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A b s t r a c t 

Rat l i v e r - microsomal esterases - asymmetric d i s t r i b u t i o n 

T h e location of esterases is studied w i t h microsomal vesicles f rom rat liver using membrane 
impermeable charged Substrates and inhibitors . By comparing esterase activity against charged 
and uncharged Substrates it is shown that microsomal esterases are not latent. Furthermore 
charged inhibitors were unable to block both esterase - and amidase - activity differently 
i n disrupted and in intact vesicles. F r o m these biochemical studies it was concluded that the 
major part of the microsomal esterases/amidases is attached to the cytoplasmic side of the 
microsomes, which was confirmed by electron microscopic studies w i t h enzyme specific staining 
showing the electron dense reaction products of the microsomal esterases at the cytoplasmic 
side exclusively. 

Introduct ion 

M i c r o s o m e s i so la ted by the u s u a l m e t h o d s f r o m rat l i v e r are c l o s e d vesicles, w h o s e 
i n n e r surface represents the i n t r a c i s t e r n a l s ide of the e n d o p l a s m i c r e t i c u l u m . T h e outer 
surface b e a r i n g r i b o s o m e s i n r o u g h m i c r o s o m e s [ 1 7 , 1 8 ] , is e x p o s e d to the c y t o p l a s m 
i n the intact c e l l . V e r y recent ly it w a s c o n c l u d e d f r o m i o d i n a t i o n studies w i t h l a c t o -
p e r o x i d a s e that m o s t of the m i c r o s o m a l p r o t e i n s are faced to the c y t o p l a s m i c side 
o f the vesicles [15]. S o m e p a r t i c u l a r m i c r o s o m a l p r o t e i n s , h o w e v e r , seem to be l o c a t e d 
o n the inner surface o f the m i c r o s o m a l m e m b r a n e . 

T h e r e is n o d o u b t a b o u t the o r i e n t a t i o n of m i c r o s o m a l n u c l e o s i d e d i p h o s p h a t a s e 
[16] : T h i s e n z y m e s h o w s a h i g h degree of la tency (that means the e n z y m a t i c ac t iv i ty 
b e i n g great ly s t i m u l a t e d by t reatments w h i c h affect the l i p o p r o t e i n s t ructure of the 
m i c r o s o m a l vesicles) . It is a l so p r o t e c t e d f r o m p r o t e o l y t i c at tack as w e l l as f r o m 
i n h i b i t i o n by a speci f ic a n t i b o d y i n in tac t m i c r o s o m e s b u t is suscept ib le to h y d r o l y t i c 

L) D R . M . G R A T Z L , Fachbereich Theoretische M e d i z i n der Universität des Saarlandes, 
665 Homburg/Saar, Germany. 
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enzymes a n d a n t i s e r u m after v a r i o u s treatments w h i c h affect the i n t e g r i t y o f the mem
brane s t ruc ture . E s p e c i a l l y s o m e p h o s p h o h y d r o l a s e a n d p h o s p h o t r a n s f e r a s e reac t ions 
ca ta lysed b y m i c r o s o m a l g l u c o s e - 6 - p h o s p h a t a s e are i n a latent State [ 2 , 3 1 ] . E l e c t r o n -
m i c r o s c o p e [17, 18] a n d c e n t r i f u g a t i o n studies [19] c o n c e r n i n g the t r a p p i n g of p h o s p h a t e 
b y P b 2 + a lso f a v o u r an i n t r a m i c r o s o m a l l o c a t i o n of this e n z y m e . E n z y m e spec i f i c s t a i n i n g 
of the acyl transferases i n v o l v e d i n the a c y l a t i o n of a - g l y c e r o p h o s p h a t e p r o v i d e s ev idence 
f o r the a t tachment of this e n z y m e at the i n n e r surface of the m i c r o s o m a l m e m b r a n e [13]. 
U D P - g l u c u r o n y l transferase s h o w s a lso la tency a n d m a y be a n o t h e r e n z y m e w h i c h is 
l o c a t e d at the i n t r a c i s t e r n a l s ide of the m i c r o s o m a l m e m b r a n e [8]. 

D i g e s t i o n of m i c r o s o m e s w i t h proteases nei ther s o l u b i l i z e s n o r inact ivates m i c r o s o m a l 
a m i d a s e a c t i v i t y [1] a n d an a n t i b o d y to the a c e t a n i l i d e - h y d r o l y z i n g esterase fa i l s to 
react w i t h the m e m b r a n e b o u n d e n z y m e . F r o m these o b s e r v a t i o n s it w a s c o n c l u d e d that 
m i c r o s o m a l esterase m a y be a n c h o r e d to the i n n e r surface of the v e s i c u l a r m e m b r a n e . 
If this assumption is correct this enzyme should s h o w latency at least w i t h charged 
Substrates a n d i n h i b i t o r s since m i c r o s o m a l vesicles are r e g a r d e d to be i m p e r m e a b l e 
to a n i o n i c Compounds [22]. 

In the present p a p e r w e invest igated therefore the h y d r o l y s i s of espec ia l ly des igned 
charged Substrates i n c o m p a r i s o n w i t h the uncharged parent Compounds i n in tac t 
m i c r o s o m e s a n d i n p r e p a r a t i o n s p r e v i o u s l y treated w i t h agents a f f e c t i n g the in tegr i ty 
of the m e m b r a n e s t ruc ture . T o reveal , w h e t h e r esterase a c t i v i t y is la tent o r not , a lso 
studies w i t h a charged i n h i b i t o r w e r e p e r f o r m e d . In a d d i t i o n e n z y m e spec i f i c s t a i n i n g 
m e t h o d s w e r e e m p l o y e d to detect, o n w h i c h side of the m i c r o s o m a l m e m b r a n e the 
esterase m a y be l o c a t e d . 

M a t e r i a l s a n d methods 

Microsomes were isolated from a 20°/o homogenate of rat liver in 0.25 M sucrose/0.01 M 
sodium phosphate buffer, p H 1 A by gel f i l tration [26]. M a l e Sprague-Dawley rats of body 
weight 150 to 200 g were used. 

Protein was determined according to L O W R Y et a l . [21], using a cal ibrat ion curve wi th 
crystalline bovine serum albumin (Serva, Heidelberg, Germany) . Esterase activity was deter
mined by the f o l l o w i n g methods: Spectrophotometric determination of liberated 4-nitrophenol 
or 4-carboxy-2-nitrophenol from 4-nitrophenyl acetate (= nitrophenyl acetate) and 4-carboxy-2-
nitrophenyl acetate ( = carboxynitrophenyl acetate) at 400 n m . Carboxyni t rophenyl acetate 
was synthesized by acetylation of 4-hydroxy-3-nitrobenzoic acid [7]. The hydrolysis of two 
esters could be fo l lowed very sensitively by f luorometric estimation of 7 -hydroxycoumarin [28] 
and 4-carboxy-7-hydroxycoumarin formed from umbelliferone acetate and 4-carboxyumbel l i -
ferone acetate (carboxyumbelliferone acetate), respectively. As the excitation and emission 
spectra of 7-hydroxycoumarin was only slightly modif ied by introduct ion of the carboxy group 
the same primary and secondary filters could be used for both assays [28]. C a r b o x y u m b e l l i 
ferone acetate was prepared by acetylation of 4-carboxyumbell i ferone, prepared from resorcin 
and diethyl oxaloacetate [30], acetylation of umbelliferone yielded umbelliferone acetate [27]. 
The amidase activity of the esterase was determined by measuring the formation of aniline 
as described [1]. 

A l l enzyme assays were performed at p H 7.4 in 0.01 M sodium phosphate buffer containing 
0.25 M sucrose at a temperature of 20° C . T o avoid uncertainties f rom incomplete ionisation 
of phenols or quenching of fluorescence a k n o w n amount of product was added for calibration 
to the cuvettes after each assay. Initial reaction velocities were determined using an external 
recorder. 

For electron microscopic investigations microsomes were prepared f rom fasted rats by gel 
f i l trat ion in 0.01 M cacodylate buffer, p H 7.0, containing 0.14 M N a C l . One m l of microsomal 
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Suspension (3 m g of protein/ml) was spun down several times in an Eppendorf centrifuge 
model 3200 to form a pellet. The supernatant was removed and the pellet was f ixed in 2,5 °/o 
glutaraldehyde in 0,03 M cacodylate buffer p H 7.0 for 60 m i n . at r o o m temperature. After 
postf ixation in 1 % osmium tetroxide in the same buffer the pellets were dehydrated with ethanol 
and embedded in E p o n 812. T h i n sections were cut w i t h a Reichert Ultramicrotome, stained 
with uranyl acetate and lead citrate in the conventional manner and examined w i t h a 
Siemens E lmiskop 101. T h i o p h e n o l acetate, the Substrate used for electron microscopic Observa
tion of esterase activity, was prepared f r o m thiophenol and acetyl chloride [10]. Enzyme 
specific staining [29] was achieved by preincubation of the unfixed microsomal pellets in 5 m M 
gold sodium thiosulphate (Sanocrysin ®, a gift f rom Ferrosan, Copenhagen, Denmark) 
dissolved in 0.01 M cacodylate buffer p H 7/0.14 M N a C l for five minutes at the temperature 
of melt ing ice. After addit ion of 10 ul thiophenyl acetate (destilled just before use to 
remove traces of thiophenol f r o m this unstable ester and diluted 1/1000 by sonification i n 
incubation buffer), the pellets were shaked gently for ten minutes at 30° C , stopped w i t h 2,5 °/o 
glutaraldehyde and processed as described above. For controls microsomes were incubated 
15 m i n . before centrifugation w i t h 1 m M bis(4-nitrophenyl)phosphate. 

A l l reagents not specified in detail were the best grade available and were used without 
further puri f icat ion. 

Results 

In o r d e r to f i n d a m e t h o d to d i s r u p t m i c r o s o m a l m e m b r a n e s a v o i d i n g a n i n a c t i v a t i o n 
o f m i c r o s o m a l esterases w e u n d e r t o o k p r e l i m i n a r y e x p e r i m e n t s . M a n y treatments c o m -
m o n l y used f o r this p u r p o s e i n c l u d i n g t a u r o c h o l a t e , d e o x y c h o l a t e , acetone a n d a l k a l i 
i r e a t m e n t , o r s o n i c a t i o n w e r e a c c o m p a n i e d by c o n s i d e r a b l e i n a c t i v a t i o n o f the e n z y m e 
a c t i v i t y . A m o n g the C o m p o u n d s tested o n l y T r i t o n X 100 caused n o i n a c t i v a t i o n of 
the m i c r o s o m a l esterase. F i g u r e 1 s h o w s the i n s e n s i t i v i t y of the e n z y m e to v a r i o u s 
c o n c e n t r a t i o n s of T r i t o n X 100. 

S ince the detergent d i d n o t inac t iva te the m i c r o s o m a l esterase, i t w a s expec ted , that 
the a c t i v i t y to the u n c h a r g e d Substrate ( n i t r o p h e n y l acetate) w a s u n a f f e c t e d . S u r p r i s i n g , 
h o w e v e r , w a s the f i n d i n g that even the h y d r o l y t i c ac t iv i ty against the charged Substrate 
c a r b o x y n i t r o p h e n y l acetate w a s u n c h a n g e d u p o n a d d i t i o n of d i f fe rent c o n c e n t r a t i o n s 
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F i g . 1. Effect of T r i t o n X 100 on the esterase activity of microsomes. - O p e n c i r c l e s : 
H y d r o l y t i c activity against carboxynitrophenylacetate (10~4 M ) . - Closed c i r c l e s : H y d r o l y t i c 
activity against nitrophenylacetate (10~4 M ) . 
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of the detergent. T o c o m p a r e the i n f l u e n c e o f detergent u p o n the h y d r o l y s i s o f 
u n c h a r g e d a n d charged Substrates b y m i c r o s o m a l esterases the i n i t i a l r e a c t i o n v e l o -
cities w e r e d e t e r m i n e d at d i f f e rent Substrate c o n c e n t r a t i o n s . R e c i p r o c a l p l o t s of t h e 
d a t a o b t a i n e d are presented i n F i g u r e s 2 a n d 3 . 
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Fig . 2. Plot of reciprocal ini t ia l reaction velocity against reciprocal m i l l i m o l a r concentration 
of nitrophenylacetate in the absence (o) and in the presence of 0 . 1 % (0) or 0 . 5 % (y) 
T r i t o n X 100. 

Fig . 3. Plot of reciprocal ini t ia l reaction velocity against reciprocal m i l l i m o l a r concentration 
of carboxynitrophenylacetate in the absence (o) and in the presence {%) of 0.1 % T r i t o n X 100. 

1.5 

l/(Umbelliferone acetate) (mM ') 

Fig . 4. Kinetics of umbelliferoneacetate hydrolysis in the presence (0) and in the absence 
(o) of 0.1 % T r i t o n X 100. 

T h e k i n e t i c constants are u n c h a n g e d b y T r i t o n X 100 f o r charged a n d u n c h a r g e d Sub
strates. T h e a f f i n i t y o f the e n z y m e f o r a Substrate does n o t seem to be c h a n g e d 
great ly by the i n t r o d u c t i o n of a negat ive charge. In cont ras t the a p p a r e n t m a x i m a l 
v e l o c i t y is m o r e t h a n d o u b l e d w i t h n i t r o p h e n y l acetate c o m p a r e d t o c a r b o x y n i t r o p h e n y l 
acetate. 
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to m e a s u r e esterase a c t i v i t y against charged a n d u n c h a r g e d Substrates f l u o r o m e t r i c a l l y . 
P r e l i m i n a r y e x p e r i m e n t s a g a i n s h o w e d n o change i n esterase a c t i v i t y u s i n g c o n c e n t r a 
t ions of T r i t o n X 100 u p to 1 °/o. L i n e w e a v e r - B u r k p l o t s of the h y d r o l y s i s of u m 
b e l l i f e r o n e acetate a n d c a r b o x y u m b e l l i f e r o n e acetate b y m i c r o s o m a l esterases i n the 
presence a n d i n the absence of detergent are s h o w n i n F i g u r e s 4 a n d 5 . 

T h e a f f i n i t y of the m i c r o s o m a l esterases f o r these t w o Substrates a l so w a s n e a r l y 
the same. T h e a p p a r e n t m a x i m a l v e l o c i t y w a s even 40 t imes h i g h e r w i t h the u n c h a r g e d 
Substrate c o m p a r e d w i t h the charged one . B u t a g a i n w i t h this c o u p l e of Substrates 
nei ther K m n o r V m a . \ w a s c h a n g e d b y detergents i n d i c a t i n g that the esterase ac t iv i ty 
of m i c r o s o m e s is n o t latent . 

N e g a t i v e l y charged i n h i b i t o r s a lso s h o u l d have a l i m i t e d access to the act ive site o f 
an e n z y m e l o c a t e d i n s i d e a m e m b r a n e b a r r i e r . W e expec ted , that after d i s r u p t i o n of 
the m e m b r a n e , b i s ( 4 - n i t r o p h e n y l ) p h o s p h a t e , a w e l l k n o w n esterase i n h i b i t o r , w o u l d be 
m o r e p o w e r f u l t h a n i n in tac t m i c r o s o m e s . H o w e v e r , as s h o w n i n F i g u r e 6 the t i m e 
course of i n h i b i t i o n of m i c r o s o m a l esterases w a s u n c h a n g e d i n T r i t o n X 100 c o m p a r e d 
to the assays i n absence of detergent . 

It is k n o w n , that m i c r o s o m a l esterases f r o m rat l i v e r are heterogeneous . S o m e enzymes 
are ab le to s p l i t esters e x c l u s i v e l y a n d others c a n a lso cleave a m i d e s [ 3 , 4 , 5 ] . U n -
f o r t u n a t e l y w e c o u l d n o t repeat the d e s c r i b e d e x p e r i m e n t s w i t h charged a n d u n c h a r g e d 
amides since w e d i d n o t measure a n y h y d r o l y t i c act ivety against negat ive ly charged 
a m i d e s . T h e e x p e r i m e n t c o n c e r n i n g the i n h i b i t i o n of a m i d a s e a c t i v i t y b y a charged 
i n h i b i t o r presented i n F i g u r e 7 l ed to the c o n c l u s i o n that the m a j o r p a r t of the acet-
a n i l i d e h y d r o l y z i n g esterases is a lso accessible a n d therefore l o c a t e d o n the outer 
surface of the m i c r o s o m e s . 

T h e e x p e r i m e n t s d e s c r i b e d w i t h charged Substrates a n d a charged i n h i b i t o r suggest 
that m i c r o s o m a l esterases are at tached to the c y t o p l a s m i c s ide of the m i c r o s o m a l vesicles 
a n d are n o t e x c l u d e d f r o m the s u r r o u n d i n g m e d i u m b y a m e m b r a n e w h i c h is i m 
p e r m e a b l e f o r charged substances . T h i s f i n d i n g c o u l d be c o n f i r m e d b y e n z y m e speci f ic 
s t a i n i n g of m i c r o s o m a l esterases u s i n g t h i o p h e n y l acetate as a Substrate. In p r e l i m i n a r y 
studies w e w e r e able to f o l l o w the Splitting of this ester by m i c r o s o m e s s p e c t r o p h o t o -

I / (Carboxyumbelliferone acetate) (mM"1) 

Fig . 5. Plot of reciprocal ini t ia l reaction velocity against reciprocal mi l l imolar concentration 
of Substrate (carboxyumbelliferoneacetate). Closed c i r c l e s represent assays in 0.1 °/o T r i t o n 
X 100, open c i r c l e s control assays wi thout detergent. 
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m e t r i c a l l y based o n the p r o d u c t i o n of a y e l l o w c o l o r w i t h 5 , 5 ' - d i t h i o b i s - 2 - n i t r o b e n z o a t e 
[10]. T h i s e n z y m a t i c h y d r o l y s i s c o u l d be c o m p l e t e l y i n h i b i t e d b y 1 m M b i s ( 4 - n i t r o -
p h e n y l ) p h o s p h a t e . A s s h o w n i n F i g u r e s 8 a a n d b the r e a c t i o n p r o d u c t ( A u + - t r a p p e d 
t h i o p h e n o l ) appears outs ide the m i c r o s o m a l vesicles e x c l u s i v e l y . In p r e p a r a t i o n s o f 
m i c r o s o m e s p r e v i o u s l y treated w i t h the i n h i b i t o r n e a r l y n o depos i t s c a n be seen 
i n the sections (F ig . 8 c). 

10 20 30 

Time of incubation (min) 

10 20 30 

Time of incubation (min ) 

Fig . 6. Inhibit ion of microsomal esterase (substrate 10~4 M p-nitrophenylacetate by bis(p-nitro-
phenyl)phosphate. Circles represent control values wi thout detergent (o) and in the presence 
of 0.1 °/o T r i t o n X 100 Squares represent inhibi t ion of microsomal esterases (0.43 mg/ml) 
after supplementation of Suspension w i t h 1,31 u. mole inhibi tor per m l in the absence (•) 
and i n the presence (•) of 0.1 °/o T r i t o n X 100. 

F i g . 7. Inhibit ion of microsomal acetanil ide-hydrolyzing esterases (substrate 25 m M acetanilide) 
by bis(p-nitrophenyl)phosphate. C i r c l e s represent control values wi thout detergent (o) and 
in the presence of 0.6 °/o T r i t o n X 100 (0), Squares show inhibi tor of microsomal esterases 
(0,36 mg/ml) after supplementation of the Suspension w i t h 0,3 u, mole inhibi tor per m l in the 
absence (•) and in the presence (<•) of 0,6 % T r i t o n X 100. 

Discuss ion 

T h e e x p e r i m e n t s d e s c r i b e d w e r e des igned to d e t e r m i n e the l o c a l i z a t i o n o f esterases 
i n the m i c r o s o m a l vesicles . T h e results o b t a i n e d d e m o n s t r a t e that esterase a c t i v i t y is 
n o t latent i n m i c r o s o m e s . H o w e v e r , la tency of m e m b r a n e b o u n d e n z y m e s i n m i c r o 
somes is c o n s i d e r e d to i n d i c a t e the presence of a p e r m e a b i l i t y b a r r i e r a n d a l o c a t i o n of 
the latent e n z y m e ins ide the vesic le [ 2 , 8 , 1 3 , 1 6 , 3 1 ] . In agreement w i t h o u r c y t o -
c h e m i c a l d e m o n s t r a t i o ! ! o f es tero lyt ic enzymes i t m a y be c o n c l u d e d there fore that 
m i c r o s o m a l esterases are at tached to the c y t o p l a s m i c s ide of the m i c r o s o m a l vesic les . 

Fig . 8 a. T h i n section of a microsomal fraction previously treated w i t h thiophenyl acetate, 
showing besides microsomes (M) the reaction product of the microsomal esterases, the A u + -
trapped thiophenol , as electron dense particles ( a r r o w s ) . - 12 000 X . - b. In higher magnifica-
t ion the reaction product is clearly visible outside the microsomes ( M ) , partly contacting the 
microsomal membranes ( a r r o w s ) . - 50 000 X . - c. M i c r o s o m a l fraction after inhibi t ion of the 
enzymatic hydrolysis of thiophenyl acetate by bis-p-nitrophenyl-phosphate. Near ly no esterase 
reaction products are visible. - 12 000 X . 
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T h i s I n t e r p r e t a t i o n is at v a r i a n c e w i t h i m m u n o l o g i c a l e x p e r i m e n t s r e p o r t e d b y A K A O 
a n d O M U R A [1] s h o w i n g that a p r e c i p i t a t i n g a n t i b o d y p r e p a r e d to p u r i f i e d a c e t a n i l i d e -
h y d r o l y z i n g esterase d i d n o t in terac t w i t h the e n z y m e assoc ia ted w i t h m i c r o s o m a l 
vesic les [1 ] . T h e resistance of m i c r o s o m a l a c e t a n i l i d e - h y d r o l y z i n g esterase to p r o t e o l y s i s 
a l so suggested that this e n z y m e is n o t e x p o s e d to the o u t s i d e m e d i u m [1] . 

H o w e v e r , protease t rea tment m a y be n o i d e a l t o o l f o r s t u d y i n g the s ideness of 
esterases since s o l u b l e a n d m e m b r a n e b o u n d a c e t a n i l i d e - h y d r o l y z i n g esterase is i n s e n s i 
t i v e t o p r o t e o l y t i c attack [1] . F u r t h e r m o r e e n z y m a t i c a c t i v i t y against a r o m a t i c esters, 
w h i c h are sp l i t b y a l l species o f m i c r o s o m a l esterases [5] , is ne i ther i n a c t i v a t e d n o r 
s o l u b i l i z e d d u r i n g d i g e s t i o n of m i c r o s o m e s w i t h t r y p s i n i n c o n c e n t r a t i o n s u p t o 0 , 1 °/o 2 ) , 
a l t h o u g h i t is k n o w n f r o m e x p e r i m e n t s d e s c r i b e d i n th is p a p e r , that m a i n esterase 
a c t i v i t y is l o c a l i z e d o n the outer surface of the m i c r o s o m a l ves ic le . 

T h e c o n f l i c t i n g results o b t a i n e d b y A K A O a n d O M U R A [1] a n d b y us c o u l d be d u e t o 
the heterogenei ty of m i c r o s o m a l esterases. F r o m rat l i v e r f ive esterases c o u l d be 
d i f f e r e n t i a t e d d u r i n g one p u r i f i c a t i o n p r o c e d u r e [ 3 , 4 , 5 ] . O t h e r p r e p a r a t i o n s o f m i c r o 
s o m a l esterases f r o m rat l i v e r are d e s c r i b e d i n the l i t e ra ture [ 1 , 1 1 , 1 2 , 2 0 ] b u t the 
r e l a t i o n s to the f ive m e n t i o n e d a b o v e are n o t c lear [5 ] . 

T w o o f these e n z y m e s v a r i a n t s h y d r o l y z e c a r b o x y l esters o n l y (des ignated E i a n d E2), 

w h e r e a s the r e m a i n i n g three e x h i b i t b o t h esterase a n d a m i d a s e ac t iv i t ies . T h e c o n t r o -
verse c o n c l u s i o n s d r a w n i n this w o r k c o m p a r e d to i n t e r p r e t a t i o n s a r i s i n g f r o m i m m u n o 
l o g i c a l a n d d i g e s t i o n e x p e r i m e n t s [1] m a y be e x p l a i n e d b y d i f f e rent d i s t r i b u t i o n o f the 
esterase v a r i a n t s o n b o t h sides o f the m i c r o s o m a l m e m b r a n e . In this m o d e l , a c c o r d i n g 
t o the e x p e r i m e n t s r e p o r t e d i n this p u b l i c a t i o n , the t w o esterases e x h i b i t i n g h y d r o l y z i n g 
a c t i v i t y against c a r b o x y l esters ( E i , E2) are l o c a t e d o n the outer sur face o f the m i c r o 
s o m a l vesic les . O n e of the esterase var iants e x h i b i t i n g a m i d a s e a c t i v i t y seems t o b e 
l i n k e d t o the i n n e r surface of the v e s i c u l a r m e m b r a n e as s u p p o r t e d m a i n l y b y the 
f i n d i n g that a n a n t i b o d y to the esterase fa i l s to react w i t h the m i c r o s o m e - b o u n d 
e n z y m e [1] , w h i l e others , as c o n c l u d e d a b o v e f r o m s t u d i e d w i t h a m e m b r a n e i m p e r 
m e a b l e i n h i b i t o r o f a m i d a s e a c t i v i t y , together w i t h N A D H - c y t o c h r o m e bs reductase , 
N A D P H - c y t o c h r o m e c reductase , c y t o c h r o m e bs [14 , 2 3 , 2 4 , 2 5 ] a n d the esterases E i a n d 
E2 are f a c i n g the c y t o p l a s m i c s ide of the m i c r o s o m a l m e m b r a n e . 
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