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Summary

The stability and distribution of arylhydrocarbon hydroxylase activity 1n
four human tissues has been examined. Two tissues, hiver and lung, were
obtained from autopsy samples while lymphocytes and placenta were obtained
from cell hnes and donors Marked differences 1n arylhydrocarbon hydroxylase
activity were observed between tissues and individuals, with liver being the
richest source. Activity mn all tissues was stable at 4°C for 24 h, but freeze-
thawing markedly reduced hydroxylase actiwvity in liver. Using gel exclusion
chromatography, the molecular weight of a non-dissociated form of arylhydro-
carbon hydroxylase was estimated to be about 400 000. A heme staining band
corresponding to a molecular weight of 50 000 was observed after polyacryl-
amide gel electrophoresis of liver microsomal preparations This appears to be a
cytochrome P-450 subunit based on correlations between stamning intensity and
hydroxylase activity 1n tissues and partially purified preparations examined

Introduction

The mixed function oxygenases are a family of enzymes that metabolize
most environmental chemicals, including drugs [1], polycyclic aromatic car-
cinogens [2], fatty acids [3,4] and steroids [5]. These enzymes are localized in
microsomal membranes and are known collectively as the cytochrome P-450
protemns. Arylhydrocarbon hydroxylase 1s part of the P-450 complex catalyz-

Abbreviations TEMED, NN, N’ .N'-tetramethylethylenediamune, TMBZ, 3,3’ ,5,5 -tetramethylbenzidine
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ing the first step in the metabolism of benzopyrene and other polycyclic
aromatic hydrocarbons [6,7]. Arylhydrocarbon hydroxylase 1s of particular
interest because of the possible correlation between its inducibility and suscep-
tibility to polycyclic aromatic hydrocarbon induced tumors in animals [8] and
possibly in humans [9—12].

Studies of human cytochrome P-450 proteins have been hampered by the
limited availability of tissue and by the low tissue levels of cytochrome P-450.
Alvares et al [13] found an average of 250 pmol P-450/mg microsomal protein
in three human livers. In contrast, mouse and rat liver contain about 800 pmol
P-450/mg microsomal protein [14,15]. Mixed function oxygenase activities
have been measured in human lhiver [16], placenta [17] and breast [18] for a
number of substrates including benzo[a]pyrene. The abihity of human tissue to
metabolize various drug and carcinogen substrates suggests the presence of
multiple forms of cytochrome P-450 However, the quantitative and qualita-
tive nature of these cytochrome P-450 proteins and their role in the biochem-
1stry and genetics of drug and carcinogen metabolism remains to be elucidated.

Multiple forms of cytochrome P-450 exist in tissues of laboratory animals
[14,15] and there 1s evidence for multiple forms of P-450 in human lver.
Several forms of human liver cytochrome P-450 have been 1solated to apparent
homogeneity as judged by SDS-polyacrylamide gel electrophoresis [16]. Sub-
unit molecular weights are estimated to be 45000 [19] and 53 000 and 55 500
[16]. These proteins catalyze a variety of oxygenase reactions including
benzo[a]pyrene hydroxylation [16,19,20].

Previous work in our laboratories [17,21] showed that arylhydrocarbon
hydroxylase activity 1s induced in human placenta by smoking and in lympho-
cytes by treatment with 3-methylcholanthrene In this paper we attempt to
utilize this induction behavior to locate P-450 proteins on SDS-polyacrylamide
gels. We examine microsomal proteins from liver, lung, placenta and lympho-
cytes and compare gel electrophoresis patterns and arylhydrocarbon hydroxyl-
ase activities 1n the four tissues. Also presented are molecular weight estimates
of a P-450 subunit 1dentified after gel electrophoresis by heme staining and of a
non-dissociated form of P-450 determined by gel exclusion chromatography.

Matenals and Methods

Materials Acrylamide, bisacrylamide, TEMED and ammonium persuifate
were from Bio-Rad, Rockwville Center, NY. Ovalbumin, carbonic anhydrase and
B-lactalbumin were from Pharmacia. SDS, crystalline bovine serum albumin,
cytochrome c¢, sodium deoxycholate, TMBZ, hydrogen peroxide, trimitroben-
zene sulfomc acid, Tris and EDTA were from Sigma, Ultrogel AcA-34 was from
LKB.

Tissue sources Samples of human liver were obtained at autopsy from three
subjects, one male and two females (66—73-years-old). Deaths were due to suf-
focation for the male (LV1) and adenocarcinoma of the cecum (LVZ2) and
abdommal carcinoma (LV3) for the females. There were no apparent metas-
tases to the hver for the cancer patients. The autopsies were performed within
4 h after death and the liver samples were frozen at —70°C. A sample of human
lung (LG1l) obtamned from the male subject at autopsy, was also frozen at
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—70°C. Human placentas were obtained and microsomes prepared as described
by Vaught et al. [17]. Human lymphocytes were taken from a long term cell
line (RPMI-1788) and from buffy coats of healthy plasmapheresis donors.
Lymphocytes were cultured, and some were induced with 3-methylcho-
lanthrene and harvested according to Paigen et al. [21] The cells were frozen
at —70°C Microsomes from rat livers were a generous gift from Dr. Hira
Gurtoo (Roswell Park Memonal Institute).

Microsomal membrane preparations Microsomes from human liver and lung
were prepared at 4°C. 5—10 g tissues were thawed, diced and homogenized by
hand, using a ground-glass homogemzer 1n 3 vol. 0.15 M KCl. The homogenate
was centrifuged at 9500 X g for 15 min and the pellet reconstituted with 3 vol.
0.15M KCl This solution was again centrifuged at low speed and the two
supernatants were combined and centnfuged at 16 000 X g for 20 min. The super-
natant was centrifuged at 100 000 X g for 1 h and the resulting pellet was resus-
pended 1n 8 ml 0.15 M KCI and centrifuged again at 100000 X g for 1h The
pellet was resuspended in 0.01 M Tris-acetate (pH 7.4)/0.15 M KC1/0.1 mM
EDTA/10% glycerol and stored at —70°C or used immediately In some cases,
the pellet was resuspended in 4 ml 0 15 M KCl and layered on a sucrose gra-
dient consisting of 1 m! 2.0 M sucrose, 3.5 ml 1.6 M sucrose, 35 ml 1.4 M
sucrose, and centrifuged for 1 h at 40000 X g Fractions were brought to 4 ml
with 015 M KCl and centnfuged at 100 000 X g for 1 h. Pellets were resus-
pendended in the Tris-acetate buffer to 4 ml and used immediately or stored
frozen at —70°C.

Preparation of microsomes derived from human placentas was as described
by Vaught et al. [17].

Arylhydrocarbon hydroxylase activity. Lymphocyte and placental micro-
somes were assayed for arylhydrocarbon hydroxylase activity according to
Gurtoo et al. [22] and Vaught et al [17], respectively. Liver and lung micro-
somes were assayed for activity by modification of the lymphocyte assay. To
achieve optimum assay conditions in liver and lung microsomes, the time of
incubation was increased from 30 min to 1 h and the pH altered from pH 8.6,
for lymphocytes and placenta, to pH 7 6. Specific activity 1s expressed as pmol
3-hydroxybenzo{a]pyrene formed/min per mg microsomal protein. Protein was
determmned as described by Lowry et al [23] using bovine serum albumin as
standard.

Polyacrylamide gel electrophoresis Polyacrylamide gel electrophoresis was
performed in the presence of SDS using slab gel electrophoresis according to
Laemml [24] with shght modifications. Protein fractions at a final concentra-
tion of 1.6 mg/ml were first treated for 30 min at 70°C with 0.06 M Tnis-HCl
(pH 6.8)/2% SDS/10% glycerol/5% 2-mercaptoethanol/0 01% bromophenol
blue The slab separating gel contamned 10% acrylamide, and the stacking gel
contamned 3% acrylamide. Electrophoresis was carried out at 20°C for 8 h at 20
mA/gel. Proteins were detected by staining overnmight n 0.25% Coomassie bril-
lant blue R, followed by diffusion destaining in 50% methanol/7% acetic acid.
The molecular weights of microsomal proteins were estimated using the pro-
tein standards Escherichia coli (3-galactosidase (M, = 135000), bovine serum
albumin (M, = 68 000), glutamate dehydrogenase (M, = 53 000), ovalbumin
(M, = 45000), aldolase (M, = 40000), carbonic anhydrase (M, = 32000), (-
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lactalbumin (M, = 18 000) and horse cytochrome ¢ (M, = 11 000).

Heme staining. Polyacrylamide slab gels of microsomal proteins were sub-
jected to staining with TMBZ 1n order to visualize hemoprotein components of
microsomal samples, according to Thomas et al. [25]. In some cases the slab
gels were first washed 1n 0.02 M Tns-HCl (pH 7.5)/50% methanol for 1 h. The
stained bands, which disappeared within an hour, were marked with small holes
on either side of the band and stained for protein, according to Thomas et al.
[25].

Gel exclusion chromatography Gel filtration studies were carried out at 4°C
and a flow rate of 6 ml/h using Ultrogel AcA-34 1n a column with dimensions
1.6 X 80 cm. The column was equilibrated with 0 1 M Tris-acetate (pH 7.4)/
01 M KCl/1 mM EDTA/1 mM 2-mercaptoethanol/5—10% glycerol.

Results and Discussion

Stability of human microsomal proteins The stability of human liver micro-
somal protems and of arylhydrocarbon hydroxylase activity (in 0.01 M Tris-
HCl1/0 15 M KCl/1 mM EDTA, pH 7.6) was determined under a variety of con-
ditions Thawing of liver microsomes which had been frozen overmight resulted
in about 70% loss of arylhydrocarbon hydroxylase activity, but there was no
signmificant proteolytic degradation of the major proteins as judged by patterns
of proteins separated by polyacrylamide gel electrophoresis in SDS. After the
mitial loss of activity resulting from freezing, the activity of liver microsomes
stored frozen at —70°C remained constant for at least 6 months. Concentra-
tions of protein ranging from 0.5—50.0 mg/ml yielded similar results At 4°C
the arylhydrocarbon hydroxylase activity of microsomes remained constant for
at least 24 h, but at room temperature the bulk of the activity was lost within
3—4 h.

Comparison of human and rat lwer microsomal proteins In laboratory ani-
mals, including rat [15,26], rabbit [27] and mouse [14], cytochrome P-450

TABLE |
ARYLHYDROCARBON HYDROXYLASE ACTIVITY IN MICROSOMES FROM HUMAN TISSUES

Values for LV2 and lung are based on single preparations

Tissue Specific activity
(pmol/min per mg)
(23S D)

Laver - LV1 0492013

Liver - LV2 8 21

Liver - LV3 9603175

Lung - LG1 0 32

Lymphocyte - uninduced 003 *

Lymphoecyte - induced 008

Placenta - non-smoker 006 **

Placenta - smoker (2 pks/day) 4 55

* From Ref 21
** From Ref 17



352

EAT (D) 'ZAT () 'TAT (V) I 2[qBL UT UIAI3 aIe SO131AT)0R O1J109dg SmOoLre AQq PajedIput axe sprepuess jysam
TBINIBOW UuR30ad Brf 0G INOQE PAUTEIUOD (D) 30[S I[Iym urajoad 8 QO INOQE PIUTBIUOD Yoea (g) pue (V) S10[S an[q 3Issewo0) 3ursn Ud30Id 10] PIUTE)S Sem (o3
Y3 pue ‘ggs Jo 20ussaId Y3 UT STSAIOYJOI}DI[I [38 IPIWE[AIIRATOd O} PIIORAQNS 3I9M SIWIOSOIINY S[BNPIAIPUI [BIIAIS WIOX) SUTE}OId [EUIOSOIDTW I2AT] wewIny g By

12A () ' 3140
-oydw4| (D) *er1uade(d (g) *‘3un| (y) [ 2[qe], Ut UaAIS aIe Sanianoe oy1ads [0T1] duaryjue[oyd[Ay3auwI-§ YIIm Padnpul alam pue S[{3d I0UOP WO} IIB SIWOSOINUW 314D

-OyduwiAr] I3OWS AABIY B WO 3IB SIUIOSOII WL IIAL] PUE JUNTT SMOLIE AQ umoys are sprepuels jy3raom Ie[ndd[O]N an[q ISSBWO0) BFUISn urdl0oid 10) paure}s sem [38
3y} pue ‘ggs Jo 20uasaxd 3y} Wl S15210Yyd01303]3 [93 IprUre[A10e4[0d O3 PaIVBIqNS II9M SIUIOSOIDIPY SINSST) UBLINY [RIDADS UIOZ] PIIR[OST SUIDI0Id [RWOSOXITN T 314

SMOI1Ie AQ P3I1EOIPUT 3XB SPIBPUE)S JYBIoM IBMOIION UTa3oid rewrosordru Suwr 1ad uuw/aualfd[0]0ZUdqAX0IPAY-¢ [ould (IIAT] JeX) 0L L] INOqe
pue (TAT) 6% 0 2Ie satdures ayj 10J SaVILATIOR Dads ISBIAXOIPAY UoqIedoxpAyiAze ayl [22] () suaryjue[oyd[Aylaw-¢ 10 (D) [ojtqreqouayd Yiim padnpu 1o ()
paonpurun a19m YoryMm S[EUTUE WO PIUTRIQO IIaM SIBAT 18 (T A’T) 3[eW © WOIJ St (V) I9AT] uewiny 3y ], sn[q arssewroo) 3uisn uidjord 10) pauress sem [38 3yl SAS
30 2duasazd ay} wt s1sazo0ydonydafe (98 apture[A1oeLjod 0} Pajdalqns aiam (uraj0ad 12303 31 QQT) SPWOSOIONY IAAT JBX PUE UBWINY WOJ} SUI2}0Id [BWOSOIdW [ B g

nst = '. )81 - - 8T ~ -
nze - WZE - e NZE » -
w__mu - NO¥ ~ Sk N0y ~
NES > HA Tam ‘gl o

, \
N89 =~ 89 » nﬂw“ 89 = . . e

NSET »




353

and P-448 proteins have been found to have molecular weights ranging from
about 47 000 to 60 000. In rat liver microsomes, these are the most prominent
proteins, particularly after induction with phenobarbitol or 3-methylchol-
anthrene, When rat hiver microsomal proteins are subjected to electrophoresis
In the presence of SDS, the P-450 and P-448 proteins are seen to migrate to
positions corresponding to molecular weights of 48 000 and 53 000, respec-
tively [15,26]. Human liver microsomal proteins do not appear to co-migrate
with the rat cytochrome P-450 or P-448 proteins (Fig 1) The level of proteins
in the 45 000—60 000 molecular weight range, after electrophoresis in SDS, was
much lower for microsomes from human hver than rat liver. Moreover, the
itensity of herne staining of human microsomal proteins 1n this molecular
weight range was considerably less than for rat microsomal proteins. This 1s
consistent with the apparently lower levels of P-450 proteins in human liver
than 1n rat liver, as judged by arylhydrocarbon hydroxylase activity measure-
ments and P-450 absorption measurements for human hver [28]

Differences in human microsomal proteins and arylhydrocarbon hydroxylase
activities between tissues and indiniduals Arylhydrocarbon hydroxylase activ-
ities and gel electrophoresis patterns for human liver, lung, placenta and lym-
phocytes are presented in Table I and Fig. 2. Liver 1s the richest source of activ-
ity. The patterns of proteins observed after electrophoresis showed striking
differences; 1n particular, placenta and lymphocytes had a much lower concen-
tration of microsomal proteins in the 45 000—60 000 molecular weight range
than lwver and lung,

Differences 1n both hiver arylhydrocarbon hydroxylase activities and gel elec-
trophoresis patterns were observed for the different individuals tested. One of
the livers (LV1) had considerably lower activity than the others (LV2, LV3) as
well as reduced levels of a heme-staining band migrating 1n gel electrophoresis
at a position corresponding to 50 000 daltons (Fig. 3). The gel pattern of LV1
microsomes was otherwise quite similar to LV2 and LV3 microsomes. This
band may correspond to a cytochrome P-450, and 1t 1s noteworthy that there 1s
a correspondence between the intensity of this band and the level of arylhydro-
carbon hydroxylase activity. .

Differences 1n the arylhydrocarbon hydroxylase activity among the three
liver autopsy samples (Table I) could have been due to partial degradation of
components of the P-450 system. Although this possibility cannot be elimi-
nated, we feel the differences in activity may well result from genetic variations
because liver samples were obtained and processing was begun within 4 h of
death, and there appeared to be no significant proteolytic degradation of the
major proteins as judged by patterns of proteins separated by polyacrylamide
gel electrophoresis 1n SDS. Moreover, differences 1n arylhydrocarbon hydroxyl-
ase activity among individuals have been observed 1n other human tissues such
as placenta [17] and lymphocytes [11]

Induction of human P-450 proteins We attempted to utilize the induction
behavior of arylhydrocarbon hydroxylase activity to locate human P-450 pro-
teins on SDS-polyacrylamide gels In lymphocytes, as much as a 5-fold induc-
tion 1n activity 1s observed using 3-methylcholanthrene as inducer [21] In
placenta, cigarette smoking during pregnancy induces a variety of enzymes
involved 1n the metabolism of benzo[a]pyrene, including arylhydrocarbon hy-
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droxylase which 1s increased about 100-fold in smoking mothers [17] How-
ever, no increases In band intensities were observed on our gels for induced lym-
phocytes and placenta from smoking mothers using protein and heme staining.
This suggests that P-450 proteins contributing to hydroxylase activity are pres-
ent 1n very low concentrations 1n these tissues.

Molecular weight estimates for human P-450 proteins Autor et al [29] used
gel exclusion chromatography to estimate the molecular weight of non-dis-
sociated cytochrome P-450 protemns of the rabbit. We have employed this
method to estimate the molecular weight of human P-450 proteins, Arylhydro-
carbon hydroxylase activity and gel electrophoresis were used to monitor the
location of P-450 proteins 1n the resulting fractions. The bulk of the activity
was eluted 1in a volume corresponding to molecular weight of about 400 000
which 1s close to the 350 000 peak observed for rabbit cytochrome P-450 A
smaller peak was occasionally observed in fractions corresponding to about
50000 daltons. When subjected to electrophoresis in SDS, the fraction con-
taining arylhydrocarbon hydroxylase activity was enriched 1n the 50 000 dalton
heme staining band.

Enrichment of this heme staining band was also seen following subcellular
fractionation of liver microsomes by sucrose density gradient centrifugation.
We routinely observed correspondence between levels of arylhydrocarbon
hydroxylase activity in the fractions and the intensity of the heme staining
band at 50 000 daltons,

Several lines of evidence suggest that the heme staining band migrating at a
position corresponding to 50 000 daltons 1s in fact cytochrome P-450. First, 1t
15 In the molecular weight range expected on the basis of studies of other mam-
malian cytochrome P-450 protens [14,15,26,27]. Second, 1t copurifies with
arylhydrocarbon hydroxylase activity using gel exclusion chromatography. And
third, there 1s a correlation between the levels of hydroxylase activity and the
intensity of the electrophoresis band in the various individuals and tissues
examined.

Recently, the partial punification of cytochrome P-450 from human liver was
described [16,19,20]. Subunit molecular weights for P-450 proteins were
estimated to be 53 000 and 55500 [16] and 45 000 [19]. Our studies indicate
a subunit molecular weight of about 50 000. Whether this descrepancy 1s a
result of methodological differences or to multiple P-450 proteins 1s unknown.
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