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SUMMARY

SAINE, SUSAN E. & STROBEL, HENRY W. (1976) Drug metabolism in liver tumors.
Resolution of components and reconstitution of activity. Mol. Pharmacol. , 12, 649-
657.

The microsomal drug metabolism system has been resolved from Hepatoma 5123 t.c. (H)
into its component enzymes: cytochnome P-450 and NADPH-cytochrome P-450 neduc-
tase. Reconstitution of benzphetamine hydnoxylation activity with these two hepatoma
proteins requires the presence of phosphatidylcholine. The hepatoma cytochrome P-450
has been purified 12-fold and can be substituted for liver cytochrome P-450 in a neconsti-
tuted system containing phosphatidylcholine and liven reductase. Hepatoma cytochnome
P-450 reductase has been purified 130-fold. The purified neductase has an apparent
minimum molecular weight of about 80,000 and is free of cytochromes P-450 and P-420.
The purified reductase catalyzes electron transfer to the artificial electron acceptors
cytochnome c, dichbonophenolindophenol, and ferricyanide; the K,,, concentrations re-
quired by the hepatoma reductase to generate half the maximal velocity for each
acceptor are similar to those required by purified liver reductase. The K,5 value of the
hepatorna reductase for NADPH (76 j.�M), however, is an order of magnitude higher than
that ofthe purified liven neductase (7.8 p.M). Hepatoma reductase can substitute for liver
reductase in a reconstituted benzphetamine hydroxylation system containing liver
cytochrorne P-450 and phosphatidylcholine. Reconstitution of benzphetamine hydroxyl-
ation activity from hepatoma components was shown to require, like the liver system,
the presence ofboth cytochnome P-450 and NADPH-cytochrome P-450 reductase, as well
as phosphatidylcholine, to achieve the maximal hydroxylation rate. In a benzphetamine
hydroxylation system containing liver cytochnome P-450, hepatoma cytochrorne P-450

reductase, and phosphatidylchobine, the K,� values for benzphetarnine and NADPH
were shown to be 390 and 15 j.�M, respectively. The value for benzphetamine is similar to
that obtained in a reconstituted liven system, while the value for NADPH is an order of
magnitude higher than that determined for the liven system.

INTRODUCTION compounds, including drugs, insecticides,
The cytochrorne P-450-containing, and carcinogens (1), in the presence of

mixed-function oxidase system of liver en- NADPH and molecular oxygen. The drug
doplasmic reticulum has been shown to metabolism system was shown to be corn-
catalyze metabolism of fatty acids and posed of three components: cytochnome P-
steroids as well as a variety of foreign 450, NADPH-cytochrome P-450 reductase,

This research was supported by Grant DRG-1258 and phosphatidylcholine (2-4). Further-
from the Damon Runyon Memorial Fund and by a more, metabolism of a variety of drugs and
grant from the Pat Rutherford Fund. other compounds was shown to be cata-
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lyzed in vitro by a system reconstituted

from these components (4-6). Cytochnome
P-450 has been purified to homogeneity

from rabbit liven (7-10) and to near homo-
geneity from rat liver (11). NADPH-cyto-

chrome P-450 neductase has been prepared

to about 75% purity from rat liver by Ven-
rnilion and Coon (12) and purified to homo-
geneity in our laboratory (13).

Cytochrome P-450-containing oxidase
systems have been found in a vareity of

other tissues, including yeast (14, 15), bac-
tenia (16), kidney (17), adrenal mitochon-
dna (18), and transplantable hepatomas
(19). The demonstration of metabolism of

chernotherapeutic agents by hepatorna ox-
idase systems suggests the importance of
tumor drug metabolism systems to man-
agement of metastatic disease. Sugimura
et al. (20) demonstrated the metabolism of

aniline in Hepatomas 7794A, 7316A, 7793,
and 7795. Conney and Burns (21) demon-
strated induction of azo dye N-demethyl-
ase activity in Hepatoma 5123 by 3-meth-
ylcholanthrene, and Rogers et al. (22) ob-
tamed a 3-fold induction of hexobarbitab
metabolism in Hepatoma 7800 by pheno-

barbital. Watanabe et al. (23) studied
benzpynene hydroxylation activity and its

induction under controlled feeding condi-
tions in several hepatomas. Their studies
indicated that benzpyrene hydroxylation

activity was present, although at a bower
level than in liver, and was inducible by 3-
methybchobanthrene in Hepatomas 9618A,
7800, 7794A, and 8999. Miyake et al. (24)
catalogued the amounts of microsomal
NADH- and NADPH-dependent flavopro-
tein activities and the specific contents of
cytochnomes P-450, P-420, and b5 in Hepa-
tomas 5123C, 7777, and R3B. These au-
thors, however, found no induction of the
metabolism of substrates (benzphetamine,

aminopynine, or benzpyrene) in liven tu-
rnors, in contrast to other reports (21-23).
This paper presents the resolution of the

tumor drug metabolism system into corn-
ponents, the characterization of compo-
nents, and the reconstitution of drug me-
tabolism activity in vitro.

MATERIALS AND METHODS

Cytochrome P-450 concentration was de-
termined by the method of Omura and

Sato (25). In samples in which the pres-
ence of hemoglobin interfered with the cy-
tochnome P-450 determination by the
usual procedure, the method of Miyake et
al. (24) was used. In this procedure, both

the sample and reference cuvettes are sat-
urated with carbon monoxide and only the

sample cuvette is reduced with dithionite,
thus canceling the contribution of carboxy-
hemoglobin to the spectrum. An extinction

coefficient of 91 mM’ cm’ for A450 - A4�
was used for both procedures.

Cytochnome c reduction was measured
at 550 nm, using an extinction coefficient
of 21,000 M’ cm’ (26); dichbonophenolin-
dophenob reduction, at 600 nm, using an
extinction coefficient of 21,000 M’ cm’
(27); and fennicyanide reduction, at 420
nm, using an extinction coefficient of 1020
M� cm� (28). Epinephnine cooxidation
was measured at 480 nm, using an extinc-
tion coefficient of 4020 M’ crn’ (29, 30).
Benzphetamine hydroxylation was mea-

sured spectrophotometnically at 340 nm as
benzphetarnine-dependent NADPH oxida-
tion (5), using an extinction coefficient of
6200 M’ cm’. All assays were performed
at 30#{176}.One unit of neductase activity is
defined as that amount of enzyme which

catalyzes the reduction of 1 �mobe of cyto-
chrome c pen minute at 30#{176}and pH 7.7.

Cytochnome b5 was determined from the

dithionite-neduced difference spectrum,
using an extinction coefficient of 185 m�i’
cm’ for A424 - A409 (31). Total heme was
determined as the pynidine hernochnome
(25).

Protein concentrations in microsomal
preparations were determined by the
method of Lowry et al. (32); the method of

Shaffner and Weissman (33) was used to
determine protein in all other prepara-
tions. Bovine serum albumin was used as
a protein standard. Sodium dodecyl sub-

fate-polyacrylamide gel electrophoresis
was performed by the method of Weber

and Osbonn (34).
Horse heart cytochnome c, NADPH, and

alumina Cy gel were purchased from
Sigma Chemical Company. Renex 690
(polyoxyethylene alkylanyb ether) was ob-
tamed from Emulsion Engineering, Inc.
Dilauroybphosphatidybcholine was pun-

chased from Sendany Research Laborato-
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nies. Benzphetamine hydrochloride was
the gift ofDn. J. W. Hinman ofthe Upjohn

Company. Phenobarbital was obtained
from Merck. DEAE-Sephadex A-25 and
QAE-Sephadex A-25 were purchased from

Pharmacia; hydroxylapatite (Bio-Geb
HTP) and Agarose (Bio-Geb A-0.5m) were
obtained from Bio-Rad Laboratories.

Hepatoma 5123 t.c. (H) was obtained

from Dr. Robert A. Hickie of The Univer-
sity of Saskatchewan and grown as subcu-

taneous implants in the inguinal and axib-
lany regions of 100-g Buffalo rats. Tumor-

bearing rats were treated with phenobar-
bital (75 mg/kg of body weight) by a single
injection daily for 3 days, followed by two

injections per day for 2 days immediately
prior to death. The animals were killed by
decapitation, tumors were removed and
freed ofconnective and necrotic tissue, and
large clumps were dispersed by passage
through a tissue press. Cells were rup-

tuned in phosphate-buffered NaCb by pas-
sage through a French pressure cell. Mi-

crosomes were prepared by differential
centrifugation, suspended in 0.25 M su-

crose, and used immediately for prepara-
tion of enzymes.

The drug metabolism system of hepa-

toma 5123 t.c.(H) was solubibized with 1%
Renex 690, and the protein components
were resolved by DEAE-Sephadex A-25
chromatography. Hepatorna cytochrorne
P-450 reductase was prepared as previ-
ously described (13), with the inclusion of
0. 1 mM phenylmethyl sulfonyb fluoride in

all buffers. For preparation of hepatoma
cytochnome P-450, the flow-through and
wash from the DEAE-Sephadex A-25 cob-

urnn were loaded on a 20-mb hydroxylapa-
tite column equilibrated with 0.01 M potas-

sium phosphate buffer, pH 7.7, containing
20% glycerol, 0.1 mM dithiothreitol, 1.0

mM EDTA, 0.1 mM PMSF,’ and 0.1% Re-
nex 690. All buffers used throughout the
procedure contained 20% glycerol, 0. 1 m’vi
dithiothreitol, 1.0 rn�i EDTA, and 0. 1 m’vi
PMSF. The hydroxylapatite column was
washed with equilibration buffer, and the
P-450 was eluted with 0.3 M potassium

phosphate buffer, pH 7.7, containing 0.1%

� The abbreviation used is: PMSF, phenylmethyl

sulfonyl fluoride.

Renex 690. The P-450-containing fractions
were pooled, diluted with 5 volumes of 20%
glycerol, 0.1 mM dithiothreitol, 1.0 mr�i

EDTA, and 0. 1 mM PMSF, and loaded on a
5-mb hydnoxylapatite column which was

equilibrated with 0.01 M potassium phos-
phate buffer, pH 7.7. The flow-through
and wash contained about 50% of the cyto-

chrome P-450 and were concentrated by
adsorption on alumina Cy gel and elution
with 0.3 M potassium phosphate buffer, pH

7.7, containing 0.2% sodium cholate. The

P-450 adsorbed to the hydroxybapatite cob-
umn was eluted with 0.3 M potassium
phosphate buffer, pH 7.7, containing 0.1%
sodium cholate.

Liver cytochnome P-450 was prepared by
the method of Lu et al. (35), and liver
cytochnome P-450 reductase was prepared
as described previously (13).

RESULTS

Resolution of tumor drug metabolism

system. The phenobanbital-induced hepa-

toma microsomes used in these studies
showed a 2-4-fold induction of the compo-
nents of the drug metabolism system,

NADPH-cytochrome P-450 reductase and
cytochrome P-450. Cytochnorne P-450 re-
ductase activity, measured as the rate of

reduction of cytochrome c , was induced
from 18 to 76 nrnobes of cytochnome c ne-
duced pen minute per milligram, and cy-

tochnorne P-450 content, from 0.2 to 0.9
nmole/mg. The hepatoma microsomes
were solubilized, treated with protamine

sulfate, and resolved by DEAE-Sephadex
A-25 column chromatography into cyto-
chrome P-450 and NADPH-cytochrome P-

450 reductase fractions as shown in Fig. 1
and described under MATERIALS AND

METHODS. The scheme in Fig. 1 outlines
the further purification steps for the reduc-
tase and cytochnome P-450 fractions. The
resolution of cytochnome P-450 and cyto-
chrome P-450 reductase is based on the
binding of the reductase but not of the
cytochnome P-450 to the DEAE-Sephadex

column under the conditions employed.
Hepatoma cytochrome P450. The frac-

tion with the highest specific content of
cytochrome P-450 (1 .0 nmole/mg) was
eluted from the second hydroxylapatite
column with 0.3 M potassium phosphate



CYTOCHROME P-450

(NOT BOUND)

BYDROXYLAPATITE I

+
HYDROXYLAPATITE II

REDUCTASE
(BOUND)

AGA ROSE
+

QAE-SEPHADEX

,‘ +

ALUMINA C� HYDROXYLAPATITE

C

0

Wavelength (nm)

652 SAINE AND STROBEL

buffer. The absorption maximum of the
reduced carbon monoxide difference spec-
trum of this fraction (Fig. 2) occurs at 451
nm. This fraction was purified 12-fold over
the starting microsomes (0.08 nmole/
mg). The cytochnome P450 preparation

SI ICROSOMES

� SOLUBILIZATION

Ill PROTAMINE SULFATE

DEAE-SEPHADEX

FIG. 1. Scheme for resolution and purification of

hepatoma drug metabolism system

had a heme content of 1.74 nmoles/mg of

protein, indicating the presence of some
additional heme protein, and also con-
tamed low but detectable amounts of
NADPH- and NADH-dependent cyto-
chrome c reductase activities. A fraction
with a lower specific content of cytochrome
P-450 was obtained by alumina Cy gel con-
centration ofthe cytochrome P-450 fraction
washed through the second hydroxylapa-

tite column. This fraction had a specific
content of 0.73 nmole/mg. The total yield
of cytochnome P-450 was about 6%.

Hepatoma cytochrome P-450 reductase.

The purification procedure for hepatoma
NADPH-cytochrome P-450 reductase is

summarized in Table 1 . Solubilization
with Renex 690 and protamine sulfate

treatment of hepatoma reductase were ad-

FIG. 2. Carbon monoxide difference spectrum ofHepatoma 5123 t.c.(H) cytochrome P-450 (0.0703 nmole,

0.0677 mg of protein)

TABLE 1

Purification ofNADPH-cyt ochrome P-450 r eductase from Hepato ma 5123 t.c.(H) microsomes

Preparation Protein

mg

Total activity

�.unobes cyto-
chrome c re-

duced/min

Specific activity

pmobes cyto-
chrome c re-
duced/min/mg

protein

Yield (%)

Microsomes 1070 72.9 0.068 100

Solubilized microsomes 726 72.9 0.1004 100

DEAE-Sephadex A-25

eluate 36.8 31.9 0.868 44

Agarose A-0.5m 3.47 23.9 6.9 33

QAE-Sephadex A-25; hy-

droxylapatite eluate 0.792 6.86 8.66 9.6
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Ii Not detectable.

complished without loss of activity. The
hepatoma reductase was purified 130-fold,
with a 10% yield, by this procedure. In
experiments not shown here, sodium dode-
cyl sulfate-polyacrylamide gel electropho-
resis of the purified hepatoma reductase
showed a single major band, accounting
for more than 65% of the protein, along
with some minor bands. Electrophoresis
on gels calibrated with standards of known
molecular weight indicated that the major
polypeptide has an apparent minimum
molecular weight of about 80,000. The
properties of the hepatoma neductase are

shown in Table 2. NADH-cytochrome c
neductase activity is absent from this prep-
aration. Neither cytochnome P-450 non cy-

tochnome P-420 could be detected, al-
though some cytochnome b5 was identifia-
ble as the herne contaminant in this prepa-
nation. The ability of the purified reduc-
tase to transfer electrons to various accep-
tors is shown in Table 3. The Km values of
the hepatoma reductase for electron trans-
fer to the artificial acceptors cytochnome c,

dichlonophenolindophenol, and potassium
ferricyanide and the cooxidant epineph-
nine are almost identical with the values
for purified liver reductase, although the
calculated Vmax values of the hepatoma
reductase are lower than those for liven
reductase. The hepatoma neductase, how-

ever, has a Km for the electron donor,
NADPH, which is an order of magnitude
higher than that of the liver reductase
(7.75 /.LM) when cytochrome c is used as the
electron acceptor.

Reconstitution of drug metabolism ac-

TABLE 2

Properties ofpartiabby purified Hepatoma 5123

t.c.(H) cytochrome P-450 reductase

Component Concentration or
activity

(mg protein) -‘

NADPH-cytochrome c reduc- 8.66 .tmoles/min

tase

NADH-cytochrome c reduc- ND”

tase

Cytochnome P-450 ND

Cytochnome P-420 ND

Cytochrome b5 1.91 nmoles

Total heme 2.0 nmoles

TABLE 3

Kinetic properties ofHepatoma 5123 t.c.(H)

NADPH-cytochrome P-450 reductase in artificial

systems

Reaction mixtures contained 300 �.tmoles of potas-

sium phosphate buffer (pH 7.7), reductase as mdi-

cated, and the acceptor in a final volume of 1.0 ml.

The reaction was started by the addition of NADPH,

and the rate was measured spectrophotometrically

at 30#{176}.The specific activity of the reductase was 3.4

�moles of cytochnome c reduced per minute per mil-

lignamofprotein.

Substrate K,,, Vm.,x

M �mobes/min/
mg protein

Cytochromecu 1.19 x 10� 4.63

Dichlonophenol-

indophenol� 1.81 x 10� 4.28

Potassium fern-

cyanide”’� 2.53 )< 10-�� 17.7

Epinephnine” 3.33 x 10� 0.642

NADPH� 7.57 x 10� 4.31

‘I 0.00475 unit, 1.58 i.�g of protein.
b The reaction mixtures contained 0. 1 mg of bo-

vine serum albumin.
C 0.0178 unit, 5.92 j.�g of protein.

(I 0.119 unit, 39.5 �.tg of protein.

,. 0.00592 unit, 1.97 j.�g of protein. Cytochrome c

(40 �M) was used as the electron acceptor.

tivity. The reconstitution of drug metabo-
lism activity from the resolved hepatoma

reductase and cytochnome P-450 fractions,
as judged by benzphetamine-dependent
NADPH oxidation, is shown in Table 4.
Full benzphetamine hydroxybation activ-
ity requires the presence of both protein
components and phosphatidylcholine.
When one of the components is omitted,
the resultant activity is markedly reduced
on eliminated. The low levels of activity
observed in the absence of reductase on
lipid are consistent with the presence of
small amounts of neductase on lipid in the
cytochrome P-450 fraction. It is clear, how-
ever, that the reconstituted hepatoma sys-
tern, bike the reconstituted drug metabo-
lism system from liver, does require the
presence of the lipid factor phosphatidyb-
choline (5, 6).

The partially purified hepatoma cyto-
chrome P-450 and cytochnome P-450 neduc-
tase are interchangeable with liver cyto-
chrome P-450 and reductase (Table 5).
Hepatorna cytochnome P-450 can catalyze
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TABLE 4

Benzphetamine hydroxylation by reconstituted

enzyme system resolved from Hepatoma 5123 t.c.(H)

microsomes

Reaction mixtures contained 100 j.tmoles of potas-

sium phosphate buffer (pH 7.7), cytochrome P-450

(0.137 nmole, 0.187 mg of protein), reductase (0.086

unit, 0.010 mg of protein), dilauroylphosphatidyl-

choline (30 pg), 1.0 �mole of benzphetamine, and

0.15 �mole of NADPH in a final volume of 1.0 ml.

NADPH oxidation was measured spectrophotomet-

rically at 30#{176}.Activities are corrected for the rate of

NADPH oxidation in the absence of benzphetamine.

System Activity Relative
activity

nmolesNADPH %
oxidized/mm

Complete 0.644 100

No P-450 0 0

No reductase 0.161 25

No lipid 0.241 37

No benzphetamine 0 0

TABLE 5

Interchangeability of cytochrome P-450 and

cytochrome P-450 reductase components partially

purified from liver and Hepatoma 5123 t.c.(H)

microsomes in reconstituted benzphetamine

hydroxylation system

Reaction mixtures contained 100 �moles of potas-

sium phosphate buffer (pH 7.7), 30 �g of dilauroyl-

phosphatidylcholine, reductase and cytochrome P-

450 as indicated, 1.0 �tmole of benzphetamine, and

0.15 �.tmole of NADPH in a final volume of 1.0 ml.

NADPH oxidation was measured spectrophotomet-

rically at 30#{176}.Activities are corrected for the rate of

NADPH oxidation in the absence of benzphetamine.

Hepatoma 5123 Activity
t.c.(H) Liver

Reduc- P-450 Reduc- P�450e
taseu taseh -�

n moles
NADPH
oxidized/

mm

+ +,I - 0.644

+ - - + 2.74

- +,, + - 1.13

- + + 7.54

(1 0.086 unit, 0.010 mg of protein.
b 0.28 unit, 0.0068 mg of protein.

0.20 nmole, 0.0475 mg of protein.

1 0.137 nmole, 0.187 mg of protein.

e 0.121 nmole, 0.212 mg of protein.

drug metabolism when reconstituted in vi-

tro with liver cytochnome P-450 reductase
and lipid. Liven cytochrorne P-450 can cat-
alyze benzphetamine hydroxylation when
electrons are transferred to cytochnome P-

450 by liven or hepatoma reductase in a
system reconstituted in the presence of
phosphatidylcholine. The data in Fig. 3
show that the rate ofNADPH oxidation by
a reconstituted system containing liver cy-
tochrome P-450 and phosphatidybcholine
in excess is proportional to the amount of
hepatoma cytochnome P-450 reductase
present. The addition of neductase in con-

centrations higher than those shown in
Fig. 3 caused an inhibition of the rate of
hydnoxylation.

The kinetic properties of the reconsti-
tuted benzphetamine hydnoxylation sys-
tern containing hepatoma cytochnome P
450 neductase and liven cytochnome P-450
are shown in Table 6. The K,6 value for

E

4,
Q.

4)
N

K
0

I
a.
0
4
z
‘I,
4)

0

E
C

M9 reductase

FIG. 3. Benzphetamine hydroxylation as a func-

tion ofHepatoma 5123 t.c.(H) reductase

Reaction mixtures contained 30 �g of dilauroyl-

phosphatidylcholine and 0.02 nmole of liver cyto-

chrome P-450 (47.5 � of protein) while the reduc-

tase was varied. Activites are corrected for the rate

of NADPH oxidation in the absence of reductase.
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TABLE 6

Kinetic properties of benzphetamine hydroxylation

system reconstituted from liver cytochrome P-450

and hepatoma reductase

Reaction mixture contained 100 �.tmoles of potas-

sium phosphate buffer (pH 7.7), 30 j�g of dilauroyl-

phosphatidylcholine, and rat liver cytochrome P-

450, hepatoma reductase, NADPH, and benzpheta-

mine as indicated in a final volume of 1.0 ml.

NADPH oxidation was measured spectrophotomet-

nically at 30#{176}.

Component K,,,

M

Cytochrome P-450” 2.7 x 10�

NADPHh 1.54 x 10

Benzphetamine’ 3.94 x 10

(I 11.85 j�g of reductase, 1.0 j.�mole of benzpheta-

mine, and 0.15 �mole of NADPH.

b 7�9 �.tg of reductase, 47.5 � of P-450, and 1.0

j.�mole of benzphetamine.

C 19.75 �g of reductase, 47.5 j.�g of P-450, and 0.15

�mole of NADPH.

NADPH in this system is an order of mag-
nitude higher than the value for a system
reconstituted from liver cytochnome P-450

and liver reductase (1.25 j.�M) confirming
the elevated reductase K�, for NADPH ob-
served with artificial electron acceptors.

On the other hand, the K,� value for
benzphetarnine shown in Table 6 is in good

agreement with previously published vab-
ues for a benzphetamine hydroxylation
system reconstituted from liven cyto-
chrome P-450 and cytochnome P-450 reduc-
tase (6).

DISCUSSION

Not only has the presence of drug and

polycyclic hydrocarbon metabolism been
observed in a variety of liver tumors by

several laboratories (19, 23), but the induc-
tion of these activities by phenobarbitab
and 3-methylcholanthrene has also been
demonstrated (22, 23). Induction ofdrug on
polycyclic hydrocarbon metabolism in liven

rnicrosornes by phenobanbital on 3-methyl-
cholanthrene is accompanied by a several-
fold increase in cytochnome P-450 on cyto-
chrome P-448, respectively (36, 37), and in
cytochnome P-450 reductase activity (5).
Our results indicate that phenobanbitab in-
duction causes a 3-4-fold increase in Hepa-

toma 5123 t.c. (H) cytochnome P-450, mea-
sured by carbon monoxide difference spec-
troscopy, and in hepatorna cytochnome P-
450 neductase, measured by cytochnome c

reduction. This induction of neductase ad-
tivity and cytochnome P-450 content in

hepatoma rnicnosomes constitutes a con-
sidenabbe increase over the uninduced 1ev-

ebs of these activities. However, both cyto-
chrome P-450 content and cytochnome P-

450 neductase in the induced and unin-
duced hepatoma are bower than in the in-
duced and uninduced liven.

Although induction of hepatorna mixed-
function oxidase activity has been ob-

served by other workers, to our knowledge
this paper constitutes the first report of
resolution and reconstitution in vitro of
hepatoma drug metabolism, as judged by
benzphetamine hydroxylation. After sobu-
bibization with Renex 690, the two enzyme
components were resolved by their differ-
ing affinities for DEAE-Sephadex A-25

and identified as cytochnome P-450 and cy-
tochrorne P-450 reductase by their spectral

properties and enzymatic activities. The
response of the hepatoma system to Renex
690 solubilization and DEAE-Sephadex

chromatography is highly similar to that

ofthe micnosomal system ofbiver (13). Fur-
then similarity between the liver and hep-
atoma systems is apparent in the require-
ment of phosphatidybchobine to neconsti-
tute benzphetamine hydroxylation activ-
ity in a system in vitro containing hepa-
torna cytochnome P-450 and hepatoma cy-

tochnome P-450 reductase.
The highly purified hepatorna cyto-

chrome P-450 reductase has an apparent

minimum molecular weight (80,000) iden-
ticab with that determined for homogene-
ous liven neductase (13). Furthermore, the
hepatoma reductase can catalyze the re-
duction of many artificial electron accep-
tons, requiring about the same concentra-
tions of acceptors to achieve half-maximal
rates as the liven enzyme. The maximal
rates of reduction catalyzed by the hepa-
toma reductase are bower than those cat.a-
lyzed by the liver neductase. The signifi-

cance of lower Vmax values must, however,

await further purification ofthe hepatoma
reductase.
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The hepatoma neductase requires an on-
den of magnitude more NADPH to support
reduction than does liven reductase. That

this altered Km for NADPH is indeed a
property of the neductase is shown by the
lack of dependence of this requirement on
the acceptor utilized. When liver cyto-
chrome P-450 and hepatorna cytochnorne P-
450 neductase are reconstituted with phos-
phatidylcholine in a benzphetarnine hy-

droxylation system in vitro, the Km of
NADPH (Table 6) is also an order of mag-
nitude higher than for a system containing
liver cytochnome P-450 and liver neduc-
tase, while the Km for benzphetamine (Ta-
ble 6) is identical with that of the all-liven
system (6). These data suggest that al-
though the hepatoma reductase is similar
to the liver reductase in many ways, its
binding site for NADPH may be altered in
such a way that the hepatoma neductase
has a reduced affinity for the electron do-
nor. The reduced affinity of the neductase
for NADPH could be a significant cause of
the lowered level of activity of the tumor
drug metabolism system.

The data presented in this paper demon-
strate the presence of drug metabolism ac-
tivity in hepatoma 5123 t.c.(H) by the reso-
lution and partial purification of the corn-
ponent enzymes, cytochnome P-450 and cy-
tochrome P-450 reductase, and the recon-
stitution of benzphetarnine hydroxylation
in vitro, using the resolved purified compo-
nents and phosphatidylcholine. These data
are in agreement with the reports of others
who also concluded that various hepato-
mas have competent drug and carcinogen
metabolism systems (19-23), and are at
variance with the suggestion that the drug
metabolism system is not present or not
functional in hepatomas (24, 38-40).
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