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Abstract-The absence of correlation between the effect of aniline and aminoantipyrine der- 
ivatives on the rates of reduction reactions of cytochrome P-450 and the rate of oxidation 
of these substrates allows one to suppose that the reductase reaction is not the rate limiting 
step of hydroxylation for all substrates. K, has been found to be directly proportional to 
v rnsx of hydroxylated substrates. Hence, in these reactions the K, value is not determined 
by the value I<, but by the (k+,,‘k_, ) ratio and K, does not characterize the affinity of 
cytochrome P-450 to substrates. Calculations have been made to show that cytochrome P- 
450 may form two types of enzyme-substrate complexes containing one or two substrate 
molecules. The complex in which one molecule of cytochrome P-450 binds one substrate 
moiecule is believed to be active. 

AT PRESENT the most well-known point of view is that reduction of cytochrome P-450 
or its complex with the substrate is a rate limiting step of hydroxylation.‘-” But there 
exists a different opinion according to which the rate of hydroxylation correlates with 
the amplitude of spectral changes arizing when cytochrome P-4%substrate com- 
plex is formed and is, consequently, determined by the given reaction.4-6 Thus in 
accordance with these views the rate limiting step of hydroxylation should be local- 
ized at one of the first sites of such reactions: either when the enzyme-substrate com- 
plex is formed, or when it is reduced. 

To verify these concepts, we have studied the rate of hydroxylation of certain ani- 
line and aminoantipyrine derivatives. The effect ofthese compounds on the NA DPHA 
cytochrome P-450 reductase activity and the magnitude of spectral changes caused 
by the formation of complexes of these compounds with cytochrome P-450 was also 
measured. It was supposed that should correlation between the hydroxylation rate 
and one of the above values exist. the rate limiting step of oxidation might be eluci- 
dated. 

MATERIALS AND METHODS 

Chemicals. NADPH was obtained from C. F. Boehringer. Succinate (disodium 
salt), rotenone and albumin (V fraction) were purchased from Sigma Chemical Co. 
Tris (hydroxymethyl aminomethane) was obtained from Calbiochem, U.S.A. Mono- 
methylaniline (MMA), monometylaminoantipyrine (MAP). formylaminoantipyrine 
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(FAP) and arninoantil~yril~e (AP) wcr~‘ s~liti~csj~ed at Research Institute of C‘hemical 
Pharmacology. Dimethylaniline (DMA) heforc being used was sublimated at 193 
in v~uum, MMA at 86 , MAP M’~S rccrystallizcd. X-oxide of DMA was synthe- 

sized from DMA in our laborator). according to the mcthod by Chernova and Hoh- 

iov.? DMA. MMA and aniline were dissolved in OG5’N HCI; N-oxide of DMA in 
alcohol; dimethylaminoantipyrine (DAP). MAP, FAP and AP- -in distilled water. 

ilniw~ls. Normally fed 1.50-200 g: male rats were used. 
i~li~~nsclnle~~u~,~~~~~zu~jf?~~. Homogenate from liver tissue was obtained as described 

previously.’ Mitochon&ia and nuclei were sedimented at 9600 q for 15 min at (f-4 
in a Hi~ll-Speed-18 (MSE) cclitrif~i~c. The ~~~icrosorn~~l fraction was isolated from 
supernntant at 105.OOOg for I hr in a VAC-601 (Janetzki) centrifuge. Microsomal 
~~~cinbr~~~~cs wcrc resuspended in 0~15 M KCI. Microsomal protein was measured by 
the method of Lo\vrF c’f (I!.” in prcscncc of @I”,, sodium deoxycholatc with cr>stallinc 
bo\,inr: albumin as the stundurd, 

f3tz.1~1~ r~.ssc~.~~. The reaction rate of the X-dcmethylation of DMA. MMA, X-oxide 
of DMA. D.4P and MAP was determined by the quantity of the form~~ldehyde (FA) 
li~rmcd. One millilitrc of the incubation medium contnincd 40 mM Tris HCl. pH 74: 
I6 mM MgC12; 3 mM NADPH. When the rate of DMA, DAP and MAP demethyla- 
tion wx determined the microsomal protein content WXG 2.5 mg. but when MM/t 
and /\‘-oxide of DMA wcrc used as substrates. it was 5- 7 mg. The reaction was ill- 
it&ted h> adding substrata at diirerent concentrations. The permanently shaken 
mixture teas incuhatcd at 37 for 70 min (to dctcrminc the MMA dc~lctllyi~ltion rate. 
the incubation was carried out for 30 mini. The reaction was interrupted by adding 
0.25 ml ofthc mixture. ct~nt~~iliill~ equal volumes of IY’,‘, ZnSO, and Ba(OH),. After 
that the samples wcrc centrifuged in II CLN-2 centrifuge at 3000 g for IO min. The 
colour reaction ws performed hq tho micromothod as prc\;iously described.” Tho 
colour reaction of the ~~-dcn~cth~l~~tiorl of MMA was performed bk the method of 
Nash.“‘Thc rate of R:-$emeth~lation reaction is expressed as nmoles of FA:‘min per 

mp of microsomal protein. 
The rate of ~~-llydroxyl~ltioI~ of ~~IliliIle and DMA in the ~~-positi~~n was determined 

by the quantity of p-aminophenols formed. One millilitre of the incubation mixture 
contained 40 mM Tris-HCl, pH 7.4: 16 mM MgC12; 3 mM NADPH: 4 mg of micro- 
somal protein. Aniline and DMA were added to the incLib~~tio~1 mixture at ditfcrent 
concentrations. The incubution was curried out at 37 for 20 min with continuous 
shaking. The reaction was interrupted by addingO. ml of IY’,, trichloracetic acid. The 
samples wrc centrifuged in a CLN-7 centrifupc at 3000 g for IO min. The content 
of ),-aminophenols was determined by adding 0.5 ml of 10”,, sodium carbonate and 
I.5 ml of ?“i, phenol to I.0 ml of the supernatant. The incubation was carried out for 
30 min in :I water bath at 37 . The measurements wcrc taken on a Hitachi-124 spec- 
trophototneter at 630 nm. The molar extinction coellicicnt of p-aminophenol \+as 

10 cm -- ’ mM -. I. The WIG of !I-hydroxylation reaction is expressed as nmoles of 

p-flqdroxq of DMA or ~lniline~min per mg of microsomal protein. The composition 
of the incubation medium in the enzymic hydroxylation reactions was chosen SO as 
to ensure a zero order reaction for 30 30 min with respect to the substrates. 

~~,r(~~~?~‘~)~?~~~ P-450 mrt~t~r7t. Microsomal cytochrome P-450 was determined by its 
carbon monoxide difference spectrum after reduction with Na,S,O,.’ ’ Cytochrome 
P-450 content was l~le~~sL]red on ;t SF-IO spectrophotonletcr by the difference in 
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absorbance between 450-490 nm and was calculated per mg of microsomal protein. 
Extinction coefficient for cytochrome P-450 was 9 I cm- 1 mM- i. 

A study of thr su~st~fft~ ~i}2~jFz~. Microsomes were diluted to 3 mg protein/ml with 
40 mM Tris-HCl, pH 7.4. Measurements were carried out at room temperature. Ser- 
ial additions of substrate to a cuvette eontaining 3.0 ml of mixture. were made and 
after each addition the differential spectrum was recorded between 350-520 nm using 
the Shimadzu MPS-SOL split-beam spectrophotometer. The difference in absorbance 
between two predetermined wavelengths was taken, The substrates which are the 
derivatives of the aniline were added at a final concentrations ranging from 0.1 to 
2.4 mM and the derivatives of the aminoantipyrine-from 0.2 to 4.0 mM. 

Plottifrg rrsults. The K, and V,,, values were calculated according to the method 
of Lineweaver-Burk.” I<, (the spectral dissociation constant) and AO.D.,,, (maxi- 
mal spectral change) were calculated from Lineweaver-Burk plots and also taking 
into account the possibility of formation of an enzyme complex with two molecules 
of the substrate.’ ’ 

NADPHA ~~,f~~~~~o~~~~ P-450 ~~~iill(,~{~s~~ wficity. The reduction rate of cytochrome 
P-450 was measured in anaerobic conditions in the presence of hydroxyl~tion sub- 
stratesona Hitachi-356 spectrophotomtier. The incubation mixture contained 50 mM 
Tris--HCl, pH 7.4; 16 mM MgCl,; microsomal protein (1 mgiml). Total volume of 
the incubation mixture was 3.0 ml. To citsure anaerobic conditions “sonic” submito- 
chondrial particles, obtained by the method of Hansen rt ~1.‘~ (3 mg of protein), 
15 mM succinate and 2.0 PM rotenone were added to the microsomal suspensions. 
Before the measurements the incubation medium was gassed with CO for 1 min. The 
reaction was initiated by adding 4OpM NADPH to the incubation medium. 
Measurements were carried out at 25 ‘. The reaction rate was calculated as described 
by Gigon et al.’ ’ 

RESULTS AND DISCUSSION 

The data on determination of I(, and r/,,, with the derivatives of the aniline and 
aminoantipyrine used as substrates are summed up in Table 1 and Fig. la, b. It is 

TABLE 1 a THE KINETIC PARAMETERS OF TH1- HYDROSYLATWN REACTIONS OF THE DERIVATIVES OF ANtLINt AND 

AMINOANT~PYRl~L* 

Substrate 

The 
reaction 
product 

J’max 
ls (nmoles;min per k+?, min-‘t 

(mfi) mg of protein) (apparent) 

Anihne scrie 

DMA 

MMA 
Aniline 
&I-oxide of DMA 

FA 
p-hydroxy of DMA 

FA 
p-hydroxy of aniline 

FA 

066 6.2 7.0 
0.26 0.53 0.6 
0.50 4.8 5.3 
0.14 (k57 063 

70 17 1Y 

DAP 
MAP 

FA 
FA 

Aminoantipyrine serie 
042 
0.62 

4.1 4.5 
5.4 6‘0 

* Resuits are given as an average from four to five experiments. 
t k + z min - ’ are calculated as k’,,, of the hydroxylation reaction per nmole of cytochrome P-450. The 

cytochrome P-450 content in these experiments was on an average 0.9 nmoles!mg of microsomal protein. 
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l&S], mMmi; Ix SO/[N-oxide of DMAl,mM-’ 

FIG. I. The dependence of the hydroxylation rate of the derivatives of the aniline and aminoantipyrine 
on the substrate concentrations. (a) The rate of the p-hydroxqlation of DMA ( x ) and aniline (0) in 
expressed as nmoles of p-hydroxy of DMA or aniline;min per mg of microsomal protein. (b) The rate 
of the N-demethylation of MMA (0). DMA (Cl), S-oxide of DMA (0). DAP (r) and MAP (Al is 
expressed as nmoles of FAjmin per mg of microsotnal protein, Results are expressed as an average from 

four to five experimenls. 

seen from these data that the rate of hydroxylation is not the same for different sub- 
strates It ranges from O-6 to 19 nmoles,!min per nmole of cytochrome P-450. The 
data obtained testify to the fact that cytochrome P-450 displays a certain selectivity 

with respect to the substrates. It was interesting to elucidate on what factors I’,,, 
depends. 

A comparative analysis of the rate of hydroxylation of the DMA ring and that of 
oxidation of its methyl group shows that it is not always reduction of the enzyme- 
substrate complex in the NADPH oxidation chain is the rate limiting step of hy- 
droxylation. In fact it is clearly seen in Fig. 2a that DMA. on being bound to cyto- 
chrome P-450, accelerates the reduction of the cytochrome P-45@-DMA complex in 
the NADPH oxidation chain. Thereby the reaction of den~ethyl~ltion proceeds at a 
much higher rate (V,,, = 6.2 nmolesjmin per mg) than that of p-hydroxylation 
(If,,, = 0.53 nmoles/min per mgj. as though in both cases the reduction rate of the 
cytochrome P-45C-DMA complex is the same. And what is more. the retardation 
of this reaction when DMA is substituted by aniline (Fig, 2a) does not affect the value 

of the maximal rate of the p-hydroxylation (C’,,, = 0,57 nmoles’min per mg). Exactly 
the same absence of correlation is observed between the demettly~~ltion rate of the 
:V-oxide of DMA and the reduction rate of the ?v’-oxide of DMA cytochrome P-450 
complex (cf. the data in Table I and Fig. 2a). Almost similar values of t’,,, in the 
demethylation reactions of DAP and MAP do not correlate with the effects of these 
compounds on the cytochrome P-450 reduction rate. DAP accelerates this reaction 
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FIG. 2. Reduction of microsomal cytochrome P-450 by NADPH in the presence of the derivatives aniline 
(a) and aminoantipyrine (b). The reduction rate of cytochrome P-450 was measured in anaerobic 
conditions, The incubation mixture contained 50 mM Tris-HCl buffer, pH 7.4; 16 mM M&l,; 
microsomal protein (1 mg/ml). Total volume of the incubation mixture was 3.0 ml. Before the 
measurements the mict%somal suspension was carefully gassed with CO for 1 min. Measurements were 
carried out at 25”. The experiment was repeated in the presence of DMA (0.7 mM); MMA 
(I.6 mM); aniline (1.5 mM); N-oxide of DMA (4 mM); AP (6 mM); DAP (2 mM); MAP (3.3 mM), 

The arrow indicates the moment when 40 ,uM NADPH was added to the incubation mixture. 

whereas MAP inhibits it very little if at all (Fig. 2b). The results obtained allow a 
statement that the direct dependence between the hydroxylation rate and the 
NADPHA cytochrome P-450 reductase activity is not observed with all substrates 
also Schenkman’ ’ who investigated the temperature dependence of the hydroxylation 
rate of aminopyrine, ethylmorphine and aniline, revealed that reduction of the 
cytochrome P-it%substrate complex can not be the rate limiting step of ethylmor- 
phine and aniline oxidation. I/,,, of hydroxylation of these substrates was respect- 
ively 7.0; 3.5; 0.7 nmoles/min per mg at 37”. At the same time aminopyrine and ethyl- 
morphine stimulate NADPHA cytochrome P-450 reductase the same degree (V,,, = 
7.0 nmoles/min per mg) whereas aniline either does not affect this reaction if taken 

at a concentration close to K,, or inhibits it at very high concentrations. With the 
data at our disposal there is little doubt that reduction of the cytochrome P-450-sub- 
strate complex is not the rate limiting step of hydroxylation in all cases. A very inter- 
esting phenomenon was revealed when the amplitude of the spectral changes caused 
by the formatjon of the complex of cytochrome P-450 with the substrate was meas- 
ured (Fig. 3). It turned out that no typical Lineweaver-Burk plots of A0.D. vs the 
substrate concentration can be obtained. The character of deviation allowed one to 
suppose that cytochrome P-450 may bind successively two substrate molecules: 

cyt P-450 + s Ft cyt P-4sG-s + s * cyt P-45&S, 

(1) 
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I / [s], mM_’ 

-4 -2 0 2 4 6 8 

I/tSl,’ mM-’ 

FIG. 3. The dependence of the maximal spectral change of the complex of c! tochl-omc P-J%) I+ ith the dcri- 
Wves of@J%ie (%J and amjnoa&plpytme Won fhe substrate concentrations. ‘For DMA binding. the dif- 
foleace in abrorbgmce betwm 385-420 tu&was measured (0). for MMA hindlng hctueen 415 4X0 nm 
(4; for anile bifiding-between 39%425 urn (W); for N-oxide of DMA binding hctwccn 310 360 11111 
(w; for DAP binding-between 381-120 Rrn (0): for MAP binding between 420 4X4 nm (0): for F AP 
binding-~-between 380-420 nm (0); for AP binding bctwcen 330~-1XO nm (J). Maximal \pcctral change 
is expressed as AO.D./mg of microsomal protein x 10 ‘. Solid linea: calculated straight lint\ for K,. 
Broken lines: calculated straight lines for K;. Results arc cxpresscd aq an avcrape from three c~pcriment~. 

3.2 - 

2-6 - 

2.4 - 

6 
G 
d 

0.4 0.6 I. 2 I.6 

[DMA], mM 

2.0 4.0 6,O 60 

[MAP], mM 

FIG. 4. The plots of AO.D.,,, vs the substrate concentration. obtalned experimentall! ahd calculated I>> 
equation (II). The curves given in the figure are calculated by equation (II). The points on the cur\c\ couc- 
spond to experimentally obtained values. A0 D. are calculated per mg of mlcro\on~:ll protL’111. DM4 IO): 

MAP (0). 
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Assuming that the system is equilibrium and both enzyme-substrate complexes pro- 
duce spectral changes, mcch~~nism (I) allows the following equation to be written, 
which expresses the dependence of A0.D. upon the substrate concentration: 

AO.D.,,,,, = AO.D.,,;P-45&S + AO.D&, .P-450-SZ 

A0.D. ,,laX. rC;, S 

= KI,. Is; + Is;. s + S2 + 

AO.D.;,; S’ 

K:.K; + ls1.S + s’ 

(II) 

where AO.D.b,;,, is the maximal amplitude of the spectral changes of the cytochrome 
P-450-S complex, AO.D.L,,, is the maximal amplitude of the cytochrome P-4%-S, 
complex. ~1 and K$’ are the spectral constants of the dissociation of these complexes. 
Usual expressions for concentrations of enzyme-substrate complexes with one and 
two substrate molecules are used in this equation. I2 The validity of the mechanism 
suggested (I) is confirmed by a good agreement of the dependence of AO.D.,,, calcu- 
lated from the two equations system (II) upon [S] with the experimental curves. Fig. 
4 presents several such curves where it is clearly seen that the obtained experimen- 
tally points coincide with the calculating values. Table 2 gives the K:, K:, AO.D.k,,, 
AO.D.,,, values obtained from the Lineweaver-Burk curves and calculated from 
four equations for four pairs of the experimental points (AO.D., K,) (II). The most 
pronounced digerences are observed in the case of rC: and AO.D.‘,,, is a result of 
the flatt~Ilin~ of curves (l:‘AO.D., 1%) with low values of ES]. 

Comparing the I’,,;,, values of hydroxylation of the derivatives of aniline and 
am~l~oantipyrine with the values of AO.D.&, and AO.D.~,, obtained by two methods 
one sees no correlation between them. A high value of AO.D.&,,, is very often corres- 
ponds to a low V,,,,, and vice versa. That is why it remains obscure which of the two 
complexes formed is active, i.e. is able to produce a hydroxylated product on being 
decomposed. Hence it is still unknown which of the values, AO.D.k,, or AO.D.&,, 
characterises the reaction of hydroxylation. These results do not support the con- 
cepts of some authorsl” who believe that the amplitude of the spectral changes of 
the complex of cytochrome P-450 with some substrates, which characterises the 
quantity of cytochrome P-450 bound with substrate, may be the factor determining 
the rate of its conversion. Good correlation between I/,,, and AO.D.,,, reported in 
these works should be qualified as being inherent only in some substrates. 

Having compared the spectral changes of the complexes of cytochrome P-450 with 
the substrates we revealed a dependence of the chemical nature of the substituent 
at the nitrogen of the aminogroup of the compounds studied, upon the type of the 
spectral changes of the complex. Several types of spectral changes were found in the 
following aniline derivatives: DMA, MMA. aniline and N-oxide of DMA com- 
pounds which differ by the substituent at the side chain nitrogen (Fig. 5). DMA gives 
the spectral changes of the first type. aniline of the second type. MMA forms a com- 
plex with cytochrome P-450. the differcncc spectra of which is intermediate between 
DMA and aniline. Quite a special type of the spectral interactions is produced by 
the complex of cytochrome P-450 with K-oxide of DMA. The chemical nature of 
the substituent at the aniline aminogroup seems to play an important role in the for- 
mation of the spectral changes of the complex. It is apparently this group that di- 
rectly interacts with Fe-heme and its ligands. A high value of AO.D.,,, of the com- 



T
A

B
L

E
 2

. 
K

, 
A

N
D

 A
O

.D
.,,

 
ot

 
T

H
E

 C
O

M
PL

E
X

E
S O

F 
C

Y
T

O
C

H
R

O
M

P P
-4

3)
 

W
lT

H
 S

U
R

ST
R

A
T

E
? T

H
E

 D
E

R
IV

A
T

IV
tS

 06
 A

N
IL

IN
F 

A
N

D
 A

M
IN

O
A

N
T

IP
Y

R
IN

~*
 

R
es

ul
ts

 
ar

e 
ob

ta
in

ed
 

by
 

th
e 

R
es

ul
ts

 
ar

c 
ca

lc
ul

at
ed

 
m

et
ho

d 
of

 L
in

ew
ea

ve
r 

B
ur

k 
by

 e
qu

at
io

n 
(I

I)
 

Su
bs

tr
at

e 
K

;t 
F

L;
 

A
O

.D
.,,

.: 
A

O
.D

.,,
 

k’
; 

K
; 

A
O

.D
.,,

 
A

O
.D

.,,
 

A
ni

lin
e 

se
ri

c 
D

M
A

 
00

9 
06

6 
1.

6 
4.

8 
Q

02
1 

06
7 

0.
56

 
4.

0 
M

M
A

 
O

-2
9 

2.
5 

3.
0 

6.
2 

0.
06

4 
I.

8 
I.

0 
5.

2 
A

ni
lin

e 
0-

21
 

I.
4 

3-
l 

8.
3 

00
79

 
I.

8 
I.

7 
9.

1 
N

-O
xi

de
 

of
 D

M
A

 
O

-1
9 

2.
0 

4.
3 

16
.6

 
2.

7 
19

-h
 

D
A

P 
02

1 
1.

3 
M

A
P 

02
1 

5-
5 

A
P 

03
9 

7.
1 

FA
P 

I.
3 

33
 

l-
9 

05
5 

o-
71

 
07

0 

A
m

in
oa

nt
ip

yr
in

e 
se

ri
c 

3.
3 

0.
12

 
2.

4 
I-

O
 

3.
6 

2.
5 

C
-0

29
 

8.
2 

O
-1

8 
2.

3 
4.

2 
00

16
 

11
 

03
0 

5.
5 

8.
3 

18
 

5-
6 

* 
R

es
ul

ts
 

ar
e 

gi
ve

n 
as

 a
n 

av
er

ag
e 

fo
r 

fo
ur

 
to

 f
iv

e 
ex

pe
ri

m
en

ts
. 

t 
T

he
 

K
, 

va
lu

e 
is

 e
xp

re
ss

ed
 

in
 m

M
. 

$ 
T

he
 

A
O

.D
_,

 
va

lu
e 

is
 

ex
pr

es
se

d 
as

 
A

O
.D

./m
g 

of
 

m
ic

ro
so

m
al

 
pr

ot
ei

n 
x 

10
 

’ 



Aniline and aminoantipyrine hydroxylation in liver reticulum 1061 

0.01 c - DMA 
-- Aniline 

;0 425 ----- N-oxide of 
/ \ 19, -.- MMA 

4131' \ 
A - .-l \ 

I\. \ e-------- 

-0 

DMA 

340 392 444 496 

A, (nm) 

FIG. 5. Differential spectra of microsomes obtained when cytochrome P-450 binds with derivatives of ani- 
line. The incubation mixture contained 40 mM Tris-HCl buffer, pH 7.4; microsomal protein (4 mg/ml). 
Total volume of the incubation mixture was 3.0 ml. Measurements carried out at room temperature. The 

substrates were added to microsomal suspensions at a final concentration 1.6 mM. 

plex consisting of N-oxide of DMA and cytochrome P-450 means that the higher 
the polarity of the group introduced to this region, the stronger is the interaction. 

Comparing Ki and K:’ values in the series of interconverting substrates, one may 
see that demethylation is not accompanied by a great increase in K,. Comparing the 
affinity of cytochrome P-450 to N-oxide of DMA and DMA it is possible to make 
the conclusion that N-oxide of DMA cannot be an intermediate of DMA demethyla- 
tion. With DMA used as substrate, the concentration of N-oxide formed is very low, 

E 6,0- 

.r 
E 
\ 

4 

E 

4.0 - 

c 

i 
>E 2.0 - 

/ 

0 

0 

/ I.0 
I/ I I I I 

0.2 0.4 0.6 0.6 

K m, mM 

FIG. 6. The correlation between the values K, and V,,, in the hydroxylation reactions. (The curve drawn 
basing on the data of Table 1.) 
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and taking into account the \alues of I(, found. it becomes clear that this substrate 
cannot eficiently compctc with DMA for cytochrome P-450. SimilarIt bearing in 
mind the values of the spectral constants of dissociation of DAP. MAP, AP. FAP 
one can hardly suppose that forn~~l~lmi~~oantip~rinc is formed as an intermediate in 
the course of demethylation of MAP. With X-oxide of DMA and FAP used as 
substrates we failed to calculate the values of K,; and AO.D.&,, according to equation 
(II). It is likely that ;I diffcrcnt mechanism of interaction of these two substrates with 
the cytochromc exists. 

in view of the fact that cytochrome P-450 may bind both one and two substrate 
molecules it is not clear which of the t\;ro cnzyme~-suhstratc complexes is active. 
Comparing the values of K,,,, k’: and I(; (T‘ables 1 and 2) one mn~’ conclude that 
the active complex consists of one substrate molecule as K,,, cannot be lower than 
K,: 

K,= 
k,, + k-1 k,, 

k -I 

Figure 6 presents the dependence of K, on C’,,,. The correlation which is observed 
between the two values, i.e. the direct proportionality may be obtained only in one 
case, if K, @ K,. The K; values fit this unequality, which is also evidence in favour 
of activity of the enzyme-substrate complex with one substrate molecule. How it 
becomes clear that the spectral changes are characterized by AO.D&,, when the 
active complex is formed. The directly proportional dependence between K, and 
1’_ in hydroxylation made it possible to suggest the existence of the constant value 
k,, in these reactions. 

Thus cytochrome P-450 should readily bind different substrates. It saturation 
occurs at very low concerltratioils of the substrates. The reduction of the given com- 
plex may well be the rate limiting step. In this case stimulation of NADPHA cyto- 
chrome P-450 reductase is accompanied by acceleration of hydroxylation.” However 
no unequivocal answer can be given to the question of the limiting step, as in some 
cases no correlation is observed between the effect of different derivatives of aniline 
and amiIloantipyrine on the reductase reaction rate and the activity of the hydroxy- 
lating systems. In these reactions the rate limiting step is localized at the other stages 
of the hydroxylation mechanism i.e. the limiting step migrates in the hydroxylation 
chain depending on the substrates. 

Thus the results obtained allow us to believe that the K, value in the hydroxy- 
lation reaction does not reflect the affinity of cytochrome P-450 to the substrates. As 
a result of relevant calculations K,, was derived whose value is about 2 x IO-’ 
10m4 M. which is somewhat less than the K,,, values. This points to the possibility 
of oxidation of trace amounts of xenobiotics in the cell. This was not believed to be 
the case previously on the ground <of the low affinity of cytochrome P-450 to them. 
The magnitude of it was suggcstcd by the K,, or K, values calcuIated in terms the 
stationary kinetics of the single-step reactions. 
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