
I 6  4 BIOCHIMICA ET BIOPHYSICA ACTA 

Preliminary Notes 

Solubilization of aromatic hydroxylase system of liver microsomes 
and requirement of lipid-like factor 

In  a t t empts  to elucidate the enzymic mechanisms involved in the hydroxylat ion of 
foreign aromatic  compounds by  liver microsomes 1, it was desirable to obtain the 
hydroxylase system in a soluble form. We have, therefore, tested a variety of methods 
and succeeded in solubilizing the anil ine-hydroxylat ing act ivi ty of liver microsomes 
with the aid of heat- t reated venom of Tr imeresurus  #avoviridis .  Since this venom, 
like those of other snakes, is known to contain heat-stable phospholipase A 2, it is 
likely that  this enzyme is the principal agent responsible for the solubilization. 
Digestion of microsomes with the untreated venom, on the other hand, resulted in a 
complete inactivation of the enzyme system probably  owing to the action of powerful 
proteascs present in the venom 3. The other methods tested including t reatments  with 
pancreatic lipase, bile salts, several synthetic detergents, digitonin, ~-butanol, and 
sonic oscillation all either caused inactivation or brought  about  insufficient solubiliza- 
tion of the hydroxylase  system. 

The microsomes used were prepared from rabbit  liver and suspended in 1.15 ° '  o 
KC1 according to MITOMA e! al: t. They were usually kept at 4 ~' for about  2o h prior to 
digestion, since it was noted that  microsomes thus aged are somewhat more readily 
solubilized than fresh preparations. The heat- t reated venom was prepared by heating 
a crude venom solution (I 0;, in o.o5 M Tris, pH 7.4) for 8 rain in a boiling-water bath 
and then removing the resulting precipitate by centrifugation. The aniline-hydroxyl- 
ating act ivi ty was measured as in the previous report * using glucose ()-phosphate, 
glucose 6-phosphate dehydrogenase and TPN as a TPNH-genera t ing  system. 

A mixture containing I1 ml of microsomal suspension (equivalent to 2o g liver), 
4 ml o. 5 M Tris, pH 9.o, and I ml of the heat- t reated venom was incubated at 4 ° 
for 16 to 18 h. The digest was then adjusted to pH 7.5 (no measurable solubilization 
takes place at this pH),  diluted to 6o ml, and subjected to centrifugation at lO5,OOO 7; g 
for 6o min. More than 9 o' ' , ,  of the hydroxylase act ivi ty and approximately  6o ~i~{, of 
microsomal protein were recovered in the supernatant  thus obtained. Spectrophoto- 
metric investigations further showed that  both cytochrome b s and D P N H - c y t o -  
chrome bs reductase had also been solubilized during the digestion. 

The IO5,OOO - g  supernatant  could be dialysed against o.oo2 ill "Fris buffer 
(pH 7.5) for more than 3 h without  appreciable loss of activity.  I t  was further possible 
to lyophilize the dialysed preparat ion to give a reddish powder, the act ivi ty of which 
was quite stable when stored in the cold in a desiccator. 

In a previous communicat ion ~ it was shown that  a lipid-like component  in- 
dispensable for the hydroxylasc  act ivi ty can be extracted from microsomes with 
acetone methanol -e ther  and that  the act ivi ty of microsomes thus treated can be 

Abbrev ia t ions :  Tris, t r i s ( h y d r o x y m e t h y l ) a m i n o i n e t h a n e ;  T P N  and T P N H ,  oxidized and  
reduced t r i p h o s p h o p y r i d i n e  nuc leo t ide ;  I )PNH,  reduced diph*~st)ia~)t)yridine nucle~t ide.  
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r e s to red  b y  the  add i t i on  of the  c o m p o n e n t  e x t r a c t e d  in the  so lven t  m i x t u r e .  I t  was  

t h u s  of in t e res t  to see w h e t h e r  the  so lubi l ized  p r e p a r a t i o n  b e h a v e s  in t he  s a m e  way .  

Such  e x p e r i m e n t s  s e e m e d  espec ia l ly  des i rable  in v i e w  of our  expe r i ences  t h a t  t he  

e x t r a c t i o n  e x p e r i m e n t s  w i t h  i n t a c t  or  a c e t o n e - d r i e d  mic ro somes  were  s o m e t i m e s  

(no t ab ly  in win te r )  no t  qu i t e  r ep roduc ib l e  for reasons  stil l  to  be e luc ida ted .  

S o l v e n t  e x t r a c t i o n  of the  so lubi l ized  s v s t e m  was  the re fo re  c o n d u c t e d  as fo l lows:  

IOO m g  of the  lyoph i l i zed  p o w d e r  o b t a i n e d  a b o v e  was s u s p e n d e d  in 5o ml  of cold  

a c e t o n e - m e t h a n o l - e t h e r  ( 7 : 1 : 2 ,  v / v / v )  and  h o m o g e n i z e d  for 15 rain a t -  Io  to 

- -  r5 °. T h e  h o m o g e n a t e  was  f i l tered and  the  res idue  r e e x t r a c t e d  wi th  a n o t h e r  5o-ml  
p o r t i o n  of t he  cold  so lvent .  The  res idue  a f t e r  second e x t r a c t i o n  was d r i ed  o v e r  conc.  

H2SO a in a v a c u u m  des icca tor ,  whe reas  the  c o m b i n e d  e x t r a c t s  were m i x e d  wi th  a 

smal l  a m o u n t  of w a t e r  a n d  c o n c e n t r a t e d  i n  v a c u o  to g ive  a b o u t  I ml  of an  a q u e o u s  

l ip id  emuls ion .  

TABLE I 

L I P I D - L I K E  F A C T O R  R E Q U I R E M E N T  IN S O L U B I L I Z E D  A N I L I N E  H Y D R O X Y L A S E  SYSTE, 'vl  

The reaction mixture contained o.i M Tris-acetate buffer (pH 8.5), 4/tmoles aniline, 8/tmoles 
nicotinamide, o.~2/~mole TPN, 2. 5/~moles MgC12, 7.5 /tmoles glucose 6-phosphate, o.64 unit 
glucose 6-phosphate dehydrogenase, o.35 ml solubilized enzyme system, and indicated amount of 
lipid emulsion (obtained as described in the text). The total volume was i.o ml. The mixture was 
aerobically shaken for 6o rain at 37 °. Hydroxylation was followed by measuring p-aminophenol 

formation as described previouslyL 

Solubilized enzyme sustem 
Lipid emulsion p-A minophcnol Spec. arti~itv 

formed ( ml~mole o-amino- 
Treatment Protein (ml) (mumoh') phenol/rag protein) (mg) 

Solvent-extracted 2.17 o 7.3 3.4 
Solvent-extracted 2.17 0.05 27.7 12.8 
Solvent-extracted 2.17 o. i o 3').4 18.2 
Untreated 2.26 o 4 o-3 17.9 

I t  was  thus  found,  as can  be  seen f rom T a b l e  I, t h a t  t he  a n i l i n e - h y d r o x y l a t i n g  

a c t i v i t y  of the  lyoph i l i zed  p o w d e r  was g r e a t l y  d imin i shed  b y  the  e x t r a c t i o n ,  b u t  

cou ld  be fu l ly  r e s to red  b y  the  a d d i t i o n  of the  l ip id  emuls ion .  

These  expe r imen t s ,  so far  i n v a r i a b l y  reproduc ib le ,  aga in  ind ica te  an i m p o r t a n t  

role p l a y e d  b y  a l ip id- l ike  fac to r  in the  m i c r o s o m a l  h y d r o x y l a t i o n .  F u r t h e r m o r e ,  

t h e y  are  of special  s ignif icance in t h a t  these  resu l t s  can  be o b t a i n e d  even  w i t h  those  

m i c r o s o m e s  which  fail  to  g ive  an ac t i ve  l ip id- l ike  fac to r  on d i rec t  e x t r a c t i o n  and  t h u s  
p r o v i d e  a m o r e  c o n v e n i e n t  m e a n s  for t he  s t u d y  of t he  factor .  

W e  wish to t h a n k  Drs.  S. MITSUHASHI and  H. ~{AENO for a generous  gi f t  of t he  

snake  v e n o m .  
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