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Abstract--Subcellular fractions from Drosophda melanogaster and rat hver were investigated on their 
epox~de hydrolase activity Both mlcrosomes and the post-microsomal supernatant of Drosophda 
appeared to contain epoxide hydrolase activity using styrene-7,8-oxide as the substrate Based on body 
weight, these actlVitles were in the same order of magnitude Rat hver cytosol was able to catalyze the 
hydrolysis of styrene oxide only if the glutathlone S-transferase acnwty was blocked 

Epoxides are an important class of chemical com- 
pounds with respect to their potential reactivity 
towards cellular nucleophlles, which may initiate 
carcinogenic and mutagentc processes [1]. Exposure 
of humans is possible because some of the epoxides 
are used industrially in large volumes. However, the 
organism itself is able to generate epoxides from 
aromatic and olefinlc xenobloncs by biotransform- 
atton involving the cytochrome P-450 mediated oxi- 
dative pathway [2]. In addition to the potency to 
produce adducts with cellular macromolecules, epox- 
ides can be detoxlfied either by non-enzymatical 
rearrangement to phenolic and analogous com- 
pounds, by glutathione conjugation or by enzy- 
matlcally catalyzed addition of water. The latter 
pathway involves epoxide hydrolase (EC 3.3.2.3), 
an enzyme known to be present in several cellular 
compartments [3, 4]. 

With respect to the genotoxic risk presented by 
epoxides and other electrophlhc agents, many short- 
term tests are presently m use assessing mutagemc 
potency of such chemicals [5] Among these assays 
the fruitfly Drosophtla melanogaster establishes a 
genetically well-defined indicator organism, capable 
of detecting a wide array of pre-mutagens and pre- 
carcinogens [6-8]. As the ultimate fate of epoxldes 
In an organism will largely determine their potential 
harm, knowledge of the enzymes involved in their 
biotransformatlon is obviously needed. Studies from 
this laboratory [9-14] as well as from others [15- 
17] have already estabhshed the presence of some 
xenoblotic-metabohzmg enzyme activities including 
epoxlde hydrolase in Drosophda. Investigations on 
the Drosophila glutathione S-transferase ln&cated 
that this enzyme system is unable to conjugate a 
number of epoxldes in the way it does in mammals 
[18]. The present report focuses on epoxlde hydro- 
lase mediated detOxlcatlon of epoxides in Droso- 
phda, with emphasis on its lntracellular localization, 
in comparison with the enzyme in rat liver 
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MATERIALS AND METHODS 

Chemicals Styrene-7,8-oxide (STOX) was 
obtained as an analytical grade product from Merck- 
Schuchardt (Darmstadt, G.F.R.);  daethylmaleate 
was produced by Aldrich Chem. Co. (Milwaukee, 
U.S A ), andp-nttroanlsole and n-butylboronlc acid 
were products of Fluka AG (Buchs, Switzerland) 
Styrene diol (1-phenyl-l,2-ethanedlol) was syn- 
thesized as reported before [10]. All other chemicals 
were of the best quality commercially available. 
Water was glass-distilled prior to use. 

Animals. Male rats of the laboratory-bred SPF 
Wastar strain weighing 180-200 g were used for rat 
hver experiments They were fed a commercially 
available diet (Hope Farms, Woerden, The Nether- 
lands). Food and tap water were allowed ad hbitum 
Drosophila melanogaster, strain Berhn K was 
obtained from the department of Radiation Genetics 
and Chemical Mutagenesls, Faculty of Medicine, 
University of Leiden. They were provided as adult 
flies from mass cultures that were reared at 25 ° 

Subcellularfracttonanon. Rats were starved over- 
night and killed by cervical dislocation. The livers 
were perfused tn sttu via the portal vein with 0 13 M 
sodium phosphate buffer pH 7 4, removed, washed, 
minced and homogenized in a Potter-Elvehlem tube 
with a Teflon pestle The homogenate was centri- 
fuged for 20 mln at 20,000g in a Beckman JA-20 
centrifuge. The supernatant was filtered through tis- 
sue paper to remove floating fat and further centri- 
fuged for 75 mln at 100,000g in a Beckman L5-50E 
ultracentrifuge. The mlcrosomal pellet thus obtained 
was washed, centrifuged again and finally suspended 
in the buffer mentioned before Flies were killed by 
freezing and processed as described for rat hver 
All manipulations were performed at 4 ° Protein 
contents of 100,000g supernatants (cytosol) and 
mlcrosomal suspensions were determined according 
to Lowry et al [19], using bovine albumme as the 
standard 

Enzyme assay Epoxlde hydrolase activity was 
assayed using STOX as the substrate m con- 
centratlons up to 1 mM Incubations took 5 rain for 
cytosohc, and 15 mln for mlcrosomal activity, m 
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(I 13 M sodium phosphate  buffer pH  7 4, at 27 ° and 
37 ° for Dro.sophda and rat liver enzymes,  respect- 
Lvely In general ,  the protein content  was 0 5 mg/ml  
incubation mtxture Condit ions were chosen m order  
to obtam hnearlty m product  formatxon w~th respect 
to t)me and protem concentratxon When  rat liver 
cytoso[ was used as the enzyme source, 2 mM dtethyl- 
maleate was added to the incubation m~xture to 
mhtb~t glutathLone conjugat ion Mtcrosomal con- 
taminatton of  cytosohc preparat ions was controlled 
by de termlnmg benzo(a)pyrene  hydroxylatton as 
repor ted  b~ Yang and Kmha [20], adopted for insect 
enzymes by Baars and Drtessen [21] 

Styrene dtol was measured by a modification of 
the method  described by Belvedere  et al [22]: the 
dtol produced was extracted twice from the mcu- 
batlon mixture with dlethylether ,  and the orgamc 
phase was removed  and allowed to evaporate  over- 
mght at room tempera ture ,  addmg 0.5 ml ethanol  to 
avoid total dryness The residue was dissolved in 
0 4 ml acetone to whmh 10 #1 of a n-butylboromc 
acid solution m dlmethylformamtde (25 mg/ml)  was 
added to derlvattze the dlol Ahquots  were analysed 
gaschromatographlcal ly as described before [10], p- 
mtroantsole was used as the mternal  standard 

Appropr ia te  control experiments  were done to 
correct for any non-enzymatic  formation of  styrene 
diol 

Apparen t  enzyme kmetm constants were cal- 
culated from V vs S plots usmg a computer  program 
based on the stansttcal analysis of Wilkinson [23] 

RESULTS AND DISCUSSION 

First at tempts to est imate rat hver cytosohc epox- 
lde hydrolase with S T O X  as the substrate were 
unsuccessful Al though styrene dlol was assayed as 
the react ion product ,  alterations by glutathtone could 
not be excluded,  as rat liver cytosol contains con- 
mderable amounts  of glutathlone and glutathxone 
S-transferase, able to remove  mgntficant amounts  of 
S T O X  from the incubation mixture [24]. In suc- 
cesmve lnvesttgatmns the glutathmne conlugatmn 
pathway was blocked by bmdmg endogenous glu- 
tathtone with an appropriate  amount  of dmthyl- 
maleate  prior to the addmon of S T O X  to the incu- 
bation m~xture Unde r  these condmons  a small but 
significant cytosohc epoxlde hydrolase activity could 
be measured,  while glutathione S-transferase actlwty 
was no longer detectable ,  nei ther  with S T O X  nor 
wtth l -chloro-2,4-dmttrobenzene as the substrate 
In rat liver mtcrosomes,  glutathione S-transferase 

Table i Specific activtnes ot Drosophda rnehmogaster and 
rat hver epoxlde hydrolase, for styrene oxide as the 

substrate 

Mlcrosomes Cytoso[ 

Drosophda 42 5 ± 4 1 (6) 38 7 + 3 2 (5) 
Rat liver 13 6 ± 0 6 (4) 2 5 + I) I (5) 

Data are presented as nmoles of styrene d~ol produced/' 
mm per g body wt (mean -+ S E M ), number o( experi- 
ments m parentheses 

activity towards S T O X  as the substrate could not be 
demonstra ted,  as already repor ted  earlier [25], while 
we recently described the apparent  lack of 
glutathtone-epoxlde conlugatmg activity in Dro- 
sophila [18, 26]. 

The spemfic epoxlde hydolase activities as deter- 
mined in the cytosohc and mmrosomal fractions of 
Drosophila and rat hver  are given m Table 1 In this 
table the activities are based on body wmghts as 
insects lack a specific organ for metabohzlng foreign 
compounds  whole body homogenates  were used as 
the starting material .  Rat  liver data were extra- 
polated to total body weight 0gnormg actxvlttes m 
other  body parts [27]) in order  to make a comparison 
posmble Drosophda epoxtde hydrolase ts about as 
acnve m cytosol and mtcrosomes (Table 1). Rat hver 
is much less active, mtcrosomes contain about 1/3, 
and cytosol 1/15 of the correspondmg Drosophda 
activity 

Enzyme kinetic constants of the enzymes are pre- 
sented m Table 2. Obvmusly rat hver enzymes have 
a greater  affimty for S T O X  compared  with the Dro- 
sophda enzymes.  The  observed differences m V+,,,~ 
values are not remarkable  in view of the specific 
functmn of the rat hver  m metabohzmg xenobiotms 

Figure 1 depicts the relation between enzyme 
actlwty per mg of pro tem and the amount  of protem 
tn both subcellular compartments ,  for Drosophda 
per g body wt, and for rat liver per g hver wt 
On this basts, rat hver mmrosomes have by far the 
greatest  capacity to hydrolyze S T O X  

Mtcrosomal  epoxtde hydrolase tn Drosophda had 
been described previously [10, 13], but the presence 
of a soluble epoxide hydrolase was not excluded 
With respect to mammals ,  the conversion of an aro- 
matic epoxtde to the correspondmg dihydrodtol was 
reported already by Je rma  et al [28], but most atten- 
tion has been focused on the mtcrosomal enzyme 
[3, 41 More recently however,  a number  of reports 

Table 2 En7)me kmetlc constants of Dro+ophda melanogaster and rat It,, er epoxlde h~ drola,c 
tor styrene oxide as the substrate 

(nmol/min/mg protein) ( m M/ 

Drosophda Mlcrosomes (6) 6 06 ± 0 58 t) 3(~ -+ I) 07 
C)tosol (5 )  0 70  ± 0 06  1 4g  + (} 25 

Rat b y e +  Mtcrosomcs (4) 25 46 ± 1 05 (1 t)b t) ± t) 014 
C~tosol (4) l 41 ± 0 09 i) 040 +_ 0 003 

l)ata ,tic presented as mean ± S E M . number of experiments m parentheses 
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Fig 1 Histogram of the distribution of epoxlde hydrolase activity (using styrene-7,8-Oxlde as the 
substrate) between m~crosomes and cytosol of Drosophda melanogaster and rat liver, respectwely 

descr ibed epoxlde  hydro lase  acnwty  m the  soluble 
f ract ion of m a m m a h a n  ll~ers [29, 30] 

The  presen t  s tudy d e m o n s t r a t e s  such a soluble 
epoxlde hydro lase  actwlty m Drosophda  Its re la twe 
activity towards  S T O X  as the subs t ra te  of choice,  
c o m p a r e d  with the mlcro~omal  enzyme,  is g rea te r  
than  m rat l iver Howeve r ,  the fourfold dif ference 
m the a p p a r e n t  Km values suggest  a d]stlnct subs t ra te  
specificity, m accordance  with similar findings on the 
enzymes  m rat  and  mouse  liver [31, 32] W h e n  the 
results  are t aken  toge the r  with the  findings on glu- 
t a th lone  S- t ransferase  m Drosophi la  [18, 26], it is 
obvious  tha t  the p resence  of  a cons iderab le  a m o u n t  
of cytosohc epoxlde  hydrolase  (based  on body  
weight)  compensa t e s  at least par t ly  for Its lack of 
g lu ta th]one  S- t ransferase  activity towards  epoxldes  

In any genotox~clty assay the end-pomts  obse rved  
fol lowing e x p o s m o n  to p recarc lnogemc or pre- 
m u t a g e m c  chemicals  will d e p e n d  on the intrinsic 
actwlty of acnva t lng  and  react ivat ing enzymes  in tha t  
model  With  respect  to Drosophi la  melanogaster the  
present  results  once  more  stress the necessi ty for a 
careful  conslderat~on of the m e t a b o h c  fate of the 
par t icular  chemical  undel  test 
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