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Kinetic behaviour of microsomal  styrene monooxygenase  and styrene epoxide hydratase 
in different animal  species ~ 

G. Belvedere ,  L. Cantoni ,  T. Facch ine t t i  and M. Sa lmona  ~ 

Laboratory /or Enzyme Research, [stituto di Ricerche Farmacologiche 'Mario Negri', Via Eritrea 62, 1-20757 Milano 
(Italy), 6 December 1976 

Summary. The appa ren t  t(m and V ~ x  values  of s tyrene  epoxide  io rming  monooxygenase  and s tyrene  epoxide hydra tase  
h a v e  been eva lua ted  in the  l iver  microsomes of male  rats,  mice, guinea-pigs and rabbi ts .  Epox ide  hydra t a se  gave  much  
h igher  and more  uni form Km values  t h a n  the  monooxygenase  in the  species considered. 

S t y r e n e ,  v iny l  chloride and o ther  olefins wi th  h igher  
molecular  weights  are c o m m o n l y  used in plast icizers or 
sodium alkyl  su lphate  detergents .  I t  has  been suggested 
in recent  years  t h a t  mos t  of these  agents  m a y  be carcino- 
genic in l abora to ry  animals,  t h rough  the  fo rmat ion  of 
h igh ly  reac t ive  metabo l ic  in termedia tes .  One of t he  m a j o r  
metabol ic  p a t h w a y s  of these compounds  is now assumed 
to be ox ida t ion  to the  corresponding epoxides by  micro-  
somal  mixed  func t ion  oxidase enzymes,  followed by  con- 
vers ion  of t he  products  to glycols b y  hepa t ic  microsomal  
epoxide  a, 4 
I n  t he  p resen t  paper  we repor t  t he  k ine t ic  pa ramete r s  of 
2 key  enzymes  which form and hyd ra t e  epoxides,  i.e. the  

Table I. Apparent K~ and Vmax values of styrene epoMde forming 
monooxygenase in the liver of different animal species 

Species K~(mM) Vm~ (nmoles/minlmg protein) 

Rat 0.23 ~: 0.04 2.71 + 0.17 
Mouse 0.04 :t= 0.01 3.81 q- 0.12 
Guinea-pig 0.18 :I= 0.03 5.41 4- 0.07 
Rabbit 0.08 :t= 0.02 4.18 :[: 0.08 

Each value is the average ~ SE of 3 analysis of pools of 5 mouse 
livers or individual livers for the other species. 

Table 2. Apparent K~ and V~,~x values of styrene epoxide hydratase 
in the liver of different animal'species 

Species Km (mM) V~,,~ (nmoles/min/mg protein) 

Rat 0.93 :~ 0.05 10.5 :k 0.57 
Mouse 0.73 :t= 0.07 5.52 -4- 0.23 
Guinea-pig 0.73 :t: 0.03 8.97 -4- 1.66 
Rabbit 0.51 ~ 0 . 0 4  9,98:1:0.13 

Each value is the average :t: SE of 3 analysis of pools of 5 mouse 
livers or individual livers for the other species. 

epoxide monooxygenase  and hydra tase .  S tyrene  and 
s tyrene  epoxide  were used as substrates .  These  com- 
pounds  are par t icu la r ly  useful, since t h e y  represent  2 
consecut ive  substra tes  in v ivo  also. The  knowledge of 
the i r  specific ac t iv i t ies  and apparen t  Km values  m a y  
p a r t l y  help  in pred ic t ing  the  ra t io  be tween  the  fo rmat ion  
and de toxi f ica t ion  of unstable  s tyrene  epoxide.  
The  exper iments  were carr ied ou t  in l iver  microsomes 
f rom 4 c o m m o n l y  used an imal  species, i.e. rat ,  mouse,  
guinea-pig and rabbi t .  The  differences ill k inet ic  para-  
meters  f rom one species to ano ther  migh t  help  in choosing 
the  mos t  sensi t ive one, in order  to  develop new and more  
specific expe r imen ta l  approaches  to  s tudy  the  chemical  
induc t ion  of cancer.  
Materials and methods. Adul t  male  animals  of the  following 
species were used in all exper iments :  Sprague Dawley  
ra ts  (150-180 g); New Zealand rabbi ts  (2-5 kg);  albino 
Swiss mice  (20-25 g) and Dunk in  H a r t l e y  guinea-pigs 
(300-350 g). Animals  were al lowed food and wa te r  ad  
l ibi tum, and were kil led by  decapi ta t ion .  Microsomes 
were prepared  according to t he  m e t h o d  of K a t o  and 
Takayanagh i  5. The  isolat ion m e d i u m  conta ined  50 mM 
phospha te  buffer  p H  7.4, 150 mM KC1 and 5 mM MgCI~. 
Af te r  t he  last  cent r i fugat ion ,  t he  microsomes were 
resuspended in the  same med ium and used the  day  t h e y  
were prepared.  P r o t e i n  concent ra t ions  were de te rmined  
by  the  m e t h o d  of Lowry  e t  al. 6 w i t h  crysta l l ine  bovine  
serum a lbumin  as s tandard .  
E n z y m e  assay. The  act iv i t ies  of s tyrene  monooxygenase  
and epoxide  hyd ra t a se  were de termined ,  using s tyrene  
and s tyrene  epoxide as substrates,  as previous ly  de- 
scribed 7, E n z y m e  act ivi t ies  were assayed under  condi-  
t ions in which the  react ion was l inear w i th  respect  to  the  
incubat ion  t ime  and prote in  concentra t ion.  To assay the  
ac t iv i ty  of bo th  enzymes,  1-2 m g / m l  microsomal  prote in  
was used in a final  vo lume  of 5 ml  of incuba t ion  m e d i u m  
consist ing of the  med ium used for microsome prepara t ion ,  
microsomes and substrates.  Prepara t ions  were incuba ted  
a t  37 ~ for 5 rain. 
The  reac t ion  for assay of s tyrene  monooxygenase  was 
s ta r ted  by  the  addi t ion  of var ious  amount s  of a 250 mM 
acetone  solut ion of s tyrene,  in order  to  have  6 finM 
styrene concent ra t ions  ranging f rom 0.1 to 5.0 raM. The 
react ion for assay of s tyrene  epoxide hydra tase  was 
s tar ted  by  adding var ious  amount s  of a 42 mM acetone 

Table 3. Ratios of apparent Km and Vm** values of styrene epoxide 
hydratase to styrene monooxygenase in different animal species 

Species Km hyd/Km monoox. Vmax hyd/Vr,~x monoox. 

Rat 4.0 3.9 
Mouse 18.2 1.4 
Guinea-pig 4.0 1.6 
Rabbit 6.4 2.4 
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solution of styrene oxide in order to have 6 final styrene 
oxide concentrations ranging from 0.1 to 3.0 mM. Blank 
values due to non-enzymatic opening of the epoxide were 
subtracted from the 2 highest concentrations. Enzyme 
activities are expressed in nmoles/min/mg of protein. 
Statistics. At least 3 animals were used for each species. 
For the mouse, 3 different pools of 5 livers each were 
used. Kinetic parameters were calculated according to 
the Woolf plot. 
Results and discussion. Table 1 reports the apparent Km 
and Vmax values for styrene epoxide forming mOllO- 
oxygenase, and table 2 those for the epoxide hydratase, 
in the 4 animal species considered. Table 3 shows the 
apparent Km and Vmax ratios of the epoxide hydratase 
to the monooxygenase in the different species. In  the 
mouse and rabbit, Km values for the epoxide hydratase 
are I8.2 and 6.4 times those of the monooxygenase, 
while the specific activity of the hydratase for the rabbi t  
is only twice that  of the monooxygenase and is almost the 
same in the mouse. 
This broad variabili ty of Km might imply that  at the 
styrene concentrations (0.1-5 raM) we used in vitro, 
which presumably reflect those in vivo, tile affinity of 
styrene epoxide for the hydratase is the rate limiting step 
for the overall metabolic transformation of styrene. This 

means that  it is the speed of hydrat ion of styrene epoxide 
and not  of its formation that  determine the rate at which 
styrene is detoxified, 
The effect was less pronounced in the rat  and guinea-pig. 
Table 1 indicates tile broad inter-species variability in 
the  Km of styrene monooxygenase, whereas homogeneous 
values were found for the epoxide hydratase. These 
findings are in agreement with data that  show there are 
multiple forms of P-450 dependent monooxygenases with 
different affinities 8, ~. 
The greater affinity of styrene monooxygenase, compared 
to the hydratase, and its considerable inter-species vari- 
ability seems an important  factor in establishing which 
animal species is most suitable as a model for studies on 
carcinogenesis. The species with higher rates of epoxide 
formation (mouse and rabbit) and slower epoxide hydra- 
t ion should be preferred for research into toxicity, such 
as liver necrosis or tumours in target organs due to 
accumulation of highly reactive epoxidic metabolic inter- 
mediates of foreign compounds. 
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Coupling of fructose- l ,6-P 2 to aminated agarose by Schiff base reduction. 
Affinity chromatography of yeast aldolase 1 
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Summary. Fructose-I, 6-P~ was immobilized by sodium borohydride reduction of the Schiff base formed with amin- 
ated agarose (AH-Sepharose 4B | The coupling occurs with high yield (25 ~moles immobilized fructose-l, 6-P~ per ml 
packed gel) at neutral  pH and room temperature .  Schiff base reduction thus provides a convenient and mild coupling 
procedure for sugar phosphates preserving their labile phospho ester bonds. As exemplified by a new isolation procedure 
for fructose-i, 6-P 2 aldolase from yeast, sugar phosphates insolubilized in this manner  may be used for affinity chro- 
matography of the corresponding enzymes, provided that  contaminating unspecific phosphatases are removed in a 
preceding fractionation step. 

Sugar phosphatgs might afford suitable ligands for affinity 
chromatography of a large number of enzymes. However, 
the majori ty of sugar phosphates are labile to hydrolysis 
by, e.g., alkaline or acid pH, at temperatures above room 
temperature 4, 5, the conditions required for the presently 
available coupling procedures for carbohydrates~,L This 
report presents a coupling procedure which is operative 
at room temperature in the neutral  pH range and thus 
does not affect labile phospho ester bonds. Its practica- 
bility was tested by isolating aldolase from yeast by 
affinity chromatography with insolubilized fructose-l,6- 
P2. 
Materials. Baker's yeast was purchased from Presshefe- 
fabrik Hindelbank;  DEAE-Cellulose (DE 52) from What-  
man;  AH-Sepharose 4B (cross-linked agarose in bead 
form) from Pharmacia Fine Chemicals; sodium borohy- 
dride, ethylenediamine tetraacetic acid, 2-mereaptoethanol 
and 4-nitrophenyl phosphate from Fluka; enzyme grade 
ammonium sulfate from Schwarz/Mann; phenylmethyl- 
sulfonyl fluoride from Sigma. Frgetose-l,6-P, tetracyclo- 
hexylammonium salt (for aldolase activity assay), fruc- 
tose-l,6-P, trisodium salt, NADH, glucosephosphate 
isomerase (EC 5.3.1.9), glucose-6-phosphate dehydro- 
genase (EC 1.1.1.49), and glyeerol-3-phosphate dehydro- 
genase/triosephosphate isomerase (EC 1.1.1.8/EC 5.3.1.1) 

were from Boehringer. Alkaline phosphatase (EC 3.1.3.1) 
was prepared from E. coliS. 
Methods. Aldolase activity was determined by the coupled 
assay with glycerol-3-phosphate dehydrogenase omitting 
2-mercaptoethanol g. In  the first steps of the preparation, 
protein concentrations were determined by the biuret 
method calibrated with bovine serum albumin;  concen- 
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