dmpgmad  ymd3mgdlgddo Gyobol  dsmsmmo 37963 medals
bstnbbo 3mgatobol doGogomss bgsdogmobgdnme, Gmdgmary ®gobalb b

7963350l B3l gho gemgdiBGMBl sfmmgdl. 83sl ssligtgdl gomag
3mé306060b domgol egombyco gmGdon s@ligdmdsi [99, 100].

BoFomagl, Gedmob LEATIB YOG 25-g 396FMmgds80s dmygsbo-

mo gl fmegdgh. dolBo gobadsmol sBmAL gothg ascdlity ggbo
29d36mbo 343l s dsmemo Ggsd30olinbeosbmdom asdmo@Bggs. bLsd-
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353 gm3egdLBo Bmemgygegfo gabadeol sjdoegsgeol Fgegase Lfe-
Gge  oJugb  bsfomsgo  FaB3molddegds, Gmdgmon  gobommmaon®
30633080 Bomagmo  LoRJsGoo  3Msgsmegtimgebo  JLgbmdom@n gdols
996330L 8 golsmysd bgemgddonemdsl gbGabzgmymal. godgls ©o
d36ob  [B6] oobsbdo bydgeggdol LGB 7Gs, Gmdgmoi odm-
J6m3d P450-0lL 5963350056 3m33emgflonsd gsGdemdbomol xamggol pé-
noghonddgogdomss  3gJdbomo,  ggmomlsbagtizam gsddmet k-
396l 0—0—3s38060b  BgdamBo sdmobs s  dsdopdmJlomo-
Ggdgmma Bafaemsgol Faddnmddbolamgol. gl ogsmlebéolio sGmdsggme
s smaggaB o 655306 ysmdapgdol dodsém bgdgeggdol dsmegmo Bo-
JopGmdlomotgdgmo  6sGasbemdon @l Grgds. Bgdgeggdmsb dgde-
mos  3md3mgdlgdol  ymmGrabodgdol Bgmgase gb Ggeies 360d36y-
gm3zeb boeb gsboymob. amgmads, Gm3 mjLgbmago L sdamoatgdy-
mos  3oBmdtmd P450-0l oammgte mogebron, Gedgmon  Ggod-
30980 gemgdBHmbos msgolgdnd Gybghgneal Fotdmaragbl [86]:
S~FeV0; 2 S"Fe!VO~ 2 S~Fe''0 2 SFe'''0~ (26)
b Jlogababgd (3o4mB8o Igemglo maddemgdbols (RH—Fe2+—O'2')
s8ms 39-V s3:3msghgdgm Lgsmosty bemgogmegds, gggms Gobs
bdorennlsgsb asblbzaggdon o gotsddbol absd Bgodmgds 3sbBHmG3s
aobo(oembl, o LoBmommgdsl admggs, Gmd Esbageby LgdlGGogde
a95JBoggdagmo  gebadsmol  Rsbgags Gadgbody dgJsbotdam  Ggeem-
obrgl. gojBogtere gl LBswmos ULsddsge 3m3dmgflol @sdmol o-
bafgobos, Gomasb ggmGdsmnGoe dbmmme dsbdo oghob asgl gggms
ob  smdragbgmoe  gdaegermabe, Gmdgmag  GYsgoel  IGorgiGob,
Fyeool Fo63mlogddbgmaee s Lafgolo g3todndmddmpgomol Gganbge-
s(300bogolss sgamgdgmo. gl as6sddbgdo @ Godmgdbomo abgg-
Igoshgdo 36033bgmmgsbfomae odmmgdens, Gedpgbsesy s Hg-
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36 36LbRMIsby  Jodsdetieo  gJLdgadgbdgmoe 3 jo(3gdgmadado
oonjdob o6 aoazsfbos [101]. gL  a06Lsggméigdon  dsdowdmJbogma-
GRgmo  536Bol 398Gl dbgdety o wolsgeby  LydliBGaddo
dobo RsbgMagzall 89Jsbotdby omgdol. daggsehbos, Gm3 83 TFgdmbgggsdo
Jrorglo Gmmo  gobazol mflgbmopgmoe d5Jsbabdol Bglabgd bH|mo-
o obymds o WggPme  Jodmenbed TgelErnms, Gmdgmog 1964
Gl 3. Jsdompmbds [102] Bgdmagmagats. 33 Jadmogbol sGLRmdab
bobgzed Lamygnbaby g0 bbob 206ds3mmds8n Aggb o6 Bgagbggretios
3Idmogs3os, GmM3gmBoy 9637908 0Ggdmae ogmb getigmeommo dobio
LolGmeg. 956m dgdon: Gs@ M 3ol Mebrscsb dGsgmegds dobo
dmdbéy dg3boghms Bsdmbomgamo @s dsd Gogbzl 83 LB GHadmbgdol
33Bmtag ggnogbob.

JodomBmbds godopmads assdebgoms ad aohgdmgdaty, Gmd dmbm-
o Jboggbsbgdoms s dolo dmpgmadon Jsgemobgdmm Ggejiogdls @
3036580  (CRz-0m) o6 6o éghgdon (NR-om) as6bméagmadym
G30J(3000L Fm0l 36LgdMAL Lam(3atin sbogmmpos. 98 BagPogddn bab-
BoAdsobs s sbmBol oBmdgdo gdal-9d3b gergddGmbl Bgo3eggb e
Jmeglse  Aged3oobnbstosbgdo 36asb. obabo sjBopGae  gHomggdasb
0@ s 0bggeEeastyd GgedngdBn, dsgsmamsr, 3Gl eddsgo
9065398330 3erbermJloggbsbgdom s gebgdols dmemgymemede  gobadewol
3Bm3al  Rstongsby s Lofgolo  ymbogogm@sgeol  Bgbsdhmbgdom
BoAdadol Fod3mgdboby. 3968360803 gGogdast smygbgdl s (30-
3r36GmIsbgdl  odmgzasb; o3 dgméy Gejiool  Sbammaoom  dodeo-
bsrgmdls  BmbmmJloggbstgdom godamobgdame s ygbgdol  g3mjlLogo-
63, (36mdagmas, (M3 JoMdgbgdo spgomse Ggeaa@gdlb sGmdsdynm
6390090006 e Jormdabbemgdols s bmé gaGaragbgdel  Facdmjdban,
Godmgdon  Fobslfmemdsdo  0dgma3qdash  (304emm3gddedHagbgdosd;
o JLogabsbBydon sbmG(30gmadagb sGmAsnm bsghmms @gbmmagdee s
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strgberJlomgdore 336 Jd6xdL, Gmdmaday FmbslfmAmdsde adymegdash
mJUg3obRmsb o 9.8. [42]. Fgodmgds omgzel, Gm3  yodgbgde o
Gogbgd0  eJLogababgdol Bmégpm Bmegml  Gohdmoeagbab.  jeé-
36g30bs s BoGigbgdol sBxmmao Bgadmagds ogml gebadsweal s@mdogy
(xmJugbo®), Gmdgmlsg oty  gmaddembym  a0alby sbggg gdzle

99JBGmbo dmdeeggdls.
B sbamobol Bgegase IsdomBmbds @s7dgs, Gmd 3Gs-

3o oJboggbabge Ggedi30s8o  Jopdmlomomgdabsmgal  LgdbEmagb
963000l oBmdo  JsMdgbmorghol duasglo 3. e flgbmoeate  yma-
3rgJloesb Bagfmmgds. gebadsmal dmmgynms slgm mJugbmogl Gak-
3mJ3Bol G 4060L  0mbmsb, 6  Ggemb-sJBHon®  moagsbrmst (3.
oL 3mGBoBosb) ymadmmaJbodgdolst:

Icl— N \T———Q-

Fe--- - 0=0 —~ Fe=0 + :0: (27)
c—o”~" _C=0" e ugbo

ofugmoegho §mddmafio
mJbgbmorengo Bafomsgol Gakdmgdbs Bgadmmgds gs6bomgm ofbsb
Geameg  390mdbogmddmyJlabagsd Fymob Gotodgzol Bgmgao [101,
103]:
__ +2H*

RH-Fe?*—0; —— RH-[Fe0]3* + H,0 (28)
JopAndbomotigdal Ggod30sBn, Laesy Lsddsao mddmaflo mGe gmg-
J&GmBon  smabsl asbopmol, sjdomte  jmddmadu-l Fotdmodbgds,
Ge3gm 8oz ©agebagrendol  dsmommo  Baalbol 3jmby Ggabol ocmbo
0dygmaggds. gL 4mddmgdbo  Lbgsmslbgs gmédem (Fe?* 0y, Fe3*03.
Fe3*0, Fe**07) +abpmdl ms 02-b Lobamgdad, 36 BGadmydad
droamstymdsBo  Bgozegl, 967 O2-psb Lmdlgted by gobadomab 6=
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3063 BFodmgdgo, obggg Lobamad o sHmdol asmsdebss Bgbs-
dmpdgemo  [104]). Vobamgdpto ofbgbmore 96330 bdbg@adda
2V bodgmgdidGmbosbo LabJ@mbameo dgdsbobdom bgGgagh s Ggejso-
ob Labymagdace 36meydHo doomgds. mJugbmorgo o GGHodmglos,
33306 LpdlgGaBdo gobadsol 7dpemem Rsbgdazs Lobs @degngol as-
dm Bgdmgdgmos s oohbyzab, Ged 98 333:nb3g3s80 gobags ,.§ygom-
dspal 3BmBob  dmammgxe-Giggmddabazool®, sbv B -Gr300 om0
97J060b30m  803rabsGgmMdL, Gmdgma  LIg30h0 760 06IndomEjdeb
303600 5333d6m3astrgs [104]).

3M33maJb-1-8o  ge6gdaol  29bLb3o3gd e  Jamdstrigmdgdl  3gdm-
36m@Bgool  Jgdnce Ggobol Bgbmog mozsbrol 376gds  s306mIRL.
dsgomome, 3gdmammdnbdo, domgmmdnbdo s (odmIemd c-do Jab-
Goobol  dgbgmg  dramdsdgmds  LabmaMegl  sGLgdomse  Gged(yoeb
396 Jboabgd  (Gomagemme) absl, Gm3gmBoy Igdm3GePgoro ©s
doHm3ghmdbopo (H20,) 3mbsfomgmdgh. (3omiemd P450-0l 3gb-
90 deamdstrigmdsdo dgmago  (3obBgoboma  LabmgMegh Ggodiool Jo-
pOoJiomobge 3ol o bbgs Igdm3Gmdgopos  3m33mgJlgdoliash
a9bLbgaggdom o3 Igdm3Gmfgomol  ymd3mgdlgdol  L3gJdGemmye
Qasoregdgdt [104]

IBemobs s ogsbmols 87bgdolsgeb sdm joregdnmadon eJugbm-
oyta  3gmddmgdlo  Bgodmgds gmgddemgamnGedal  Lbgeslbgs
botolboo  as8moGBgmegl.  asties odobs, 93  mddmgul  Bgemam-
gognto  mgobydgdo 3eshbos. dmmgynmne®  gsbadepmsb (3oBmIOmd
P450-0l 36oaghmddgogdolsl dnomgds mddmadbo, Gmdgmog byd-
LHGsBob  Ladgsmem  Lodmogol  gmaddGogomn®  ozolgdgdl
s3em06L [105].

bsobyplome ARgds Lsgoobo oJbgbmoal  gddstrogo d7bxdab
Bgbabgd. gm0 (3, Gy godmgds Prosme dogommo, obss, Gmd o3
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boformsgl Ubgamalbgs smbsgmds mbes asshbrogl. mJlgbmage Bgademy-
3 ghoo  gmadBtmbon smggbomo  Ggabols s ebadsel  ymd-
Imadla, 36 dobo Immogogspool 3GmeTdde ogmb, Gedgmeg 0—0—
3239060l @sFmol  Jgmgase  oomds. Bgméy  dbGogz, mJbgbmogo
Gg0dmgds  @magab-doGm3ghmJlomol  LobBgdeb 6 dolo EsTmob
IGmenJdb Va(‘)amor,gajﬁ;\oab, Gmdgmo bdlBGaB3o Rslebyhao bo-
Fomagol gemaddGmbame mygagodon bsbosmpgds [42]

GomJ6md P450-ab Jgdoms s Ubgs 3338383390 (osmgdoo
g963dsm0l sjdozseol egmGogemo "a{m.shabo [Fe3*-0371-oL Lgéad-
Bty Bghrgds. LB gobadsmol  Joepcs oMo mmgygmol
gAdol 80dstrn dmmoagze gmobom (120%0m) adymgygds. 3sGresdsgsm
droamdatigmdsdo gl Bofommago bRLBGLBL 3gdorst LGmege 3 Jorey-
G 99633s00b 5Bl aasl3gdb [92]:

[Fe3*—0z] — [Fe3™—0%7] + O[(15?)(25%)(P})(P)] (29)

[Fe3+...02']-GoVnQodo Ig6mJbopab gt Ggodesdo (36mdagmo ,, ma-
337960170 sbammaomtins, GmAgma bLafgabo 3gémjbopol  Bmemg-
Joosb  9o63dxe0l  Fbmmme  ghm  sBm3L Bgogezl [103, 106].
dbgmas 30Gsdgbemds dagbodmb mJlgbmopy®a Bsfomsgol 9ds oy od
Qedol s oAy Laggpdggmo  3oazehbos GmAgmady  mbytigl e
qmcdol 7boggdlagmytee smastrgdolsmgob.

b Jloggbsbato (gogmo ULbgeeslbzgs geddmems bBgdmJdgegda-
Lol Logdom  30600dgmemdsl  93gmogbgdl, beyme  LsgoMmgdobsl 4o
»R0TY 363 B0BALs“ ofgbl. 3oL LsomylBAsgome Bgadegds
o3 dobo BhbBodgds (ogmob ,,edmymgds™) megggbabamadab.

gogsmob LoBjstg Lsddsy gmddmagduBo LmdlBGsgol dmemgsmmmasdo
a5JBo300gmo  gsbadool RsbgAagols s 3mddmaglol ©sdmob Le-
oo Bgadmgds  Ggamadegdnegb. ool dgledmGagdmae  9fudgho-
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3PP gmore  gemdsbgol  MrsGgdEbld  dogemlmdgma  LobBgdols
dbomee  odndeemd  P450-mégsbgmo  JoeémdgtmJlogol (s,
§3%mmol JopAm3ghmdlowol) B3333gm bobgdsms sfdogeom® dob-
sbosmgdmadl. Lsgdg 03s30s, Gm3 JnpémIgemJlowals g gams 0439
o0 gmyddembon speanborm  gsbadsel Bgoegl s oy 379m3Gm-
Baoeesd ghomse Jolgolgesgsre Jopdmdghmbome aedmaggbads, (o-
gl ,,008m3mgds* (BubBotigds) brs dmbrgb (6s5. 10-B5 gL atbs
Ggogmol 3368 TBo gogmagdymo obfomss bahggbgdo, ROOH- Loddmme
30 mHaebgmo  JopAmdghmdlopel dmmggnmel  ombad6sgl), o6y 9
3bob 53:mJ3ggoolsl olital dstryxgabs dbsdgby (304mmob 3mbs j3gme bow-
39Bo brgds [107, 108]. 6530609309, Hmd 93 @AM (308mJGmd P450-
ol doAm3ghmJlopast NHhmoghoJdgregdolst 396mdborsbal 3mddmadu-
-0l sbsgmmgo 9bs Gomdmogdbol, GmdgmBary Jgdnto Gyabs agebym-
gmedal dsmagm batolbBo (Fe*) adgmaqds [109, 110].

3796986035  sOlgdmdes Laggydgmoasbo dmbabegds, Gmd  gmbmdb-
&3 Jopem3ghmJlogal 338myggbadolisl (3s6bsgnmégdan s6sgGmdam
306:1333380) LEgmo dmbmmgboggbsbydo (30gmmol LohJsey LndliBdadab
dmema ymsdo doem3ghmlorde sGLgdagme Mo gmgdGmbon gssige-
76300 gebadsrol Rstmgol Lseono 1bos a36bsBrgGamoym.

@ogmol 376806300 Bgdamdds B emeds gobgdoynhds j3emgzed
oB3gbs, GmI ogo Lsgdeme Gorgmo, IOegamesbgdo s Gsmagsmgho
37680 36m(3gbb  Fodmaagbl [111-113] s3sbmsb  s3938065300
BmbBocgdnmo Lol gdobswdn dbstimo gncsremyds gslbymo Lagygbol
80-0060 Femgdamsd gGmbomds s LggdBhogn®ds sdmgopagdnmgdsdss
Fg(330mma. gy68s s osbssgd. [114], saégogy gLBedGrngds ©s oo-
6osghy. [115, 116] rsdaxgégdmoe sh3a6gL, ®m3 BgbBocdgdmmo
LbolBgdgdobs s LAnmo (gogmob dJmby dmbmmJloggbsbn® Ggejge-
sos  39Js6abdgd0  9Hmdsbgonlisgsh  sGLgdomae  3sblbgagrgdash, Gy
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doptimJlomotgdol  Fgogase  GoddmJdbore Bmemgre s Lsdmmme
I6mpdoms sbogtgéom, 063ndogmGoms 3mJdgegdol o6 Laddsyo 3md3-
Lol g3momgdgdol mogoligdagdgddo drpamdstgmdl.

ombodbgmmsb s393306580m Rzgbl msdmeBmeosde Fgbfsgmon
065 Ldomgbd-m06HmBabol  3m33mmgduol (bydgthmJbopmeolidydsbol (o-
3sendmg o sbsmmmaol) gogmgbs NADPH- s gn8mmol dog-
Go3ghejlog-rsdmgoepdam 63308y [117] grepde bigesmyéoe
a93m30g496900 83g696gms (badabrolo s Lmosk) asxodRadnmo wgd-
6g00L  obgemo sboogmgdo, GmBmgdo  LGPmo  BmbmmJboggbobyéo
bobBgdel gi3033m006@L Fadmoraghab. @slagsby Ladb@edgder swg-
dnmo  agdmbes dofzgmo Fodol boghogdo — odgmomobogmabo s
3d0bmoGiobo, satgogy dgmcg  Bodol  bgdlgeege —  sbagmabo.
Gmamey  dmbammebgmmo  ogm, NADPH gggems 3gdmbggzedo  arsgal
egdom Fgrogal sgmabres s gsdmpmore  JugbmdomBogms  gobagel
3dm0gHgdes. A3  dggbgds  ggdmmol  doeem3ghmgbopl, Bodobodo
opgdamo Ldbgtegndol 30dsGer 0go RBbmmgdmee 56edadbmdasty
odmRbes. sbggy sGogngddn@es dobo  JobdbEGMsBoe  3sdmygbads
beoos8o  sbogmobol  pP-dopémJlomotigdsda. badsgoghme 93 d3gbstigdo
dolbo aegmgbon dmoaghrgds otggmo Hodob Lol s N-eq39-
oomafigds. 3sBsbapsdy, Geant LodobeBo, sbggg LmosBo  segormo
3dab  doggmo  Bodob  LdlLBGsBos  3mbmmLoggbsbméo NADPH-
©s3mjoegdgmo gsbagol, bmmm bmnsBa adggmo Bodob Joptmdge-
1 Jboe-sdm joregdgmo (Gomogommg@o) 736330l gadmaghgdab.

NADPH- s 399l JoedmdghmJloe-bgednmotgds 3603369-
wogbse (~50-65%-00) ondambgds blomgbd-mahmbabol jmddgngdlol
393mygbg30lsl.  smdmBbes, Gm3 8abo  gBgfB0sbemds  F60D36gmemge6-
Fomsmss @admgopgdamo Gogmey ebagebao JugbmdomBogel Badby,
sbggg 3obstols Lobgmdsty. domgdmme Bgmgagdn gebagob Gged30588e
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bg3ghmdbore  sbomb-Garogsmol  dmbsfformagmdaty dogmomgdgh, orndgs
dbgmo Lsmgdgmos o3 Fgdmbzgzedo olobo IopGmbogmogdol s de
3gemme ghnggdash, oy Gg3mddabszosl asbo(ymash s Lobamgln®
3:63350b s Tgladsdolae Lobgmgdn® mJugbmoel 0dmgzosh, sdsbmsb
960 gliagme  gslsmzamolFobgdgmos ghmo memégbsre 3603369-
megsbo  aogdmgds:  dGsgemo  JugbmdomBogol  JopAm3ghmJuown®
9963308 56sbolgAggem  adsggdom 3Gm(3gloe @b sbmsgl  edo-
J6m3gd0l — P450-0bs s bs-ob mgl@égdaes [111, 112, 118, 119],
o6 7630t R e Lol de JopAm3gtmlorgde odmjemd P450-
ol LG6sgg absddogegost 0f3a306. 9d0dm8 dmpgmyt Lol gdgdby 3y-
Aomdobsl, Lops  Jopdmdgemdbogol  JolndldGsdee  a98mygbgdal
bagotimgds sygomgdgmos, oo bogGobomgs Logom. LsgGemp 4o
emadeg dgddbogmo  dmbmmJloggbstols 630LdogMa  Bgmstigdom m3de-

oo doRbymmo dmpagmo 3soby 37bxdcagmeb dsJlndsgmere do-
sbmmgdol J3gmmds PRGMm s sAbGEImE sLabsgh  3Gm3gligdel

%9830 s6LL. 8] o3t  gmobrgds BogAmbmdgmo  dsdopem-
Juomatgdgmo Lolggdals ,,3mbLgGgsBogmoe™ 39638s. 0go IoGsgglm-
3oL 960Fg0L gobadaol sgBogsaobs s LpdLEGsB 80 dobo Rsbyhagzols
930G ,,35839300m  Lfswogtere Ggemobadal Bogse absb
s 3760 0m3g6L bymmzbnfse ,.edmymgds-gs8sGBogadolt gemosb@l,
36 8333960l dogh pbgdeGogmere 3ol ,dotse (3bmgcgdsde (3bge-
Aol Ragmagsb™.

EsbsliGmrl  Gs  Bgodmgds edshRom oozl gowgy  Jugbmdo-
OB0gos Joptobomaigdsdo 3mbsfomy gebadsmal sJBonGo gmAdab
Bglabga?

9605 39m0stmm, J3megzs3 Lawobynlome GRgds dmlLabégds, Gmd-
ol 0sbsbdssy  F98dsc0f)  dsdopEmbomatigdgm  sagbBl  Lydge-
oJbor sbomb-Gamagomo brs FoGdmapanbogl s 330l LalaGgadmme
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oGo bogdsmp Lsggndgmasbo sGa9856@0 Bgadmads obsbgmeql:

1. 3046mbm3sdn 3 6sFomsgol Mo 8dmsghn agbgGsBmGo gnbiia-
Bocgdl: 3o6ggmo dsmasbo smeagbormo NADPH-(jomjkemd P450-
Ggenddebss. gl gmegm3tm@gomo  gebagolel LGmege 07 -33L
admgge [120]. 3gmey dmogho Fyoem agom (308memd P450-a..
mJboggboMgdnm damdstgmdsdo ogo sBMEsgsbagel gsbo(yeol @
bgee F43mJdbol Ln3ghmboegdl [121-123]

2. 3ogemo Gogo  JugbmdamBoggdol gebazomo wgdgmamotigdol Ggsiio-
90%bg mEgemabBosbo Logmgbdal Bagtogde (LdgemJlomralidydsbol
sbsgmmaqdn) dmogh 8s0630datigdgmm bydmJdgrgdsl sgmgbab [123].
dmggebommo  s6i3dgbdsool  dogbgosgee  Lydghmflog  sbamb-

Gopoygsmo 33063 96 Bgodmgds Ggagmg®  dsdaémJlomoatigdgme  bs-

Jomogoe Fomostimor s dmsgsto dabgbo mgommb Bol  ;goligdaBos:

030 dmogd bgbgo s3g06339m0s s Gobommmaon® 306ed380 3gé

7963531 aodﬁmhma-z];:so Lalggdal olbgm Bodogd bpdbgesBgdlsg 4o,

Gogmtog  smogeBnto @8 sOmBsgmoe  bebBodfysmdsegda o6 N-

sgm jogmsdabgdos [53].
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(2g®9Ha36B0L) @sdsggdom s8apmntinbols s @dgmagmsbomabols N-
gdgmomotigds, satgmgy sbammabol P-dopdmdbamatgds 65-85%-0m
03693, 33539 EML N-Eqdgmamsbnco sfdogmdol bLéEmmo s p-
doAmJlomsbn@o sJBogmdals 60%-00 smeaghs bk gdsiom BlbsG-
do gmlgspopommmoabol (Jsodol 3396 @borsb domgdmo ,bgemma™
m930dobol Lsbom) sdsgdom bgebrgds. o LognFsemgdms jGoo
35690mgds:  gmbgmmodogol  BsbGodymotigdgmo  9539]Go  sdbmeny-
B3t ghobsotos 030l dogbgosgse Lsabypdsggom 36380 ogo wg-
B30agbEHosd ghose  Fgodebps, o7 ©)Bacalbd e  06dndatgdals
d30mga  gdsBgds. 9drgboe, GMlgsomorimmoabol 3mJdgegdsl @G-
bsaho  obLbs Bgodmgds Boggl: yBeagbHol  06:3ymgmdolsal b
gebgmmodao  dmbmmJlogabsbols ofggmag madoprsdmyoegdgr  Jo-
OMgEMITG Brgegl J86ol s goBemdemd P450-0b sjdogt 3686L
©383035@0bsedo  Fg7z0ml Brob. 063ndadgdal Bgdmgy g bgmevo-
doo  AmgmEy RBL, 59Mdgbdol sBogto Jophogmdnto m3bowsb
35303 aBoHabdL s ok ofygmag gareeg badoghe gemelba@ol
spEagbsl  gdlebydgds. ofgg Wbres 8g3603bmm, GMI  gmbogsBorarm-
Jomobol  aogmgboo  Lepmoe oblbgds @  360dzbgmmgbae  LBod-
Jmocegds oy  Ldomgbd-modmbobol  ymddmyJboo  0badodgdmmo
NADPH- @ 478mmob 3optmdghadioe Lgoedgmohgdgmo N-wgdgmo-
mofadols s P-doGedlomotgdol Ggedpogdo [117] Gsgetegmgges,
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63 gl gebgmmodoro 35336sbsbs s (30BmJGmd P450-L ogegh od
osgobyggema  Gaeogamgdol  sdsbaGaggmo  bBgdmJdgegdalisgsb, Gmd-
03 bomgbd-madmbabol  ymddmgdlols s gdmmob  JopEmgh-
oJbopol Gm0gehnddgegdol Bxregase 3965G0Mrgd0sb.

3brem3mobdn® 33d3¢10653Ls s dmbmmJLoggbab @ LobBgdsl Bm-
ol boobBahgbe  odmyorgdamgdsl  dg360dbsgm, oy o PEmo-
960m3sb ggmm3once 296300569308 ggmboo as6z0bogmagzo.

bogegbemol  gdsddoggbo  gm@dgde —  IGMmgGomBgdo  Blbswen
g3l godmdemd  P4A50-U  3go3e336.  gpgetom@mm  gmddgdty
aoealgmol go 83 (gomob 333366580 RsBz6g3s 3mdgzs. oo,
beogmb  Bemgoghmo babgmds (Saccharomyces cerevisiae, Penicillium
petuum, Claviceps purpurea s Utb3.) 3 358m36mBgoeb 9439 979-
3656580 Rs8g630meml g0zl [135-137] Laggoempdms ol gaddo,
603 olge  gagstemggm  dogbmmtgsbotdde, Gmameog Candida
tropicalis-os, (30868 P450-L bBubswo ¢3m&3om Bgagagl, dsa@sd
0ogobo  sgBogmdol  asdmlagmabse  ggmliggmmondawol  01s6s8yma3edals
boZotmgdt [138]. Logodégdgmos, Gm38 blbsworst 303Gebyem a3gé-
3268bg asrslgme 93 TFgomgro gmEBol aegmoan brgds.

23335680, (30BmJAm38 P450 03 gbogermméd ool Godmomanbl,
Geodgmo  gagmeby  IGodofonmo  ggm@dgdoesb  dydyndfmgagdadmy
930 aegc  godob gggme Loggba@gdby ofbs Bgdmbobmoe s dm-
el 3793696080 Rs3g6gd0l  ogoligds Bgodobs. slge LB PO
#8967y mb” Ofmegdgd s gl gdsmmglo mEasbobsgoymoe  ©mby
Igmdoggdgbggmo  LobBgdgdolomgolss adsbabiosmgdgme.  oBmg-
48 P450-3m6mmJloggbebgéd  Loliggdel dmmosbmdsado o7 asbgzobo-
mogm, o33 Ggodmads JemMglse LsnbaGglm gimemaiogcoe  Jobmb-
bmdoghgds 8g3603bmm ((3bGammo 1) [101].
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gbogo 1.
3oBJomd P450-359335mm0 3mbexmboggbobato Loliggdpo

3acyne- g
3m33eBbBob
30gfe | mobsgas | gmd3mbabgde bafg' Fabdoes
_odogihe | méoeBo bl
NADH-
L3g30m304760 blbowo %ﬁ'b'
23m3Ged 00, 30
Ps. putida bl:oqn BRAGMIED Y T Y
86330 | ImBorpstgembobo, | Bubaeo Byotoenl
Godmieed Pa50 | bubsen 227633
NADPH-
o 2 b | 2000B0IY00 Bl Joemabhahnbals
:OQ;:I g . r%‘;d: R™ | gmagedtod oo, > bbgs
seégbeerfuobo, | blbsea Lahmegdals
xofggeeno | ghajnos 963
0o30Jemd P450 | 3933Gabgmo
NAD(P)H- om0y
L3 (P) &0 W"GUQO Jbas 6043
B0 gelen- 230BOSD 3obs s byhm-
wgodma | Bogon Prmagm3thedgoea, egdols 06339
oojars | 6P8363 bs, 3736360 4360 doresh
K oo godmregabals
0o8mJoemd P450 | 3533Gabymo 30%60m

abGomm 1-30 @ogsdgdgmos 3mbs(3g83d0 8mbmmLoggbsboms msgo-
LRGPPy s Bgdsmagbrmmdaty. bBo gbgesgm, Gmd Bgadmgds
Lado dotromse dmmgynmmGo mGasbobaool 3jmby Hodol gedmymegs.
Jothggeme  g3mgoator 4agmoby Jdzamglo dsdbgtasmge dcbe-
mJboggbabss, GmIgmoy  FyormBo  blbsgo bade  jm33mbgbHologab
Bwagde.  Ps. putida-t  3gdmbggzsdo  gbgbos NADH-L3gz0g04796G0
Pemogm3GeoBgomn, 3Gedgdabnto amgehredgdnggme (oms 3udorsa)-
pejbobo s oBmgemd P450. 3ofggmo oo 3033mbbdo 9ea3dh-
Gebos  BHBLInGEBL  gbabaghgds. gots sdols, ImBopsdgemlobo
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003053396 953 JdOGYm  Gomsl  FeMdmomagbl, Gmdgmog  gsBeme-
b96 3330 7B Imbsfomgmdl s ggadgbBol sfdoge (3gb-
BG8o byl gfgmdl bsddsgo gmB3mgdlol (3530l G gobs-go6adao-
Jox3360) Mol s igsbyPmo IAmMEYIGol FsAdmJdbsl. o3 Lob-
B7300b  @adsbabnsmgdgmo msgalgdntigds owgalo bgdbgGagol (Jsgy-
60b) 3odsto oo B393050390mds ©s bydlBGeBol aséhgdy
goadagrGmdal damagmo batiobbos [139, 140]

2OIeeghe  godol  gagemedy s bagygby@y  mgodgmol
GodmJémd P450-393339m0 dmbmmJboggbabaéo balggds wmash (bsb.
15). dobo Lsdogg m33mbgbfo Fg3dsogo  3g3debymo  (3omss.
dGogmmdonn gmcdgdol sGlgdmdol gsdm sl geGom Ldgzogogg6mds
sbslosmgdb s dGogsmo  Jodogee LEPmose asblbgsggdmmo  sé-
Sdermsrgmo  Immgygmgdol  sgebags dggdmos. odgbse ogo m-
2960330 3Adamogl Bmgboggeo JopOmgmdnéo Bsghogdol Esacmgy-
b [141, 142].

XOH +H,0

6sb. 15. 3bmggmob  mgademol  (ogmJGmd P450-893(33gem0  3mbm-
mJLoagbsbs (R-NAD(P)H-gogmomd P450-6gonidebs (E.N.
1.6.2.4).
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9303000 godab Fgomgren® bfewosby codydgmbams xoéy-
3ol dogmJmbrdonmo  Jopemlomstymo  Lobdgds odgmegds. ogo
053080 dsJBgMoymo  Blbso LobBgdol 603658 s9GMm0sbydl: ™o
3M33mbgbBo — @mezmIGmPgowe s spGEmmJiobo FysmBo Blbs-
g0 @ doBmgmbrool dsBBaflBo mmysmabrogdash, dglsdy yma-
Ibgbo — goBmJémd P450 oliggg Gmgmég d0jémbmdgdal  3gdm-
Ihmdgoe  dgddGebsdos RsBgbgdamo. s3sbosh, dogmgmboGaol Bags
339360657 ™G0 gmedal oBmdGmd P450 gmbiombodgdl. gfhoo
3303960 JmemgbBgemmols 339fmoms smags o Reggoresd 33-20 s
22-9 3oamBscrgemdsda dgmeg BabBaGdarl s3amgdl s 3Ggabgmmbmbl
Fo63mJdbol; gmeg, gmGEB04mbEGMmadol dambobmgbobsmgol 3Gga-
53;:»005015611 963308 11 s 18- dpamBstigmdsdo  s3o@emabgdl
[143-147], gptspmgdst odlobymgdl o3 ™engy  3gdm3Gemdgoeols

dmamo  bpdlgGegmgmo U3giogoga6imds ©s 33 gG0smg@ost wporo

dlgsglade.

G bydsmo 2383l +ddbGog 3G3s6g 3gbstgdo, by GmamGss
dmbmmloggbeb@o LalBgds mEgsbobgdamo 3530@sbanm  bdGnddg-
G3Lnsb  d0dsr0gds8a? Rggbl msdmBedmGasdo RsButigdnmo  3sdm43-
93900L  Logyydggmby [148-151] Bomgdymos Bgrgagdo, Gemdgmos
osbabdsrosy (396561980 36 J30mbathigdl o3 Lobadol ™o, — 33dd6.-
ba@s 40380638 mo s bbbswpo gméds. baRggbgdo afbs, GmE:

L gomJémd P450-0b s NADPH-rpsdmgamgdgme  ajemagedémgga-
ol sBogmdgdo  (glsdadabs CO-0m 0b3ndodgdsmo NADPH-
esdmgoegdnmo N- ms 0- pgdgmomomgdol Ggsjiosms bohjséggde
s 3oBmJémd C-l o6 [K3Fe(CNe)]-ob smmagbol LoBjscig) aseh-
bos Gmgme3 FogBmlmdnm gAsdiosl, obggg dob Lndg@bsBeb
(o boels);

2. Blbsmo (goBmbommta) dmbmmgboggbsbs s6ss dohebmdgdawosb
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»dmamgnoma”  09hdgbdo. 399360m  dogGmbmdgdol  3GI3IRI"
Gopa  gsdmtgpbzom  domgdmme  bUBsGL  ImbmmLoggbsbygdo o
B3 BBt ot 3sshbos, b gGejombatigdolst dog-
Gobm3gdesb mxtgeol BB §tsji30sde Bmbmmboggbsbels 3md-
3bgbBms Bogszos o6 Brogds;

3. 30360bmdgmo s Godmbomate  gdsjgos  godmitmd P450-
obsogol adebabnsogdgm L3gJdenm dsbsbosmgdmagdl admygs;

4. ombyfo egBagbdot (egbmjloJmnmsgol) msdsggdobsl doyhm-
bemdgmo dmbermJbogababel sdihogmds 333906 gocibsls gsbozmols
©> dobo Lépmo  Ggedomodegos  (Bgdeamdo  Lgoedgmoatgdom)
»Bgremo™ mggodobon Bgodmgds asbbmA30gmEal. 938 gmlgmme-
Jool  @obsdymgmds Blbswo mJLogabsbol sfgogmdsty 3Gojde-
Jomse aogmabel o6 bbb 867 ¢gddgbBol gl gm@ds opyb-

Jaombodigdalsmgol  353dsbols bHOEIG O e6abobgdels ok
'lsogmt‘mabb.

6o dg3b0dbma, 68 doaoer abgbol Laggndgmosbmdsl swsb-
Batndl 3. Bo3mBgBmgobs ©s L. gA8sgmzsk [152] 3mbs(3g3gda(3, Gm3y-
mo3  JgPol  gmommotigdnm  smBdmbo(3gbgdby  Roedgdgme  43mgzal
Fregaorss omgdymo.

2933565, Gmame(s gbgrsgo gzmem oo 03 bsbHobon (ybm-
39er0dmeb Bgrsfigdom 3(39636g as(somgdon ambogdmoe »300J30%. 3sb
3cbmemloggbsbyeo Lbobgds 933696530  RssBgbs, 353603 3ds3006m-
Ao Bgo6odBbs Fobsdm@dgrmo Blbswo gmcds3, ooy edasbymo
BHologsbhgdobash aegespgel brgrey Jgte rOde gBgmmbohydy-
o 3obas.

9396561980  domJmbreonme  Jopembomsta®d  ofdogmdsl Mg
Bggbgds: ImbermJLoggbsbgdall Rgabo y3mazs JmegbBg@mmols 5sbajzelb
Bglfogmon @szefiyge ©s gb megol IbGag o@ds  33Ggmqded go-
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bs3athcmds. 93 3gMomel (1975-1977 §§.) csgdobss eggol modecs-
BmG0s8o  J3g6560L  Bogh  mbrgblotgdmm  datmggdosba  Baghogdol
(896306rg60l, 336bagtagbol s Ubg) Bgogoligdols @ 3séa]dbol
3bgdol 43mggs. dgmeég AbGag oblBogndel dgmGymmo FohdmBmdol
boghoms 30mJodol  msdmAsgmcnsda  (bgmddmasbgmo 3Gmg. GAsb
Bomsdgomo) 036538GMImgdds mas oB0Tzomds, Bomgms baddsbodgd
s byabed  ygggmoadgd [153] sad-mbggsmn@o  JOEmdegmaGsegaols
dgompon J3gbsery w9080 (Rhododendron caucasicum Pall) 3gdmagb
b3 oadsbdgGmmost s B-LagmbBgGomand ghnse (3bmggmgce m6-
3360B30bsogal Bodoygco  Jomeglidgdemmal  opgbiogoatigdsy. 3Gab-
(30380 of Ph3game s bomgsGo sGegggBo 3@ Tbrs agmb. gl bggn-
oo (6sb. 16) osgobo aédgmo 6sbBadfgsmmdspmgsbo ,,g7mon™ s
3306y  Jopémgam@o  L,.o0300°  30mdgddGebams ol sg3emgdgmo
3m33mbgbBos, Gmdgmorg Lodmsbgob (3momgdadol gbom dso Bmgse
030b330L, 39MdmE  obggee-dmnbiagn® LGB PGl  sLBsdomoatigdl.
sdpgbse  domimbetommo  gogmdhmd P450-0l  gubjpombadgdols
309mbagemabs 0go FgLsbodbsgo bgdlgGogs.

24
H,C2t 22 ’%

HO .

JoegbBatogo

Bob. 16. JormgbBgmmo  (dbbgoma  Bsga  Fodomon  smbadbymas
4-14C-6sbBoMdopshmda).
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Geg0 Bodrgdmes GJofoogmol xodal gsbols o 0ggs moy-
dnemolb  (Yukka gloriosa-b) gmoxmgdel obgm  sBsomgdby [154,
155]. wsbogeby UrdbGodl  Godmsmanbes  4-14C-Jmemgbgghema
(B0 gomlgllghboal 867 ,,Jmmagbdgemmyto 4dob* bLabom). 33965600
30ge Fob  gobazobbatnsbmdsl  gogsbgdmom  asdmgmgome  14C02-0b
GopomadiBogmdol  dobgrgom. dgBsdmmobdol  IGmEyddms omgbdog-
049(300 brgdmes  Jsmsmeols JomBsBmaGagonm, bmmm dsmo Gagom-
sJBogmdgdo  obmdgdmms  SL-30  Hodob  obyzee  bobdomagond
dogmgmdy.  Ambdsrgdymo  gebadsmol  Gemegbmds  obabmgmgdmgs
336m3gf e 3063760b 835608 Ba.

Rogocrgdmmas 2Ju3g%08968 533> a30B3069L, Gmd méogy Lsgegmo
930667 9963930 Jrmglgmemol A-30603b s 33 36Gm(39L30 dbad-
3bgmegebo  Gmgmo  bogmobsdowy® 3095396376890k mgog00m.  gebade-
ol dmbdstpdol  Berslmsb ghmse dsma  gogmgboor  drmogiegds
4-14C-Jormgbgtmgmoesb 14C02-0b  3s8mbogmosbmds, 967 gl dgegae
dommomgdl, Gmd IGm3glo gomJond P450-8mbmemJloggbsboo  gogde-
mobEgds. aotws sdobs, PH-Lsgsh @sdmjomgdamadon ogys morydy-
ol goomgddn g:6330L @G0 dsjlodnde (pH 5.5 s pH 8.0) éga-
obGobrgds. Gmamey  Rbl, 83 339656980  Igdm3Gmgoeol ™o
obmgmads gabjpocmbodgdl (6sb. 17 o 18).

domgdemo 3mbozgdgdo 3slmbl o4 agsdmazab s MO segomstio
bogydggemn o6 203338608 0dob 3B 40(3gdabsmgols, Gmd  d(3gbsigdo
Jrmabggemma BoBmmbeGogmo 3mbmmJbogabsboo agsbagds. 4-14C-
Jomabggmmal mgom doBmmbeogm ghsjpesty 9dpsme Lge-
LEGodore 393myghgdsl  sbGo o6 IJmbms, Gopash gl mmgsbymo
0330L 063 odBemdsl  demogh  LGGsgse  eGaegl s 3edmymgomao
HCOz2-0l  GoomsBogmdol  Agaalgtncgds dggdmgdgmo  0bgdmms.
a06es 3dols, (3bmgamGolsgsb a36Lbgeggdom 3(3gbstrgnmo Jumgogm-
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300 Roo Asmegbmdon gobmmadls s dom o3 mgdl Bgo39396,
Gdmgdog dogmdmbrtronmo 39633085 s GbagmGamgdol sJBanéo
393m0d3gmmado 36006, sBom3 Bzpb  Boggpsge, G xgd  so-
dodpsdofo  abom  Bogggmem 8mbs3g¥Po s dasbmegdecn  3skmbo

dsab(y 3°3333% s0bodbyem doobzasy.
A”COZ 033/Go
s L .

123 | 456 |7 809
pHS.S pH 8.0 pH5.5

034> RoRYPYol gragle| 3ol goemydo

6ob. 17. NADH-ols s NADPH-0b gogmgbs 333656580 4-“C-qub3b-
Baermol Adotogol go6330b9 [154].

NAD(P)H — ovooeggmoee 4.2 - 10~2 mM (2 mkCu Gseomaddogmdom);
ool gfbdmbogos = 7 Loy t — 30°C, 3mbs3g9530  gorssh-
2360353 mas J(396960L dsbagmol 0.5 3 b dobaby.
ol gséasbBgda: 1, 4, 7 — 4-14C-Jopmgligghmmo (3eobdGmmo);
2, 5, 8 — 4mbgmmo + NADH;
3, 6, 9 — 4mbGeymo + NADPH.
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2CO, (10° 083/Fon)

6ob. 18. Lbodgsdom o6gb pH-ob gogmgbs opgsbs @8 gobol gme-
380 4-14C-Jmegbggdomal  A-3ofomgol gebagebg. [154]
4-14C- Jormgbgtmmo 2 mkCu.

oMY Gmgme3 ogm bsmgdzedo, soBmIhma P450-000 Jugbemdom@e-
3oL Bmmggnmedo C—H— 403806730l @sfyagdobs s 3sLBo aesi-
Boggdgmoe gobadsmal BsbgMazol bfsmas sBogsool dsmemo 9bgH-
aocoo bsbosmpgds s 3ol asdm gbgmgdnmee Ggsmobrgds. ofgreb
399mdabstry g7 d30m, 63 dogmdmbocosdo  JmmgbBgememols gsb-
ag> 3ol doomse 76g30sbmeb (gbgHanol agbgPomgdslienst) wudgsmem
s 33opOm 39380680 Wbros 03gmygdmegl. 83 dmlLsbEgdel  Bgle-

3mFdRmare (RPB0  mobipslegsby  IGmEyddgdie  gsdmgoygbge
Grgmtg sghemdgmo bgbodzol (36gdloel (304mmal)  oblg@agrnsBgdo
©> 9306mdgaggdo, GmIgmms 3stsddbgdo PBnsmmE  7ysgBatiregdasd
83 (3ogml, slgzy gobgmGamgdol LRLBGsEHe — ADP. domgdymo
Bgregando 6583965308 (3bGogmBa 2.
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abGamo 2.

29633085 ©3 geliggmBomadol bRBbBAsBms asgmagbs
4-14C-Jormgldgtemoresb gabobs s a7gs orpdmob gmmmal
sBsngmadomsb 14C0O2-0b 293mbagmasbmdsty [155]

o ; 14C2-ob Auornidmydpio cdVfor

3% o3P Roghme
44C-JormnbBatimme (Jm) JmbEGome 477 £ 179 356+ 8.6
Jm + ADP 611 +24.0 602+7.1
Jm + bydgebopo + Bsogoe 614+ 11.9 628+17.8
Jeo + bdgebogo + 3sgmao + ADP 661+ 14.2 675+ 4.4
Jo + a-gadmamadetede 657+4.4 400+ 6.8
g + a-gdmamdeteo + ADP 1030 + 26.9 847 + 17.4
Jm + ommaboba + sLlsdBode + amydedegn 770 + 20.9 728+125
i‘;”; subebe + sbhbbode + aadodde *| 9754140 | 828+205

* golbgsgob dggp@e pH 6.0 3sBobemgol s pH 5.0 ogysbogol; d;g6s-
Gy Asbagmob Gembs 0.5 35 (ol Biba@dmozmds 3 Loy, Lodbgma;
QrPob 3363xmGgds S-xghago. 9bazel Lpdbdedgdeb 3mbabdGagagie ~
61073 3mmo oonmggmo; ADP — 1-1073 M; Mg?* - 16 mM. Jemgb-
Baémemo — 2+ 10-3 M (1.5 mkCu).

36930056 3730 PRdEedsl 3G FaB3mapagbl  dmggsbommo  (3bMo-
ol gBemato asbbomgs. obges msoqhoﬁoﬁm;g Bsbl, GmI 359m-
4obodamme  sregormmabagebae  bgdlagel asdmggbielisl  abegds
4-14C-JormabBgermaesb  14C02-0b  a03mbogmosbeds s gl bdady-
moéigds ADP-U @sdsgdom 4omgg o3t dmaghepds. aséms s3aly,
G2l 3oy byoso 39Rzgbam  2,4-robaeghemal (ge6330b
s gmbgmdomadol IGmzglams Bodogho 3s8madzgmol) asgmgboo o3
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bdatmool  gebagol dmagha (30880 ~ 35-40%-000 s 074880 ~
45-50%-00) ab3ndacrgds [155]. 3sBsbsamsdy, Jmmrgbggtmmol 3mmg-
Jaob gogmyéo  3mddmbgbdol gbazomo gedhdmmobde dmemmess
123333806 P e dogmimbrogm  96)hagdosam  (asbesh. $3 g
Fotol gorgy JBOm Fo63mhgbologal gz0bGsgmgm  JmemglidgGeomals
2963301 3Gmglols sdmjorgdnmads 3s@gdol g6)Gaadagame dodb-
godmosh  (,,0656300L 3bBmeb™) s Ao gHondse sgomge . o)-
30bLmbol [156] sdmyogdymgds, Gmdgmoa 0-wsb (bHpmo ©gbg6h-
30bsgo0ss) 19y (LEgm g6gGanbaasdeg) 3603367mmdRdL madag-
meRl. (3bmdamos, Gm3 dGsgamo G YmeB MG Ymo  ggGhdgbdobsmgel
336LBmgehagmos ,,0636300L gbBLLY s gbbadyd sJBogmdal BmGal
BIBIeo6e ©sdngorgdamgds [157]

axgede bxdoldngtBo Sbmpgle, Godydog Ssgbyaads
o gmbagsdgho 3806980 [sbdmaibgds o6 obsGygds, ADP-obs
ATP-ob  Shgstipgdoonn  3eb;gb@Bsgagdon  jobGoegds.  sdegbse
KOOI Fpedagse odymgpgds sGudbeymee ATP s ADP, sésdpe
AMP-;  (5gbm B0b63mbmgmbaspn). @ shgobbebol [156] osbsbds
axcgeol  g6563a80500  Aegedstigmds dxedgbos  [ATP-ADP-
AMPJ-bob@gd0b  dspomgbyiiggdosae  gobgedgdon  ,Ea3lgdal”
bstobboo, 367 2.5 359639300500 daboon™ (A) @sbsbosoxegh. ogo
Fpodemgds Asdogae  offol  godmagemarma  swgbocrabyta  bobdgdob
sboge  gerdimbabdors  JbGgbBGogagdal  asbsgotipmigdoluogol
Bdeggo GrGIpmon:

1
A= [AE:i]P-g;Al{lz’][::;‘]P] (30

aXOHeB0 g sEgbm Bobgmbasdo  omy ATP-ob  gmGden
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odyrggds,  gb  0dsl  608bsgl, Hmd  bobdgds  F6IFBIBOOSTITR
Brgomaess  dagbgdammo  (26x@zadogmmo  dgbso 1-0b  Bexmos);
domy  Bratiger  degmda@gmdel  Jggbadedyds  Fgpdmbigzo. Beaogbog
gxaede  swgber Bobgmbgadgdo AMP -gmedon  odymggdash, sby Jx-
B0 JEIRBIBOSIRHR  mIOEoT0s” (369@ag80sac0  Igbda  0-0b
Boumos);  oyber Bobgembagodgdo o ADP-b gedos 6 ADP-bs o
ATP-b gz0dmemotimemo bsdigzol boboo odymggdnsb, gb odsb bodbogl,
Gmd  bobgds  Aooemgbytiagdogamo  gogdodigboo  bsbgatios
Fagbgdaemo (969639080400 dabdo 0.5-b gdmenwegds). (ATP-ADP-
AMPJ-bobigds  gbGmbamygorglb  m3Bodsgmgho  bsgombcpgio
Aogmdsymdol, o6 ATP-b Fo@dmjdbobs oo dobo bodxgolb  bobfsciob
Beumedol  Fgboifmbadel s  gFobowrdogggds od  dpgemds@ymdagsb

390 3o bisb.

R376L dogé reaagborm 0gbs, GMI Logrgm 3(3g6segos gmomgdal
obgm s6somRBo  Joregbghmemol dgobaggmo  dmbmmJbaggbsbsl oF-
Bogmds  J0GEsded I oePRmdsdo  adygmggds  Lsdgsjpom  séab
B30398040m  dmBgbgosmast  [155, 158, 159).  segbagmad o
3493 amoBotol baggbghpdtogo ,.eedgbdas” 4-1C-Jomgbyhrmorsb
14C02-0b GogomsdBogmdol asbéwsl ofzg3b. sbammaon@o bgsmn do-
Jogm 23 byghomal gobagolal xs8760 gg@dgbdamo (s3aBmbyéa)
363356587300 203mygbgdol GMba (6ab. 195 s 193).

996330Ls s gmlgmMamgdol LRLZGsFMs gegmaboon 763300
bhodgmas@osd s gbgéaool dpbgom dabo BeEol 9339890, Geame
am'lsonQGacgn ogm, gemdsbgmols 3;]303.)@35(5366)60 Qwoh&mﬁm
939 bes 9936086m;, Gm3 b odymagos ool Lafgol 336001;3'8033
6330LEM0MrRRds, Gmdgmop  dzoebismansto 9JL3mBagzoabsl Esbemem-
2000 JoG3zgrn Lssab 3moggagh. 3mdegibe 3ptomeBe jo b 4mbBAergmen
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396006006 Fgstgdon  gebagol  3Gmmgdo  LBadgmaeol  bsdgl
Foboagmadnmado  Ghgdash. o3 dmdrggbm 3gfomeBo  Lybodzols s
gobgmGagmgdol  Lpdlgeegos 3s63gméigdomo ©sdsdgds dskBodyma-
ARy 8mgdgegdslt s@et odmggs.

AMC0, - 103 0d/Fo

0.3

04 ;-

02 ¢

IS TN SR SRS U R SRS O )
0 2 4 6 8 10 o 2 4 T

9696g00L dbdo

6ob. 19. 4-14C-JermgbBgGomols gobagzol @sdmjomgdamads Lakgsjaom
260 96gGaqBos7e 3B gb(30smmsh gsbols s 07gel gmo-
mRbs () @ x¥PH BIABPGH I 3G3sGeH P80 (3). (3ol
9Jb3mboges 7 e [155]

bogmobbdm dgregagde dogomgo gegpPom, Gmdgmo 8oiGmbmdg-
3abs s domgmbetiogdol BgHgmem  Lobgdsty obs Bsgedgdame
[159]. s3mobsmgol d;3baciomsb dagmJmbrMogdol gsdmgmaolsmgol
sébgdmem 3gmmreaggd8o [160, 161] aeéy3gpmo goénddoggdol as6b-
m6gogmgdon Loy 3396stigms gmomgdoesb b sddgco (9b96a0-
Bogamo Iggmmadol dsmegmo embol 3Jmby) doBmgmbredagdals domgds
Bq3dgmmom. ggsd3ool Lgsdomobgdols s gabmmy® bosghoms obm-
gotindalsmgzal gedmgmagol s6gesb Lsabygdszom 3Ggdo gomsdebols bde-
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rosby dogmJmbedonm Lgbdghbost 0.01%-0s60 Batol BGsgob spmdg-
daba, 0.1% 3Immagobogmdotiegmopmbo s 0.01M EDTA 9358 gdems.
6aRggbgdo afbs, GMmI Dbyl gmo droamdstigmdol  dodm-
JrbGogdarsb Bogermlimdsty smdmagbgmo gdzogemgb@gdol dogés(zas
boégagmeegds, b7 s3obsmgol Lbodgom %o338o gmgdBGmbos me-
30bgzemo (ATP-b Lobogbosb +658gmmgdamoe) Bsgsmol s6Lgdmss
boFotdm. gbgMagdognmoe  ggemgdol  domsmo  mbolsl  obmywgds
rodgoarmsbamobobs s N-BoBemebotmmol dogGmbmdgme N- @s O-
Egem gomotgdols  Ggejiogdo. dlgagl dsobladadgdgm g533JBlL  odmmggs
738396960 Jomgbdgtomag. spgompPmse  mbres 9936086mm, Gmd
3306961930 JoremqbdgGmmol dgBsdmmobddo Ndadagglo Gomo dsmam-
dergmg e (3608mge6 dgeggdmsb gog@ogaadgdal gbogdgds s gl 3Gm-
(39U0 3ol EAMgdom egImbomgdsl 3nmolbdmdl, Gorpysb Fdwmamdda Tgbs-
3360l 3boor R Ggeob dogH LsFotrmgdolsdgdd dmabdadgds. gsbazoma gbs

39 3530 gd0m bsgemagdo abBg6logmam bemGzagmegds [162].

330 SoBmdmbetanm gfsjpost doyemlmdnma  gebagol sm-
6036 Hodogd  LRLBGsEme B0dstn  (Ggodoot  dGmE7Idob —
gmAdsemegdowols FoddmJdbol dabgogom) sdbmemmdyto obyG pemmds
sbsbosmgdl [159]. Bamgdmmads dmba3gdgdds Lemo bugymdggemo 3mp-
339 Reg3gogems, Gmd
L 339696980  JorumgbBgtmmal  gebags  Bodmmbrogmo  3Gmglos

s dgLsdsdolo  oBmitmd P450-339335m0 dmbmedboggbobs 53
Loommoborde Bgestigdoon domeem bRbgGsdmm B3giogaymém-
3ol 33emabl;

2. Jeoemglggtmmol 996330 9bgHamesdmomgdgmo 3Gmgbos ©s doba
0bBgblogmds  dm@mmbrdoals  gbgeggdogame  LEsdloo  Ggam-
frotends;

3. JugbmdomBagms  Baghmbmdagmo  JopGodbomotigds  gmnddGmbos
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$Hb6L-3503636mo  goaghsbol aboo dmogHrgds 96y cwgol AbMag

ology domdmbrGogmo JmbgGmmoal J3gd odymegds.

Jomgbg@mmel gobagel  3sblaggodigdyme  gyhormpds Jghe
0daboogob  aggmdge, Gums  a3gRagbgdobs  J3bscigBo  BmbmeJlo-
3060B330L  dmggggms maebobaoal Ladagg Bodolb (bLbsol, 3533-
(Gobores 43380053 mobs s dogmmbrMonmal) Ggemfse sGLRMS.
A3ODIEeY00  39b30mst R0l s omgdmmdsd  (3bmggmgdosd  Bgstg-
oo g6l o3 3396  LolBgdsl 8mJdgmgdol Gt  sb-
dcgbo Fgngdbs o BHmJbogebEpdosb gHme swsdasbolsmgal HLaG-
a3dme  (Bgedgo) 3mmyBebihgdologeb wobsegse msgzalgdnéo Jodo-
G0 ,,Jo6baggsGal® 567 ,,8F 3967 GForBGHal® Gemmo ss oL,

obmys  gobzobommm oy GeamEos  0sbsdgecmgy  FoGdmeanbgdo
doptmJlomoigdol 8B Bo 30mdgadcsboms guddond Gmmby s ogom
3od™J6m3 P450-0l sfdonco 96 Gob Bgbgdsaby.

sefy  dmogh  8mgmgre Bggabgm  ebsfommgdel  gmomagagbdab
(3690sL. BxrgGse go 0dsb EsgedsBProm, Gmd Jugbmdom@Bogms dog-
Gedbomotigds, Gmdgmbag Fob 7dmgol 30m3gdd6ebols odoeg® 303-
6980 dsma Fgofgge, LFm@ge absfomgdol ymgmoeiagbdobs s Jo-
EOMGMITA0  ©3333806R0L  ogmtosl  gggndbgds. dolo FgJdbs 4. 3sb-
Bobs s 0basgd. [163-166] Labgmmabss esgegdntigdamo. 89 og-
MG0ol esbsbdoe ebsfomagdol ymasjoogbol (3693980 Gymmzsb o
G ymm3zsb  (39JUsbBo 96 ™JB)s6Bn) GubgPRL TmEol gsbsfFoemgdalsl
bogamage bogmaghgdol 4mb(3gb@Ga3oal Fmbolfméymo msbsgetmmds
(P) ozmxmolbdgds. 0ytdmmabadogol msbsbdse 10gP lLomowg o3 op-
b:200 Bogonghgdgdol osgobagsmo gbg@aogdol bbgsmdsms 3GMImA-
rEmedal sbobagl.

doretrerpelrgf (093538063859 bk gmemdolsl ndadggmal gmgmo-
Y Fupepgmeiedo ompdgb  Fymmgzsbosb  domgebsdo  mpsbyme
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3memgggmeadol  gomssmanmgdelsl  @sgabyggame  gbghaact  (gmomy-
30L. Loghommyo o3 (3653580 Bmmggnmegdl BmGel  olgm  HAmo-
2600 J3309898b 3 molibdmdgh, Gmdmgda  bogmoghgdgdol  Gysmmarsh
PO00gendgeadet) TuGem dmoghos s 0o 3B 39630Amdgdmo
3 gngemgbdhto ws fysmdsegho ddpdem @ GQ  grgddee-
LBodogato  dobopgmmdon, 6 I9bdob  gopsdeboon. gsbofomgdol
3m3glol  3sdmdGsggdgem  dogmol  Lmmgsdado as6lol  Bgdmznmgds
T963msaqbl, Gmdgmay FygembubatBo megsbamo mmgyamol ask-
9g8ms  Fgjdbomo. ogmGommore 1ogP-b 303mggbads  asdstramgdmas,
33egbspsy P-306s3g860b mmgstomdo Fmbsbfmemdal 4mbldsb@ols
©> 36m3gbol  boRJedgh BmGob  Babmgsbo sdmjopPmgdol  god-
mgmabol Lodyemgdsl odgmgge.

o bagydopmgdms 3oytmbodrmo bmRbgGsgPRebsmgol JogP-
bsgob sdmjoegdmadon dobogmolals jebLBbBobs s Vmax-ob gé-
00960 Bgatds. 3Gogerm  Jugbmdompnyoms dgdmbgggedo dsmo Jodoyha
LG JEaeol  Lbgomdoms dogbgresgae Vmax-8o  Ladxgdeeby dgdo
3osbAs 6 Bgabod6gds, 3980k, Gmegbyy Km-ol  3603365mmdgdoe
000Jdol 1000-%96se assb@ol odmggasb [167] asgomgdon ms6ig-
bo  gomégmogos gjolodregds ombobpam gmGdsos  dmenggmmagdal
393myga6330bol s gl goowégds d0yemlmdxdo slgomo gmGdel Jugbem-
domBo dabs s Pbrmagbnte LpdLdMsdadol dgdsdmmobadol dgbs-
dmgdrnmdab  Laghome  asdm@aibogh. sdom  dgadmads  soblbsb oy
IRGYeBo damadogGae obgoo 36ad3bgmmasbo seommsbsgeban bd-
LGB0, Geamting méGasbnme 3ge3gdn, 330bmdgeggde, Fshgde s
bbgs dmmodgmo  9bpmagbyto Bagogdas, Labdoe bﬂbh&ﬁo&-amo
U3g3050479(md0b  3jmby Boghmlemdgmo odmdhmd P450-833335m0
306 Jboggbsbgdom 063308 o6 asba(yeash.

1988 Ggml . 6gmbebds @ b, LHGHMIgmds [168] §Fokdm-
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o306l 3333606080 mmgsmobgdymo (30@mJGmd P450-0l dmwpgmo,
Godmol oobobdoesy Fghdgbdgmo (ool PloGogglo bsfoma moa-
dota 303Gl aofgm  adygmapgds. bgdld Ml -sdsgegzdatigdgmo  dm-
Bs339000 gmadon® 303G bmsb JmbBeJBomgdl, Bemme Jgdo 3733Gsbol
LoddBgol  JsBamgmsmss gsbmsggdamo s dobo méo NHz-gq6-
dobsgmdo  BAsbLdgdd@sbmo  Lgadgbdo L.mybologomss Rsdzgdnmo
3638960 gd G0 LG pGol 3Jmby JopGmemdn@e  s3meygGaghdol
bopAdgdo (6ob. 20).

6ob. 20. Boygtolmdnmo oBmdGmd P450-0b LG geel dmegmo
[168]. (3963s6:893s BB 3o)

4agees  godmdomd P450-L ofgl  ymbbgdgedmtagmo bGaid -
Gamo dofogo s 3sGosdgmuto 7dbgdo, GmBmgdo  LydldGedel
Bg3bmdals s OaEMJu-3sOHBbomeol  s39330630580  Bmbsfogmamagb.
bdlgGdo @96dgbdal sdBonco (396BGol BobBee 0d swaamy
goJbocregds, bapsz bsbBoGdswol sBmBo G jobswsgogdatigdam 1sb3-
350l 3BM3msb Ememme  Ameghodgel, Gios L g gembygmgd-
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&ogho  JopGmgbomatinds  asbbmAagmegl. asdmodnmes  satgmay
ImbsbAnds, Gm3 Fymemgsb gobobs s I8b Bméol Loghgdo o396~
J3ombotgdl  aumsdBeba, GmIgmon LPdLgGEsBl Fymorsb sjBonto
036BG0Lsga6, Borm gobagol IGmEnBlL LsdoMoblotem dodstrargemg-
3o  BAHBLINGB0MHL  9bGbgamymgl. sbgmo 30s8%bal Al
30 03 gmlgmmodomgdl o3nogb3096, Gmdmgdon Fymmzsbo gsbowsd
odBogdo (336BG0L 30dsbmgmadon JopAmamdytmdal dbstmo gs-
0gbgal dobgregom gmogmadass [169].

3%bbommgmads  bjgdpdds s Bggbl  mdmEsBmGas8o  omgdmads
9300033035 [28] LoBgoemgds 8mggze Fod3mazgmants (396560l 3o yhm-
bmdsdo  dgddAsbarsgogBotgdgme  oBmJGmd P450-0b e jsmoabago-
obs s dobo 3mJdgeadol 99J960B30L dserB0ggla, Bsgead. 36ab(3037-
ga deegemo (6sb. 21) [170]

d3-21 L3806 333m3pobatigmdls, Gmd 33mg33dgbdol  3mddmbos-
$ado, Gedgagdagy doGomssr 993369670 golgmmodopgdon 36006
Fotidmmagbaro,  39@Bogsmptor  baomeb  J3a300  (Godobemogss
PI63P6BoL  3JBHond  (396HGsdrg) bR JoEAmamdnG 3Gt
J360sb.  sBoBmd  sGI3mmetgmo  bdbgGagoeb  Bggomeb daagoo
Robam§ggere, boome  Go63mgdbormo domotgmo  IGme]del 740
s3mbadymtrigboe  BsdmdMaggdgen  dagmsl Bgbadodolae  JopGmamdndo
000360 Jdgegds @8  modoo-Fymab  gAe0gtmgsbbopgs Fod-
dm396L. dmmgmmo 0dsby(3 oogamobfobgdl, Gmd g3g@dgbdol sdoge
32006 LdlgGsgob Bolomfagere J@sBgtamo bopémg 3godéab-
oo 30dMol  meogg  bomedatty  gedmpompgb.  LEGTIdIGOYmo
0gsmbsb@olon gl bagbgdeo sbsBzgdas, bogm qmbigombsmmtsre
dobomgdo, Gomeash sbgmo  ymbLBGJgas  360336gmmabae  Bal
3o8™J6md P450-0L LdbBesgosb jmbgsddotigdol smdsomdst.
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3Geoghho sdogeo obdHol

/ odaeyo 3xex8mEs

RN R
aodt‘)mlsmang:m ‘ ’Qasl‘”i*}l l“ '5',1\
373665 : iy

e tevese]

sdbomtrn mbsbo 23me3gdgbo

6ob. 21. (gomdGemd P450-ob sjBonto 9db6ol madowgto as6gdmigs
s 8oLsdn JoGmgmdnG LRLGHGG s §aom3al 3g]sbabdo
[170]. (3963s6:8,90s BJuis dn)

893356000,  JugbmdomBogms  Boghmbmdnmo  dopdmJbamomgdol
Gogre 36m3gb30  gogmghmd P450-bs s gmlgmmoldoegdl dmeob
Qome-madop7d  Jhnghnddgregdsl  3sbbsgnmtigdnmo  360836gmmmds
9603308 @s 89300 Jogmongdl  modomol  gmegsJBmeam  Gomby.
s3egboe, 8mbmmJlogbatg®  LobgdeBo ogo Fgmaeby  oogegdgm
$M33mbbore by g3sbobormgdemgl.
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7. aodt‘x'ﬂsmaﬁggo 3n60mﬂl}03350‘5330 o ﬁxac‘m Oboamabso
dgogg%0b bg9563 960 ﬂ°663°

IRIO  (bodmzeb gogems Bggebagte  gebazs (HrJbE3e Bgdm-
Jmadon  gobdstin ,modopms  Ighmlorszost™)  Ggedgosos  Bodas,
Gmdgmog 9brem3mabdgto Ggdogmadol 3583665380 bmdagmeads.

%36 goreggy 1963 Ggmb 3. Imb3Pgobols s . gA6LGE EAL [171]
dogcr  ofbs 6oBzgbgda 93 IGmgldn (bmzgmaGe  RGaERCLImgol

adobslosmgdgmo  bagemaGo  gjgdgbdmmo Lol adgdol  s6ELgIMAs.
330b;sb, smdmPRbrs, GM3 3oyBmlmdagm gMsjansdo gl Ggejios fge-

PG mol aotes 3GengMdbE nmares3 Bgedmads Fodadshamb. Gg-
RIGeGPRore  9J303s0bBdel  @mbmése  3adggme  (B3@336¢ o)
abs NADPH-U 0g60L s aogbgmgdon o6 Iscrsdmeddg® gncedgbbem-
3Boo acigbgds. oGy odobs, dobo JobgBogs Godogdo gadabdymo
630d3eots s NADPH-ol  803s600  Km5.5:107°M-ol  boamen
g96335000b  3ndshn 3.5 - 1075 M-ob Gogobss. madopos  JgGmlogs-
gL ety (6Gegg@dbdgme)  abs  smdpggbymee  SlgmEdsl
099630 s as(3bgmgdoly s LamadoAomyAo dbadol dadstror sGs-
83d6md0strgs.

gnodogors 963980l [odmfdbs, Gugy bogBom  deamgymgco
6380  meEgebaem  bughoms  Tgumme  gubggobogobss  edsbsbo-
s 8gema, xsF360, msgobygsrntswayuematio dofebobdomn  bedogem-
@783 [172] 36mggbo Jbegpene od Fydnbiaz980 Fgodemgds snfymb,
oy bobdgdsdo ousgobmyepsmma Goayumado Fbrpgdash. odob dsgeemool
Fo@dma@ggbl dmemgsoemdo gubgdsmon megaengb§asbo 6 jobol ocmbol
@3g5633%, ol Ggoggosg HOy Gopogsmo doomyds:

Fe?* + 0, + H* - Fe3* + HO, (31)
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O F300b.3bs6006  gob3dvmal  SJhont  Gmedsls dgdemas ¢ bo-
dmgobo dysgol ey g borsb Ggoga@igds s od AL swgaemo sl
grodoeol R -Gswojoenol [otdmdbsb:

HO, + RH - H,0, + R 32)

39 Bgog10380 offygds gsb330b xofgmto IGmpgbo o sdogmd od
bfoaslh xoggol obopodigdol bowosl gfewegdgb. gsb633sm0b msbsdy-
mgmdobsl R -Gopojoemgdo b gyfoxegdosh s obomo RO, -
asgolggoemo  Gopagsemo  doomgds, Gedomboyg  Bgg96395  Gowa el
Iberegdgb:

R + 0, > RO; (33)

89906396 Goagml gxgo (bodmgsbo dgsgol sbogm degmg -
ersbosbh  ptmogGofdxogds s  Jocm Bygsbzol  (Jopcmigcefbowol)
fot33mfdbs gpdemos. sdsbmsb sbsemo R -Guseasema Fbrogds

RO; + RH -» ROOH + R 34)

B0 oo By ool dmeaggeds adsl ofza3b, Hmd 3Gempgbdn
rodoeol  (RH-0b) osboen-sbogmo  dopogyoammgdo  geoggbdoss ws  Jo-
A Eg063980  doomgdash, bener (R + ROy) -Gomogoemgdol  Gogbzo
JGICI0  GRgds.  IGmpgbol o3 bowool ,,3mmmbgzomy30b”,  sby
bbgoggotoe  mxudgol  gs36daemgdol  bpswosl  gfimegdgb.  doemosbo
IFBepgbob  boBfdgl  yaacmsly  Ggbaemgdagmo RH-0b  dmemgjmemsborsb
89796390 Goa ol gGmagGofdaogdol, sby xsdzol gs36docmgdols
Gasgpos  bsBmgeugl. sGlgdomo obss, Gmd o3 Ggsjpool  bobfsGob
6B @odmgogdmas Jxgco (3bodmgsbo dgsgol Jodoms dz67-
389, JgdmE ogo dsfbodscrfos médsgo ddipdom dwowsdn ¢ bodergsbo
dgaggdoboogol, Goosy Ggndmgds voblbsl dson gubzzol dssgma bok-

Pesgge0 [172]
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33 gadBol sLablbymsre 33BmGas dogh asdmorjdnmos dmbabey-
33, Gmdmol  osbsbdspyy gy 36m39L380  gmgddGembos  BGabL-
3mégob NADPH-ol 394063300 baghom  gg86@ o Lobggds
3cbsfommgrmdl. sbmoe domgdym  dn3Gmbmdpdo 3o Jbogmatgdgem
Lol oeB Rt GgomJu-xsdze ,,8mbmdmmoabgdgme’ sz s Bgg6-
330 gebagol Ggodiosms Lobdstrggdo adzgemgdmmos, bemenery NADPH
33 EAML doMoosrse  JoGmdbomogdsty JBomabrgds. ,,bibreb-
3  3oghmbmdgddo  baGsmo  Goragmygtopss  Bgigmomo.  sbgo
363306089080 NADPH 048963350 396356 damo  Lobdgds pdoks-
Gobore modoe7@ 3g6mJlomsosl bdstgds s 063ndatgds 0d Bydob-
3939803 4o s Bgnbadbgds, Ladgepom 6530 JapGmlogmatigdols
bndbgGoBgdo oy dsaby 0dgmagdash.

IomJbomotigdgm  Gaendl-xsgi8o dmjdgeo NADPH-L3g;0-
Rog60 gmegm3tmBgoeol (FIli-ol) modomygd 3g6mjloms30s8a dmbs-
Formgemdal Labadagdmme Bgdmaae s6a 783600 sGLgdmdL [174-177]:

— NADPH-ob 303s60  3Gmggbo  B3gsog047360s o NADH-om
dolo Bg3gms 56 brgds, Gowpyss NADPH-psdmgoegdnme 8ay-
Gobmdgmo xo3golb gb Lofgobo 4md3mbgbo dsmsma L3gso-
Rogemdom babosmegds;

— a0bbbgeggdgmo Hodol 39966 xd380 odyggIme  JMGRmMS30s
30603635 NADPH-gogmjémd P450-6gogidebsb sdagemds-
bs s NADPH-U3j30030496 modogos 3gmlopsgool bojs-
Ggms dmeals;

— (3963 mo NADP*, 6ém3gmag NADPH-6gon]debsb  4m63-

G368 gmo abdndogmGins, sbggg dmogtism 039636 NADPH-
esdmgoreadnm madowos 3ghmlopsiost;
- 99636 gm G33dpesos  Ladagg  Fodo (NADPH-(08mj6md
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P450-0b ejlopmegenjges, NADPH-U3530504 760 doreGmJba-
motigds s NADPH-podmjomgdnmo 3g6mflogsns) 5éobso-
6o UGgmbdgpogogg®es. Badnggde gob33s  4A-mjdopéo-
agbsboo godomobogds.

—  3gbsambo (goBedobo K3) — bgmmgbyto sJ333Bmcn, Gmdmals
30dséons3 NADPH-L3g0q03960 gmsgmddmggoeael  ogolbmds
(LGGsg33s) demogé  Bomogmos, gEmbsotoe  9063080630L  ©ady-
oambomnbol  N-pgdgmomotigdst ©s NADPH -sdm jopgdym
moadopas 3g6mJlopszosl;

— NADPH-b3y300304960 gmegmdcoggoreo, 3opéemdlogatgds s
3g6mJLoszos gEmbsatoe 33dbmdnstigho 361086 IHMBgebgdol
30ds600. §Ga3lobals s IGMbsbel b 8306y  3mb(ygbB G-
(309%0Lsl dmogé Esdsmo $d3gGedncal GOl go gmogm-
36mBgoel ghgzom bomndamabs(300U s JopAmJlomomgdols
o5 odopgAo Ig9eHmJloeszool 33390 0bdodotigdst off3a376;

= modoyho Jghmdlopsgool ggedgbdamo LolBgds Tdgadmgds
3Bl Hnotegl  modmbmdgdobs s NADPH-U3g309304760
Ren33m3Gemdgoolsgsb.

Rsdmmgmomo 38 30390 mgdgdo a3gl 36 3308mzgd36 adalamzal,
6Gm3  ghoospsngogy  f963g6do s ggddme, NADPH-gogmjemd
P450-609]8sts, Gmpmég  Jopéeadlomotigdol, sbgzg  modopeéo
gt dboszool  3Gmgldo  somgdgm  Loygol Gamml  GoMdmam-
a36L. 33sbosb b smgbodbmer glmo dgdoe Laypceremadm eside:
modoeGo Ighmdlopsiaool bolggdol Gy mbLlEGJieolsl sryabres,
6md  gnaddate  gabjaomboégdobsmgo NADPH-(sofmjéhed P450-
Gyeni@sboliosd ghose Lolgds jorgy EDTA-Fed-ob  3m33mgduols

31;3.531: Gedgmomsy B3JBHmEL 1bges Bgo(39309L abmqma\: 59 '333-
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06393980 03705330 FoGdoBpdgmare Fmegmdtmfgore Gmame mo-
ooy Bgg9633000L 953967606330 bobggds. sbgmo ymd3magjlol msbad-
smtgmbob&b modoeycn  3g6mdlowsgool bsGl  s3mabl  sHadbmemmpo

NADPH-, 63330 NADH-(308m]6md P450-6geqidebsg (178, 179].
grodoens  3gomJlorsosdo NADPH-gmsgmdtim@ ool 3mbsfa-

mamdol  43mg3ebmsb  ghmse  0bBgblontee  golLfsgmgdmms Boyhm-
bodgmo  Ggemjl-gsdgol Lbgs ymddmbgbdhos gabdponte  Gomoag.
obdodoBmérgmo sbamobol Bgrgase dogdnm ofbs, Gmd 83 IGm(3gl-
Fo gmgdBGmbas  8J3a3BmGag, Jo@dme  Lobdgdol  ByGdobsmmco
403369680 (30BmJGm3 P450-03 3mbsfommgmdl. 93 Lsgaobdo oG-
oegl Jdbos g3y sOLRYMo  gsmbsbAobo  adol Bgbabgd, Gmd

modoems NADPH-psdmjoegdgm 3g6mlowsosda gl Ig8mdéGeaggoro
3530056 dmbsformgmdsl o6 m3d7memdl.  2dsbosb £05453B063800m

36bdmdms  Ga3rgbody gJL3gPedgbdamer  doppdgme  Lagghermgdm
0930, AMBgmosaabyy ghm-ghmo s PBmsgtgbo 0330  dpamds-
Ggedws, M3 bob3ndswols dmbemmjloo, Gmdgmog  godmJémd
P450-0b g4emsbogmdo obdodogmeons, NADPH-L3g30503706 madogas
bgg963 ¢ 6a30T @ogob edmEa by b8mgdgmgdsl oG s3emgbl.
gt Bgegae sGomsy 3dmagto  sGadgbdes modamms  3gGmJloms-
30380 3oBmJemd P450-0b  gbjiombatigdel LoGobssmdegame, ds-
333 gL 3cmbobegds Byodmgds 08 Fgdmbzggobemgol agmlb dolomgdo,
oy ﬁogmagom, “md 3360):]1;0;300001»0)301: and@)ﬁmeo 3seoebs
siompdmae odmdemd P450-0b 3530696 xanaby bogde.

1969 Ggmb o. sGRsgmgzol [180] modmGogmGasBo Rsdodigdgmo
393myamnaol  bagyndggmby  gedmomgzs  dmlobegds, Gmd  modopas
Ig6mdbores30sdo (308mJGmd P4A50 Ggsmmtsmss Rséopmo s gbs-
ds3oboe  Fgdmmsgsbadum offs 3GmglBo dobo dmbsfommgmdol &.3-
robod) PRaggmme bigds (6sb. 22) [14]
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JopinJuommotigds
----f----C0
3580
NADPH —= FP, —> (308, b, _,l ?;()5;)%:361:)450-91,

SH
----t----EDTA

Fe PP gm0
1 296339
2

Fe PP

0,

6ob. 22. @oBmJemd P450-0b gnbjgembotigds  3opémJbogmatigdsbs
s bggbaad 79633080 [14] (396368588 BgJuBdo)

bdgdol oobsbdse 333m3Gm@gorol ofBdond (396880  Bgdsgemmo
23:mg39639680b  SH-xanm0b 3age G yobol JoGmmmbaeBost (PP) wms-
323806700 osgolnggemo  Aarogsmadols ds336gM0égdamo sbama (396~
B0l Godmddbs Bgmdmas, Gemdmol  sffogmds CO-om 36  abdo-
dotpgds. 83 gAobzgzedo oBmJem3d P450 393smdl s@s Gegmt
398m3GmBgor0, sBdxe GrmA3 3Gdgdyto amaomeadgd;zymo G ob-
236G goreo.

3y godBo, Gmdgmog modoen® IghmJLoes30s8o aodymJem3
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P450-0b  3mbsformgmdals 298mG0bogl, 0ds8o  Jeamdstrgmdl, Gm3
36m(3gbBo o  gmobrgds @gbmdsddagsmmabs s 3-8gmomdmemobdy-
6oL dsnbryyetdamo gmnddo. $3sbmsb EsgsgBadgdom bs omd-
3L, Gm3 %36 gowgy Hbmns Ig@mJlopsesdo Gaejiool dsegmodo-
Botgdgmo Gaegmo. s3oBmd smbodbyemds s3BmEgdds Romgemmgl, Gmd
363 NADPH-U3g3053039600 gjmegmdbmfgore @8 o6 ogoo ogm-
J60d P450, 6mdmgdog ggbmdscdodamon  Iglabodbagse obpy3o6-
30006, modoEPco 3gGmJLowszoal LobJsGgdsgmadogoGindgm  Gamml
36 Focdmaanbab.

3L dongmo Gogo Esdsdgdoma Bmbsygdgdols (ode 9Gs-
306ps30Mn), GmIgmo  modoend  Ighmlomsgosdo  oBmJGem3d
P450-04 3mbsfommgmdal  LsboapPdmere dgdyzgmgdgh. o Gogbgl
130639mmgl  gmgmobs dagynegbgds gsjdo, Gm3 Ggendb-%s3330 dbm-
moe gb dg8m3tm@gome  FoAdmepagbl  assddsbl, Gmdmael  ghme
SH-ga7mm0 3abo sjBomce 3g6B&nl Bgdsmagbmmdsdo adymagds @
9m0JBOebms  aoEsBebsda dmbsfomagmdol domgds Bgpdmos. s3GEL
30 Geamtg (36mdomas  Bgebamto gbagel g¢gAdgbdmoe  Lolidgds
bagdome 33d6mdastgs LmmadamGamydo Bbadgdel (3s6sJmm&dgé 3
GodgbbmsBol, Bgdbsmomrobs s HgClz-ob) 30dsée 171, 180]
dmmel, NADPH-sdmjopgdam  modopas  bgg0b396 99633530
0o J6m38 P450-0L 8mbsformgmdsl spalgagdl o3 Igdmdctm@gomal
b353050370 063adoBerrol — SKF-525A-b 3dmagho sdotiggbagmo
9333896-

modoey®  396mJloesgesdo godmiémd P450-0l oy Fberymene
dobo bsfoma, JoPdmp s3meyg@dgbdo BmboFomgmdl, 35806 Lsglgdoom
3cmbammmgbymos, Gmd 33 3Gm(39L8a sdBogtere ogml RsGerymo Jgdm-
Ihmd ool stssgdonto P420-0l goddsy. dstomsg, BgHadesbps,
633 3oBmJ6m3 P450-0L P420-sp 3mb336Lask offgagh, modewpmto
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3g6mJborsgoal Lol 8ol 0bsJBogaesty sBlmmyB gt 36 obsbyds
[181-184]. 6sB3gbg30s 936333, Gm3 (30BmJOmd P450-0b JopAm3-
36 Jbosbsl 967  Jng®  bodmzeb  dgegems  Jopdem3ghimbomgdols
s33mgmo  g39G3ghBol Gmmal  Bgldmgds gpdmos [181, 182]
godeJomd P420, 6mdgmBog Ggobs dsmemmbinby®  dramdstigmdsda
0dgme3nds, Joegy Bee™ dmogh docm3ghomflopstn® ofBogmdsl sd-
go3670L.  803Gbmdgddo  obmmdgegel  JoGm3ghmJlomol  sdm.s
Jopembomotigdol  Lpdb@Gsdgdomns @8 ablodagm@gdon ooy mbgds,
by g3gbmdetdaghsmon sjogegds. Myracgdsme gizegemgbigdals
3561339 mobmmdgegel JopAm3ghmdloge 3odmJGmd P450-0b dsmam-
L3066  P420-sp  3o6@sJdbsl  sbmG(30gmagdl.  amrgdecombo s
NADPH 3 358mb333480 353m3Gm@gomoll sd(3ggmadere 3393m0bgdash
[181, 182] s3 8mbs;3380%b) oybmbmdom s3BmG 80 ogmash, Gmd
god™Iemd P450-00  Jocmdghmglopgdal  gsbagol  0ebdodregi@mds
oy Tbrs  a0dmaygncgdmegl:  doAm3ghmdlomo  gebasgl  ggGdgbBol
sdBogto  (396BG0l SH-xangl s 4mbzgdliool abom  (30mdéemd
P450-1 3smorllabyd @gomgémd P420-so astrsgdbol. gl wmgs-
Bobgbgmo g6 30mboG R Gmame3 3gBmJlopsbs s Fmol JopGm-
3gteJbol, Gob Bg8rpamds 0go oBmdemd P450-s0 smranbsl gs6-
ogreob [181, 182]. (339636580 (3omI6md P420-0l 3g6Hejlopsbym
oJi30gedoby as6Lb3s37d e FGomBo 3magasbgdom a39463s Lapdatin).

Fomdmmpagbaemn  dsbamol  gobbammgol Bgmgase bsmgmo  bregds,
A3 modopms  IghmJboes3osde  oBmIGmd P450-0b RsGagol oo

37960130 sOLRMIL: 3oGggmo  33mag™dgbol SH-xansgdty @ gobolb
3ormgmbageBob ©s3s380Mgd0l gogasre Mo ygsmGamdmddbgmo (396-
G600 3360606985 00gsmolobgdl, Gmdmagdo cegol dbaAag by-
936370 906330 Gx9J(30980L  0ba(zacigdsl  sbmeG(309em896; dgmérg
33J960%30  Ig8m3GmBgoal  sbAsGxdoc  (3bodmzeb  3gegsms  JawGm-
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g6 Jboegdol ©3msdn Ms6sdmbsffommgmdst anmolbdmdl. Lsghome,
god™J6m3d P450 Ubgs 3g8m3Gmpgoregdol  (3gdmammdabol, (3ogm-
J6m3 c-b s Lby) 3lgsgloe IoamdghmJlopgdmst  aGmagGn-
JPgegdolsl  3ma3mgJugdl  Fotdmgdbol. BogGebmdym  byblgbbosdo
30mmol  Jopémdghadbopmst ogmiémd P450-ob  jmd3mgdbamgds
Joéggmase 6. gliBedctggol [185] msdmsgmensdo of6s bohggbgda. 3
dopAm3ghmdbopol  Bg6gzolsl  dsgagdol mgadmob  doytrmlimdgdmab,
Godgmosg Fobslfe® ggbmdaddageme gdmgmesm, @sGa0ldGotos
Bnobnddol  oggdgbasm o bL3gddegde 441, 525 63-By dsflo-
37385000 s 422, 579 63-By dobodgdpdom. sbammzaynGo bigdHeo-
meo  dbobosogdgmo ofbs domgdgmo godemJémd P450-0s6 Lhgs
doreGm3ghmJbopgdols G00ge0Jdgegdol  dgegasmsy, G 0dsl dm-
obsgqdl, Gmd  ymddmgLFaGadmJdbolal Lbgsmsbbgs adsebaggmoliso-
306 dlgaglo dbgdol sjBogho bsfomasjol Gabdmddbol ojgb smaomo
[186]. asdmomzs Bembabégds, Gmd jmB3mgJloGidsl  gobopeals 3o-
AHM3gGmJlopals 33Ealmzatgdoen gmGds, Gedmal  gebadomal gé-
o0 s§mdo (HO-ps6) 38mc G 306sb me380tmgds, b dgmery Gyo-
mdae® 3l Fomdmgdol  JobBomabmsb. IghmJloeol s gomGo
638m0  JopAmgmdnGo  Esg9gBomgdal 3bom  33mggG3gbBmeb  Gmo-
960 Jdgegl (6sb. 23) [42].

d50mammdobo s (3oBmJemd € Joptmdgtmdbopmst 3gGmlams-
b gboor Ggegatigdah s Fgamar 3GmEYIhdnk Gaagemgdl Fak-
dmJdbash. gl osdBo Gumogemgto  3Gm3gligdel cbIndodmGos  a0d-
mggﬁgboh.sb 69543008 sdnbanIgeen sl nérgds. mflgbmaen®, b7
JopemJbomsby®  3gJebabdl  Gemogamm@a LEowas o6 goshboo.
oJbgbmoo ory BE0dmgd s, 96335 BeGImAsRamgto 39Jsbatdom
(»Tgormdamoals sBmBols dmgmgxe- Gg3mdB0ba30s™) BrGogmEads o8
(oo om0 G3]30990b 0630dodmEios dadstm stadyhdbmdnstgs [187].
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6ob. 23. 339m3tmBgool  ym3dmagdle  Jopdm3ghmJloegdmsé  [42]
(3963s68,30 9L B0)

Lobamgd o mJugbmoo  gobadool oML  LRLBGIBHEn  bad-
0B B0sbo  LobJeGmbyme 89]s60bdoo 69Gaogl s Ggojiool Labamg-

B96 Ibornldt Fohdmdbob:

OFe3+

\ iy SN .
—C—CH + [’QFei'—" —C—H—> —C—O0H + Fe (35)
/ / /
d33mgft I-80 063300l as6lLbgaggdum  Bwamdstigmdldl
(Fe3+0§', Fe3*0, Fe**0™) Fgodmgds 3g8m3Gm ool Bmengymsdo
d8nt0 Gyobol 3gbmog mogsbrals 316gds LabmgGagegl. bogoggdg-
gas, (M3 JgBegmmdobls ©s (oBmJhmd €-do JobFowobal dgbmmy
doamBofigmds  3GLPRoo GOl sbEPmdegl 33 Ipdm3Gmdgorms @
JoAmIghmJlogon 3s6bmGagmpPm 96330k IgBmJlorsba® abe-
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Bo. 3od6md P450-0b 3gbmog dpamdstigmdsdn dgmao (30l gabogno
LybmgAagl 93 Igdm3em@gorol  Jopemdgedbopgdmsd  FakdmJdbagmo
4m33gJugdol L3gJdeerma®  (3moamegdgddo Lz JgdmdGmdgergdol
3339 JLgdologsb asblbgeggdel s Agsjaool 3ghmdbogstyd abol,
Gmdgmo 3md3mgdb [-om LpdlgGsgol dmemgynmost mGo gmadd)-
Gmbob 37393 mGg80m Baolinsmmgds.

L& 3036mbemdnd  LolBgdedo  dogmo  Gogo  Lewogdol
Fgegaore Foddmdborma goBmImd P450-0b ejboggbotigdgmoe  jma-
3mgdbo osgobo ogoligdgdon m3dmadu-I-ol sbammaon@as. Lol#gdsdo,
Gedgmoy NADPH-0bs s 0z-0b 003653mbsfogngmdon e3nbjsombogdl
s bobBgdsdo, GMIgmog dbommee  godejeemd  P450-bs o
336mJloel  Bgagsegl, oJBome dsdoptmlomadgdgm bsfamsgsm ga-
0030303]  33gdu-l  Fodmaaghl. 83  m33madll  LmdlgGed by
963830l 3BmIol  gowsBebs Bgpdmos [ymol dmmgyamol  gho-
RAMYmo  gedmmsgobynmadon, 6 koG csgowsd Fymol dmiagmgds
s BgtomGsGdmgdnmol (Fe3*0 2 Fe**07) 296Esgd6s Brogds, G-
Jgmboy Fgomamd gobadoro asmssdzl LRLBesdty [188] Lad§dy-
6e 060 6sRggbpe Jopémilomatigdol  ghoorsngogy sl Gsdel
(4-3H-5(358 260mmamob)  gs6330Lsl  beAgm  doyGebemdnm Lol gdsdo
309%3JBmAgd0L, NADPH-obs (s 02-0l 3mbsfomgmdon  Jompéemjloma-
Gdol 39dsbobbs s oBmdemd P450-0l 8mbsfomgmdan  JowGm3-
g6 Jboaem LalBgdems 374s60B393L Bmeol dbgaglagds [188].

3036mlm3gddn (3bodmgeb dgogems Ygygeba®  gebagzede 3603365-
306 030L38653sL MG ZmabBosbo Ggobob ambby BbmmaB o
dmmnbmgbommagds FeG3mapagbl. dsmo bsgodm Mamegbmdon 36LGIMsL
93963968 LobBgdsdo NADPH-U3g30g0460 Ggomgl-gsdgol, be-
e 33909068 g of 3ymgo sdragbymgdol mdamgds PbEYE-
3omegonl. dofbgamoas, GmB8 3Gmagl8o Ggabs oysgBaMgdam ws M
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3ol amdstigmdado  adgmgygds. 98 Bgbgepmgdol  Lsleé-

admer  358y3amgdl  dogthmbmdgdby  adedgdgmo EDTA-ls s oO-
1335.)5560',930501: ds0630d0cgdgmo  B5dmddgeqgdol  95jiggeemds.  bo-

Tomoggdol asdmégisbgs Bggsbgom gsbagzol botol Lenm smeygbsl
o303, 98obmsb, bsR3g600 0fbs, Gm3 aedmEg3bgel Tgogase  mo-
3mgdb-0mborsb géHms Bo3Gmlmdgdoest 3330 s 3Medgdndo G yobol
dmomgds o brgds [172, 189]

odsgg Bgbgemmgdon  gabmaabyto  Ggobol sl odnmotgdgmo
3mJdgregds 0domss sbLbomo, Gmd 3336ebs8o ymggmegol odymejgdosh
bs3dstrolio mpgbmdom oszobgemo b jon®o ka3 npgse, Gmdmadog
P Ggobsl  a3o380tigdgb. dsmo  Geymol  aeMgaggobst ol
3330006 396Lb3033300L 0mgamolifobgdgb, GmImgdo dogGmlbmdgdls s
doegern®  LobBgd08n  dodrobsdy  modopms  3gAmJLoszoab
690J300b Bl sGLgdmdgh, Gopgsh  3oMgzgmagdo  (dogHemlimBgda)
gmlbgmmodoegdls  ©s  bEOndG e 3osg0L,  boymem  dgmégbo
(Bmpgmgdo) Fbeomme gebogmmodoegdl Boeggd [190]) smdmRbs,
6m3 bsghogdol dogmo  Gogoa, Gedmgdoz G 3obslimsb  3madgmgJlgdl
G268 J360s6 (539668 Gmmabo, 0,a-pododogommo s Ubg.), mgod-
0bol, JbimGdaBol s G4obols Jodmgmlgedol Bgdpgam  dmmgmé
Lobi$g8d80  IG6mmJloesbBgdom  dmJdgegdgh. sdsgy ®OEML  doytm-
bm3dR38o 0303y 3M83mgJlmbgdo 86 33390GE aedmbagynm SbBomJlo-
6876 030L5d90b o3mbab, 96 Lsghmme sMegomst sBogmdsl ggh
03gma3b096. dompd e gregagdl Ibemewe ghoo  sbLbs  Bgodmgds
dog3nlb:  Bmegmgddn G 3obs  mogolmogery  dramdatigmdsdo,  Bemmme
8036mbmdxd 8o (3o Posb s 33380Mgd Mo gm@dam  ggbJomboagdl
[172]. Boghemlmdgmo 3md3mgflo  (mmodoo —  LEEIEg6Eame
@oms)  osgoliggemo  madoeobagsh  aeblbgsgregds, dsa@sed ozt
bedgmo Bggebagmo gs6agol LobBgdol dbgsglos.
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NADPH-13g3095047360 gmegedéoggomols ©8 modmlbmdgdobagsb
G94mbLEGgoddgma  bggebanco  g6azol LolBgds mogolo dsJbods-
o oJBogmdol  asdmbogmabse  EDTA-b  radsgdsl  Logocmgdl
[179, 183, 191], 35306 GmEglsg @bmdomos, Gmd doyetmlcmdgddo
03033 4m6396Gsaols (50 mkM) EDTA 8s0b3odofgdgmo 3mddgege-
oo babosmegds [172) Lsdgejgom bscigy8o ggmlgmmodamest (30mmol
03653gmzmds  LogMdbmdmus  (33mol  (3badmgeb  dgegses  Bgg9637960
996330 3obgBogel; 93 (33momgdsms bgds 0dsby domocydl, Amd
ImqermGobash 3s6Lbgsgqd0m (30mmedg9;33gm Lalggdgddo Fe2*-ambgdn
3306mgogoms aobLabmgtam wnbpembim® KanBYPM6 3Gosk  3m3-
dmgJbotrdgmo. ot x3IBoderesb  Gyabel  @sdsgsgBatigdgema
GPBHPL Gyomat Jobropsddee SH-xanugde dmasbégdess [182]
NADPH-ps3m joegdnm  bggobando gs6agel 334s60%330 SH-xanpgdo
Gm3 93 ggb30ol 983396, ob geddo sesligntgol, 63 IGemgLo
bgmgdoeGom@e  8badgdols (32608 Jmm613596 37086 BesBobs o
HgClz-ob) U 30ty 3mbagbdtsgogdemsy go 333306 ablodakigdsl
asboyeol [192]

3046mbm3gRLy ©s JogmImbrAngddo 30dmabsdy modamms bygeb-
am® 99633980 dmbsformg bdghmboe sbomb-Gagagsmadol dsgabgho-
Gy BoJdmtar  dgege-madomyto  3maetrdgdngame  shedgdyte
6 306s-3GmBgowo omgmgds s 33sL sEslBYARL . bab3Bgobols s
a- bogggol [193, 194] 80gé Bamgdygmo Bgrgagdoy. dso @sseaabal,
6md 1. 36Lg3edL 3aGrsdnto JmGgmsos modopas bggeba gt geba-
308 LoRJetrghs s G3obs-3emPgoeall Bgd(339mmdsl dmeols; 2. s6by-
3l goegmsgos  96336mdnm  306mdge80 pH  4.0-By 33RGbsms

06 373s(300bsl  bpddogmimbemonm  gmadEtmbol  gssddeb  Bofomm-
939080 bga963 60 9963306 LoRJscol sdjgomgdsls s sGamézsbymo
bymgopal  gedmmsgolpnmagdsl dméob. |, JsmBEmdgmoa” 53368800
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0bE0HRdnme  bggeban®o gebagol gabgBogol Bgbgmnds Bgodemgds
35933 s0blbsl 338361065380  ama0nrBgd;aggmo  G30bs-3GmEgamols

©33mal  3obgBo 00,

B9BFobom . foorbGm3mmro™ smobodbpds Bamsdodimmse  siboyco
bogmag©gdadol Jbgszbo s39608980, Gmdmmgdoy omgdol dyjpazse ©g-
63590300 borsb  09bsdemfdawgdon  sO@II596 IS gMFmbd B -
09650,§3909873b  ([yscmdsen  19300693b, @odmen-odmeryf- s Jo-
EEMPBIEn G0 Goduegdidl). slbgo  bogmag®ydgdl  dogymozbads
Ag., Botdpemgsbs, o6 bbgs @5g@390(5096 dobo ygmdobsgas [195].

96nbsod Aol Slergmgdls oy 96 bgg963960 7563300

Ggodiosms  obagatdsBo  (3omgdol  byymgmgoma®d  xanpesh  feé-
dmJdbormo  Ggobol gzgms gmddmadLo? dgdoe Lssmdsoms, Gmd o8
Bg8;bgg3030 Fobs 3mebby LEgogmo gsfdmee bws 3sdmrommgl,
oby 893866580  [odmgdboma (306G Ggdals s Pxg®  (3bodmzsb
8793000 96m3s6gmolisedo 39bmoggds. dstrmmag, Gymmgsb ULoldgdsdo
3969 0HRgmo  Gapogemado 9B sGsbFsdomgtgdo séast [196]
s odpgboe Bsmo mPIgregdol  gaddemds leGsdglee  ©sdm o=
pPnmo s agml GeeogsmGe@dmadjdbgm (3068 MgdLs ®s (3bodmzsb
379378L Bmcab 3s6dogmby by gHmBsbgmol Badstio Gmmdsby. d6ad-
3bgmeds  ghoggds sGs  0dsL, o G Phsdo  sjzm  sd X39BI0L
9] mbgdol aseseBs6s8o, sGsdge 0dsl, o odorgdmsb dadstrog-
3530 Ao 3mbognel 04037896 obobo. ©sbsdggdee o7 dogomgdo, émd
bggeban® 9963351 3e6lLbgezadnmo GowaemFa@dmdddbgmo (3960
obo;3065006, 376506030 a0dmpol Gm3 dsmBo  slygy hbao;\oohby
RGP0 Gogob  (3bodmgsbo dge3530 qbms  gobo(yombgh  gebagsl. gl
dmbsbegds  gJl3gtodgbBnmomss el nGdamoe [172] Lsabyy-
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dsgom  BU6sAHTa  sLymGBsBobs (s NADPH-ol géhorptmymse  asbsd-
3mc3mbohoh (3b03mgze6  Bgogems  ggg@dgbBmmo @ 3GSegM3gbdgmo
906390 9963308 oRjstggde somn LpdlBthedadir (IR
3&3«)33536.)110106 Beahgdam 35(30imadac dsmsgmos.

36 Bgodmgds 36 30608Bbml, HMB a. gmsadatmgals s o. sGRs Jmgol
[172] ogeembsbeobl adol dgbsabgd, Gemd NADPH-U3g305304760 %93330
©3493806 g8 mo  G3obol  ombo  ggbJ30mbodgdl  GmamG(3  Gemagem-
Godmaddbgmo (39680 s  Bggeban®  gebazsl  abo(3odgdl, bmgo
34393960 36 0bosGgdb. Bsgemomam, 3. doerrmyo s 8. Bedgmo [197]
0136006, H™3 G 30bol ombob Gergma Moo gommato 3Boo JoeAmbggebaadols
s3mado dgmdstigmdl. Fomdmgdbamo bggeba o Gopogsmagde msgob
b0z 3opGnbggebagdon sbam Ggs300L abozatigdab, 967y G gobols
0mbg30 Ao amGemdmddbol xsFgol @sgGdgmadel Lswmasl gdbsb-
7098006, 83 ™G0 @gembsbAolol gJb3gGedbdnmen Bgdmfdgds o6
3m3bootrs, Hdrgbsma(y aladgzgdae 0d6s omgdnme 3m33Gmdobymo goé-
03630, GOm0l 06sbses(y @s3sg380bR M G30bsl Bgmdmos adyhdeml
Gty bggebao gebagob ,,060(300BmGd”, sbggy Amme3 xsggol
#2333 dgmadgmds’ [172].

Fo68mmyqbommo Bsbamosb 398m3abstigmdl, Gmd doydmlmdymo
Gaemdb-xod3ol bofgobo gmgddGmbymo mbmée (NADPH-gmsgm-
36 gow0) s Bghdobamade sJpaddmee (godmdémd P450) Rsé-
omo 36056 Jugbmdom@Bagms JopGmdlogmatgdals s Ixgd (3b0dm-
336 dgogoos Bggeba o 9bagol 3Gm(3gligdda. modopas gghdgbdnm
I6m Juoesgasdo (3omIemd P450-0b s6s dmgosbo mmggnms, s6-
s9ge dolo Ibemmee 33megAdgbdo Imbsfomgmdl. sdogmd o3 IGm-
3930  Rsorgmo  Bgadmgds  ogml  3dmIBm@ ool @B ogao
GodmJemd  P420-0b  ggmédsy. oozl sJdoné  3bd®Bo  3gmg
33my3g82680ol  SH-xamg3006  Gg0bol  Jatmgmboeol  ©sgs38ahgds
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300033 Go3m3Jdbgrmo  sbagmo (3963 G0L  gmGdacgdel  offgagl. o3
B99mb393080 (30HmJemd P450 333smdl o Gy Igdmdtedno-
0, M350 GMMGE  dgogsmadomdo 363399760  amanéedgd33gmmo
6406336 g0p0. G goosGigds a3sd3L d(396sr380?

R3gb6L ademGagmEi0s8o Bobfagmomm 0dbs bmool 7-8-pmasba sm-
3c65(3965808  gnligadomsb Bomadm dogdmlmdgdBo (3badmgsb dgsgsms
356 Jlo@szools s JugbmdomBogol  JopGmJlomodgdol  (odgmam-
sbogmabol  N-pgdgmamotigdol) Ggsjposms (3momgdgdn dsomo gGone-
Gorgmoae ugmammdobsl [198]. Jopéelomotigdol Ggodiool abg6-
bagmdal  gsdmgmaggomo  ggmGdsmegdopal, bomem bggeba o gebazob
36e(39bL  dogmmbol osgmegdorols Fstdmddbol dobgrogom gexsbgdroe.

Roghotrgdamds  gJu3g0d 68 9dds  330Rggbgl, ©Gma3 Fe2* JgLadh-
6300 (~15%) obBadymomgdl dogmmbol Eosmrgdoeal 396560638k,
Bgatgdon 3306 0bBbLogmdom (~10%) sdmogigdl 3s NADPH,
Boagme 93 3mg3g@dabols s Fe?*-l ghopémnmae 0sbsdymegmdobst
3bodm3s6  Bgegems gobagzomo gaMEs(30s  mogol  dsgLodsgmad
(~35%) 360336gmmdol  omfggl. sdsbosb gbrs g360dbmer, Ged
9538330l bodobbom Fe?t ws Fedt g6mdsbgmobsgsb 358w
7860336gmme  336Lbgseg8086, Gz (3bMgam Aol dbgsglse J(3gbstrals
3046mlmdPBog Fe3*-ob smdmagbamo Lobggdol (dag., sbymGdsgol)
05653mbsGomrmamdaty 3gyggmadl.

gmbgsBopommJamoba, Gmdgma NADPH-esdmjorgdnm Joméo-
JuomohgdsBo  ofBoncd  mgeddotam  gpbaoslt  slGygmadl [134],
Gupogerad 6983080 sbombopsbBn® Hbal 8dymsegbgdl [172]
s3omd  Babo  gogrogbac  Bamgdgme  (33mromegdgle,  gghdme  medy-
oamsbomobols N-regerm jomoatigdols Ggogieol  Lgoedameool dsGsgng-
gt (3badmgeb  gegems  3gHmJlomszeol  25%-3g  0bdndatigds
drpmopbymo 36 gmgoms. Gmgedy Rbl, gl gembgmmodoeo @bo-
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3356 3gogeos Ighmgloszoal G3sd(30gdL mogobo ymbEdmmal 4393
08ym53dl s dob ododoégdel FbGYbgmymal.
g0l Imdgibm  ULgMosBo  JopGmbomodgdols ws  (3badmzsb
3703009 gMagbdnm 356mJLaws3esdo Asrogsmyeo Lgswool sGLY-
330l FgLadm(Fagdmore gmGdommegdomoals s dammmbol aseeegdarol
oo 333mbagmasbmdal 8jmby (,,m3E0dsmga™) Ladgegom Blbse-
do sbBomJLoesb e ogolgdgdol ds@odgdgmoe bsghogda (3obEgabo,
amdeoombo, JoGmgsBgbobo, Gadobo ®s 33360aB0bo) Bgazdmbres.
smdmAbrs, GMI  (Jomygamse  gagms gl Rsdmegmomo  Bagomog@igds
85865 4emgd0 abBgbliogmdom mA0gg IGm3gliol sd7nbendgdsl ofgq3L.

383356010, bLopmaoloe  s6Lgdymoe  gJb3gHedlbdmmo  dmbaigdgdo
Ls870mmadols a39dmgagb dogommem, Gmd:

L Jugbmdomgogol  dmbmmgloggbotgds s  (3badmgeb  3gegsom
Q330G e IgGhmJloesgool  3Gm(3glgdol  dugmagmmds  Lag-
dsme dsmomo 33 Mbm3aAmdam baolosmegds;

2. dmbmerdloggbsbmdo GgemJl-gsdzol LoGgobo 3md3mbgbBo —
NADPH-psdmjopgdamo  gmegedto@gomo  Gmgmag  badgh-
ojloe  sbomb-Gowogemadol  gabg@egmen, Gs@dsggdom Bgod-
mads Rodorgm 0gbsl (3b0dmgeb dgegeos @gGdgbd e 3gGm-
JLomsz0s80(s;

3. Jopderdbomotigdobs @ (3b0dmzsb  dgogems  IghmJbaaznols
360396738 G0l godmdemd P450-by, Gegety GgemdL-
Ro&3o0L Bgdobsrrn® IgP¥m3GmBgerty JmbinGbdnme ©s3em-
30egdnmads s ggdghd by ,,8mbmImmobgds” 36 gmabrgds;

4. Joptmfbomomgdsdo s (3b0dmgeb dgogems  IgGmJboreszoado
b3gtmJloe sbamb-Gawogsmado, Gmam@y dommemganGo g963-
306 Edsmo Loddmaghol s3gbdpdo Ndpmee 36 Pbes agmb
33453806 mo. a0 G93m3806s300L  (obd7deeel) Baweg-
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3R 333mosgalbyaymgdamds oy gads  gsbadoeds  bob-
3B IO 96 BGadmgd o gmGdon Gyobol ambgdosb -
00360 J3gegdom  Bgodmgds LaBregee  boddemagéol 3496330
oJbgbmognto Bsformaggde Fodmgdbs6, GmImado ]Gt
dgodmmgds  06s6 Raddnmo mGogg 3Gm3gbol  sdsdmsgdgdagm
3630 G0 Igfebabdom gsbbmGagmPR N gs6azedo.

8. gomJHmd P450-0L 396mJLopsbymo sJBogmds; gobzgzol
3n5mnﬂ]s0635011-360 33;]050%301} 33¢¢xnz]hog.ﬁj-at¢)og
ét‘)bﬁ]}gmﬁaooooh moaohabgﬁaaabo 3036563‘30

@’3¢s0g60l [199] msdmtogm@Gasdo 1972 Famb 3oMggmasm ofbs
6sP396900, A8 (ogmgemd P450 3gtmjboestbyd ogoligdsdl gemedl
s Gyomdsol  olbgmo Embetol  0sbsdgmemdobst, Amameng
N,N,N'N"-g,98Hs8gmom-3stra-ggbagnabeasdobos  (TMPD) L gdmopns
doeAm3ghmlorgdol L3ocEgbsdrg smEagbsl sbmGzogmagdls. 83 3gdm-

IGefgools  3g6mJlosy®d 8B ogmday ©330M3nbggmee 96
3m 3909836  63BBoBdsol dmbmmJloro, sbmpo s EDTA. 3gaty ab-

Jodagmergm bgdmJBgrgdel (~20%-3ry) Fbmmme BsFtoglol sbowpo
336m9bL. bagnGapmadms, Gm3 goGobol mgadmol doygGebmdgdo Batal
oot gdgembgros  Rofggmal  doytmbmdgdosb  Bamsdgdom  gggms  8g9-
0b393580  go3omgdom  sfBoymdgéo  sG0sbh s gsbgmadom  dsoo
godmJemd3 P450 3g6mJbomsbn® oJogmdsl jotrgsgl.
396mJbostn® sgBogmdaty dsnbdodotgdgm dmJdgregdsls sgmabab
3046mbmdgmo 3mbmmJloggbabnto Lolggdol LbndlgGadgdo. doézgmo
Bodol bpdbgesdgde (sdopemdotabo, Igjbmdstdogomo @8 mobeym-
3g03%) 85-35%-0m, boyme Igmcg Bodolb LRLBGsB e  (s6agmabo,
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dofogobo s 0dosbemmo) 85-50%-00 oy bazgd IgHmlosbd
sJBogmdsl. gl 3mbs(ygdxo adsby 398933600, Gmd 356 JLoabg
633J309880  30BmJ6md P4A50  wsgebamemo gmGdon  dcmbofomqgmdl.
335L0sb  sg33doMgdom  sGLgdMAL  godemmo, GmI doeemdgholo-
RP»6  @oBmIGm3d P450-0l  pHongheJBgegdabsl  3gGmJbopebsls
3033 Ju-I-ol GordmJdbsl ol srgomo, GmdgmBo dgdhto G yabs
37363 gmmdal  dsmom  batalbBo 0dymagqds [110]. TMPD-L auées
Tgomdopol mbmtoe qgodemgds NADH-ogs s NADPH-o3 égo-
0¥%gdmEgl:

ROOH ROH

_Rpl+ - _FasS+ (36)
P450-Fe™ — PD (NADH, NADPH) | o0-Fe

3Gogeem  LdbgGagos  JopAmighmbopsbymo  gobagol  sesbs-
b @963bmgd 3Gm3gbLl oFmdemd P450-0b wgbdéadaos Fob-
30306, dogammocse, Jdmmol  JopAm3gGemjlogo Fmol  sGsIbem-
moe  gododémd P450-L, s6sdge  doyghmbomdgmoe  Ggoemil-xsggol
olge  o7omgdg  gmadembos  assdBebl, Gmameog  odmemd
bs-0s. @gbEHGgoob jobgdogol @yBemGds y3mazed sR3gbs, Gm3
9t 36m3qbo Lagdempe Gorgmos s dofoospsre Lsdo gabalgeb dgo-
399 Joecm3ghmgboral Loge@Gdabsl abgGadpos 3Gmpgbol (33mgg-
oo gebolamgol boBJsGol d08mmgsnmgto 3mblgbdgdomn dgadmmg-
3 obobosaegl. Jodggmo qubol LomAdy smbodbymo  JopGm3gh-
oJboals Lofgol 3mb(30bBMaiesty s Eqligtgdpeol babaMdmagmas-
B30 @sdmyoegdgmoe [111-113]

d046mbmdgmo  GgrmJu-bobggdol LabEGsGgdo (3sy., sbammabo)
dmogh s3nbGE3Rgb JopémIghadiopiden (yoBmPemd P450-0b @gb-
BEnJaest. Lsobggdsgom bsthggda Gspagsemmo IGmgbydol 0b3edo-
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oGl a-bsggdmmol  ©BsBds  dobo  bBatixgol  gedmoghgdsl s
egbRGgJaeol 860336gmmzsb adzgomgdel ofgasl. o3 sbBomJborsb-
Bob  30630d0Ggdgmo  dmddgeRs goBdmdemd P450-0b glBGyiiool
Gopogomgto  3gdsbobdol  dmbgdaby gdyzomgdl. oedémd P450-
obs s  doAEm3ghmdlorolsgsd  93dmgstin gmddmadlo ofBonsd
99630900-879(3306  Gorogamgdoe ©sdmal g3oboymol:

P450~Fe3* ... HOOR — P450—Fe?* + RO, + H* (37)

P450—Fe2* ... HOOR — P450-Fe3* + RO’ (38)

domgdgmoe RO, s RO™ Gusmagsmmgdo B39 goBmdémd P450-
ol 339b o6 s3meggdnbBl s Yook s, by olobo a3gMm3g6HOL
Jodoé  Bmpogogezosl 0336 @ 3B mdmmotigdol sdazeto dgds-
60%300 3063030096 36 baghome 3sdmgsgm ggAdgbdo 3G ymdGorab.

d0mdodogio  mgzambabMHolon s6LZRMEL  JodogGo  dmagogszool
3g8ere 360Bgbgmmgebo @s 393G (3gmgdmo Bodo, GmBgmo o emo-
bt ool slGmadobsl  g3gMdgbBot obsdBogszos8o  dpm-
3s69010L. 030 393306058 mos  gobadeol  oJBonGo gmGdgdols (s
domsmo  GgeJ300bgbstrnsbo 0bEaGdgmasgdol (Jobmbgdal, mamengdals,
93mJlopgdol, smmrgdoegdnl, jaBmbgdals s Lb3.) z9696s(308bmst s
ot gesdo  ggd3gbthol ,,mz0m0bsJBogseol”  LsbgmGmmadamas
@bmdoma  (gbGomo 3). sdsbmsb 35380673000 mJlowsbgde, Ged-

mgdo3 smbodym  IGmEnddos  GoddnJdbs-Ggsmobsa3oslionsh 06
VJomor 339380693700, ,,bgeerg®” (,0300333mam™)  §gH3h-
&b Go63msreanbab [200-204]

Jodop®  dmpogogszesBo  Rggmmpdtog  833eg3ecol 36 bgbsrmBo
dgmego Bydbogate Bowamds ogmmolibdgds, GmBgmon BIGdBBms gm-
30i8bGogo  glfagmol Bobboo JodopgBa Ggeagbadol  3sBmynbydsl
0899630, 93 dgol  geBomobato  sfBogmdol 3963y BrgEgmo
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abeomo 3.

JoBomabal 3Gm3glidn gobadoral sfBonco FmE3gdom
B39PHs Jodogho degogagsges (08sddogsges) [201]

abs ool
B0%36S 0 aaa‘,ﬁé?;;‘owéo Jodogfro Bmmoggogsool deBybo
3obBHgobobs s dgmombobob gobaze
gomJGmd PA50 2B4 H,0, JgBol o gstiaz
CuZn-
g Jbomrealdgd b H,0, 3ab@omabols gs633s
g éﬁ)o.!émcgaﬁnb, JobBooabols s
Fe-b-3396mJLoreoalidydsbs H,0, (obipbols gobags
i ; BBod§meebol. JobBnmabobs s
D 3T TS Jth‘)‘b" HZOZ 0011(3)306011 '.'10583"
; BG0ddmgabal, dobomabols s
Juob@ober Joaabs H,0, (obaobob gs6az0
BGa3gmapbol, dobGopobobs (s
Jmer3g6em Juoabs H,0, Gobgaobob 560
. BG03Bmegebol, Jabdomobals ©
madBem3ghmJuomsbs HO aobaebols gs6ags
- GOad@mgebob, Jab@oeobobs o
a T smombigterJlogats 03 obdgbol gbazs
dogrmedgdmglaeats H;0,, ClO™ 3700mbobal, catmbobol gabags
NADPH-o Juosbs H,0,, Cl0~ 3g80b eogatage

33060390760  6sBmngdol  Gompgbmdobs ©s Hodgol dglsbgd  obgme-
ds300l Imbadmggdmop 0ggbgd96. dob Bobsbl Gmamey Falo omems
bhOnJEaeobs s o sddogmdsl Bmeob ysgdaciol d7bgdol @sreygbs

F368moa90l. 3st@s 9dols, b IGsjdognme mabgdamadsi gsshbas,
G33gboEs(3 BIGOM  3admynbidsl 3ergenemdls 33;300050150013011 baob-

Batgbe  363seeBgdol  domgdolel s 376gdGng Baghmms o=
3096 33BHognn bammygdel GgymblgHmatdolst [195].
s3godoe 7330 Logmgamosemss  (6mdomo, Gm3  Jodomdo  Gge-
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30689800 3s6admmotigds ogom PRGgRologalas ©sdsbabosmgdgmo s
o8 gbodl  ogo s  9JL3gGadgbBeBmal  (36m3oLdmygzetgmdols  o-
bogdogmagompdmop, oMsdqe 3nfdbomo (bBatee adgmgdomon) 333360
0730 gdedol 203 3390093L. 830l LagoGmgdsl ol s306m3g0L, Gmd
3oBmobtyGo 5Bl wsltmadol Bgdmgy BgMdgbBol sdBond (36-
B®B0 dpogagszool Bgeaase  smddmo  Bm3mgedonGo  (33momg-
3330L  beGBomabgds  (Ggsdagmogieies) 86 Bgdbogm  Log mezosbosb
sEsdBotgds dmbegl. gxGgeoel gl bogogmmGo  egolgdsy  bobaed-
dgmogo 23O oge0 36m3gbol Ggegans. sdmgbse Bgedabo ,,JodoyGo
doromgogegas’ dgdee Bagemo sBGob Bgd;gamo (3bgdss [205, 206]
3739 gbrs 9936086mm, Gm3 JodoyMo dmmogogsaol gboo g3ghdgh-
Bos 0bsgBogegos Rsorgmo gbes agmlb  BomsmxGgegmo  (3oemgdal
37bgol  I9JebobdBn, Goms mERBabAosd Fomo  ,,edsbabyxgdma"
(3m6n3mAAs300-Bm3mJodns s getzmmo) dmmaggnmgdol éHmymo go-
dmdgggds 8mbrgl [200]. 3mmogaatigdnmoe gggédgbdo osgol Bgi3-
ooy dpam3eigmdsl  dsbsdry 06sGRE4dl, gorég ULbgs ULdgzosmgho
53963368900  dImpoggogszeol a98mdfgay Jodop® %3 aBIRL o6 dmsgo-
306 s 39A336BL Lofgol dpgmdstigmdal 36 ©amdM76ydab6.

bgdbBGsBol  Jodopo  dmbpowsb a0dmdrobstiy,  (3odmIGmd
P450-0L absjBogoos bsdo abom Bgodmgds gs6bméGagmegl: 1.
33m5z93g6dmsb  IgBedmmoBgdal @syegdntgdom; 2. IgB8sderpmardols
3980 G3absbost  sgegBodgdom @s 3. 3ol semgommotrigdoo  sb
EqbFGJo0m. oMggmo s Igbedyg gbs Bgadmgds 3mIdoboMgdamsm
beodogmegdmregl. 3530L  dmmogmagsies dalo oebosbgdoo  Bgdsggem
0bodihoze(30ob 0ff3q3l, 85806 Gemgba 93meg@3sbBol dmaggo sznom
393m§3ggmoe obsBogeios ygdaagecos [207-210], obsgdogsies -
6 BBoder dgdol poatarsoel Fgegan GuG™s, 3oey $3meggadgh-
Bob egbhHgdies.
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ombodbmm  asdmygmaaddo [209, 210] (o@mgéemd P450-ob
P420-sp gmb3gtlos (06sdBogsos) s6ss @stgaoldGotgdnma, be-
e 5. 9GhRsgmzel [211] msdmGegmciosBo damgdam of6s Bgegao,

Gedmol 0sbobdooy momombodeo  smeagbamo obeemadgdamo
gomJemd  P450-0b  obmgm@ds 2B4  sydoeglogsgeebst  Gatk-

3mJdbommo gs6adsol sfBonto gm@dgdon LWFGsg obsddogsgost a0b-
ool ©s gl sGssdBont  (ofmdemd  P420-sp  3eb3a6Lasdo
aoslgmol  gmbby  Fodmobatigmdl. doydmbmdnmo, o6 @admbmdsdo
RoBgbgdmo  (odmJhmd P450 ggfo- @ gjgher  BrogmdstigmdsBo
bogdom ULgsdomygdmdsl s3emgbl. gsdmmgdgmoe ogbs dmbsbégds, Gmd
godmdemd P450-ob obsgdagsaobsmgol sagemgdgmas esgobegem-
Gorogorto  blomas, GedgmBoy gomdémd P420-sp dobo  ymb-
396bos  3gdm3GmBgomol  aaGsmsiael  Fgemge  Laggbycl  Goé-
3o 6L, Gueasb 02-0L  0963dymgmdobsl  0go  spgomoe  JoGasgl
399L. mJlosbned @8 mJboggbsbad Ggej0gd8o Gabdmddbommo H,0,-
0 33800 (eogebage s @sbasbyds (oBmIém3 P450-0l  absddogs-
(39090 ,.a3bomgdoL” Geml SLEMRL. FAsgemo gjgGdghdo s ds;
Bmé0l ogoo  oBmJ6md P450  mjboeabgée  LolBgdol  bGowmsb
0bsdBogeosl gobogymalb. bohggbados saGigogg obsddogszeob NADPH-
©33m Jogdymads.

07 s H;0; oosgoboogse dmogh  s3g06335mpdl o6 Fotr-
3539696, Gopash 07 - @sdsmo Gaemb-3m@biesmo o3, beme
Hz0; Bgrotigdon bedommgéos. s3pgbse 99Gdb@L obaba 8:3-
o 39©  Pbes Baebab e Jodmeded wgbGgdponm btng-
dgedsl 396 bres 93mabobgh. THG™ dobomgdoe by Rsamgagnmb,
Ged  30§mJhmd P450-0b  0bsdBagzeasdo  doamse  adgebaggmml
HO'-ésgagomo Gohdmagagfl, Grdgmag Ha0p1ms6 dadge-ggobols o
B30BMbol Ggsd00m dnomgds:
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H,0, + Oy — 0, + HO + OH™ (39)

3odmdlomols Googoml, Gmdgmlbsg gdee bsbdmymyg bogmbmob-
9636056035 335R60s, demagh ©s8706339mee Fbmmme dobogy 3gbgto-
G330l Losbemmggl Bdmos 3mgdgmgds. Hp02-b s 077-b ésg Bggbg-
dom, obobo Gochdmgdbol saomopsd woggnbool  bsdgomgdon mae
306dogmby  goreseaomegdash. Hy02-b mgxégongm ms Bopsyxéaemm
37836067 30607619380 gagms Fgpdmos, 308ob Gegbsy 07 wogs-
Bool Fbermme U3g305047360 360mbasdBeco sGbgdol gogmom sbg@badl.
07 39 Ggod(3oolybscnsbo JoeGrgmdnd b6 I Bomosd mmémo-
Bogdge 7865380  Bgds. dobo  0sbsdgmeamdolsl  JoeGmdlogmols
G0 gormado (30mgdol 3tsadgbidsost s eglgégaost of 3396 [42]).

godmdemd P450-0L  absdogeos 360836gmmgbae  3nbéndmgds
golgmmodopgdon. $dsbmsb  ge3nJBol bstolbo sdmgopgdame séss
3733606580 dsen  Bgdsanbemmdaty. o3 Igdm3dmg ool 0bsBogszoal
3566sb  saomo 53l saGgmzy 9bsgemSnm 306mdgdda b bsbBat-
3s@ob 3mbmemJbomols ©s (30B™JGmd bs-ob @ms6s3ymemdobsb.

393l s gomotigdomn asdmfzgamo 0bsBoagsool gem-ghmo Fol-
ogfo gsmomos dm(3atol  mgzadmol  doghembimdgddo  emeg(3063gsgsl
GoB™ 60 P450-psdm jorgdnmo 996330k 0630d06ds. 83 @AmL Geé-
dmgdbommo  sJBHonGo  obBgdgmosto — goBgbo JIgdol  samadgdsl
0f393L, o 98 IPm3GmBgomol obsBogsgool dobgbo brgds [212]
33sbonsh 33938065800 rsme bognGaemadm dgogzo odbs domgdmmo
3 Jgmgoaobe @ osbsegd. [213, 214] 30gé, Gowgbsy dsor sbsgmm-
2060 a0dmgamgiado  Rssadgl s mdogdee  smgdumo  3jmbmsm
33a6s0b  ((306(330L)  goommnGigdnmo  sm3mbaynbgdol  dogGemliemdgda.

dson  Bogh  oagbomo  0bs, GmI  (3bmggmmgdologsb  gsbbbgeggdem
930656980  0bsJBogseol dmsgstn Babybo IgEmIGmPB ool s Boms
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G030 3380006 sbrelb dgmge gEm-ghmo 3806mBgegol (Lagstagreme

GoLBobol o6 obBomabol) boymamgommGo 6sBmpPol spomatigdss
(6sb. 24).

3g80 — |

dolbgoeabols
6330 T

@odmJHmd PA50-0l sjdonfo 306860

6ob. 24. (3opmJeem3  P450-0L obsBogsgos [213])  G6égpd30
30680gxafo  BHGabgdoo  Bafggbpdas  Bgbudgyme
godmJ6m3 P450-0b JodogMe Smmomogsool Bgmgasm odo-
637030 638mmsb GohdmJdbommo sp3omal  xa7Ro, Bememem
dmGobmbBamygto  FHtobglao — (begamagéo odmIema
P450-0  3p30m6  foMdmgdBormo  sgomol  xamae
(Lodséhogabsogol LaGemBa Rggbl dagd BgBebogmos s@o-
306303 gmo Bsbiosmol (33morandade).
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odage6ise, (begamato s dgbadgame  odmIémd P450-0b
0baJBoge30s8o sAlgdoma asbLbgaggds 03dsBo gmobregds, Gm3 (3bmgg-
6 Jg8m3Gmdgordn Jodoné dmpaggogsiast Jgdo, beme 83365630
33mejxadgbdo asbogyrob.

339656980 (30 J6md P450-0b  3g6mJlomsbymo  ofiBogmdols
BbFogmol Rggb Loosbsem gnGepmgds 8 AEM esgpmdge [215-
218]. 3aéggmgbere Losgotme Rsgmgomgm sa3granbs dojBmbmdnmo
godJemd P450-0b  3ghmjbopsbygmo  ofBhogzmds ©s ol Jodmigda,
Gedrool ALy Fobs 3msbby 03 ¢ggbmadghol pdoMsgglimds asdmeolb.

GR%0 Hotrgdmes gmammofgdamsr 3sbGrom bodobrol ULbgs-
Esbbgs obogol (7-sb 14-pmgdmg) sm8mbs3gbgdal ggbzgdamsb 8omg-
39 3oghmbmdagm gtsdposby s 3o (30BmJGmd P450-0b s6s-
3JBog6 P420-s 4mb3gelool ggmbby gs3306pdmmon IgthmJlowsbsls
obo(zoszosl (Bsb. 25 o 26). '

g JLomsbymo aJ@ugeds, oot]éed P420-0bs mo P450-0b
AA offen 33 (omsby Bdaameds, Moo Iy geraby

-1 40
2.0

1.0

° 6 . é 10 ;2 14
abayn, eog-pady
6ob. 25. 3036mbmIPBo  (JoJHmdgdols P450-0ls s P420-0l 3g9-
039m2mdel s 3ghmJlagsbyme sjdogmdal gaemarmgdgde dug-
650l sbogologsb admyomgdymadon [216]. 1. ofmiémd

P450; 2. 3o J6end P420; 3. 3g6mJLbosbgmo sdagmds.
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g6 Jeomsbgean sigeha, GQudeilGedipol PA20/PI50

AA‘!.U’VO‘ aa OOQ-".":) maﬂ.\ﬂ.\ﬁgnh
-40
0.6
<30
0.5
2
04 1%°
1
0.3} 410
0.2L— 1 1 1
0 40 80 120
@G, [o

6ob. 26. (3omJ6mdgdal P420/P450-0l 036503360m3sby  sdm joreg-
damgdom, BoyGelmdgdol 120 Fo-asbo sgésgaobsl [216].
1. 396mJbogsBrymo sJBageds; 2. P420/P450.

bJgdgdbg Feédmmpagbomo  BAmgdomsd  gbgmegm, Gmd  (Jodm-
Jom8nm  3m33mbgbgms Tgdpggmmds s Bglededolsre  doytmLmdgdda
356 JLosbal  obogatigds gloMsgalae I3gbstol  sbagbags  sdmgo-
ERgmao. 33bmsb 83338065300 doyhmbmdgdo Jatimdomse I3ggOM
»wobommasbées” (7-emosbpRsdng)  dogbmbmigdse,  GmdgmBag o3
3o Jhm3gdob  gd;3ggmmds  BoJLodsmtios @8 ,,bobrsbdgm  (7-
emosbby dgBo Bbolb) doyAmbmdgdsm, Gm3gm3ni dsmo Bgd3zgmmds
ol gsboprobl. ,obamasbtms”  doghmlmdgol  ghmbosbymo
oJBogmds  dbadghgmems @ o] dofomspse  (sodmdemd  P450
©mdobomgdl, bomm ghsdyool sbsgde Fghgmolmst ghmee oG-
86 godmdemd P420-sp  4mbzghlaok aboo seaome ozl dobo
939(339emmdol 343006 oAbl ©s IghmJbopsbal Bgdyzgmmdal 3o~
bbogm besl. Fodor Lagghaempdms, Gl sBsmmgamo Lmdsoo
BgoBoB6gds  ,,ebomasbis” doghmbmdgmoe g@sdpool 120 For-odbo
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0o300bol  (6sb.  26). P420/P450-0b gurmdal S-xg6 Bl
35 Juoeobal Bgdggomedol 1.5-%96 Bées Bggladedgds [215, 216]
wBobabdmo™ 3396360l dogbmlmdndls o I0@BYdbol  IgHm-
Juoabob gm3adgoymo 3G3sGeBol (,,63965mol™ gmBdel) U39 Ge-
@ads obomatds B RBbmmygdgho orbRGmds agofzgbs [216]
3990, ™Ma3] Bmsbndol gHombsat doJlodndgdl sgmabgh ogebamm
(420 63-By) s smmagborm (432 63-B)) dramdsmgmdada (bsb. 27).

Semolir o Bonobenfdo

LA L LR L TIT T T T T T 101
400 450 500 400 450 500

Aol LogAdy. 63 Aol baa&dy. 63

6ob. 27. (5) Lodobrob 9-temasbo gmommodgdamo babotrgdals 8o k-
bodgemo gsdeol eogg@gbgesmga blgjhagda; (3) dob-
B73bab IgtmJbosbel gm3ghzomo ggaddgbd nmoe 36g3sée-
Bob ogggGab0emgo b3gJdce [216]

»BabEsbAma™ B0 Ambmdymo gMsjios s Ighmdlopstal gg@-
Ao IGgdsteBo gogh ozobgdadl  3ams3693696 3gGrmJuoms-
B 2JH0gemdalosd 30dstrogdsBoi. H202-ms3mjompdymo 33000 gmemals
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9963308 0bHblogmds gy Bxdobggiede ghmbsatse oot nbads
NADPH-0o7, s%opom, momombodoo s ombyfo  myd56hagbGom
(CHAPS-0m). 6s53063spol dmbomJloge 3ghmjbapsbnd of@ogmdaty
3GadBoggmor 9Gsbsad gogmagbsl o6 sbrbl.

doropdgemds Fregagdds Laggdggme 3maape Ladfdgbore dnazame,
Gmd 33g6560b  Anyhmlmdxddo gabfombodgdal ofygdl Ig6mJlowss-
o agoligdgdol 3jmby 353m3Gmdg0bo s dsama sBngmdol béres d(396564-
ol sbsgby, goBmIemd P420-0b 339(335mmdob Bérwoos s 3oBmJGm3
P450-0b 333(335mmdols gemadol 3sGemgmuon goosérgds, 967 3gGHem-
JuoesBgmo sJBogmds gomIémd P420-b gymmgbol [216].

R3pbL 3mLaBAgRsL sl aMgdl daytmlndymo ghsjpeol Jém-
B macegonmo sbamoboo Bomgdame Bgrgagdel (bsb. 28). bsgéo-

fomJbogabgmo ajhngds,
ABS AA /G y germaty

04 120

1.0

10 30 50 70
3Bl Smpards. Am

6ob. 28. doghmbmdgmo  ghodioel agm-gorB@sgeal  JHmBadma@eds
[216]. 1. Azgo; 2. Ayzz; 3. 3gtedlomsbama si§ogmds; bggde-
50x1.6 13; ggmo — ULTROGEL AcA 44; genna680-0.05% Na-
ey bgmgsdo, 1/30M gobgsdoel daga60 (pH 7.4).
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730 goryombygmgsdom  e393s3937me  dagHhmbmdgdal  3gmeon-
Besgaol  JomBsBma@sdsby domadam odbs ool Lsdo  datamsreo
G0, Gmdgmasgebsy 3gmmJlopstamo sjGogmdol 3Jmbg Jatggmo
BGJ3oss, GMIgmmnsgsh Igdmlopsbrmo sogmds Ibemee ~100
KD 8mmgypmgéo 3sbol 3Jmbgl a00RBos s gl dsls 3g6mbomsbsl
BgP3PHmmo 363l Bsbab (~40 kD) o6 3Bgqbsdadgds. dgmeay
3o Ypestigdom @sdsmo Asbol 3gdm3Gemgebo — (3oBmJGmad bs-as.
G030 argbogogaGgdgmos  3Gs3gdnéo  gomsg  (~30-40kD),
bogotrogreme NADPH-gogmJ6md 450-6507]deb..

396330l dmbmmJboggbsbno dgdsbatdal 3gMmJLostbytee Bgbs-
(33a%0L  LaobBgtgle Lgdsmo a93moyggms gGemogmbmomgdol 303hm-
bemdagmo 9963308 Bggase [218] (303380 gebazel LdbEGeG e
3sdmgeege dgmmJLbomotigdol asblbzsggnmoe Badolbol 3Jmby mebo
grogmbmogo; dsmn Bgdhgze 0d 3Gab(3030m mbrs, GMI MmGo dsmysto
(6m3ogmgnbo s 5-OH-6m3omg@obo) 3mbmmJLogabotigdols (0-regdgmo-
momgdal) abon brs @ogebamoym, bomem sbsGRYEe ™o (mo-
dmoBGobo s 3300308060), Gm3mada 1439 JoAmJLogotgdam
6agogdls Fotdmamagbgb dotomsse IgGmJlomebymo  gobagol 3gds-
6obdom gbrs 3strsJdbogmaysbab.

OCH 5 OCH ,
B O SO O Q on
OCH, 0
Bmdommg®nba Qnamonét‘mﬁo
(5,6,7,8,3' 4'-3gJbs3; ;00 Jagmrsgmbo) (3.5.7,4'- $38>crJua-8,3' 1endgoe Juonmagmba)
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OCH,
H,0C

OCH, OH

0|°°“= “°°°“
H, CO

OH O OH O

5-OH-6m30pmnd0ba JX¥P0ad06e
(5-02Jb0-6,7.8,3',4'- 3568 s gmnemJbocpemagerbi) (3,5,7,3 43 oerJooegenogmba)

33mRbs, GMI ,,0bampsbhs” d0ythmbmdgdBe Bmdomgobo s
3sbonsb  ghoow  5-OH-6mdomagdoboi dbmmere NADPH-ol  ;s6s3y-
Ogm30bsl 3603006 obagel (6sb. 29), s Ladgpjgom 36ydo gmé-
domregdomo  atmgregds. NADPH-ob 6spgmoee H;0;-0b  a03mggbgds
oo O-pglgmomatigdol  Ggopool  obBgblogmdeby  sGagomst
393360l 06 sbgbl. 53obowesdy, 3mboBbym @msgmbmogms gebagol
BLFgolo  Ufowos dmbmmjboggbsbgmo 894s60bdom  gomstmgds o
Imogmby  aolgmol Fgdrmga NADPH-ab  3063gméigdomn  sdsdgdom
3060804060 3G7me (33mompdRl s gsbogrob. gb Fgmggo sty
dogoongdl, Gm3 3 3m3gbdobemgol  O-pgdgmomotigdal bRLEAsE
dogmosboeas  obsdRmo 3 GJos  ©sd;mezhgdnmas. domgdme
36me7dBol  gdmamdo 796330 (Bolo  4mb3bHBeoel  Bgd;306gdal
obgegom) 9330 H20z-meBogompdyme  brgds, 67  dmbornlo-
agbotigdamo  gmsgmbmomo  MdxgAoe  3ghmdlamsbel LmdldAsdamas
as6EsJdbogmo.  ,,bsbrsbdnm® dogthmlmddo  43363gBbebs ©s ma-
3mo©abols NADPH-psdmjongdamo gsbags Loghome o6 Bgobadbgds
s Ggedpos Fbmmme Hz02-0006539mgcmdao Bodrpabatigmdls (6sb. 30)
[218]). +3339600, 8(3g696gnm  dogHmbmdgdBo  gmmgbo-xasgden
do0@st0 c'vjcgo.gmﬁmn(gabn 3m5mmdh03350%-360, Berymen JOQﬁmjlm-
Fo63mpdamade 3ghmjbogsbymo 89]s60B393000 356043673046
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6ob. 29.

6sb. 30.

6, fo

bmdomgdobol g0baze 7-mosbn 6abadregdol g3gbzgdol 8o trm-
bm3gd8o. (1/15 M geobiggeob 333960 pH 7.4; 0.33 33/3m
3046mbmdymo gogms; 100 pM NADPH; 15 uM H,0,; 25 uM
6erdagmggobo) [218].

A NADPH
368 1 H,0,

1.0

0.5

£0 I io

©6m, fo
333939B060l gs633s 14-rpmosbo Bsbadiregdol g3gliggdob 8ojhm-
bm33n. (1/15 M gebgeBob 33g560 pH 7.4; 0.33 383/3m
30 46mbmdmmo gogms; 100 uM NADPH; 15 pM H,0,; 25 uM

330098 060) [218].
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3o9™J6md P450-0L  Jodoméo dmmogagses  sJBomter  Bed-
(30gmegds  dogtmbmdnmo  gesjpool  sgtogoobsl s NADPH-ob
0s30bggsmo  (JoeAmJlomatigdsbmsb sésdgmeadnmo) gs6azolal. 53
6g9J300b  dugemgeramdobsl P420/P450-0b gotmdolb 10-%36 Béwsb
Ig6erdlopsbygmo sJHogmdal 1.8-x96 Béms Bggbadadgds, bomer 393-
3636530 0bgBLogHo madm3gheJlomsoolsl dghmlopsbme s o-
3mds mEdsaegds. ogmIémd  P450-0l Ighmflopsbae  aséies J8bals
sJbodsgmBo 360836gmmeds  3,4-396B30Gg60k gobazolsl doampds, G-
egbs P420/P450-0b ;sbaggstremdols 25-xg6 Béeobsb 3g6mbomsb-
0 3JBogmdal aelsddaggdeb sl segaemo (656, 31) [206].

W (g ardgiol PA2UPAS) oxfomutngrds —4— Sfeflrs o sierds

P420/P450
w

C]

F

b

~[]

i
NADPII b
by
062>

3,435 Blnkrgfnl
062
N.N-
052

EIBSE
|

6ob. 31.Lodobrol gmommoigdagme bobstiegdol dozBhobmdgmo BGsI-
@oob 3ghmjlogebgmo shogmdgdel (gmamadada sg@a@oebs
5 Lbgopabbgs LpdlBheggdal gobazobab [206]).
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domgdymo  Bggagdol sLeblbgmore Azgb wog7dgoom, 4md GoBm-
J6m3 P450-0L  Jodoye  3mpogogs(3oeBo  7dbndzbgmmgebgl  Gmmls
99633000L  3JBogto fmcds (06 ggmBdgdo) Hbrs SLOEYPmdegL. +dsb-
036 335380693000 Bgzgemgm (ogd(3e 9G830GEsdnto abom) gudgé-
03968 e 339R3065806s 336B30cigbol gobazedo ULydgemglow sbomb-
Gopagamadol o6 Fgemdseol Ig@mbowal dgladmem dmbsfogmgmds. 3
dobboo  Fayembmdgm gAs30s30  0b30drg3timdom  Bgagmbres
NADPH, 3,4-336%306960, #sotmbo (4,5-rodopémdlo-1,3-molnmam-
3303%), Gmdgmog b3g6hmJlopeobdydebol @sdsmBmemgyagmae 353-
3606380  gobgmo  9bammal  Godmoeagbl s LydgemJLoe-Gawo-
Jomadol L,089F9k0s“ (2H* + 205 = H;0; + 0;) s 3ol batry-
oJaom Lgbdgbtosdo 30dsBgdmom goBamobal, GmImol dmJdgregdoms
Fo6dmgdbormo Hy0; slggg 03mgds 3mgmggmmmGo  gebadsmal  gsd-
mymgao (2H,0, = 2H,0 + 0,). ggéajenl Bogé gebadamol 8mbdsty-
30l 30bgBo 4ol gbsbgGegmomn Immstmamagynmoae (6sb. 32) [205].

bgtsomnpsb  gbgrosge, 6Gm3  Joéggmo  o@o  baghomol  (Lydl-
BoBobs @  obgdlBHeBol)  ©adsBgdolsl  gebadarol  dmbIseigds
dm0gtiegds, bomm  Beocdmbol  sdsBgdolonsbsgy 3ol dGmgomo
3330064 (3gmomadsl  asbogyeol, @s3  0dal  dsRggbadgmmas, 4md
396335008 3mbdacigdsl dolo gudmgmegs (3mobl. sbsmmaon@  973JGY
33mabl  goBamabs. odgbo  Loglgdom  LogsGommms, Gmd  d56%-
306560 NADPH-odmyogdagm 49633530 Lydg@mjloe  sbomb-Gowmo-
33mndals dmbafommamdsls Budoms(y ol smaomo.

g6mo  F933codo  5ghdgbHol — goBodemd P450-0b  (EN.
1.14.14.1) olbgo Jodopé 8meogiogs3osl, Gmdmol Gmbsg obsddo-
35G00b g3Bom dobo dmJdgegdol ImbmmJLoggbabn@a 35Jsbobdal dgmég
39336080 ggMd56Bob — IgemJborstsl (ENN. 1.11.1.1) ojbowsb-
60 39Jsbobdom '835.)03;:»3& brogds, hggb 1336336(9)011 éﬁoﬁhgmﬁao-
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g  3a¥orge.  odab  3udm, 63 3pbojlostyh  sjdege
3odmJ6m38 P420 s3emqgbl, Gmdgmog msgobo WgJdesmghe b
sodergdon  heoJioesBel  ga@dghdame  3Gglstadol  ombd Ty
dogofbgam, Gm3 BgHdobo ,,BG6LgmGAs3n” JaGm gbxesagds 33

bmdgbols ALY, Bome 3gGmJlogsbgmo sgBogmdel 3jmby cod 3
P420-% 3obmdoosm ,,BG6bgm@dsed-3ghefiorsbs” (T-3g6m o
330oego. gogmdemd P450-sp 8olo Gy mbggdlios smsé bregds o

gbse HGblgmGdangds Brndaageee IGmagles [216, 217)

e T

' 'lzso'n,soolg.no_
RRHTHI A ORI

:.. i ,,.: H' l ||' RUBE :'l:'-' ERTETE

65b. 32. ULoadobral gmomemodgdgmo 5.)15.)6;33301& aodt‘mlmanqm 3¢
Jioob 305t 3,4-356B306560 NADPH-ws8mgopgdyme I
sl domsbegods [205) (grbgadel dgmpo PH
3,4356%306560 0.01 mM; NADPH — 0.24 mM, 3o
Umdgmoe gésjges — 1 33 gomma/de).

3oB=J6cmd P450-0L  BésElgmddsgaol  mdatomaeglio aan:l‘"
G0 360BEYmgds badamab sidonto gedazdal (Wo@ah.xg
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bs @ Hy0;-0b) 3F9603s0 maatmzpdol sm33900980 3roamdstigmdl. sgé-
0P 3 ,,b6rsbIgm* Boy6mbmdPRBo gaddgbdos Bebegde — T-
396 Jlosbs-bindghmJioereabdgdsbs (ENN. 1.151.1) — joBsmabs
(ENN. 1.11.1.6) gs633s@0l 33 o8B0t gmedsms ,gbsdzgdmm™
Tomab ,,BaJOmdab" 384039 assbBosl Jabol [205, 206] 853sbs-
333, gs6adseBduagme SJBoghe IGmeYidadel agbateBete gyh-
3PPHo-godmdemd  P450  ogomabsgBogsgool  abom  fygmdGoeabss
333mbygmo s 33 sGabsligéggmo 06 gdgmasBgdol FakdmJdbol BgL-
sdrmgdememds LagygdggmBoggs smeggoradgdyme.

gomJemd P450-0b  BeAsblgm@dotpdol  Igmgase  3mbmeJlo-
abobp0  bolBgdol  Lofgobds  ymddmbgbBds NADPH-gogojemd
P450-65078sb353, Geogmeg 93 3gdmdtmBgopobsngol  smdwagby-
mo  9d3039m9bB 00l doGamsmds ebmMds, (3Bamas oogzolby  ULbgs
F6J30900 @sBgetogs Pors sommb. 3 3mbabAdal LsbsGagdmne
3389305l 9JL35M0896dmo  3mbs(ydnda, Ae8mndog Aggbl modme-
shm0380 offs dogpdumo [217]) smdcmBbrs, Gm3 sgHsgoobs @
3(396560b  sbsygBo  Bglgmoalowb ghowe  goBmIemd P450-0k  T-
JpemJbopsbap astresgdbol gmbby NADPH-6pmnjdebsb asgobo of-
Bogmdol dsmsmo mby Bgbsdhnbadgmo o3l (6sb. 33). sdazy eAmb
3%0y3s obog, Gmd Boythmlmdgm gGad3esdo  a3zs0s jmmals g963300
0bggblogmds (g.0. ptmJuosbyme sjdogmds) sMedadbmdnstigs Ba-
Gmbals, b&nq»aﬁd-qn‘bosob JM33maflols s Gem30sboeal (sby 07 -
ol ,,3733mFs30“ Baghogdal) dadstrn.  3sBsbawady, 3g6mJlopsbnéd
633J30580 NADPH-60mdB0ebs 8 Uby3phmjboe  s60mb-tawogsmado
dmbsforgmdsl o6 mRmmedgh. gomIemd P450-Ls s (T-356m-
JuosBals) s Gaegddetsl Bméol 3 gdmbzgzeBo  gmbionte
3%30060  23Gg3080mos.  JoMamogmse  3odmgmobes  ghmo  bagyh-
wePe gofder  Gpegddededy  30bafedgdgme 077 gmodogos
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3g6erflogszool  (Qsmmembol  asemgdomol  aedmgmeiel)  asdmogndab
bdodgds, Goboy 98 IAm(glby Bgdmo Rsdmogmomo ,,8783mFsg0"
337600l Bsabdodotigdgmo  BgdmJdgregds ol egdl  (Bsk.  34).
03sbc0b  3m3mBbs, GM3 modaG  3ghmJloesesde  Ggrddebyee
sJBogmdol dbmemme ~50%-3rpg asboymol Ggemobgdsl, bemm oggh-
3960l sbadRgbn 96B0ds gt Loddmeghy dodmmbrdagdde dodwo-
6267 9600a9B 04T 3Gmggbgdl bdsdegds (6sb. 35) [151]

NADPH-(jod}6vnd P450- gopeJénd Pas0-ob
Gyr7lRbyme d]Gogeds, 3:yd(ygammeids,
UM/Go 33 (orpaby Moo T (yoaby

2 120

5.0l //. . —2
10

6 8 10 12 14
b o, weo-ready

6sb. 33. 8376960l sbs4obasb sdm jorgdmadon doygermbmdgddo (3oBm-
J6m3 P450-0b 333(339mmmdabs s NADPH-(308mj6m3 P450-

Ggenddebace sddagmdab (gmomadgdo [217] 1. goBmiéemd
P450-0b 359339emmds. 2. NADPH (ogmjé6emd P450-

G907 Jdobol ojGagmds.
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INTRODUCTION TO COMPARATIVE BIOCHEVIIS-
TRY OF MONOOXYGENASES

Marlen Gordeziani

Summary

The work deals with monooxygenase enzyme sysltem servimg to
neutralize substances of foreign origin (xenobiotics), adapt to stress
conditions and maintain homeostasis in living organisms. It consists of
three components: NADPH-cytochrome-reductase (flavoproteide FP1,
E.N. 1.6.2.4), an initial electron donor, cytochrome bs, an interim € lec-
tron transferor and cytochrome P450 (E.N. 1.14.14.1), a terminaa 1 (fi-
nal) electron acceptor making a common transport redox-chain o f re-
duced equivalents, i.e. it represents a muitienzyme complex [10, 18-
20]. None of the enzymatic systems is able to compete witly this
monooxygenase in diversity of metabolized substrates and its priority,
first is conditioned by extremely low substrate specificity.

Excessive saturation of biosphere with xenobiotics that is chh aarac-
teristic of our century caused certain structural and functional cha nges
in internal “economy” of animal and plant cells and relatively res yilted
in making proper correctives. Effective and fine mechanism agr ainst
these substances, which “forced” them to behave within the cormy mon
pattern of intercellular metabolism, sprang into action. Generally, the
sequence of conversions is directed to lowering (deactivation) o £ bio-
logical activity of xenobiotics, and biodegradation of toxic substg nees
envisages their neutralization (detoxification). In both cases, < yrto-
chrome P450-containing monooxygenase take a central position.

What does the role of this enzymatic system consist jn?
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Most of organic xenobiotics are nonpolar (water insoluble) com-
pounds. They are preferably solved in fats, i.e. are lipophylic, and en-
zyme-oxidases, which should perform their intracellular detoxification,
function mainly in aqueous phase. Therefore, it is necessary that lipo-
phylic molecule of xenobiotic to be preliminarily activated (to over-
come its chemical inertness) and increased its polarity (water solubility)
in order to become more easily accessible to oxidases. The initial stage
of detoxification (functionalization), which is characterized by high en-
ergy of activation, consists in insertion of some polar groups (carboxyl,
epoxy or hydroxyl groups. the most frequently) into the molecule of
xenobiotic. Apparently, the faster xenobiotic penetrated into the cell
becomes functionalized, the more accelerated is complete process of its
further oxidative degradation, i.e. functionalization is a rate-limiting
stage of xenobiotic detoxification and thus, its regulation must be per-
formed at the level of this stage. This is the great biochemical meaning
of allegedly “insignificant” chemical reaction of functionalization cata-
lyzed by cytochrome P450-containing monooxygenase.

Initiation of xenobiotic degradation through the stage of function-
alization is of common character and identical in animals and plants.
Cytochrome P450 reveals special affinity (attraction) towards the
strong hydrophobic substrates. Recognition of substances by them as
“own” substrates is determined not by their “endogenic” or “exogenic”
origin, but by physical and chemical properties of the molecule. It is
shown that penetration of xenobiotic into plant cell is a regulatory sig-
nal, by means of which the significant part of cytochrome P450 (up to
~80%) out of the common pool, is switched from “endogenic” (biosyn-
thetic) to “exogenic” (detoxicative) metabolism, i.e. at the expense of
limiting of biosynthesis, detoxicative process is strengthened. In its
turn, this result indicates that the same isoforms of hemoproteide partic-
ipate in both processes. In addition, at detoxification of xenobiotics in
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animals and plants, cytochrome P450 *“is nourished” with electrons
from both NADH- and NADPH-dependent redox-chains existing in a
microsome, and at this time, the synergistic effect (interference) takes
place. In plant, the initial N-demethylation reaction of dimethylaniline
triples when the NADP/NADH concentration ratio is 1/4. Apparently,
both redox-systems provide most optimally cytochrome P450 with
electrons [30, 31].

In monooxygenase system, cytochrome P450 in the form of ter-
minal oxidase represents a peculiar active center. To perform the act of
hydroxylation, the oxygen to be inserted into the substrate must be
chemically prepared, i.e. activated. In case of reduction by one electron,
a superoxide-anion-radical (03), which is considered as precursor for
other ROS (reactive oxygen species), is obtained from it. Its initiation
in monooxygenase cycle occurs when reduced cytochrome P450-
substrate complex binds to molecular oxygen at high rate. and oxygen-
ated form of hemoproteide appears, i.e. cytochrome P450 also acts as a
generator of reactive oxygen species and that of a true hydroxylation
agent, respectively. The substrate “sets™ just on the site of hemoprotei-
de active center, where its carbon atom directly contacts oxygen con-
nected with heme iron of porphyrine of cytochrome P450 and effective
stereoselective hydroxylation is performed.

At the terminal stage of monooxygenation, the O—-O bound is
cleaved in triple complex (P450—substrate—02) and C—H bound - in
the substrate, and a product of hydroxylation is formed. Hydroxylation
agent (syn. “particle” is also used) applies only one atom from molecu-
lar oxygen, which is called oxen [102], and this atom of oxygen is sup-
plied to the substrate from oxenoid complex. In its turn, oxenoid com-
plex is obtained from the interaction of molecular oxygen with iron an-
ion, or with a certain redox-active ligand (e.g. ascorbate):
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\ﬁ_o\ N \T—Q-.
Fe-=: - 0o=Q —/8 Fe=0 + :.d: (1)
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/C_—O \-/ /C—-—O Oxene

Oxenoid complex

Formation of oxenoid might be considered as a result of water
formation from peroxycomplex:

2H*
RH-Fe?*—0; ——— RH—-[FeO}** + H,0 @)

In the reaction of hydroxylation, when triple complex undergoes
reduction by the second electron, an active complex-1 is formed, and it
may possess different structures (Fe?*0,, Fe3*03, Fe3*0, Fe**0™).
Oz is in singlet or triplet state there, i.e. it is possible to transfer oxygen
atom to substrate in both states. Singlet oxenoid inserts oxygen into the
substrate by three-electron synchronous mechanism and a singlet prod-
uct of reaction is formed. If oxenoid is a triplet, direct insertion of oxy-
gen into the substrate is impossible due to spin prohibition; it is consid-
ered that in this case. oxidation is performed by “cleavage-
recombination of hydrogen”, i.e. by latent-radical mechanism” [42].

The role of endoplasmic membranes, in particular their phospho-
lipid components in functioning of monooxygenase system are dealt
with in the monograph. At present, the earlier concept on biomem-
branes performing only structural function (“rack™ or “fixing block™)
for enzymes has significantly changed and their extremely versatile role
established. The amphyphatic character of these substances makes a
complete basis for confirmation. They are characterized by high fluidi-
ty, heterogeneity in spatial arrangement and asymmetry in lateral ar-
rangement. The essential significance of lipid-protein interaction has
already been reliably demonstrated between microsomal phospholipids
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and monooxygenase systems. The kinetics of monooxygenation reac-
tions is completely subjected to the peculiarities, which are only char-
acteristic for the enzymes functioning in lipid-water biphasic system.

Endoplasmic membrane is a formation of lipid character. This is a
wide class of substances, which apart from lipids themselves contain
sterols, terpenes, prostaglandins, etc. Together with proteins. nucleic
acids and carbohydrates they occupy deserved position in so-called “the
Great four”.

The cytochrome P450-containing monooxygenase represents a
unique enzymatic complex. which has retained at all stages of evolu-
tionary ladder, starting from the most primitive aerobes to mammalians
and eventually. gained the ability to be built into the membrane and rel-
atively, to achieve the highest quinary organizational level, characteris-
tic for multienzymatic systems. In this respect, NAD(P)H-dependent
hydroxylation system of animal liver is considered as an etalon both
structurally and functionally [101].

There is represented the incomplete list of functions (except of yet
unknown ones), pool of which enable to explain the action of many en-
zymes bound with biomembranes under their influence:

1. Formation of active conformation of proteins and its stabilization;

2. Aggregation of certain components into enzyme complexes;

3. Creation of closed uninterrupted structure of protein-enzyme;

4. Creation of optimal conditions for the reactions proceeding in mem-
branes;

5. Facilitation of transportation for fat-soluble (lipophylic) compounds.

The results obtained on sections of liquefied cotyledons of plants
(soya and corn) are given as instance [134]. When treatment of the test
object by detergent (triton X-100), N-demethylation of aminopirine
and dimethylaniline, and dihydroxylation of aniline are inhibited by 65-
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85%. respectively. When phosphatidilcholine (in the form of “row leci-

thin™) is introduced into the incubation liquid, N-demethylation activity

is completely recovered, while p-hydroxylase activity is recovered by

60%. Besides, recovery effect of phospholipid is absolutely the same in

spite of that it is added together with detergent or after detergent inhibi-

tion. Thus, the action of this phospholipid can be explained in two
ways: in the presence of the detergent, it strengthens hydrophobic am-
bient around the cytochrome P450 and makes the enzyme resistant to
the detergent. And as a result of inhibition, it apparently excludes the
detergent from hydrophobic zone of the enzyme and provides recovery
of the native state of its active center. Under the influence of phospha-
tidilcholine may be completely explained and significantly stimulated
the NADPH- and cumene hydroperoxide-dependent N-demethylation
and p-hydroxylation reactions inhibited by copper-tyrosine complex

(low molecular analog of superoxide dismutase) [117]. Supposedly, in

this case, phosphatidilcholine protects hemoproteide from destroying

action of aggressive forms of oxygen, which are generated during inter-
action of copper-tyrosine complex with cumene hydroperoxide.

In general, our data on functional relationship between plant
monooxygenases and membranes are based on the facts as follows:

1. Changes in activity of cytochrome P450 and NADPH-reductase; in
particular, inhibition of NADPH-dependent N- and O-demethylation
reactions and that of reduction rate of cytochrome c or [K3Fe(CN)s]
by CO occur both in microsomal fraction and in its supernatant;

. Soluble (cytosolic) components of monooxygenases are not the
fragments “torn out” from a microsome. The solution obtained by
multiple washing out of microsomes with buffer solution display no
activity;

384
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3. The activity of microsomal monooxygenase drops dramatically at
treatment by ionic detergent (dcoxycholate) and its complete reha-
bilitation (with further stimulation) can be rcached by “raw lccithin.™
Phosphatidilcholine has practically no cffect on activity of soluble
monooxygenasc. i.e. needs no structural organization of membrane
for functioning:

4. Microsomal and cytosolic fractions give spectra characteristic of cy-
tochrome P450 [148-151].

Thus, plants as compared with animals behaved much more “rea-
sonably™ from an evolutionary point of view: they built monooxygen-
ase into the membrane, but at the same time, retaincd its soluble form
as well, by means of which made the defensive barrier more deeply
echeloned.

Oxidation of cholesterol has been studied in plants. This typical
animal sterol with its long “tail” and small hydrophobic “head” con-
taining condensed nucleus is unchangeable component of biomem-
branes, which stabilizes their liquid-mosaic structure through changing
of the density.

The experiments were conducted on thin sections of leaves of vine
variety Rkatsiteli (Vitis vinifera) and Spanish dagger (Yukka gloriosa).
Microsuspension of 4-14C-cholesterol (“cholesterolic milk™) and its ox-
idation intensity was estimated by radioactivity of released 14CO;. The
identification of formed C-metabolites was carried out by paper
chromatography and the radioactivity was measured on SL liquid-
scintillation counter. The respiration intensity (oxygen consumption)
was determined monometrically in Warburg’s apparatus [154, 155].

The conducted experiments have shown that both test plants oxi-
dize A-nucleus of cholesterol stimulated by NADPH. Together with
enhancement of oxygen consumption, increase in 1*CO2 radioactivity
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under its influence is also observed indicating that oxidation of cyclic
component of cholesterol molecule is catalyzed by monooxygenase.
Besides, two oxidation maximums (pH 5.5 and 8.0), depending on pH,
are recorded in leaves of Yucca gloriosa that speaks on participation of
two forms of hemoproteide in the plant.

In order to establish localization of oxidation in mitochondrial cho-
lesterol, intermediates of aerobic respiration (succinate, malate and «-
ketoglutarate) and substrate of phosphorylation (ADP) were applied as
cosubstrates in the experiments. In addition, aminoacids, oxidation
conversions of which are directly connected with the Krebs cycle (glu-
tamate and aspartate) were tested as well. All applied easily oxidazible
substrates significantly increase the yield of 14CO:2 from 4-14C-
choleterol and this stimulating effect is still more strengthened in the
presence of ADP.

Under the influence of 2,4-dinitrophenole, cholesterol oxidation is
dramatically dropped (by ~35-40% in vine, and by ~45-50% — in Yuc-
ca). The obtained results reliably show that oxidation process of this
sterol is in close connection with mitochondrial energetic metabolism.
To verify existence of this connection in reality, direct dependence of
cholesterol on “energy charge” of the environment has additionally
been studied [156]. It is known that direct functional relation between
this parameter and the enzyme activity were established for many en-
zymes. The analogical picture is received in case of cholesterol oxida-
tion in plant: gradual “charge” of adenylate “accumulator” increases
radioactivity of released 14COa.

In combined system of mitochondria and microsomes, reduction
equivalents migrate from low energetic mitochondria to microsomes,
i.e. in respiration chain, the existence of free flow of electrons is re-
quired for this. In case of existence in mixed system of mitochondria
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with high energetic conjugation, N-demethylation of dimethylaniline
and p-nitroanisole is either completely changed or inhibited insignifi-
cantly. Exogenically added cholesterol as well gives similar low inhib-
iting effect. The pure mitochondrial fraction does not oxidize at all
these typical substrates of microsomal monooxygenase system.

Thus, experiments conducted on plants have shown that:

1. Oxidation of cholesterol is a mitochondrial process and cyto-
chrome P450-containing monooxygenase existing in this orga-
nelle demonstrates comparatively high substrate specificity to
sterol;

2. Oxidation of cholesterol is energy-dependent process and its in-
tensity is regulated by energetic status of a mitochondrion.

3. For implementation of mitochondrial control, microsomal hy-
droxylation of xenobiotics requires existence of free flow of
electrons in respiration chain [159].

The fact of cholesterol oxidation in plant is also important as it
confirms the existence of all three types of molecule arrangement (mi-
crosomal, mitochondrial and soluble) for monooxygenase system. Evo-
lutional development gave this enzymatic system wide functional op-
portunity of action and granted a special honorable role of a certain
chemical “windbreak”, i.e. “green filter” to protect from toxicants and
pollutants, useless (unnecessary) for human.

In parallel with oxidation of xenobiotics, peroxidative oxidation of
unsaturated fatty acids (in brief “lipid peroxidation™) occurs in endo-
plasmic reticulum membranes. There are distinguished two enzymatic
(NADPH-dependent) and non-enzymatic (ascorbat-dependent) charac-
ters of this process. In freshly obtained microsomes, foreign com-
pounds have “monopolized” microsomal redox-chain and at this time,
NADPH is mostly applied for hydroxylation. It was reliably shown that
NADPH-cytochrome P450 reductase participates as an essential com-

151



ponent in hydroxylation and lipid peroxidation. The experiments con-
ducted on reconstructed systems established that in addition to
NADPH-reductase. the presence of some factors similar to EDTA-Fe3*
is also necessary for effective course of lipid peroxidation [178, 179].

According to primary concept, cytochrome P450 does not partici-
pate in lipid peroxidation. and the fact that CO does not inhibit the pro-
cess was used as an argument. Later, on the basis of critical revision
there was suggested an idea that the mentioned argument is acceptable
only provided that electron transfer for lipid peroxidation occurs name-
ly on heme group of this hemoproteide. It was convincingly shown that
cytochrome P450 is involved in the process, and at this time, the link-
age of SH-groups of apoenzyme with iron pyrophosphate is accompa-
nied by new centers generating free radicals, which do not undergo in-
hibition by CO. In this case, cytochrome P450 functions not as hemo-
proteide but as nonheme sulphur-containing iron-proteide [180]. Be-
sides, it should be taken into consideration that in microsomal redox-
chain the only acceptor of electrons is cytochrome P450, one SH-group
of which is in its active center and participates in electron transfer.
Therefore, lipid peroxidation is rather susceptible to sulphidrilic poi-
sons (parachlormercuribenzoate, mersalyl and HgClz) [171, 180], i.e.
apoenzyme of cytochrome P450 must be participated in lipid peroxida-
tion. Proceeding from the above mentioned, it is quite possible that also
cytochrome P420, an inactive form of hemoproteide is successfully
involved in the process. In favor of this speaks the conversion of cyto-
chrome P450 to cytochrome P420 by alkalification, when in the course
of lipid peroxidation. changes are not observed at all [181-184].

In microsomal fraction of plant (soya) roots, changes in the reac-
tions of lipid peroxidation (by generation of malonic dialdehyde) and
N-demethylation of dimethylaniline (by formation of formaldehyde)
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have been studied during their simultaneous implementation [198]. The
conducted experiments have shown that iron ions (Fe?") stimulate for-
mation of malonic dialdehyde by ~15% and in the course of this reac-
tion, metal oxidation state (Fe2* or Fe3") has no essential importance.
Apparently, similar to animal microsomes, reducing agent (e.g. ascor-
bate) of Fe3* is in plant microsomes as well. The stimulating effect of
NADPH on this reaction is still weaker (~10%). On the other hand. on
simultaneous application of coenzyme and Fe?’, lipid peroxidation is
enhanced by ~35%. In this case, enzymatic and nonenzymatic oxida-
tion processes of fatty acids are allegedly summarized and character-
ized by enough autonomy due to lack of competition from the part of
xenobiotic hydroxylation. Phophatidilcholine. in parallel with stimula-
tion of N-demethylation by ~20%. inhibits lipid peroxidation by almost
the same level (by ~25%). i.e. this phospholipid controls both process-
es [198].

In order to check out participation of oxygen species in hydroxyla-
tion and lipid peroxidation. compounds (substances) with antioxidant
properties (pyrocatechin, rutin, quercetin, etc.) have been examined in
separate series of experiments. It was turned out that separately all of
them inhibit both processes with more or less intensity, i.e. indicates
their radical character. In spite of that. supposedly, superoxide-anion-
radicals with low biological oxidation ability do not directly participate
in the process, or most probably, the singlet molecular oxygen obtained
as a result of their recombination, by complexification with iron ions,
form oxidative oxenoide particle with medium strength, which per-
forms the investigated reactions through radical mechanism.

Cytochrome P450 also reveals peroxidase activity. Existence of
this phenomenon first was shown in *70s of the last century [199]. It
was found that in liver microsomes, in the presence of such hydrogen
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donor as is N,N,N'\N'-tetramethyl-para-phenylene-diamine (TMPD),
reduction of hydroperoxides to alcohol occurs and this activity is lost
by heating. It is also noteworthy that peroxidase activity of cytochrome
P450 is effectively inhibited by substrates of monooxygenase system
that indicates functioning of oxidized form of hemoproteide in peroxi-
dase reactions. It became known as well that on interaction of hemo-
proteide and hydroperoxides peroxidase complex-I, in which heme iron
is in the high degree of oxidation, is formed {110]. In addition to
TMPD, NADH- and NADPH can be also used as hydrogen donor:

ROOH ROH

~_ “

—Fe3+ - ~FpS5*
P450-Fe> —MPD (NADH, NADPH) | 1>0-Fe

(3)

Destruction of cytochrome P450 is an undesirable process accom-
panying oxidation of hydroperoxides. For instance, cumene hydroper-
oxide destroys not only cytochrome P450, but also cytochrome bs.
Aniline, the substrate of microsomal monooxygenase strongly hinders
destruction of cytochrome P450 by hydroperoxides; addition of inhibi-
tor of radical processes (a-naphtol) also causes significant reduction of
destruction that confirms radical character of this process. The complex
formed by cytochrome P450 and hydroperoxides are destroyed to ac-
tive oxygen-containing radicals:

P450-Fe3* ... HOOR — P450—Fe?* + RO, + H* (4)
P450—Fe?* ... HOOR — P450-Fe3* + RO (5)

Generated RO, and RO’ radicals attack heme or apoenzyme of cy-
tochrome P450 and destroy it trough chemical modification, i.e. en-
zyme is completely deactivated by such mechanism of auto-blocking.

There is very significant and widespread type of chemical modifi-
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cation, which consists in “self-inactivation” of the enzyme at the end of
catalytic activation. It is connected with generation of reactive oxygen
species and intermediates with high reaction ability (quinones, dioles,
epoxides, aldehydes, ketones, etc.). Thus, enzyme-oxidases, which are
directly associated with formation and realization of the listed products
refer to “suicidal™ (“‘self-killer™) enzymes [200-204].

Modification (manipulation) of enzymes by chemical reagents is a
characteristic property of cell and is used due to the circumstances (of-
ten compulsory ones), i.e. it is required for normalization (rehabilita-
tion) of topochemical changes generated in enzyme active center at the
end of catalytic act, or for adaptation to them. This unique ability of
cell is established as a result of long evolutionary process. This unique
ability of cell has been developed as a result of long-term evolutionary
process. Thus, “chemical modification™ is a term with extremely wide
content {205, 206]. Modified enzyme maintains its changed active cen-
ter until chemical groups, causatives of modification are not removed
by other specific enzymes and returned to the initial condition.

On the assumption of chemical character of substrate, there are
three ways of inactivation of cytochrome P450: (1) irreversible con-
nection of metabolites with apoenzyme: (2) almost irreversible connec-
tion of metabolites with heme iron and (3) heme alkylation and destruc-
tion. The first and the third pathways can be performed combined.

More frequently, the inactivation is rather a result of heme degra-
dation than the destruction of apoenzyme [207-210]. The 2B4 isoform
of isolated cytochrome P450 reduced by dithionite undergoes a rapid
inactivation by reactive oxygen species formed during autooxidation
and results in its transformation into inactive cytochrome P420 through
conversion [211].
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One of the illustrative examples of inactivation caused by heme
alkylation is inhibition of cytochrome P450-dependent oxidation of
dodecene acid in rabbit liver microsomes. It was found that ketene, an
intermediate formed in this period of time, causes heme alkylation and
becomes a reason of hemoproteide inactivation [212]. Analogical ex-
periments on microsomes of etiolated seedlings of plant (Vicia faba)
have shown that the main reason of inactivation is acylation of nucleo-
philic residue of one of the aminoacids (supposedly, cysteine or hys-
tidine) close to heme in active center of cytochrome P450 [213, 214].
Thus, the essential difference between inactivation of animal cyto-
chrome P450 and plant cytochrome P450 is that in animal hemoprotei-
de heme undergoes chemical modification, while in plant — apoenzyme
does.

In plant (microsomal fraction obtained from etiolated seedlings of
corn at different ages). during the investigation of peroxidase properties
of cytochrome P450, the attention was focused on those properties, in
which the enzyme displays obvious priority [216]. It was shown that
revealing of peroxidase activity by cytochrome P450 (oxidation of
H,0,-dependent guaiacol fraction), firstly depends on plant age; in this
connection, microsomes were conditionally divided into “young” mi-
crosomes (of up to 7 day-old plants), which are characterized by max-
imal content of hemoproteide and “old”” microsomes (of more than 7-
day old plants), in which its content declines.

In “young” microsomes, peroxidase activity is practically insignif-
icant since there mainly cytochrome P450 and consequently, monooxi-
dase mechanism of oxidation dominates. Together with aging the frac-
tion, this hemoproteide undergoes conversion into inactive cytochrome
P420. and simultaneously, steady increase in peroxidase content and its
activity takes place. It should be noted there that analogical picture is
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observed when intensive aeration of “young” microsomes for 120
minutes: in both cases, 5-fold increase of P420/P450 ratio corresponds
to 1,5-fold increase of peroxidase activity [215, 216].

Spectral analysis of “old™ plant microsomes and commercial prep-
aration of horseradish peroxidase (Reanal Ltd.) confirmed their abso-
lute identity. Both of them reveal absorbance maximum in oxidized (at
420 nm) and reduced (at 432 nm) states. H202-dependent oxidation
intensity of guaiacol in both cases is inhibited with the same effective-
ness by azide, dithionite and ionic detergent (CAPS). Carbon monoxide
has no influence on initiated peroxidase activity. The obtained results
gave a basis to suppose that peroxidase activity in microsomal fraction
belongs to cytochrome P420 {216].

Such chemical modification of one true enzyme — cytochrome
P450 (E.N. 1.14.14.1), when as a result of inactivation, its oxidation
through monooxygenase mechanism is substituted by another true en-
zyme peroxidative (E.N. 1.11.1.1) oxidation, we called enzyme “trans-
formation” since this term reflects more accurately the essence of the
phenomenon. Cytochrome P420, which has gained peroxidative activi-
ty we named as “transformant-peroxidase (T-peroxidase). Its further
reconversion into cytochrome P450 no longer occurs and thus, trans-
formation is an irreversible process {216, 217]. There is no need in
proof the circumstance that the leading role in transformation of cyto-
chrome P450 belongs to reactive oxygen species.

The most principal biochemical designation of cytochrome P450
must be in preventing of accumulation of reactive oxygen species. In
aerobic and “old” microsomes, the enzymatic tandem T-peroxidase-
superoxidedismutase-catalase makes a firm warrantee “to extinguish”
“useless” (“harmful”) part of reactive oxygen species [32, 205, 206].
Under their influence, generating enzyme — cytochrome P450 under-
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goes self-reactivation and the probability of production these undesira-
ble products is destroyed inherently through transformation to peroxi-
dase.

Obviously, as a result of transformation of cytochrome P450, its
electron donor NADPH-reductase should acquire another function.
Moreover, in connection with aeration of microsomal fraction and plant
aging it still maintains high level of activity [217]. Under the condition,
T-peroxidase activity towards tiron, copper-tyrosine complex and ferri-
cyanide (O3 “binding™ agents) are inert, i.e. oxidation of xenobiotics
gets completely free from co-participation of superoxide-anion-
radicals. In parallel, another important fact has been revealed: O3, gen-
erated on reductase is consumed for strengthening (by ~50%) lipid pe-
roxidation that is confirmed by inhibitory effect of above-mentioned
agents on this process. The rest of enzymatic strength of the enzyme
serves to energetic processes proceeding in mitochondria [151].

Close contact between membrane structures is a compulsory con-
dition for transmembrane electron transfer between a microsome and a
mitochondrion [220, 221]. At oxidation of xenobiotics, arrangement of
endoplasmic membranes as vesicles and compact orientation of mito-
chondria were observed by electron microscope. Substrates of mito-
chondrial oxidation (Krebs cycle) reveal stimulating effect for micro-
somal oxidation. This effect is known as “mitochondrial control”. Af-
terwards it was found that electron migration from a mitochondrion to a
microsome is not unilateral process and intensive migration of reducing
equivalents from microsomal redox-chain to mitochondrial respiration
chain is quite possible [222, 223]. In such kind of reciprocal (mutual)
process, cytochrome bs represents an intermediate transferor of elec-
trons, performing a role of a peculiar distributor [223]. As it was estab-
lished, a certain pool of cytochrome bs does not participate directly in
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electron transfer, and still such kind of “unemployed™ cytochromes are
necessary since they serve for searching of contact points between two
membranous structurcs and for equalization of redox-potentials of cy-
tochrome bs (microsomal +24 mV, mitochondrial +40 mV) participat-
ing in transferring process. By means of them waste of energy during
transmigration of electrons is decreased to minimum and they allegedly
move separately in isopotential field [224].

Electron migration from “young™ and “old” microsomes to mito-
chondria was studied in their combined system [225]. NADPH was
added to the fraction of microsomes for reduction of microsomal cyto-
chrome bs (by dropping of extinction at 340 nm), and then mitochon-
drial fraction was added to microsomes and starting from this moment,
in parallel with oxidation of cytochrome bs, reduction of mitochondrial
cic and aa3 cytochromes were recorded. Important results obtained in
these experiments consists in that electron transfer from “young” and
“old” microsomes occur at actually the same intensity, i.e. in migration
of reduced equivalents mainly participate initial and intermediate com-
ponents of redox-chain and this process is not controlled by transfor-
mation of cytochrome P450.

Upon blocking of FeSiu-claster existing between mitochondrial b
and c1 cytochromes by Zn2*-ions, reduction of cic and aa3 cytochromes
is remarkably increased, i.e. shunting occurs via transfer from a micro-
some to a mitochondrion, and in this case, perimitochondrial cyto-
chrome bs must be acted as an intermediate transferor.

Thus, at transformation of cytochrome P450: (1) generation of re-
active oxygen species is significantly limited; (2) detoxification poten-
tial of cell practically does not decrease since T-peroxidase is distin-
guished by universal substrate specificity and high attraction (afTinity)
to diverse toxicants; (3) the initial electron-donor of microsomal redox-
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chain (NADPH-reductase) and intermediate transferor (cytochrome bs)
use mitochondrial respiration chain as terminal acceptor of electrons
and by that combine additional energetic function as well.
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