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acid ox ida t ion  in the  case of the  ethionine experiment ,  to 
fo rm ethionine sulphone) on the  amino  acid analyser  
showed no t race of the  analogues. I t  is possible t ha t  the  
analogues were metabolysed  in o ther  ways l~. Incorpora-  
t ion of e thionine into pept idase  A, making  i t  biologically 
inact ive,  is ruled out  since the  enzyme does not  conta in  
sulphur  amino  acids ~. 

Rdsumd. La DL-6thionine et la p-f luoroph6nylalanine 
inhibent  la format ion  de la pept idase  A extracel lulaire  

chez le Penicilliurn ]anthinellum sans affecter  la synth6se 
de la prot6ine cellulaire. 

A. THANGAMANI 

Indian Institute o/ Experimental Medicine, 
Calcutta (India), 74 January 1969. 

12 G. A. MAW, Biochem. J. (Proc. biochem. Soc. 1965) 98, 28P (1966). 

Identif ication of Flavin in the Purif ied Beef Brain Mitochondria l  Monoarnine Oxidase  

Several  reports  have  appeared concerning the  physico- 
chemical  propert ies  of mi tochondr ia l  monoamine  oxidase 
[EC 1.4.3.4. monoamine  : oxygen oxidoreductase  (de- 
a m i n a t i n g ) ] .  NARA, GOMES and YASUNOBU 1 first  reported 
tha t  beef l iver  mi tochondr ia l  monoamine  oxidase is 
f l a v o - e n z y m e .  IGAUE, GOMES a n d  YASUNOBU ~ fur ther  
repor ted  t h a t  the f lavin in beef l iver  mi tochondr ia l  mono- 
amine oxidase is covalent ly  a t t ached  to the enzyme and 
ca ta ly t ica l ly  involved  in the  enzyme reaction.  ERWI~r 
and HELLERMAN a also repor ted  tha t  beef k idney mito-  
chondrial  monoamine  oxidase contains  f lavin which is 
t igh t ly  associated wi th  the protein.  However ,  there  has 
been l i t t le  knowledge about  the  prosthet ic  group of 
brain mi tochondr ia l  monoamine  oxidase because of the  
diff iculty in its solubil ization and purif icat ion.  TIPTON 4 
has repor ted  the ex t rac t ion  of the  enzyme from pig bra in  
mi tochondr ia  by the  combined effects of sonicat ion and 
freezing-thawing and the  extensive purif icat ion.  TIPTON 5 
has also shown tha t  the prosthet ic  group of pig bra in  
nl i tochondria l  monoamine  oxidase is F A D  which is dis- 
sociable f rom the  protein.  

One of the  authors  showed tha t  the  enzyme can be 
ext rac ted  from beef brain mi tochondr ia  by sonication in 
the  presence of a de tergent  s. We also found tha t  the  
enzyme can be ext rac ted  by  the use of a de tergent  af ter  
the  mild hea t  t r e a t m e n t  of beef bra in  mi tochondr ia  v. 
Present  conmmnica t ion  describes pur i f icat ion of mono- 
amine  oxidase from beef brain mi tochondr ia  and the  
ident i f icat ion of the  prosthet ic  group as FAD.  

Monoamine oxidase ac t iv i ty  was measured by  the dis- 
appearance  of kynuramine  ~. Pro te in  was determined by  
the  method  of LOWRY et a l ) .  Beef brain mi tochondr ia  
were prepared according to the me thod  of BRODY and 
BAIN 10. The  mi tochondr ia l  suspension in 0 .01M potas-  
s ium phospha te  buffer, p H  7.4 (10 mg protein/ml)  was 
incubated  at  40~ wi th  cont inued st irr ing for 10 rain. 
Af te r  cooling the  suspension in an ice bath,  a 5% (w/v) 
aqueous solution of Nonion NS-210 (polyoxyethylene-  
nonyl  phenol  e ther-containing detergent ,  Nippon Oils & 
Fa t s  Co. Ltd. ,  Tokyo) was added dropwise to 1% final 
concent ra t ion  wi th  gentle st irr ing in an ice bath.  30 min  
of equi l ibra t ion wi th  st i rr ing was allowed. The suspension 
was centr i fuged at  106,000 • g for l h  and the  clear 
superna tan t  layer  was p ipe t ted  out  carefully.  To the  
superna tan t  was added sa tura ted  a m m o n i u m  sulphate  
solut ion (pH 7) to 30% saturat ion.  The  suspension was 
then  centr i fuged at  9,500 • g for 15 rain. The precipi ta te  
rose to the surface, The solution benea th  precipi ta te  was 
aspirated and discarded. The precipi ta te  was redissolved 
in 0 .01M phosphate  buffer (pH 7.4) and extens ive ly  
dialyzed against  the  same buffer. The  buffer was changed 
3 t imes  dur ing the 15 h dialysis. The  dialyzed solution 
was centrifuged, and the  superna tan t  was applied to a 

DEAE-ce l lu lose  column equi l ibrated wi th  0 .01M phos- 
pha te  buffer (pH 7.4). Stepwise elution was carried ou t  
wi th  0 .013I  and 0.1 M phospha te  buffers and then  0.1 M 
phosphate  buffer  conta ining 0.4% Nonion  NS-210. The 
monoamine  oxidase ac t iv i ty  was eluted wi th  0.1 ~I  phos-  
pha te  buffer  conta in ing the detergent .  The act ive  fract ion 
was concent ra ted  by  the  addi t ion of sa tura ted  a m m o n i u m  
sulphate  solution (pH 7) to 30% saturat ion.  The  preci- 
p i ta te  obta ined by centr i fugat ion was dissolved in 0 .01M 
phosphate  buffer (pH 7.4) and then  dialyzed against  t he  
same buffer. The dialyzed enzyme solution was subjec ted  
to calcium phospha te  geln-cel lulose powder  (gel/powder, 
1:5, w/w) column chromatography.  The column was 
equi l ibra ted wi th  0.012~I phospha te  buffer (pH 7.4). The  
elution procedure was the same as in the  DEAE-ce l lu lose  
chromatography .  The enzyme was also eluted wi th  0 . 1 M  
phospha te  buffer  conta ining 0.4% Nonion NS-210 (pH 
7.4). The enzyme solution was fa int ly  yellow. 

A typica l  example  of the pur i f ica t ion is summar ized  
in the Table. Analysis  of the purified enzyme prepara t ion  
by  disc electrophoresis  showed tha t  i t  was near ly  homo-  
geneous. However ,  the  pur i f icat ion was only 28-fold as 
shown in the Table.  This low value  of the  increase in the  
specific ac t iv i ty  may  be due to inac t iva t ion  of the  enzyme 
during the  pur i f icat ion procedure,  especially at  the  stage 
of a m m o n i u m  sulphate  fract ionat ion.  Freezing of the  
enzyme prepara t ions  after  the  ex t rac t ion  from beef bra in  
mi tochondr ia  caused rapid loss of the  enzyme act iv i ty .  

The absorpt ion spec t rum of the  purified enzyme exhib-  
i ted a m a x i m u m  at  410 nm. The  spec t rum was near ly  
ident ical  wi th  tha t  of purified ra t  l iver  mi tochondr ia l  
enzyme repor ted  by YOUDIM a n d  SOURKES 12 Fluorescence 
ac t iva t ion  spec t rum of the na t ive  enzyme measured  a t  
530 nm wi th  Aminco -Bowman  spec t rophotof luorometer  
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s h o w e d  m a x i m a  a t  280 n m ,  370 n m ,  a n d  460 n m .  F l u o r e s -  
c e n c e  e m i s s i o n  s p e c t r u m  of  t h e  p u r i f i e d  e n z y m e  m e a s u r e d  
b y  t h e  e x c i t a t i o n  a t  450 n m  s h o w e d  a s h o u l d e r  a t  t h e  
v i c i n i t y  o f  520 n m  ( F i g u r e  1). T h e s e  f l u o r e s c e n c e  a c t i v a -  
t i o n  a n d  e m i s s i o n  s p e c t r a  w e r e  s i m i l a r  to  t h o s e  of  F A D .  
T h e  s h o u l d e r  a t  t h e  v i c i n i t y  of  520 n m  of  t h e  f l u o r e s c e n c e  
e m i s s i o n  s p e c t r u m  w a s  d e c r e a s e d  b y  t h e  a d d i t i o n  of  a 
s u b s t r a t e ,  b e n z y l a m i n e  ( F i g u r e  1). F l u o r e s c e n c e  e m i s s i o n  
s p e c t r u m  of  t h e  s u p e r n a t a n t  of  t h e  e n z y m e  s o l u t i o n  
bo i l ed  w i t h  z inc  s u l p h a t e  a t  p H  7 s h o w e d  a d i s t i n c t  p e a k  
a t  520 n m ,  i n d i c a t i n g  t h e  l i b e r a t i o n  of  a f l u o r e s c e n t  
p r o s t h e t i c  g r o u p  f r o m  t h e  h o l o e n z y m e .  T h e  f l u o r e s c e n t  
m a t e r i a l  in  t h e  s u p e r n a t a n t  w a s  e x t r a c t e d  b y  t h e  m e t h o d  
o f  YAG113, a n d  a n a l y z e d  b y  t h i n - l a y e r  c h r o m a t o g r a p h y .  
T h e  s u p e r n a t a n t  y i e l d e d  a s i ng l e  y e l l o w i s h  g r e e n  f luo res -  
c e n t  spo t ,  w h i c h  R f  v a l u e  c o i n c i d e d  w i t h  t h a t  o f  a u t h e n t i c  
F A D  ( F i g u r e  2). 

T h e s e  r e s u l t s  i n d i c a t e d  t h a t  b e e f  b r a i n  m i t o c h o n d r i a l  
m o n o a m i n e  o x i d a s e  h a s  F A D  as  i t s  p r o s t h e t i c  g r o u p  
w h i c h  is  i n v o l v e d  in  t h e  e n z y m e  r e a c t i o n ,  a n d  t h a t  t h e  
F A D  c a n  be  f a i r l y  e a s i l y  s e p a r a t e d  f r o m  t h e  e n z y m e  
p r o t e i n .  T h i s  f i n d i n g  a g r e e s  w i t h  t h e  r e p o r t  b y  TIPTON 4, 5 
t h a t  F A D  is t h e  p r o s t h e t i c  g r o u p  of  p u r i f i e d  p i g  b r a i n  
m i t o c h o n d r i a l  m o n o a m i n e  o x i d a s e  ~4. 

Purification of monoamine oxidase of beef brain mitochondria 

Preparation Total Protein Specific 
activity iilg activity 
nmM/min  IllnM/min 

per mg protein 

Homogenate 9600 9600 1.0 
Mitochondria 7060 4600 1.5 
Extracted supernatant  2800 1430 2.0 
Ammonium sulphate 840 290 2.9 
fractionation (0-30%) 
DEAE-cellulose 510 36.1 14.1 
chromatography 
Calcium phosphate gel- 300 10.6 28.3 
cellulose powder 
chromatography 

50 I 
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Fig. 1. Fluorescence spectrum change of beef brain mitochondrial 
monoamine oxidase by the addition of substrate. (1) Native enzyme; 
(2) native enzyme in the presence of 1.7 m M  benzylamiile. 

Fig. 2. Thin-layer chromatogram of the flavin in the superilatailt 
after boiling the solution of the purified beef brain mitochondrial 
monoamine oxidase. Solvent used was acetic acid/pyridine/H~O 
(1:10:40, v/v/v). Yellowish green fluorescent spots of flavins were 
examined under ultraviolet light. (1) Authentic FAD; (2) sample; 
(3) authentic FMN. 

Zusammen/assung. Die  M o n o a m i n o x y d a s e  in  d e n  Mi to -  
c h o n d r i e n  de s  R i n d e r h i r n s  w u r d e  ge r e in ig t .  F A D  w u r d e  
d u r c h  F l u o r e s z e n z s p e k t r u m  u n d  D i i n n s c h i c h t c h r o m a t o -  
g r a p h i e  a l s  p r o s t h e t i s c h e  G r u p p e  in  d e n  g e r e i n i g t e n  Pr~t- 
p a r a t e n  i d e n t i f i z i e r t .  
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