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SUMMARY: The possible role of cytochrome b+ (cyt b+5' in NADPH-dependent micro- 
somal N-demethylations has been studied in a system reconstituted from cytochrome 
P-450 (cyt P-450), NADPH-cytochrome c reductase, and sodium cholate. Although 
the amount of formaldehyde formed from benzphetamine or N,N-dimethylaniline in 
this system was considerably less than that of NADPH oxidized, this stoichiometry 
became close to 1:l on addition of cyt b 
reductase were included in the system, -2 

. 
t e 

When both cyt b+ and NADH-cyt b+ 
second of two electrons required for 

the overall activity could be supplied from NADH, though NADPH and NADPH-cyto- 
chrome c reductase were obligatorily required for the supply of the first elec- 
tron tocyt P-450. It is suggested that, at least in the reconstituted system, 
CYt % can play two roles, i.e. -- a) improvement of coupling of NADPH oxidation 
to demethylation, and b) supply of the second electron to cyt P-450. 

Liver microsomes catalyze various drug oxidizing reactions including N-de- 

methylations in the presence of NADPH and oxygen, and an electron transfer chain 

consisting of cytochrome P-450 (cyt P-450) and NADPH-cytochrome c reductase ffp2) 

is responsible for these activities. In fact, a number of drug oxidizing activ- 

ities can be reconstituted from purified cyt P-450, fp2, and phosphatidylcholine 

or a suitable detergent (1,2). Although NADPH is the preferred electron donor, 

NADH can also support these reactions at slower rates in microsomes (3). More- 

over, NADH exerts a synergistic effect on the NADPH-dependent drug oxidations by 

microsomes (4). Based on these and other findings, it has been proposed that cyt 

l+ is involved in the NADH-supported microsomal oxidations (4) and that the sec- 

ond of two electrons required for the overall oxidation process is supplied to 

cyt P-450 via cyt 9 even in the NADPH-dependent reactions (4). It has also been 

reported that cyt b+ is required for maximal activity of chlorobenzene oxidation 

by a reconstituted system containing cyt P-450 and fp2 (5). We report here that 

in a reconstituted N-demethylase system the coupling of NADPH oxidation to de- 

methylation can be improved by the presence of cyt b+ and in the presence of both 

Abbreviations: cyt b+* cytochrome b : cyt P-450, cytochrome P-450; fp 
cytochrome b 

1s NADH- 

j reductase; fp 2, NADPH-cy%hrome 2 reductase. 
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TABLE I. Effects of cyt b+ and fpl on benzphetamine N-demethylation by the re- 
constituted system. The composition of the standard system is described in MATE- 
RIALS AND METHODS. When NADH (0.1 mM) was added, the NADPH concentration was re- 
duced to 0.1 mM. The NADPH-generating system consisted of 0.1 mM NADP+, 10 mM 
glucose-6-phosphate, and 1.5 unit/ml of glucose-6-phosphate dehydrogenase. The 
concentrations of cyt b+ and fpl added were 0.1 YM and 0.7 unit/ml, respectively. 
Partially purified fp2 was used in Expts. 1, 2 and 4, and highly purified fp was 
used in Expt. 3 where sodium cholate was replaced by 50 uM dilauroyl phospha 8, idyl- 
choline. The reaction was run at 2S" for 10 min, and the spectrophotometrically 
detectable oxidation of NAD(P)H (ANAD(P)H), formation of formaldehyde (AHCHO), 
and oxygen consumption (A02) were determined. 

Expt. System Electron donor ANAD(P)H AHCHO Ao AHCHO 
(nmole/min/nmole cyt P-&O) ANAD(P)H 

1 Standard NADPH 36.9 22.1 29.7 0.60 

+ cyts NADPH 28.8 26.2 29.4 0.91 

2 Standard NADPH 51.6 28.6 - 0.55 

+ cyt + NADPH 31.9 24.7 - 0.77 

+ cyt b -5 + fP 1 NADPH + NADH 41.0 34.1 - 0.83 

3 Standard NADPH 22.6 12.0 - 0.53 

+ CY+= hs NADPH 20.0 17.5 - 0.88 

+ cyt b+ + fpI NADPH + NADH 29.2 26.2 - 0.90 

4 + cyt b+. + fp 
1 

NADPH-generating 0 36.4 - 
system 

+ CYt 4 + fP1 NADPH-generating 23.5 49.4 2.10 
system + NADH 

cyt b --5 and NADH-cyt b+ reductase (fpl) the second of two electrons to be utilized 

for demethylation can be supplied from NADH. 

MATERIALS AND METHODS -- Purified cyt P-450 (6) and partially purified fp (7) 
were prepared from liver microsomes of phenobarbital-pretreated rabbits and sats, 
respectively, as described. The intact form of cyt b (8) and fp (9), both pu- 
rified from rabbit liver microsomes, were kindly supp ied by Dr. 3. R. Mihara. The 
apo-protein of intact cyt b was prepared as described by Strittmatter (10). 
Highly purified fp2 (11) aa th e proteolytically solubilized form (hydrophilic 
fragment) of cyt b+ (12), both purified also from rabbit liver microsomes, were 
generous gifts from Dr. H. Satake. 3-Acetylpyridine NADH and dilauroyl phos- 
phatidylcholine were purchased from Pabst Laboratories and Sigma Chemical Co., 
respectively. Benzphetamine was kindly supplied by Dr. T. Kamataki. The stand- 
ard reconstituted system for N-demethylation assay contained 0.1 uM cyt P-450, 
0.1-0.2 unit/ml of fp2, 0.04 % sodium cholate, 0.15 mM NADPH, 1 mM benzphetamine 
or 8 mM N,N-dimethylaniline, and 0.1 M potassium phosphate buffer, pH 7.25. The 
demethylase activity was assayed by determining the formation of formaldehyde by 
the method of Nash (13). Oxidation of NADPH and NADH was measured by following 
the absorbance decrease at 340 nm. Oxygen consumption was determined in a 
Beckman-Toshiba Oxygen Analyzer. Spectrophotometric measurements were carried 
out at room temperature in a Cary 14 spectrophotometer. 
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TABLE II. Effects of cyt.b+ and its derivatives on NADPH-dependent N-demethyl- 
ation of N,N-dimethylaniline. The conditions were the same as in Expt. 1 of 
Table I, except that dimethylaniline was used as substrate and the apo-protein 
of intact cyt b (ape-cyt b+) and the hydrophilic (protease-solubilized) frag- 
ment of cyt b+ ? cyt i15 fragment) were also tested. 

System ANADPH AHCHO AHCHO 
(nmole/min/nmole cyt P-450) ANADPH 

Standard 57.7 13.7 0.24 

+ cyt b 
f,  

(0.11 uM) 51.3 43.2 0.84 

+ apo-cyt b+ (0.12 uM) 61.1 17.0 0.28 

+ cyt s fragment (0.12 uM) 56.3 14.0 0.25 

RESULTS AND DISCUSSION -- In the presence of benzphetamine the reconstituted 

system consisting of cyt P-450, fp2 , and cholate oxidized NADPH rapidly with con- 

comitant oxygen uptake, but the amount of formaldehyde formed was appreciably 

less than those of NADPH oxidized and oxygen consumed (Table I). The resultant 

stoichiometry was roughly 0.6 mole of formaldehyde formed per 1 mole of NADPH 

oxidized and 0.8 mole of oxygen utilized, indicating that about 40 % of NADPH 

oxidation was not coupled to demethylation process. When the intact form of cyt 

b+ was added to the system, the benzphetamine-dependent NADPH oxidation was sig- 

nificantly inhibited, though the extent of inhibition varied depending on the 

ratio of cyt b+ to cyt P-450 and the fp2 preparation used. The formaldehyde for- 

mation, on the other hand, was less extensively inhibited than NADPH oxidation 

or even slightly stimulated. Consequently, the ratio of NADPH oxidized to form- 

aldehyde formed approached to 1:l on addition of cyt 115 at an equimolar concen- 

tration to cyt P-450 (Table I). Similar results were obtained when dilauroyl 

phosphatidylcholine, instead of cholate, was used for the reconstitution. With 

N,N-dimethylaniline as substrate, only about 0.2 mole of formaldehyde was pro- 

duced per mole of NADPH oxidized, but the stoichiometry again became close to 

1:l upon addition of cyt b+ (Table II). It is thus clear that in the reconsti- 

tuted system cyt h5 somehow interacted with the catalytic machinery to improve 

the coupling of NADPH oxidation to the demethylation reaction. Since both the 
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TABLE III. 
cyt P-450. 

Effect of cyt b 
The control sys -2 

on H202-dependent benzphetamine demethylation by 
em contained 0.18 HM cyt P-450, 50 ~.IM dilauroyl 

phosphatidylcholine, 50 mM H202, 1 mM benzphetamine, and 0.1 M potassium phos- 
phate buffer, pH 1.25. The reaction was run at 25' for 5 min. 

System 
HCHO formed 

(nmole/min/nmole cyt P-450) 

Control 22 

+ cyt b+ (0.19 uM) 38 

- cyt P-450 + cyt b+ 0 

apo form of intact cyt 25 and the hydrophilic, heme-containing fragment of cyt s 

were inactive (Table II), it appears that the whole molecule of the intact hemo- 

protein is required for the coupling effect. 

In an attempt to locate the site of cyt b+ interaction, we examined the ef- 

fect of the hemoprotein on the hydrogen peroxide-dependent demethylation of benz- 

phetamine by cyt P-450 in the absence of fp2 and NADPH (14). It was thus found 

that this reaction was stimulated about 2-fold by the addition of cyt b+ (Table 

III). Both apo-cyt s and the hydrophilic fragment were again ineffective (data 

not shown). Since it has been postulated that hydrogen peroxide reacts with the 

substrate complex of ferric cyt P-450 to form directly a highly reactive, oxygen- 

ated intermediate which is also produced in the NADPH- and oxygen-linked reaction 

(14), it is tempting to conclude that the observed effects of cyt 4 are due to 

its interaction with this intermediate. Guengerich et al. (15) have reported -- 

that cyt % acts as an effector on an oxygenated intermediate of the substrate- 

cyt P-450 complex (Complex II) and stimulates its decomposition to oxidized cyt 

P-450 and the products. However, the possibility cannot be excluded that the ef- 

fect observed in the hydrogen peroxide-dependent reaction is unrelated to the 

coupling effect in the reconstituted system. Further studies are needed to clar- 

i fy the mechanism of coupling effect of cyt b+. It is also to be clarified 

whether or not cyt b+ exerts the same coupling effect on drug oxidations in 

intact microsomes. 
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Fig. 1. Utilization of acetylpyridine NADH for benzphetamine N-demethylation. 
The reaction was run in a cuvette of 2-mm optical path. The reaction mixture 
was the same as in Expt. 4 of Table I, except that 0.1 mM acetylpyridine NADH 
was added instead of NADH. Curve A, in the absence of acetylpyridine NADH and 
benzphetamine. Curve B, just after the addition of benzphetamine. Curve C, 
30 min after the addition of benzphetamine. 

Lu et al. (16) have reported that cyt b+ added to a reconstituted N-demethyl- -- 

ase system inhibited the formaldehyde formation, but this inhibition was reversed 

completely by further addition of fpl and NADH. In the present study, the addi- 

tion of fpl, cyt b+, and NADH to the standard reconstituted system catalyzing the 

NADPH-dependent benzphetamine demethylation caused a significant increase in 

NAD(P)H oxidation and the rate of formaldehyde formation was further enhanced to 

a level that was considerably higher than that observed in the standard system. 

As a result, an almost 1:l stoichiometry for NAD(P)H to formaldehyde was obtained 

(Table I). To see if the NADH added was actually utilized as electron donor, the 

NADPH in the system was replaced by an NADPH-generating system to keep the level 

of NADPH constant. Under these conditions, the addition of benzphetamine de- 

creased the absorbance at 340 nm in the presence of NADH but not in its absence 

(Table I, Expt.4). I f  either fpl or cyt b+ was omitted from the system, no de- 

crease in the 340 nm absorbance took place even in the presence of NADH. Similar 

results were obtained with N,N-dimethylaniline as substrate. That the NADH added 

was actually oxidized could be further confirmed by an experiment in which acetyl- 

pyridine NADH was used in place of NADH. As shown in Fig. 1, the absorption spec- 

trum of the whole system just after the addition of benzphetamine exhibited a 

broad peak around 350 nm due to the presence of equimolar amounts of both NADPH 
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WAVELENGTH (nm) 

Fig. 2. Utilization of both NADPH and acetylpyridine NADH for benzphetamine 
N-demethylation. The conditions were the same as in Fig. 1, except that the 
NADPH-generating system was replaced by 0.1 mM NADPH. Curve A, in the absence 
of NADPH and benzphetamine. Curve B, in the absence of benzphetamine. Curve 
C, 10 min after the addition of benzphetamine. Curve D, 50 min after the 
addition of benzphetamine. 

(absorbing at 340 nm) and acetylpyridine NADH (absorbing at 363 run). As the de- 

methylation reaction proceeded, however, the absorbance in the 350 run region was 

decreased with a concomitant shift of the peak position to 340 nm, and finally 

the spectrum became almost identical with that of NADPH alone. 

In the system containing both the NADPH-generating system and either NADH or 

acetylpyridine NADH, about 2 moles of formaldehyde were produced per mole of NADH 

or acetylpyridine NADH oxidized (see Table I, Expt. 4). This stoichiometry sug- 

gests that one of the two electrons required for the overall demethylase reaction 

was almost exclusively provided by NADH or acetylpyridine NADH via fpl and cyt b 3 

under these conditions. 

When NADPH, instead of the NADPH-generating system, and acetylpyridine NADH 

were added to the reconstituted system supplemented with both fpl and cyt b+, an 

absorption spectrum having a peak around 350 nm was again observed. On addition 

of benzphetamine, a time-dependent decrease in the absorbance took place, but 

this time no shift of the peak was detectable (Fig. 2). This indicates that both 

NADPH and acetylpyridine NADH were utilized at an equimolar ratio to drive the 

demethylation reaction under the conditions employed. When NADPH or fp2 was 

omitted from the system, however, neither NADH (or acetylpyridine NADH) oxidation 
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nor formaldehyde formation occurred on addition of benzphetamine even though the 

system contained fpl and cyt b+. Moreover, cyt P-450 remained oxidized in a sys- 

tem containing NADH, fpl and cyt b+ in CO, whereas immediate reduction of cyt 

P-450 was observed on addition of NADPH if fp2 was present in the system. 

These results indicate clearly that the supply of at least one electron to 

cyt P-450 from NADPH via fp2 is obligatorily required for the demethylase activi- 

ty of the reconstituted system and that this electron is used to reduce the sub- 

strate complex of ferric cyt P-450. It can also be concluded that the second 

electron is introduced almost exclusively from NADH (or acetylpyridine NADH) via 

fpl and cyt b+ under the conditions employed. However, since NADPH-dependent 

demethylation can take place in the system in which no electron flow from NADH 

exists, it is certain that the second electron can also be supplied from NADPH 

via fp 2' The almost exclusive supply of the second electron via cyt b+ demon- 

strated above is probably due to the fact cyt b+ is reducible by NADH and fpl 

much faster than NADPH and fp2. 
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