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Mechanism of Peroxide-supported Hydroxylation by Cytochrome P-450:
Its Formation Pattern of the Active Intermediate

Jeon-Ok Moon* and Ki-Heun Kim
College of Pharmacy, Pusan National University, Pusan 609-735, Korea

Abstract— Peroxidase activity of cytochrome P-450 was examined using N, N-dimethylaniline
(NDA) as a substrate and cumene hydroperoxide (CHP) as an oxidant. The initial rates of the
N-demethylation for varied concentrations of NDA (0.05~0.5 mM) by P-450 at different fixed
concentrations of CHP (0.02~0.2 mM) were determined. The results suggest that P-450 proceeds
its peroxidative reaction by the rapid equilibrium random bi bi mechanism to form a ternary
complex with substrate and oxidant as an active intermediate.
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Scheme I-— Catalytic cycle of cytochrome P-450.
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Fig. 1—Double reciprocal plots for cumene hydropero-
xide-dependent oxidation of N, N-dimethylani-
line by cytochrome P-450. (a) The concentra-
tion of N, N-dimethylaniline was varied while
the cumene hydroperoxide concentration was
held constant at the following values: @, 0.02:
O, 0.04; X, 0.08; m, 0.1; and a, 0.2 mM. (b)
The concentration of cumene hydroperoxide
was varied while the N, N-dimethylaniline co-
ncentration was held constant at the following
values: @, 0.05; O, 0.1; X, 0.2; m, 05mM.
(c) Intercepts on the ordinate axis of (a) were
plotted against the reciprocal of the cumene
hydroperoxide concentration which gave that
intercept. (d) Slopes from (a) were plotted
against the reciprocal of the cumene hydrope-
roxide concentration which gave that slope.

rapid equilibrium”]7& & 4 o}l UubH o 2 pe-
roxidase= ping-pong bi bi 7|75 AFs}al| Zz)3}el)
Al 7148 ALEA] 7] o)7L peroxidaseZ} Ab
A o} wh-g-3hed ﬂi}%*é%(Compound D& A3
o o] Abs}atAge) F Al Al YAE sk A
ofu)glc) P-4504] 79 ojuigh 7]:,Lou o8 nke-
AR 7= 7 ARFoZH P-4500] 7]’55”}5}4
Aol A HAsl= Aksl A3 F A 5A4E duin
715 &tk

A v 2AE eSS} 71225 N, N-dime-

Vol. 37, No. 1, 1993

thylaniline (NDA)-&, 4F3}a] 2+ cumene nyarope-
roxide (CHP)E #sl, 77} & F%& 10mMi} 2
mME vhejo 2 EfAIZ] Aelol 4], P-4502] w3
shge) walAsveEge Arsiac 01, 02
0.5, 1.0 ¥ 2.0 mg =4 A3 AHg-3fod 7t mg A
whg-o] A HaE wotcl 2 A7 1.0 mg proteing
ARERE AR 2R AAE e, 20
mg proteind! ¢ AL AAgoH, g
o2 & 7o wg-A2 2mg protein7hA] A4

"j% Hole)h a2}A 1mg protein 58 2%7F vl
& AlA 18% A8k formaldehydeds A4k
akoich

714wt A FEE
73§21 P-4502] o)) Al 5}nl %ﬂ =& &A1) Fig
l-a= 728 A 4k8i4) 3% (002, 0.04, 0.08, 0.1
2 0.2 mM)el| A Pi—”‘”ﬁ/] °5VFE 71 AFEe o
o] i3l plot&t Zolw Fig. 1-be 72+ dA 714 5%
005, 0.1, 0.2 % 0.5mM)ell A ¥ 2o 55
AbshA] o] Al sl plotdt Aelck 9 graphi=
T3 & FHE A 34T 2HE HASE Qo 4
313 557} 0.02, 0.04, 0.08, 0.1 ¥ 0.2 mM= *H el
wpe} zhzte) 7499 oA Vmaxy 12.2, 24.6, 50.0,
56.2 2 90.1 nmol/min/mg prot. . & H3}s}g]c).

dubHy o 7 peroxidase®] 7%, ping-pong bi bi
7172 RS AYATIER ZhE dA Y AsAlE
ZolA wEgHre A5E VA Fx gl i)
plot3tel AtstAle] Frrl Frighel] wel /AF 1/
Vmax$¢t 1/Kme 7+43hd Km/Vmaxs L A3k 3
48 A o) WbHel, P-4502] 7A$-+= Linewea-
ver-Burk plotd=}, 248 =il 9leiA ping-pong
bi bi 7179 peroxidasest= we} 7|3, AbshA] %
Axe] AAEHAE #Aste] whEE FPK|FHo]
A ALE A et

Fig 1-c 9|34 Vmaxd5§ 4hsha] Fxo] o
ol thall plotdt Zild] F53e] mHeA A
Vmax+ 602 nmol/min/mg prot.°2.2 A5 ¢} Fig.
1-dv= d A AbskA 5ol glei4] 2] Lineweaver-Burk
plot2] A ALE -8 (0.02, 0.04, 0.08, 0.1 = 0.2 mMel|
&l 27+ 0.0896, 0.0468, 0.0254, 0.0231 3 0.0162
k) 2 AFE A sl o] ois) plotdt
Aqld] &9 wAHe —1/Kmeypd —3.8352 4]
Kmcypes 026 mME FA 5 9ich

WA 7)H A, 27t



98 £ -

s NOA
P-450 + NDA : P-450
+ +
CHP CHP
0.26 0.957
c CHP NDA
'iip + NDA N/
P-450 3795  P-450

Scheme II—Dissociation constants (mM) of cytoch-
rome P-450 in the reaction of N, N-dime-
thylaniline (NDA) N-demethylation with
cumene hydroperoxide (CHP).
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