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SUMMARY: Hepatic microsomal epoxide hydratase of the bluegill fish shows
characteristics similar to those of the marine fish. The bluegill hepatic
microsomal epoxide hydratase activity towards styrene oxide is higher
@n—mole/min per mg protein) and that of mixed-function oxidase towards aldrin
epoxidation is lower (0.7n-mole/min per mg protein) than the corresponding
enzymes of the male mouse (1.90 and 2.0n~mole/min per mg protein, respec-—
tively, for epoxide hydratase and aldrin epoxidase).

Hepatic microsomal mixed-function oxidase (MFO) of mammals (1-5), birds
(6-8) and fish (9-13) can epoxidize aliphatic and aromatic hydrocarbons
(polycyclic aromatiecs, drugs, pesticides, steroids, etc). These epoxides can
be metabolized further by the hepatic microsomal epoxide hydratase (EH) (5)
and/or soluble glutathione S-epoxide transferase (13). EH has been well
characterized and even purified in several mammalian species (5,14). Among
fish, this enzyme has been studied only in marine species (12,15,16). The
activity of EH towards styrene oxide appears to be optimum at temperatures
between 40° to 45°C in flounder and skate from coastal Maine and 45° to 50°C
in sheepshead from coastal Florida. The optimum pH lies between 8 and 9.5.
In these species the levels of EH activity range from: 0.4 to 7.6n-mole
styrene glycol formed per min per mg microsomal protein (12) and from
0.051 to 8.86n-mole cyclodiene epoxide disappeared per min per mg protein
(16). This enzyme has not been studied in freshwater fish (17). We have been
studying the epoxidation and hydroxylation of cyclodiene insecticides in
freshwater fish (9-11). Since cyclodiene epoxides are metabolized in vivo
by freshwater fish to trans-diols (18) such hydroxylations may be catalyzed

by EH. We have therefore characterized this enzyme in freshwater bluegill
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(Lepomis macrochirus) using styrene oxide as a substrate to use this as a

model for studying hydroxylation of cyclodiene epoxides. Preliminary results

are presented.

MATERIALS AND METHODS:

Bluegill provided by Illinois Hatchery (Spring Grove, IL) weighed 44 to
64 gm per fish, while those from McGraw Wildlife Foundation (East Dundee, IL)
weighed 94 to 100 gm. These were maintained at John G. Shedd Aquarium,
Chicago and sacrificed within half hour of their transfer to the laboratory.
[7-3H]styrene oxide (27mci/mmol) purchased from Amersham Searle, Arlington
Hts., IL, was analytically pure as checked by thin-layer chromatography
followed by X-ray autoradiography (19). Livers were excised and homogenized
in ice-cold 0.25 M sucrose (10% w/v). The homogenate was centrifuged at
10,800 g for 15 min and the supernatant spun at 105,000 g for 90 min. When
calcium aggregation was used, 1 ml of 26 mM calcium chloride was added to
33 ml of the mitochondrial-supernatant by stirring continuously for 10 min
(8,10,20). This was centrifuged at 35,000 g for 20 min to obtain microsomes.
The microsomal pellet obtained by either method was resuspended in the same
volume of 0.25 M sucrose and spun again at the previous speed but for half of
the previous spinning time. The washed microsomal pellet was resuspended in
0.25 M sucrose.

Enzyme assays were carried out by incubating 2 mM styrene oxide with 1 mg
of microsomal protein at 37°C for 15 min (21,22). 0.5 ml of the incubation
mixture contained 0.125 ml of 0.5 mM Tris buffer containing 0.1% Tween~80 at
pH 9.0. The reaction was stopped by adding petroleum either and freezing the
incubate on dry ice. After aspirating the pet. ether the glycol was extracted
with 2 ml of ethyl acetate. 0.2 ml aliquots of the latter were counted radio-
metrically (19,22). All incubations were carried out in triplicates and each
experiment repeated at least twice. Average values of these experiments were
used.

For comparative purposes similar assays were used for 4-month old mice
(Swiss Webster, ICR strain) and frog Xenopus laevis (NASCO, Fort Atkins,
Wis.). Protein determinations were carried out by a modification of Lowry's
method (23).

RESULTS:

The activity of the bluegill microsomal EH showed maximum levels
alkaline range, around 9 pH (Fig. 1B) when incubations were carried out at
37°C for 30 min. This appears similar to the reports with marine fish (22,24)
and mammals (1-5,21). This activity is confined mostly in the microsomal
subcell fraction. The activity at pH 9.0 (at 37°C) was linear up to 60 min.
This was: 15 min = 6.22, 30 min = 10.21, 60 min = 22.51n-mole styrene glycol
formed per mg protein. Under these conditions the linearity was maintained
over a wide range of temperature i.e. 18° to 50.5°C and started declining

thereafter (Fig. 1C). Similar insensitivity of EH to temperatures of 45° to
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Fig, 1. Effect of microsomal protein concentration (A), pH (B) and temper-
ature (C) of incubation mixture on EH activity towards [7-3H]styrene oxide.

The units of activity are on: A = per incubate and B and C = per mg microsomal
protein basis.

50°C has been observed in marine fish (22,24). That the formation of styrene
glycol was enzymatic was checked by increasing enzyme concentration which
showed a linear relationship between product formation and protein concen-
tration (Fig. 1A). Thin-layer chromatography using 0.25 mm silica gel G F-
254 plates developed in chloroform-methanol (1:1) showed the product to be
styrene glycol (Rf values: styrene oxide 0.65, [7»3H]styrene oxide 0.62,
styrene glycol 0.17) as checked by ultraviolet viewing and X-ray auto-
radiography (19).

Incubating styrene oxide at concentrations ranging from 0.02 to 2.0 mM
with 1 mg of microsomal protein (37°C, 15 min) gave Km values (using Line-
weaver-Burke plots) ranging from 0.26 to 0.32 mM styrene oxide and Vmax
values between 7.70 and 8.33n-mole styrene glycol formed/min per mg protein.

Calcium aggregation seems to yield microsomes having the specific
activity same as those obtained by conventional methods (Table 1). Freezing
the microsomes at -20°C for 6 weeks lowered the specific activity by only
12% i.e. from 3.78 to 3.33n-mole/min per mg protein. A comparison of aldrin
epoxidase by MFO and styrene oxide hydratase by EH of bluegill, Xenopus
and mouse shows that the two aquatic species have lower levels of activity of
MFO but 2 to 4 times higher of EH (Table 1). Mice, on the

other hand, show higher MFO activity toward aldrin epoxidation but slightly
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Table I. Styrene oxide hydrase and aldrin epoxidase activity of hepatic
microsomes of bluegill, Xenopus and mouse.

n-mole producta/min per mg protein

Speciesb Epoxide hydratase MFO aldrin epoxidase
Bluegill 3.23,3.31,3.54,4.20(4.62) 0.70
Xenopus 0.45,0.49(0.11,0.22) 0.30,0.32,0.36
Mouse 1.90(1.26) 2.05

a

i

styrene glycol for EH and dieldrin for MFO (data from references 9-11
and 25)

values 1In parentheses: bluegill-fry (2 to 4.4 g), frog = at 25°C,
mouse = females

n

lower activity of EH. A similar relationship between aldrin epoxidation (16)
and cyclodiene epoxide (16) or styrene oxide hydration (12) has been reported
in marine fish. For example, in sheepshead, mullet and sting ray MFO
epoxidase activity was .213, .151 and .010, respectively. While EH

activity levels toward cyclodiene epoxide were 2.25 for sheepshead (6.1 with
styrene oxide), .90 for mullet, and 8.86 (7.6 with styrene oxide) for sting
ray (12,16). The optima for epoxidase and EH are 7.4 and 9.0, respectively
(12,16), so the lower levels of former may not be due to further and faster
hydration of the epoxide. Also, the low MFO levels in fish appear to corre-
late with the cytochrome P-450 concentration (12,16). Since the recoveries
of added radioactivity are better than 95 per cent, the binding of the
epoxide to EH to make it unextractable may not account for the observed

differences.

Acknowledgements—-Supported by a USPHS grant ES-01479 from N.I.E.H.S. Thanks
are due to Illinois Hatchery, McGraw Wildlife Foundation and John G. Shedd
Agquarium for the fish.

REFERENCES

1. Oesch F. , Xenobiotica, 3:305 (1973).

2. Jerina D.M. and Daley J.W., Science 183, 573-582 (1974).

3. Horning M.G., Butler C.M., Nowlin J., and Hill R.M., Life Sci. 16, 651
(1975).

4. Breuer H. and Kruppen R., Biochem Bcophys. Acta. 49, 620 (1961).

5. Oesch F. Epoxide Hydratase, CRC Press. 256 pp. (1979).

336



Vol. 89, No. 2, 1979 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

13.

14.

15.

16.

i7.

18.
19.
20.
21.
22.
23.
24.

25.

Runnels J.M. and Khan M.A.Q., Gener. Pharmacol, 6, 97-103 (1975).

Gillett J.W. and Arscott G.H., Compar. Blochem. Physiol. 30. 589-600 (1969).
Grossman J.C. and Khan M.A.Q., Compar. Biochem. Physiol, (1979 in press).
Stanton R.H. and Khan M.A.Q., Pestic. Biochem. Physiol. 3, 351-357 (1973).
Stanton R.H. and Khan M.A.Q., Gener. Pharmacol. 6:289-294 (1976).

. Garetto M. and Khan M.A.Q., Gener. Pharmacol. 6:91-96 (1975). ~
. James M.0., Fouts J.R. and Bend J.R., in : Pesticides in Aquatic

Environments Ed. (M.A.Q. Khan, Ed.), p.171. Plenum Pub. Co. (1977).
Chasseud L.G. in : Glutathionc : Metabolism and Function. p.77 Raven Press.
(1976).

Oesch F. and Bentley P., Nature 259,53 (1976).

Bend J.R., Ball L.M., Elmamlouk T.H., James M.0. and Philpot R.M., in :
Pesticide and Xenobiotic Metabolism in Aquatic Organisms (Eds. M.A.Q. Khan,
J.J. Lech and J.J. Menn) p. 297. Amer. Chem. Soc. (1979).

Khan M.A.Q., Korte F. and Payne J.F., in : Pesticides in Aquatic
Environments (M.A.Q. Khan, Ed.) Plenum Pub. Co. pp 191-220. (1973).

Walker C.H., El-Zorgani G.A., Creaven A.C.C., Kenny J. and Kurukg M,
Proceedings of FAO/IAEA/WHO symposim on Nuclear Techpiques in Comparative
Studies of Food and Environmental Contamination, Otaniemi, Finland. p. 529
(1973).

Khan M.A.Q., Feroz M. and Sudershan. in: Pesticide and Xenobiotic
Mztabolism in Aquatic Organisms Eds. (M.A.Q. Khan, J.J. Lech and J.J. Menn)
p. 35. Amer. Chem, Soc. (1979).

Feroz M, and Khan M.A,Q., J. Agria. Food Chem. 27, 108-111 (1979).

Cinti D.L., Moldeus P, and Schenkman J.B. Biochem. Pharmacol. 21, 3249-
3256 (1972).

Dansette P.M., Makedonska V.B. and Jerina D.M. Archiv. Biochem. Biophys.
187, 290-298 (1978).

James M.0., Bend J.R. and Fouts J.R. Biochem. Pharmacol. 25, 187-193 (1976)
Miller T. Analyt, Chem. 31, 964 (1959).

James M.0., Fouts J.R. and Bend J.R. Mt. Desert Is. Biol. Bull. 15, 41-46
(1974).

Doherty M.J. Characteristics of the Hepatic Microsomal Mixed Function
Oxidase in the Amphibian, Xenopus laevis. M.S. Thesis. Univ. of Illinois
at Chicago Circle, Chicago, I1l. p. 69 (1978).

337



