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Summary .  During  g rowth  of young  rats,  monoamine  oxidase ac t iv i ty  in e ry th rocy t e  m e m b r a n e  p repara t ions  decreases 
more  rap id ly  t h a n  re t iculocyte  concen t ra t ions  in the  respect ive  blood samples.  Since re t ieulocytes  lose their  mi to-  
chondr ia  prior  to the  subs tan t i a  re t iculo-f i lamentosa ,  the  non- l inear  correla t ion be tween  m o n o a m i n e  oxidase ac t iv i ty  
and  re t iculocyte  counts  indicates  t h a t  e ry th rocy te  monoamine  oxidase is located in re t iculocyte  mi tochondr ia .  

Dur ing  the  course of s tudies  designed to character ize  
the  adrenergic  f i-receptor-effector  sys t em of circulat ing 
red  blood ceils 2 ~, i t  was found  t h a t  r a t  re t iculocytes  con- 
t a in  considerable  monoamine  oxidase ac t iv i ty  which is 
readi ly  inh ib i ted  by  the  typica l  monoamine  oxidase in- 
hibi tor ,  pargyl ine  s. This finding, in con t ras t  to earlier in- 
ves t iga t ions  which  had  no t  revealed monoamine  oxidase 
ac t iv i ty  in red blood ceils f rom several  species 6,7, was 
ob ta ined  in animals  in which  marked  react ive  ret iculo- 
cytos is  h a d  been  p roduced  by  preaqbreatment wi~h acetyl-  
pheny lhydraz ide .  

I t  is known  t h a t  hydraz ines  are in general  i rreversible 
inhib i tors  of monoamine  oxidase ac t iv i ty  s; th is  is also 
t rue  for pheny lhydraz ine9  (which is assumed to be the  
' ac t ive  moie ty '  of ace ty lpheny lhydraz ide  10-12). I t  was of 
f u n d a m e n t a l  interest ,  therefore ,  to  conf i rm the  f inding of 
m o n o a m i n e  oxidase ac t iv i ty  in re t iculocytes  b y  use of a 
model  re t iculocytosis  no t  involving toxic  haemolysis .  
Fo r  th is  purpose,  s tudies  were carr ied out  using young 
growing ra ts  w i th  a 'physiological  re t iculocytosis '  due to 
the  normal ly  occurr ing di lut ion anaemia  l3; th is  experi-  
men t a l  model  has previously  been used for s tudies  of 
adeny ta t e  cyclase in red blood cells 1~. 

Methods. 4 groups of male Wis t a r  ra ts  wi th  b o d y  
weights  of 40-50, 80-100, 150-170 and  230-250 g were 
used.  Hepar in ized  pooled blood f rom 20 to 60 animals  
was freed f rom leukocytes  and  p la te le t s  by  f i l t ra t ion  
t h rough  co t ton  w o o P  ~ and  4 washings  wi th  isotonic 
p h o s p h a t e  buffer,  and  e ry th rocy te  m e m b r a n e  pre-  
pa ra t ions  were made,  af ter  DODGE et  al. ~s as descr ibed 
previously~, ~. Monoamine  ox ida se  ac t iv i ty  was deter-  
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mined  by  the  m e t h o d  of ~/VURTMAN and AXELROD 17 
using 14C-tyramine (spec. act.  13 mCi/mmole)  as sub- 
s t ra te .  Re t icu locy tes  were coun ted  in blood smears  
s ta ined wi th  br i l l iant  cresyl blue;  pro te in  was deter-  
mined  af ter  REscI~ et  al. ~s. 

Results and discussion. As in previous invest iga-  
t ions  l3,14, w i th  increasing body  weight  in young ra ts  a 
s t e ad y  decrease of re t iculocyte  counts  was observed 
(see Figure) ;  the re  was a concomi tan t ,  b u t  no t  parallel,  
decrease of monoamine  oxidase  ac t iv i ty  in t he  respect ive 
m e m b r a n e  prepara t ions .  Whi le  the  physiological  reti-  
culocyte  ' loss '  can be descr ibed by  f i rs t -order  kinetics~4, 
there  was an a p p a r e n t  zero-order  decrease of monoamine  
oxidase ac t iv i ty  (Figure A). Obviously,  the  enzyme 
ac t iv i ty  is no t  - like adeny la te  Cyclase 14 _ p resen t  in all 
bu t  only in p a r t  of the  re t icu locytes ;  th is  is even more  
clearly seen when  monoamine  oxidase  ac t iv i ty  is p lo t t ed  
against  re la t ive  re t iculocyte  concen t ra t ions  (Figure B): 
ex t rapo la t ion  of the  nonl inear  correla t ion funct ion 
towards  low MAO activi t ies  leads to an in tersec t ion  on the  
abszissa a t  abou t  2% ret iculocytes.  
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The  o b s e r v a t i o n  t h a t  m o n o a m i n e  oxidase  a c t i v i t y  is 
p re sen t  only  in p a r t  of the  c i rcu la t ing  re t i cu locy te  pop-  
u la t ion  can  be exp la ined  b y  a more  r ap id  r a t e  of decrease  
of m o n o a m i n e  oxidase  a c t i v i t y  t h a n  of the  s u b s t a n t i a  
r e t i cu lo - f i l amen tosa  (which is respons ib le  for t he  s t a in ing  
charac te r i s t ics )  d u r i n g  the  course of red  cell m a t u r a t i o n .  
In  th i s  respect ,  r n o n o a m i n e  oxidase  obv ious ly  shares  
c o m m o n  characte~is t ic~ w i t h  o t h e r  enzymes ,  especial ly  
w i th  t h e  m i t o c h o n d r i a !  m a r k e r  enzyme,  c y t o c h r o m e  
oxidase :  i t  has  been  shQwn b y  ROSENTH*L e t  al. ~" t h a t  
the re  is a s imi la r  n o n l i n e a r  cor re la t ion  be t w een  cy to-  
ch rome  oxidase  a c t i v i t y  and  R N A  c o n t e n t  in  r a b b i t  
re t iculocytes .  The  la t te~ f ind ing  is in a g r e e m e n t  w i t h  t he  
resu l t s  of morpho log ica l  invest iga. t ions ~~ w h i c h  in-  
d ica te  a v e r y  r ap id  loss of / n i t o c h o n d r i a  d u r i n g  t he  
m a t u r a t i o n  of re t iculocytes .  

I t  m a y  the re fore  be  conc luded  t h a t  r e t i cu locy te  mono-  
amine  oxidase  is a m i t o c h o n d r i a l  enzyme;  th i s  conclus ion  

has  r ecen t l y  been  conf i rmed  in p r e l i m i n a r y  e x p e r i m e n t s  
in wh ich  a c e t y l - p h e n y l h y d r a z i d e  was used as an  i n d u c t o r  
of re t i cu locy tos i s  22. W i t h  respec t  to  i ts  s u b s t r a t e  a n d  
i n h i b i t o r  speeifici t ies 5, 22, a n d  also w i t h  respec t  to  i ts  
m i t o c h o n d r i a l  locat ion,  the  r e t i cu locy te  enzyme  is clas- 
sified as a 'classical '* m o n o a m i n e  oxidase,  

1~ S. ROSENTHAL, J. GROSS, 2.  L. GRAUEL, B. PAmES, W. SCHULZ, 
J. BELKNER, L. BOTSCHAROWA, C. COUTELLE, M. HAVEMANN, C. 
NIERADT-HIEBSCH, M. MfJLLER, ~V[. OPITZ, S. PREHN, M. SCHULT- 
zE, R. STARK and R. WIRSNER, in 6. Int. Symposium tiber Struk- 
fur und Funktion der Erythrocyten (Eds. S. RAPOPORT and F. 
JUNG; Akademie-Verlag, Berlin 1972), p. 513. 

2o O. GASKO and D. DANNON, Expth Cell. Res. 75, 159 (1972). 
~t W. KaAus~, H. DAVID, I. U~RLI~G and S. ROS~THAS, Acta bioI. 

med. germ. 28, 779 (1972). 
22 K. QUIRINa and S. HUB~RTUS, Naunyn-Schmiedebergs Arch. 

Pharmak. 287, Suppl., R 83 (1975). 

A n i o n i c  A c t i v a t i o n  of  H u m a n  S a l i v a r y  & m y l a s e  

S~ K. MEUR and  IZ. B. DE 

Department o/ Chemistry, [ndian InstitUte o[ Technology, Kharagpur-721302 (India), 28 October 7975. 

Summary. In  all ear l ier  s tudies  on  a-amy!ase,  t he  inf luence  of d i f fe ren t  ions were s tud ied  in p h o s p h a t e  buffer.  The  
p r e sen t  r e p o r t  shows t he  effect  of differef~t" ions i n d i v i d u a l l y  w i t h  Tris and  amino  acid. T h o u g h  i t  has  been  c la imed 
r ecen t ly  t h a t  sod ium ion is an  a c t i v a t o r  of e -amylase ,  th i s  s t u d y  reconf i rms  t h a t  sod ium ion does n o t  a c t i v a t e  h u m a n  
sa l iva ry  amylase .  

The  a c t i v a t i o n  of m a m m a l i a n  a=amylases b y  chlor ide 
ion, a n d  less ef fec t ively  b y  ce r t a in  o the r  m o n o v a l e n t  
an ions  has  long been  k n o w n  1, ~, whereas  mic rob ia l  a n d  
d ias t a t i c  a -amylases  do no t  requi re  chlor ide ion as act i -  
v a t o r  a. The  va r ious  aspec ts  of sa l t  a c t i v a t i o n  of a - amy-  
lases m o s t l y  of p a n c r e a t i c  and  sa l iva ry  origin h a v e  been  
s tud ied  b y  d i f fe ren t  workers .  MYRBNCK 1 h a d  po in t ed  o u t  
t h a t  t h e  p H  o p t i m u m  of t h e  e n z y m e  shif ts  f rom 6.0 to  
6.9 on  be ing  a c t i v a t e d  in the  presence  of C1-. I t  is also 
r epo r t ed  t h a t  the  p H  o p t i m a  sh i f t  occurs  b y  the  add i t i on  
of o the r  an ions ;  a few of t h e m  a c t i v a t e  t he  e n z y m e  par -  
t ial ly.  BERNFELD et  al. ~ showed t h a t ,  a f te r  r e m o v a l  of 
such  a c t i v a t o r s  b y  e x h a u s t i v e  dialysis  of b o t h  t h e  en- 
zyme  and  t he  subs t r a t e ,  t he  a c t i v i t y  is r educed  to 15% 
of i ts  or ig inal  value,  wh ich  is en t i r e ly  res to red  i n s t a n t -  
aneous ly  b y  t he  inc lus ion  of 0.01 M NaC1 to t he  r eac t ion  
mix tu re .  Us ing  va r ious  chlor ides  and  o the r  anions ,  t h e y  
conc luded  t h a t  C1- is essent ia l  to  m a m m a l i a n  ~-amylases  
for full  a c t i v a t i o n  a n d  t he  ca t ion  has  got  no role in t he  
process.  Calc ium ion is be l ieved  to  be  f i rmly  b o u n d  to  t h e  
p r o t e i n  molecule  a n d  c o n t r i b u t e s  to  t h e  s t r u c t u r a l  s ta-  
b i l i ty  aga ins t  h igher  p H  and  p ro teo ly t i c  d e g r a d a t i o n  2. I n  
c o n t r a s t  to  the  a b o v e  f indings,  r ecen t ly  i t  h a s  been  shown  
t h a t  sod ium ion a n d  n o t  t he  chlor ide  ion is sole a c t i v a t o r  
for p a n c r e a t i c  a -amylases  5 of toad ,  repti le,  p igeon and  ra t .  
However ,  t he  l i t e r a tu re  fails to  p rov ide  enough  infor-  
m a t i o n  a b o u t  t h e  role of d i f fe rent  a c t i v a t o r s  i ndepen-  
den t ly ,  p a r t i c u l a r l y  anionic ,  s ince all of t he  earl ier  ex-  
p e r i m e n t s  were done  w i t h  p h o s p h a t e  buffer  which  i tself  
is l ikely to  a c t i v a t e  to  some ex ten t .  

I n  o rder  to  s t u d y  t he  a c t i v a t i o n  b y  an ions  i n d e p e n d e n t -  
ly and  b y  the i r  inf luence  on the  sh i f t  of p H  o p t i m u m ,  t he  
p r e sen t  i n v e s t i g a t i o n  was  ca r r ied  ou t  us ing  su i t ab le  buf -  
fers w i t h  and  w i t h o u t  p h o s p h a t e  a t  two d i f fe rent  p H  
va lues  viz. 6.0 and  6.9. This  r e p o r t  s imu l t aneous ly  t h r o w s  
l igh t  u p o n  ce r t a in  obse rved  d iscrepancies  in earl ier  re- 
por t s .  
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Fig. 1. Activation of c~-amylase by ions (salts). Numbers i to ~0 all 
in phosphate buffer. 1. buffer alone; 2. Na~CO3; 3. CuC12; 4. NaNOa; 
5. CHaCOONa; 6. NaBr; 7. CsCI~; 8. NH4C1; 9. KC1; 10. NaC1. 
Numbers 11 to 15 all i~ Tris buffer. 11, aspartate; 12, acetate; 
13, phosphate; 14, oxalate; 15, chloride. 
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