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Summary 

The stability and distribution of arylhydrocarbon hydroxylase activity in 
four human tissues has been exammed. Two tissues, hver and lung, were 
obtamed from autopsy samples while lymphocytes and placenta were obtained 
from cell hnes and donors Marked differences in arylhydrocarbon hydroxylase 
activity were observed between tissues and mdlwduals, with liver bemg the 
richest source. Activity in all tissues was stable at 4°C for 24 h, but freeze- 
thawing markedly reduced hydroxylase actlwty m 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 stainmg band 
corresponding to a molecular weight of 50 000 was observed after polyacryl- 
amide gel electrophoresls of liver mlcrosomal preparations This appears to be a 
cytochrome P-450 subumt based on correlations between staining intensity and 
hydroxylase activity in tissues and partmlly punfmd preparations examined 

Introduction 

The mixed function oxygenases are a family of enzymes that  metabolize 
most environmental chemicals, including drugs [1], polycychc aromatic car- 
cinogens [2], fat ty acids [3,4] and steroids [5]. These enzymes are localized m 
mlcrosomal membranes and are known collectively as the cytochrome P-450 
proteins. Arylhydrocarbon hydroxylase is part of the P-450 complex catalyz- 

Abbrewatlons TEMED. Norq.N'j~l'-tetramethylethylenedlanune. TMBZ. 3.3'oS.5'-tetzamethylbenzldme 
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mg the f~rst step m the metabohsm of  benzopyrene and other polycychc 
aromatm hydrocarbons [6,7].  Arylhydrocarbon hydroxylase is of  partmular 
interest because of the possible correlatmn between its reducibility and suscep- 
tlbfllty to polycychc aromatm hydrocarbon reduced tumors m animals [8] and 
possibly m humans [9--12].  

Studms of human cytochrome P-450 proteins have been hampered by the 
hmlted avaflab:hty of tissue and by the low t:ssue levels of  cy tochrome P-450. 
Alvares et al [13] found an average of  250 pmol P-450/mg mmrosomal protem 
m three human hvers. In contrast,  mouse and rat hver contain about  800 pmol 
P-450/mg mmrosomal protem [14,15] .  Mixed functmn oxygenase achwtms 
have been measured m human hver [16],  placenta [17] and breast [18] for a 
number  of  substrates mcludmg benzo[a]pyrene.  The ability of  human tissue to 
metabohze varmus drug and carcmogen substrates suggests the presence of 
mulhple forms of cy tochrome P-450 However,  the quantl tahve and quahta- 
tlve nature of  these cy tochrome P-450 proteins and their role m the bmchem- 
lstry and genetms of  drug and carcinogen metabohsm remains to be elucidated. 

Mulhple forms of  cy tochrome P-450 exist m hssues of  laboratory animals 
[14,15] and there is ewdence for mulhple forms of  P-450 m human hver. 
Several forms of human hver cy tochrome P-450 have been isolated to apparent 
homogenei ty  as judged by SDS-polyacrylam:de gel electrophoresls [16].  Sub- 
umt  molecular weights are eshmated to be 45 000 [19] and 53 000 and 55 500 
[16].  These protems catalyze a variety of  oxygenase reactmns including 
benzo[a]pyrene  hydroxyla tmn [16,19,20].  

Prevmus work m our laboratomes [17,21] showed that arylhydrocarbon 
hydroxylase actlv:ty is reduced m human placenta by smoking and m lympho- 
cytes by t reatment  with 3-methylcholanthrene In this paper we a t tempt  to 
utilize this mductmn behavmr to locate P-450 protems on SDS-polyacrylamlde 
gels. We examine mmrosomal protems from hver, lung, placenta and lympho- 
cytes and compare gel electrophorems patterns and arylhydrocarbon hydroxyl-  
ase actlwtms m the four hssues. Also presented are molecular weight estimates 
of  a P-450 subumt  ldentffmd after gel electrophorems by heme staining and of a 
non-d:ssocmted form of P-450 determmed by gel exclusmn chromatography.  

Matenals and Methods 

Materials  Acrylamlde, blsacrylamlde, TEMED and ammonmm persulfate 
were from Blo-Rad, Rockvflle Center, NY. Ovalbumm, carbomc anhydrase and 
/3-1actalbumm were from Pharmacla. SDS, crystalhne bovme serum albumm, 
cy tochrome c, sodmm deoxycholate ,  TMBZ, hydrogen peroxide, trmltroben- 
zene sulfomc acid, Tins and EDTA were from Sigma. Ultrogel AcA-34 was from 
LKB. 

Tzssue sources  Samples of  human hver were obtamed at autopsy from three 
subjects, one male and two females (66--73-years-old). Deaths were due to suf- 
focahon  for the male (LV1) and adenocarcmoma of  the cecum (LV2) and 
abdommal  carcmoma (LV3) for the females. There were no apparent metas- 
tases to the hver for the cancer patmnts. The autopsms were performed within 
4 h after death and the hver samples were frozen at --70 ° C. A sample of  human 
lung (LG1) obtamed from the male subject at autopsy,  was also frozen at 
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--70 ° C. Human placentas were obtained and mlcrosomes prepared as described 
by Vaught et al. [17]. Human lymphocytes were taken from a long term cell 
lme (RPMI-1788) and from buffy coats of healthy plasmapheresls donors. 
Lymphoeytes  were cultured, and some were reduced with 3-methylcho- 
lanthrene and harvested according to Pmgen et al. [21] The cells were frozen 
at --70°C Mlcrosomes from rat hvers were a generous gift from Dr. Hlra 
Gurtoo (Roswell Park Memorial Inshtute).  

Mlcrosomal membrane preparattons Mlcrosomes from human hver and lung 
were prepared at 4 ° C. 5--10 g hssues were thawed, diced and homogemzed by 
hand, using a ground-glass homogemzer m 3 vol. 0.15 M KC1. The homogenate 
was centrifuged at 9500 × g for 15 mm and the pellet reconstituted with 3 vol. 
0.15 M KC1 This solution was agam centrifuged at low speed and the two 
supernatants were combined and centnfuged at 16 000 × g for 20 mm. The super- 
natant  was centrifuged at 100 000 × g for 1 h and the resulting pellet was resus- 
pended m 8 ml 0.15 M KC1 and centrifuged agmn at 100 000 × g for 1 h The 
pellet was resuspended m 0.01 M Trls-acetate (pH 7.4)/0.15 M KCI/0.I mM 
EDTA/10% glyeerol and stored at --70°C or used immediately In some cases, 
the pellet was resuspended m 4 ml 0 15 M KC1 and layered on a sucrose gra- 
dient consisting of 1 ml 2.0 M sucrose, 3.5 ml 1.6 M sucrose, 3 5 ml 1.4 M 
sucrose, and centrifuged for 1 h at 40 000 × g Fractions were brought to 4 ml 
with 0 15 M KC1 and centrifuged at 100000 Xg for 1 h. Pellets were resus- 
pendended m the Tns-acetate buffer to 4 ml and used lmmedmtely or stored 
frozen at --70 ° C. 

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

Arylhydrocarbon hydroxylase actmzty. Lymphocyte  and placental mlero- 
somes were assayed for arylhydrocarbon hydroxylase actlwty according to 
Gurtoo et al. [22] and Vaught et al [17], respechvely. Liver and lung mlero- 
somes were assayed for achvlty by modlfieatmn of the lymphocyte  assay. To 
achieve opt imum assay conchtmns m hver and lung mlerosomes, the time of 
mcubahon was increased from 30 mm to 1 h and the pH altered from pH 8.6, 
for lymphoeytes and placenta, to pH 7 6. Specific actlwty is expressed as pmol 
3-hydroxybenzo[a] pyrene formed/mm per mg mlerosomal protein. Protem was 
determined as described by Lowry et al [23] using bowne serum albumin as 
standard. 

Polyacrylamtde gel electrophoresls Polyacrylamlde gel eleetrophoresls was 
performed m the presence of SDS using slab gel electrophoresls according to 
Laemmh [ 24] with shght modlfieatmns. Protein fractmns at a final eoneentra- 
tmn of 1.6 mg/ml were first treated for 30 mm at 70°C with 0.06 M Tns-HC1 
(pH 6.8)/2% SDS/10% glycerol/5% 2-mercaptoethanol/0 01% bromophenol 
blue The slab separating gel contained 10% acrylamlde, and the stacking gel 
contained 3% acrylamlde. Eleetrophoresls was earned out  at 20°C for 8 h at 20 
mA/gel. Proteins were detected by staining overmght m 0.25% Coomassle brfl- 
lant blue R, followed by diffusmn destmnmg m 50% methanol/7% acetic acid. 
The molecular weights of  microsomal proteins were estunated using the pro- 
tern standards Eschertch~a colt /3-galactosldase (Mr = 135 000), bovine serum 
albumin (M r = 68000),  glutamate dehydrogenase (M r = 53000),  ovalbumm 
(M r = 45000),  aldolase (M r = 40000),  carbomc anhydrase (M r = 32000),  /3- 



351 

lactalbumm (Mr = 18 000) and horse cytochrome c (Mr = 11 000). 
Heme staining. Polyacrylamlde slab gels of  mlcrosomal protems were sub- 

jected to stmnlng with TMBZ m order to visualize hemopro tem components  of  
mlcrosomal samples, according to Thomas et al. [25].  In some cases the slab 
gels were hrst  washed m 0.02 M Tms-HC1 (pH 7.5)/50% methanol for 1 h. The 
stained bands, whmh disappeared within an hour, were marked with small holes 
on either side of  the band and stained for protem, according to Thomas et al. 
[25].  

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

Results and Discussion 

Stabdlty o f  human mwrosomal proteins The stability of  human hver micro- 
somal protems and of  arylhydrocarbon hydroxylase activity (m 0.01 M Tns- 
HCI/0 15 M KC1/1 mM EDTA, pH 7.6) was determined under a varmty of  con- 
dltlons Thawing of  hver mmrosomes which had been frozen overmght resulted 
in about  70% loss of  arylhydrocarbon hydroxylase actlwty,  but  there was no 
s ~ l f m a n t  proteolyt lc  degradation of the major proteins as judged by patterns 
of  proteins separated by polyacrylamlde gel electrophoresls in SDS. After the 
initial loss of  activity resulting from freezmg, the achwty  of liver mmrosomes 
stored frozen at --70°C remained constant  for at least 6 months.  Concentra- 
hons  of  protein ranging from 0.5--50.0 mg/ml yielded similar results At 4°C 
the arylhydrocarbon hydroxylase activity of  mlcrosomes remained constant  for 
at least 24 h, but  at room temperature the bulk of  the act lwty was lost within 
3 - -4h .  

Compartson of  human and rat hver m~crosomal proteins In laboratory ani- 
mals, including rat [15,26] ,  rabbit  [27] and mouse [14],  cytochrome P-450 

T A B L E  I 

A R Y L H Y D R O C A R B O N  H Y D R O X Y L A S E  A C T I V I T Y  IN M I C R O S O M E S  F R O M  H U M A N  T I S S U E S  

V a l u e s  f o r  L V 2  a n d  l u n g  are b a s e d  o n  s ing le  p r e p a r a t i o n s  

Tmsue  S p e c t f l c  a c t l v l t y  

( p m o l / m m  p e r  m g )  

(±S  D )  

L i v e r  - L V 1  0 4 9  ± 0 13 

L i v e r  - L V 2  8 21 

L i v e r -  L V 3  9 5 0  ± 3 7 5  

L u n g  - L G 1  0 3 2  

L y m p h o c y t e  - u n m d u c e d  0 0 3  * 
L y m p h o c y t e  - r e d u c e d  0 0 8  

P l a c e n t a  - n o n - s m o k e r  0 0 6  ** 

P l a c e n t a  - s m o k e r  (2  p k s / d a y )  4 5 5  

* F r o m  R e f  21 

** F r o m  R e f  17 
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and P-448 proteins have been found to have molecular weights ranging from 
about  47 000 to 60 000. In rat hver mlcrosomes, these are the most  prominent  
proteins, particularly after reduction with phenobarbltol  or 3-methylchol- 
anthrene. When rat hver mmrosomal proteins are subjected to electrophoresls 
m the presence of  SDS, the P-450 and P-448 proteins are seen to migrate to 
posttlons corresponding to molecular weights of  48 000 and 53 000, respec- 
tively [15,26] .  Human hver mlcrosomal proteins do not  appear to co-migrate 
with the rat cy tochrome P-450 or P-448 proteins (Fig 1) The level of  proteins 
m the 45 000--60 000 molecular weight range, after electrophoresls in SDS, was 
much lower for mlcrosomes from human hver than rat hver. Moreover, the 
intensity of  herae stammg of human mmrosomal proteins in this molecular 
weight range was considerably less than for rat mmrosomal proteins. This is 
consistent with the apparently lower levels of P-450 proteins in human liver 
than m rat hver, as judged by arylhydrocarbon hydroxylase activity measure- 
ments and P-450 absorption measurements for human hver [28] 

Differences m human mlcrosomal proteins and arylhydrocarbon hydroxylase 
actwltles between tissues and mdwtduals Arylhydrocarbon hydroxylase activ- 
ities and gel electrophoresls patterns for human liver, lung, placenta and lym- 
phocytes  are presented in Table I and Fig. 2. Liver IS the richest source of activ- 
Ity. The patterns of  proteins observed after electrophoresis showed strikmg 
differences; m particular, placenta and lymphocytes  had a much lower concen- 
tratmn of mlcrosomal proteins In the 45 000--60 000 molecular weight range 
than hver and lung. 

Differences in both liver arylhydrocarbon hydroxylase actlvltms and gel elec- 
trophoresIs patterns were observed for the different indlwduals tested. One of  
the livers (LV1) had considerably lower activity than the others (LV2, LV3) as 
well as reduced levels of a heme-staming band migrating in gel electrophoresls 
at a positron corresponding to 50 000 daltons (Fig. 3). The gel pattern of  LV1 
mlcrosomes was otherwise quJte similar to LV2 and LV3 mmrosomes. This 
band may correspond to a cy tochrome P-450, and it is no tewor thy  that there is 
a correspondence between the intensity of  this band and the level of  arylhydro- 
carbon hydroxylase activity. 

Differences In the arylhydrocart~on hydroxylase activity among the three 
liver autopsy samples {Table I) could have been due to partml degradation of  
components  of the P-450 system. Although this possibility cannot be ehmi- 
nated, we feel the differences in activity may well result from genetm variatmns 
because liver samples were obtained and processing was begun within 4 h of 
death, and there appeared to be no signifmant proteolytm degradation of  the 
major proteins as judged by patterns of proteins separated by polyacrylamlde 
gel electrophoresls m SDS. Moreover, differences m arylhydrocarbon hydroxyl-  
ase activity among individuals have been observed m other human tissues such 
as placenta [17] and lymphocytes  [11] 

Induction o f  human P-450 proteins We at tempted to utlhze the inductmn 
behavmr of  arylhydrocarbon hydroxylase activity to locate human P-450 pro- 
teins on SDS-polyacrylamlde gels In lymphocytes ,  as much as a 5-fold induc- 
tmn m actiwty is observed usmg 3-methylcholanthrene as inducer [21] In 
placenta, cigarette smoking during pregnancy induces a variety of  enzymes 
Involved m the metabohsm of benzo[a]pyrene,  including arylhydrocarbon hy- 
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droxylase whmh is increased about 100-fold m smoking mothers [17] How- 
ever, no increases in band mtensltms were observed on our gels for induced lym- 
phocytes and placenta from smoking mothers usmg protein and heme stammg. 
This suggests that  P-450 proteins contributing to hydroxylase activity are pres- 
ent m very low concentratmns m these hssues. 

Molecular weight estzmates for human P-450 proteins Autor et al [29] used 
gel exclusion chromatography to estimate the molecular weight of non~hs- 
soclated cytochrome P-450 proteins of the rabbit. We have employed this 
method to eshmate the molecular weight of human P-450 protems. Arylhydro- 
carbon hydroxylase actlwty and gel electrophoresls were used to momtor  the 
locatmn of P-450 proteins m the resulting fractmns. The bulk of the achvlty 
was eluted m a volume correspondmg to molecular weight of about 400 000 
whmh is close to the 350 000 peak observed for rabbit cytochrome P-450 A 
smaller peak was occasmnally observed in fractmns corresponding to about 
50 000 daltons. When subjected to electrophorems in SDS, the fractmn con- 
taming arylhydrocarbon hydroxylase actlwty was ennched m the 50 000 dalton 
heme stammg band. 

Ennchment  of this heme stammg band was also seen followmg subcellular 
fractmnatmn of hver mmrosomes by sucrose density gradmnt centrffugatmn. 
We routmely observed correspondence between levels of arylhydrocarbon 
hydroxylase activity m the frachons and the intensity of the heme staining 
band at 50 000 daltons. 

Several hnes of evidence suggest that  the heme staining band migrating at a 
positron correspondmg to 50 000 daltons is m fact cytochrome P-450. F~rst, it 
is m the molecular weight range expected on the basis of  studms of other mam- 
mahan cytochrome P-450 proteins [14,15,26,27]. Second, It copurffms with 
arylhydrocarbon hydroxylase achwty  usmg gel exclusmn chromatography. And 
third, there is a correlatmn between the levels of hydroxylase achwty  and the 
intensity of the electrophoresls band in the varmus mdiwduals and hssues 
examined. 

Recently, the partml purffmatlon of cytochrome P-450 from human hver was 
described [16,19,20]. Subumt molecular weights for P-450 proteins were 
eshmated to be 53 000 and 55 500 [16] and 45 000 [19]. Our studms mdmate 
a subumt molecular weight of about 50 000. Whether this descrepancy is a 
result of methodological differences or to multiple P-450 proteins is unknown. 
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