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ABSTRACT A 49-kDa protein (P49) was discovered in the
primary cultures of rat hepatocytes. P49 cross-reacted with the
antibodies against purified P4501IC11 [formerly P-450(M-1)].
P49 was located in microsomes and highly induced after plating
of isolated hepatocytes on collagen-coated culture dishes. To
characterize P49, cDNA clones were screened from a rat liver
Agtl1 expression library. From sequence analysis of the cloned
cDNAs, the amino acid sequence of P49 was deduced, and the
protein was identified as a previously uncharacterized form of
cytochrome P450. P49 consists of 489 amino acids and shows
~=60% similarity with the members of class IIC subfamily of rat
cytochrome P450, such as P450IIC11 and P450IIC12 [formerly
P-450(F-1)]. RNA blot analysis indicates that the mRNA trans-
lating P49 was induced ~20- to 30-fold at 70 hr in the primary
cultures compared with the liver of adult rats. Induction of P49
was not affected by density of the plated cells and the presence
or absence of several hormones, serum, or antibiotics in the
culture medium. On the other hand, lower induction of P49 was
seen when the hepatocytes were cultured on Matrigel-coated
plates. Expression of P49 mRNA was low in the liver of adult
rats and was not detectable in the livers of 1- and 2-week-old
male and female rats. P49 is an additional form of cytochrome
P450, which is induced in the primary culture of rat hepato-
cytes.

Primary culture of hepatocytes is a convenient experimental
system by which to investigate various liver functions under
conditions free from physiological regulations. However,
many liver-specific proteins, including cytochrome P450,
decrease within a few days in this primary culture. Decrease
of liver-specific proteins is mainly due to transcriptional
block (1). On the other hand, expressions of a few enzymes,
such as heme oxygenase, are highly elevated in primary
cultures (2, 3). Synthesis of cytoskeletal proteins, such as
a-tubulin and B-actin, are also highly stimulated in primary
cultures, but their expressions are lowered when the hepa-
tocytes are plated on certain types of extracellular matrices
4,5).

Hepatic microsomal cytochrome P450 consists of various
forms and catalyzes oxidative metabolism of a wide variety
of xenobiotic and endogenous substrates. Under conven-
tional culture conditions, cytochrome P450 of the hepato-
cytes declines rapidly to low levels in a few days of culture
(6-8). A few forms of cytochrome P450, such as P4501A1
(formerly P,-450) (9, 10) and P450IIIA1 (formerly P-450,)
(11), are induced in the primary cultures with suitable induc-
ers. Recently Guzelian and coworkers (3) developed a culture
system using Matrigel for induction of cytochrome P450 in
cultured hepatocytes. When rat hepatocytes were cultured
on a Matrigel-coated dish and treated with phenobarbital,
induced expression of P450IIB1 (formerly P-450,) and
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P45011B2 (formerly P-450.) was observed. These are two
major phenobarbital-inducible forms of cytochrome P450.
However, constitutive forms of cytochrome P450, including
P450IIC11 [formerly P-450(M-1)] could not be maintained in
the cultured cells, even when plated on Matrigel (12).

We examined the changes in synthesis of several forms of
cytochrome P450 in the primary cultures of rat hepatocytes.
When immunoblot analysis of cytochrome P450 in cultured
hepatocytes was performed by using polyclonal antibodies,
one lot of the antibodies prepared against purified P45011C11
detected a 49-kDa protein in addition to P450IIC11. The
49-kDa protein (P49) was slightly expressed in the liver of
adult rat and highly induced in the primary cultures of
hepatocytes. To characterize P49, the cDNA encoding P49
was cloned.* Amino acid sequence deduced from the nucle-
otide sequence was compared with various forms of cy-
tochrome P450, and P49 was identified as a distinct form of
cytochrome P450. Culture conditions that affected the
expression of P49 mRNA were investigated. Tissue-specific
and age-dependent expression of P49 were also examined.

MATERIALS AND METHODS

Primary Culture of Rat Hepatocytes. Male Sprague-
Dawiley rats weighing 150-200 g were used in all experiments.
The hepatocytes were prepared by an in situ collagenase
perfusion method based on that of Seglen (13). The isolated
hepatocytes were suspended at 5 X 10° cells per ml with
Eagle’s minimal essential medium supplemented with 10%
bovine serum, 10 uM dexamethasone, insulin at 10 pg/ml,
kanamycin at 60 ug/ml, penicillin at 10 units/ml, streptomy-
cin at 100 ug/ml, and amphotericin B at 0.25 ug/ml. Ten-
milliliter portions of the cell suspension were plated onto type
I collagen-coated culture dishes (10 cm in diameter) and
incubated at 37°C in 95% air/5% CO,. In some experiments,
cells were plated onto the dishes coated with Matrigel (Col-
laborative Research); 6-8 hr after plating, the culture me-
dium was changed, and it was changed daily thereafter.

Preparation of Cell Extracts and Immunoblot Analysis.
Cultured hepatocytes were washed once with saline contain-
ing 20 mM phosphate buffered saline, pH 7.5, scraped off
from two dishes with a rubber policeman, and then washed
once with ice-cold phosphate-buffered saline by centrifuga-
tion (50 x g for 2 min). The pelleted cells were suspended in
200 pl of STE buffer (0.25 M sucrose/20 mM Tris'HCl/1 mM
EDTA, pH 7.4) containing 5 mM phenylmethylsulfonyl flu-
oride, leupeptin at 5 ug/ml, and pepstatin at 5 ug/ml. The
cells were disrupted by sonication (5 sec, S times), and the
disrupted cells were centrifuged in a microcentrifuge at

Abbreviations: P450s are classified according to the recommended
nomenclature system (34) as follows: P4501IC11, P-450(M-1);
P45011C12, P-450(F-1) or P-450,55; P45011B1, P-450,; P45011B2,
P-450.; P4S0IA1, P-450.; P450111A1, P-450,; P4SOIIEL, P-450;.
*The sequence reported in this paper has been deposited in the
GenBank data base (accession no. M58041).



Biochemistry: Emi et al.

12,000 x g for 20 min. The supernatant was used as the cell
extract.

Antibodies against purified P4501IC11 were prepared as
described (14, 15). Two different lots of the antibodies, one
reacting with both P450IIC11 and P49 and another reacting
only with P450IIC11, were used. Forty micrograms of the cell
extracts was electrophoresed with SDS/polyacrylamide gel
(16) and transferred onto nitrocellulose filter (17). The protein
bands treated with anti-P450I1IC11 IgG were visualized by
alkaline phosphatase-conjugated anti-rabbit IgG in the pres-
ence of nitroblue tetrazolium salt and 5-bromo-4-chloro-
indolyl phosphate. Intensity of the bands were determined by
densitometry using a Shimadzu model CS-930 chromato-
scanner.

Isolation and Characterization of cDNA Clones. Hepato-
cytes recovered from five culture dishes were suspended in
500 ul of STE buffer, and total RNA was extracted by the
SDS/phenol method, as described (18). The recovery of total
RNA was 0.3-0.5 mg. Total RNA of rat livers was prepared
as reported (15).

All manipulations of recombinant DNA were as described
(19). Double-stranded cDNA was synthesized from poly(A)*
RNA prepared from the livers of male rats and ligated into
Agtll with EcoRlI linkers. The library was screened by using
two different lots of antibodies against P450IIC11. The con-
centration of the primary antibodies was 20 ug/ml in PBS/
0.1% Triton X-100/0.1% nonfat dried milk. Proteins in the
plaques on LB plates were transferred to nitrocellulose filters
in the presence of isopropyl B-D-thiogalactoside, and the
plaques that reacted with the antibodies were selected and
further screened. DNAs from the cloned phage plaques were
purified from the plate lysates (20). Sequencing of single-
stranded DNA was performed by the dideoxynucleotide
chain-termination method (21).

Total RNAs prepared from cultured hepatocytes and rat
livers were electrophoretically separated in a formaldehyde-
containing agarose gel and transferred to nitrocellulose fil-
ters. Specific RNA was hybridized with 3?P-labeled DNA
fragment at 60°C in 4x SSC (1xSSC = 0.15 M sodium
chloride and 0.015 M sodium citrate, pH 7) containing 10 mM
EDTA and salmon testis DNA at 25 ug/ml. The filter was
washed two times with 0.1x SSC/0.1% SDS at 65°C for 30
min and autoradiographed. Intensities of the bands on the
autoradiogram were determined by densitometric assay. cD-
NAs of P450IIC11 and carboxyesterase E1 had been cloned
(22, 23).

RESULTS

Detection of the 49-kDa Protein in Primary Cultures of Rat
Hepatocytes. The extracts of cultured hepatocytes at various
time points were analyzed by immunoblotting by using two
lots of antibodies against purified P450IIC11. Fig. 1 shows
that one lot of antibodies (lot 1) reacted with only P450IIC11,
but another lot (lot 2) reacted with an extra protein band of
49 kDa (P49) in addition to P4501IC11. P49 was only slightly
expressed in liver, and it increased rapidly after plating of the
hepatocytes. Maximum induction of P49, which was =15-
fold in comparison with time 0, was seen at =72 hr (Fig. 1B).
On the other hand, P450IIC11 gradually decreased in the
cultured hepatocytes, although it was maintained at nearly
the same level as time 0 in some experiments. Induction of
P49 was constantly observed, irrespective of maintenance of
P450IIC11 in the primary cultures (Fig. 1 B and C), indicating
that P49 was not a degradation product of P450IIC11. P49 was
recovered in the microsomal fraction when the cell extract
was ultracentrifuged.

Cloning and Sequencing of P49 cDNA. Because P49 was
also detected in the livers of adult rats, a cDNA library was
prepared from the hepatic mRNA of male rats. The Agtll

Proc. Natl. Acad. Sci. USA 87 (1990) 9747

A
S — —— -~—P-450(M-1)
B
—P-450(M-1)
P49
C

B ~~P49

S

0 24 48 72 96
Time in Culture (h)

FiG. 1. Detection of P49 in primary cultures of rat hepatocytes.
Hepatocytes were plated at time 0 and harvested at 24, 48, 72, and
96 hr after plating. Forty micrograms of cell extracts was analyzed
by immunoblotting with two lots of antibodies against purified
P4501IC11 [P-450(M-1)]. (A and B) Experiments using lot 1 and lot 2
antibodies, respectively. (C) Results of another experiment using lot
2 antibodies.

cDNA library was screened by using the two lots of
P450IIC11 antibodies (Fig. 1, lots 1 and 2). From 6 x 10°
recombinant phages, 239 plaques, which were supposed to
have an inserted cDNA encoding P450IIC11, reacted with
both lots of the antibodies, and 36 plaques reacted only with
lot 2 antibodies. The latter 36 plaques were screened further
by using lot 2 antibodies, and finally 14 recombinant phages
were obtained. A recombinant phage (AP49-A4), which had
the longest cDNA insert of =1.5 kilobases (kb) consisting of
two EcoRI fragments (0.3 plus 1.2 kb), was isolated.

The two fragments of the EcoRI-digested cDNA insert
were subcloned into pUC19 separately and digested with
various restriction endonucleases to obtain a restriction map
(Fig. 2). The fragment containing the internal EcoRI site of
the cDNA was obtained from the Sph I fragment of AP49-A4
DNA. From sequence analysis, the 0.3-kb and 1.2-kb frag-
ments were found to code N-terminal and C-terminal portions
of P49, respectively, but the 0.3-kb fragment lacked an
initiation ATG codon. The cDNA library was further
screened by using the 0.3-kb fragment as probe to obtain a
full-length cDNA. From 2 x 10° recombinant phages, 32
positive plaques were obtained. AP49-D2 in Fig. 2 had the
longest cDNA insert of =1.7 kb (0.4 plus 1.3 kb). The
nucleotide sequence showed that the inserted cDNA in-
cluded 1706 base pairs and had an open reading frame coding
489 amino acids with a molecular size of =56 kDa (Fig. 3).
However, a poly(A) tail was absent from the cloned cDNA.
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Fi1G. 2. Restriction map of P49 cDNA clones. Open box at top
shows P49 encoding region. Lower two lines show the restriction
maps of two P49 cDNA clones.
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gaaaaagaaaaaccaacaagaaagcca
ATGGCTCTCTTCATTTTTCTGGGGATTTGGCTTTCTTGTTTGGTTTTTCTTTTTCTATGGAATCAGCACCATGTCAGAA
M L F I F L G I W S C v F L L Q H R RGGQAGgTCCCA

CCTGGTCCCACTCCTCTACCAATTTTTGGCAATATTTTGCAAGTGGGTGTTAAAAATATGAGCAAATCTATGTGCATGCTAGCA

P G P T P L P I F G N I L Q@ vV 6 VvV K N I s K § M C M L A :AAgAG
TACGGGCCTGTGTTCACCATGTATCTGGGCATGAAGCCCACTGTGGTGCTGTATGGA&ATGAAGTATTGAAAGAAGCTCTGATT A C

Yy 6 P V F T M Y L G M X P T V V L Y 6 Y E V L K E A L I g CSGG
GGAGAAGAGTTTTCTGATAAAATGCATTCGTCAATGCTCAGTAAAGTCAGCCAAGGG&TAGGCATTGTCTTCAGCAAT GAGA T

G E E F S D K M H § § M L § K V 8 Q 6 L G 1 vV F § N g g A?TAEGG
AAACAAACACGGCGTTTCTCCCTCATGGTCTTAAGGTCTATGGGGATGGGAAAGAGAACTATTGAAAACCGAATTCAGGAG AA G

K ¢ T R R F § L M V L R S M G M G K R T I E N R I Q E g 3TT3TT
TATCTGCTGGAAGCACTGAGAAAAACCAATGGGTCCCCGTGTGACCCCAGCTTCCTT&TGGCCTGTGTTCCCTGCAAT T A

Y L L E A L R K T N G S§ P C D P S F L L A C Vv P cC N 3 G%TC:CCQGT
GTCATTTTCCAGCACCGTTTTGACTACAGTGATGAGAAATTCCAAAAATTCATAGAGAATTTCCATACAAAAATTGAAATTTTAGCA‘ T
v I F ¢ H R F D Y 8 D E K F Q K F I E N F H T K I E I L A §C
CCTTGGGCCCAGTTGTGCAGTGCCTATCCTGTTCTATACTATCTCCCGGGAATCCATAACAAATTCTTAAAAGATGTGACT AACA A

P W A Q@ L C s A Y P V L Y Y L P G I H N K F L K D V T g 8 G:AA
AAGTTCATCTTGATGGAAATAAACAGGCATCGAGCATCTCTGAACCTCAGTAACCCTéAGGACTTTATTGACTATTTCCTGATTA A‘

K F I L M E I N R H R A S L N L S N P Q D F I D Y F L I KA QTG
GAAAAGGAAAAACACAATGAAAAGTCTGAATTTACCATGGACAACCTGATAGTCACCATAGGTGATCTTTTT GAGCAGGA A

E K E K H N E K S8 E F T M D N.L I v T I 6 D L F g A g QCASAGQCA
ACGAGTTCCACCATAAAATATGGGCTTTTGCTCTTGCTGAAGTACCCAGAGGTCACAéCTAAAATTCAGGAAGAAATTACTCGCGTGATT
T § § T I K Y 6 L L L L L K Yy P E V T A K I Q E E 1 T R V I
GGTAGACACCGGAGACCCTGCATGCAGGACAGGAACCACATGCCCTATACGGATGCTGTGCTGCATGAGATCCAGAGATACATTGAT*TT
G R H R R P C M Q D R N H M P Yy T D A V L H E I Q R Y I D F
GTTCCCATTCCCTTGCCTCGTAAGACAACGCAGGATGTGGAGTTCAGAGGATACCACATTCCCAAGGGCACAAGCGTAATGGCATGT&TG
v p I P L P R K T T Q D V E F R G Y H I P K G T § V M A C L
ACTTCTGCCCTGCACGATGACAAAGAATTTCCCAACCCAGAGAAGTTCGACCCTGGCCACTTTCTCGATGAGAAAGGCAACTTCAAGAAG
T 8§ A L H D D K E F P N P E K F D P G H F L D E K G N F K K

AGTGACTACTTCATGGCTTTCTCAGCAGGAAGAAGAGCCTGTATTGGAGAAGGTTTA&CCCGCATGGAGATGTTCTTAATCCTGACCAGC
s D Y F M A F_ S A G R R A ¢ I G E G L A R M E M F L I L T S

ATTTTACAGCATTTTATTTTAAAACCTCTTGTCAATCCAGAGGACATCGACACAACCCCAGTTCAACCTGGTTTATTGTCTCTGCCC&CA
1 L Q H F I L K P L v N P E D I D T T P v Q P G L L S \'A P P
SCC;TTgAGgTCgGTgTC?TTgCASTCT?Q agcggcatagtcttLcacacagatgactgagaccctgcttctacttgtgagcaaac;gg

tcctcctgtcctcgtgLacctgtaactggcagtqcLLcctgaatggcagggaLgctacctctgaactgtccLacatttttttcaattctL

tgtgaaccagttccaatttttcatatgtgaaaaaacttcactgttttagcactaataaagttttttttce

FiG. 3.

Nucleotide sequence and deduced amino acid sequence of P49 (P49 cDNA in AP49-D2). The sequence underlined with a straight

line is the putative heme-binding site, and that underlined with a wavy line is the N-terminal hydrophoblc stretch necessary for membrane

anchoring. The termination codon is indicated by stars.

Amino Acid Sequence of P49. The amino acid sequence of
P49 deduced from the nucleotide sequence of AP49-D2 was
compared with P4501IC11 (22). A homology of 61% between
P49 and P45011C11 was obtained. When compared with other
forms of cytochrome P450, a maximum homology of 65% was
obtained with rabbit P450I1C3 (formerly P-450s;,) (24). More-
over, P49 had the consensus amino acid sequence of the
heme-binding site of cytochrome P450, HR2 (25) (Fig. 3,
underlined sequence). The initiator methionine was followed
by a stretch of hydrophobic residues (Fig. 3, wavy line). Such
a hydrophobic stretch at the N-terminal portion is always
found in microsomal forms of cytochrome P450 and is
essential for their anchoring to microsomal membrane (26,
27).

Comparison of P49 with various forms of rat cytochrome
P450 indicated that P49 is a previously uncharacterized form
of cytochrome P450 belonging to the IIC subfamily. P49
showed 59% homology with P4501IC12 (formerly P-450,sg)
(28), which is a female-specific form and developmentally
regulated in rat liver as P450IIC11. P49 had 53% homology
with P45011E1 (formerly P-450;) (29), an ethanol-inducible
form, 46% homology with P450IIB1 (P-450,) (30), a phe-
nobarbital-inducible form, and 28% homology with P450IA1
(P-450.) (31), a 3-methylcholanthrene-inducible form. Ho-
mologies with mitochondrial and bacterial forms of cy-
tochrome P450 were lower. We conclude that P49 is another
member of P450IIC subfamily, which is highly induced in the
primary cultures of rat hepatocytes.

Expression of P49 in Cultured Hepatocytes. Total RNAs
were prepared from the cultured hepatocytes at various time
points after plating and analyzed by RNA blotting. Fig. 4
shows that the mRNA translating P49 increased ~20-fold in

the cultured hepatocytes as compared with the time 0 value
based on the densitometric assay. On the other hand, the
mRNAs translating P450IIC11 and carboxyesterase E1, two
other microsomal proteins, rapidly decreased after plating of
the cells.

When the cultured rat hepatocytes are treated with dex-
amethasone, P450I11A1 is highly induced in microsomes of
the cultured cells (11). However, induction of P49 was seen
whether dexamethasone was present or not in the culture
medium (data not shown). Neither cell density of the cultures
nor additives to the culture medium, including antibiotics,

A P49 B P-450(M-1) C carboxyesterase E1
— D G e
L 0 24 70 L 0 24 70 L 0 24 70

FiG. 4. Northern blot analysis of mMRNAs of P49 and two other
microsomal proteins in primary cultures of rat hepatocytes. Hepa-
tocytes were plated at time 0 and harvested at 24 and 70 hr after
plating. Fifteen micrograms of total RNA prepared from the livers of
untreated male rats and cultured cells was hybridized with 2P-
labeled cDNA probes. (A) P49. (B) P450II1C11 [P-450(M-1)]. (C)
Carboxyesterase E1. Culture hours are indicated for each lane; L,
liver RNA.
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FiG. 5. Effects of extracellular matrices on induction of P49
mRNA in primary cultures of rat hepatocytes. Hepatocytes were
plated onto type I collagen (lane C)- and Matrigel (lane M)-coated
dishes and harvested at 70 hr after plating. Fifteen micrograms of
total RNA prepared from the livers of male rats and the cultured
hepatocytes was analyzed by Northern blotting with a 32P-labeled
P49 cDNA probe.

phenol red, insulin, and bovine serum, had any effect on
induction of P49 mRNA (data not shown). When rat serum
was added to the medium as a substitute for bovine serum,
P49 expression was not affected (data not shown). However,
plating of the hepatocytes on Matrigel, an extracellular
matrix prepared from Engelbreth-Holm—Swarm (EHS) sar-
coma, affected the induction of P49 mRNA. As shown in Fig.
5, P49 mRNA was induced =30-fold in the hepatocytes
cultured on type I collagen-coated plates, whereas the in-
duction was only =4-fold when the cells were cultured on
Matrigel-coated plates.

Expression of P49 in Rat Liver. Total RNAs prepared from
the livers of untreated, phenobarbital-treated, and methyl-
cholanthrene-treated adult rats were analyzed by Northern
blotting. Fig. 6A shows that expression of the mRNA trans-
lating P49 in the liver of untreated adult rats was much lower
than in the cultured hepatocytes. Male rats expressed more
P49 compared with female rats. Phenobarbital and methyl-

A

UT PB MC H UT PB MC
— Male — — Female —

B W«ﬂq‘ {~_g!!g!’@

1 2 4 8 1 2 4 8 H
—— Male —— _— Female —

Age (Weeks)

i Sl

FiG. 6. P49 mRNA in livers of male and female rats. Fifteen
micrograms of total RNA from rat livers was analyzed by Northern
blotting with 32P-labeled P49 cDNA as probe. Total RNA from 70-hr
cultured hepatocytes is a positive control in lane H. (A) UT,
untreated; PB, phenobarbital-treated; and MC, 3-methylcholan-
threne-treated rats. (B) Total RNA from male and female rats at 1,
2, 4, and 8 weeks of age was analyzed.
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cholanthrene administration did not affect expression of the
mRNA in either sex. Developmental expression of P49 was
also examined in the livers of male and female rats (Fig. 6B).
P49 mRNA was not detected in the livers of newborn rats (1
and 2 weeks of age) in either sex; elevated levels of expres-
sion were seen after 4 weeks of age. However, the levels of
P49 mRNA expression in the livers of adult rats were still
very low as compared with those in primary cultures.

To investigate whether the expression of P49 mRNA is
influenced by the proliferation of hepatocytes or not, total
RNA was extracted from the livers of partially hepatecto-
mized rats and analyzed by Northern blotting. On 4-7 days
after the operation, expression of P49 mRNA was not sig-
nificantly affected in the regenerating livers (data not shown).
Expression of P49 mRNA was also examined in various rat
tissues—brain, lung, heart, kidney, spleen, intestine, adipose
tissue, and testis—but only in liver was the mRNA detected
(data not shown).

DISCUSSION

When rat hepatocytes are transferred to primary cultures, the
composition of the proteins of the cultured cells is signifi-
cantly altered, and many liver-specific functions decline
sharply (1). Cellular content of cytochrome P450, which
catalyzes the oxygenation of various endogenous and exog-
enous substrates in the liver, also decreases rapidly in these
primary cultures (6-8).

As P450IIC11 is one of the major components of cy-
tochrome P450 in the liver of male rats, we examined its
alteration in cultured hepatocytes. We found that one lot of
antibodies against P450IIC11 recognized an additional pro-
tein band of 49 kDa (P49) and that this additional protein
component increased sharply after plating of the hepato-
cytes. To characterize P49, cDNA clones encoding P49 were
isolated from a Agtl1 library of rat liver cDNA; we obtained
a cDNA clone containing an open reading frame for 489
amino acids. When the mRNA of the cultured hepatocytes
was analyzed by Northern blotting, P49 mRNA was induced
~20- to 30-fold at 70 hr after plating of cells as compared with
time 0. The increase of P49 in cultured hepatocytes paralleled
the increase of its mRNA.

P49 seems to be a distinctive member of cytochrome
P450IIC subfamily because its amino acid sequence was
highly homologous with P450s of IIC subfamily, including
P450IIC11 and other members of the subfamily. As the
primary structure of P49 resembles those of sex-specific
forms of cytochrome P450 that catalyze hydroxylation of
various steroid hormones, it is likely that P49 also partici-
pates in the metabolism of such steroid substrates. However,
the physiological significance of the rapid increase of P49 in
cultured hepatocytes is yet to be elucidated.

The density of plated cells is known to alter expression of
certain proteins. Secretion of serum albumin and the enzyme
for DNA synthesis are elevated at low cell density, whereas
succinate dehydrogenase and malic enzyme are elevated at
high cell density (32). However, the same level of P49
expression was seen in both high and low cell densities. When
cultured hepatocytes are treated with dexamethasone, sev-
eral proteins including P450I11A1 (11) and tryptophane 2,3-
dioxygenase (33) are induced. However, induction of P49 was
constantly observed with or without dexamethasone in the
culture medium. Expression of P49 was not affected by
various compounds added to the culture medium, such as
serum, antibiotics, and insulin.

The only culture condition in which P49 induction was
reduced was plating on Matrigel-coated dishes. Gene expres-
sion in cultured hepatocytes is known to be altered by the
various extracellular matrices on which cells are plated (3-5).
Because Matrigel contains various extracellular matrices, the
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expression of the P49-encoding gene in the hepatocytes
seems affected by contact with some of the extracellular
matrix components. The precise mechanism responsible for
induction of P49 in the cultured hepatocytes remains to be
clarified.

We thank Dr. O. Gotoh (Saitama Cancer Center Research Insti-
tute) for estimating the homology of P49 with other forms of
cytochrome P450. Helpful suggestions and advice were provided by
Dr. K. Mihara and Dr. A. Ito (Kyushu University). This work was
supported in part by Grants-in-Aid for Scientific Research from the
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