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pite this, turnover of CYP51 occurs in the presence of Fer

and an exogenous ferredoxin reductase3. This appears to be

a rare example of uphill electron transfer in a redox system,

perhaps reflecting a requirement to control carefully the

turnover rate of the CYP51 (and possibly other Mtb P450

partners for Fer).

In recent work, we have determined the high resolution

structure of a key Mtb P450 - CYP121 (encoded by the

Rv2276 gene) (Figure 1). The structure (at 1.06 Å) reveals

several novel features of cytochrome P4504. The heme co-

factor is bound in two distinct conformations (related to

each other by a 1800 rotation about the CHα-Fe-CHδ axis of

the macrocycle), and is „kinked“ by an angle of approx. 300

at one of the pyrrole rings, due to interaction with the side-

chain of Pro346. Several other important residues are im-

mediately obvious, including the hydrogen-bonded Ser237

and Arg386, which dominate local structure above the

heme iron. Two distinct pathways (involving amino acid

residues and water molecules) by which protons can be re-

layed from the protein surface to the heme iron are evident.

These converge at Ser279, which exists in two different

conformations. In each of these positions it contacts one or

other of the pathways to the surface, and in both positions

it is able to pass protons to Arg386 (and on to the heme).

Importantly, studies of drug-binding to CYP121 demon-

strate extremely high affinity for several azole drugs, par-

ticularly econazole and clotrimazole5. The nanomolar K
d

values for these drugs correlate well with MIC values for

their growth inhibitory action against Mycobacterium
smegmatis, providing strong evidence that the potency of

these drugs against mycobacteria derives from their effici-

ent inhibition of CYP121.
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In contrast to the role of catalase, the role of CYP2E1 in

ethanol metabolism in the brain is controversial1,2,3,4. But re-

cent studies demonstrated constitutive expression of

P4502E1 in brain, its differential induction in rat brain regi-

ons by chronic ethanol treatment, and its topographic distri-

bution in rat and human brain5. The purpose of the study was

to clarify the contribution of cytochrome P450 2E1 in oxi-

dation of ethanol to acetaldehyde in the brain tissue. In the

present study we tested the capacity of brain homogenates to

oxidize ethanol through a catalase and cytochrome P450-de-

pendent system using the genetic strains of acatalasemic

mice (IACAT), mice with genetically specified deficiency of

cytochrome P450 2E1 (ICYP2E1KO), double mutants with

genetic deficiency of both catalase and cytochrome P450

2E1 (F3DKO) and control mice (C3H). The accumulation of

ethanol-derived acetaldehyde in brain homogenates incuba-

ted for 30 min in the presence of 50 mM ethanol in IACAT

mice was 47% of control value (P<0.01), in ICYP2E1KO

91% and in F3DKO mice 24% (P<0.01). The level of etha-

nol oxidation by brain tissue in vitro was significantly lower

in F3DKO mice as compared to acatalasemic animals. Pre-

incubation of homogenates with diallyl sulfide (CYP2E1 in-

hibitor) significantly reduced the acetaldehyde accumulation

in control animals 23% (P<0.05). These experiments suggest

that CYP2E1 as well as catalase can play an important role

in ethanol metabolism in the brain.

Supported by 1R21AA12284-01, KO5AA00093,

P50AA03527, RO1-AA12650.
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Polyhalogenated compounds, such as 2,3,7,8-tetrachlo-

rodibenzo-p-dioxin are associated with toxic Uroporphyria1

and also causes alleviation of jaundice in the Gunn rat2

(and references therein). These effects have been attributed

to a microsomal oxidation of uroporphyrinogen and biliru-

bin for which supportive evidence has been obtained in

vitro. CYP1A1 required planar PCBs for these oxidative

reactions while CYP2B required non planar PCBs. Instead

CYP1A2 was capable of oxidation in their absence3. 

We have now used genetically expressed rat CYP1A en-

zymes and confirmed with pure CYP1A1 that increased bi-

lirubin oxidation was caused by the addition of 3,4,3’,4’-

tetrachlorobiphenyl (3,4-TCB). In contrast 2,4,2’,4’-tetra-

chlorobiphenyl (2,4-TCB), the nonplanar isomer, was 

almost inactive. CYP1A2 was more active than CYP1A1 at

oxidizing bilirubin in presence of NADPH alone and reac-

ted to addition of 3,4-TCB with a depression rather than

a stimulation of bilirubin oxidation (Table 1).

We have also tested a bacterial enzyme, CYP102 (a ge-

nerous gift from Prof. Gordon C.K. Roberts of the Univer-

sity of Leicester). Dodecanoic acid and its polyhalogenated

analogue (perfluorododecanoic acid) both stimulated

NADPH oxidation by CYP102, but only the perfluoro ana-

logue stimulated markedly bilirubin oxidation. The analo-

gue exhibited much greater potency than the normal sub-

strate in stimulating NADPH and bilirubin oxidation and

also showed greater affinity for CYP102, as measured by

the binding constant, Ks. The Ks values obtained for the

substrate and halogenated analogue (230 µM and 2.2 µM)

were in fairly close agreement with the EC50 values (app-

rox. 300 and 1.5 µM) obtained for the oxidation of NADPH

and bilirubin by the two compounds. This supports the

view that occupancy of the activesite of the CYP enzyme

by the halogenated substrate analogue is involved in the

oxidative effects we have studied.

The molar stoichiometry ratio between NADPH and O
2

consumption was 1 in the case of the substrate, but appro-

ximated 2 with the perfluoro analogue, suggesting - in the

case of the latter compound - an uncoupled catalytic cycle

Chem. Listy, Symposia, 97 (2003) Forum of Young Scientists – FYS

ultimately leading to full reduction of O
2

to water. In con-

trast, no significant difference was found between dodeca-

noic acid and perfluorododecanoic acid in the amount of

H
2
O

2
produced on incubation of CYP102 in presence of

NADPH (Table 2). We conclude that halogenated substrate

analogues interact with different CYPs to increase produc-

tion of oxidative species, probably by an uncoupling me-

chanism. A role of the ferryl-oxygen intermediate is sug-

gested in the oxidation of biologically important molecu-

les, with possible implications for the therapy of jaundice

and for toxic oxidative reactions, such as uroporphyria and

cancer. 
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Table 1. Effect of either 3,4,3’,4’-tetrachlorobiphenyl (3,4-TCB)
or 2,4,2’,4’-tetrachlorobiphenyl (2,4-TCB) on the rate of bilirubin
oxidation by „supersomes“ preparations containing CYP1A1 or
CYP1A2.

Enzyme Addition Rate of bilirubin oxidation 
(pmol/min)

CYP1A1 DMSO  34.9 ± 8 (4)

3,4-TCB 106.8 ± 11.5 (4)*

2,4-TCB 52.8 ± 5.6 (3)

CYP1A2 DMSO     129.7 ± 45.2 (3)**

3,4-TCB 59.2 ± 7.6 (3)

2,4-TCB 113 ± 31.7 (5)

* P< 0.001, compared with corresponding values obtained after

adding either DMSO (control) or 2,4-TCB
** P< 0.01, compared with DMSO values obtained with CYP1A1

Table 2. Effect of dodecanoic acid or of perfluorododecanoic acid
on the production of H

2
O

2
by CYP102.

Addition (final conc.) H
2
O

2
formed

nmol/m % of NADPH 
oxidized

Dodecanoic acid 

(150 µM) 2.6 ± 0.97 (3) -

Dodecanoic acid 

(150 µM) + NADPH (120 µM) 4.7 ± 1.1 (3) 1.8

Perfluorododecanoic acid 

(1.5 µM) 1.4 ± 0.2 (3) -

Perfluorododecanoic acid 

(1.5 µM) + NADPH (120 µM) 3.7 ± 0.01 (3) 1.93
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