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Isozymes  of Amine O:~idase in Human Plasma and Other Tissues  

The enzyme  p lasma  amine  oxidase (PAO) uses benzyl-  
amine  readi ly  as a subs t r a t e  ~, is a p p a r e n t l y  d i s t inc t  f rom 
m o n a m i n e  oxidase  of mi tochondr i a l  origin ~-a and  has 
been  ident i f ied  as exis t ing in t he  p l a sma  of m a n y  m a m -  
mal ian  species, including h u m a n s  ~-7. PAO has  been  
r epo r t ed  to  be e leva ted  in h u m a n  se rum in several  
diseases s, ~ inc luding cer ta in  cirrhoses, mass ive  neoplas t ic  
r ep l acemen t  of the  l iver and  d iabetes  mel]itus. Because 
of this,  and our  in te res t  in amine  oxidat ion,  we have  
inves t iga ted  the  e lec t rophore t ic  proper t ies  of th is  enzyme 
to  de t e rmine  if i t  exists  in mul t ip le  molecular  forms 
(isozymes) and  if so w h a t  m i g h t  be t he  re la t ionship  
be tween  these  d i f ferent  forms. We  examined  41 samples  
of h u m a n  p l a sma  by  s t a rch  gel e lect rophoresis  and  have  
found  the  to ta l  p l a sma  amine  oxidase  ac t iv i ty  to consis t  
of several  d i f fe rent  fractions.  In  addi t ion,  h u m a n  t issue 
samples  were  s tudied  and  found  to conta in  th is  enzyme  
ac t iv i ty  b u t  e lect rophoresis  reveMs s o m e w h a t  d i f ferent  
i sozyme p a t t e r n s  f rom t h a t  found  in the  plasma.  

Materials and methods. Pla sma  samples  were ob ta ined  
f rom a p p a r e n t l y  hea l t hy  employees  of the  Bronx  Munici- 
pal  Hosp i t a l  Center  who were referred to t he  Blood Bank  
for rout ine  phys ica l  exams  such as pre-employment .  
exams.  H u m a n  t issue samples  were  ob ta ined  f rom au topsy  
of v ic t ims  who died of acc identa l  causes. Three  d i f ferent  
cadavers  were examined.  Tissue homogena tes  were made  
in 0 . 2 M  p h o s p h a t e  buffer,  p H  7.2 (1 g/m1). S ta rch  gel 

e lect rophoresis  was carried out  w i th  a Buchler  ver t ica l  
e lect rophoresis  appa ra tu s  using p r imar i ly  a Borate-  
N a O H  buffer  s imilar  to  SMITHI~S'~~ (0 .55M boric acid- 
0 .22M N a O H  for t he  gel and 0.33/I boric acid-0.1253/f 
N a O H  for t he  electrode chambers) .  Gels were run  at  4 ~ 
a t  250 V for 16 h. Since the  ox ida t ive  deamina t i on  of 
benzy lamine  to benza ldehyde  is charac te r i s t ic  of PAO x 
and since such a ldehydes  can reduce t e t razo l ium salts to  
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Fig. 1. Starch gel electrophoresis of 10 differ- 
ent samples of human plasma stained for 
plasma amine oxidase (PAO) activity. 4 a r e a s  

of enzyme activity can be seen. 
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f o r m a z a n  dyes11, P AO ac t i v i t y  could be de t ec t ed  on  t h e  
s t a r c h  gel b y  i n c u b a t i n g  t h e  sliced gel a t  37 ~ in a so lu t ion  
of t he  fol lowing compos i t ion  : benzy lamine ,  8 g; n i t ro  b lue  
t e t r a z o l i u m  1.0 mg/ml ,  18 ml ;  p h o s p h a t e  buf fe r  0 . 1 M  p H  
7, 150 ml.  

Molecular  we igh t  s tud ies  were pe r fo rmed  w i t h  a 
S e p h a d e x  co lumn  (2.5 cm d iamete r )  c o n t a i n i n g  S e p h a d e x  
G-200 w i t h  t he  fol lowing p ro t e ins  as molecu la r  we igh t  
s t a n d a r d s :  c y t o c h r o m e  c, myoglob in ,  o v a l b u m i n  and  hu-  
m a n  g a m m a  globulin.  The i r  e lu t ion  p a t t e r n s  were 
d e t e r m i n e d  b y  t h e i r  a b s o r p t i o n  peaks  1~. PAO a c t i v i t y  
was i nd i ca t ed  b y  s t a in ing  on  a s t a r c h  gel in  order  to  
de tec t  t he  i n d i v i d u a l  i sozyme componen t s .  All  p ro t e in s  
were d ia lyzed  agains t ,  a n d  e lu ted  wi th ,  0 . 1 M  NaC1 in 
0 . 0 1 M  p h o s p h a t e  buffer ,  p H  7. 

Results and discussion. Elec t rophores i s  of h u m a n  
p l a s m a  reveals  four  areas of e n z y m e  a c t i v i t y  (Figure 1). 
The  mos t  r ap id ly  m i g r a t i n g  a n o d a l  b a n d  ( f ract ion 1) is t h e  
m o s t  uni form,  showing  up  w i t h  Mlnilar m o b i l i t y  an d  
i n t e n s i t y  in  eve ry  sample  examined .  I t  is also t he  m o s t  
ac t ive  enzyme  fract ion.  Fo l lowing  t h a t  b a n d  is a region 
t h a t  v a r i a b l y  exh ib i t ed  e n z y m e  ac t i v i t y  ( f ract ion 2). I t  
was  p r e sen t  in  a b o u t  40% of these  samples .  A set  of 3 
b a n d s  follows ( f ract ion 3) which  v a r y  wide ly  in t h e  
re la t ive  in tens i t i e s  of t he  b a n d s  in d i f fe ren t  samples .  
Closest to  t he  origin is a l igh te r  s ta in ing,  more  difu.se area  
of e n z y m e  a c t i v i t y  ( f ract ion 4). Th i s  genera l  p a t t e r n  of 

e n z y m e  a c t i v i t y  was seen w i t h m a n y  d i f fe ren t  gel buffers  
( Tris-citrate, p h o s p h a t e ,  p h o s p h a t e - c i t r a t e ,  g lyc ine-NaOH,  
ba rb i t a l ,  EDTA-borate- tr is )  b u t  none  gave  as clear  a 
r eso lu t ion  as t h e  b o r a t e - N a O H  used in th i s  s tudy .  

C h r o m a t o g r a p h y  on  t h e  S e p h a d e x  c o l u m n  ind ica t ed  
t h a t  t h e  d i f fe ren t  i sozymes  were of d i f fe ren t  mo lecu la r  
weights ,  since t h e y  e lu ted  in  d i f fe ren t  f ract ions .  T h e  m o s t  
a n o d a l  i sozyme was t h e  smal les t ,  e lu t ing  nea r  ova lbumin ,  
t hus  h a v i n g  a molecu la r  we igh t  of a b o u t  4 . 5 •  . 
E n z y m e  a c t i v i t y  co r re spond ing  to f rac t ion  2 e lu ted  ear l ier  
t h a n  f rac t ion  1 an d  was the re fo re  of a b igger  molecu la r  
size, in  t h e  area  of 2 • 105. T h e  set  of t h r ee  b a n d s  (frac- 
t i on  3) e lu ted  a t  or nea r  t h e  p e a k  of blue d e x t r a n  which  
was  used to  d e t e r m i n e  t h e  vo id  v o l u m e  of t h e  column.  
S e p h a d e x  G-200 h a s  an  exclus ion l imi t  of a r o u n d  106 
(Ref. 12). Consequen t ly  these  b a n d s  a p p e a r  to  be  m u c h  
bigger  molecules  t h a n  t h e  more  r a p i d l y  m i g r a t i n g  isozy- 
mes. T h e y  could r ep resen t  aggregates  of t h e  smal le r  isozy- 
rues, as b o v i n e  PA O  has  been  shown  to unde rgo  revers ib le  
aggrega t ion  a t  p H  713, or m a y  r ep re sen t  comple t e ly  
d i f fe ren t  pro te ins .  

The  or ig in  of th i s  a m i n e  ox idase  in  t h e  p l a s m a  is n o t  
known% z~. W e  t h u s  looked a t  t h e  i sozyme p a t t e r n s  of 
d i f fe rent  h u m a n  t issues  to  see if a n y  m i g h t  be s imi la r  to  
t h a t  of t h e  b lood  an d  the re fo re  sugges t  t h a t  t h e  b lood  
i sozymes  were be ing  syn thes ized  there .  Resul t s  of one 
such  e lec t rophores is  are seen in F igure  2. The  f i rs t  gel 
c h a n n e l  con ta ins  a p l a s m a  sample  for  compar i son  a n d  t h e  
fol lowing organs  are i l l u s t r a t ed :  adrena l ,  spleen, b ladder ,  
p ros ta te ,  lung, liver,  k idney .  A l t h o u g h  n o t  i l lus t ra ted ,  we 
h a v e  in  a d d i t i o n  looked a t  these  s amples :  pancreas ,  b ra in ,  
h e a r t  (ventricle) ,  an d  aor ta .  No t issues  c o n t a i n e d  t h e  fas t  
m i g r a t i n g  a n o d a l  b a n d  p r e s en t  in b lood  ( f rac t ion 1) 
excep t  t h a t  panc rea s  did  e lec t rophorese  as a smea red  
b a n d  w i t h  a smal l  c o n c e n t r a t i o n  of a c t i v i t y  wh ich  h a d  a 
s imi la r  m o b i l i t y  to  th i s  f ract ion.  B r a i n  h a d  v e r y  low 
ac t iv i ty ,  an d  in fac t  was  d i f f icul t  to  de tec t  on t h e  gel. 
H e a r t  h a d  a s imi la r  p a t t e r n  to k i d n e y  w i t h  one a d d i t i o n a l  
slower m o v i n g  band .  A o r t a  h a d  low a c t i v i t y  on t h e  gel a n d  
c o n t a i n e d  on ly  one b a n d ,  w h i c h  m i g r a t e d  a l i t t l e  s lower 
t h a n  t h e  maj  or b a n d  seen in hea r t ,  k i d n e y  an d  liver.  Thus ,  
w i t h  t h e  possible  excep t ion  of pancreas ,  t h e  m a j o r  com- 
p o n e n t  of t h e  p l a s m a  e n z y m e  ap p ea r s  to  be un ique  to t h e  
p lasma.  On t h e  basis  of e l ec t rophore t i c  mobi l i ty ,  f rac t ion  3 
in t h e  p l a s m a  m a y  be  s imi la r  to  t h e  set  of more  s lowly 
m i g r a t i n g  i sozymes  w h i c h  are seen in t h e  o rgans  illus- 
t r a t e d  in F igu re  2. I t  has  been  sugges ted  t h a t  c o n n e c t i v e  
t i ssue  m i g h t  be  t h e  source  of t h e  p l s m a  e n z y m e  due  to  
s imi la r  p roper t i e s  of t h e  e n z y m e  in t h e  p l a s m a  an d  the  
ao r t a  1~. B u t  t h e  i sozyme p a t t e r n  of t h e  a o r t a  was  n o t  a n y  
closer to  t h a t  of t h e  p l a s m a  t h a n  t h e  o the r  organs  s tud ied  
a n d  on  th i s  bas is  seems no more  l ike ly  t h a n  these  t i ssues  
to  be  t h e  source of t h i s  enzyme.  

Is is c lear  f rom the  d iverse  mobi l i t i e s  of t h e  enzymes  in 
t h e  t i ssues  s tud ied  t h a t  d i f fe ren t  enzymes  m a y  exis t  in  
d i f fe ren t  t i ssues  w h i c h  are  capab le  of convertiI~g benzy t -  
a m i n e  to  benza ldehyde ,  are  read i ly  soluble  unl ike  mono-  
a m i n e  oxidase  p r e s en t  in  m i t o c h o n d r i a  15,16 do n o t  u t i l ize  

Fig. 2. Electrophoresis of human tissue extracts stained for PAO 
activity. The first sample, blood, was placed on the gel as a reference 
for the tissue isozymes. Tissues were obtained from autopsy and all 
were from the same individual. 
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t r y p t a m i n e  well, (as gels did  no t  s t a i n  w h e n  t r y p t a m i n e  
was  s u b s t i t u t e d  for b e n z y l a m i n e )  a n d  would  t h u s  a p p e a r  
to  f u n c t i o n  m o re  like t h e  a m i n e  ox idase  p rev ious ly  
descr ibed  for p l a s m a .  T h e  r e l a t i onsh ip  b e t w e e n  t he se  
d i f fe ren t  t i s sue  e n z y m e s  and  t he  b lood enzyme ,  as well  as 
t he  role of t h e  e n z y m e s  in  t h e  overa l l  celular  e c o n o m y  is 
an  i n t r i n g u i n g  q u e s t i o n  ~. 

Zusammen/assung. Mensch l i che  P l a s m a a m i n o o x y d a s e ,  
b e s t e h e n d  a us  v e r s c h i e d e n e n  I s o e n z y m e n ,  de ren  H a u p t -  
f r ak t ion  in zahl  re ichen  u n t e r s u c h t e n  p a r e n c h y m a t 6 s e n  
O r g a n e n  v o r h a n d e n  ist,  w u r d e  m i t  der  S tg rkege lek t ro -  
phorese  u n d  S e p h a d e x  S~tu lenchromatograph ie  un t e r -  
such t .  I s o e n z y m e  aus  G e w e b e h o m o g e n a t e n  u n d  P l a s m a  
u n t e r s c h e i d e n  sich. 
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P h a g o c y t o s i  s of Latex  P a r t i c l e s  in v i tro:  Effects  of 

Severa l  i n v e s t i g a t o r s  h a v e  cons idered  t he  poss ib i l i ty  
t h a t  i m p M r m e n t  of p h a g o c y t o s i s  c o n t r i b u t e s  to  t h e  
i m m u n o s u p p r e s s i v e  c a p a c i t y  of a n t i l y m p h o c y t e  s e r u m  ~-3. 
T h e  p r i m a r y  s i te  of ac t ion  a n d  t h e  m e c h a n i s m  of p h a g o -  
cy t i c  depress ion  is n o t  y e t  clear, however .  P re fe ren t i a l  
i m p a i r m e n t  of splenic  dendr i t i c  m a c r o p h a g e s  was  f o u n d  
in A L S - t r e a t e d  mice  b y  BARTH et  al. 4, whi le  se lect ive  
i m p a i r m e n t  of h e p a t i c  p h a g o c y t o s i s  was  desc r ibed  b y  
PISANO et  al.~. Th e  f ind ing  t h a t  ALS-sens i t i z ed  l y m p h o -  
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Fig. 1. Particle distribution within peritoneal macrophages after 1, 2 
and 3 days in culture. Solid line: 40 % ATS in both the culture medium 
and test medium; broken line.' 40% ATS followed by Latex in 40% 
horse serum; dotted line: control. 

A n t i l y m p h o c y t e  and A n t i t h y m o c y t e  S e r u m  

cy tes  localized p r e d o m i n a n t l y  in t h e  l iver 6, ra ised  t he  
poss ib i l i ty  t h a t  a n  i m m u n o g l o b u l i n  c o m p o n e n t  is p r e s e n t  
in A L S  w h ic h  p r o m o t e s  p h a g o c y t o s i s  b y  t he  K u p f f e r  
cells 7. 

T h e  p r e se n t  c o m m u n i c a t i o n  r epo r t s  t h e  r e su l t s  o b t a i n e d  
w h e n  m o n o l a y e r s  of m o u s e  m a c r o p h a g e s  were i n c u b a t e d  
w i t h  A L S  or A T S  in v i t ro  a n d  the i r  p h a g o c y t i c  a c t i v i t y  
was  m e a s u r e d  a t  d i f fe ren t  t i m e  in te rva ls .  

Materials and Methods. Horse  a n t i m o u s e  t h y m o c y t e  
s e r u m  (ATS) was  o b t a i n e d  f rom the  I n s t i t u t e  of Micro- 
b io logy a nd  H y g i e n e  of t he  U n i v e r s i t y  of Mont rea l ,  
t h r o u g h  t h e  c o u r t e s y  of Dr. H. E. TAYLOR, Medica l  
R e s e a r c h  Counci l  of Canada .  R a b b i t  a n t i - m o u s e  l y m p h o -  
cy te  s e r u m  (ALS) was  p u r c h a s e d  f r o m  Microbiological  
Associates ,  Be the sda ,  Md. Pe r i t onea l  cells were o b t a i n e d  

Table ].Effect of ALS on the phagocytic activity of maerophages in 
vitro 

Incubation 
time 

Peritoneal maerophages Spleen macrophages 
Percent ALS Pereent ALS 
4 20 40 4 20 40 

30min 97 92 70 92 94 69 
2 h 79 65 -- 76 79 -- 

48 h 84 99 75 84 88 69 
72 h -- -- 95 -- -- 98 

Results are expressed as percent control values. Control cultures 
were maintained in medium supplemented with 40% inactivated 
newborn calf serum. 
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