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C H A P T E R  I

S T A T E M E N T  O F T H E  P R O B L E M

A cid  P h o s p h a ta s e s ,  o r  o r th o p h o s p h o r ic  m o n o e s t e r  p h o s p h o ry -  

l a s e s  (3. 1. 3. 2), c a ta ly z e  the  h y d ro ly s is  of p h o sp h a te  e s t e r s  u n d e r  

a c id  co n d i t io n s .  In h u m a n  e r y th r o c y te s  th e s e  e n z y m e s  a r e  a n  e x a m p le  

of g e n e t ic  p o ly m o rp h is m .  Six phen o ty p es  have  b e e n  d e s c r ib e d  by  H op- 

k in so n  and  c o - w o r k e r s  (1) w h ich  can  be e x p la in e d  by  the p r e s e n c e  of 

t h r e e  a l l e l i c  g en es  a t  a n  a u to s o m a l  lo c u s .  T h is  h y p o th e s i s  is  b a s e d  

on g e n e t ic  s tu d ie s  of a  l a r g e  n u m b e r  of f a m i l i e s .

Upon in v e s t ig a t io n  of the t h r e e  h o m o z y g o u s  phen o ty p es  AA, BB, 

and  CC, fo u r  e l e c t r o p h o r e t i c a l l y  d is t in g u is h a b le  a r e a s  w h ich  h y d ro ly z e  

p h en o lp h th a le in  d ip h o sp h a te  a r e  o b s e rv e d .  E a c h  h o m o zy g o u s  type show s 

two e l e c t r o p h o r e t i c a l l y  d i f f e re n t  i s o z y m e s .  The e l e c t r o p h o r e t i c  p a t ­

t e r n s  in  phen o ty p es  BB and  CC canno t be d is t in g u is h e d  on the  b a s i s  of 

e l e c t r o p h o r e t i c  m o b i l i ty  and  a p p a re n t ly  d i f f e r  only  in the  q u a n t i ty  of the  

i s o z y m e s  p r e s e n t .

The m a j o r  a i m  of th i s  s tu d y  w as  to  d e t e r m in e  a s  u n a m b ig u o u s ly  a s  

p o s s ib le  the  n u m b e r  of i s o z y m e s  p r e s e n t  in  h u m a n  e r y th r o c y te s ,  and 

to  d e t e r m in e  w h e th e r  i s o z y m e s  w h ich  w e r e  in d is t in g u is h a b le  by e l e c t r o ­

p h o r e s i s  w e r e  the  s a m e  on the  b a s i s  of k in e t ic  an d  p h y s ic a l  p r o p e r t i e s .



F u r t h e r m o r e ,  could the  i s o z y m e s  w h ic h  d i f f e re d  in  e l e c t r o p h o r e t i c  

m o b i l i ty  be d i f f e r e n t ia t e d  by  th e s e  s a m e  p r o p e r t i e s .

E r y th r o c y t i c  a c id  p h o s p h a ta s e s  h av e  b e e n  im p l ic a te d  in c o n g e n i ta l  

n o n - s p h e r o c y t i c  h e m o ly t ic  a n e m ia  (CNSHA) in  C a u c a s ia n s  b e c a u s e  of 

low le v e ls  of a c id  p h o s p h a ta s e  a c t iv i ty  in  th e s e  in d iv id u a ls  (2). By 

d e te rm in in g  som e  p h y s ic a l  and  k in e t ic  p a r a m e t e r s  of the i s o z y m e s  

found in n o r m a l  b lood , v a lu e s  could be  o b ta in ed  to c o m p a r e  w ith  the 

i s o z y m e s  of C a u c a s ia n  p a t ie n ts  w ith  CNSHA, to  d e t e r m in e  w h e th e r  the  

r e p o r t e d  d e f ic ie n c y  in  a c id  p h o s p h a ta s e  l e v e l s  in  th e s e  p a t ie n ts  i s  due 

to a  q u a n t i ta t iv e  o r  q u a l i ta t iv e  la ck  of one o r  m o r e  of the  i s o z y m e s .  

Som e of the p a r a m e t e r s  w h ich  w e re  s tu d ie d  an d  cou ld  be u s e d  fo r  c o m ­

p a r i s o n  w e r e  m o l e c u la r  w e igh ts ,  d e t e r m in e d  by  gel f i l t r a t i o n  and  po ly ­

a c r y l a m id e  d i s c  e l e c t r o p h o r e s i s ,  K m  fo r  p a r a -n i t r o p h e n y lp h o s p h a te ,  

s ta b i l i ty  in the  p r e s e n c e  of p h o sp h a te ,  Ki f o r  p h o sp h a te ,  and  s u b s t r a t e  

s p e c i f ic i ty  to w a r d s  pheny l p h o sp h a te  an d  p h e n o lp h th a le in  d ip h o sp h a te .

T he  r e s u l t s  of th i s  s tu d y  cou ld  be  s ig n i f ic a n t  f r o m  s e v e r a l  s ta n d ­

p o in ts .  It m a y  he lp  to  c l a r i f y  the ro le  of a c id  p h o s p h a ta s e s  in  e r y t h r o ­

c y te s ,  and  t h e i r  r o le ,  i f  any, in r e d  c e l l  h e m o ly s i s .  It m a y  a l s o  le a d  

to  a  c l e a r e r  u n d e r s ta n d in g  of the g e n e t ic  n a t u r e  o f  th e  i s o z y m e s  and  

s ig n if ic a n c e  of en z y m e  p o ly m o rp h is m .



C H A PT E R  II

H IST O R IC A L REV IEW

M a r t la n d  and  a s s o c i a t e s  in 1924 d e m o n s t r a te d  the  p r e s e n c e  in 

h u m a n  e r y th r o c y te s  o f  a  p h o s p h a ta s e  w ith  an  o p t im u m  pH of 6. 0 (3).

T h is  r e p o r t  w as  c o n f i rm e d  by R oche in  1931 (4). In l a t e r  s tu d ie s ,

R oche  and  c o - w o r k e r s  id e n t if ied  two a c id  p h o s p h a ta s e s  w ith  d i f f e re n t  

pH o p t im a  in the  r e d  c e l l s  of r a t s  and c a t t l e  (5).

In 1934 D av ie s  c o m p a re d  p h o s p h a ta s e s  f ro m  v a r io u s  s o u r c e s  in ­

c lud ing  sp leen ,  bone, k idney, p la sm a ,  and  r e d  c e l l s  (6). H is  r e s u l t s  

show ed  the  p r e s e n c e  of one pH o p t im u m  and a c t iv a t io n  of the e n zy m e  

by m a g n e s iu m .  B e h re n d t  a l s o  s tu d ied  the  a c id  p h o s p h a ta se  a c t iv i ty  

of h u m a n  r e d  c e l l s  and  found the  a c t iv i ty  to  l i e  b e tw e e n  pH 4. 8 and  6. 1 

(7). T he  o p t im u m  pH w as  n e a r  5. 3 T he  a c t iv i ty  a t  th i s  pH w a s  in ­

h ib i te d  only  s l ig h t ly  by  so d iu m  f lu o r id e .  H ow ever ,  a t  pH 5. 0, t h e r e  w as  

s t r o n g  f lu o r id e  in h ib it io n .  T h e r e  w as  no d e f in i te  e f fe c t  of m a g n e s iu m  

c h lo r id e  on th i s  a c t iv i ty .  K ing  and  c o - w o r k e r s  (8) c o n f i rm e d  the  w o rk  

of B e h re n d t .  T he  en z y m e  s tu d ie d  by  th is  g ro u p  w as  e x t r e m e l y  a c t iv e  

a g a in s t  the  p h o s p h o r ic  e s t e r s  of pheno ls ,  but ex h ib i te d  l i t t l e  a c t iv i ty  

a g a in s t  p h o s p h o r ic  e s t e r s  of a lc o h o ls ,  g ly c e ro l ,  and  h e x o s e s .  U sing  

p h e n y lp h o sp h a te  a s  s u b s t r a t e ,  th e  e n z y m e  w as  o p t im a l ly  a c t iv e  b e tw e e n
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pH 4. 8 and  5 .2 .  It w as  inh ib ited  by m a g n e s iu m ,  f lu o r in e ,  and p r o ­

longed  e thano l t r e a tm e n t ,  and  w as  a c t iv i t a te d  by m a n g a n e s e  and c y ­

an ide .

T he  f i r s t  in d ic a t io n  of the  p r e s e n c e  of two a c id  p h o s p h a ta s e s  in 

h u m a n  e r y th r o c y te s  w as  r e p o r te d  by A b u l -F a d l  and  King in  1949 (9). 

T h e i r  s tu d ie s  of the  pH o p t im a  of the  p h o s p h a ta s e s  found in  hum an , ox, 

r a b b i t ,  and sh eep  e r y th r o c y te s  in d ic a te d  the p r e s e n c e  of tw o ac id  

p h o s p h a ta s e s ,  one w ith  a  pH o p t im u m  of 4. 3 to  4. 8, and a  second  w ith  

an  o p t im u m  f r o m  5. 0 to  5. 7. T h e s e  o p t im a  v a r i e d  s l igh t ly ,  not only  

f r o m  s p e c ie s  to  s p e c ie s ,  bu t e v e n  in d i f f e re n t  m e m b e r s  of the s a m e  

s p e c ie s .  T hey  r e p o r t e d  th a t  the  en z y m e  w ith  a n  o p t im u m  f ro m  pH 4. 3 

to 4. 8 w as v e r y  la b i le  and  could  no lo n g e r  be d e te c te d  in c ru d e  h e m o ly -  

s a te s  th a t  had  r e m a in e d  a t r o o m  t e m p e r a t u r e  f o r  s e v e r a l  h o u rs .  F r e s h ­

ly  p r e p a r e d  c ru d e  h e m o ly s a te s  w e r e  found to h y d ro ly z e  a l p h a - g l y c e r o ­

p h o sp h a te  m u c h  f a s t e r  th a n  the  b e ta  i s o m e r .

T he  e n zy m e  w ith  a n  o p t im u m  f r o m  pH 4. 3 to  4. 8 and  the  e n z y m e  w ith  

an  o p t im u m  f r o m  pH 5. 0 to  5. 7 w e r e  in h ib ited  by  m a g n e s iu m .  In h i­

b it io n  a l s o  o c c u r r e d  in  the  p r e s e n c e  of ca lc iu m , c h ro m iu m ,  n ic k e l ,  

coba l t ,  o r  m a n g a n e s e  a t  a  c o n c e n t ra t io n  of 10 M. Z inc  o r  iro n ,

10 M, a s  w e l l  a s  2 x  10“ J M co p p e r ,  a l s o  c a u s e d  inh ib ition .  C o p p e r  

in h ib it io n  could  be p a r t i a l l y  o v e rc o m e  b y  the s im u l ta n e o u s  a d d i t io n  of 

c y s te in e  o r  r e d u c e d  g lu ta th io n e .  In h ib i t ion  w as  a l s o  o b s e rv e d  w ith



a r s e n a t e ,  o x a la te ,  t a u ro g ly c o la te ,  io d o a c e ta te ,  and  fo rm a ld e h y d e .

The r e d  c e l l  a c id  p h o s p h a ta s e  w as  show n to  d i f f e r  f r o m  th a t  of 

the p r o s ta t e  g land . A 0. 5 p e r  cen t  fo rm a ld e h y d e  s o lu t io n  had  no e f ­

fe c t  on p r o s t a t i c  a c id  p h o s p h a ta s e ,  but c o m p le te ly  inh ib ited  a c id  

p h o s p h a ta s e  a c t iv i ty  of r e d  c e l l s .  F lu o r id e ,  10 M, inh ib ited  the 

p r o s t a t i c  e n z y m e  a l m o s t  100 p e r  cen t ,  b u t  h ad  l i t t l e  o r  no e f fe c t  on 

the r e d  c e l l  e n z y m e s .

T su b o i  and  H u d so n  did  a n  e x te n s iv e  s tu d y  of the  a c id  p h o s p h a ta s e  

a c t iv i ty  of h u m a n  e r y th r o c y te s  (10 -13 ) .  T h e y  d e te c te d  only  one pH 

o p t im u m  in c ru d e  h e m o ly s a te s .  T h is  o p t im u m  w as  found b e tw ee n  pH

5. 5 and 6. 0. H e m o ly s a te s  w e re  a s s a y e d  fo r  a c t iv i ty  im m e d ia te ly  a f t e r  

p r e p a r a t io n ,  a f t e r  24 h o u r s  s ta n d in g  a t  0°C , and  a f t e r  24 h o u r s  d ia ly ­

s i s .  T he  m a jo r i t y  of h e m o ly s a te s  t e s t e d  in th is  m a n n e r  show ed no 

change  in  e n zy m e  a c t iv i ty .  T h e s e  a u th o r s  co n c lu d ed  th a t  h u m a n  

e r y th r o c y te s  d id  not c o n ta in  a  second , l a b i le  e n zy m e .

T s u b o i  and  H u d so n  o b ta in ed  a n  e n z y m e  of a p p ro x im a te ly  1500 fold 

p u r i ty  by r e p e a te d  a d s o r p t io n  on c a lc iu m  p h o sp h a te  ge l and  r e p e a te d  

p r e c ip i t a t io n  w ith  a m m o n iu m  s u lfa te  (11). T h e  en z y m e  had  a  b ro a d  

pH o p t im u m  w ith  a  m a x im u m  n e a r  6. 0, a n d  w as  not a f fe c te d  by m a g ­

n e s iu m .  It h y d ro ly z e d  the  a lp h a  i s o m e r  of g ly c e ro p h o s p h a te  m u c h  

m o r e  r a p id ly  th a n  the  b e ta  i s o m e r .  The K m  fo r  p h en y lp h o sp h a te  w a s  

found to  be  9 x  10“ ^M  an d  th a t  f o r  a lp h a - g ly c e r o p h o s p h a te  7 x  10- ^M 

(13). T h e  p u r i f ie d  e n z y m e  w as  found to  b e  r e s i s t a n t  to  in a c t iv a t io n  by



f lu o r id e  o r  L - t a r t r a t e  and  w as show n to  b e  u n s ta b le  to  s u r f a c e  

f o r c e s  (12). S m a l l  q u a n t i t i e s  of sy n th e t ic  n o n - io n ic  d e t e r g e n t s  r e ­

su lte d  in the s ta b i l i z a t io n  of th e  e n z y m e  a g a in s t  s u r f a c e  f o r c e s .  The 

e n zy m e  w as  a l s o  found to  be  r a p id ly  in a c t iv a te d  by  t r a c e  q u a n t i t i e s  

of h e av y  m e ta l s .  T he  m a r k e d  s u s c e p t ib i l i ty  of the  e n zy m e  to t r a c e  

q u a n t i t i e s  of m e ta l s  s u g g e s te d  the  p r e s e n c e  of e s s e n t i a l  s u lfh y d ry l  

g r o u p s .

In 1962 A n g e le t t i  and  G ayle  r e p o r t e d  the  f r a c t io n a t io n  of r e d  c e l l  

h e m o iy s a te s  in to  t h r e e  d is t in g u is h a b le  p e a k s  of a c id  p h o s p h a ta s e  a c ­

t iv i ty  by D E A E -c e l lu lo s e  co lu m n  c h r o m a to g ra p h y  (14). U sing  p- 

n i t ro p h e n y lp h o s p h a te  a s  s u b s t r a t e ,  the f i r s t  peak  had an  o p t im u m  pH 

n e a r  4. 5, and  the  se c o n d  and  th i r d  p e a k s  b o th  had  an  o p t im u m  pH n e a r

5. 5. T he  e n z y m e  of the  f i r s t  peak  show ed  ab o u t 40 p e r  cen t  in h ib i ­

tion  w ith  20m M  so d iu m  t a r t r a t e ,  w hile  the  e n zy m e  of p e a k s  two and  

t h r e e  show ed  no  t a r t  r a t e  inh ib ition ,  ev en  up to  a  c o n c e n t r a t io n  of 40 

mM .

The e v id e n c e  f o r  m o r e  th a n  one a c id  p h o s p h a ta s e  in h u m a n  e r y t h r o  

c y te s  w as  s t r e n g th e n e d  by  the e l e c t r o p h o r e t i c  s tu d ie s  of c ru d e  h e m o ly  

s a te s  a s  r e p o r t e d  by  H opk inson , S p e n c e r ,  and  H a r r i s  (1). H e m o ly ­

s a te s  e x a m in e d  by s t a r c h  ge l e l e c t r o p h o r e s i s  show ed m o r e  th a n  one 

zone of a c id  p h o s p h a ta s e  a c t iv i ty .  F iv e  d i s t i n c t  r e d  c e l l  a c id  p h o s ­

p h a ta s e  p a t t e r n s  w e r e  d e te c te d .  T h e s e  . t te rn s  w e r e  r e f e r r e d  to  

a s  A, BA, B, CA, an d  CB. T h e y  w e r e  d e s c r ib e d  in  t e r m s  of the



r e l a t iv e  a c t iv i ty  of t h r e e  z o n e s  of a c id  p h o s p h a ta s e  - ' s lo w 1, ' i n t e r ­

m e d ia te ' ,  and  ' f a s t '  ( f ig u re  1). T h e s e  p a t t e r n s  a p p e a r e d  to  be 

c h a r a c t e r i s t i c  fo r  the in d iv id u a l  and g e n e t ic a l ly  d e t e r m in e d .  A  0. 5 

p e r  cen t f o r m a l in  so lu tion ,  added  d u r in g  the  in c u b a t io n  of the  s t a r c h  

ge l w ith  the  s u b s t r a t e ,  p r e v e n te d  the  a p p e a r a n c e  of a n y  b a n d s  of 

e n z y m ic  ac t iv i ty ,  bu t 3 x 1 0  M D ( + ) - t a r t r a t e  had  no  a p p a r e n t  

e f fe c t  on the a c t iv i ty .  T h is  r e p o r t e d  e f fe c t  of t a r t r a t e  is  q u e s t io n ­

a b le  s in c e  i t  is  L  ( + ) - t a r t r a t e  th a t  h a s  b e e n  r e p o r t e d  to  in h ib i t  c e r ­

ta in  a c id  p h o s p h a ta s e s  s u c h  a s  th a t  of th e  p r o s t a t e  g land .

As a  r e s u l t  of s tu d ie s  on the  e l e c t r o p h o r e t i c  p a t t e r n s  of 42 f a m ­

i l ie s ,  H opk inson  p o s tu la te d  th a t  the  v a r i a t io n s  o b s e r v e d  w e r e  d e ­

t e r m in e d  by th r e e  a l l e l i c  a u to s o m a l  g en es  P a , P*5, and  P c< I*1 a 

l a t e r  s tudy  of 216 f a m i l i e s ,  H a r r i s  (15) s u p p o r te d  th i s  h y p o th e s is  

of g e n e t ic  p o ly m o rp h is m .  T he  m e a n  a c t iv i ty  f o r  f ive  of the p h en o ­

ty p e s  w as  a l s o  p r e s e n t e d  (A<BA<B<A.C<CB). T h i s  h y p o th e s i s  p r e ­

d ic te d  the  o c c u r r e n c e  of a  s ix th  p h en o ty p e .  T he  p r e s e n c e  of th i s  

pheno type  h a s  b e e n  c o n f i rm e d  (16).

In a  s tu d y  of 134 u n r e la t e d  F r e n c h  f a m i l i e s  w ith  465 c h i ld re n ,  V an 

Cong and M oullec  (17) t e s t e d  the in h e r i t a n c e  of the a c id  p h o s p h a ta s e  

ty p e s  a s  r e c o g n iz e d  by  s t a r c h  ge l e l e c t r o p h o r e s i s  of h u m a n  r e d  c e l l  

h e m o ly s a te s .  No e x c e p t io n  w as  found to  the  t h r e e  a l l e l e s  r u le  e s t a b ­

l i s h e d  by H opkinson . A n  e x a m p le  of th e  r a r e  h o m o z y g o u s  type  C
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+

P h e n o ty p e  A BA B CA CB C
G enotype p a p a  p b p a  p b p b  p c p a  p c p b  p cp c

F i g u r e  1. D ia g r a m  of i s o z y m e  co m p o n e n ts  s e e n  in  the  v a r io u s  r e d  
c e l l  a c id  p h o s p h a ta s e  p h en o ty p es  a f te r  e l e c t r o p h o r e s i s  a t  pH  6 . 0 .  
S o u rc e :  H a r r i s ,  H a r r y ,  P r o c .  Roy. Soc. (London), S e r .  B , 164 , 
298 (1 9 6 6 ) .
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w as found in the  o f f s p r in g  of a  AC x  BC fa m i ly .

A se v e n th  pheno type  of low f r e q u e n c y  h a s  a l s o  b e e n  r e p o r t e d  w hen 

a  f o r m a te  b u f fe r  s y s t e m  w as  u s e d  in  the  e l e c t r o p h o r e t i c  p r o c e d u r e  

(18). K a rp  and S u tton  (19) c o n f i rm e d  the  p r e s e n c e  of R b an d s  in  

e l e c t r o p h o r e t i c  p a t t e r n s .  S u pport  f o r  the p r e s e n c e  of a P r  gene  c a m e  

f ro m  fa m i ly  s tu d ie s  of know n p h en o ty p es .  C h e m ic a l  s u p p o r t  f o r  the 

h y p o th e s is  of a  P r  a l l e l e  c a m e  f r o m  f a i l u r e  to  o b s e r v e  s t ro n g  R  b a n d s  

in  co m b in a t io n  w ith  a  band p a t t e r n  c h a r a c t e r i s t i c  of h e te r o z y g o s i ty  

fo r  tw o  e s t a b l i s h e d  a l l e l e s .  K a rp  and  Sutton a l s o  p ro p o s e d  a  p d  a l le le .  

H o w ev er ,  no f a m i ly  s tu d ie s  w e re  done.

G e o r g a ts o s  (20) h a s  p r e p a r e d  a n  a c e to n e  p o w d er  f r o m  h u m a n  e r y t h r o ­

c y te s  w h ich  h a s  y ie ld e d  two ac id  p h o s p h a ta s e  p eak s  w hen  f r a c t io n a te d  

by c o lu m n  c h ro m a to g ra p h y  u s in g  S ephadex  G -75 .  It w as  e s ta b l i s h e d  

th a t  th e  f a s t e r  m o v in g  e n zy m e  ( Ej )  w as  m a g n e s iu m  a c t iv a te d ,  w hile  

the s lo w e r  en z y m e  ( E 2 ) w a s  in h ib i te d  by m a g n e s iu m  and  a c t iv a te d  by 

EDTA. E n zy m e  E^ p o s s e s s e d  tw o pH o p tim a , one a t  pH 5. 0, the

o th e r  a t  pH 6. 0. E n z y m e  E  ̂ ex h ib i te d  m a x im u m  a c t iv i t y  a t  pH 5. 2.

-3  -3E n z y m e  E£ w as  in h ib i te d  by  6. 6 x  10 M fo rm a ld e h y d e ,  6. 6 x  10

M o x a la te ,  and 1. 0 x  10“^ M e th an o l;  w hile  E j  w a s  in h ib i te d  b y  6. 6 

x  10 M fo rm a ld e h y d e ,  bu t to  a  l e s s e r  e x te n t  th a n  E n z y m e  E j

w as  a l s o  in h ib ite d  by  1. 0 x  10"^ M f lu o r id e  w h ich  did  no t e f fe c t  E 2 .

A v e r y  s l ig h t  a c t iv a t io n  w as  n o te d  w ith  E l  in  the p r e s e n c e  of o x a la te



and e th an o l.  T he  two e n z y m e s  d i f f e re d  in  m o l e c u l a r  w eigh t,  pH op tim a , 

m e ta l  r e q u i r e m e n t s ,  and  a l s o  in  the  e x te n t  of in h ib i t io n  by v a r io u s  i n ­

h ib i to ry  s u b s ta n c e s .

T h r e e  i s o z y m e s  w e r e  r e s o lv e d  by  D E A E -S e p h a d e x  co lu m n  c h r o m ­

a to g ra p h y  (21). T h e r e  w as  a  d i r e c t  r e la t io n s h ip  b e tw e e n  the  is o la te d  

i s o z y m e s  and  c ru d e  h e m o ly s a te s  a s  show n by s t a r c h  gel e l e c t r o p h o r e ­

s i s .  The i s o z y m e s  w e r e  d e s ig n a te d  E g, E j ,  and  E^ in  a c c o r d a n c e  w ith  

t h e i r  e l e c t r o p h o r e t i c  m o b i l i ty .  The pH o p t im a  fo r  th e s e  i s o z y m e s  

w e re  found to  be 4 .7 5 ,  5 .2 5 ,  and  5 .75 ,  r e s p e c t iv e l y .  A ll  i s o z y m e s  

w e re  in h ib i te d  by fo rm a ld e h y d e .  M a g n e s iu m  c h lo r id e  in h ib ite d  E f  a t

- 2  *3;1. 3 x  10 M b u t  a c t iv a te d  E£ a t  a  c o n c e n t r a t io n  of 6. 6 x 10 M. 

E n z y m e  E s w as  in h ib i te d  by 6. 6 x 10 M m a g n e s iu m  c h lo r id e  a t  

pH 5. 5, bu t w as  u n a f fe c te d  a t  pH 4. 75. O x a la te  s t r o n g ly  in h ib ited  

E g . S od ium  f lu o r id e  in h ib ite d  only  E g and  E£.

S co tt  (22) p u r i f i e d  tw o ac id  p h o s p h a ta s e s  f r o m  h o m o z y g o u s ,  p h en o -  

ty p ic a l ly  d i f f e r e n t  h u m a n  r e d  c e l l s  to  s e e  w h e th e r  t h e i r  k in e t ic  p r o p e r ­

t i e s  v a r i e d  enough  to  e x p la in  the  m a r k e d  d i f f e r e n c e  in  to ta l  a c t iv i ty  

(0. 66:1. 00) found in h o m o z y g o u s  AA and  BB type h u m a n  r e d  c e l l s  r e ­

s p e c t iv e ly .  He did  n o t  a t t e m p t  to  r e s o lv e  the  i s o z y m e s  of th e  in d i­

v id u a l  ty p e s .  T he  K m  u s in g  p h e n y lp h o sp h a te  a s  s u b s t r a t e  w a s  8 .7  x  

10"^M  fo r  AA and  7. 5 x  10"^  M  f o r  BB. P h o s p h a te  w as  show n to  be  

a  c o m p e t i t iv e  in h ib i to r  of b o th  i s o z y m e s .  T h e  K i f o r  AA w a s  9. 2 x
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10“ 4 M and  fo r  BB w as  10. 1 xlO “ ^M. The k in e t i c  d i f f e r e n c e s  d id  not 

a p p e a r  su f f ic ie n t  to  e x p la in  the  m a r k e d  d i f f e re n c e  in to ta l  a c t iv i t y  of 

c ru d e  h e m o ly s a te s .

H o p k inson  and  H a r r i s  (23) have  a l s o  e x a m in e d  h u m a n  r e d  c e l l  a c id  

p h o s p h a ta s e  by c o lu m n  c h r o m a to g r a p h y  on D E A E - c e l lu lo s e  a t  pH 8 .0 .  

T h e i r  r e s u l t s  in d ic a te d  th a t  th e  tw o m a in  i s o z y m e s  p r e s e n t  in  e a c h  of 

the p o s tu la te d  hom o zy g o u s  p h en o ty p es  d if fe r  f r o m  e a c h  o th e r  in  n e t  

c h a rg e ,  bu t have  s i m i l a r  m o l e c u la r  w e ig h ts .

L u ffm an  and H a r r i s  (24) c o m p a re d  so m e  of the  p r o p e r t i e s  of the  

a c id  p h o s p h a ta s e s  in  d i f f e r e n t  p h en o ty p es .  T h i s  w o rk  v/as done on 

c ru d e  h e m o ly s a te s  an d  show ed  th a t  in the c ru d e  s ta te ,  ty p e s  CA and 

CB a r e  m o r e  th e r m o s t a b l e  th a n  B, BA, and A. T ype B is  m o r e  s ta b le  

th a n  type A and type  BA is  i n t e r m e d i a t e  b e tw e e n  the  tw o . No s ig n i f ­

i c a n t  d i f f e r e n c e s  w e r e  found b e tw e e n  th e  ty p e s  in  d e n a tu r a t i o n  by 

guan id ine  o r  u r e a .  T h e s e  w o r k e r s  a l s o  found no  m a r k e d  d i f f e r e n c e s  

b e tw e e n  the  p h en o ty p es  w ith  r e s p e c t  to  s u b s t r a t e  s p e c i f ic i ty .  The 

i s o z y m e s  w e re  g r e a t ly  r e t a r d e d  on B io g e l  P - 6 0  and  le d  the  a u th o r s  

to  s p e c u la te  th a t  the  i s o z y m e s  had  a  low  m o l e c u la r  w eigh t .

Sh inoda  (25) a l s o  s tu d ie d  th e  i s o z y m e s  in  c ru d e  h e m o ly s a te s .  P h e n o ­

ty p e s  AC a n d  BC w e r e  found to  be  l e s s  s e n s i t i v e  to  h e a t in g  a t  5 0 °  C 

th a n  w e re  ty p e s  A, BA, and  B . S h in o d a  a l s o  found no  d i f f e r e n c e s  

in  s t a b i l i t y  w hen  th e  i s o z y m e s  w e re  t r e a t e d  w i th  g uan id ine  and  s u g ­
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g e s te d  th a t  th e y  have  the  s a m e  sub u n it  s t r u c t u r e  o r  c o n fo rm a t io n .

E r y th r o c y t i c  a c id  p h o s p h a ta s e s  have  b e e n  im p l ic a te d  in  so m e  c a s e s  

of c h ro n ic  n o n - s p h e r o c y t i c  h e m o ly t ic  a n e m ia .  C a u c a s ia n  p a t ie n ts  w ith  

a  d e f ic ie n c y  of g lu c o s e - 6 - p h o s p h a te  d e h y d ro g e n a se  (G -6 -P D )  a l s o  have 

a  d e f ic ie n c y  in e r y th r o c y t i c  ac id  p h o s p h a ta s e  (2). T h is  d e f ic ie n c y  is  

no t e v id en t  in  N e g ro  p a t ie n ts  w ith  g lu c o s e -6 -p h o s p h a te  d e h y d ro g e n a s e  

d e f ic ie n c y .  It h a s  b e e n  s u g g e s te d  th a t  the  lo w e r  le v e l s  of r e d  c e l l  

a c id  p h o s p h a ta s e  r e p o r t e d  in  c a r r i e r s  of the  G - 6 - P D  d e f ic ie n c y  m a y  

be due to  the  e x c e s s  of o x id ized  g lu ta th io n e  know n to be  p r e s e n t  in  the 

e r y th r o c y te s  of th e s e  in d iv id u a ls  (26). In l a t e r  s tu d ie s  B o tt in i  and  c o ­

w o r k e r s  p r e p a r e d  h e m o ly s a te s  f r o m  A, B, o r  CB in d iv id u a ls  (27, 34). 

T h e s e  h e m o ly s a te s  in c u b a te d  w ith  o x id ized  g lu ta th ione  show ed  a  d u p ­

l ic a t io n  of th e  e l e c t r o p h o r e t i c  p a t t e r n  a s  if  e a c h  co m p o n en t had  b e e n  

s p l i t  in  tw o  and th e  new  o n e s  w e r e  f a s t e r  th a n  the  old o n e s .  T he  p a t ­

t e r n  doub led  a f t e r  t e n  m in u te s ;  the  f a s t  co m p o n en t of the o r ig in a l  

p a t t e r n  a n d  i t s  d u p l ic a t io n  faded  a f t e r  the  f i r s t  tw o h o u rs  of in c u b a ­

tion .  T he s low  co m p o n en t  of the o r ig in a l  p a t t e r n  and  i t s  d u p l ic a t io n  

faded  a t a  s lo w e r  r a t e .  T he  t r e a t m e n t  w ith  o x id ized  g lu ta th io n e  a l s o  

c a u s e d  a  l o s s  of a c t iv i ty .  S im i l a r  r e s u l t s  w e re  ob ta ined  w hen h e m o ly ­

s a t e s  w e re  in c u b a te d  w ith  a c e ty lp h e n y lh y d ra z in e .  A s t a t i s t i c a l  a n a ly s i s  

of G - 6 - P D  d e f ic ie n t  G r e e k s  a l s o  show ed  th a t  the  a c id  p h o s p h a ta s e  a c ­

t iv i ty  w as  s ig n i f i c a n t ly  lo w e r  w hen  c o m p a re d  to  n o r m a l s  (28). In ­

c r e a s e s  in  th e  le v e l  of a c id  p h o s p h a ta s e  hav e  b e e n  o b s e r v e d  in  the
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m a c r o c y te s  of m e g a b la s t i c  a n e m ia s ,  s ic k le  ce l l  d i s e a s e ,  p a r o x y ­

s m a l  n o c tu rn a l  h e m o g lo b in u r ia s ,  and  o th e r  h e m o ly t ic  a n e m ia s  (33). 

A c o m p le te  s e p a r a t io n  and  d e ta i le d  s tu d y  of the a c id  p h o s p h a ta s e s  of 

h u m a n  r e d  c e l l s  is  n e c e s s a r y  in  o r d e r  to  d e t e r m in e  the  ro le  of th e se  

e n z y m e s  in  v a r io u s  p a th o lo g ic a l  d i s e a s e  s t a t e s .



C H A P T E R  III 

M A T E R IA L S AND METHODS

E n z y m e  S o u rce

O utdated  b lood  co n ta in in g  a c i d - c i t r a t e - d e x t r o s e  a s  an  a n t ic o a g u ­

la n t  w a s  o b ta in ed  f r o m  the  Ohio S ta te  U n iv e r s i t y  B lood  B ank .  T h e  

b lood  w as  c e n t r i fu g e d  a t  10, 000 R P M  f o r  10 m in u te s  and  the p la s m a  

r e m o v e d  by s u c t io n .  T h e  c e l l s  w e re  w a s h e d  w ith  p h y s io lo g ic a l  s a l in e ,  

c e n t r i fu g e d  a t  10, 000 R P M  fo r  10 m in u te s ,  and  the  le u c o c y te s  r e m o v e d  

by s u c t io n .  T h is  w as  r e p e a te d  tw ic e .  T he  w a s h e d  c e l ls  w e re  ly s e d  

in  fo u r  v o lu m e s  of cold , d i s t i l l e d  w a te r  in  the  p r e s e n c e  of 0. 025 p e r  

cen t  T r i t o n  X -1 0 0  to  in s u r e  ly s i s  and s o lu b i l iz a t io n .  A f te r  m ix in g  

fo r  30 m in u te s  a t  4 °  C, the  p r e p a r a t io n  w as  c e n t r i fu g e d  fo r  30 m in ­

u te s  a t  17, 000 R P M  to  r e m o v e  the  s t r o m a .  T he  s t r o m a - f r e e  h e m o ly -  

s a te  w as  d ia ly z e d  fo r  18 to  20 h o u rs  a t  4°  C a g a in s t  4 l i t e r s  of 0. 005 

M T r i s - p h o s p h a t e  b u f fe r  pH 6. 0, co n ta in in g  20 m g  of re d u c e d  g lu ­

ta th io n e  p e r  l i t e r  and 0. 025 p e r  cen t  T r i t o n  X -1 0 0 .  T h is  p r e p a r a t i o n  

w ill  be r e f e r r e d  to  a s  the  c ru d e  h e m o ly s a te .

E n z y m e  A s s a y

T h e  e n z y m e  w as  a s s a y e d  by m e a s u r i n g  th e  r e l e a s e  of p - n i t r o -  

p h e n y lp h o sp h a te  by  a  m o d i f ic a t io n  of th e  p r o c e d u r e  f o r  a lk a l in e

14
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p h o s p h a ta s e s  (29), o r  b y  m e a s u r i n g  the  r e l e a s e  of in o rg a n ic  p h o s ­

pha te  b y  the m e th o d  o f  F i s k e  and  SubbaRow  (30). T he  r e a c t io n  m ix ­

t u r e  fo r  the a s s a y  of c ru d e  h e m o ly s a te s  an d  co lu m n  e lu a te s  co n ta in ed  

200 u m o le s  of c i t r a t e  b u f fe r ,  pH 5 .7 5 ,  30 u m o le s  of p -n i t ro p h e n y l -  

p h o sp h a te ,  and  s u f f ic ie n t  e n z y m e  to c a u s e  a  change  in the a b s o r b a n c e  

a t  415 m u  of 0. 2 to  0. 8 in  a  30 m in u te  in c u b a t io n  p e r io d  in  a  to ta i  

vo lu m e  of 3. 0 m l .  In c u b a t io n s  w e r e  p e r f o r m e d  a t  37° C. T he  r e ­

a c t io n  r a t e s  w e re  l i n e a r  u n d e r  the  c o n d i t io n s  e m p lo y ed  fo r  m o r e  th a n  

60 m in u te s .  F o r  the d e t e r m in a t io n  of p -n i t ro p h e n o l ,  the r e a c t io n  

w as  s topped  by t r a n s f e r r i n g  a  1. 0 m l  a l iq u o t  to 5. 0 m l  of 0. 2 M 

NaOH. The so lu t io n  w a s  m ix e d  and  the  a b s o r b a n c e  a t  415 m u  w as  

d e te r m in e d .  F o r  p h o sp h a te  d e t e r m in a t io n s ,  the  r e a c t i o n  w as  s topped  

by  t r a n s f e r r i n g  a 1 .0  m l  a l iq u o t  to 1. 0 m l  of 10 p e r  cen t t r i c h l o r o ­

a c e t i c  ac id .  A ny p r e c ip i t a t e d  p r o te in  w a s  r e m o v e d  by c e n t r i f u g a ­

tio n  and  a  1. 0 m l  a l iq u o t  r e m o v e d  f o r  a s s a y .  A z e r o  t im e  b lank  

w as  p r e p a r e d  f o r  e a c h  in d iv id u a l  a s s a y .  A ll  r e a d in g s  w e re  done on 

a  B e c k m a n  M odel B S p e c t ro p h o to m e te r .  A c t iv i ty  is  e x p r e s s e d  a s  

u m o le s  of p - n i t r o p h e n o l  r e l e a s e d  p e r  m in u te  p e r  m l  of e n z y m e .  

P r o t e i n  D e te r m in a t io n

P r o t e i n  w as  e s t i m a t e d  by  th e  m e th o d  of W a rb u rg  and  C h r i s t i a n

(31).
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E l e c t r o p h o r e s i s

S ta r c h  ge l e l e c t r o p h o r e s i s  w as  done a c c o r d in g  to  the  m e th o d  of 

H opkinson , S p e n c e r ,  and  H a r r i s  (1), e x c e p t  fo r  a  few m in o r  m o d i ­

f ic a t io n s .  T he  b r id g e  b u f fe r  w as  u se d  a t  pH 6. 2 in s te a d  of pH 6. 0. 

T he gel b u f f e r  was d i lu te d  1:1 b e fo re  p r e p a r a t i o n  of the ge l .  H e m o ­

ly s a t e s  fo r  e l e c t r o p h o r e s i s  w e re  p r e p a r e d  by  d ilu tin g  the w a sh e d  

c e l l s  in 1 v o lu m e  of cold , d i s t i l l e d  w a te r .

P r e p a r a t i o n  of D E A E -S ep h ad ex

D E A E -S ep h ad ex  A -5 0  w as  a l lo w ed  to  s w e l l  in  0. 005 M T r i s p h o s -  

p h a te  b u ffe r ,  pH 6. 0. The f in es  w e re  r e m o v e d  by  d e c a n ta t io n  and  

the  S ep h ad ex  w as  e q u i l ib r a te d  fo r  24 h o u r s  by  chang ing  the  b u f fe r  

s e v e r a l  t i m e s .

C o lum n  C h ro m a to g ra p h y

The e q u i l ib r a t e d  D E A E -S e p h a d e x  w as  p a c k e d  by g r a v i ty  a t  4 °  C 

to  a  h e ig h t  of 45 c m  in  a  co lu m n  2 c m  in  d i a m e te r .  D ia ly zed  c ru d e  

h e m o ly s a te  con ta in in g  300 u n i ts  of p h o sp h a ta se  a c t iv i t y  w as  a p ­

p l ie d  to th e  co lu m n . The co lu m n  w as  p la c e d  on an  a u to m a t ic  f r a c ­

t io n  c o l l e c to r  a d ju s te d  to  c o l le c t  10 m l  f r a c t io n .  Tw o l i n e a r  g r a d ­

ie n t s  w e re  u se d  to  e lu te  the  en z y m e  a c t iv i ty  f r o m  the co lu m n . T he  

c o lu m n  w a s  f i r s t  w a sh e d  w ith  600 m l  of N a C l  b e tw e e n  0 and  0. 02 M 

and  th e n  w a s h e d  w ith  900 m l  of N a C l  b e tw e e n  0. 02 M and  0. 25 M. 

E a c h  of th e  N a C l  g r a d ie n ts  co n ta in e d  0 .0 0 5  M T r i s - P h o s p h a t e ,  pH
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6. 0, and a p p ro x im a te ly  2. 0 m g  r e d u c e d  g lu ta th io n e  p e r  100 m l.  

V acu u m  U l t r a f i l t r a t i o n

E n z y m e  so lu t io n s  f r o m  the co lu m n s  w e re  c o n c e n t r a te d  by  v a c u u m  

u l t r a f i l t r a t i o n .  S o lu tio n s  w e r e  c o n c e n t r a te d  to  in s u r e  th a t  la c k  of 

a c t iv i ty  w ith  a  p a r t i c u l a r  s u b s t r a t e  w as  n o t  due m e r e l y  to  d i lu t io n  

of th e  e n z y m e .  T he  s o lu t io n  in  the  v a c u u m  f l a s k  c o n ta in ed  20 m g . 

C le la n d 's  (d i th io th re i to l )  p e r  100 m l  and  0 .0 2 5  p e r  cen t T r i to n  X -100 . 

P r e p a r a t i o n  of p -N it ro p h e n y lp h o sp h a te

T he p -n i t ro p h e n y lp h o s p h a te  w as  p r e p a r e d  a c c o rd in g  to  th e  m e th o d  

of B e s s e y  an d  Love (32). A ll  o th e r  r e a g e n t s  w e r e  ob ta ined  c o m m e r ­

c ia l ly  and  w e r e  of r e a g e n t  g ra d e .



C H A P T E R  IV 

R E S U L T S

Iso z y m e  R e s o lu t io n

P in t s  of o u td a ted  b lood w e re  c l a s s i f i e d  a c c o r d in g  to  phenotype  a s  

e s t a b l i s h e d  by  H opk inson  e t .  a l . u s in g  s t a r c h  ge l e l e c t r o p h o r e s i s  (1). 

E a c h  of the  hom o zy g o u s  p h e n o ty p e s  AA, BB, and  CC w e r e  r e s o lv e d  

in to  tw o p e a k s  b y  co lu m n  c h r o m a to g ra p h y  w h ich  had  p h o s p h a ta s e  a c ­

t iv i ty  u s in g  p -n i t ro p h e n y lp h o s p h a te  a s  s u b s t r a t e .  F r a c t i o n s  f r o m  e a c h  

peak  w ith  a c t iv i ty  g r e a t e r  th a n  0. Z O. D. r e a d in g  p e r  m l  w e r e  pooled  

and  s e p a r a t e ly  c o n c e n t r a te d  by  u l t r a f i l t r a t i o n .  A f te r  u l t r a f i l t r a t i o n  

e a c h  c o n c e n t r a te d  p eak  gave a  s in g le  zone of p h o s p h a ta s e  a c t iv i ty  

on e l e c t r o p h o r e s i s  w h ich  c o r r e s p o n d e d  to  one of the  o r ig in a l  zo n es  

found in  the  c ru d e  h e m o ly s a t e s .  I s o z y m e s  w e r e  d e s ig n a te d  a s  s e e n  

in  f ig u re  Z. T h is  f ig u re  a l s o  show s the fo u r  e l e c t r o p h o r e t i c a l ly  d i s ­

t in g u is h a b le  a r e a s  of a c id  p h o s p h a ta s e  a c t iv i ty .

The f a s t e r  m ov ing  i s o z y m e  com p o n en t f r o m  e a c h  pheno type  w as  

c o m p le te ly  r e s o lv e d  f r o m  th e  s lo w e r  m ov ing  iso z y m e  com ponen t 

b a s e d  on s t a r c h  g e l  e l e c t r o p h o r e s i s .  T he i s o z y m e s  w e r e  no t h o m o ­

g en eo u s  w ith  r e s p e c t  to  o th e r  p r o te in s  l a c k in g  a c id  p h o s p h a ta s e  a c ­

t iv i ty .  S ince  s e v e r a l  p r e p a r a t i o n s  of in d iv id u a l  i s o z y m e s  w e r e  u s e d

18
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+

/K ^  (A )F

^  (B)If m  ( c ) i f

^  (A )IS

•  (B >s f ^ ( C ) S

P h e n o ty p e AA BB CC

F ig u r e  2. E l e c t r o p h o r e t i c  p a t t e r n  and n o m e n c la tu r e  fo r  a c id  
p h o s p h a ta s e  i s o z y m e s  f r o m  h o m o z y g o u s  p h e n o ty p e s .  
E l e c t r o p h o r e s i s  p e r f o r m e d  on s t a r c h  ge l  a s  d e s c r ib e d  in  M eth o d s .
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th ro u g h o u t  th i s  s tudy , T a b le  1 l i s t s  the  ra n g e  of s p e c i f ic  a c t iv i ty  

fo r  e a c h  i s o z y m e .  

pH O p tim a

The o p t im u m  pH u s in g  p -n i t ro p h e n y lp h o s p h a te  a s  s u b s t r a t e  w as  

d e t e r m in e d  fo r  the  s ix  i s o z y m e s  o b ta in ed  f r o m  the t h r e e  h o m o z y g o u s  

p h en o ty p es .  A l l  of th e  i s o z y m e s  ex h ib i ted  a  b r o a d  ra n g e  of a c t iv i ty  

a s  show n in  f ig u r e s  3, 4, and 5. T he  i s o z y m e s  (A)IS, (B)S, and 

(C)S show ed m a x im u m  a c t iv i ty  b e tw e e n  pH 4. 6 and pH 5. 3. I s o z y m e s  

(A)F, (B)I^, and  (C)I^ had  m a x im u m  a c t iv i ty  b e tw e e n  pH 5. 5 and  5. 8. 

S ta b i l iz a t io n  by  A dded  P h o s p h a te

P h o s p h a te ,  a  c o m p e t i t iv e  in h ib i to r  of e r y th r o c y t i c  a c id  p h o s p h a ­

t a s e  (22), a l s o  te n d s  to  a c t  a s  a  s ta b i l i z in g  a g e n t .  P h o s p h a te  

(N aH 2 PC>4 ) w as  ad d ed  to  c o n c e n t r a te d  i s o z y m e  p r e p a r a t i o n s  so 

th a t  the  f in a l  c o n c e n t r a t io n  of added  p h o sp h a te  w as  0. 5M. S a m ­

p le s  w ith  and  w ithou t p h o sp h a te  w e r e  im m e d i a te l y  a s s a y e d  fo r  a c t i v ­

ity .  T h e s e  w e r e  z e r o  t im e  v a lu e s .  B oth  s a m p le s  w e r e  s to r e d  a t 

4°C  an d  th e n  a s s a y e d  a t  v a r io u s  t im e  p e r io d s .  F i g u r e s  6, 7, and 8 

show  the  in h ib i t io n  of a c t iv i ty  upon a d d i t io n  of p h o s p h a te .  A ll  of the  

i s o z y m e s  w e r e  s ta b i l i z e d  in  th e  p r e s e n c e  of p h o s p h a te .  H o w ev er ,

the  e x te n t  of s t a b i l i z a t io n  d i f f e r e d  f o r  so m e  of th e  i s o z y m e s .  I s o -

£ £ 
z y m e s  (B)S, (B)I , (A )F , and  (C)I show ed  no s ig n i f ic a n t  l o s s  of a c ­

t iv i ty  in  the  p r e s e n c e  of p h o sp h a te  f o r  a t  l e a s t  240 h o u r s .  I s o z y m e
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T A B L E  1

S p ec if ic  A c t iv i ty  of I s o z y m e  P r e p a r a t i o n s

Is o z y m e R ange  of Specific  
A c t iv i ty

M in im u m  F o ld  
P u r i f i c a t io n

(B)S 0. 0 4 3 -0 .0 5 2 30

(B )lf 0 . 1 5 0 -0 .2 3 7 70

(A )IS 0 . 0 2 3 - 0 .0 6 7 25

(A )F 0 .0 4 3 - 0 .  130 60

(C)s 0 . 0 3 1 - 0 . 1 7 5 20

(C)If 0 . 0 0 2 - 0 .1 1 7 50

S p ec if ic  a c t iv i t y  i s  e x p r e s s e d  in  u m o le s  of p - n i t r  ophenol 
r e l e a s e d  p e r  m in u te  p e r  m g  of p ro te in .
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. 0

(B)I

(B)S

0. 5

6. 0 7 .05 .03 .0 4 .0
p H

F ig u r e  3. pH  h y d r o ly s i s  c u r v e s  fo r  pheno type  BB i s o z y m e s .  
A s s a y s  w e r e  p e r f o r m e d  a s  d e s c r ib e d  in  M ethods  e x c e p t  th a t  
c i t r a t e  b u f f e r s  ra n g in g  in  pH  f r o m  3. 4 2 -6 .  68 w e r e  u se d .  
S p ec if ic  a c t iv i ty  of (B)S w as  0 .0 5 2 ;  s p e c if ic  a c t iv i ty  of (B)I^ 
w as  0. 173.
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. 0

0. 5

(A)I

(A )F

6 . 0 7 .04. 0 5. 03. 0
pH

F ig u r e  4. pH h y d ro ly s i s  c u r v e s  fo r  pheno type  AA 
i s o z y m e s .  A s s a y s  w e re  p e r f o r m e d  a s  d e s c r ib e d  in 
M ethods  e x c e p t  th a t  c i t r a t e  b u f fe r s  ra n g in g  in  pH  f ro m  
3. 4 2 -6 .  68 w e r e  u s e d .  Specific  a c t iv i ty  of (A )IS w as  0. 03; 
s p e c i f ic  a c t iv i ty  o f  (A )F  w as  0 .0 8 .
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. 0

(C)S

. 0

(C )I

6. 03. 0 4 .0 5 .0 7 .0
p H

F ig u r e  5. pH  h y d r d y s i s  c u r v e s  fo r  pheno type  CC 
i s o z y m e s .  A s s a y s  w e r e  p e r f o r m e d  as  d e s c r ib e d  in  
M ethods  e x c e p t  th a t  c i t r a t e  b u f f e r s  ra n g in g  in  pH  f ro m  
3. 4 2 -6 .  68 w e r e  u s e d .  S p ec if ic  a c t iv i ty  of (C)S w as  0. 05; 
s p e c i f i c  a c t iv i t y  of (C)I^ w as  0 . 1 2 .
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2001000
T im e  (hours)

F ig u r e  6. E f fe c t  of added  p h o sp h a te  on s ta b i l i ty  of (A )IS and  (A )F . A s s a y s  w e re  p e r f o r m e d  
a s  d e s c r ib e d  in  M ethods .  Specific  a c t iv i ty  of (A )IS w as  0 .0 7 ;  s p e c if ic  a c t iv i ty  of (A )F  w as  0 .0 4 .

in
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SO. 4

§0 . 2
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(B)S

 , ----------------------

4000 200
T im e  (hours)

F ig u r e  7. E f fe c t  of added  p h o sp h a te  on i s o z y m e s  (B)S and (B)I^. A s s a y s  w e re  
p e r f o r m e d  a s  d e s c r ib e d  in  M ethods . S pecific  a c t iv i ty  of (B)S w as  0 .0 4 ;  s p e c if ic  
a c t iv i ty  of (B)I^ w as  0. 24.
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F ig u r e  8. E f fe c t  of added  p h o s p h a te  on s ta b i l i ty  of i s o z y m e s  (C)S and  (C)I^. 
A s s a y s  w e r e  p e r f o r m e d  a s  d e s c r ib e d  in  M e th o d s . S pec ific  a c t iv i ty  of (C)S w as 
0 .0 3 ;  s p e c i f ic  a c t iv i ty  of (C) 1̂  w as  0 . 002.

ro
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(A)IS w as  s ta b le  f o r  a p p ro x im a te ly  60 h o u rs .  E n z y m e  (C)S a p p e a r e d  

to  be  the  l e a s t  s ta b le  in  the  p r e s e n c e  of p h o sp h a te  w ith  a  50% l o s s  of 

a c t iv i ty  in  one w eek .  W ithout p h o sp h a te  (C)S l o s t  ab o u t 90 p e r  c en t  

of the o r ig in a l  a c t iv i ty  d u r in g  the one w eek  p e r io d .

The i s o z y m e s  a l s o  a p p e a r  to  d i f f e r  in  t h e i r  s ta b i l i ty  w ithou t added  

p h o s p h a te .  F i g u r e s  6, 7, an d  8 show  th a t  e n z y m e  (C)I^ i s  m o r e  s t a ­

b le  th a n  (C)S; (B)S is  m o re  s ta b le  th a n  (B)I^; (A )IS is  m o r e  s ta b le  than

(A )F . I s o z y m e  (B)S show ed the  g r e a t e s t  s t a b i l i t y  in  th e  a b s e n c e  of 

p h o sp h a te  w hile  (C)S the l e a s t  s ta b i l i ty .  C o n c e n t ra t io n s  of p h o sp h a te  

l e s s  than  0. 5 M h a d  l i t t l e  s ta b i l i z in g  e f fec t  on th e  c o n c e n t r a te d  i s o z y m e  

p r e p a r a t io n s .

D e te r m in a t io n  of the  In h ib i t io n  C o n s ta n t  fo r  P h o s p h a te

P h o s p h a te  h a s  b e e n  r e p o r t e d  to  b e  a  c o m p e t i t iv e  in h ib i to r  f o r  a c id  

p h o s p h a ta s e s  f r o m  e r y th r o c y te s  (22). T he in h ib i to r  c o n s ta n t  (Ki) w as 

d e t e r m in e d  fo r  e a c h  of the i s o z y m e s  b y  p lo t t in g  the r e c i p r o c a l  v e l o ­

c ity  v e r s u s  p h o sp h a te  c o n c e n t r a t io n  fo r  a t  l e a s t  fo u r  c o n c e n t r a t io n s  

of p - n i t r o p h e n y l  p h o sp h a te .  A ll  the  r e a c t io n s  w e r e  l i n e a r  d u r in g  the 

30 m in u te  in c u b a t io n  p e r io d .  The p h o sp h a te  c o n c e n t r a t i o n  g iven  in ­

c luded  th a t  p r e s e n t  in  the e n z y m e  an d  s u b s t r a t e  a s  w e l l  a s  a d d ed  p h o s ­

p h a te .  T he  r e s u l t s  in  f i g u r e s  9 -1 4  show  th a t  p h o sp h a te  is  a  c o m p e t i ­

t iv e  in h ib i to r  f o r  a l l  of the  i s o z y m e s .  The v a lu e s  of K i fe l l  in to  tw o 

g ro u p s  (T a b le  2). The K i v a lu e s  f o r  i s o z y m e s  (C)S, (B)S, and  (A)IS
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10  -

- 2 -K i 0 4 8
( P i ) x l 0 “ 3 M

F ig u r e  9. Ki d e t e r m in a t io n  for i s o z y m e  (A )IS. R e c ip r o c a l  
v e lo c i ty  v s .  p h o sp h a te  c o n c e n t r a t io n  a t  v a r io u s  c o n s ta n t  l e v e ls  of 
p -n i t ro p h e n y lp h o s p h a te .  The c o n c e n t r a t io n s  of p - n i t r o p h e n y l -  
p h o sp h a te  u sed  w e r e :  (A)2. OOxlO^^M, (B )5. 00x1 0 ” 3m , (C) 1. 40x10“ 3 ^ ,  
(D)6. 60x1 0"4 m , (E) 5. 0 0 x l 0 “ ^M. The a s s a y s  w e re  p e r f o r m e d  a s  
d e s c r ib e d  in  M e th o d s  by m e a s u r i n g  the  r e l e a s e  of p -n i t r o p h e n o l  a t  
41 5 m u .  E n z y m e  of s p e c i f ic  a c t iv i t y  0. 03 w a s  u sed .
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-2  -K i 0 4 8
( P i ) x l O '3 M

F ig u r e  10. Ki d e t e r m in a t io n  fo r  i s o z y m e  (A )F . R e c i p r o c a l  v e lo c i ty  
v s .  p h o sp h a te  c o n c e n t r a t io n  a t  v a r io u s  c o n s ta n t  le v e ls  of p - n i t r o p h e n y l -  
p h o s p h a te .  T h e  c o n c e n t r a t io n s  of p -n i t ro p h e n y lp h o s p h a te  u s e d  w e re :  
(A )2 .0 0 x 1 0 _2M, ( B ) 5 .0 0 x 1 0 - 3 m ,  ( C ) l . 40x10"3M, (D)b.  6 0 x10"4 M,
(E ) 5. 00x1 O '^ M . The a s s a y s  w e r e  p e r f o r m e d  a s  d e s c r ib e d  in 
M eth o d s . E n z y m e  of s p e c i f ic  a c t iv i ty  0 . 0 8  w as  u se d .
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F ig u r e  11. Ki d e t e r m in a t io n  fo r  i s o z y m e  (B)S. R e c ip r o c a l  v e lo c i ty  
v s .  p h o s p h a te  c o n c e n t r a t io n  a t  v a r io u s  c o n s ta n t  l e v e ls  of p - n i t r o p h e n y l -  
p h o s p h a te .  T he  c o n c e n t r a t io n s  of p -n i t r o p h e n y lp h o s p h a te  u se d  w e re :  
(A)2. OOxlO-2 M , (B)5. 0 0 x 1 0 -3M , ( C ) l . 4 0 x 1 0 "3M, (D)6. 60x1 0 ' 4M,
(E) 5. 00x10“ 4 M. A s s a y s  w e re  p e r f o r m e d  as  d e s c r ib e d  in  M e th o d s . 
E n z y m e  of s p e c i f ic  a c t iv i t y  0 . 0 4  w as  u s e d .
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- 3 .5 - K i  -2 0 4
( P i ) x l 0“ 3 M

F ig u r e  12. Ki d e t e r m in a t io n  fo r  is o z y m e  (B)I^. R e c i p r o c a l  v e lo c i ty  
v s .  p h o sp h a te  c o n c e n t ra t io n  a t  v a r io u s  c o n s ta n t  l e v e l s  of p - n i t r o p h e n y l -  
p h o s p h a te .  The c o n c e n t r a t io n s  of p - n i t ro p h e n y lp h o s p h a te  u s e d  w e re :
(A )2 .0 0 x 1 0 " 2M, (B )5. 00x10“ 3M, (C)l . 40x1 0 " (D)6.  60x 1 0 “ 4M,
(E) 5. 00x10 - 4 M. T he a s s a y s  w e re  p e r f o r m e d  a s  d e s c r ib e d  in  M e th o d s . 
E n z y m e  of sp e c if ic  a c t iv i ty  0 .1 5  w as  u sed .
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2 Ki 0 4 8
( P i ) x lO - 3 M

F ig u r e  13. Ki d e t e r m in a t io n  fo r  i s o z y m e  (C)S. R e c i p r o c a l  v e lo c i ty  
v s .  p h o sp h a te  c o n c e n t r a t io n  a t v a r io u s  c o n s ta n t  l e v e ls  of p - n i t r o p h e n y l -  
p h o s p h a te .  T he c o n c e n t r a t io n s  of p - n i t ro p h e n y lp h o s p h a te  u s e d  w e re :
(A )2 .0 0 x1 0 - 2 M, (B )5 .0 0 x 10“ 3M, ( C) 1. 00 x1 0 " 3M, (D )5. OOxlO-^M. 
A s s a y s  w e re  p e r f o r m e d  a s  d e s c r ib e d  in  M e th o d s . E n z y m e  of 
s p e c i f ic  a c t iv i t y  0 .0 5  w as  u s e d .
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3 -K i 0 4 8
(P i)  x l  0 “ 3 M

F ig u r e  14. Ki d e t e r m in a t io n  fo r  i s o z y m e  (C)I^. R e c i p r o c a l  v e lo c i ty  
v s .  p h o s p h a te  c o n c e n t r a t io n  a t  v a r io u s  c o n s ta n t  l e v e l s  of p - n i t r o -  
p h e n y lp h o sp h a te .  The c o n c e n t r a t io n s  of p -n i t ro p h e n y lp h o s p h a te  u se d  
w e re :  (A)2. 0 0 x l 0 " 2 M, (B)5. 0 0 x l 0 " 3M, (C) 1. 4 0 x l 0 - 3M, (D)6. 60x1 0 " 4M, 
(E) 5. 00x10 “ 4M. A s s a y s  w e re  p e r f o r m e d  a s  d e s c r ib e d  in  M e th o d s . 
E n z y m e  o f  s p e c i f i c  a c t iv i ty  0 .1 2  w a s  u se d .
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T A B L E  2 

In h ib i to r  C o n s ta n ts  fo r  P h o s p h a te

Is o z y m e Ki (M)

(A) Is 9 . 0 x l 0 - 4

(A)F 2 . 2 x 1 0 " 3

(B)S 1 .4 x 1 0 ” 3

(B)If 2 .8 x 1 0 ” 3

(C)S 9 . OxlO- 4

(C)If 2 .2 x 1 0 ” 3
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w e re  b e tw e e n  8 x  10""^ M and  1 x  10“ ^ M. T he  v a lu e s  fo r  (C)I^,

(B)I^, and  (A )F ra n g e d  f r o m  2 x 10“ to 3 x  10 ^M.

D e te rm in a t io n  of the M ic h a e l i s  C o n s ta n t

To d e t e r m in e  the  M ic h a e l is  C o n s ta n t  (Km) f o r  the i s o z y m e s ,  i t  

w as  n e c e s s a r y  to  r e m o v e  o r  c o r r e c t  f o r  the  in o rg a n ic  p h o sp h a te  

p r e s e n t  in  the  e n z y m e  p r e p a r a t io n  and  a l s o  th a t  p r e s e n t  in the s u b ­

s t r a t e  due to  h y d ro ly s i s  on s to r a g e .  T he  p r e s e n c e  of a c o m p e ti t iv e  

in h ib i to r  would a l t e r  the  v a lu e  of K m . Since th e  i s o z y m e s  a r e  m o r e  

s ta b le  in the p r e s e n c e  o f  p h o sp h a te ,  th e  e f fe c t  of p h o sp h a te  on the  v a lue  

of K m  w as c o r r e c t e d  f o r  by  u s in g  the  d a ta  o b ta in ed  f r o m  the K i d e t e r ­

m in a t io n s .  T he  l in e s  o b ta in ed  by p lo t t in g  r e c i p r o c a l  v e lo c i ty  v e r s u s  

p h o sp h a te  c o n c e n t r a t io n  w e re  e x t r a p o la te d  to  z e r o  p h o sp h a te  c o n c e n ­

t r a t io n .  The v a lu e  o f  a t  z e r o  p h o sp h a te  c o n c e n t r a t io n  w as  th e n  

p lo t ted  a g a in s t  the  r e c i p r o c a l  s u b s t r a t e  c o n c e n t r a t io n  ( f ig u re s  15-17).  

The a c tu a l  s u b s t r a t e  c o n c e n t ra t io n  w a s  d e t e r m in e d  by  c a lc u la t in g  the  

p u r i ty  of the s u b s t r a t e  p r e p a r a t i o n  (32). The K m  v a lu e s  a l s o  fe l l  in ­

to  two g ro u p s  (T ab le  3). T he  v a lu e s  f o r  the  i s o z y m e s  of s lo w e r  

e l e c t r o p h o r e t i c  m o b i l i ty  f r o m  ea c h  pheno type  w e r e  b e tw e e n  8. 1 and

_4
8 .8  x  10 M. T he K m  v a lu e s  f o r  the  i s o z y m e s  of g r e a t e r  m o b i l i ty  

w e re  b e t w e e n  4 .3  and  5 .8  x 10“ ^M,

M o le c u la r  W eight D e te rm in a t io n

The m o l e c u l a r  w e ig h t  of the  i s o z y m e s  w as  d e t e r m in e d  by  ge l
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(A )F

-1 0 0 0 -500 0 500 1000 1 500 2000

7  (M)
F ig u r e  15. Km d e te r m in a t io n  of the i s o z y m e s  f ro m  pheno type  AA u s in g  p -n i t ro p h e n y lp h o s p h a te  
a s  s u b s t r a t e .  Double r e c i p r o c a l  p lo ts  of in i t i a l  v e lo c i ty  vs .  p -n i t ro p h e n y lp h o s p h a te  
c o n c e n t ra t io n .  Spec ific  a c t iv i ty  of (A)IS w as  0 .0 3 ;  s p e c i f ic  a c t iv i ty  of (A )F w as  0 .0 8 .

w-J
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(B)S
20

(B)r

-1 0 0 0 -500 0 500 1000 1500 2 0 0 0

i  <M)

F ig u r e  16. Km d e te rm in a t io n  of the i s o z y m e s  f r o m  pheno type  BB us ing  p -n i t ro p h e n y lp h o s p h a te  
a s  s u b s t r a t e .  Double r e c i p r o c a l  p lo ts  of in i t i a l  v e lo c i ty  v s .  p - n i t r  o p heny lphospha te  
c o n c e n t ra t io n .  Specific  a c t iv i ty  of (B)S w as  0 .0 4 ;  s p e c i f ic  a c t iv i ty  of (B)I^ w as  0. 15.

wco
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F ig u r e  17. Km d e te r m in a t io n  of the i s o z y m e s  f ro m  phen o ty p e  CC u s in g  p - n i t r  o p heny lphospha te  
a s  s u b s t r a t e .  Double r e c i p r o c a l  p lo ts  of in i t i a l  v e lo c i ty  vs .  p -n i t ro p h e n y lp h o s p h a te  
c o n c e n t ra t io n .  Specific  a c t iv i ty  of (C)S w as  0 .0 5 ;  s p e c i f ic  a c t iv i ty  of (C)I^ w as  0 .1 2 .

w
vO
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T A B L E  3

M ic h a e l is  C o n s ta n ts  fo r  p -N i t ro p h e n y lp h o sp h a te

I s o z y m e  Km (M)

(A )Is 8. 3 x l0 -4

(A )F  5. OxlO"4

(B)S 8 . 7 x l0 ~ 4

(B)If 5. OxlO-4

(C)S 8. 6x10~ 4

(C)!* 5. OxlO"4
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f i l t r a t i o n  on Sephadex  G -150  a c c o rd in g  to  D e te r m a n n  (35). S eph- 

ad ex  G -1 5 0  w as  e q u i l ib r a t e d  in  0. 1 M N aH ^P O ^ pH 6. 0, con ta in in g  

12 m g / m l  p e n ic i l l in  ( B r i s to l  S tap h c il l in )  to  r e t a r d  b a c t e r i a l  g row th , ' 

by  h e a t in g  in a  b o i l in g  w a te r  b a th  fo r  t h r e e  h o u r s  (36). F in e s  w e re  

r e m o v e d  by  d e c a n ta t io n .  A w a te r  j a c k e te d  co lu m n  m a in ta in e d  a t  

4 °  C w a s  pack ed  (2 .5 x 8 5  cm), f i t te d  w ith  r e v e r s e  flow  a d a p to r s ,  

and w a sh e d  w ith  th e  e q u i l ib r a t io n  b u f fe r  f o r  48 h o u r s .  T h r e e  m l  of 

b lue  d e x t r a n  (2 m g /m l)  d is s o lv e d  in  the e q u i l ib r a t io n  b u f fe r  w as  u s e d  

to  d e t e r m in e  the  void  v o lu m e  (VQ). The e q u i l ib r a t io n  b u f fe r  w a s  u s e d  

to  e lu te  the  p ro te in s .  F iv e  m l  f r a c t io n s  w e r e  c o l le c te d  u s in g  a n  ISCO 

m o d e l  270 f r a c t io n  c o l l e c to r  w ith  a  v o lu m e t r i c  s ip h o n . S ta n d a rd  p r o ­

te in s  w e r e  a l s o  d i s s o lv e d  in  the  p h o sp h a te  b u f fe r  ( 2 m g /m l)a n d  th r e e  

m l  a p p l ie d  to  th e  co lu m n . E lu t io n  v o lu m e s  (V ) f o r  th e s e  p ro te in s  

w e r e  d e t e r m in e d  by  m e a s u r i n g  a b s o r b a n c e  a t  280 m u  e x c e p t  fo r  c y to ­

c h ro m e  C (412 m u) and  o v a lb u m in  (230 m u ) .  A s t a n d a r d  c u rv e  w as
V

p r e p a r e d  by p lo t ting  —2. v e r s u s  th e  log of the m o l e c u l a r  w e igh t  fo r
\ >

e a c h  s ta n d a r d  p ro te in .

A f te r  u l t r a f i l t r a t i o n  is o z y m e  p r e p a r a t io n s  w e re  r e m o v e d  f r o m

d ia ly s i s  tub ing  w ith  0. 1 M N a ^ P O ^  pH 6. 0. E nough  of e a c h  is o z y m e
!

to  c a u s e  the r e l e a s e  of 1. 5 u m o le s  of p - n i t r o p h e n o l /m in  w as  p la c e d  

on the co lu m n  a n d  the e lu t io n  v o lu m e  f o r  the  i s o z y m e s  w a s  d e t e r m in e d  

b y  a s s a y in g  e a c h  f r a c t io n  fo r  a c t iv i ty  w i th  p -n i t ro p h e n y lp h o s p h a te .
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The r e s u l t s  in  T a b le  4 in d ic a te  th a t  the i s o z y m e s  have  a  v e r y  low 

m o le c u la r  w e ig h t .  T he  w e ig h ts  r a n g e  f r o m  14, 000 to  22, 000 u s in g  

th is  m e th o d .  W ith  the  p o s s ib le  e x c e p t io n  of (A)IS the  i s o z y m e s  c a n ­

not be d is t in g u is h e d  by  m o l e c u la r  w eigh t .  T he  m o l e c u l a r  w e igh t  fo r  

i s o z y m e  (C)I^ w as  n o t  d e t e r m in e d  by  th i s  p r o c e d u r e  b e c a u s e  of d i f ­

f icu l ty  in  ob ta in ing  s u f f ic ie n t  q u a n t i t i e s  of th i s  i s o z y m e .

M o le c u la r  w e ig h ts  w e re  a l s o  d e t e r m in e d  by  p o ly a c ry la m id e  d is c  

e l e c t r o p h o r e s i s  a c c o r d in g  to  the  m e th o d  of H e d r ic k  and  S m ith  (37). 

The a c tu a l  e l e c t r o p h o r e s i s  w as  c a r r i e d  out a c c o r d in g  to R e is f ie ld  

(38) e x c e p t  th a t  so lu t io n  C c o n ta in ed  40 g r a m s  of a c r y l a m i d e  and  

1. 333 g r a m s  of BIS. T h is  w as  m a d e  up to  100 m l  w ith  w a te r .  T he 

s m a l l  p o re  gel c o n ta in ed  1 m l / t u b e  and the  l a r g e  p o re  gel 0 .2  m l /  

tube of so lu t io n  C. T en ,  sev en ,  and  fo u r  p e r  cen t  g e ls  w e r e  u s e d .  

E nough e n z y m e  to  h y d ro ly z e  0. 1 u m o le  of p -n i t r o p h e n y lp h o s p h a te /  

m in  in  0. 1 m l  of 40% s u c r o s e  co n ta in in g  0. 04% m e th y l  g r e e n  w as  l a y ­

e r e d  on th e  la rg e  p o re  ge l.  The c u r r e n t  w a s  s e t  a t  2 m . a .  / g e l  u n t i l  

the  f ro n t  r e a c h e d  the s m a l l  p o re  gel,  th e n  the  c u r r e n t  w as  s e t  a  3 

m . a .  / ge l .

The e n z y m e  a c t iv i t y  fo llow ing  e l e c t r o p h o r e s i s  w a s  d e te c te d  by 

in c u b a t io n  of the  g e ls  f o r  one h o u r  in  p a r a - r o s a n a l in e - N a p h th o l  A SBI 

P h o s p h a te  a t  37°C  a c c o r d in g  to  B a r k a  (39). S ta n d a rd  p ro te in  s o lu -
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T A B L E  4

M o le c u la r  W eigh ts  of A cid  P h o s p h a ta s e  I s o z y m e s

Is o z y m e S ephadex  G - l 50 P o ly a c ry l a m id e S ephadex  G -7  5

(A) Is 2 2 ,0 0 0 20 ,000 15, 400

(A )F 1 5, 100 2 0 ,0 0 0 17, 800

(B)S 14, 200 19 ,000 1 5 ,200

(B )If 1 5 ,8 0 0 19 ,000 15, 800

(C)S 14, 200 17 ,000 - -

(C)If 2 0 ,4 0 0 « -



44

tio n s  (20 u g /g e l  in  0. 1m l 40% s u c r o s e )  of c y to c h ro m e  C, m yoglob in , 

t r y p s in ,  and c a rb o n ic  a n h y d r a s e  w e r e  d e te c te d  by s ta in in g  w ith  C oo- 

m a s s i e  b lu e .  T he  m i g r a t i o n  of the  p r o te in  and  dye f r o m  the s m a l l  

p o re  g e l - - s p a c e r  gel ju n c t io n  w as  m e a s u r e d .  T he log of the  r a t i o  

of p r o te i n  m ig r a t i o n  to  dye m ig r a t io n  (R m ) w as  p lo t ted  a g a in s t  gel 

c o n c e n t ra t io n .  The s lo p e  of e a c h  l in e  w as  th e n  p lo t ted  a g a in s t  the 

m o l e c u l a r  w e igh t  of the  c o r r e s p o n d in g  s t a n d a r d  p ro te in .  T h e  v a lu e s  

ob ta ined  by th is  m e th o d  w e r e  s l ig h t ly  h ig h e r  th a n  th o se  o b ta in ed  on 

S ep h ad ex .  T h e  v a lu e s  r a n g e d  f r o m  17, 000 to  20, 000.

The m o le c u la r  w e ig h ts  of the  i s o z y m e s  f r o m  p h en o ty p es  AA and  

BB w e re  a l s o  d e t e r m in e d  by  t h i n - l a y e r  c h r o m a to g ra p h y  on S ephadex  

G -75 (40). S ephadex  G -75  s u p e r f in e  w as  a l low ed  to  s w e l l  in  0 .2 5  M 

N aH 2 PC >4 pH 6. 0 co n ta in in g  12 m g / m l  of B r i s t o l  S ta p h c i l l in  and e q u i ­

l i b r a t e d  by  s tan d in g  a t  2 5 °C  fo r  24 h o u r s .  G la s s  p la te s  (20x20cm ) 

w e re  c o v e re d  w ith  S ep h ad ex  u s in g  a  D e s a g a  a p p l i c a to r  a t  a  th ic k n e s s  

of 0. 5 m m . T he  p la te s  w e r e  s to r e d  in  a  hu m id  c h a m b e r  .

S ta n d a rd  p ro te in s ,  c y to c h ro m e  C, m yog lob in ,  t r y p s in ,  and c a r ­

bon ic  a n h y d ra s e ,  w e re  d i s s o lv e d  in  0. 25 M N a ^ P O ^  pH 6. 0 (4 m g /m l) .  

P l a t e s  w e re  e q u i l ib r a te d  a t  4°C  b y  a  12 h r  p r e r u n  w ith  0. 25 M NaH 2 PC>4 

pH 6. 0 w h ich  w as  a l s o  u s e d  a s  the  e lu t io n  b u f fe r .  T he  p la te  w as  s p o t ­

ted  w ith  the  s ta n d a r d  p r o te in s  and  c o n c e n t r a te d  is o z y m e  p r e p a r a t i o n s .  

The le n g th  of th e  ru n  w a s  f r o m  8 -1 0  h o u r s .
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W hatm an 3MM f i l t e r  p a p e r  (20x20cm ) w as  s a tu r a t e d  w ith  30 m l  

p h en o lp h th a le in  d ip h o sp h a te  (0 .0 4 2  g m /1 5 m l)  and  d r ie d .  The d r i e d  

p a p e r  w as  c a r e fu l ly  p la c e d  o v e r  the g la s s  p la te  to  a b s o r b  p ro te in s  

and b u f fe r .  T he  p a p e r  w as  in c u b a ted  f o r  3 h o u r s  a t  37°C  and  th e n
J

p la c e d  in an  a m m o n ia c a l  a tm o s p h e r e  to  a l low  c o lo r  d e v e lo p m e n t  of 

the r e l e a s e d  p h en o lp h th a le in .  The sp o ts  in d ic a t in g  the  p o s i t io n  of 

the i s o z y m e s  w e r e  m a r k e d  w ith  p en c i l  and  the  p a p e r  w as  a g a in  d r ie d  

and  s p ra y e d  w ith  0. 3% n in h y d r in  so lu t io n  in  95% e th an o l  to  in d ic a te  

the p o s i t io n  of the  s ta n d a r d  p r o te in s .  The r a t i o  of m i g r a t i o n  (Rm) 

of e a c h  s t a n d a r d  to  the  d i s ta n c e  of m i g r a t i o n  of c y to c h ro m e  C w as  

d e te r m in e d .  The v a lue  of R m  vs the  log of the  m o l e c u l a r  w e igh t  of 

the c o r r e s p o n d in g  p r o te in  w as  p lo t ted .  F r o m  the r e s u l t in g  s ta n d a r d  

c u rv e ,  the  m o l e c u la r  w e ig h t  of e a c h  i s o z y m e  w as  d e t e r m in e d .  The 

v a lu e s  o b ta in ed  ra n g e d  f r o m  15, 000 -18 ,  000 w h ich  w as  in  c lo se  a g r e e ­

m e n t  w ith  the  v a lu e s  o b ta in ed  by co lu m n  c h ro m a to g ra p h y .

In h ib i to r  S tu d ie s

The e f f e c t s  of v a r io u s  in h ib i to r s  on the  i s o z y m e s  a r e  show n in 

T ab le  5. At pH 5. 75 only  fo rm a ld e h y d e  in h ib i te d  the  i s o z y m e s .  The 

i s o z y m e s  (B)I^ and  (A )F  w e r e  in h ib i te d  m o r e  r e a d i ly  by  fo rm a ld e h y d e  

th a n  (B)S an d  (A)IS. T h is  m a y  be a  r e f l e c t i o n  of th e  h ig h e r  s p e c i f ic  

a c t iv i ty  of th e  i s o z y m e s  of g r e a t e r  m o b i l i ty  f r o m  e a c h  phen o ty p e .  

T h e s e  co m p o u n d s  could  n o t  be u s e d  to  d i f f e r e n t ia t e  th e  i s o z y m e s  of

\
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T A B L E  5

E ffe c t  of V a r io u s  C om pounds on the  A c t iv i ty  of A cid  
P h o s p h a ta s e  I s o z y m e s

% O r ig in a l  A c t iv i ty
A dd ition  C o n c e n t r a t i o n -----------------------------------------------

M A cid  P h o s p h a ta s e  I s o z y m e s
__________________________ (B)S (B )tf  (A )IS (A)F  (C)S

------ — 100 100 100 100 100

ED TA 6 .6 x 1 0 “ ^ 104 108 106 113 _ _
3. 3x10“ ^ 110 103

M gC l2 1 . 3 x l 0 -2 92 103 108 107 98
6. 6 x 1 0 " ^ 111 106 100 106 96

MgS0 4 1. 3 x 1 0 '^ 110 103
6 .6 x 1 0 110 114

N a F 2. 0 x 1 0 ”^ 102 104 100 100 97
1. 3 x l 0 ' 2 

_2

105 104 " — “ ” 97

F o r m a l ­ 1 .3 x 1 0 84 57 81 50 - -
dehyde 6. 6 x 1 0 ” ^ 98 75 91 80

N a O x a la te 1. 3x10“* 97 100 101 102
6. 6x10 103 101 -  - — 93

L - T a r t r a t e 1. 3x10 - ^ 107 107 108 100
6. 6x10 ^ 110 107

p - n i t r o - 1 . 0 x 1 0 '^  - 5 111 114 105 109 - -
p heno l 1 .0 x 1 0 109 100 - - - -

A s s a y s  w e re  p e r f o r m e d  a s  d e s c r ib e d  in  M eth o d s  w ith  p - n i t r o -  
p h e n y lp h o sp h a te  a s  s u b s t r a t e .  D a s h e s  in d ic a te  th a t  the  a s s a y  
w a s  no t  p e r f o r m e d .



one phenotype f r o m  a n o th e r .  T he e f fe c ts  of p -n i t ro p h e n o l  w e re  e x ­

a m in e d  to  in s u r e  th a t  no  in h ib i t io n  o c c u r r e d  a t  the  c o n c e n t r a t io n  th a t  

w as  in h e re n t ly  p r e s e n t  in  the  s u b s t r a t e .  The s tu d ie s  done  on p h en o ­

type  CC w e re  l im i t e d  b e c a u s e  of the  in f re q u e n t  o c c u r r e n c e  of the 

pheno type .

A s s  o c ia t io n -  P i s  s o c ia t io n

The e f fe c ts  of r e p e a te d  f r e e z in g  and  thaw ing  w e r e  e x a m in e d  to  

s e e  if th i s  would  c a u s e  a g g r e g a t io n  of the  i s o z y m e s  w h ich  w ould  be 

r e f l e c te d  by a  ch an g e  in  the  m o l e c u la r  w e ig h t  and  a  change  in  the  

e l e c t r o p h o r e t i c  p a t t e r n .  A  c o n c e n t r a te d  p r e p a r a t i o n  co n ta in in g  a 

m ix tu r e  of i s o z y m e s  w as  a s s a y e d ,  a  s a m p le  w a s  r u n  on e l e c t r o p h o r e ­

s i s ,  and  a  p o r t io n  p la c e d  on the  S ep h ad ex  G -150  co lu m n  to  d e t e r m in e  

the m o le c u la r  w e ig h t .  The p r e p a r a t io n  w a s  th e n  f r o z e n  and  thaw ed  

e v e r y  day  fo r  f ive  d a y s .  A t the  end of th i s  t im e ,  t h e r e  w as  no s ig ­

n i f ic a n t  change  in  a c t iv i ty ,  the  e l e c t r o p h o r e t i c  p a t t e r n  w as  unchanged , 

and  the m o l e c u l a r  w e igh t  w a s  18, 200 w h ich  w as  the  s a m e  a s  the  o r i g ­

in a l  w e ig h t .  R e p e a te d  f r e e z in g  and  th aw in g  did  no t c a u se  a g g re g a t io n  

u n d e r  the c o n d it io n s  em p lo y e d  in  th is  e x p e r im e n t .

C o n c e n t ra te d  e n z y m e  s a m p le s  show ed  a  change  in  m o b i l i ty  on 

S ep h ad ex  G -75  t h i n - l a y e r  c h ro m a to g r a p h y  a f t e r  s e v e r a l  d a y s  of s t o r ­

age  a t  4°C . T h e  m o b i l i ty  w as  g r e a t e r  th a n  th a t  of c a rb o n ic  a n h y d ra s e  

w h ich  h a s  a  m o l e c u l a r  w e ig h t  of 30, 000. T h e  m o b i l i ty  change  te n d s
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to  in d ic a te  a g g r e g a t io n  of the  i s o z y m e s .  T h e s e  a g g r e g a te s  s t i l l  r e ­

ta ined  so m e  e n z y m e  a c t iv i ty .  A t te m p ts  w e r e  m a d e  to  r e v e r s e  the 

a s s o c i a t i o n  by add ing  1M u r e a  or C le la n d 's  r e a g e n t  (20 m g / m l )  to  1 

the  s a m p le s .  A f te r  1 h r  a t  4°C  the  s a m p le s  w e r e  a g a in  ru n  on th in -  

l a y e r .  No change  w as  o b s e rv e d  in  m o b i l i ty .  T h e s e  s a m e  s a m p le s  

w e r e  s to r e d  a t  4 °C  fo r  24 h r  and  ru n  on th i n - l a y e r ;  a g a in  no  change  

in  m o b i l i ty  w as o b s e rv e d .  The a g g r e g a te s  w e r e  no t  d i s s o c ia t e d  u n d e r  

th e s e  co n d i t io n s .

T e m p e r a t u r e  S ta b i l i ty

E r y th r o c y t i c  a c id  p h o s p h a ta s e s  a r e  r e p o r t e d ly  u n s ta b le  to  h e a t  

(24, 25). The c o n c e n t r a te d  i s o z y m e s  w e r e  found to  be u n s ta b le  a t  

50°C  e v e n  d u r in g  s h o r t  in c u b a t io n  p e r io d s .  T h e r e f o re ,  a t e m p e r a t u r e  

s ta b i l i ty  s tudy  w as  done a t  37°C . I s o z y m e s  in  the  c o n c e n t r a te d  s ta te  

w e r e  in c u b a te d  a t  37°C  in  the a b s e n c e  of s u b s t r a t e  o r  any  o th e r  a d ­

d i t io n s .  A t the end  of the  in c u b a t io n  p e r io d ,  s a m p le s  w e re  im m e d ­

ia t e ly  t r a n s f e r r e d  to  an  ice  b a th .  A p o r t io n  of e a c h  s a m p le  w as  

a s s a y e d .  A n o th e r  p o r t io n  w as e x a m in e d  by  s t a r c h  gel e l e c t r o p h o r e ­

s i s .  I so z y m e  (B)I^ w as  v e r y  u n s ta b le  upon in c u b a t io n  a t  37°C . T h is  

i s  show n in  T a b le  6 by  a  67 p e r  c en t  l o s s  in  a c t iv i ty  in  30 m in u te s .

The h igh  lo s s  of a c t iv i ty  could be due to  the  h ig h e r  p u r i ty  of th is  

p r e p a r a t i o n  (Sp. A c t .  -0 .  24). I s o z y m e s  (C)S and  (C)I^ show ed  a  lo s s
i

in  a c t iv i ty  w h ich  w a s  not a s  g r e a t  a s  (B)I^. T h e s e  i s o z y m e s  lo s t  20- 

30 p e r  c en t  of th e  o r ig in a l  a c t iv i ty  in  30 m in u te s .  I s o z y m e s  (B)S,



T A B L E  6

E f fe c t  of In cu b a t io n  a t  37°C  on A cid  P h o s p h a ta s e  I s o z y m e s

u m o le s  p - n i t r o p h e n o l  r e l e a s e d  / m in
T im e  _■_________________________________________

(m in u tes )
A cid  P h o s p h a ta s e  I s o z y m e s

(A) I s (A) F (B)S (B)If ( O S (C)If

0 0 . 35 0. 25 1 .2 9 1 . 57 0. 55 0. 20

10 0. 32 0. 24 1 .2 4 0. 70 0. 47 0. 17

20 0. 30 0. 20 1 .2 2 0. 74 0. 45 0. 13

30 0 . 32 0. 22 1 .2 6 0. 54 0. 39 0. 16

60 0 . 32 - - 1 .1 6 0. 36 0 .0 9

A s s a y s  w e re  p e r f o r m e d  a s  d e s c r ib e d  in  M ethods  u s ing  
p -n i t r o p h e n y lp h o s p h a te  a s  s u b s t r a t e .
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(A)Is , and (A )F  w e re  q u i te  s ta b le  fo r  30 m in u te s .  T he e l e c t r o p h o r e ­

s is  show ed  no  change in  m o b i l i ty  of the s a m p le s ;  it  m e r e l y  r e f le c te d  

the change  in  a c t iv i ty  s e e n  in  the a s s a y s .

Su lfhyd ry l G ro u p s  and  E nzym e A c tiv i ty

T s u b o i  and  H udson  r e p o r te d  the  s ta b i l iz a t io n  of a c id  p h o s p h a ta s e  

p r e p a r a t io n s  in  the  p r e s e n c e  of the  s u lfh y d ry l  r e a g e n t  c y s te in e  (12). 

T h ey  f u r th e r  show ed  th a t  the p r e p a r a t io n s  w e re  in a c t iv a te d  by p -  

c h l o r o m e r c u r ib e n z o a t e  (PCM B) and  h eav y  m e ta l s .  O th e r  r e p o r t s  

have in d ic a te d  th a t  r e d u c e d  g lu ta th io n e  is  a  p o s s ib le  c o fa c to r  f o r  ac id  

p h o s p h a ta s e s  (2) and th a t  t r e a t m e n t  w ith  ox id ized  g lu ta th io n e  ca u se d  

a l o s s  in e n z y m e  a c t iv i ty  (26, 27). S e v e r a l  s tu d ie s  w e re  done to  d e ­

t e r m i n e  the e f f e c t s  of PC M B , m e r c u r y ,  and  o x id ized  g lu ta th io n e  on 

the i s o z y m e s  f r o m  p h en o ty p es  AA and BB. The a b i l i ty  of C le la n d 's  

r e a g e n t  to  p r e v e n t  in a c t iv a t io n  by  PC M B , a s  w e l l  a s  the in a c t iv a t io n  

c a u s e d  by in c u b a t io n  a t  37°C, w a s  a l s o  e x a m in e d .

T h e  lo s s  of a c t iv i ty  upon p r e in c u b a t io n  a t  37°C  fo r  15 m in u te s  is  

show n in T a b le  7. T h e  ad d i t io n  of C le la n d 's  r e a g e n t  ( 2 m g /m l)  to  the 

s a m p le  d u r in g  the  p r e in c u b a t io n  p re v e n te d  th i s  lo s s  in a c t iv i ty .  Both 

m e r c u r y  and P C M B  a t  a  c o n c e n t r a t io n  of 6. 6 x  10” ^ M in a c t iv a te d  the 

i s o z y m e s .  T he p r e s e n c e  of C le la n d 's  r e a g e n t  in  the  r e a c t i o n  m ix tu re  

p re v e n te d  th i s  in a c t iv a t io n .  T he  e f fe c t  of o x id ized  g lu ta th io n e  on (B)S 

and (B)I^ is  show n  in  T a b le  8. C o n c e n t r a te d  is o z y m e  s a m p le s  w e re  

p re in c u b a te d  w i th  o x id iz e d  g lu ta th io n e  ( 2 m g / m l  en z y m e )  fo r  v a r io u s
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T A B L E  7 

S ta b i l iz a t io n  by C le la n d 's  R e a g e n t

T r e a tm e n t

u m o le s  p -n i t r o p h e n o l  r e l e a s e d /  m in

A cid  P h o s p h a ta s e  I s o z y m e s  

(A)IS (A )F  (B)S (B )lf

A  . ------

B. 15 m in u te  p r e i n c u ­
b a t io n  a t  37°C

C. 15 m in u te  p r e i n c u ­
b a t io n  a t  37°C  with 
2 m g / m l  C le la n d 's  
r e a g e n t  added

D. 6. 6 x l 0 ' 4 M H gC l2

E . 6. 6 x l0 - 4  M PC M B

F .  6. 6 x l0 “ 4 M H g C l2 
and 6 .7  m g  C le la n d 's  
r e a g e n t / m l  r e a c t io n  
m ix tu r e

G. 6. 6 x l0 - 4  M P C M B  and 
6 .7  m g  C le la n d 's  
r e a g e n t / m l  r e a c t io n  
m ix tu r e

2 .01  2 .9 9  0 .71  3 .3 9

0 .4 5  0 0 .3 2  0 .1 1

2 .1 8  2. 47

0 0. 03 0

3. 80

0

0 .0 9  0 .0 6  0 0 

2 . 2 4  3 .31 0 .8 6  3 .8 5

2 .3 6  3 .1 6  0 .7 9  3 .91

A s s a y s  w e r e  p e r f o r m e d  a s  d e s c r ib e d  in  M ethods u s in g  p - n i t r o -  
p h en y lp h o sp h a te  a s  s u b s t r a t e .



T A B L E  8

E ffe c t  of O xid ized  G lu ta th ione  on I s o z y m e s  (B)S and  (B)I^

u m o le s  p - n i t r o p h e n o l  r e l e a s e d / m i n

P r e in c u b a t io n  T im e  
(m in u te s )

I s o z y m e
(B)S (B)If

-------
A ddition

2 m g / m l  o x id ized  ------ 2 m g / m l  ox id ized
g lu ta th io n e  g lu ta th ione

0 0 .4 1  0 .3 9  0 .3 3  0 .2 7

15 0 .4 0  0 .2 1  0 .3 0  0 .0 3

30 0 .4 0  0 .1 1  0 .2 9  0 .0 3

60 0 .4 1  0 .0 1  0 .3 0  0 .1 1

A s s a y s  w e re  p e r f o r m e d  a s  d e s c r ib e d  in M ethods  u s in g  p -n i t ro p h e n y lp h o s p h a te  a s  s u b s t r a t e .



t im e  p e r io d s .  A t the end  of the  p re in c u b a t io n ,  s a m p le s  w e re  im m e d ­

ia te ly  a s s a y e d .  Both  i s o z y m e s  show ed a  l o s s  of a c t iv i ty  in the  p r e s ­

en ce  of o x id ized  g lu ta th io n e .



C H A P T E R  V 

DISCUSSION

The e l e c t r o p h o r e t i c  p a t t e r n s  of the  hom ozygous  p h en o ty p es  of 

e r y th r o c y t i c  a c id  p h o s p h a ta s e s  r e v e a l  fo u r  e l e c t r o p h o r e t i c a l ly  d i s ­

t in c t  i s o z y m e s .  T he  i s o z y m e s  f r o m  phenotype  AA m i g r a t e  s l ig h t ly  

ah ea d  of the c o r r e s p o n d in g  i s o z y m e s  f ro m  p h en o ty p es  BB an d  CC.

The i s o z y m e s  f r o m  p h en o ty p es  BB and  CC a r e  in d is t in g u is h a b le  on 

the b a s i s  of e l e c t r o p h o r e t i c  m o b i l i ty .  A lthough  th e r e  a r e  fo u r  i s o ­

z y m e s  on the b a s i s  of c h a rg e ,  v a lu e s  of K m  fo r  p -n i t r o p h e n y lp h o s -  

phate ,  pH o p tim a , and  K i f o r  p h o sp h a te  in d ic a te  th a t  t h e r e  a r e  only 

two k in e t ic a l ly  d is t in g u is h a b le  g ro u p s  of a c id  p h o s p h a ta s e  i s o z y m e s  

(T ab le  9). T he s lo w e r  m ov ing  co m p o n e n ts  f r o m  e a c h  h om ozygous  

phenotype  ex h ib i t  v e r y  s i m i l a r  k in e t ic  p r o p e r t i e s .  L ik e w is e ,  the 

f a s t e r  m ov ing  c o m p o n e n ts  a r e  a l s o  in d is t in g u is h a b le  f r o m  one a n o th e r  

on the b a s i s  of the  k in e t ic  s tu d ie s  c o m p le te d  to  d a te .

T he  i s o z y m e s  have  n e a r l y  the s a m e  m o le c u la r  w eigh t w h ich  r a n g e s  

f r o m  15, 000 to  20, 000 depend ing  on the  m e th o d  u s e d  fo r  the  d e t e r m i ­

n a t io n .  L u ffm a n  and  H a r r i s  (24) in so m e  p r e l i m i n a r y  w o rk  on the 

m o l e c u l a r  w e ig h t  of e r y th r o c y t i c  a c id  p h o s p h a ta s e s  a l s o  in d ic a te d  low  

v a lu e s  f o r  the  m o l e c u la r  w e ig h t  (7, 000 -10 ,  000) of th e s e  i s o z y m e s .
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T A B L E  9

S u m m a ry  of P r o p e r t i e s  of A c id  P h o s p h a ta s e  I s o z y m e s  f r o m  H u m a n  E r y t h r o c y te s

M o le c u la r  W eight
Is o z y m e  pH o p t im u m  S ephadex  P o ly a c ry l a m id e  Ki P h o s p h a te  Km p -N i t ro p h e n y l -

G -150  G -75  M p h o sp h a te  M

(A)IS 4 .6 2 - 5 .  10 22, 400 15 ,4 0 0 20, 000 9 .0  x 10-4 8 .2  x  10"4

(A )F 5 .8 5 15, 000 17, 800 20, 000 2. 2 x 10*3 4. 6 x  10"4

(B)S 5 . 1 0 - 5 . 3 4 14, 200 15, 200 19 ,0 0 0 1 .4  x 1 0 "3 8 .8  x  10 -4

(B)If 5 . 5 0 - 5 . 7 0 15, 800 15, 800 19 ,000 2. 8 x 1 0 -3 5. 4 x  10"4

(C)S 5 . 1 0 - 5 . 3 4 14, 200 17 ,0 0 0 9. 0 x 10-4 8 . 0  x  1 0 '4

(C )if 5. 63 20, 400 10"3 5. 0 x  10"4

U1
vr
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T h e s e  a u th o r s  f u r t h e r  s ta t e d  th a t  the low  m o l e c u la r  w e ig h t  could  be 

a  r e f le c t io n  of an  in t e r a c t io n  of the  en zy m e  w ith  the  B io g e l a d s o r b a n t  

u s e d  in  the  d e t e r m in a t io n  and not a  t r u e  m e a s u r e  of the  m o le c u la r  

w eigh t .  The m o l e c u la r  w e igh t d e t e r m in a t io n s  by p o ly a c ry la m id e  d i s c  

e l e c t r o p h o r e s i s  gave  only  s l ig h t ly  h ig h e r  r e s u l t s  th a n  th o s e  o b ta in ed  

by gel f i l t r a t i o n  and  te n d s  to  le n d  s u p p o r t  to  the s m a l l  s i z e  of th e s e  

i s o z y m e s .  A v a lu e  of 79, 000 has b een  r e p o r t e d  fo r  h u m a n  e r y t h r o ­

cy t ic  a c id  p h o s p h a ta s e  (41). T h is  v a lu e  w a s  b a s e d  on the  s e d im e n ta ­

tio n  and  d if fu s io n  c o e f f ic ie n ts  e x p e r im e n ta l ly  d e t e r m in e d  fo r  the  

en zy m e  p r e p a r a t io n .  S e v e r a l  p in ts  of b lood  w e re  poo led  to  p r e p a r e  

th i s  s a m p le  and  i t  is  d if f icu lt  to r e l a t e  it to  one on the  s ix  i s o z y m e s  

f r o m  the h o m o z y g o u s  p h e n o ty p e s .

The s i m i l a r i t y  in  m o le c u la r  w e igh t  of the  i s o z y m e s  le a d s  to  som e  

s p e c u la t io n  about the s t r u c t u r e  of the  i s o z y m e s .  T he  g e n e t ic  e v i ­

d ence  th a t  the  AA, BB, and  CC p h en o ty p es  a r e  d e t e r m in e d  by a l l e l e s  

of the s a m e  gene is  q u ite  w e ll  d o c u m e n te d  (1, 15). T h e s e  i s o z y m e s  

w ould be u n d e r  the  c o n t ro l  of a co d o m in a n t  a l l e l i c  gene . Such  i s o ­

z y m e s  cou ld  no t be  d is t in g u is h e d  f r o m  one a n o th e r  im m u n o c h e m ic a l ly  

(42) and  would  have s m a l l  d i f f e r e n c e s  in p r i m a r y  s e q u e n c e  (43). T he  

d i f f e r e n c e s  in th e  AA i s o z y m e s  would  be su c h  th a t  th e y  w ould  m i g r a t e  

f a s t e r  th a n  the BB and  CC i s o z y m e s .  It is  l ik e ly  th a t  the  only  w ay  the  

BB i s o z y m e s  cou ld  be  d is t in g u is h e d  f r o m  CC i s o z y m e s  w ould  be  by  

d e te r m in in g  the  c o m p le te  p r i m a r y  s t r u c t u r e  fo r  the  i s o z y m e s .
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The nex t q u e s t io n  th a t  a r i s e s  is  how a r e  the two i s o z y m e s  f ro m  

a s in g le  phenotype  r e l a t e d  to  one a n o th e r .  As s ta t e d  p r e v io u s ly  

th e se  i s o z y m e s  have the  sa m e  m o l e c u la r  w eigh t bu t a r e  r e a d i ly  d if ­

f e r e n t i a t e d  on the b a s i s  of Km, Ki, and  pH o p tim a .  T h e s e  i s o z y m e s  

a r e  u n d e r  th e  c o n t ro l  of a  s in g le  gene . T h e r e f o r e ,  a  s ing le  p o ly p e p ­

t ide  ch a in  is  in i t ia l ly  p ro d u c e d  b u t  g iv es  r i s e  to  tw o d i f f e re n t  m o l e c ­

u l a r  s p e c ie s  by p o ly m e r  fo rm a t io n ,  c o n fo rm a t io n a l  change , o r  so m e
I

o th e r  m o d if ic a t io n .  T he  p o s s ib i l i ty  of p o ly m e r  f o r m a t io n  d o es  not 

s e e m  l ik e ly  s in ce  the  i s o z y m e s  have  the s a m e  o r  n e a r l y  the s a m e  

m o le c u la r  w eigh t .  Tw o types  of c o n fo rm a t io n a l  v a r i e n t s  m u s t  be 

c o n s id e re d .  One type , ca l led  l ig a n d - in d u c e d  c o n fo rm a t io n a l  i s o z y m e s ,  

a r i s e s  f r o m  the i n t e r a c t io n  of one o r  m o r e  s m a l l  m o le c u le s  w ith  an  

en zy m e. T h e  second  type  r e s u l t s  f r o m  the  a b i l i ty  of the po lypep tide  

cha in  to s p o n ta n e o u s ly  a s s u m e  m o r e  th a n  one s ta b le  c o n fo rm a t io n .  

T h e s e  i s o z y m e s  w ould  be  t r u e  c o n fo rm a t io n a l  i s o z y m e s  o r  " c o n f o r m -  

e r s "  (44).

The b ind ing  of s m a l l  m o le c u le s  to  e n z y m e s  m a y  give r i s e  to  

l ig a n d - in d u c e d  i s o z y m e s  in s e v e r a l  w a y s .  The m o le c u le  m a y  c o m ­

b ine  w ith  o r  a f fe c t  a  fu n c t io n a l  g ro u p  on th e  p ro te in  to  p ro d u c e  a  change 

in c h a rg e  o r  io n iza tio n .  The l ig a n d  i t s e l f  m a y  p o s s e s s  an  e l e c t r i c a l  

c h a rg e  and  th e r e f o r e  change th e  e f fec t iv e  c h a rg e  of the  e n z y m e .  If 

the a c id  p h o s p h a ta s e s  f r o m  a  s in g le  phenotype  w e r e  th e  r e s u l t  of 

l ig an d  b ind ing , th is  b ind ing  m u s t  in so m e  w ay  a f fe c t  no t on ly  the



c h a rg e  of the m o le c u le  bu t  a l s o  th e  ac t iv e  s i te  in  o r d e r  to  p ro d u c e  

the k in e t ic  d i f f e r e n c e s  w h ich  a r e  r e a d i ly  a p p a r e n t .  S im i la r ly ,  if 

the i s o z y m e s  a r e  t r u e  c o n f o r m e r s  the on ly  d i f f e r e n c e  would be in 

the t e r t i a r y  s t r u c t u r e  of the p r o te in s .  T h i s  change in  t e r t i a r y  s t r u c ­

tu r e  would a l s o  have to  a ffec t  the  a c t iv e  s i t e  to a c c o u n t  fo r  the k in e t ic  

d i f f e r e n c e s .  A t p r e s e n t  the d a ta  is  in s u f f ic ie n t  to  d e t e r m in e  w h e th e r  

the  i s o z y m e s  f r o m  a  s in g le  phenotype  a r e  l ig a n d - in d u c e d  v a r i a t io n s  

o r  w h e th e r  the  i s o z y m e s  a r e  t r u e  c o n f o r m e r s .

The i s o z y m e s  f r o m  a  s in g le  pheno type  could  a l s o  a r i s e  f r o m  c o v a l ­

en t d i f f e r e n c e s  in t ro d u c e d  a f t e r  t r a n s l a t i o n .  E x a m p le s  of th i s  type of 

change  could be d e a m in a t io n ,  p h o s p h o ry la t io n ,s u lf a t io n ,  o r  even  a t ­

t a c h m e n t  of c a r b o h y d r a t e .  K id n ey  a lk a l in e  p h o s p h a ta s e  h as  been  

show n to be a  m ix tu r e  of i s o z y m e s  (46). D i f f e re n c e s  in th e s e  i s o z y m e s  

hav e  b een  show n to  be due  to the  am o u n t  of bound s i a l i c  a c id  w hich  c a n  

be r e m o v e d  b y  the  a c t io n  of n e u r a m in id a s e .  The e r y th r o c y t i c  a c id  

p h o s p h a ta s e s  could  p o s s ib ly  be r e l a t e d  to  one a n o th e r  in  a  s i m i l a r  

m a n n e r .

In a  p re v io u s  p u b l ic a t io n  (21) the  p r e s e n c e  of a n  i s o z y m e  w as  r e -  i 

p o r te d  th a t  w as  a c t iv a te d  by m a g n e s iu m .  T h is  i s o z y m e  w as  la b e l le d  

E£. T h is  i s o z y m e  a p p e a r s  to be  a  m in o r  co m p o n en t of the  BB p h e n o ­

ty p e  and  is  o f ten  not o b s e rv e d  in  the  e l e c t r o p h o r e s i s  of c ru d e  h e m o ly -  

s a t e s .  In the  p r e s e n t  w o rk  on ly  the  m a j o r  co m p o n e n ts  f r o m  e a c h  of 

the  h o m o z y g o u s  p h en o ty p es  w e r e  s tud ied ,  th o se  w h ich  a r e  r e a d i ly
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o b s e rv e d  on e l e c t r o p h o r e s i s  of the  c ru d e  h e m o ly s a te s .  H opk inson  

and  H a r r i s  (23) have  a l s o  r e p o r t e d  the p r e s e n c e  of a  th i rd  i s o z y m e  

f r o m  h o m o z y g o u s  BB in d iv id u a ls .  R ap id ly  m ov ing  zo n es  have  b e e n  

e x a m in e d  e l e c t r o p h o r e t i c a l ly  and a l s o  a p p e a r  to  be g e n e t ic a l ly  d e t e r ­

m ined  (45). O th e r  d i f f e r e n c e s  cou ld  be due  to the  d i f f e r e n c e s  in  pH 

e m p lo y ed  in the tw o s tu d ie s .  In the  p r e s e n t  w o rk  a l l  in h ib i to r  e f ­

f e c t s  w e r e  e x a m in e d  a t  pH  5. 75 an d  only  fo rm a ld e h y d e  w as  show n to  , 

inh ib it  the  i s o z y m e s .

Sco tt  (22) h a s  r e p o r t e d  th a t  the  r a t e  of th e  BB r e a c t io n  w as  l e s s  

d e p en d e n t  on s u b s t r a t e  c o n c e n t r a t i o n  th a n  the  AA re a c t io n .  H o w e v e r ,  

the Km v a lu e s  fo r  the in d iv id u a l  i s o z y m e s  u s in g  p -n i t ro p h e n y lp h o s p h a te  

u n d e r  the  c o n d it io n s  em p lo y e d  in th i s  s tu d y  do not r e f l e c t  th i s  d i f f e r ­

e n ce .  He f u r t h e r  r e p o r t e d  tha t A A  is  in h ib i te d  m o r e  by p hospha te  

th a n  BB. I s o z y m e s  (A )IS an d  (B)S show ed  no d e te c ta b le  d i f f e re n c e  

in  Ki; h o w e v e r ,  th e  K i v a lu e  fo r  (B)I^ w as  s l ig h t ly  g r e a t e r  th a n  the 

Ki fo r  (A )F.

L u ffm an  and H a r r i s  (24) have in d ic a te d  the  p o s s ib i l i ty  of i n t e r ­

c o n v e r s io n  of th e  i s o z y m e s  upon h e a t in g  c ru d e  h e m o ly s a te s  fo r  v a r io u s  

t im e  p e r io d s .  Sh inoda (25) and B o tt in i  an d  M odiano  (26) r e p o r t e d  the 

a p p e a r a n c e  of new  zo n es  of e l e c t r o p h o r e t i c  m o b i l i ty  upon t r e a t m e n t  

of c ru d e  p r e p a r a t i o n s  w i th  o x id ized  g lu ta th io n e .  S tu d ie s  of the  e f ­

fe c t s  of h e a t in g  and  th e  e f f e c t s  of o x id ized  g lu ta th io n e  on the in d iv id u a l  

i s o z y m e s  show ed  a  d e c r e a s e  in a c t iv i ty .  T h e s e  c h an g e s  in  a c t iv i ty
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w e r e  not h o w e v e r  r e f le c te d  by ch a n g e s  in  e l e c t r o p h o r e t i c  m o b i l i ty  of 

the  i s o z y m e s .  The i s o z y m e s  a p p e a r e d  to  be s ta b le  and  u n d e r  the con ­

d i t io n s  e m p lo y ed  and  show ed no  in d ic a t io n  of in t e r c o n v e r s io n .  T h e re  

is  so m e  in d ic a t io n  th a t  c o n c e n t r a te d  s a m p le s  m a y  a g g re g a te  on s t o r ­

age  in to  a  p ro te in  of h ig h e r  m o l e c u l a r  w eigh t w h ich  s t i l l  r e t a in s  

e n z y m ic  a c t iv i ty .

T h e r e  s e e m s  to  be  so m e  d i f f e r e n c e  b e tw e e n  the  i s o z y m e s  of p h en o ­

ty p e s  BB an d  CC w i th  r e s p e c t  to  s ta b i l i ty  in  th e  p r e s e n c e  of added  

p h o sp h a te  an d  the e f fe c t  of in c u b a t io n  a t  37°C . I s o z y m e  (B)I^ is  m u c h  

l e s s  s ta b le  th a n  (C)I^ in the a b s e n c e  of added  p h o sp h a te  and  a l s o  upon 

in c u b a t io n  a t  37°C , w h e r e a s  (B)S w as  m o r e  s ta b le  th an  {C)S in  th e se  

two s tu d ie s .  T h e s e  r e s u l t s  could  be due to  s l ig h t  d i f f e r e n c e s  in  p h o s ­

p h a te  c o n c e n t r a t io n  d u r in g  p r e p a r a t i o n ,  d i f f e r e n c e s  in  io n ic  s t r e n g th ,  

o r  ev en  d i f f e r e n c e s  in  the  s p e c i f ic  a c t iv i ty  of th e  p r e p a r a t i o n s .

S co tt  r e p o r t e d  th a t  the r a t e  of in a c t iv a t io n  of AA and  BB w e r e  in ­

d is t in g u is h a b le  (22). Shinoda r e p o r t e d  th a t  A C and  BC a r e  l e s s  s e n s i ­

t iv e  to  h e a t  e x p o s u re  a t  50°C  th a n  A, AB, and  B. (25). S im i la r  r e ­

s u l t s  have  b e e n  r e p o r t e d  by  L u ffm a n  and  H a r r i s  (24). Both  of th e se  

l a t t e r  s tu d ie s  w e r e  done  on c ru d e  h e m o ly s a te s  w h ich  m a k e s  th e  r e -  

s u i t s  d i f f ic u l t  to  c o m p a r e  w ith  r e s u l t s  found w ith  m o r e  p u re  p r e p a r a ­

t io n s  of the  in d iv id u a l  i s o z y m e s .

T h is  s tu d y  of - e ry th ro c y t ic  a c id  p h o s p h a ta s e s ,  f a r  f r o m  c o m p le te ,  

h a s  m e r e l y  opened  th e  d o o r  f o r  f u r t h e r  in v e s t ig a t io n  and  m a d e  s e v e r a l



new d i r e c t io n s  of s tu d y  a p p a r e n t .  T he  low m o le c u la r  w eigh t of the  

i s o z y m e s  m a k e s  th e m  r e a s o n a b le  c a n d id a te s  fo r  p r i m a r y  s e q u en ce  

d e t e r m in a t io n s .  T h is  would  of c o u r s e  n e c e s s i t a t e  the p r e p a r a t io n  of 

ho m o g e n eo u s  i s o z y m e s .  W o rk  a long  th i s  l in e  h a s  been  u n s u c c e s s f u l  

to  da te  due to  the  in s ta b i l i ty  of the i s o z y m e s .  The d e t e r m in a t io n  of 

the p r i m a r y  se q u e n c e  w ould  of c o u r s e  c l e a r  up the r e la t io n s h ip  b e ­

tw een  the v a r io u s  i s o z y m e s  w ith  r e s p e c t  to  s t r u c t u r e .  The p r o b le m  

a s  to  w h e th e r  th e  i s o z y m e s  f r o m  an  in d iv id u a l  pheno type  a r e  t r u e  

c o n f o r m e r s  s e e m s  to  be m o r e  e a s i l y  a p p ro a c h e d .  If tw o i s o z y m e s  

a r e  t r u e  c o n f o r m e r s ,  th e n  unfo ld ing  in  the  p r e s e n c e  of guan id ine  h y ­

d r o c h lo r id e  o r  u r e a  shou ld  e l im in a te  a n y  d i f f e r e n c e s  in  the  two. Upon 

r e m o v a l  of the guan id ine  o r  u r e a ,  the  p r e p a r a t io n s  shou ld  y ie ld  an  

i s o z y m e  o r  i s o z y m e s  w h ich  a r e  in d is t in g u is h a b le  on e l e c t r o p h o r e s i s .

F in a l ly ,  t h e r e  s t i l l  r e m a i n s  the  u n a n s w e re d  q u e s t io n  a s  to  how 

th e s e  i s o z y m e s  a r e  r e l a t e d  to  G - 6 - P D  d e f ic ie n c y  in  C a u c a s ia n s .

The i s o z y m e s  f r o m  h o m o z y g o u s  in d iv id u a ls  w ith  G - 6 - P D  d e f ic ie n c y  

can  now be  r e s o lv e d  and  c o m p a re d  w ith  r e s p e c t  to  pH op tim a , K m  fo r  

p -n i t ro p h e n y lp h o s p h a te ,  K i f o r  p h o sp h a te ,  and  m o l e c u la r  w eigh t to  

v a lu e s  th a t  have  b e e n  o b ta in ed  f r o m  i s o z y m e s  o f  n o r m a l  b lood. S tud ­

ie s  su c h  a s  th e s e  shou ld  r e v e a l  w h e th e r  the  r e p o r t e d  d e f ic ie n c y  in ­

v o lv e s  a  q u a l i ta t iv e  d i f f e r e n c e  in  one o r  m o r e  of the  i s o z y m e s .



C H A P T E R  VI 

SUMMARY

The h o m o z y g o u s  p h en o ty p es  AA, BB, and  CC of e r y th r o c y t i c  

a c id  p h o s p h a ta s e  have  e a c h  b e e n  r e s o lv e d  in to  t h e i r  tw o  m a jo r  a c id  

p h o s p h a ta s e  co m p o n e n ts .  The i s o z y m e s  have  been  d e s ig n a te d  (A )IS, 

(A )F, (B)I^, (B)S, (C)S, (C)I^ in  a c c o r d a n c e  w ith  t h e i r  e l e c t r o p h o r e t i c  

m o b i l i t i e s .  E a c h  of th e s e  i s o z y m e s  can  be s ta b i l i z e d  by the  ad d i t io n  

of p h o sp h a te  and  C le la n d 's  r e a g e n t  (d i th io th re i to l ) .  P h o s p h a te  h a s  

b e e n  show n to  be  a  c o m p e t i t iv e  in h ib i to r  of th e  i s o z y m e s .

The i s o z y m e s  a p p e a r  to  fa l l  in to  fo u r  e l e c t r o p h o r e t i c  ty p e s ,  bu t 

in to  tw o g ro u p s  on the  b a s i s  of pH o p tim a , in h ib i to r  c o n s ta n t  (Ki) for 

p h o sp h a te ,  and  M ic h a e l i s  c o n s ta n t  (Km) u s in g  p -n i t ro p h e n y lp h o s p h a te .  

The o p t im u m  pH f o r  (A )IS, (B)S, and  (C)S w as  4. 6 2 -5 .  10, 5. 10 -5 . 34, 

and 5. 10 -5 . 34 r e s p e c t iv e l y .  The o p t im u m  pH fo r  (A )F , (B)I^, and

(C)I^ w as  5 .8 5 ,  5 . 5 0 - 5 . 7 0 ,  and  5 .6 3  r e s p e c t iv e ly .  T h e  Ki v a lu e s  

fo r  (A )F, (B)I^, and  (C)I^ w e r e  2. 2 x  10"^ M, 2. 8 x  10“ 3 M, and

2 .2  x  1 0 "3 M. The v a lu e s  f o r  (A)IS, (B)S, an d  (C)S w e re  found to  be

9.0 x 10“ 4 M, 1. 4 x  10"^  M, and  9. 0 x  10~4 M. T h e  K m  v a lu e s  w e re

8 .2  x 1 0 '4  M, 8 .8  x  10"4 M, and 8. 0 x  10“4 M fo r  (A )IS, (B)S, and

(C)S r e s p e c t iv e l y .  T h e  v a lu e s  d e t e r m in e d  f o r  (A)F, (B)I^, and  (C )I^v e re
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4. 6 x  1(T4M, 5. 4 x 1 0 "4M and 5. 0 x 1(T4M.

T he m o l e c u la r  w e ig h t  f o r  e a c h  of the  i s o z y m e s  w as  d e t e r m in e d  

by g e l - f i l t r a t i o n  em p lo y in g  a  S ep h ad ex  G -150  co lum n, by d i s c  e l e c ­

t r o p h o r e s i s ,  and  a l s o  b y  t h i n - l a y e r  c h r o m a to g r a p h y  u s in g  S ephadex  

G -75 .  T h e  m o l e c u l a r  w e igh t  of the  i s o z y m e s  by a l l  t h r e e  m e th o d s  

ra n g e d  f r o m  15, 000 to  20, 000. T he  i s o z y m e s  a p p e a r  to  be  i n d i s ­

t in g u is h a b le  on the  b a s i s  of m o l e c u l a r  w eigh t .

C o n c e n t ra te d  s a m p le s  of the  i s o z y m e s  a r e  u n s ta b le  to  h e a t  and 

a l s o  a p p e a r  to  f o r m  a g g r e g a te s  upon s tan d in g  a t  4 °C  fo r  s e v e r a l  

d ay s .  T h e s e  a g g r e g a te s  s t i l l  r e t a i n  so m e  e n z y m ic  a c t iv i ty .  No e v i ­

d en ce  w as  found fo r  in t e r c o n v e r s io n  of the  i s o z y m e s .  S ta b i l iz a t io n  

of the i s o z y m e s  by  s u lfh y d ry l  r e a g e n t s  s u c h  a s  r e d u c e d  g lu ta th ione  

and C le la n d 's  r e a g e n t  a n d  in h ib i t io n  by o x id ized  g lu ta th ione ,  PC M B , 

and  m e r c u r y  le a d  to  the  h y p o th e s i s  th a t  s u l fh y d ry l  g ro u p s  a r e  e s ­

s e n t i a l  f o r  e n z y m ic  a c t iv i ty .
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