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SUMMARY

Human liver cytochrome P 450 was partially purified by hydro-
phobic chromatography on Octyl-Sepharose, followed by ion—-exchange chro-
matography on DEAE-cellulose. Two fractions (A and B) were obtained ; cy-
tochrome P 450 of fraction A was purified sixfold, with an overall yield
of about 6 %, Its spectral properties were similar to those previously
deseribed in animal cytochromes P 450, Moreover, p~nitroanisole-O-deme-
thylase activity could be obtained in a reconstituted system involving
cytochrome P 450 of fraction A, human NADPH-cytochrome ¢ reductase and
phospholipids.

INTRODUCTION

Cytochromes P 450 from various animal species have been largely
studied and purified (1-10), but very few results have been as yet obtained
in man (11-14), However, it seems of prominent pharmacotoxicological inte-
rest to separate and study the different forms of human liver cytochrome
P 450, compare them to known animal forms, and determine their relative
specificities towardsvarious substrates.

Having the opportunity to get fresh human liver from kidney
transplantation donors, we have used for human microsomes a purification
method that we had previously developed for rat cytochromes P 450, and
which mainly comsists in an hydrophobic chromatography on Gctyl-Sepharose
(14) followed by classical DEAE-(9) and CM-cellulose (5) chromatography.
Preliminary results concerning a partial purification of human liver cyto-

chrome P 450 are presented here.

MATERITAL AND METHODS

“'Purificdtion procedure : Human livers were obtained from kidney trans-
plantation donors., Liver was removed within 1 hour after circulatory arrest,
immediately stored in solid COy, then at -~ 80°C. In the example shown here,
the donor was a 40-years—old man dead of cranial traumatism. 100 g of frozen
liver were cut into small pieces, then homogenized in 500 ml of 250 mM su-
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crose, 1 mM Tris-HCl, | mM EDTA, pH 7.4, successively with a Sorvall ommni-
mix and a Potter apparatus. Microsomes were prepared as previously descri-
bed (15), and solubilized in buffer A : 10 mM phosphate pH 7.4, 1| mM EDIA,
500 mM NaCl, 20 %Z (v/v) glycerol, 0.5 Z (w/v) sodium cholate (Sigma) ; cyto-
chrome P 450 concentration was adjusted to about | nmol per ml of buffer A
(1.6 mg cholate x mg~! microsomal proteins) ; the microsomal suspension was
kept for 30 min under gentle agitation then centrifuged for 30 min at

100 000 g. The supernatant was applied to an Octyl-Sepharose CL-4B (Pharma-
cia Chemicals) column, previously equilibrated, then washed with buffer A.
Elution was performed with buffer B : 10 mi phosphate pH 7.4, 0.1 mM EDTA,
20 % glycerol, 0,5 % sodium cholate, 0.2 7 Emulgen 911 (Kao Atlas). After
elution of the first cytochrome bs fraction, buffer C (similar to buffer B,
but containing 0.5 % Emulgen) was used, Absorption was continuously monito-
red at 417 nm with a Holochrom spectrophotometer (Gilson medical electronics).
Cytochrome P 450-containing fractions were pooled, concentrated by ultra-—
filtration on a PM 10 Amicon Membrane, and applied, as described by Warner
et al, (9), to a DEAE-cellulose (DE 52 Whatman) column previously equilibra-
ted, then washed with buffer B, and eluted by a linear gradient (0 to 250
mM NaCl in buffer B), followed by two steps at 250 and 500 mM NaCl in buffer
B. Two peaks of cytochrome P 450 were generally obtained. In one case, these
fractions were concentrated by ultrafiltration, dialyzed for 6 hours against
buffer D (5 mM phosphate pH 6.5, 0.1 mM EDTA, 20 Z glycerol, 0.05 % Emulgen
911) and applied to a CM~cellulose (CM 52 Whatman) (5) column previously
equilibrated then washed with buffer D, Elution was performed with buffer D
containing 100 mM phosphate, Final preparations of cytochrome P 450 were
neutralized to pH 7.4 if necessary, concentrated by ultrafiltration, treated
by Bicbeads SM 2 (Biorad Laboratories), precipitated by 25 7% polyethylene
glycol 6000 (Baker), and centrifuged for 30 min at 100 000 g. Pellet was dis-
solved in 100 mM phosphate pH 7.4, containing 20 7 glycerol, and stored at

- 80°C. All purification steps were performed at 4°C,

Reconstitution of enzymatic activity : Phospholipids were extracted
from 5 ml of human microsomes (30 mg of proteins/ml) by 3 x 15 ml chloroform
methanol (2/1, v/v), then purified as described (16). They were suspended
in 50 mM Tris-HCl pH 7.4, containing 150 mM KCl and 10 mM MgCly, and soni-
cated before use, Reconstitution experiments were performed as follows (p-
nitroanisole-O-demethylase activity) : 1 ml of medium contained 100 pmoles
of phosphate (pH 7.4), 200 mg of glycerol, human NADPH-cytochrome c reduc-
tase (first non adsorbed peak on Octyl-Sepharose column, fraction a of fig. la,
200 nmol of cytochrome c reduced x min~1), 200 pg of cholate, 40 pg of human
microsomal phospholipids, 1.5 pmoles of p-nitroanisole, and 0.3 to 1.2 nmoles
of cytochrome P 450 ; this mixture was preincubated at 37°C for 20 min, and
assay was initiated by adding the NADPH-generating system (5 pmoles of glu-
cose~6-phosphate, 0.3 pmoles of NADP and 2 U of glucose-6-phosphate dehydro-
genase) ; enzymes and substrates were purchased from Boehringer Mannheim,

Assays : Proteins (17), cytochrome P 450 (18), NADPH-cytochrome ¢ re-
ductase (19) and p-nitroanisole-O-demethylase (20) were determined accor-
ding to described methods. Spectra were recorded on an Aminco DW 2 or Beckman
Acta M 6 spectrophotometer. Electrophoresis were performed as described by
Laemmli (21) on polyacrylamide gels (15 cm length) in the presence of sodium
dodecylsulfate.

RESULTS

Fig. | shows the elution profile of an Octyl-Sepharose column
loaded with human liver microsomes after cholate solubilization. The first
peak (a) corresponding to an absorption at 417 mm contained NADPH-cyto-

chrome ¢ reductase and hemoglobim, but no cytochrome P 450. After ultrafil-

827



Vol. 88, No. 3, 1979 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

1.0 pooled fractions C
|
penled fractions — A
N 5
=) = ] BIs
772 ¢ iz
(77 =§ ] =l
butiers A Bl s C E:
- 4 A H
] = u
- =5 i1----- 1500
HI k. 54 !
Y
61 . 20 i
\" = = ] !
\ [ =
“ H I
. 4 J [ =
1.5 h
\‘ [ ]
2 \ 3f40 4]
1 [ 1
T T ™ 1,00- % L 1%0’ T 't . N\ g ! Y i
50 whes b tubes 10 20 30 40

Eigure la : Elution profile of human solubilized microsomes on an Octyl-
Sepharose 4 B column,

335 mmoles of cytochrome P 450, solubilized in buffer
A, were applied to the column (2,5 cm interndl diameter, 30 cm
height), and elution was performed by buffers A, B and C as
described in the text. Fraction a : NADH-cytochrome ¢ reductase
and hemoglobin ; fraction b : cytochrome b5 ; fraction ¢ : cyto-

chrome b5 and cytochrome P 450,

Figure ib : Elution profile of cytochrome P 450 and b_ (fraction ¢ of Octyl-
Sepharose eluate) on a DEAE~cellulose column.

72 nmoles of cytochrome P 450 were applied to the
column (1,5 cm internal diameter, 30 cm height) and eluted as
described in the text. Fractions A and B : cytochromes P 450 ;
fraction C : cytochrome bS'

tration and dialysis, it was used in the reconstitution system (table I).
Another reductase peak, devoid of hemoglobin, could also be used in the re-
constitution system with the same results, The second 417 nm-absorption
peak (b) was mainly constituted by cytochrome bS’ whereas the third peak
(c) contained a mixture of cytochrome b5 and cytochrome P 450. After ultra-
filtration, peak c was applied to a DEAE~cellulose column which allowed the
separation of two cytochrome P 450 fractions (A and B) and one cytochrome
b5 fraction. The small B fraction was lost during polyethylene glycol preci-
pitations. Fraction A, treated as described under material and methods, was
used for spectral and reconstitution studies. Table I summarizes the whole
purification procedure : fraction A was purified about sixfold with a final
yield of about 6 Z. It did not contain cytochrome bS' and its NADPH-cyto-—

chrome ¢ reductase content was very low (1.3 nmol cytochrome ¢ reduced x
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Table I - SUMMARY OF A PURIFICATION OF HUMAN CYTOCHROME P 450
AND RECONSTITUTION OF CATALYTIC ACTIVITY

Cytochrome P 450

Specific
Total Content yield activities Purification
(nmoles) % (nmol x mg~! (fold)
protein)
Microsomes 491 100 0.54 1
Solubilized microsomes 334 68 0.40 0.7
Octyl~Sepharose
eluate (fraction c) 79 16 1.7 3.1
DEAE-cellulose
eluate (fraction A) 30 6.1 3.2 5.9
Reconstituted p-nitroanisole-O-demethylase
activity of fraction A (mmol p-nitrophenol pro-
duced x min~! x nmol~! cytochrome P 450)
Complete system 0.55 z 0.08 (3 determinations)
Complete system in the
presence of ! mM SKF¥
525 A or CO (2 determinations)
Fraction A heated for

5 min a 95°C

(1 determination)

See text for experimental details

min-I per nmol of cytochrome P 450). By polyacrylamide SDS electrophoresis,
fraction A yielded a major band with a molecular weight of about 45 000. As
shown on fig, 2, the absolute spectrum of oxidized cytochrome P 450, as well
as its absolute and difference spectra with a pyridine derivative, were very
similar to those previously described in animal cytochromes, Cytochrome

P 450-Fe(I1)-CO absolute spectrum exhibited a Soret peak at 450 mnm, but also
a second minor peak at 420 nm, p-nitroanisole-O-demethylase activity could
be obtained with a reconstituted system involving cytochrome P 450 of fraction
A, NADPH-cytochrome ¢ reductase and phospholipids (table I). This activity
increased linearly with cytochrome P 450 concentration (khree concentrations
were tested), and disappeared completely by heating fraction A, or adding CO
or SKF 525 A. It was not possible to reconstitute 7-ethoxycoumarin-O-deethy-

lase activity under the same experimental conditioms.,

DISCUSSION
Hydrophobic chromatography on Octyl-Sepharose was previously deve-
loped in our laboratory for the separation of rat liver cytochromes P 450,

leading to well purified fractions which, in the best cases, contained 18
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Figure 2 : Spectral characteristics of human cytochrome P 450 (fraction A)

Cyt P 450-Fe(III) ;= = = = cyt P 450~
Fe(III) + | mM ethylpyridine je-+*+*++++ cyt P 450-Fe(II)-CO.
In absolute spectra, reference cuvette contained 20 7 (v/v) gly-
cerol in a 100 mM phosphate buffer pH 7.4 and sample cuvette
0.38 pM cytochrome P 450 in the same buffer. In differential spec-
tra the two cuvettes contained 0,38 uM cytochrome P 450 in the
phosphate buffer, Ethylpyridine was added in the sample cuvette,
For CO spectra, CO was bubbled in the sample cuvette after addi-
tion of sodium dithionite in sample and reference cuvettes.

mmol of cytochrome P 450 per mg protein (14). This method is particularly
interesting in the case of human microsomes, heavily contaminated by hemo-
globin, since it allows a rapid elimination of this hemoprotein which is not
retained. Moreover, two NADPH-cytochrome ¢ reductase fractions are obtained ;
they are devoid of Emulgen, cytochrome b5 and cytochrome P 450, and may be
used in reconstitution experiments after concentration by ultrafiltration.
Finally, the cytochrome P 450 fraction may be, after ultrafiltration, directly
applied to the DEAE~cellulose column which gives elution profiles quite simi-
lar to those obtained in non-induced rat (high peak A, low peak B), Cytochrome
b5 is eluted at much higher NaCl concentrations (250 to 500 mM). This simple
method rapidly leads to a sixfold purified cytochrome P 450 fraction, with

an overall yield of about 6 7Z. It also yields fractions enriched in cytochrome
b5 and NADPH-cytochrome ¢ reductase which will be further purified and studied.
The cytochromes P 450 of fractions A and B may be further fractionated on CM-
cellulose (work presently in progress) : in one experiment, A could be sepa-
rated into two fractioms and B into three ; as yet, the best purification of
cytochrome P 450 was obtained in fraction A2 (8 nmol cytochrome P 450 x mg~!

protein),
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The spectral properties of partially purified human cytochrome
P 450 (fractiom A) in its oxidized form are quite similar to those of puri-
fied rat or mouse cytochromes P 450 (5, 6, 14) ; this cytochrome is also able
to bind pyridine compounds, leading to a slight red shift of the Soret peak
of the absolute spectrum, and & maximum at 428 nm in the difference spectrum
(type II). Moreover, the absolute spectrum of human cytochrome P 450-Fe(II)-CO
exhibits a Soret peak at 450 nm. The presence of a 420 nm peak in this system
may be due to a denaturation of cytochrome P 450 by excess dithionite which
seems necessary for a sufficiently fast reduction of human purified cytochro-
me P 450,

The partially purified human cytochrome P 450 has a molecular weight
of about 45 000 and exhibits p-nitroanisole-O-demethylase reconstituted ac-
tivity. The observed molecular activity is lower than usually observed in
human microsomes (about 3 nmol x min~! x nmol~! cytochrome P 450). This lower
activity could be due to (i) imperfect reconstitution conditions, (ii) a
partial loss of the catalytic properties of cytochrome P 450 during purifica-—
tion, or (iii) a low p-nitroanisole-O-demethylase activity of the cytochrome
P 450 forms of fraction A. The study of the monooxygenase activities of frac-
tion B, presently in progress, will allow a comparison with human fraction A,

and homologous rat fractionms,.
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