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Liver microsomal epoxide hydrolase (EC 3 .2.2 .3) is involved in the biotrans-
formation of epoxides produced from either xeno- or endobiotics [ 1-41 . The diols
produced are generally detoxification products but in several instances, such as
9,10-epoxybenzopyrene-7,8-diol, they are very potent mutagens and possible car-
cinogens [ 5 ] . Moreover, microsomal epoxide hydrolase is an enzyme that can be
induced by substances such as phenobarbital [ 6 ] . Therefore, in order to charac-
terize and study the role and regulation of epoxide hydrolase, it is of importance
to obtain a pure enzyme conveniently and in large amounts . Several groups have
already purified epoxide hydrolase from human liver but its preparation neces-
sitates several steps [ 1-3 ] . More recently, Kennedy and Burchell [ 7 ] have de-
veloped an immunoaffinity procedure to purify rat epoxide hydrolase, but this
technique necessitates a monoclonal antibody which is not yet available for hu-
man epoxide hydrolase. As human liver is difficult to obtain in large amounts, it
is also of interest to develop a method to purify epoxide hydrolase together with
other drug-metabolizing enzymes from a unique liver sample . The first step in
the purification of cytochrome P-450, cytochrome P-450 reductase and cyto-
chrome h5 consists in a hydrophobic chromatography on Octyl Sepharose CL 4B .
We demonstrate in this paper that this commercially available resin can be used
to purify microsomal human liver epoxide hydrolase in a one-step procedure .

EXPERIMENTAL

Chemicals
Chemicals were of the highest quality available from Sigma (St . Louis, MO,

U.S.A.), Merck (Darmstadt, F.R.G.), Fluka (Buchs, Switzerland) and Prolabo
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(Paris, France), ['H ] Benzo [ a ] pyrene-4,5-oxide was a generous gift from P .
Dansette (CNRS, UA 400, Paris, France) . [3H]Styrene-7,8-oxide (200 mCi
mmol 1 ) was purchased from Amersham (Les Ulis, France) . Octyl Sepharose
CL 4B was purchased from Pharmacia (Uppsala, Sweden),

Samples
The animals used were female New Zealand rabbits purchased from CEGAV

(Passais, France) and male Sprague-Dawley rats (150-200 g) from Iffa-Credo
(Lyon, France) . Rats were injected intraperitoneally daily for three days with
phenoharhital (80 mg kg- ') in isotonic sodium chloride solution . The rats were
then starved overnight and killed by decapitation . Human liver was obtained
from a renal transplantation donor; liver was removed within 30 min after cir-
culatory arrest, frozen in dry-ice and stored at -80°C until use. No clinical in-
formation was available. The microsomes were prepared as described previously
[8] and stored at -80`C until use .

Purification procedure
Microsomes were soluhilized in 10 mM sodium phosphate buffer (pH 7 .4) con-

taining 1 mM EDTA, 500 mM sodium chloride, 20% (v/v) glycerol and 0 .5%
(w/v) sodium cholate as described previously [9] (buffer A) . The amount of
buffer was adjusted in order to add 1 mg cholate per milligram of protein . The
solubilized microsomes were applied to an Octyl Sepharose CL 4B column (1 g
of protein per 100 ml of Octyl Sepharose in a 50 cm X 2 .6 cm I.D. column) . After
loading, the column was washed with one column volume of buffer A . The differ-
ent proteins were then successively eluted with the following buffers: buffer B = 10
mM sodium phosphate (pH 7 .4)-20% (v/v) glycerol-0.5% (w/v) sodium cho-
late-0.2% Lubrol PX; buffer C =buffer B with 0 .5% Lubrol PX; buffer D =buffer
B with 1% Lubrol PX . Absorbances at 417 and 280 nm and epoxide hydrolase
activity were monitored in order to identify the eluted proteins . Lubrol PX was
used instead of Emulgen 913 as a detergent because it does not absorb at 280 nm .

The successive use of buffers A, B, C and D allowed four peaks, I, II, III and
IV, respectively, to be eluted . The fractions corresponding to each peak were
pooled, concentrated by ultrafiltration (Amicon PM 30) and for peaks II-IV
lubrol was eliminated by a Biobeads SM2 treatment as described [9] . Finally,
they were dialysed overnight at 4'C against 10 mM Tris-acetate buffer (pH 7 .4)
containing 20% (v/v) glycerol. They were then used without further treatment
for the measurementt of protein, cytochrome b5 cytochrome P-450 and epoxide
hydrolase activity .

Assays
Proteins were measured according to Lowry et al . [10] using bovine serum

albumin as a standard. Cytochrome b5 and cytochrome P-450 were measured as
described [ 11,12 ] . Epoxide hydrolase, using either benzopyrene-4,5-oxide or sty-
rene-7,8-oxide as substrates, was measured according to Jerina et al . [ 13 ] and
Guengerich [ 14 ],respectively.



Electrophoresis
Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) was

performed according to Laemmli [ 15 ] , except that the concentration of acryl-
amide in the separating gel was increased to 9%, which gave a better separation
in the 40 000-50 000 relative molecular weight region . A gradient system was not
used.

"Western blots"
The method was adapted from Guengerich et al . [ 16 ] ; briefly, after gel electro-

phoresis, proteins were electrotransferred to nitrocellulose, which was then sat-
urated with 3% (w/v) serum albumin and 10% (v/v) foetal calf serum .
Nitrocellulose was then incubated successively with antiserum anti-epoxide hy-
drolase and peroxidase-conjugated anti-rabbit immunoglobulins ; peroxidase was
finally stained with 4-chloro-l-naphtol as described [ 17] .

Antibodies
Human epoxide hydrolase was purified as described by Guengerich and co-

workers [ 1,2 ] and antibodies were obtained in female New Zealand rabbits as
described [ 16 ] ; these epoxide hydrolase and antibodies were used as references .
After bleeding, blood was treated according to Guengerich et al . [ 16 ] . The anti-
serum was stored in aliquots at -20°C .

RESULTS AND DISCUSSION

Fig. 1 shows the elution profile of solubilized human liver microsomes loaded
on an Octyl Sepharose CL 413 column . Four protein peaks were separated by the
four buffers . Peak I corresponded to the non-adsorbed proteins; it contained
mainly NADPH cytochrome c reductase, which could be further purified by af-
finity chromatography; the measurement of this enzyme has been described in
another paper and could also contain haemoglobin, which is a frequent contam-

ml
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Fig. 1 Elution profile of human liver microsomes on an Octyl Sepharose CL 4B column . This exper-
iment corresponds to that in Table I .
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TABLE I

SEPARATION OF CYTOCHROME P-450, CYTOCHROME h5 AND EPOXIDE HYDROLASE
FROM HUMAN LIVER MICROSOMES ON OCTYL SEPHAROSE CL 4B
The peaks correspond to those shown in Fig . 1 .

inant of human liver microsomes [9] . Peak II represented mainly cytochrome b5
and a small amount of epoxide hydrolase; peak III contained the bulk of cyto-
chrome P-450 with some epoxide hydrolase ; finally, peak IV consisted of epoxide
hydrolase, which was identified by its activity . Epoxide hydrolase activity and
absorbance at 417 nm were not perfectly coincidental with the absorbance at 280
nm, this is due to the slight time lag between the detector and the collector . The
results of the separation of human liver microsomal proteins on Octyl Sepharose
CL 4B are summarized in Table 1 . Epoxide hydrolase was found in all peaks;
however, peak IV represented the major fraction containing 67% of the total ac-
tivity loaded on to the column. In this fraction the specific activity was increased
seven-fold whereas in peaks 1-111 the specific activity of benzopyrene 4,5-oxide
hydrolase remained unchanged .
For NADPH cytochrome c reductase and cytochromes b5 and P-450, the re-

sults were in agreement with those published previously [ 9,18 ] . In those studies,
epoxide hydrolase activity was not measured and also the highest amount of de-
tergent (1%) was not used. The yield of epoxide hydrolase might be further im-
proved by using different detergent concentration steps, but the protocol described
here has been chosen because it is also suitable for the purification of other drug-
metabolizing enzymes, namely NADPH cytochrome c reductase, cytochrome b5
and cytochrome P-450 .

Parameter Microsomes Peak I Peak II Peak III Peak IV

Total protein (mg) 540 92 4.4 80 50
Cytochrome P-450
Total nmol 270 0 0 150 0
Specific activity
(nmolmg 'protein) 0.5 0 0 1 .9 0
Yield (%) 100 0 0 55 0
Cytochrome b5
Total nmol 261 0 58 28 0
Specific activity
(nmol mg - ' protein) 0.5 0 129 0.35 0
Yield (%) 100 0 22 10 0
Epoxide hydrolase
(benzopyrene-4,5-oxide)
Total activity
(nmolmin -') 2054 221 15 351 1370
Specific activity
(nmol min- ' mg- ' 3 .8 2 .4 3 .5 4 .4 272
protein)
Yield (%) 100 108 0.7 17 67
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Fig- 2 . (A) Sodium dodecyl sulphate polyacrylamide gel electrophoresis ; 2 )lg of peak IV correspond-
ing to epoxide hydrolase was loaded. (B) "Western blots" of epoxide hydrolase . Peak IV is that
described in Fig . 1 and Table I. Control epoxide hydrolase was purified as described [ 1,19 ] . Anti-
epoxide hydrolase antiserum was used diluted 1 :100. 1=Epoxide hydrolase (control) (0.20 ug) ;
2=human liver microsomes (9 .0 µg) ; 3=peak IV (0.22 pg) .

In this study, we were interested in epoxide hydrolase, which was quickly re-
solved with high specific activity and yield . Therefore, it was interesting to mon-
itor the purity of this enzyme further . Peak IV proteins were resolved by
SDS/PAGE as a single band, suggesting that epoxide hydrolase might be pure at
homogeneity (Fig. 2) . No other protein band can be stained with silver nitrate
even with the amount of protein loaded on to the gel . This result was obtained



174

TABLE II

PURIFICATION OF CYTOCHROME P-450. CYTOCHROME W5 AND EPOXIDE HYDRO-
LASE IN LIVER MICROSOMES FROM PHENOBARBITAL-TREATED RATS ON OCTYL
SEPHAROSE Cl 4H
The peaks correspond to those shown in Fig . 1 .

three times with different liver samples, leading to preparations having the same
degree of purity. However, we cannot rule out the possibility that another protein
is co-purified during the detergent elution and co-migrates on to the SDS-PAGE
together with epoxide hydrolase ; however, the intensity of staining is similar to
that for the reference enzyme (Fig. 2B) .

The relative molecular mass was calculated to be 43 000, which is consistent
with but slightly lower than those described previously [ 19 ] . The ratio of the
specific activities obtained with benzopyrene-4,5-oxide and styrene-7,8-oxide
(data not shown) indicated that the purified enzyme was similar to those previ-
ously purified, particularly by Wang et al . [ 19 ] . In order to confirm this point we
compared by "Western blots" the immunochemical properties of the enzyme we
had purified with an enzyme purified by the Guengerich's group [ 1,19 ] ; Fig. 2B
shows the immunochemical identity of the two preparations . Epoxide hydrolase
(peak IV ) has the same apparent molecular mass as the reference enzyme and is
clearly recognized by anti-human epoxide hydrolase obtained against the refer-
ence enzyme . Moreover, the enzyme found in peak III appeared to be similar to
epoxide hydrolase of peak IV (data not shown) ; however, epoxide hydrolase was
not detected in peaks I and II .

This chromatographic procedure was tentatively used to purify rat liver epox-

Parameter Microsomes Peak I Peak II Peak III Peak IV

Total protein (mg) 560 155 28 125 60

C:ytochrome P 450
'lblsl nmol 1120 0 0 360 0
Specific activity
(nmol mg ' protein) 2.0 0 0 2 .9 0
Yield (%) 100 0 0 32 0
Cyinehrome 65
Total nmol 80 14 28-8 13 .6 0
Specific activity
(nmnl mg - ' protein) 0.14 0.09 1.03 0.11 0
Yield (%) 100 4 36 17 0
Epoxide hydrodase
(benzopyrene 4,5-oxide)
Total activity
(nmol min-') 6166 226 37 776 3340
Specific activity
(nmol min- ' mg-' 11 .1 1 .5 1 .3 6 .1 55.9
protein)
Yield (%) 100 3.7 0 .6 13.4 56



ide hydrolase. We used rats treated with phenobarbital because they have an
enzyme similar to that of untreated animals, but the specific content is higher .
The results are shown in Table II and are very similar to those obtained in hu-
mans (yield and purification index), but gel electrophoresis indicated that our
preparation was not totally homogeneous. The discrepancy between the specific
activity and the purity of epoxide hydrolase in rats and humans might be due to
partial elimination of detergent by Biobeads ; it is possible that the presence of
detergent inhibited the enzymatic activity . Therefore, a more efficient system for
elimination of the detergent, e .g. using calcium phosphate gel, should be tested .
Nevertheless, with a supplementary step such as the use of DEAF-cellulose, it
will be easy to purify completely rat liver epoxide hydrolase and this kind of
chromatography remains a powerful method for purifying drug-metabolizing en-
zymes from rat liver microsomes [ 20 ] .

CONCLUSION

A simple procedure for purifying in good yield human liver microsomal epoxide
hydrolase by means of affinity chromatography on Octyl Sepharose CL 4B has
been developed. This kind of chromatography was used as the first step to purify
NADPH cytochrome c reductase, cytochrome b5 and cytochrome P-450 from
human liver microsomes. This method is a powerful means for the purification
of at least four enzymes involved in drug metabolism .
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