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SUMMARY 

A simplified liquid chromatographic assay for epoxide hydrolase (E.C. 3.3.2.3) 
is described. The enzyme substrate employed, 3-@-nitrophenoxy)-l,apropene oxide, 
is commercially available and is readily resolved by reversed-phase liquid chromafo- 
graphy from the enzymatic hydration prodact, 3-@nitrophenoxy)-I,2-propane dial. 
As iittle as 100 pm01 of the diol can be detected by absorbance monitoring at 3 15 mn. 
This assay has been employed to measure epoxide hydrokse in rat liver microsomes 
from animals treated with the dietary antioxidant, 2(3)-rert.-butyI4hydroxyanisole, 
a known inducer of the enzyme. The assay can also be used to measure rat liver 
cytosolic epoxide hydrolase. 

iNTRODU(=TKON 

There is great interest in the properties of the microsomal enzyme, epoxide 
hydrolase (EC. 3.3.2.3) especially in relation to its roole in the detoxikation of muta- 
genic epoxides1-3. A wide range of assays for epoxide hycirolase have been described, 
including radiometice6, photometric7 and fluorimetrics assays, as well as methods 
based on gas-liquid or liquid cbromatographic separation of the dial product from 
the epoxide substrate ’ - 15. Each of these methods has one OF more drawbacks, such 
as non-linearity, the need to extract the dioI product, derivatization of the diol pro- 
duct, synthesis of the epoxide substrate, high blank values, etc. ; some of these prob- 
lems have been diseussed5~8J5 

Recentiy, Westkaempei and HanzlilP have described a convenient method 
using p-nitrostyrene oxide as the epoxide hydioIase Substrate. The separation of the 
epoxide and dial product was readily achieved by liquid chromatography on a 
reversed-phase cohnnn. We have been developing a similar approach but using 3-(p- 
nitrophenoxy)-t,2-propene oxide @II?-oxide)’ as the substrate. The advantages of 

OUT approach are that (a) this epoxide substrate is CommerciaHy available, and (b) its 
dial derivative, 3-&-nitrophenoxy)-Q-propane dial (NP-diol) has an absorption 

* Abbreviations used: BHA = 2(3)-tert.-bu~~4hy~o~~~Ie; NP-diol = 3+-nitropben- 
o.&-l,Z-propane dial; NP-oxide = 3pnitropheno~~l,2_propene oxide. 
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maximum at 3 15 nm16, a wavelength shifted away from ultraviolet-absorbing materials 
present in cell extracts that interfere with the detection of aromatic dials such as 
styrene glycol or pnitrostyrene glycol. The epoxide hydrolase reaction with NP-oxide 
as substrate is diagrammed in Fig. 1. 
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Fig. 1. Reaction of NP-oxide with epoxide hydrolase. 
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MATERIALS AND METHODS 

Materials 
Styrene oxide and styrene glycol were obtained from Aldrich (Milwaukee, WI, 

U.S.A.). NP-oxide was obtained from Eastman (Rochester, NY, U.S.A.). NP-diol 
was synthesized from NP-oxide according to Tangx6 and its concentration was 
measured using an extinction coefhcient of 11,000 M-l cm-’ at 315 nm’S Acetoni- 
trile (HPLC grade) was obtained from Fisher Chemicals (Denver, CO, U.S.A.). 

Liquid chromatography 
The chromatographic separation was performed on an Altex Model 323 gra- 

dient liquid chromatograph equipped with an Hitachi Model 100-10 variable- 
wavelength spectrophotometer operating at 315 mn for the detection of NP-diol and 
at 260 nm for the detection of styrene glycol. A Cl8 reversed-phase column (15 cm x 
4.6 mm I.D., Ultrasphere-ODS; Alrex, Berkeley, CA, U.S.A.) was employed for 
separations. A solvent system of acetonitrile-water (50~50) at a flow-rate of 2.0ml/min 
was used when assaying for NP-diol. When chromatographing styrene glycol, 
a solvent system of acetonitrile-water (1595) flowing at 2.0 ml/mm was used. 

Enzyme preparations 
Female Sprague-Dawley rats (Charles River) were divided into two groups 

and housed four per cage. One group had free access to water and powdered fat-free, 
high-protein special diet (Nutritional Biochemicals, Cleveland, OH, U.S.A.). The 
other group was allowed the same diet but containing 1% (w/w) BHA (Sigma, St. 
Louis, MO, U.S.A.). Both groups were left on the diet for 6 days then starved 24 h 
before sacrifice. Liver microsomes were prepared separateIy from each liver according 
to Jerina et a1.‘. Microsomes were resuspended in~0.25 M sucrose and stored at -80°C 
for up to 3 weeks with no signikant loss in activity. Protein was measured using a 
microbiuret method” with bovine serum albumin as standard. 

Epoxid.. hydrolase assay 
The assay mixture contained 20 /ICI of 0.5 M Tris-HCI buffer (pH 7.5), 10 yl 

0.8 % (v/v) Tween-80 and resuspended microsomes in a total volume of 70 pl. The 
assay mixture minus substrate was incubated at 37°C for 2 min at which time the 
reaction was initiated by the addition of 10 yl of a 25 m&f solution of substrate (in 
acetonitrile) giving an initial substrate concentration of 3.1 m&f in a final volume of 
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80 pl. The reaction was terminated by the addition of IO0 ~1 of ice-cold spectral grade 
carbon tetrachloride, vortex mixing for IO set and placing the tubes on ice. 

At the end of an experiment, tubes were revortexed for 30 sec. and centrifuged 
in a swinging bucket rotor at 4080 g for 2 tin at 4°C to separate phases and sediment 
the microsomal protein to the water-carbon tetrachloride interface. An aliquot of 
the supernatant was removed (usually 60 ,x1) and diluted with an equal volume of 
acetonitrile. This solution was vortexed and centrifuged again to remove any pre- 
cipitated protein. A 20-4 sample of the clear supematant was injected on stream into 
the liquid chromatograph. The retention times (min) for the following compounds 
were: NP-diol, 1.1; NP-oxide, 2.5 (see Fig. 2, left). 

To determine if any NP-diol was being extracted into the carbon tetrachloride 
layer, known amounts of NP-dial and water were mixed and extracted with carbon 
tetrachloride in the same proportions used in the assay. The extracted solution showed 
no signScant decrease in absorbance at 3 15 nm over the unextracted mixture excluding 
the need for a correction for product recovery. 

In some experiments we assayed for epoxide hydrolase activity with styrene 
oxide as substrate. The assay was identical to that with NP-oxide except for the 
chromatography conditions (see above). Quantitation of styrene glycol production 
(retention time 2.9 min) was difficult due to the inability to completely separate the 
product, styrene glycol, from a solvent front peak containing metabolites that absorb 
strongty at 260 nm, and the low extinction coefficient of styrene glycol at 260 mn. To 
assay for activity using styrene oxide as a substrate the assay mixtures contained from 
I.5 to 2 mg microsomal protein and an incubation time of at least I5 min to allow 
for significant product formation. Despite these limitations it was possible to obtain 
values for epoxide hydrolase activity with styrene oxide as substrate that were close 
to published values using the radiometric assay3. 

RESULTS AND DISCUSSION ’ 

Our basic motivation in these studies was to find an epoxide hydrolase sub- 
strate that would yield a diol product that could be easiiy detected by absorbance 
monitoring. There are many epoxide hydrolase substrates containing chromophores 
(see ref. l), but the absorption maxima of the derivative diols is generally in the ultra- 
violet region where many cellular metabolites also absorb. Hanzlik and Hilbert*8 
reported their attempts to synthesize a photometric substrate for epoxide hydrolase, 
but the most promising, a-acetoxy-p-nitrostyrene, exhibited a relatively rapid rate of 
non-enzymatic hydrolysis. 

We were attracted to the use of NP-oxide because (a) it was shown to be hy- 
drolyzed to NP-diol [as monitored by thin-layer chromatographic (TLC) analysis] by 
a guinea pig liver microsomal preparaation19, and (b) its diol product, NP-dial, was 
shown to have an absorption maximum at 315 mn. The highly absorbing NP-diol 
(&=oJiey 44-r cm-‘) was found as a product of the inactivation of pepsin by 

. NP-oxrde and NP-drol are readily resolved by reversed-phase liquid 
chromatography (Fig. 2, left) using absorbance detection at 315 mn. 

To obtain a calibration curve for NP-diol, known quantities in acetonitrile- 
water (.50:50) were chromatographed directly in 204 aliquots using the same chro- 
matographic conditions described for the assay. Peak heights were used to quantitate 
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Fig. 2. Left: liquid chromatogram of an aliquot of a typical assay mixture. The mixture contained 
0.36 mg microsomal protein with an incubation time of 7 min. After the standard extraction 20 ,uI of 
the 50% acetonitrile phase was injected. Peaks: A = NP-diol (3.7 nmoI); B = unextracted NP- 
oxide remaining in the aqueous phase. Right: liquid chromatogram of NP-diol and NP-oxide with 
the addition of internal standard. Peaks: A = NP-diol (1.4 nmol); B = NP-oxide (3.7 mnof); 
C = p-nitroanisole (ca. 1 .O nmol). 

the diol concentrations, and were found to be linear for the range of U-9 nmol 
(injected). As little as 100 pmol could be reproducibly detected. If higher precision is 
required for the quantitation of NP-diol, an internal standard can be used. For 
example, p-nitroanisole, can be added to the acetonitrile used to dilute the aqueous 
extract. The same chromatographic conditions used in the assay will separate p- 
nitroanisole from NP-diol and NP-oxide, and still allow a total elution time of under 
4 min (Fig. 2, right). After chromatography, the peak height ratio of NP-diol/p- 
nitroanisole can be calculated and plotted against nmol NP-diol injected to obtain a 
calibration curve. 

Correction for non -enzymatic hydration of NP-oxide was not necessary since 
no detectable NP-diol was seen in boiled enzyme control incubations. The time course 
of the enzymatic hydration was linear to 10 min, and 7 min was routinely used as the 
standard assay time. The relationship of product formed versus microsomal protein 
concentration was also linear up to 0.8 mg protein in the assay. 

Using this epoxide hydrolase assay we have determined the specik activity of 
the enzyme in liver microsomes from rats fed standard and BHA-supplemented diets. 
BHA has been shown to induce epoxide hydrolase in rodent tissues3. These data as well 
as assays using styrene oxide as substrate are shown in Table I. The specific activity of 
epoxide hydrolase in liver microsomes was 3.2 nmol NP-diol per min per mg protein, 
a value similar to that found with styrene oxide as substrate (Table I and ref. 3). The 
enzyme activity in liver mierosomes from BEIA-f& rats was 13 nmol NP-diol per 
min per mg protein, or an increase of approximately four-fold over the controls 
(Table I). A similar increase in epoxide hydrolase activity in BIIA-fed animals was 
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seen with styrene oxide as substrate (Table I). These increases in enzyme activity are 
comparable to those previously noted in BHA-fed rats3, where a radiometric assay 
was employed. 

. 
TABLE I 

EFFECT OF DBZTARY BHA ADMINISTRATION ON MICROSOMAL EPOXIDE HYDRO- 
LASE ASSAYED WITH NP-OXIDE AND STYRENE OXIDE 
Km values and error ranges were determined by the statistical method of CIeIandrz_ 

Enzyme source Epoxide hy&olase actidty K, v&es (@%I) 
(nmol product per min per mg protein) wifh NP-oxide 

NP-oxkle ’ Sfyrene oxide’ * 

c0ntrol snicrasomes 3.2f0.5 2.6 23;4 
BHA-induced microsomes”’ 13 A2 15 150;30 

l Mean of activities from four separate liver microsome preparations f standard deviation. 
l * Activity measured in a pool of liver microsome preparations from either control or BHA-fed 

aknal.s. 
*** Epoxide hydrolase was induced by adding BHA fo the diet’, as described in Materials and 

methods. 

Using NP-oxide as substrate, K,,., values for epoxide hydrolase from control 
and BHA-treated liver microsome preparations were determined (Table I). K,,, values 
were 23 FM and 150 @4 in control and BHA-treated microsomes, respectively. The 
higher K,,, value for the induced microsomes could imply that a second form of the 
enzyme with lower afiinity for NP-oxide was induced (see ref. 6), but a more detailed 
study is required to arrive at any definite conclusions. 

When this work was nearly completed a report appeared describing the presence 
of a distinct epoxide hydrolase in mammalian liver cytosolZo. The cytosolic enzyme 
was active with rrans-#?-methylstyrene oxide but not styrene oxide, in contrast to the 
microsomal form of the enzyme that is active with only the latter substrate. Both 
forms of the enzyme were active with allylbenzene oxide. Using rat liver cytosol we 
have detected significant epoxide hydrolase activity using NP-oxidezl_ Possibly NP- 
oxide will prove to be a useful substrate for assaying the cytosolic as well as microso- 
ma1 forms of epoxide hydrolase. 

As shown here NP-oxide is an excellent substrate for epoxide hydrolase. The 
assay method is sensitive and rapid., requiring only simple solvent extraction, and then 
liquid chromatography under isocratic conditions. 

ACKNOWLEDGEMENT 

This work was supported by grants from the University of Colorado Cancer 
Advisory Committee and Biomedical Science Support Grant. 

REFERENCES 

1 F. Ckch, Xenobiotica, 3 (1973) 305-340. 
2 D. N. Jerka and I. W. Daly, Science, 185 (1974) 573-582. 
3 Y-N. Cha, F. Martz and E. Bueding, Cancer Res., 38 (1978) 4496-4498. 



452 K. A. GIULWNO, E. P. LAD, R. R. FALL 

4 F. Oesch. D. M. Jerina and J. Daly, Biochem. Biophys. Acra, 227 (1971) 685-691. 
5 D. M. Jerina, P. M. Dar+sette, A. Y. H. Lu and W. Levin, Mol. Pharmaco~., 13 (1977) 342-351. 
6 F. Clesch, P. Bentley, K. L. Platt and M. D. Golan, Arch. Biuaienz. Biuphys., 199 (1980) 538-544. 
7 T. Watabi and K. Akamatsu, Biochem. Pharmad., -3 (1974) 2839KX4.4. 
8 P. M. Dansette, G. C. Dubois and D. M. Jerina, A&. Biuchem., 97 (1979) 340-345. 
9 S. Nesnow and C. Heidelberger, Anal. Biochem., 67 (1975) 525-530. 

10 G. Belvedere, J. Pachecka, L. Cantoni, E. Mussini and M. Salmona. J. Cluomarogr., 118 (1976) 
387-393. 

11 M. Duverger-Van Bogaert, G. N&l, B. Rollmann, J. Cumps, M_ Roberfroid and M. Mercier- 
Biochim. Biophys- Acta, 526 (1978) 77-84. 

12 M. S. F. Ross, D. S. Lines, K. R. Brain and R. G. Stevens, Anal. Biochem., 87 (1978) 267-271. 
13 R. Raineri, J. A. PoiIey, T. Hilksund and R. J. Pie&a, L Liq. Chromtugr., 2 (1979) 577-587. 
14 G. Gazzotti, E. Garattini and M. Salmona, J. CtuOmatogr., 188 (1980) 4XUO4. 
15 R. B. Westkaemper and R. P. Han&k, Anal. Biuchem., 102 (1980) 63-67. 
16 J. Tang, 1. Biol. Chem., 246 (1971) 4510-4517. 
17 P. W. Albro, Anal. Biochem., 64 (1975) 485493. 
18 R. P. Han&k and J. M. Hilbert, J Org. Chem., 43 (1978) 610-614. 
19 F. Gesch, N. Raubisch, D. M. Jerina and J. W. Daly, Biuchemkfty, 10 (1971) 4858-4866. 
20 K_ Ota and B. D. Hammock, Science, 207 (1980) 1479-1481. 
21 K. A. Giuliano and R. R. Fall, unpublished results. 
22 W. W. Cleland, A&an. Enzymol., 29 (1967) l-32. 


