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SUMMARY 

Human 8 - g l u c u r o n i d a s e  has  been  i s o l a t e d  from four  s o u r c e s  b y  a f f in i ty  c h r o m a -  
t o g r a p h y  on a h e t e r o l o g o u s  a n t i b o d y  r e s i n .  P a r t i a l  p u r i f i c a t i o n  of 30-180X has  b e e n  
a c h i e v e d  in  one s t e p .  8 - G l u c u r o n i d a s e  from t h e s e  s o u r c e s  w e r e  t a k e n  up  b y  8 - g l u -  
c u r o n i d a s e  def ic ien t  f i b r o b l a s t s  in  c u l t u r e  and p r o d u c e d  c o r r e c t i o n  of the  a b n o r m a l  
ac id  m u e o p o l y s a c e h a r i d e  accumula t i on .  Enzyme p r e p a r a t i o n s  from b lood  p l a t e l e t s  
had  fa r  g r e a t e r  u p t a k e  and  c o r r e c t i v e  a c t i v i t y  than  e n z y m e s  from l i v e r ,  p l a c e n t a ,  
o r  u r i n e .  

INTRODUCTION 

8 - G l u e u r o n i d a s e  (EC 3 . 2 . 1 . 3 1 )  i s  a h y d r o l y t i c  enzyme  for wh ich  a dua l  l o e a l i -  

1-3 za t ion in  the  ly sosome  and mie rosomes  and  mu l t i p l e  i n t r a e e l l u l a r  forms a r e  r e -  

p o r t e d  4, 5 The d e f i c i e n c y  of th i s  enzyme in  man 6 '  7 has  r e c e n t l y  j o i n e d  the  l i s t  

of l y s o s o m a l  h y d r o l a s e  de f i c i enc i e s  wh ich  p r o d u c e  a m u c o p o l y s a e c h a r i d e  s t o r a g e  

d i s e a s e .  Hal l ,  et al 8 d e m o n s t r a t e d  that  f i b r o b l a s t s  from a 8 - g l u c u r o n i d a s e  de f i c i en t  

pa t i en t  accumula te  e x c e s s i v e  amounts  of 35S-ac id  m u c o p o l y s a c c h a r i d e s  in  c u l t u r e ,  

and  tha t  t h i s  b i o c h e m i c a l  a b n o r m a l i t y  i s  c o r r e c t e d  b y  the  a d d i t i o n  of  p a r t i a l l y  p u r i -  

f ied B - g l u c u r o n i d a s e  from b o v i n e  l i v e r  8. 8 - G l u c u r o n i d a s e  from human  f i b r o b l a s t s  

a l so  shows  c o r r e c t i v e  a c t i v i t y  9. 

We r e p o r t  he r e  a g e n e r a l  method of  i s o l a t i n g  8 - g l u e u r o n i d a s e  from a v a r i e t y  of 

human  s o u r c e s  u s i n g  an i m m u n o a d s o r b e n t  ge l  and  S tud ies  w h i c h  c o m p a r e  the  u p t a k e  

p r o p e r t i e s  and  the  c o r r e c t i v e  ac t i v i t y  of t h e s e  enzyme  p r e p a r a t i o n s .  
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MATERIALS AND METHODS 

P r e p a r a t i o n  of  a n t i b o d y - S e p h a r o s e  ge l .  B - G l u c u r o n i d a s e ,  p u r i f i e d  from ra t  

p r e p u t i a l  g l a n d s  10 and  homogeneous  b y  p o l y a c r y l a m i d e  ge l  e l e c t r o p h o r e s i s ,  was i n -  

j e c t e d  s u b c u t a n e o u s l y  in to  goa ts  in  F r e u n d ' s  a d j u v a n t  ove r  s ix  w e e k s .  Immunog lob-  

u l ins  (IgG) from goat  s e r a  we re  i s o l a t e d  b y  ammonium sul fa te  p r e e i p i t a t i o n  and DEAE- 

ce l lu lo se  c h r o m a t o g r a p h y  11 and l y o p h i l i z e d .  P r i o r  to c o u p l i n g ,  the  IgG f rae t ion  was  

d i s s o l v e d  and  d i a l y z e d  aga in s t  0.2 M sodium c i t r a t e ,  pH 6.5 .  F ive  g r a m s  of IgG were  

eoup l ed  to 400 g of c y a n o g e n  b r o m i d e  ac t iva t ed  S e p h a r o s e  2B (0 .3g  CNBr /ml  p a c k e d  

ge l )  b y  m i x i n g  for  16 h r  at 4 ° in  a to ta l  vo lume of 730 ml of the  c i t r a t e  bu f f e r  12 

The  a n t i b o d y - S e p h a r o s e  was w a s h e d  e x t e n s i v e l y  wi th  0.15 M NaC1 be fo re  u s e .  

Lysosomal  h y d r o l a s e  ac t iv i ty  a s s a y s  m e a s u r e d  r e l e a s e  of p - n i t r o p h e n o l  o r  4- 

m e t h y l u m b e l l i f e r o n e  from s y n t h e t i c  s u b s t r a t e s  (S igma)  af te r  100 u I s u b s t r a t e  

and  20 u l  enzyme were  i n e u b a t e d  for  30 rain at 37 ° .  The  r eac t i on  was  s topped  b y  

a d d i t i o n  of 1.90 ml of 0.32 M__ g l y e i n e ,  0.20 M__ sodium c a r b o n a t e ,  pH i 0 . 4  bu f f e r .  

S u b s t r a t e  so lu t ions  we re  p - n i t r o p h e n y l  p h o s p h a t e  d i sod ium (10 raM), and  4 - m e t h y l -  

u m b e l l i f e r y l - B - D - g l u e u r o n i d e  (1 raM), - N - a c e t y l -  B-D-g lucosamin ide  (1 raM), - B - D -  

g a l a c t o s i d e  (1 raM), - a - D - m a n n o s i d e  (0 .8  raM) in the  bu f f e r s  p r e v i o u s l y  d e s c r i b e d  13. 

P r e p a r a t i o n  of l i v e r ,  p l a c e n t a  and p l a t e l e t  e x t r a c t s .  F rozen  l i v e r  (100 g ) o r  

p l a c e n t a  (20 g)  was  homogen ized  in  a War ing  b l e n d o r  in  f ive vo lumes  of T R I S - s a l i n e  

(0.01 MTRIS ( h y d r o x y m e t h y l )  aminomethane .  HC1, 0.15 M NaC1, pH 7.0) .  Ammo- 

n ium sul fa te  was  a d d e d  to the  12,000 x g s u p e r n a t a n t .  The 30-45% ( l i v e r )  p r e c i p i -  

ta te  o r  0-40% (p l acen t a )  was d i s s o l v e d  in  and d i a l y z e d  aga ins t  T R I S - s a l i n e .  P la te le t s  

w e r e  i s o l a t e d ,  w a s h e d  14 and r u p t u r e d  b y  son ica t ion  o r  l y s e d  b y  1% DOC t r ea tmen t  in  

0.05 M TRIS,  pH 8.0 and  f rozen  for  s t o r a g e .  P r i o r  to u s e  DOC was  p r e e i p t a t e d  from 

l y s a t e s  with 0.01 M_ CaC12. 

I so la t ion  of ~ - g l u e u r o n i d a s e  b y  af f in i ty  c h r o m a t o g r a p h y .  The  t i s s u e  e x t r a c t  

was  p a s s e d  o v e r  a eolumn of a n t i b o d y - S e p h a r o s e  (0 .9  em x 2-10 era) .  Af te r  w a s h i n g  

the  column wi th  10 b e d  vo lumes  of T R I S - s a l i n e  o r  un t i l  the  O .D.  28o>0.01, the  B-g lu-  

e u r o n i d a s e  ac t i v i t y  was  e lu t ed  wi th  6 M_ u r e a  in  0.01 M TRIS,  pH 7.0 .  The  e lua te  

was  d i a l y z e d  a g a i n s t  T R I S - s a l i n e  and  e o n e e n t r a t e d  b y  u l t r a f i l t r a t i o n .  
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Table  I 

Specif ic  ac t iv i t ies  a of ~ - g l u c u r o n i d a s e  and accompany ing  

lysosomal  enzymes  from human  s o u r c e s  before  b and  af ter  

Cpurif icat ion by  aff ini ty c h r o m a t o g r a p h y  

Placenta  Ur ine  L ive r  Platelet  
(DOC) Sonic 

B-Glucuronidase  
before  379 288 207 413 37 
af ter  68,180 19,500 6,880 12,511 4,600 

B-N-aee ty lg luco-  
samin idase  

before  1,158 882 1,000 1,362 425 
af ter  n . d .  c 345 n . d .  n . d .  735 

u-Mannos idase  
before  15.8 59 42 54 13.9 
af ter  n . d .  n . d .  26 n . d .  n . d .  

~ -Ga lac tos idase  
before  31.6 512 400 5 13.5 
af ter  n . d .  n . d .  n . d .  n . d .  n . d .  

Acid Phospha ta se  
before  5,800 48,300 1,360 342 2,000 
af ter  n . d .  n . d .  n . d .  n . d .  n . d .  

a) One un i t  is  n m o l e / h r ,  p - n i t r o p h e n o l  (for acid p h o s p h a t a s e  ac t iv i ty )  or  4 - m e t h y l u m b e ~ -  
fe rone  (for o the r  h y d r o l a s e  ac t i v i t i e s ) .  P ro te in  was d e t e r m i n e d  by  the  method of Lowry 

b )  Crude  enzyme ex t r ac t s  were  p r e p a r e d  for adso rp t ion  on aff ini ty r e s i n  as d e s c r i b e d  in  
Mater ia ls  and Methods .  P r io r  to use  all ex t r ac t s  we re  c e n t r i f u g e d ,  ex t r ac t s  of l i v e r ,  
p l acen ta  and  p la te le t  ( sonic)  at 12,000 x g,  p la te le t  (DOC) CaC1 2Prec ip i t a t ion  mix tu r e  
at 5,000 x g,  and  f r e s h l y  co l lec ted ,  cooled u r i n e  at 1,000 x g.  

c) Not de tec table ;  enzymat ic  ac t iv i ty  was c o n s i d e r e d  rea l  if  g r e a t e r  than  two t imes  the  
b l a n k  va lue .  

B - G l u e u r o n i d a s e  u p t a k e  a n d  b i o c h e m i c a l  c o r r e c t i o n .  P r i m a r y  f i b r o b l a s t s  f r o m  

o n e  n o r m a l  p a t i e n t  a n d  o n e  p a t i e n t  w i t h  B - g l u e u r o n i d a s e  d e f i c i e n c y  m u e o p o l y s a e e h a -  

r i d o s i s  w e r e  m a i n t a i n e d  i n  E a g l e ' s  M i n i m a l  E s s e n t i a l  M e d i u m  w i t h  10% h e a t  i n a c t i v a t e d  

f e t a l  c a l f  s e r u m .  E n z y m e s  to  b e  i n c u b a t e d  w i t h  f i b r o b l a s t s  w e r e  m i x e d  w i t h  d i l u e n t  

( s a l i n e - 1 0 %  f e t a l  c a l f  s e r u m )  p r i o r  to  s t e r i l i z a t i o n  t h r o u g h  M i l l i p o r e  f i l t e r s .  U p t a k e  

a n d  c o r r e c t i o n  of  3 5 S - a c i d  MPS a c c u m u l a t i o n  w e r e  m e a s u r e d  s i m u l t a n e o u s l y  u s i n g  

c u l t u r e d  f i b r o b l a s t s  f r o m  t h e  s a m e  p a s s a g e .  E n z y m e  u p t a k e  w a s  m e a s u r e d  b y  d e t e r -  

m i n i n g  t h e  p e r c e n t a g e  of  a d d e d  e n z y m e  t a k e n  u p  b y  f i b r o b l a s t s  i n  35 m m  d i s h e s  d u r i n g  

48 h o u r s .  C o r r e c t i o n  of  MPS a c c u m u l a t i o n  w a s  m e a s u r e d  b y  t h e  r e d u c t i o n  i n  t h e  
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F i g u r e  I .  Uptake  of human B - g l u c u r o n i d a s e  from u r i n e  ( - A ) ,  p l a c e n t a  ( - 4 ) ,  
l i v e r  ( -m- ) ,  p l a t e l e t  son ica te  ( - o - ) ,  P la te le t -DOC ( - e - )  in  f i b r o b l a s t s  
de fec t ive  in  ~ - g l u c u r o n i d a s e  a c t i v i t y .  Cel l s  we re  c u l t u r e d  in  35 mm 
p l a s t i c  p e t r i  d i s h e s  for  48 h r  in  medium c on t a in ing  the  B - g l u c u r o n i -  
d a s e .  The  d i s h e s  of ce l l s  we re  then  ~rashed  t h r e e  t imes  wi th  0.15 
MNaCI  and f ixed  b y  t r ea tmen t  in -20Vace tone  for  20 s ee .  The  p la t e s  
we re  assayeod with  0.5 ml of 1 mM 4 - m e t h y l u m b e l l i f e r y l - B - D - g l u c u -  
r o n i d e  at 37 for  1 h r .  

35SO~ accumula t ion  b y  def ic ien t  f i b r o b l a s t s  in  100 mm p l a t e s  ove r  48 h o u r s  in  r e -  

s p o n s e  to a d d e d  B - g l u c u r o n i d a s e  a c c o r d i n g  to the  method of Bar ton  and Neufe ld  15'  16 

RESULTS 

The  s e l ec t i ve  r e t e n t i o n  of human B - g l u c u r o n i d a s e  on goat  a n t i - r a t - B - g l u c u r o n i -  

d a s e - S e p h a r o s e  i s  shown in Tab le  I .  A 30-180 fold i n c r e a s e  in  spec i f i c  ac t i v i t y  of 

~ - g l u c u r o n i d a s e  was o b t a i n e d  b y  a d s o r p t i o n  to and  e lu t ion  from the  ge l .  By con-  

t r a s t ,  the  o the r  l y s o s o m a l  h y d r o l a s e s  m e a s u r e d  we re  not  de t e c t a b l e  o r  g r e a t l y  r e -  

d u c e d  in  the  ge l  p u r i f i e d  B - g l u e u r o n i d a s e  p r e p a r a t i o n s .  The  ge l  r e t a i n e d  95-99% of 

a p p l i e d  B - g l u c u r o n i d a s e  from p la t e l e t  o r  p l a c e n t a  e x t r a c t s ,  bu t  at l eas t  80% of the  

o t h e r  ac t iv i t i e s  m e a s u r e d  w e r e  r e c o v e r e d  in  the  eff luent  of c r u d e  e x t r a c t .  R e c o v e r y  

of a d s o r b e d  B - g l u c u r o n i d a s e  in  the  6 M u r e a  e lua te  v a r i e d  from 60-100%, wi th  r e c o v e r y  

i m p r o v i n g  on r e p e a t e d  u s e  of the  ge l .  We s u g g e s t  tha t  the  h i g h e s t  af f in i ty  s i t e s  for 

B - g l u c u r o n i d a s e  do not  r e l e a s e  the  enzyme in  the  p r e s e n c e  of 6 M u r e a  and  that  one 

a p p r o a c h e s  quan t i t a t i ve  r e c o v e r y  of a d s o r b e d  enzyme when  the  h igh  af f in i ty  s i t es  

become s a t u r a t e d .  

F ig .  1 shows  the  u p t a k e  of B - g l u c u r o n i d a s e  from five enzyme p r e p a r a t i o n s  b y  

B - g l u c u r o n i d a s e  de f ic ien t  f i b r o b l a s t s .  A l though  each  p r e p a r a t i o n  of B - g l u c u r o n i d a s e  

i s  t a k e n  u p ,  t h e r e  i s  a s t r i k i n g  d i f f e r ence  b e t w e e n  the  p l a t e l e t  enzyme and enzyme  
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F i g u r e  2. 
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R e s p o n s e  of 35S_MP S accumula t ion  to a d d e d  human  B - g l u c u r o n i d a s e  
from u r i n e  ( - A - ) ,  p l a c e n t a  ( - 4 - ) ,  l i v e r  ( - j - ) ,  p l a t e l e t  son i ca t e  
( - o - ) ,  p la te le t -DOC ( - e - )  f i b r o b l a s t s  de fec t ive  in  8 - g l u c u r o n i d a s e  
a c t i v i t y .  Cel ls  w e r e  c u l t u r e d  in  100 mm p l a s t i c  p e t r i  d i s h e s  for  48 
h r  in  medium con ta in ing  8 - g l u c u r o n i d a s e  and  35~_~(~,  and  a n a l y z e d  
a c c o r d i n g  to the  p r o c e d u r e  of Bar ton  and  Neufe ld  ~ . . . .  . The  3sS-MPS 
accumula t ion  of a no rma l  l ine  of f i b r o b l a s t s  (e) wi thou t  a d d e d  e n z y m e ,  
was u s e d  to e s t a b l i s h  a v a l u e  for  100% c o r r e c t i o n .  A r r o w s  deno te  
po in t  of ha l f -max ima l  c o r r e c t i o n .  

d e r i v e d  from l i v e r ,  p l a c e n t a  and  u r i n e  in  the  amount  t a k e n  up  p e r  un i t  of c a t a l y t i c  

a c t i v i t y  a d d e d  to the  c u l t u r e  med ium.  In s e p a r a t e  e x p e r i m e n t s  a r a n g e  of 8-25% 

u p t a k e  has  b e e n  o b t a i n e d  for  v a r i o u s  p l a t e l e t  p r e p a r a t i o n s .  The  p r e s e n c e  of 

d e o x y c h o l a t e  (DOC) o r  T r i t on  X-100 d u r i n g  p l a t e l e t  e x t r a c t i o n  r e l e a s e s  50-100% more  

enzyme  into  the  s u p e r n a t a n t  t han  i s  r e l e a s e d  in  the  a b s e n c e  of d e t e r g e n t ,  b u t  does  

not  affect u p t a k e .  

F i g u r e  2 d e m o n s t r a t e s  the  r e d u c t i o n  in  35S-MPS accumula t ion  b y  a d d e d  B-g lu -  

c u r o n i d a s e  from the  f ive p r e p a r a t i o n s .  T h e r e  i s  a g e n e r a l  c o r r e l a t i o n  in  the  o r d e r  

of u p t a k e  p r o p e r t i e s  of a g iven  enzyme p r e p a r a t i o n  and  the  c o r r e c t i v e  a c t i v i t y .  The  

p l a t e l e t  B - g l u c u r o n i d a s e  shows  both  the  h i g h e s t  up t ake  and the  g r e a t e s t  c o r r e c t i v e  

a c t i v i t y  p e r  un i t  of ca t a ly t i c  a c t i v i t y .  The  excep t ion  i s  the  l i v e r  p r e p a r a t i o n  w h i c h  

shows  p o o r e r  u p t a k e  than  any  o t h e r  p r e p a r a t i o n ,  bu t  b e t t e r  c o r r e c t i v e  a c t i v i t y  t han  

the  u r i n a r y  e n z y m e .  The  l i n e a r  up t ake  of enzyme  far  e x c e e d s  the  amount  r e q u i r e d  

for  h a l f - m a x i m a l  c o r r e c t i o n  (see  a r r o w s  in  F i g u r e  2) .  A s i m i l a r  u p t a k e  p h e n o m e n o n  

has  b e e n  r e p o r t e d  for  u r i n a r y  ~ - L - i d u r o n i d a s e  18 and p l a c e n t a  N - a c e t y l - a - g l u e o -  
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samin idase  19 by  f ib rob las t s  def icient  i n  those enzyme ac t iv i t ies  r e s p e c t i v e l y .  To 

compare  Fig.  1 and Fig.  2 we calcula te  that 100 un i t s  pe r  plate  in  an up take  e x p e r i -  

ment  (Fig.  1) is  equ iva len t  to about 1400 un i t s  pe r  plate i n  a cor rec t ion  expe r imen t  

(Fig.  2) by  accoun t ing  for the d i f ference  in  diameter  of the plates  in  which the former 

and  la t te r  s tud ies  were  eonduc ted  (35 mm vs  100 ram, r e spe e t i ve l y )  and the di f ference 

in  volume of medium in  which the enzyme was supp l i ed  to the g rowing  cells  i n  each 

s tudy  (2 ml vs  10 ml,  r e s p e c t i v e l y ) .  

DISCUSSION 

The d i scove ry  and isola t ion  of specif ic  eor ree t ive  factors for a n u m b e r  of mueo- 

po lysaeeha r ide  s torage d i s o r d e r s  has s t imula ted  great  i n t e r e s t  in  the poss ib i l i t y  of 

enzyme rep lacement  i n  lysosomal  s torage  d i s ea se s ,  f i rs t  sugges t ed  b y  Hers 20. Mixed 

r e s u l t s  with f resh  frozen p lasma in fus ions  21,22 in  these  d i s o r d e r s  have emphasized 

the need  to focus a t tent ion on pur i f i ed  enzyme p r e p a r a t i o n s  for such i nve s t i ga t i ons .  

The f ind ing  by  Hickman and Neufeld 9 that  I -ce l l  enzyme has l i t t le abi l i ty  to be  taken 

up by  and  correc t  def icient  human  f ib rob las t s  sugges ted  that enzyme in  the "p roper  

r ecogn i t ion  form" is  impor tan t  to in  v i t ro  cor rec t ion .  The s tud ies  r epor ted  here  

demons t ra te  l a rge  d i f fe rences  of both the uptake  p rope r t i e s  and cor rec t ive  act ivi ty  

among ~ - g l u c u r o n i d a s e s  from va r ious  human  sources .  These  d i f ferences  may have 

an impor tan t  b e a r i n g  on the choice of t i s sue  for pur i f i ca t ion  of human enzymes  for 

enzyme rep lacement .  

As ea r l i e r  sugges ted  9 the va r i a t ion  in  up take  abi l i ty  of the same enzyme act ivi ty  

from dif ferent  sources  may be due to subt le  s t r u c t u r a l  d i f fe rences  such  as type  and 

n u m b e r  of s u g a r  r e s i d u e s .  The in  v ivo  uptake  abi l i ty  of ce r t a in  p lasma p ro te ins  has 

been  shown to i n c r e a s e  s ign i f i can t ly  when  the t e rmina l  s ia l ie  acid is  removed to expose 

a galactose r e s idue  23 '24.  

The platelet  ~ - g l u c u r o n i d a s e  used  in  these  exper imen t s  demons t ra te  th ree  e lec-  

t rophore t i e  forms on ac ry lamide  gel e l ee t rophores i s  whereas  p lacen ta  enzyme shows 

two u n r e s o l v e d  b a n d s .  If one of the platelet  enzyme forms p rove  to be the "h igh  u p -  

take form" ana ly s i s  of the s t r u c t u r a l  d i f fe rences  compared to the "low uptake  form" 
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found in p l a t e l e t s ,  p l a c e n t a ,  u r i n e  o r  l i v e r  cou ld  account  for  i t s  r e c o g n i t i o n  and u p t a k e  

and s h e d  l igh t  on the  mechan i sm of l y s o s o m a l  r e c o g n i t i o n  for  u p t a k e .  Such i n f o r m a -  

t ion shou ld  be  v a l u a b l e  to u n d e r s t a n d i n g  no rma l  l y s o s o m a l  enzyme ma tu ra t i on  and 

loca l i za t ion  as  wel l  as  to i n v e s t i g a t i o n  of l y s o s o m a l  enzyme  r e p l a c e m e n t .  

CONCLUSION 

B - G l u c u r o n i d a s e  from s e v e r a l  human s o u r c e s  was  i s o l a t e d  b y  an a n t i b o d y - S e p h a -  

r o s e  i m m u n o a d s o r b e n t  co lumn.  The  enzyme p r e p a r a t i o n s  from p l a t e l e t s  shows  v e r y  

h igh  u p t a k e  b y  de f ic ien t  f i b r o b l a s t s  and b i o c h e m i c a l  c o r r e c t i o n  c o m p a r e d  to enzyme  

p r e p a r a t i o n s  from u r i n e ,  l i v e r  o r  p l a c e n t a .  B - G l u c u r o n i d a s e  de f i c i en t  human  f i b r o -  

b l a s t s  p r o v i d e  a u se fu l  model  for  d e f i n i n g  the r e q u i r e m e n t s  for  in  v i t r o  b i o c h e m i c a l  

c o r r e c t i o n .  
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