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Abstrakt

Cytochromy P450 jsou rozsahlou skupinou proteinti metabolizujicich
Siroké mnozstvi substratii. Rada z nich se vyznamné podili na metabolismu 16&iv &
jinych xenobiotik v¢etné fady chemickych karcinogenti.

Hemoprotein cytochrom bs je jedno-elektronovy pienaseé elektront
spolupracujici s NADH:cytochrom bs reduktasou 3, ktery je spjaty s metabolismem
zprostiedkovanym cytochromy P450. Cytochrom bs je schopen prostiednictvim
modulace aktivity cytochromd P450 ovliviiovat metabolismus fady latek.

Cilem diserta¢ni prace bylo vyuzit mistné cilenou mutagenezi cytochromi
P450 rodiny 1 k leps§imu porozuméni mechanismu jejich nitroreduktasové aktivity.
Dale byla studovana interakce cytochromu bs s cytochromy P450 podrodiny 1A
pomoci mistn¢ cilené mutageneze jejich predpokladaného kontaktniho rozhrani. V
ramci prace byly takeé, za pouziti kombinace experimentu a teoretickych pfistupt,
studovany rozdily v redukei lidskych cytochromti P450 v intaktnich bakterialnich
bunkach béhem jejich heterologni exprese.

Z vysledki vyplyva, Ze nitroreduktasova aktivita CYP1A1l, CYP1A2 a
CYPI1BI je zprostiedkovana hydroxylovou skupinou v aktivnim misté a jejim
zavedenim lze u CYP1BI1 ziskat artificialné vyvolat nitroreduktasovou aktivitu.
Pomoci mutageneze byly také identifikovany aminokyseliny, které se
pravdépodobné tcastni interakce lidského membranového cytochromu bs S
CYP1A1 a CYP1A2. Dale bylo také zjisténo, ze nekteré cytochromy P450
produkované v bakterialnim systému jsou prakticky kompletné redukovany piimo v
hostitelské buiice, zatimco jiné jsou redukovany jen minimalné. Proteinem,

podilejicim se na tomto jevu je pravdépodobné bakterilni flavoprotein - flavodoxin.



1. Uvod

Cytochromy P450

Cytochromy P450 (CYP) jsou rozsahlou skupinou proteinti obsahujici pfes dvacet
tisic zastupct. Vyskytuji se téméf u vech forem Zivota [1].

Lze je tadit k nékolika typiim Vv zavislosti na homologii ¢i redoxnim systému
dodavajicich jim elektrony potfebné pro jejich reakéni cyklus. Jako elektronové
donory mohou vystupovat bakteridlni rozpustné proteiny nebo savéi membranové
proteiny. Partnery v lidském téle jsou napiiklad NADPH: cytochrom P450
reduktasa (CPR) nebo adrenodoxin se svou NADPH:adrenodoxin reduktasou [2].

V lidském genomu se vyskytuje 57 aktivnich genti cytochromu P450 a 58
mutovanych a neaktivnich pseudogent [3]. Jednou z funkci cytochromi P450 je
metabolismus cizorodych latek (xenobiotik), na kterém se podili pfedev§im enzymy
rodiny 1 az 4 [4]. Jiz dtive byla popsana nitroreduktasova aktivita cytochromt P450
rodiny 1 a na zakladé teoretickych predpokladd uéinénych dle vysledki
molekularniho modelovani byla vyslovena hypotéza, ze ptitomnost aminokyseliny
s hydroxylovou skupinou ve vhodné pozici vazebné kavity je pro tuto aktivitu

nezbytna [5].

Cytochrom bs

Cytochrom bs je hemoprotein, ktery se vyskytuje v mnoha tkanich a jako pfenaseé
elektronu se ucastni celé fady reakci. Mezi né€z naptiklad patii desaturace mastnych
kyselin, redukce methemoglobinu na hemoglobin a biosyntéza cholesterolu [6-8].
Zapojuje se také do biochemické pfemény léCiv a jinych xenobiotik, a to diky
interakcim s nékterymi cytochromy P450 [9]. Jeho membranova forma je
lokalizovana na cytoplazmatické strané endoplazmatického retikula [10].

Cytochrom bs mize byt redukovan NADPH: cytochrom P450 reduktasou nebo

NADH: cytochrom bs reduktasou a zapojovat se tak do reakci katalyzovanych
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cytochromy P450 [11, 12]. Efekt pfitomnosti cytochromu bs je ale vysoce zavisly na
sledovanych reakénich podminkach a pfitomnost tohoto proteinu muze reakci
stimulovat, inhibovat nebo byt vici reakci zcela neutrdlni [13, 14]. V piipadé
podrodiny cytochromti P450 1A jsou V literatute popsany substraty, u nichZ byla
popsana signifikantni stimulace metabolismu pusobenim cytochromu bS5, jsou

znamy ale i takové, pro které nebyl modulaéni efekt pozorovan [15- 20].

NADH:cytochrom bs reduktasa 3

Enzym (CYB5R3) ptenasi elektrony zNADH na cyt bs a Kkatalyzuje
jednoelektronovou redukci ferricytochromu bs na ferrocytochrom bs. Membranova
forma ma vyznamnou funkci v fadé procest, naptiklad pfi syntéze cholesterolu [21].
Bylo prokazano, Ze tento protein mize ve spojeni se svym partnerskym proteinem,
cytochromem bs efektivné prenaset elektrony na ur¢ité CYP bez ptitomnosti CPR
[23, 24].



2. Cile prace

Cile disertacni prace lze rozd¢lit do tii oblasti:

e Oveéfeni moznost interakce a redukce lidskych membranovych cytochromi
P450 s bakteridlnim flavodoxinem a pfispét tak k vysvétleni faktu, Ze
nékteré lidské cytochromy P450 se pfi heterologni expresi v bakterialni
buiice nachazeji v redukovaném stavu.

e Studium vlivu zamény aminokyseliny v aktivnim centru na funkci
cytochromt P450, konkrétné schopnost rodiny CYP1 redukéni cestou
aktivovat aristolochovou kyselinu | (AAl).

e  Studium vlivu lidského membranového cytochromu ps na aktivitu lidskych
membranovych cytochromtt P450 1A1 a 1A2 v pfitomnosti CPR nebo
CYB5R3

3. Material a metody

Material a pouzité metody jsou uvedeny v publikacich, které tvoti piilohu ¢. 1-4 (viz

Seznam publikaci v autoreferatu), pripadné jsou uvedeny v dizertacni praci.

4. Vysledky a diskuse

4.1. Redukce savéich cytochromi P450 v intaktnich bakterialnich
burikach a potencialni role flavodoxinu

V bakteridlnim systému byla sledovana redukce CYP1Al, CYP1A2, CYP2B6,
CYP2D6 a CYP2CS8. Vétsina studovanych proteinii se v bakteriich vyskytovala

v redukované formé, pouze CYP2C8 byl nalezen ptevazné ve formé& oxidované
(Tabulka 1).



Tab. 1 Koncentrace exprimovanych cytochroma P450 v Escherichia coli

(- NazS;04) (- NazS;04) (+ Na;S;04)  (+ Na,S;0,)
Protein c (P450) »C (P420)“ ¢ (P450) ¢ (P420)“
nmol/ml nmol/ml nmol/ml nmol/ml
CYP1A1l 216,5+ 14,4 420,4 + 64,1 152,0 £ 15,1 396,4 +£43,5
CYP1A2 512+ 13,5 94,3 + 48,7 692,7 +£31,3 38,1+ 53,9
CYP2B6 150,5+32,3 423,7+92.4 118,0+ 36,4 2429+ 51,6
CYP2D6 49,5+ 15,1 282,9 £ 66,0 33,7+ 1,8 3432 +42,1
CYP2C8 4289+ 131,6 | 408,1 +£318,4 | 1294,5+2423 | 54,1 £93,6

Nékteré proteiny vykazovaly vy$8i koncentraci spravné ,slozené” formy bez
ptitomnosti dithionié¢itanu sodného (napif. CYP1Al), coz mulze byt zplsobeno
poskozenim proteinu pii dodéani dithioni¢itanu a tvorbou reaktivnich kyslikovych

radikala.

4.2. Studium vlivu mutace polarni aminokyseliny v aktivnim misté
CYP1A1, CYP1A2 a CYP1B1 na jejich enzymovou aktivitu

Aktivita byla studovana vuéi aristolochové kyseling | jako substratu, jejiz pozice
v aktivnim centru byla predikovana pomoci molekularntho modelovani. Na
uvedenou studii navazuje tato ¢ast disertacni prace.

Nejprve byly heterologni expresi ziskany proteiny CYP1A1l, CYP1A2 a CYPI1BI,
poté i jejich mutanti CYP1A1-S122A, CYP1A2-T124V a CYP1B1-A133S. Tyto
zmeény vedly bud’ k odstranéni, nebo ptidani hydroxylové skupiny do aktivniho
centra. Aktivita proteind, ve spojeni s jejich partnerskym proteinem CPR, byla
oveiena prza pouziti markerovych substratti a ackoliv byla aktivita mutantt snizena,
pokles nebyl natolik silny, aby znemoznil stanoveni aktivity viéi aristolochové

kyseliné I.



Hlavnim vysledkem bylo stanoveni aktivity proteini v redukéni pfeméné
zminéného substratu, ktera vede k produkei reaktivnich metabolitd tvoficich adukty
s DNA. Pravé pomoci metody kvantifikujici mnozstvi adukti s DNA byla aktivita

enzymd stanovena (Obrazek 1).

]

.L I

wT 5122A - WT T 24\! - W'T Al 335
1B1

Obr. 1 Kvantifikace aduktu DNA vznlklych z redukénich  metaboliti
aristolochové kyseliny | aktivaci exprimovanymi CYP v rekonstituovanych
systémech

ND predstavuje nedetekovatelné mnozstvi aduktd; vysledky jsou vztazeny na
aktivitu samotné CPR. Signifikance vzorku je stanovena proti vzorku obsahujici
stejny CYP bez obsahu cyt bs.

potet DNA adukt( / 10F nukleotidd

Aktivita mutanti CYP1A1l a CYP1A2 byla vyznamné snizena oproti aktivité jejich
prirozenych forem. Oproti tomu, zavedeni hydroxylové skupiny do pfirozené formy
CYPIBI zvysila tvorbu adukti na hodnoty témét srovnatelné s aktivitou pfirozené
formy CYP1AL.

Absence hydroxylové skupiny v proteinech CYP1Al S122A a CYP1A2 T124V
vede ke sniZzené schopnosti redukce nitroskupiny aristolochové kyseliny I a tim ke
snizené tvorbé aduktd s DNA. Naproti tomu, mutant proteinu CYP1B1 A133S
obsahujici serin, vykazuje v této pfeméné zvySenou aktivitu. Prokazalo se tedy, Ze
ptitomnost vhodné umisténé hydroxylové skupiny je dalezita pro nitroreduktasovou
aktivity CYP rodiny 1 vici AAL



4.3. Studium aktivity lidskych rekombinantnich cytochromi P450
Vv rekonstituovanych systémech
Cytochrom bs pozitivné moduloval aktivitu CYP1A1l (Obrazek 2) a CYP1A2

(Obrazek 3) vici viem testovanym substratam.
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Obr. 2 Ovlivnéni metabolické aktivity CYP1A1 pritomnosti piirozené formy
cytochromu bs

Oranzové sloupce — aktivita vici Sudanu I; fialové sloupce — aktivita vuci
fenacetinu. Molarni pomér cyt bs vi¢i CYP1Al byl rtzny, coz je naznaceno
nasobkem mnozstvi cyt bs na popiscich horizontalni osy.
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Obr. 3 Ovlivnéni metabolické aktivity CYP1A2 pritomnosti prirozené formy
cytochromu bs

Oranzové sloupce — aktivita vuéi Sudanu I; fialové sloupce — aktivita vuéi
fenacetinu; zelené sloupce — aktivita viuci acetanilidu; modré sloupce — aktivita viaci
lidokainu. Molarni pomér cyt bs vi¢i CYPIA1 byl rizny, coz je naznafeno
nasobkem mnozstvi cyt bs na popiscich horizontalni osy.

V pfipad¢ vlivu mutaci cytochromu bs 1ze jako hlavni vysledky oznacit poznani
vlivu mutaci tohoto proteinu na aktivitu CYP1A2 v ptipadé reakce s fenacetinem a

acetanilidem (Obrazek 4).
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Obr. 4 Ovlivnéni metabolické aktivity CYP1A2 vudi fenacetinu (A) a
acetanilidu (B) v pFitomnosti mutantii cytochromu bs
Molarni pomér CYP1A2 a cyt bs byl 1:10.
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Z téchto vysledkl se jako mozna rezidua cytochromu bs zapojena do interakce
s CYP1A2 jevi aminokyseliny E48, E49 a D65. Z vysledkt zjisténych pro CYP1ALl
1ze jako moznou interakéni aminokyselinu oznadit pouze D65.

V piipad¢ sledovani ovlivnéni modulace cytochromem bs pomoci mutanti
samotnych cytochromit P450 byl zvolen syst¢ém s NADPH:cytochrom P450
reduktasou a také systém obsahujici pouze cytochrom bs a NADH:cytochrom bsg
reduktasa. Druhy systém neni ovlivnén aktivitou samotné NADPH:cytochrom P450
reduktasy pfenasejici elektrony i mimo cytochrom bs a mize tak poskytovat méné
zkreslené informace o vlivu mutaci na CYP1A1l a CYP1A2. Vysledky pfemény

Sudanu | testovanymi enzymovymi systémy ukazuje obrazek 5.
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Obr. 5 Aktivita mutanti CYP1A1 (A) nebo CYP1A2 (B) rekonstituovanych
s CYB5R3 a cyt bs viici Sudanu I

Molarni pomér CYP : cyt bs : CYB5R3 byl 1:10:1; v experimentech byl pouZzit
NADH jako kofaktor CYB5RS3.

Ze ziskanych vysledkl se jako mozné aminokyseliny CYP1Al zapojené do
interakce s cytochromem bs jevi R135, Q139 a K454. V piipadé CYP1A2 se mize
jednat o aminokyseliny R137, Q141R a K455.
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Zavéry

e  Cytochromy P450 mohou byt redukovany v bakterii Escherichia coli.

e  Aktivaéni pfeména aristolochové kyseliny 1 cytochromy P450 rodiny 1 je
ovlivnéna typem aminokyseliny v aktivnim centru.

e  Cytochrom bs stimuluje enzymovou aktivitu CYP1Al a CYP1A2.

e Aminokyselina D65 na cytochromu bs miZe byt zapojeno do interakce
s CYP podrodiny 1A.

o Aminokyseliny R135, Q139 a K454 cytochromu P450 1A1 mohou byt
zapojena do interakce s cytochromem bs.

o Aminokyseliny R137, Q141 a K455 cytochromu P450 1A2 mohou byt
zapojena do interakce s cytochromem bs.

e  Cytochromy P450 rodiny 1 mohou byt v reakci se Sudanem I podporovany

jen samotnym cytochromem bs a NADH:cytochrom bs reduktasou 3.
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Abstract

Cytochromes P450 represent a large group of proteins metabolizing variety of
substrates. Many of them are responsible for metabolism of xenobiotics including
drugs and chemical carcinogens.

Heme-protein cytochrome bs is a single-electron donor cooperating with a
NADPH:cytochrome P450 reductase and NADH:cytochrome bs reductase 3
enzyme. Cytochrome bs can affect the xenobiotic metabolism via modulation of the
cytochromes P450 activity.

One of the goals of the Ph.D. thesis was to utilize site directed mutagenesis of
cytochromes P450 family 1 to elucidate the mechanism of their nitroreductase
activity. Another aim was to study the interaction between cytochrome bs and
cytochromes P450 of the 1A subfamily using site directed mutagenesis on presumed
protein-protein contact interface. Another goal was to utilize the combination of
theoretical and experimental approaches to explain variance in the reduction state of
several human cytochromes P450 heterologously expressed in intact bacterial cells.
The results found in the thesis show that nitroreductase activity of CYP1AL,
CYP1A2 and CYP1BL1 is mediated by the presence of a particular hydroxyl group in
their active centre. Single mutation introducing a hydroxyl group to the specific part
of CYP1BL1 active site to the active site turned on its artificial nitroreductase
activity. Other results identified several amino acids residues located on the contact
of cytochrome bs with CYP1A1 or CYP1AZ2. Finally the results of combined
theoretical and experimental approaches suggest that the differences in reduction
state of human cytochromes P450 heterologously expressed in intact bacterial cells,
which can be related to the differences in their interaction with bacterial electron

donating protein - flavodoxin.



8. Introduction

Cytochromes P450

Cytochromes P450 (CYPs) are a large group of proteins comprising over 20 000
members. These proteins can be found in most forms of life [1].

CYPs can be divided into several groups according to their partner protein or
proteins delivering electrons necessary for their reaction cycle. Such group of
electron donors may comprise bacterial soluble proteins or mammalian membrane-
bound proteins. Human proteins delivering electrons to the CYPs includes, for
example, NADPH:cytochrome P450 reductase (CPR) and/or adrenodoxin in
cooperation with NADPH:adrenodoxin reductase [2].

Human DNA codes 57 active genes and 58 highly mutated and non-functional
pseudogenes [3]. CYPs of family 1-4 are major enzymes responsible for the
xenobiotic metabolism [4]. Family 1 proteins possess an active centre containing a
cavity surrounded by aminoacids, which can stabilize the binding of substrate in this
cavity. Molecular modeling suggested the possible role of one structural position on
the side of the cavity. It was suggested, that the presence of aminoacid possessing a
hydroxyl group in this particular position may be important for the nitroreductase
activity of CYP1 enzymes [5].

Cytochrome bs

Cytochrome bs (cyt bs) is localized in many tissues and serves as an electron
transfer protein involved in many important biochemical reactions including
biosnthesis of fatty acids and cholesterol or methemoglobin reduction and
cholesterol biosynthesis [6- 8]. This protein can also interact with the CYPs and
plays also a role in the xenobiotic metabolism [9]. Its membrane-bound form is

localized on the outer side of the endoplasmic reticulum membrane [10].
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Cytochrome bs is reduced by the CPR or its own partner, NADH:cytochrome bg
reductase 3 (CYB5R3), and serve as an electron donor to CYP mediated reactions
[11, 12]. The effect is extremely dependent on reaction conditions. The presence of
the cytochrome bs can stimulate, inhibit have no effect on the reaction [13, 14]. The
effect of cytochrome bs on the cytochromes P450 family 1 is not unambiguously
described. The effect was not observed in relation to some substrates, but the

stimulation was confirmed for several other substrates [15-20].

NADH:cytochrome bs reductase 3

NADH:cytochrome bs reductase (CYB5R3) transfers electrons from NADH to
cytochrome bs. It mediates single electron reduction of ferricytochrome bs to
ferrocytochrome bs. The membrane-bound form of CYB5R3 plays a role in many
important biochemical reactions, for example for cholesterol synthesis [21].

The CYB5R3 in cooperation with cyt bs can provide electrons to CYPs and
therefore support their catalytic function even without the presence of the CPR [23,
24].



9. Aims of the Study

The main objectives of the doctoral thesis were as follows:

e To investigate the possibility of interaction of human membrane-bound
cytochromes P450 with a bacterial flavodoxin and therefore explay the
observed presence of the heterologously expressed human CYPs in their
reduced form in bacterial cells.

e To elucidate the influence of amino acid mutations in the active site of
cytochromes P450 of the family 1 on their nitroreductase activity toward
aristolochic acid 1.

e To study the influence of the human membrane-bound cytochrome bs on
the activity of the human membrane-bound cytochromes P450 1Al and
1A2 in the presence of CPR or CYB5R3,

10. Material and Methods

Materials and used methods are described in publications concerning the research of

the dissertation thesis (see Publications 1-4) and the Ph.D. thesis.



11. Results and Discussion

4.1. Reduction of mammalian cytochromes P450 in the intact bacterial
cells and potential role of flavodoxin

The reduction of human CYP1A1, CYP1A2, CYP2B6, CYP2D6 and CYP2C8 in
the bacterial system was monitor spectroscopically. Majority of CYPs was found to
be reduced readily, only CYP2C8 was found to be present mostly in the oxidized
form (Table 1).

Tab. 1 Concentration of expressed cytochromes P450 in Escherichia coli

(- Na,S;04) (- Na,S,04) (+ NayS;04) (+ NayS;04)

Protein c (P450) »C (P420)« ¢ (P450) »C (P420)«
nmol/ml nmol/ml nmol/ml nmol/ml

216,5 + 14,4

CYP1A2 512+13,5 94,3 +£48,7 692,7 +31,3 38,1+ 53,9

CYP2B6 150,5+32,3 423,7+924 118,0 £ 36,4 2429+ 51,6

CYP2D6 49,5+ 15,1 282,9 £ 66,0 33,7+ 1,8 3432 +42,1
CYP2C8 428,9+ 131,6 | 408,1 £318,4 | 129452423 | 54,1 £93,6

Some proteins were present in higher concentration prior addition of sodium
dithionite (e.g. CYP1AL). It might be attributed to the possible inactivation of the
active enzyme by the excess of the dithionite and the subsequent elevated

production of the reactive oxygen species.

4.2. Influence of the polar residue mutation in the active site of
CYP1A1, CYP1A2 and CYP1B1 on their enzymatic activity
The study followed the theoretical study proposing a role of serine and threonine

resdiues for CYP1A1/2 catalyzed nitroreduction of aristolochic acid I.
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Mutant forms CYP1A1-S122A, CYP1A2-T124V and CYP1B1-A133S were
prepared by heterologous expression. Described mutations resulted in the
elimination or addition of the hydroxyl groups in the active centres of evaluated
proteins. Enzymatic activities of expressed mutant proteins were verified by their
activity toward marker substrates. Even though the activity of the mutant proteins
was lower in comparison to natural proteins, the decrease in activity was not so high
to prohibit the determination of the nitroreductase activity to aristolochic acid |

measured by detection and quantification of DNA adducts (Figure 1).
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Fig. 1 Quantification of formation of DNA adducts with activated aristolochic
acid I catalyzed by expressed CYPs present in reconstituted systems

ND represents “not detected”; Amounts of adducts generated in the reference
system containing only CPR were subtracted in order to eliminate the background.

Nitroreductase activity of mutant forms of CYP1Al and CYP1A2 towards
aristolochic acid 1 was significantly decreased after removal of amino acids
containing the important hydroxyl group, mutants S122A (CYP1Al) and T124V
(CYP1A2). In contrast, addition of the hydroxyl group into the natural form of
CYP1B1 led to significant increase in the nitroreductase activity, which almost
reached the activity of natural CYP1AL.



It was shown, that the presence of the conveniently localized hydroxy group is
important for nitroreductase activity of CYPs of family family 1 towards

aristolochic acid I.

4.3. Study of activity of human recombinant cytochromes P450 in
reconstitution system

Presence of cytochrome bs positively modulated the activity of CYP1AL (Figure 2)
and CYP1A2 (Figure 3) towards all studied substrates (Sudan I, phenacetin,

acetanilide and lidocaine).
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Fig. 2 Influence of cytochrome bs on metabolic activity of CYP1Al

Orange blocks — activity towards Sudan I; purple blocks— activity towards
phenacetin. Molar ratio of cyt by towards CYP1A1 was different, as indicated by the
horizontal axis description.
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Fig. 3 Influence of cytochrome bs on metabolic activity of CYP1A2

Orange blocks — activity towards Sudan I; purple blocks— activity towards
phenacetin; green blocks — activity towards acetanilide; blue block — activity
towards lidocaine. Molar ratio of cyt bs towards CYP1A2 was different, as indicated
by the horizontal axis description.

In case of the influence of mutated forms of cytochrome bs on the activity of the
CYP family 1, we observed varying effects on the activity of CYP1A2 towards
phenacetin and acetanilide (Figure 4).
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Fig. 4 Influence of mutated forms of cytochrome bs on metabolic activity of
CYP1AZ2 towards phenacetin (A and acetanilide (B)
Molar ratio of CYP1A2 and cyt bs was 1:10.
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These results show that the cytochrome b residues E48, E49 and D65 are important
for interaction with CYP1A2. Other set of results for CYP1A1 indicates only the
role of D65.

In case of cytochrome bs mediated effects on mutant forms of cytochrome P450
1A1/2, the activity towards a variety of substrates was measured in the system
containing NADPH:cytochrome P450 reductase or only cytochrom bs and
NADH:cytochrom bs reductase 3. The second mentioned reconstitution system is
not influenced by activity of NADPH:cytochrome P450 reductase also affected by
the mutations.
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Fig. 5 Activity of mutants CYP1Al (A) or CYP1A2 (B) reconstited with
CYB5R3 amd cyt bs towards Sudan |

Molar ratio CYP : cyt bs : CYB5R3 was 1:10:1; NADH was used as cofactor of
CYBS5R3.

Results of the Sudan | oxidation (Figure 5) indicate that the possible amino acids of
CYP1ALl potentially involved in interaction with cytochrome bs are R135, Q139 and
K454 and for CYP1A2 amino acids R137, Q141 and K455.
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12. Conclusion

e  Cytochromes P450 interacting with flavodoxin can be reduced
in Escherichia coli cells.

e  The presence of serin or threonin residues in active site of cytochromes
P450 family 1 is important for metabolism of aristolochic acid | by these
enzymes.

e  Cytochrome bs stimulate activity of CYP1ALl and CYP1A2 for Sudan I,
phenacetin, acetanilide and lidocaine.

e The amino acid D65 of cytochrome bs is potentially involved in interaction
with CYP subfamily 1A

e  Aminoacids R135, Q139 and K454 of cytochrome P450 1A1 can be
involved in interaction with cytochrome bg

e Aminoacids R137, Q141 and K455 of cytochrome P450 1A2 can be
involved in interaction with cytochrome bs

e  Cytochromes P450 family 1 can be supported solely by cytochrome bs and

NADH:cytochrome bs reductase 3 in their metabolic oxidation of Sudan |
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