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Abstract

GAUCHER DISEASE: PHYSICAL, KINETIC AND IMMUNOLOGIC INVESTIGATIONS 

OF HUMAN AND CANINE ACID 0-GLUCOSIDASE

by

DIANE ELIZABETH FABBRO 

Thes is  A dv iso r :  Dr. Gregory A. Grabowski

K i n e t i c  and im m uno log ic  t e c h n i q u e s  w ere  d eve loped  to  i n v e s t i g a t e  t h e  

n a t u r e  o f  t h e  a c id  3 - g l u c o s i d a s e  (3 -G lc )  d e f e c t s  w h ich  r e s u l t  in human 

and c a n i n e  G auche r  d i s e a s e  (GD). Two new a f f i n i t y  columns,  u s in g  th e  

p o t e n t  i n h i b i t o r s  o f  3 - G l c  ( N - a l k y l - d e o x y n o j i r i m y c i n s )  a s  a f f i n i t y  

l i g a n d s ,  were  s y n t h e s i z e d  and m e th o d s  were deve loped  to  o b t a i n  homo­

geneous 3-Glc  from normal human p l a c e n t a .  P o l y c l o n a l  and  m o n o c lo n a l  

( r e p r e s e n t i n g  14 d i f f e r e n t - e p i t o p e s  f r o m  18 c l o n e s )  a n t i b o d i e s  were 

produced to  t h e  p u r e  n o rm a l  3 - G l c .  M o n o s p e c i f i c  p o l y c l o n a l  IgG and 

t r i t i a t e d - b r o m o - c o n d u r i t o l  B ep ox ide  ( [^HlBr-CBE), a s p e c i f i c  c o v a l e n t  

a c t i v e  s i t e  d i r e c t e d  i n h i b i t o r  o f  3 - G l c ,  were  u s e d  t o  q u a n t i t a t e  t h e  

f u n c t i o n a l  c a t a l y t i c  s i t e s  in  no rm a l  and  Type 1 Ashkenazi  Jewish GD 

(AJGD) enzyme p r e p a r a t i o n s :  The kc a t  v a lu e s  f o r  s e v e r a l  new s u b s t r a t e s  

w i th  th e  mutant enzymes from s p le e n  were a b o u t  1 . 5 - f o l d  l e s s  t h a n  t h e  

r e s p e c t i v e  normal enzyme, i n d i c a t i n g  a n e a r l y  normal c a t a l y t i c  c a p a c i t y  

o f  t h e  m u t a n t  en zy m es .  I m m u n o b l o t t i n g  s t u d i e s  w i t h  p o l y c l o n a l  o r  

s e v e r a l  m o n o c lo n a l  a n t i b o d i e s  i n d i c a t e d  t h r e e  m o le c u la r  forms o f  3-Glc  

(Mr  = 6 7 , 0 0 0 ,  6 2 , 0 0 0  to  65,000 and 58 ,000)  in  f i b r o b l a s t  e x t r a c t s  from 

normals  and  Type 1 AJGD p a t i e n t s .  In c o m p a r i s o n ,  o n l y  one  fo r m  o f  

c r o s s - r e a c t i n g  im m u n o lo g ic  m a t e r i a l  (CRIM) was d e t e c t e d  in  f i b r o b l a s t



iv

e x t r a c t s  f rom  Types 2 and 3 o r  s e v e r a l  non-Jew ish  Type 1 GD p a t i e n t s .  

These  s i n g l e  CRIM forms were o f  v a r i a b l e  Mr  in  th e  d i f f e r e n t  p a t i e n t s .  

D e g ly co s y la t io n  o f  t h e  3-Glc  in t h e s e  f i b r o b l a s t  e x t r a c t s  r e s u l t e d  i n  a 

s i n g l e  CRIM fo rm  (Mr  = 5 6 , 0 0 0 )  in a l l  c a s e s ,  i n d i c a t i n g  t h a t  t h e  c o re  

3 - G l c  p o l y p e p t i d e  f ro m  a l l  GD p a t i e n t s  had a normal Mr  as a s s e s s e d  by 

SDS-PAGE. The CRIM m o le c u la r  forms in  t h e  n o rm a l  and  GD s o u r c e s  were  

shown t o  b i n d  [3H]Br-CBE,  i . e . ,  t h e y  w ere  3 - G l c .  Four  m o n o c lo n a l  

a n t i b o d i e s  w ere  shown t o  i n h i b i t  3 - G l c  a c t i v i t y  by  t h r e e  d i f f e r e n t  

m e c h a n i s m s :  1 ) b lo c k in g  o f  th e  a c t i v e  s i t e ,  2 ) i n d u c t io n  o f  a conforma­

t i o n a l  change  a t  t h e  a c t i v e  s i t e ,  o r  3) bo th  o f  t h e s e  m e c h a n i s m s .  One 

o f  t h e s e  m o n o c lo n a l  a n t i b o d i e s ,  MCAb61, proved u s e f u l  f o r  th e  d e l i n e a ­

t i o n  o f  t h e  v a r i a n t s  o f  GD based  on th e  deg ree  o f  i t s  i n h i b i t i o n  o f  t h e  

r e s i d u a l  enzym at ic  a c t i v i t y .  S tu d i e s  o f  th e  c a n in e  GD i n d i c a t e d  t h a t  i t  

was an ana logue  o f  t h e  n e u ro n o p a th i c  human GD w i th  normal l e v e l s  o f  CRIM 

and t h e r m o l a b i l e  3 -G lc  a c t i v i t y .  These s t u d i e s  i n d i c a t e  t h a t  human GD 

i s  h i g h l y  h e te rogeneous  a t  t h e  p h e n o t y p i c  a s  w e l l  a s  t h e  b i o c h e m i c a l  

l e v e l s .  The r e s u l t s  a l s o  s u p p o r t  t h e  c o n c e p t  t h a t  a l l  sub types  and 

v a r i a n t s  o f  GD r e s u l t  f ro m  s i n g l e  b a s e  s u b s t i t u t i o n s  in  t h e  3 - G l c  

s t r u c t u r a l  g ene  w hich  le ad  to  a v a r i e t y  o f  p r o c e s s i n g  a b n o r m a l i t i e s  as 

well as a u n i q u e ly  a l t e r e d  a c t i v e  s i t e  in Type 1 AJGD. Based  on t h e s e  

s t u d i e s ,  i t  i s  p r o p o s e d  t h a t  t h e  a l l e l i c  d e f e c t s  in th e  sub types  and 

v a r i a n t s  o f  GD r e s u l t  from a d i s l o c a l i z a t i o n  a n d /o r  an in v ivo i n s t a b i l ­

i t y  o f  3 -G lc .



FORWARO

P o r t i o n s  o f  t h i s  t h e s i s  have been p r e s e n t e d  in  t h e  f o l l o w i n g  p u b l i c a ­
t i o n s :

I F a r r o w ,  B . R . H . ,  H a r t l e y ,  W . J . ,  P o l l a r d ,  A .C . ,  F a b b ro ,  D . , Grabow- 
s k i , G .A . ,  and D e s n i c k ,  R . J . :  G auche r  d i s e a s e  i n  t h e  d o g .  I n :  
G a u ch e r  D i s e a s e :  A C e n t u ry  o f  D e l i n e a t i o n  a™j R e s e a r c h , D esn ick ,  
R . J . ,  e d . ,  Alan ft. L i s s ,  I n c . ,  New York, pp .  645-653, 1982.1

II O esn ick ,  R . J . ,  Grabowski ,  G .A . ,  D inur ,  T . ,  F a b b ro ,  D . ,  G o l d b l a t t ,  
J . ,  and  G a t t ,  S . :  Gaucher d i s e a s e :  A membranous enzymopathy. In :  
Membranes and G e n e t i c  D i s e a s e , Sheppard ,  J . R . ,  Anderson ,  V .G . , and 
E a t o n ,  J . V . ,  e d s . ,  A lan  ft. L i s s ,  I n c . ,  New Y o r k ,  pp .  193-215,  
1982. 1

I I I  F a b b r o ,  D . , D e s n i c k ,  R . J . , and G a t t ,  S . :  Lysosomal B - g l u c o s i d a s e  
o f  r a t  l i v e r .  Enzyme 3 1 :1 22 -127 ,  1984.

IV D i n u r ,  T . ,  O s i e c k i -N e w m a n ,  K . ,  Fabbro ,  D . , L e g l e r ,  G . , G a t t ,  S . ,  
D esn ick ,  R . J . ,  a n d  G r a b o w s k i ,  G .A . :  Human a c i d  B - g l u c o s i d a s e : 
A f f i n i t y  p u r i f i c a t i o n  on N - a l k y l - d e o x y n o j i r i m y c i n  s ep h a r o s e  and 
t h e  amino a c i d  s e q u e n c e s  o f  t h e  N-te rminus  and a p e p t i d e  c o n t a i n ­
in g  t h e  a c t i v e  s i t e .  In :  Enzymes o f  L ip id  M e ta b o l i s m -2 , F r e y s z ,  
L . ,  D r e y f u s s ,  H . , M a s a r e l , R . ,  and G a t t ,  S . ,  e d s . ,  Plenum P r e s s ,  
New York, in  p r e s s . 2

V Grabowski,  G .A . , F a b b ro ,  D . , Kruse,  J .- ,  D inu r ,  T . ,  Os iecki-Newman, 
K . ,  G o l d b l a t t ,  J . , Feldman, A . ,  K ru lew sk i ,  T . ,  L e g l e r ,  G . ,  G a t t ,  
S . ,  a n d  D e s n i c k ,  R . O . :  G ene t ic  h e t e r o g e n e i t y  o f  Gaucher d i s e a s e :  
E n z y m a t i c  and immunologic s t u d i e s .  In :  Enzymes o f  L ip id  M etabo l ­
i s m - 2 ,  F r e y s z ,  L . ,  D r e y f u s s ,  H. ,  M a s a r e l ,  R . ,  and G a i t ,  S . ,  e d s . ,  
Plenum P r e s s ,  New York, in p r e s s . 2

VI G r a b o w s k i ,  G . A . ,  Os i e c k i - N e w m a n ,  K . ,  D i n u r ,  T . ,  F a b b r o ,  D . , 
L e g l e r ,  G . ,  G a t t ,  S . ,  and D esn ick ,  R . J . :  Human a c i d  B - g l u c o s i d a s e :  
Use o f  c o n d u r i t o l  B e p o x i d e  d e r i v a t i v e s  t o  i n v e s t i g a t e  t h e  
c a t a l y t i c a l l y  a c t i v e  normal and Gaucher d i s e a s e  enzymes.  J .  B i o l .  
Chem., in  p r e s s . 3

VII Os i e c k i - N e w m a n ,  K . ,  F a b b r o ,  D . , D i n u r ,  T . ,  Boas ,  S . ,  G a t t ,  S . ,  
L e g l e r ,  G . ,  D e s n i c k ,  R . J . ,  and G r a b o w s k i ,  G . A . : Human a c i d  
B - g l u c o s i d a s e :  A f f i n i t y  p u r i f i c a t i o n  o f  t h e  normal p l a c e n t a l  and 
G a u c h e r  d i s e a s e  s p l e n i c  enzym es  on N - a l k y l  d e o x y n o j i r i m y c i n -  
S ep h a ro se .  Enzyme, in  p r e s s . *

V II I  O s i e c k i - N e w m a n ,  K . ,  F ab b ro ,  D . , D in u r ,  T . ,  L e g l e r ,  G . , G a t t ,  S . ,  
D esn ick ,  R . J . ,  and Grabowski,  G .A . : Human a c i d  B - g l u c o s i d a s e :  Use 
o f  i n h i b i t o r s  and a l t e r n a t e  s u b s t r a t e s  t o  i n v e s t i g a t e  th e  p r o p e r ­
t i e s  o f  t h e  normal  and Gaucher d i s e a s e  a c t i v e  s i t e s .  Biochem.,  in  
r e v ie w .



vl

IX F a b b r o ,  0 . ,  F a r r o w ,  D e s n i c k ,  R . J . ,  and Grabowski ,  G .A . :
Canine Gaucher d i s e a s e :  P h y s i c a l ,  k i n e t i c  and immunologic s t u d i e s  
o f  the  enzym at ic  d e f e c t .  Am. J .  Hum. G e n e t . ,  in rev iew .

X Fabbro ,  D.,  D esn ick ,  R . J . ,  and G r a b o w s k i ,  G .A . :  Type 1,  2 and  3
G aucher  d i s e a s e :  G e n e t i c  h e t e r o g e n e i t y  w i th in  and among s u b ty p e s
d e l i n e a t e d  by  im m u n o b lo t t in g .  Am. J .  Hum. G e n e t . ,  in rev iew .

XI F a b b r o ,  D . , K r u s e ,  J . ,  F r a n c e ,  D . , D esn ick ,  R . J . ,  and Grabowski,
G .A . : Human a c i d  3 - g l u c o s i d a s e :  Use o f  m o n o c l o n a l  a n t i b o d i e s  t o
i n v e s t i g a t e  t h e  s t r u c t u r e  and  f u n c t i o n  o f  n o rm a l  and G a u c h e r  
d i s e a s e  enzymes,  in  p r e p a r a t i o n .

Included with permission of the publisher,Alan R. Liss,New York
Included with permission of the publisher, Plenum Press, New York
Included with publisher's permission, American Society of Biological 
Chemists, Maryland

4Included with permission of publisher,S. Karger, Basel, Switzerland



ACKNOWLEDGEMENTS
There have been s e v e r a l  peo p le  who h ave  been  i n f l u e n t i a l  in  t h e  

r e a l i z a t i o n  o f  t h i s  r e s e a r c h  and  whom I would  l i k e  t o  t h a n k .  Most 
e s p e c i a l l y ,  Dr. Gregory A. Grabowski f o r  h i s  s c i e n t i f i c  s c h o l a r s h i p  and 
c r e a t i v i t y  w h ich  ha s  guided  me th ro u g h o u t  th e  c o u rse  o f  t h e s e  g r a d u a te  
s t u d i e s .  His i n t e l l e c t u a l  e n th u s i a s m  and l e a d e r s h i p  i n s p i r e d  an a t m o s ­
phere  o f  s c i e n t i f i c  c o o p e r a t i o n  which e n r i c h e d  my e x p e r i e n c e .

I would a l s o  l i k e  to  thank  Dr. Rober t  J .  Desnick f o r  h i s  s c i e n t i f ­
i c  e x p e r i e n c e  and  h e l p f u l  g u i d a n c e .  His  d e d i c a t i o n  to  th e  p u r s u i t  o f  
s c i e n t i f i c  u n d e r s t a n d in g  and ach ievement  has been an i n s p i r a t i o n  and  a 
m o t iv a t in g  f o r c e  th ro u g h o u t  t h e s e  g ra d u a te  s t u d i e s .

I am a l s o  g r a t e f u l  f o r  t h e  v a l u a b l e  s u g g e s t i o n s  and a s s i s t a n c e  o f  
Dr.  Shimon G a t t  and  t o  Karen  Newman, Joanne Kruse,  Tama D inur ,  Dennis 
France and Amy Feldman f o r  t h e i r  t e c h n i c a l  he lp  and c r e a t i v e  i n s i g h t .

I would  a l s o  l i k e  t o  thank  Mary Ann Dent and Linda L u g o f o r  t h e i r  
e x p e r t  c l e r i c a l  a s s i s t a n c e :

P e r s o n a l  t h a n k s  a r e  e x t e n d e d  to  my m o t h e r  and f a t h e r  f o r  t h e i r  
c a r i n g  and t h e i r  s u p p o r t  which have meant so much.



TABLE OF CONTENTS
Approval Page ................................................................................................................................. i i
A b s t r a c t .................................................................................................................  i i i
Forward ................................................................................................................................................. v
Acknowledgements........................................................................................................................v i  i
Table  o f  C o n t e n t s .................................................................................................................. v i i i
L i s t  o f  T a b l e s ...............................................................................................................................x i
L i s t  o f  F i g u r e s ..........................................................................................................................x i i
L i s t  o f  A b b r e v i a t i o n s  ............................................................................................. x i i i

I O b j e c t i v e s ............................................................................................................................1

I I  Background and R a t i o n a l e .................................................... 3

A. Gaucher D is e a s e :  C l i n i c a l  H e t e r o g e n e i t y ................................................. 3

B. Acid 3 - G l u c o s i d a s e :  Enzyme P u r i f i c a t i o n  and
C h a r a c t e r  i z a t  i o n ...................................................................................................4

C. K i n e t i c ,  P h y s ic a l  and Immunologic C h a r a c t e r i z a t i o n  o f  
Normal and Gaucher D isease  Acid 3 - G lu c o s id a s e :
D is c r im in a t io n  o f  Gaucher D isease  P h e n o ty p e s ........................................6

D. The Canine Model o f  Gaucher D i s e a s e ........................................................11

I I I  M a t e r i a l s ........................................................... ............................................................... 13

IV Methods..............................................................................................................  15

A. A f f i n i t y  P u r i f i c a t i o n  o f  th e  Normal P l a c e n t a l  and 
Gaucher D isease  S p le n ic  3 -G lu c o s id a se  on N-Alkyl-  
D e o x y n o j i r im y c in -S ep h a ro se ..............................................................      .15

1. Enzyme P r e p a r a t i o n .................................................................................... 15
2. A n a l y t i c a l  P r o c e d u r e s ............................................................................. 16

B. Use o f  C o n d u r i to l  B Epoxide D e r i v a t i v e s  t o  I n v e s t i ­
g a t e  t h e  C a t a l y t i c a l l y  A c t ive  Normal and Gaucher
Disease  Enzymes...................................................................................................17

1. Enzyme S o u r c e s ..............................................................................................17
2. K i n e t i c  S t u d i e s ...........................................................................................18
3. D e te rm ina t ion  o f  kc a t  v a l u e s .............................................................19

C. Type 1, 2 and 3 Gaucher D isea se :  G ene t ic  H e te rogen ­
e i t y  Within and Among Subtypes  D e l in e a t e d  by 
Im m unoblo t t ing ..................................................................................................... 21

1. P r e p a r a t i o n  o f  F i b r o b l a s t  Lysa tes  and I s o l a t i o n
o f  3 - G lu c o s id a s e  from Media ..............................................................21

2. Immunoblots .................................... ...............................................................23
3. N-Glycanase  D i g e s t i o n .............................................................................24



4. [3H]Br-CBE L ab e l in g  o f  F i b r o b l a s t  3-Glucosidase ................. 24
5. Assay C o n d i t i o n s ........................................................................................ 25

D. C h a r a c t e r i z a t i o n  and Use o f  Monoclonal A n t ib o d ie s  to  
I n v e s t i g a t e  t h e  S t r u c t u r e  and Func t ion  o f  Normal and 
Gaucher D isease  3 - G l u c o s i d a s e ...................................................................25

1. P ro d u c t io n  o f  Hybridomas ...........................................................25
2. Sc reen ing  Assays f o r  3 -G lu c o s id a s e  Hybridomas..................... 26
3. A s c i t e s  P ro d u c t io n  o f  Monoclonal A n t i b o d i e s ..........................27
4. C h a r a c t e r i z a t i o n  and P u r i f i c a t i o n  o f  Monoclonal

A n t ib o d ie s  t o  3 - G l u c o s i d a s e ..............................................................27
5. K i n e t i c  S tu d i e s  u s in g  I n h i b i t o r y  M on o c lo n a ls ........................28

E. P h y s i c a l ,  K i n e t i c  and Immunologic I n v e s t i g a t i o n s  o f
t h e  Canine Model o f  Gaucher D i s e a s e .....................................................30

1. I d e n t i f i c a t i o n  and Q u a n t i t a t i o n  o f  Glyco- 
s p h i n g o l i p i d s .............................................................................................. 30

2. Enzyme P r e p a r a t i o n ...................................................................................31
3. D e te rm ina t ion  o f  3 -G lu c o s id a s e  A c t i v i t i e s ............................ 31
4. K i n e t i c  S t u d i e s ......................................................................................... 32
5. Membrane A s s o c i a t i o n  o f  3 - G l u c o s i d a s e .......................................33
6 . E l e c t r o p h o r e s i s  and I s o e l e c t r i c  F o c u s in g ................................33
7. Concanavalin  A Chromatography......................................................... 34
8 . T h e r m o s t a b i l i t y  S t u d i e s ....................................................................... 35
9. Immunoblot t ing S t u d i e s ......................................................................... 35

10. P u r i f i c a t i o n  o f  Canine S p le n ic  3 - G l u c o s i d a s e . . .................... 36

R e s u l t s  and D i s c u s s i o n ............................................................................................ 38

A. A f f i n i t y  P u r i f i c a t i o n  o f  t h e  Normal P l a c e n t a l  and 
Gaucher D isease  S p le n i c  3 - G lu c o s id a s e  on N-Alkyl-  
D e o x y n o j i r im y c in -S ep h a ro s e ......................................................................... 38

1. A f f i n i t y  P u r i f i c a t i o n  o f  Normal 3 - G l u c o s i d a s e ........................ 38
2. A f f i n i t y  P u r i f i c a t i o n  o f  Type 1 AJGD

3 - G l u c o s i d a s e .............................................................................................. 46
3. C o n c l u s io n s .................................................................................................... 47

B. Use o f  C o n d u r i to l  B Epoxide D e r i v a t i v e s  to  I n v e s t i g a t e
t h e  C a t a l y t i c a l l y  A c t ive  Normal and Gaucher Disease  
3 - G l u c o s i d a s e ..............................................  48

1. D e te rm ina t ion  o f  kc a t  v a l u e s ...................................................... . . . 4 8
2. D i s c u s s i o n ...................................................................................................... 53

C. Type 1, 2 and 3 Gaucher D isea se :  G ene t ic  H e t e r o g e n e i t y  
Within and Among Subtypes  D e l in ea te d  by Im m u n o b lo t t in g . . . . 5 7

1. S o l u b i l i z a t i o n  o f  3-Glc  A c t i v i t y ....................................................57
2. Immunoblo tt ing S t u d i e s ...........................................................................57
3. N-Glycanase D i g e s t i o n .................................................................... . . . . 6 8
4. D i s c u s s i o n ...................................................................................................... 68



X

D. C h a r a c t e r i z a t i o n  and Use o f  Monoclonal A n t ib o d ie s  to  
I n v e s t i g a t e  the  S t r u c t u r e  and F unc t ion  o f  Normal and 
Gaucher D isease  3 - G l u c o s i d a s e ................................................................... 76

1. C h a r a c t e r i z a t i o n  o f  Monoclonal A n t i b o d i e s .............................76
2. I n t e r a c t i o n  o f  3 -G lu c o s id a s e  w i th  I n h i b i t o r y

Monoclonal A n t i b o d i e s ............................................................................83
3. The E f f e c t  o f  S u b s t r a t e s  and E f f e c t o r s  on 

I n h i b i t i o n  o f  Normal 3-Glc  by Monoclonal
A n t i b o d i e s . ................................................................................................... 86

4. The E f f e c t  o f  Monoclonal A n t ib o d ie s  F - l ,  F-2 and
61 on I n h i b i t i o n  o f  Gaucher D isease  3 -G lu c o s id a s e  
A c t i v i t y .......................................................................................................... 94

5. D e l i n e a t i o n  o f  t h e  H e t e r o g e n e i t y  o f  Gaucher Disease
Using Monoclonal Ant ibody  61 ............................................................97

6 . D i s c u s s i o n ...................................................................................................102

E. P h y s i c a l ,  K i n e t i c  and Immunologic I n v e s t i g a t i o n s  o f
th e  Canine Analogue o f  Gaucher D i s e a s e .......................................... 109

1. I d e n t i f i c a t i o n  and Q u a n t i t a t i o n  o f  Glyco-
s p h i n g o l i p i d s ............................................................................................ 109

2. Res idual A c t i v i t i e s ...............................  110
3. Membrane A s s o c i a t i o n  o f  3 - G l u c o s i d a s e s ................................. 114
4. C e l lu lo s e  A c e ta te  E l e c t r o p h o r e s i s  and Con-

c a n a v a l i n  A Chromatography .............................................................. 114
5. I s o e l e c t r i c  F o c u s in g ............................................................................119
6 . K in e t i c  S tu d i e s  o f  3 -G lu c o s id a s e  A c t i v i t y .......................... 123
7. T h e r m o s t a b i l i t y  S t u d i e s .................................................................... 124
8 . Immunoblott ing  S t u d i e s .......................................................................124
9. P u r i f i c a t i o n  o f  Normal Canine S p le n ic  

3 - G l u c o s i d a s e ............................................................................................ 129
10. D i s c u s s i o n ...................................................................................................132

VI C o n c l u s i o n s .................................................................................................................. 138

VII References.  ........    1 4 4

✓



xi

LIST OF TABLES

I P u r i f i c a t i o n  o f  Acid 3 -G lu c o s id a s e  from Normal and
Type 1 AJGD T i s s u e s  Using Hydrophobic Chromatography and n 
N-al ykyl -deoxynoj i r i m y c i  n S e p h a r o s e ................................................... ............39

I I  Amino Acid Composi t ion o f  3 - G l c ........................................................................... 43

I I I  Comparison o f  K i n e t i c  C o n s ta n ts  o f  t h e  Normal and
Type 1 AJGD 3-Glc  w i th  A l t e r n a t e  S u b s t r a t e s ..............................................52

IV S o l u b i l i z a t i o n  o f  3-Glc  A c t i v i t y  in  Normal,
Type 1, and Type 2 GD F i b r o b l a s t s ..................................................................... 58

V C h a r a c t e r i z a t i o n  o f  Binding  P r o p e r t i e s  o f
A n t i -3 - G lc  Monoclonal A n t i b o d i e s ........................................................................77

VI Panel o f  A d d i t i v i t y  I n d i c i e s  f o r  Var ious
A n t i -3 - G lc  Monoclonal A n t i b o d i e s ........................................................................78

VII E f f e c t  o f  S u b s t r a t e  on th e  I n h i b i t i o n  o f  3-G lc  A c t i v i t y  by
Monoclonal A n t ib o d ie s  F - l ,  F -2 ,  and 6 1 ......................................................... 87

V III  The E f f e c t  o f  I n h i b i t i o r s  and A c t i v a t o r s  o f  3-G lc  A c t i v i t y  on
th e  I n h i b i t i o n  by Monoclonal A n t ibody  F - l .................................................. 91

IX The E f f e c t  o f  MCAb 6 1 .on t h e  K i n e t i c  I n t e r a c t i o n s  o f
Normal and Type 1 GD 3-Glc  A c t i v i t y .................................................................92

X N eu t ra l  G ly c o s p h in g o l ip id s  and GS in  T i s s u e s  o f
Canine GD and Normal Dogs......................................................................................I l l

XI " S p e c i f i c "  and " N o n sp e c i f i c "  3 - G lu c o s id a s e  A c t i v i t i e s  in
T i s s u e s  from Normal and GD A u s t r a l i a n  S i l k y  Haired  T e r r i e r s . . . 1 1 2

XII Membrane A s s o c i a t i o n  o f  3-Glc  A c t i v i t y  in
Normal and Gaucher Dog T i s s u e s .......................................................................... 113

XIII  P r o p e r t i e s  o f  "Unbound" and "Bound" 3 -G lu c o s id a s e s  in
Canine Normal and GD L i v e r ................................................................................... 118

XIV E f f e c t s  o f  M o d i f i e r s  on GC H y d ro ly s i s  in
Butanol E x t r a c t s  o f  L iv e r  from Normal and GD Dogs............................. 120

XV Comparative  P u r i f i c a t i o n  o f  Canine S p l e n i c  3-G lc
Using P ro to co l  Designed f o r  t h e  Human 3 -G lc  o r  Using
Con A and Ci2 -dNM S e p h a r o s e .................................................................................133



* 1 1

L I S T  OF FIGURES

1. Reverse phase HPLC p r o f i l e  o f  normal p lac en ta l  0-Glc
p u r i f ie d  by CiQ-dffl-Sepharose............................................................................ 40

2. Elution p r o f i l e  o f  normal and Type 1 AJ6D 0-G1c
a c t iv i ty  from C jO 'dM -Sepharose........................................................................44

3. C orre la tion  o f  enzymatic a c t i v i t y  and the number o f c a t a l y t i c  
s i t e s  1n homogeneous normal p la c e n ta l  0-61c and p a r t i a l l y  
p u r if ie d  normal and Type 1 AJGO sp le n ic  0-Glc p r e p a r a t i o n s . . . . . . ' 4 9

4. Immunoblotting p a t te rn s  o f  normal and Type 1 GO f i b r o b l a s t s
using p o lyc lona l and monoclonal a n t ib o d ie s ................................................61

5. Immunoblotting p a t te rn s  o f  normal and
Type 2 GO f ib r o b la s t  using po lyclonal a n t ib o d ie s .................................. 63

6 . Immunoblot o f  CRIH is o la te d  from c e l l  c u l tu re  media o f
normal, Type 1 and Type 2 GD f i b r o b l a s t s ....................................................66

7. Incorporation o f  [^HlBr-CBE in Immunodetected CRIH forms o f
normal and Type 1 AJGD f i b r o b l a s t s ................................................................ 69

8 . N-Glycanase d ig e s t io n  o f  CRIH forms in normal,
Type 1 and Type 2 GO f i b r o b l a s t s .....................................................................71

9. HCAb Recognition o f  pep tid es  produced by Y- 8  d ig e s t s  o f
0-Glc using  immunoblots........................................................................................ gl

10. The r a te  o f  in h ib i t io n  o f  normal 0-Glc a c t i v i t y
.using HCAbs F - l ,  F-2 and 61......... .....................................................................84

11. The e f f e c t  o f  s u b s t r a te  on the  b inding o f  0-Glc and the 
in h ib i t io n  o f  0-Glc a c t i v i t y  by HCAbs F - l ,  F-2 and 61
as de tec ted  on ELISA...........................................................................................  89

12. Inh ib it io n  o f  equal le v e ls  o f  norm al, Type 1 and
Type 2 GO 0-Glc a c t i v i t y  by HCAbs F - l  and F -2 ........................................ 95

13. The e f f e c t  o f  HCAb 61 on the  TC and PS a c t iv a t io n  o f
normal and Type 1 AJGO 0-Glc a c t i v i t y  ............................................98

14. D if fe re n t ia l  e f f e c t s  o f  HCAb 61 on 0-Glc a c t i v i t y  from
normal and GO v a r ia n t  f i b r o b l a s t s ...............................................................  100

15. Cellulose a c e ta te  gel e le c t ro p h o re s is  o f  0 -g lu co s id a se
a c t i v i t i e s  in l i v e r  e x t r a c t s  from normal and GD d ogs .........................115

16. Granular bed i s o e le c t r i c  focusing  o f  0 -g lu co s ld ase
a c t i v i t i e s  1n normal and GO dog l iv e r  homogenates............................  121

17. Effect o f  ta u ro c h o la te  o r  ph o sp h a tid y lse r in e  on GC h y d ro ly s is
by b u ta n o l-e x tra c te d  H v e r  samples from normal o r  GO dogs 125

18. Heat In a c t iv a t io n  o f  GC a c t i v i t y  in  H v e r  e x t r a c t s  from
normal and GD dogs.................................................................................................. 127

19. Immunoblotting p a t te rn s  o f  CRIH in kidney and l i v e r  homoge- 
nates from normal and GO dogs using  polyclonal a n t ib o d ie s  130



LIST OF ABBREVIATIONS
3-Glc a c i d  3 - g l u c o s i d a s e  ( E . C . 3 . 2 . 1 . 4 5 )

GD Gaucher d i s e a s e

dNM d e o x y n o j i r im y c in

Cio-dNM N-(10-carboxydecyl)dNM

Cig-dNM N-(12-carboxydodecyl)dNM

CBE C ondur i to l  B epox ide

CRIM c r o s s - r e a c t i v e  immunologic m a t e r i a l

AJGD Type 1 Ashkenazi Jewish Gaucher d i s e a s e

SDS-PAGE sodium d o d e c y l s u l f a t e  p o ly a c r y lam id e  gel e l e c t r o p h o r e s i s

GC g lu c o s y l  ce ram ide

4MU-G1C 4-methy l-umbe11i f e r y l - 3 - D - g l u c o s  i de

Cn -U-Glc 4 - a l k y l - u m b e l  1 i f e r y l - 3 - D - g l u c o s i d e  (where n = number o f  
c a rb o n s  in t h e  a l k y l  ch a in

nbd- c12- gc 1 2 - [N -m e th y l -N - (7 -n i  t r o b e n z o - 2 - o x a - l , 3 , - d i  a z o l - 4 - y l ) ]  
am inododecanoyl- ( 2  - N - s p h i n g o s y l - 1 - 0 - 3 - D - g l u c o s i d e )

NBD-Cg-GC [ 6 - ( 7 - n i  t r o b e n z o - 2 - o x a - l , 3 , - d i  a z o l - 4 - y l J a m i n o h e x a n o y l ] -  
( 2 - N - s p h i n g o s y l - 1 - 0 - 3 - D - g l u c o s i d e )

MCAbs monoclonal  a n t i b o d i e s

GS g lu c o s e  s p h in g o s in e

TC sodium t a u r o c h o l a t e

PS p h o s p h a t i d y l  s e r i n e

PBS p hospha te  b u f f e r e d  s a l i n e

HSA human serum albumin

B u f fe r  A 0 .0 4  M c i t r a t e / 0 . 0 5  M p h o s p h a te ,  pH 5 .5 ,  
4 mM 3 - m e r c a p t o e t h a n o l , 1 mM EDTA

B uffe r  B 0 .1 2 5  M T r i s - H C l , pH 6 . 8 , 2% SDS,
5% 3 - m e r c a p t o e t h a n o l , 10% g l y c e r o l

B u f fe r  C 0 .0 4  M c i t r a t e / 0 . 0 5  M p h o s p h a te ,  pH 5 .5 ,  
1 mM 3 - m e r c a p t o e t h a n o l , 5 mM EDTA



1

I .  OBJECTIVES

G a u c h e r  d i s e a s e  (GD), t h e  most p r e v a l e n t  lysosomal s t o r a g e  d i s e a s e ,  

i s  o f  p a r t i c u l a r  i n t e r e s t  t o  g e n e t i c i s t s  and  b i o c h e m i s t s  s i n c e  t h e  

m o l e c u l a r  b a s i s  o f  th e  p h e n o ty p ic  h e t e r o g e n e i t y  in t h i s  d i s e a s e  remains  

unknown.  T h i s  f a m i l y  o f  i n h e r i t e d  g l y c o s p h i n g o l i p i d  d i s o r d e r s  i s  

c h a r a c t e r i z e d  by th e  d e f e c t i v e  a c t i v i t y  o f  th e  lysosomal h y d r o l a s e ,  a c id  

3 - g l u c o s i d a s e  ( 3 - G lc ;  EC 3 . 2 . 1 . 4 5 ) .  The r e s u l t a n t  a c c u m u la t io n  o f  t h i s  

e n z y m e ' s  n a t u r a l  s u b s t r a t e ,  g l u c o s y l c e r a m i d e  (GC),  i n  c e l l s  o f  th e  

r e t i c u l o e n d o t h e l i a l  sys tem l e a d s  t o  v a r i o u s  c l i n i c a l  m a n i f e s t a t i o n s .  

T h r e e  m a j o r  p h e n o t y p e s  o f  GD h a v e  been  d i f f e r e n t i a t e d  by t h e  absence  

(Type 1) o r  p r e s e n c e  and s e v e r i t y  (T ypes  2 and  3) o f  n e u r o n o p a t h i c  

invo lvem ent .

The aim o f  t h e s e  s t u d i e s  i s  t o  e l u c i d a t e  th e  n a t u r e  o f  t h e  a l l e l i c  

m u ta t io n s  which r e s u l t  in t h e s e  p h e n o t y p e s .  The p r e s e n c e  o f  r e s i d u a l  

3 - G l c  a c t i v i t y  in  a l l  GD t i s s u e s  ha s  p e r m i t t e d  c o m p ara t iv e  p h y s i c a l ,  

k i n e t i c  and immunologic s t u d i e s  o f  t h e  GD p h e n o ty p ic  v a r i a n t s .  F u r t h e r ­

more ,  th e  a v a i l a b i l i t y  o f  a n a t u r a l l y  o c c u r r i n g  c a n in e  ana logue  p ro v id e d  

a unique  o p p o r t u n i t y  f o r  i n v e s t i g a t i o n s  o f  GD and no rm a l  c a n i n e  3 - G l c  

f o r  comparison t o  t h e  human enzymes.

The s p e c i f i c  aims o f  t h i s  r e s e a r c h  in c lu d e d :

1. P u r i f i c a t i o n  o f  t h e  normal human and c an in e  3-Glc  by two newly 

s y n t h e s i z e d  a f f i n i t y  s u p p o r t s ,  N - ( 1 0 - c a r b o x y - d e c y l ) -  and N - ( 1 2 - c a r b o x y -  

d o d e c y l ) - d e o x y n o j i r i m y c in  bound to  S epha rose ,  f o r  c o m p a ra t iv e  p h y s i c a l ,  

k i n e t i c  and im munologic  s t u d i e s ,  a s  w e l l  a s  t h e  p r o d u c t i o n  o f  mono- 

s p e c i f i c  p o l y -  and m ono-c lona l  a n t i b o d i e s .
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2. D e t e r m i n a t i o n  and  com par ison  o f  t h e  t u r n o v e r  number (kc a t )  f o r  

t h e  normal 3-Glc  and  t h e  r e s i d u a l  3 - G l c  a c t i v i t y  in  two Type 1 AJGD 

p a t i e n t s .

3. Use o f  i m m u n o b l o t t i n g  t o  e v a l u a t e  t h e  number and o r i g i n  o f  t h e  

m o l e c u l a r  f o r m s  o f  3 - G l c  and  t o  e s t i m a t e  t h e  amount  o f  CRIM in  t h e  

su b ty p es  and v a r i a n t s  o f  human GD.

4. P r o d u c t i o n  o f  a p a n e l  o f  a n t i - 3 - G l c  m o n o c l o n a l  a n t i b o d i e s  

(MCAbs) to  i n v e s t i g a t e  t h e  s t r u c t u r e  and  f u n c t i o n s  o f  no rm a l  and  GD 

3 -G lc .

5. I n v e s t i g a t i o n s  o f  t h e  c a n in e  model o f  GD by 1) q u a n t i t a t i o n  o f  

t h e  g l y c o s p h i n g o l i p i d  s u b s t r a t e  (GC) and  s u b s t r a t e  a n a l o g u e ,  g l u c o s e  

s p h i n g o s i n e ,  in normal and GD c a n in e  t i s s u e s ,  2) co m p ara t iv e  c h a r a c t e r ­

i z a t i o n  o f  two 3-Glc  a c t i v i t i e s  in  no rm a l  and GD c a n i n e  t i s s u e s ,  and 

3) e v a l u a t i o n  o f  t h e  c a n in e  GD m u ta t io n  u s in g  a v a r i e t y  o f  i n h i b i t o r  and 

a c t i v a t o r  p robes  o f  3-Glc  a c t i v i t y .
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I I .  BACKGROUND AND RATIONALE

A. Gaucher D is e a s e :  C l i n i c a l  H e t e r o g e n e i t y :

GD was f i r s t  d e s c r i b e d  in  1882 by P h i l i p p e  Gaucher in a 32 y e a r  

o ld  woman w i th  sp lenom ega ly  and p e c u l i a r  l a r g e  c e l l s  in t h e  s p l e e n  ( 1 ) .  

Tw enty  y e a r s  l a t e r ,  GD was r e c o g n iz e d  as an i n h e r i t e d  d i s o r d e r  ( 2 ) ,  and 

s u b se q u e n t  f a m i l y  s t u d i e s  e s t a b l i s h e d  an a u t o s o m a l  r e c e s s i v e  mode o f  

i n h e r i t a n c e  ( 3 , 4 ) .  S u b s e q u e n t l y ,  t h r e e  major  pheno types  o f  GD have been 

d e l i n e a t e d  by t h e  a b s e n c e ,  o r  p r e s e n c e  and  s e v e r i t y  o f  n e u r o n o p a t h i c  

i n v o l v e m e n t .  Type 1 GD, t h e  most common p h en o ty p e ,  has a h igh  p r e v a ­

l e n ce  in th e  Ashkenazi Jewish  p o p u l a t i o n  ( g e n e  f r e q u e n c y  = 0 . 0 2 )  ( 5 ) .  

However, t h i s  form o f  GD has  been r e p o r t e d  in B lack ,  H i s p a n ic ,  A f r i k a n e r  

and o t h e r  e t h n i c  groups  ( 6 , 7 ) .  The c l i n i c a l  m a n i f e s t a t i o n s  a r e  c h a r ­

a c t e r i z e d  by t h e  a b s e n c e  o f  n e u r o n o p a t h i c  i n v o l v e m e n t ,  a s  w e l l  as  

h ep a to sp len o m eg a ly  and bony d e t e r i o r a t i o n .  The o n s e t  o f  t h e s e  c l i n i c a l  

m a n i f e s t a t i o n s  in  a f f e c t e d  p a t i e n t s  i s  h i g h l y  v a r i a b l e  w i th in  and among 

f a m i l i e s  and e t h n i c  g r o u p s .  Type 2 GD i s  a r a r e ,  p a n e t h n i c ,  a c u t e  

n e u ro n o p a th ic  d i s e a s e  o f  i n f a n c y  which has a s t e r e o t y p e d  c l i n i c a l  c o u r se  

l e a d i n g  to  d e a th  by two y e a r s .  Type 3 GD, a j u v e n i l e  o n s e t ,  s u b a c u t e  

n e u ro n o p a th ic  d i s e a s e ,  was f i r s t  d e s c r i b e d  in 1959 in  N o r r b o t t e n ,  Sweden 

(8 ) .  This  phenotype o f  GD i s  c h a r a c t e r i z e d  b y  v a r i a b l e  n e u r o n o p a t h i c  

m a n i f e s t a t i o n s ,  s p l e n o m e g a l y  and s e v e r e  s k e l e t a l  d e t e r i o r a t i o n  d u r in g  

e a r l y  c h i l d h o o d .  T h e se  m a j o r  p h e n o t y p e s  o f  GD a l l  r e s u l t  f r o m  t h e  

d e f e c t i v e  a c t i v i t y  o f  t h e  same lysosomal h y d r o l a s e ,  3 -G lc  ( 9 ) .  However, 

t h e  d i f f e r e n t i a l  n a t u r e  o f  t h e  m u t a t i o n s  w h ich  r e s u l t  in  t h e s e  p h e n o ­

types  has n o t  been e l u c i d a t e d .
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B. Acid 3 - G l u c o s i d a s e :  Enzyme P u r i f i c a t i o n  and C h a r a c t e r i z a t i o n :

Knowledge o f  t h e  s t r u c t u r e  and  f u n c t i o n  o f  n o rm a l  3 - G l c  i s  

r e q u i s i t e  t o  u n d e r s t a n d i n g  t h e  n a t u r e  o f  t h e  h e t e r o g e n e i t y  i n  t h e  GD 

p h e n o t y p e s .  E a r l y  a t t e m p t s  t o  p u r i f y  3 -G lc  were hampered,  s i n c e  i t  i s  

h i g h l y  hydrophobic  and i s  membrane  a s s o c i a t e d  ( 1 0 ) .  P e n t c h e v  e t  a l . 

( 1 1 ) ,  u s i n g  c o n v e n t i o n a l  m e t h o d s ,  p u r i f i e d  th e  p l a c e n t a l  enzyme about  

4 , 0 0 0 - f o l d  w i th  a 5% y i e l d .  S u b s e q u e n t l y ,  F u r b i sh  e t  a l . (12) e x p l o i t e d  

t h e  e n z y m e ' s  hydrophobic  n a t u r e  f o r  l a r g e  s c a l e  p a r t i a l  p u r i f i c a t i o n  o f  

3-Glc  w i th  3056 r e c o v e r y .  Pen tchev  e t  a l .  (14) used  t h i s  t e c h n o l o g y  t o  

d e m o n s t r a t e  s i m i l a r  p u r i f i c a t i o n  p r o p e r t i e s  o f  t h e  s p l e n i c  3-Glc  from a 

no rm a l  i n d i v i d u a l  and a Type 1 GD p a t i e n t .  S i m i l a r l y ,  s e q u e n t i a l  

c h r o m a t o g r a p h y  on C o n c a n a v a l i n  A (Con A) and p h o s p h a t i d y l s e r i n e  (P S ) -  

Sepharose  has  p r o v i d e d  h i g h  y i e l d s  o f  p a r t i a l l y  p u r i f i e d  3 - G l c  f ro m  

p l a c e n t a  ( 1 3 ) .  Each o f  t h e s e  m e th o d s  r e s u l t e d  in p a r t i a l l y  p u r i f i e d  

enzyme with  v a ry in g  d e g re e s  o f  c o n ta m in a t i o n  by human serum albumin (15) 

and o t h e r  p r o t e i n s .

More r e c e n t l y ,  a p p a r e n t l y  hom ogeneous  3 - G l c  has been o b t a i n e d  by 

newly developed  a f f i n i t y  c h ro m a to g ra p h ic  methods .  S t r a s b e r g  e t  a l .  (16) 

used epoxy l in k e d  g lu c o sy l  s p h i n g o s i n e  (GS) t o  o b t a i n  homogeneous 3 -G lc .  

However, t h i s  column appea red  t o  undergo d e g r a d a t i o n  a f t e r  one  o r  two 

a p p l i c a t i o n s  o f  enzyme and was n o t  u s e f u l  f o r  l a r g e  s c a l e  p u r i f i c a t i o n  

( 1 5 ) .  The use  o f  two s u b s t r a t e  a n a l o g u e  l i g a n d s ,  GS and GC bound t o  

S e p h a r o s e ,  ha s  r e s u l t e d  in  a p p a r e n t l y  homogeneous 3 -G lc  w i th  a 2 2 ,0 0 0 -  

f o l d  p u r i f i c a t i o n  from human p l a c e n t a .  These a f f i n i t y  s u p p o r t s  were n o t  

d e g r a d e d  in  o v e r  1 y e a r  o f  u s e .  R e c e n t l y ,  we have s y n t h e s i z e d  two new, 

s t a b l e  a f f i n i t y  l i g a n d s  w i th  g r e a t  c a p a c i t y  and s p e c i f i c i t y  f o r  a c t i v e
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3 - G l c .  T hese  s u p p o r t s  use  t h e  p o t e n t  i n h i b i t o r s ,  N - ( 1 0 - c a r b o x y - d e c y l ) -  

and  N - ( 1 2 - c a r b o x y - d o d c e y l ) - d e o x y n o j i r i m y c i n  (CiQ-dNM and Cjg-dNM), as 

t h e  a f f i n i t y  l i g a n d s .  The u s e  o f  t h e s e  c o lu m n s  p r o v i d e d  s u f f i c i e n t  

homogeneous 3-Glc  f o r  t h e  s t u d i e s  p r e s e n t e d  h e re  ( S e c t i o n  V .A .) .

The s u b u n i t  s t r u c t u r e  and  p o s t - t r a n s l a t i o n a l  m o d i f i c a t i o n  o f  

p u r i f i e d  3 - G l c  h a v e  been  e v a l u a t e d  by e l e c t r o p h o r e t i c  and i s o e l e c t r i c  

f o c u s i n g  s t u d i e s .  A n a l y t i c a l  p o ly a c r y la m id e  ge l  e l e c t r o p h o r e t i c  (PAGE) 

s t u d i e s  o f  t h e  d e n a t u r e d  p u r i f i e d  3 - G l c  f ro m  n o rm a l  p l a c e n t a  have  

d e m o n s t ra t ed  t h e  enzyme t o  be a homomer w i th  a s u b u n i t  m o l e c u l a r  w e i g h t  

o f  abou t  67 ,000  ( 1 1 , 1 2 , 1 5 ) .  Although n a t i v e  PAGE a n a l y s e s  o f  3 -G lc  have 

been h in d e r e d  by  t h e  i n a b i l i t y  o f  t h e  n o n - d e n a t u r e d  enzyme t o  m i g r a t e  

i n t o  g e l s ,  r e c e n t  HPLC s t u d i e s  [ i n  t h i s  l a b o r a t o r y  and o t h e r s  ( 1 7 ) ]  have 

s u g g e s te d  t h a t  t h e  n a t i v e  n o rm a l  enzyme p u r i f i e d  f r o m  p l a c e n t a  i s  a 

monomer.

G l y c o s y l a t i o n  o f  p l a c e n t a l  3-G lc  was s u g g e s t e d  by i t s  t i g h t  b in d in g  

to  Con A-Sepharose ,  however,  t h e  hydrophobic  i n t e r a c t i o n s  be tw een  3 - G l c  

and t h e  Con A s u p p o r t  have p r e c lu d e d  ex am in a t io n  o f  t h e  type  o f  o l i g o ­

s a c c h a r i d e  m o d i f i c a t i o n s  ( e . g . ,  complex) by d i f f e r e n t i a l  e l u t i o n  ( 1 8 ) .  

Seve ra l  m o le c u la r  forms o f  3 -G lc  have been i d e n t i f i e d  u s in g  g r a n u l a r  bed 

g e l s .  T h e se  s t u d i e s  h a v e  d e m o n s t r a t e d  t h a t  t h e  3 - G l c  f r o m  s e v e r a l  

t i s s u e s  has m u l t i p l e  forms w i th  p i  v a l u e s  between pH 3 .2  t o  6 . 5  ( 1 9 - 2 1 ) .  

I s o e l e c t r i c  f o c u s i n g  o f  t h e  p u r i f i e d  p l a c e n t a l  enzyme r e s o l v e d  s e v e r a l  

m o l e c u l a r  fo rm s  w i t h  p i  v a l u e s  o f  4 . 2  t o  6 . 2  ( 1 5 , 2 1 ) .  S e q u e n t i a l  

d i g e s t i o n  o f  some o f  t h e s e  p r e p a r a t i o n s  w i th  n e u r a m in id a s e ,  3 - g a l a c t o s -  

i d a s e  and 3 - N - a c e t y l - g l u c o s a m i n i d a s e  r e s u l t e d  in a s i n g l e  major enzyne 

form w i th  a p i  v a lu e  o f  7 .8  ( 2 2 ) .  F i v e  p o t e n t i a l  s i t e s  f o r  N - l i n k e d  

c a r b o h y d r a t e  a d d i t i o n  have been p r e d i c t e d  by  t h e  cDNA sequence  o f  3-Glc
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( 2 3 , 2 4 ) .  The d e m o n s t r a t i o n  o f  a m i x t u r e  o f  h igh  mannose and complex 

o l i g o s a c c h a r i d e  s i d e  c h a i n s  on p u r i f i e d  p l a c e n t a l  3 - G l c  (2 5 )  has  

s u g g e s t e d  t h a t  t h e  v a r i o u s  i s o e l e c t r i c  fo rms a r e  due to  d i f f e r e n t i a l  

g l y c o s y l a t i o n  ( s e e  S e c t io n  V . C . 3 . ) .

The low l e v e l  o f  t h e  d e f e c t i v e  3 - G l c  a c t i v i t y  in  GD p a t i e n t s  has 

h i n d e r e d  p u r i f i c a t i o n  o f  t h e  m u t a n t  g e n e  p r o d u c t s  f o r  c o m p a r a t i v e  

k i n e t i c . a n d  s t r u c t u r a l  s t u d i e s .  R e c e n t l y ,  im m unolog ic  d e t e c t i o n  o f  

3-Glc  in c rude  t i s s u e  homogenates a f t e r  e l e c t r o b l o t t i n g  so d iu m  d o d e c y l  

s u l f a t e  p o l y a c r y l a m i d e  g e l s  (SDS-PAGE) has  p e r m i t t e d  t h e  d e t e r m i n a t i o n  

o f  t h e  m o le c u la r  w e igh t  o f  3-G lc  in  GD p a t i e n t s  which o b v i a t e d  t h e  need  

f o r  enzyme p u r i f i c a t i o n .  H ow ever ,  t h e  p r e s e n c e  o f  s e v e r a l  m o le c u la r  

weigh t  forms o f  3-Glc  and t h e  d i f f e r e n c e s  b e tw e e n  t h e  f o r m s  o f  norm al  

and GD CRIM w h ic h  w ere  d e t e c t e d  by Ginns e t  a l . (26 -28)  has  n o t  been 

v e r i f i e d  by o t h e r  i n v e s t i g a t o r s  (29 ;  s ee  S e c t io n  V .C . ) .

C. K i n e t i c ,  P h y s ic a l  and Immunologic C h a r a c t e r i z a t i o n  o f  Normal and

GD 3 -G lc :  D i s c r i m i n a t i o n  o f  Gaucher D isease  P h e n o ty p e s :

To d a t e ,  few  i n v e s t i g a t i o n s  a r e  a v a i l a b l e  w h ich  d e t a i l  t h e  

k i n e t i c  p r o p e r t i e s  o f  human 3 - G lc .  In c ru d e  o r  pure  p r e p a r a t i o n s ,  3-Glc 

has been shown to  r e q u i r e  d e t e r g e n t s ,  n e g a t i v e l y - c h a r g e d  l i p i d s  a n d /o r  a 

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

s u b s t r a t e ,  4 - m e t h y l u m b e l l i f e r y l - 3 - D - g l u c o s i d e  ( 4 M U - 3 - G lc ) ,  o r  t h e  

n a t u r a l  l i p i d  s u b s t r a t e ,  GC ( 3 0 , 3 1 , 4 9 , 5 0 ) .  Hyun e t  a l . ( 3 2 )  u s e d  

p a r t i a l l y  p u r i f i e d  p l a c e n t a l  3 -G lc  and a v a r i e t y  o f  s y n t h e t i c  i n h i b i t o r s  

t o  d e m o n s t r a t e  t h e  s p e c i f i c i t y  o f  two b i n d i n g  s i t e s  on 3 - G l c :  1) a

c a t a l y t i c  s i t e  and  2 ) an a l l o s t e r i c  s i t e  p re s u m e d  f o r  " c a t i o n i c "
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i n h i b i t o r s .  More r e c e n t l y ,  Grabowski e t  a l . (33) conducted  e x t e n s i v e  

m o d i f i e r  s t u d i e s  w i th  t h e  pure  3 -Glc  t o  e v a l u a t e  t h e  b i n d in g  s p e c i f i c i t y  

o f  t h r e e  d o m a in s  n e a r  o r  i n  t h e  a c t i v e  s i t e .  T h e se  d o m a in s  have  

s p e c i f i c i t i e s  f o r  t h e  p o l a r ,  s p h in g o sy l  o r  f a t t y  a c id  acy l  groups o f  t h e  

n a t u r a l  s u b s t r a t e  and  p a r t i c i p a t e  in  s u b s t r a t e  b in d in g  and h y d r o l y s i s .  

These c o n c l u s i o n s  were based  on e x t e n s i v e  i n t e r a c t i o n  s t u d i e s ,  o f  enzyme 

m o d i f i e r s  and p r o v i d e d  a model t o  e v a l u a t e  p o t e n t i a l  s i t e - s p e c i f i c  

m u t a t i o n s  in  GD p h e n o t y p e s .  R e c e n t l y ,  u s in g  [^HjBr-CBE as a c o v a l e n t  

a f f i n i t y  l a b l e ,  a 3-Glc  amino a c i d  c r i t i c a l  f o r  s u b s t r a t e  h y d r o l y s i s  has 

been  i d e n t i f i e d  a t  Asp444 o f  t h e  497 amino a c i d  sequence  o f  3-Glc  (3 4 ) .  

This  r e s i d u e  i s  t h o u g h t  t o  r e s i d e  in  an a - h e l i c a l  s t r u c t u r e  f l a n k e d  by  

two h y d r o p h o b i c  r e g i o n s  w h ic h  may be c o m p o n e n t s  o f  t h e  t h r e e  s i t e s  

d e s c r i b e d  by t h e  above domain model.

The o c c u r r e n c e  o f  c l i n i c a l l y  d i s t i n c t  phenotypes  o f  GD and th e  f a c t  

t h a t  r e s i d u a l  3-Glc  a c t i v i t y  can be d e t e c t e d  in  each  phenotype  ( 3 5 - 3 9 ) ,  

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

p a r t i a l  a c t i v i t y .  In d eed ,  many i n v e s t i g a t o r s  h a v e  shown t h e  r e s i d u a l  

enzyme in  GD t o  be more t h e r m o l a b i l e  t h a n  t h e  normal enzyme (3 7 - 3 9 ) .  

Using t h e  method o f  Turner  e t  a l . ( 3 7 ) ,  t h i s  l a b o r a t o r y  has dem ons t ra ted  

t h a t  t h e  3-Glc  from AJGD Type 1 GD f i b r o b l a s t s  was more h e a t  l a b i l e  than 

th e  normal enzyme. Karazeh r e c e n t l y  c o n f i r m e d  t h i s  f i n d i n g  ( 3 4 ) .  In 

a d d i t i o n ,  t h e  r e s i d u a l  3 -G lc  from s e v e r a l  non -Jew ish  Type 1 GD p a t i e n t s  

had e i t h e r  n o rm a l ,  i n c r e a s e d  o r  d e c r e a s e d  t h e r m o s t a b i l i t y  ( 4 0 ) ,  s u g g e s t ­

i n g  t h a t  t h e r e  were  s e v e r a l  d i f f e r e n t  m u t a n t  g e n e  p r o d u c t s  which  

r e s u l t e d  in  Type 1 GD.
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A unique  f e a t u r e  o f  t h e  m u tan t  gene p r o d u c t s  in a l l  GD pheno types  i s  

t h e  no rm a l  Km v a l u e  o f  t h e  r e s i d u a l  3 - G l c  f o r  n a t u r a l  and a r t i f i c i a l  

s u b s t r a t e s  ( 3 5 - 4 0 ) .  Thus ,  t h e  d i f f e r e n t  m u t a t i o n s  o f  3 - G l c  in  t h e  GD 

v a r i a n t s  were th o u g h t  t o  a f f e c t  t h e  c a t a l y t i c  c a p a c i t y  ( v e l o c i t y )  o f  t h e  

enzymes ( s e e  S e c t io n  V .B . ) .  In an e f f o r t  t o  a c c o u n t  f o r  t h i s  d e c r e a s e  

in  h y d r o l y t i c  c a p a c i t y ,  i n v e s t i g a t o r s  have d i r e c t e d  e f f o r t s  t o  q u a n t i ­

t a t e  t h e  amount o f  r e s i d u a l  a c t i v i t y  and 3-Glc  p r o t e i n ,  and  t o  ex am in e  

th e  q u a l i t a t i v e  p r o p e r t i e s  o f  3 -G lc  in  t h e  d i f f e r e n t  p h en o ty p es .  Severa l  

i n v e s t i g a t o r s  have  r e p o r t e d  t h a t  t h e  l e v e l s  o f  r e s i d u a l  a c t i v i t y  

c o r r e l a t e d  w i t h  t h e  c l i n i c a l  s u b t y p e  ( 4 1 , 4 2 ) ,  e . g . ,  l e s s  r e s i d u a l  

a c t i v i t y  r e s u l t s  in  t h e  more r a p i d  a c c u m u l a t i o n  o f  t h e  s u b s t r a t e  (GC) 

and a more s e v e r e  c l i n i c a l  c o u r s e  o f  t h e  d i s e a s e .  However ,  u s i n g  

n a t u r a l  o r  a r t i f i c i a l  s u b s t r a t e s ,  o t h e r  i n v e s t i g a t o r s  have n o t  c o r r o b o r ­

a t e d  t h i s  f i n d i n g  ( 4 3 , 4 4 ) .  P e n t c h e v  e t  a l .  ( 4 5 )  s u g g e s t e d  t h a t  the  

n e u r o n o p a t h i c  and  n o n - n e u r o n o p a t h i c  GD p h e n o t y p e s  c o u l d  be d i s t i n ­

g u i s h e d  by  t h e  l e v e l  o f  r e s i d u a l  a c t i v i t y  based  on t h e  amount o f  CRIM. 

However, t h e s e  s t u d i e s  assumed a n t i g e n i c  and c a t a l y t i c  e q u i v a l e n c e  o f  

t h e  n o rm al  and m u tan t  gene p r o d u c t s  ( s e e  S e c t io n  V .B . ) .  More r e c e n t l y ,  

e s t i m a t i o n  o f  CRIM s p e c i f i c  a c t i v i t y  u s i n g  MCAbs d e m o n s t r a t e d  s i m i l a r  

l e v e l s  in  Type 1 and  Type 2 GD p a t i e n t s  and p ro v id e d  no d i s c r i m i n a t i o n  

o f  GD pheno types  ( 4 6 ) .

Q u a l i t a t i v e  d i f f e r e n c e s  between th e  r e s i d u a l  3 -G lc  in  t h e  neu rono­

p a t h i c  and n o n -n e u ro n o p a th i c  forms o f  GD have been d e m o n s t r a t e d  by  t h e  

degree  and m agni tude  o f  enzy m a t ic  r e s p o n se s  t o  l i p o i d a l  m o d i f i e r s .  Using 

PS o r  g a n g l i o s i d e s  (G^i and G^g),  M u e l l e r  e t  a l . (47) d em o n s t ra ted  t h a t  

t h e  r e s i d u a l  enzyme in  Type 1 GD f i b r o b l a s t s  had  a 2 - f o l d  g r e a t e r  

a c t i v a t i o n  than  e i t h e r  t h e  normal o r  th e  Type 2 o r  3 enzymes.  Wenger e t
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a l .  ( 4 8 )  a c h i e v e d  s i m i l a r  r e s u l t s  in l e u k o c y te  o r  f i b r o b l a s t  e x t r a c t s  

u s ing  PS and a n a t u r a l  p r o t e i n  e f f e c t o r  m o l e c u l e .  Glew e t  a l .  ( 4 9 , 5 0 )  

h ave  d e v e l o p e d  an a s s a y ,  b a s e d  on d i f f e r e n t i a l  PS a c t i v a t i o n  o f  t h e  

r e s i d u a l  8 -G lc ,  which d i s c r i m i n a t e d  Type 1 and Type 2 GD by th e  l e v e l  o f  

8 -G lc  s p e c i f i c  a c t i v i t y  i n  s p l e n i c  o r  b r a i n  e x t r a c t s .  However ,  t h e  

s i g n i f i c a n c e  o f  t h e s e  o b s e r v a t i o n s  t o  t h e  u n d e r s t a n d i n g  o f  t h e  enzymat ic  

d e f e c t s  in  t h e  n e u r o n o p a t h i c  and  n o n - n e u r o n o p a t h i c  fo rm s  o f  GD i s  

l i m i t e d  s i n c e  t h e  r e s i d u a l  8 - G l c  f ro m  o n l y  a v e r y  few  p a t i e n t s  were  

e x a m i n e d .  More r e c e n t l y ,  G rabow sk i  e t  a l . ( 4 0 , 5 1 )  d e l i n e a t e d  t h e  

k i n e t i c  p r o p e r t i e s  o f  t h e  r e s i d u a l  enzyme i n  a v a r i e t y  o f  GD p a t i e n t s  

f ro m  d i v e r s e  e t h n i c  b a c k g r o u n d s .  These s t u d i e s  i n d i c a t e d  s u b s t a n t i a l  

g e n e t i c  h e t e r o g e n e i t y  w i t h i n  and  among t h e  t h r e e  GD p h e n o t y p e s  and  

s u b c l a s s i f i e d  t h e  r e s i d u a l  G-Glc  a c t i v i t y  in  t h e  m ajo r  phenotypes  and 

v a r i a n t s  o f  GD i n t o  t h r e e  g r o u p s .  Group A r e s i d u a l  a c t i v i t i e s  had 

norm al  i n t e r a c t i o n s  w i t h  t h e  i n h i b i t o r s ,  g l u c o s e  s p h i n g o s i n e  (GS), 

N-hexy l -G S ,  c o n d u r i t o l  B e p o x i d e  (CBE), and  t h e  n e g a t i v e l y  c h a r g e d  

l i p i d s ,  t a u r o c h o l a t e  (TC) and p h o s p h a t i d y l s e r i n e  (P S) .  Group A r e s i d u a l  

a c t i v i t y  was found in  a l l  Type 2 and Type 3 p a t i e n t s  as  well  a s  s e v e r a l

non-Jewish  Type 1 p a t i e n t s .  Group B r e s i d u a l  8 -Glc a c t i v i t i e s  had 5-  to

7 - f o l d  i n c r e a s e d  Kj v a l u e s  f o r  t h e  above i n h i b i t o r s  ( 4 0 ) ,  3 -  t o  5 - f o l d

i n c r e a s e d  I 50  o r  Ki v a l u e s  f o r  CBE o r  Br-CBE ( 5 1 ) ,  and abnormal i n t e r ­

a c t i o n s  w i th  TC and PS as wel l  as  w i th  s e v e r a l  g ly c o n  and a l k y l - g l y c o n  

d e r i v a t i v e s .  Most b u t  n o t  a l l  Type 1 GD p a t i e n t s ,  bo th  Ashkenazi Jewish 

and  n o n - J e w i s h  p a t i e n t s ,  w e re  c h a r a c t e r i z e d  as  Group B. Group C 

i n c l u d e d  a s i n g l e  A f r i k a n e r  Type 1 GD p a t i e n t  whose r e s i d u a l  a c t i v i t y
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had i n t e r m e d i a t e  r e s u l t s  w i th  t h e s e  enzyme e f f e c t o r s  ( 4 0 , 5 1 ) .  Based on 

p e d i g r e e  s t u d i e s ,  t h i s  p a t i e n t  l i k e l y  r e p r e s e n t s  a h e t e r o a l l e i i c  

compound f o r  Group A and Group B m u t a t i o n s .

Im m unolog ica l ly  d e t e c t a b l e  d i f f e r e n c e s  in  t h e  r e s i d u a l  3 - G l c  f ro m  

t h e  Type 1 and Types  2 and 3 pheno types  have been r e p o r t e d  by Ginns e t  

a l . (26 -28)  u s in g  im m unob lo t t ing .  Three forms o f  0-Glc  in normal and GD 

Type 1 f i b r o b l a s t s  (Mr  = 6 3 ,0 0 0 ,  61 ,000  and 56 ,000)  were d e t e c t e d .  In 

c o n t r a s t ,  o n l y  t h e  6 3 , 0 0 0  m o l e c u l a r  w e i g h t  fo rm  was o b s e r v e d  in  t h e  

n e u r o n o p a t h  i c  (Type 2 o r  3) pheno types  o f  GD. Based on t h e s e  f i n d i n g s ,  

t h e s e  i n v e s t i g a t o r s  p o s t u l a t e d  an a r r e s t e d  m a t u r a t i o n  o f  3-Glc  in  Type 2 

o r  3 GD and normal m a t u r a t i o n  o f  3 -G lc  in t h e  Type 1 p a t i e n t s .  However, 

o t h e r  i n v e s t i g a t o r s  h a v e  d e t e c t e d  o n l y  one  CRIM fo rm  Mr  £  63 ,000  in 

bo th  normal and GD f i b r o b l a s t s  and have f a i l e d  t o  v e r i f y  t h e  f i n d i n g s  o f  

Ginns e t  a l . (26 -2 8 ;  s ee  S e c t io n  V .C . ) .

To e x a m in e  t h e  i_n_ v i v o  r e s i d u a l  enzyme a c t i v i t y  in  t h e  GD pheno­

t y p e s ,  i n v e s t i g a t o r s  h a v e  q u a n t i t a t e d  t h e  l e v e l s  o f  accumula ted  su b ­

s t r a t e s  in  a v a r i e t y  o f  t i s s u e s .  In GD l i v e r  and s p l e e n ,  GC was p r e s e n t  

in  3 0 0 -  t o  4 0 0 - f o l d  i n c r e a s e  o v e r  n o rm a l  l e v e l s ,  w h i le  in plasma and 

b r a i n ,  2 -  t o  8 0 - f o l d  i n c r e a s e d  l e v e l s  w ere  f o u n d ,  r e s p e c t i v e l y .  The 

l e v e l  o f  a c c u m u l a t e d  GC d i d  n o t  p r o v i d e  d i s c r i m i n a t i o n  b e tw e e n  th e  

n e u r o n o p a t h i c  and  n o n - n e u r o n o p a t h i c  p h e n o t y p e s  ( 4 5 ) .  However ,  t h e  

l e v e l s  o f  GS ( 5 2 , 5 3 ) ,  a p u t a t i v e  n e u r o t o x i n ,  d id  d i s t i n g u i s h  t h e s e  GD 

p h e n o t y p e s  b u t  o n l y  i n  b r a i n  e x t r a c t s .  In c e r e b e l l a r  o r  c e r e b r a l  

c o r t e x ,  GS was p r e s e n t  a t  30- t o  5 0 - f o l d  e l e v a t e d  l e v e l s  in  t h e  Types 2 

and 3 GD compared t o  t h e  m in im a l ly  i n c r e a s e d  l e v e l s  in  Type 1 GD. These  

r e s u l t s  i n d i c a t e d  t h a t  t h e  m u t a t i o n s  o f  0 - G l c  i n  t h e  Type 2 and 3
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p a t i e n t s  may a l t e r  t h e  c a t a b o l i s m  o f  b o t h  GS and GC, w h i le  o n l y  t h e  

l a t t e r  i s  a l t e r e d  in  Type 1 GD o r  t h a t  t h e r e  may be a c r i t i c a l  l e v e l  o f  

3 -Glc  a c t i v i t y  r e q u i r e d  f o r  GS c a t a b o l i s m .

The l a c k  o f  s u f f i c i e n t  GD t i s s u e s  and t h e  r a r i t y  o f  Type 2 and 3 GD 

h a v e  l i m i t e d  i n v e s t i g a t i o n s  o f  t h e  p a t h o p h y s i o lo g y  o f  t h e  accu m u la t in g  

s u b s t r a t e s .  The r e c e n t l y  d e s c r i b e d  c a n i n e  model o f  GD may be i n v a l ­

u a b l e  f o r  t h e s e  s t u d i e s ,  a s  w e l l  as  f o r  t h e  d e t e r m i n a t i o n  o f  t h e  age 

d e p e n d e n t  l i p i d  a c c u m u l a t i o n  and  i n v e s t i g a t i o n s  o f  n e u r o n o p a t h i c  

invo lvem ent .

D. The Canine Model o f  Gaucher D i s e a s e :

An a n i m a l  a n a l o g u e  o f  human GD h a s  been  d e s c r i b e d  in  t h e  

A u s t r a l i a n  S i l k y  T e r r i e r  ( 5 4 , 5 5 ) .  Of t h e  su b ty p e s  o f  t h e  human d i s e a s e ,  

t h e  p h e n o t y p e  o f  t h e  GD d o g ,  w i th  n e u r o l o g i c  symptoms and p r o g r e s s i v e  

developm ent  o f  t r e m o rs  and s e i z u r e s ,  most c l o s e l y  r e sem bles  t h a t  o f  t h e  

n e u r o n o p a t h i c  f o r m s ,  Types  2 and  3 GD ( 5 4 ) .  P a th o lo g i c  s t u d i e s  o f  an 

a f f e c t e d  dog d e m o n s t r a t ed  t h e  p r e s e n c e  o f  " G a u c h e r  c e l l s "  in  h e p a t i c  

s i n u s o i d s ,  l y m p h o r e t i c u l a r  t i s s u e  and c e r e b e l lu m  (54) an d ,  to  a l e s s e r  

e x t e n t ,  in  t h e  s p l e e n  ( 5 4 ) .  U l t r a s t r u c t u r a l  s t u d i e s  o f  t h e s e  t i s s u e s  

r e v e a l e d  t h a t  t h e  accum ula ted  m a t e r i a l  was in  " t u b u l a r "  d e p o s i t s  s i m i l a r  

t o  t h o s e  o b se rv ed  in  human GD ( 5 4 ) .  I d e n t i f i c a t i o n  and q u a n t i t a t i o n  o f  

t h e  a c c u m u l a t e d  l i p i d  h a s  n o t  b e e n  d e m o n s t r a t e d  u n t i l  t h e  p r e s e n t  

s t u d i e s  ( S e c t i o n  V). F u r th e r m o r e ,  a marked d e f i c i e n c y  o f  3 -G lc  a c t i v i t y  

a t  a c i d i c  pH v a l u e s  was d e m o n s t r a t e d  in t h e  c a n in e  Gaucher t i s s u e s  and 

l e u k o c y t e s  u s in g  an a r t i f i c i a l  s u b s t r a t e  ( 5 5 ) .  H ow ever ,  a t  n e u t r a l  pH 

v a l u e s  no rm a l  l e v e l s  o f  3 - g l u c o s i d a s e  a c t i v i t y  were m easured .  F u r t h e r
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i n v e s t i g a t i o n s  o f  t h e s e  f i n d i n g s  and c h a r a c t e r i z a t i o n  o f  two 3 - g l u c o s -  

i d a se  a c t i v i t i e s  in  c a n in e  t i s s u e s  u s in g  th e  s u b s t r a t e ,  4 - m e t h y l  u m b e l -  

1 i f e r y l - 3 - D - g l u c o s i d e  (4MU-Glc) a r e  p r e s e n t e d  he re  ( S e c t io n  V.E.)» Use 

o f  th e  n a t u r a l  s u b s t r a t e ,  GC, d e m o n s t r a t e d  t h e  d e f i c i e n c y  o f  one  o f  

t h e s e  e n z y m e s ,  3 - G l c ,  i n  c a n i n e  GD and  t h e  membrane  a s s o c i a t i o n ,  

s e l e c t e d  p h y s i c a l ,  k i n e t i c  and  im m u n o lo g ic  p r o p e r t i e s  o f  t h e  norm al  

c a n i n e  3 - G l c  a r e  c o m p a r e d  t o  t h o s e  o f  t h e  r e s i d u a l  m u t a n t  enzyme 

(S e c t io n  V . E . ) .
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I I I .  MATERIALS

C h e m ic a l s  and  R e a g e n t s : C h e m i c a l s  and  r e a g e n t s  w ere  f r o m  t h e

f o l l o w i n g  c o m m e r c i a l  s o u r c e s :  4 - m e t h y l u m b e l l i f e r y l - 0 - D - g l u c o p y r a n o s i d e  

(4MU-Glc) and o t h e r  4 -a lk y l -u m b e l  1i f e r y l - 1 - 0 - 3 - D - g l u c o s i d e s ,  4-Cn -U-Glc 

(where n = a l k y l  c h a in  l e n g t h  and v a r i e d  f r o m  n=7 t o  n = l l )  ( R e s e a r c h  

P r o d u c t s  I n t e r n a t i o n a l ,  Mount P r o s p e c t ,  IL ) ;  pu re  sodium t a u r o c h o l a t e  

(TC),  d o d e c y l - 0 - D - m a l t o s i d e ,  and c a s t a n o sp e rm in e  ( 1 , 6 , 7 , 8 - t e t r a b y d r o x y o c t a -  

h y d r o i n d o l i n e )  (Calb iochem-Behring  C o rp . ,  La J o l l a ,  CA); T r i t o n  X -100 ,  

L - a - p h o s p h a t i d y l - L - s e r i n e  ( P S ) ,  human s e ru m  a l b u m i n ,  Nonidet P-40,  

Tween 20, decy l  a g a r o s e ,  1 -0 -m ethy l -a -D -m annopyranos ide  and 6 - g l u c o n o l -  

a c t o n e  (S igma C hem ica l  C o . ,  S t .  L o u i s ,  MO); 1 2 - [ N - m e t h y l - N - ( 7 - n i t r o -  

b e n z o - 2 - o x a - l , 3 - d i a z o l - 4 - y l ) ] a m i n o d o d e c a n o i c  a c i d  [NBD-dodecanoic  a c i d ,  

C12-NBD] and NBD-aminohexanoic a c i d  [Cg-NBD] (M olecu la r  P ro b es ,  J u n c t i o n  

C i t y ,  OR); f l u o r e s c a m i n e  (H o f fm an n -L aR o ch e  I n c . ,  N u t l e y ,  N J ) ;  o c t y l  

S e p h a r o s e ,  CH-Sepharose,  Concanaval in  A-Sepharose 4B, aminohexy l-Sepha-  

r o s e  4B-CL ( P h a r m a c i a  F i n e  C h e m i c a l s ,  P i s c a t a w a y ,  N J ) ;  p r o t e i n  C-4 

column ( 4 . 6  x 250mm/l)  (The N e s t  G ro u p ,  S o u th  B o r o ,  MA); c e l l u l o s e  

a c e t a t e  g e l s  (17 x 17 cm x 0 .3 5  cm) (Kalex  S c i e n t i f i c  C o . ,  M a n h a s s e t ,  

NY); U l t r o d e x ™  and a m p h o l i n e s  (LKB P r o d u c t s ,  R o c k v i l l e ,  MD); n i t r o ­

c e l l u l o s e  ( 0 . 4 5  pm, S c h l e i c h e r  and S c h u e l l ,  Keene, NH); V e c t a s t a i n  ABC 

K i t  (V ecto r  Lab, Bur l ingame,  CA); 4 - C h l o r o - l - n a p h t h o l  and sodium docecyl  

s u l f a t e  (S D S ) ,  ( B i o - R a d ,  R ichm ond ,  CA). S t a p h  A c e l l s ,  p r e s t a i n e d  

p r o t e i n  s t a n d a r d s  (BRL, G a i t h e r s b u r g ,  MD); Zetachrom 200 c a r t r i d g e  (AMF 

L a b ,  M e r i d e n ,  CT) ,  V- 8  p r o t e a s e  ( M i l e s ,  N a p e r v i l l e ,  IL ) ;  N - G l y c a n a s e ™  

(Genzyme, B o s to n  MA); S i l i c a  Gel G Thin  L a y e r  C h r o m a t o g r a p h y  (TLC) 

p l a t e s  (2 5 0  pm) w i t h  o r  w i t h o u t  5% b o r i c  a c i d  ( A n a l t e c h ,  Newark, DE);
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S y lo n  B T Z - S i l y a t i n g  R e a g e n t ,  SE-30  gas  c r h o m a t o g r p a h y  (GC) column, 

(100-120 mesh, S u p e l c o p o r t )  ( S u p e l c o ,  B e l l e f o n t e ,  PA); s i l i c i c  a c i d  

(UNISIL) ( C l a r k s o n  Chem . ,  W i l l i a m s p o r t ,  PA); Mouse I m m u n o g lo b u l in  

Subtype I d e n t i f i c a t i o n  K i t  (Boehringer-Mannheim,  I n d i a n a p o l i s ,  IN ) .  All  

o t h e r  r e a g e n t s  were o f  t h e  h i g h e s t  g rade  a v a i l a b l e .

The fo l l o w i n g  t i s s u e  c u l t u r e  s u p p l i e s  were o b t a i n e d  from c o m m e rc i a l  

s o u r c e s :  D u lb e cc o ' s  Modif ied  E a g l e ' s  Medium (DMEM), g l u t a m i n e ,  p e n i c i l ­

l i n ,  s t r e p t o m y c i n ,  and n o n - e s s e n t i a l  amino a c id s  (W h i t t a k e r  MA B i o P r o d ,  

W a l k e r s v i  1 l e ,  MA); f e t a l  c a l f  serum, p r e s c r e e n e d  f o r  hybridoma growth 

( G i b c o ,  G a i t h e r s b u r g ,  MD); t h y m o c y t e  c o n d i t i o n e d  m e d ia  and m ed ia
s

supplement  (Hana B i o l o g i c a l s ,  B e r k e le y ,  CA).

GC and g l u c o s e  s p h i n g o s i n e  (GS) and  g a l a c t o s e  s p h i n g o s i n e  were  

i s o l a t e d  f ro m  human GD s p l e e n  o r  b r a i n  a s  d e s c r i b e d  ( 5 6 , 5 7 ) .  The 

f l u o r e s c e n t  GC s u b s t r a t e s ,  Cg-NBD-GC and C12 -NBD-GC, were s y n t h e s i z e d  

from GS and th e  r e s p e c t i v e  NBD-hexanoic o r  d o d ecano ic  a c i d s  (1 0 ) .

C o n d u r i t o l  B - e p o x i d e  (CBE) and [^ H lB r -C B E ,  a s p e c i f i c  c o v a l e n t  

i n h i b i t o r  o f  3-G lc  ( 5 8 ) ,  n o j i r i m y c i n  (NM), d e o x y n o j i r i m y c i n  (dNM) and 

N-dodecy l -dNM  were  g i f t s  f ro m  Dr.  G u n t e r  L e g le r  and N -h e x y l - sp h in g o -  

s y l - 1 - 0 - B - D - g l u c o s i d e  (N-hexyl-GS) was a g i f t  from Dr. Shimon G a t t .

The N -a lky l -dN M  s u p p o r t s  w ere  s y n t h e s i z e d  f r o m  N - ( 1 0 - c a r b o x y -  

decy l)dNM  (CiQ-dNM) o r  N-( 12-carboxydodecyl)dNM ( C i2 -dNM) by c a r b o d i -  

imide d e h y d r a t io n  w i th  am inohexy l -Sepha rose  ( 5 9 ) .  The l i g a n d  c o n c e n t r a ­

t i o n s  were  4 o r  7 pmol /ml  o f  s e t t l e  g e l  f o r  Cio-dNM o r  C i2_dNM, r e ­

s p e c t i v e l y  ( 5 9 ) .  GS-Sepharose was s y n t h e s i z e d  a s  d e s c r i b e d  (1 5 )  u s i n g  

CH-Sepharose 4B. GS l ig a n d  c o n c e n t r a t i o n  was 6 mg/ml o f  s e t t l e  g e l .
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IV. METHODS

The m e th o d s  s e c t i o n  i s  c o n s t r u c t e d  f o r  r e a d i b i l i t y  o f  t h e  R e s u l t s  

and D iscu s s io n  s e c t i o n s .  As a r e s u l t ,  t h e r e  i s  some r e d u n d a n c y  b e tw ee n  

th e  methods s e c t i o n s  d e s c r i b e d  below.

A. A f f i n i t y  P u r i f i c a t i o n  o f  t h e  Normal P l a c e n t a l  and  G a u ch e r  

D isease  S p le n ic  3-Glc  on N -A lk y l - D e o x y n o j i r im y c in -S e p h a r o se :

1. Enzyme P r e p a r a t i o n : Normal 3 - G l c  from human p l a c e n t a e  was 

p a r t i a l l y  p u r i f i e d  by  h y d r o p h o b i c  c h r o m a to g r a p h y  ( 1 2 ) as m o d i f ied  by 

Grabowski and Dagan (1 5 ) .  B r i e f l y ,  human p l a c e n t a s  which had been f ro zen  

a t  -20°C  w i t h i n  30 m i n u t e s  o f  d e l i v e r y ,  were p a r t i a l l y  thawed in 0.9% 

s a l i n e ,  c o n t a i n i n g  0.2% sodium a z i d e  and 0 .005  mM p h e n y l m e t h y l s u l f o n y l  

f l u o r i d e  (PMSF).  The t i s s u e s  w ere  h o m o g e n iz e d  in  25 mM p h o s p h a t e ,  

pH 6 . 0 ,  and c e n t r i f u g e d  (5 0 0 0  x £ ,  45 m i n ) .  The p e l l e t s  were  t h e n  

e x t r a c t e d  w i th  25 mM c i t r a t e ,  pH 7 . 0 ,  c o n t a i n i n g  1% c h o l a t e .  The c h o l a t e  

e x t r a c t  was f u r t h e r  p u r i f i e d  u s in g  35% ammonium s u l f a t e  f r a c t i o n a t i o n ,  

c i t r i c  a c i d  p r e c i p i t a t i o n  (pH 5 . 3 5 )  and  b u ta n o l  e x t r a c t i o n  u s in g  t h e  

methods d e s c r i b e d  by F u rb ish  (1 2 ) .  Butanol  e x t r a c t i o n  was r e q u i r e d  f o r  

f u r t h e r  p u r i f i c a t i o n  on a f f i n i t y  o r  hydrophobic  s u p p o r t s .  A f t e r  d i a l y s i s  

o f  t h e  b u ta n o l  e x t r a c t ,  t h e  s a m p le  was p u r i f i e d  by  c h r o m a t o g r a p h y  on 

d e c y l a g a r o s e  and  o c t y l - S e p h a r o s e ,  used s e q u e n t i a l l y .  3 -G lc  was e l u t e d  

o f f  e i t h e r  co lumn in  a l i n e a r  e t h y l e n e  g l y c o l  g r a d i e n t  (0  t o  90% 

e t h y l e n e  g l y c o l )  i n  c i t r a t e  b u f f e r ,  pH 5 .0 .  H igh ly  p u r i f i e d  f r a c t i o n s  

were poo led  and d i l u t e d  t o  l e s s  than  5% e t h y l e n e  g l y c o l  c o n c e n t r a t i o n s  

p r i o r  t o  a p p l i c a t i o n  to  N-alkyl-dNM s u p p o r t s .
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The Type 1 A s h k e n a z i  J e w i s h  G a u c h e r  d i s e a s e  (AOGD) 3 - G l c  was 

p u r i f i e d  from s p l e e n  w h ic h  had  b e en  o b t a i n e d  a t  s p l e n e c t o m y  and was 

f r o z e n  a t  -20°C  u n t i l  u s e .  The r e s i d u a l  enzyme in  f i b r o b l a s t s  and  

s p l e n i c  e x t r a c t s  from t h i s  p a t i e n t  had t h e  p h y s i c a l  and k i n e t i c  p r o p e r ­

t i e s  c h a r a c t e r i s t i c  o f  t h i s  form o f  Gaucher d i s e a s e  ( 4 0 , 5 1 ) .  For enzyme 

p u r i f i c a t i o n  from t h e  Type 1 AJGD s p l e e n ,  t h e  p ro c e d u re  o f  Grabowski and 

Dagan (15) was m od if ied  as  f o l l o w s :  1) t h e  c i t r i c  a c id  p r e c i p i t a t i o n  was 

e l i m i n a t e d  t o  a v o i d  m a j o r  l o s s e s  (> 85%) o f  t h e  m u t a n t  e n z y m a t i c  

a c t i v i t y  and 2 ) t h e  s u p e r n a t a n t  f ro m  t h e  ammonium s u l f a t e  s t e p  was 

d e l i p i d a t e d  w i t h  20% b u t a n o l .  The d i a l y z e d  b u t a n o l  e x t r a c t  o f  t h e  

Type 1 AJGD s p l e e n  and  t h e  n o rm a l  enzyme o b t a i n e d  from th e  e t h y l e n e  

g ly c o l  e l u a n t  o f  t h e  o c t y l - S e p h a r o s e  co lumn was u s e d  f o r  s u b s e q u e n t  

a f f i n i t y  p u r i f i c a t i o n  p r o c e d u r e s .

2. A n a l y t i c a l  P r o c e d u r e s : Enzyme a c t i v i t i e s  were d e te rm ined

f l u o r o m e t r i c a l l y  w i t h  4 mM 4MU-Glc c o n t a i n i n g  4 . 0  mM T r i t o n  fc-100,

4 .6 5  mM TC and 0 . 0 5  M p h o s p h a t e / 0 . 0 4  M c i t r a t e ,  pH 5 . 5 .  A ssay s  were  

t e r m i n a t e d  u s i n g  0 . 1  M e t h y l e n e  d i a m i n e  ( 3 3 ) .  P r o t e i n  c o n c e n t r a t i o n s  

were e s t i m a t e d  by  t h e  Lowry p r o c e d u r e  ( 6 0 ) .  R e v e r s e  p h a s e  HPLC and 

sodium d o d e c y l s u l f a t e - p o l y a c r y l a m i d e  gel e l e c t r o p h o r e s i s  (SDS-PAGE) were 

as d e s c r i b e d  ( 3 4 , 7 8 ) .  C a p a c i t i e s  o f  t h e  a f f i n i t y  columns were e s t i m a t e d  

a s  t h e  amount o f  8 - G l c  a c t i v i t y  e l u t e d  o f f  t h e  co lum n a f t e r  10% o f  

a c t i v i t y  b e in g  a p p l i e d  a p p ea red  in  column f lo w  th ro u g h  ( 1 5 ) .  Amino a c i d  

c o m p o s i t i o n  and s e q u e n c e  a n a l y s e s  w ere  a c c o m p l i s h e d  by  Dr.  Kenneth 

Wil l iams o f  t h e  P r o t e i n  C h e m i s t r y  F a c i l i t y  in  t h e  D e p a r t m e n t  o f  B i o ­

p h y s ic s  and B io c h em is t ry  a t  Yale U n i v e r s i t y .
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B. Use o f  C o n d u r i t o l  B E p o x i d e  D e r i v a t i v e s  t o  I n v e s t i g a t e  t h e

C a t a l y t i c a l l y  A c t iv e  Normal and Gaucher D isease  Enzymes:

1. Enzyme S o u r c e s : Normal 3 - G l c  was p u r i f i e d  f ro m  human 

p l a c e n t a e  by a f f i n i t y  ch rom atog raphy  on N - a l k y l - d e o x y n o j i r i m y c in - S e p h a -  

r o s e  ( see  S e c t .  I V .A . ) .  Homogeneity o f  t h e  p r e p a r a t i o n  was documented by 

t h e  p r e s e n c e  o f  a s i n g l e  p r o t e i n  s p e c i e s  on SDS-polyacry lamide  e l e c t r o ­

p h o r e s i s  (6 4 ,7 8 )  o r  r e v e r s e  phase  HPLC (34) and by a s i n g l e  N - t e r m i n a l  

amino a c i d  sequence  ( S e c t .  V .A . ) .  Normal s p l e e n  was o b t a i n e d  a t  s u r g e r y  

from a p a t i e n t  w i th  i d i o p a t h i c  t h r o m b o c y t o p e n i c  p u r p u r a  and  s t o r e d  a t  

-20°C  f o r  s i x  m o n t h s .  The 3 - G l c  from t h i s  s p l e e n  was p u r i f i e d  th rough  

th e  bu tano l  d e l i p i d a t i o n  s t e p  (15) and was ab o u t  6 0 - f o l d  e n r i c h e d .  The 

Type 1 AJGD s p l e e n s  were o b t a i n e d  a t  sp len ec to m y  from 25 and 54 y r .  o ld  

p a t i e n t s  and  s t o r e d  a t  - 2 0 ° C  u n t i l  u s e d  ( 6 - 1 2  m o n t h s ) .  The m u t a n t  

s p l e n i c  3-Glc  were p u r i f i e d  e i t h e r  by hydrophobic  (12) o r  N -a lk y l -d e o x y -  

n o j i r i m y c i n - S e p h a r o s e  ch rom atog raphy  ( S e c t .  I V .A . ) .  These f i n a l  p r e p a r a ­

t i o n s  were  a b o u t  5 0 0 -  and 7 5 0 0 - f o ld  e n r i c h e d  and s e v e r a l  p r o t e i n  bands 

were o bse rved  on SDS-polyacry lamide  ge l e l e c t r o p h o r e s i s .  The 5 0 0 - f o l d  

e n r i c h e d  Type 1 AJGD enzyme a l s o  was d e l i p i d a t e d  w i th  40% o f  a 1 :1  (v /v )  

m ix tu re  o f  b u t a n o l :  i s o p r o p y l  e t h e r  t o  e n s u r e  t h a t  i n t r i n s i c  l i p i d s  were 

removed ( 6 1 ) .  A l l  enzyme p r e p a r a t i o n s  were s t a b l e  f o r  s e v e r a l  months 

when s t o r e d  a t  4°C in  0 . 0 4  M c i t r a t e / 0 . 0 5  p h o s p h a t e ,  pH 5 . 5 ,  4 mM 

3 - m e r c a p t o e t h a n o l , and 1 mM EDTA ( b u f f e r  A) c o n t a i n i n g  60-80% e t h y l e n e  

g l y c o l .  These f o u r  d i f f e r e n t  enzyme p r e p a r a t i o n s  o f  v a r y in g  p u r i t y  were  

used in com para t ive  s t u d i e s  t o  c o n t r o l  f o r  t h e  e f f e c t  o f  c o n tam in an ts  on 

t h e  k i n e t i c  measurements  s i n c e  homogeneous Type 1 AJGD 3 - G l c  c o u l d  n o t  

be o b ta in e d  in an a c t i v e  fo rm.
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Using  t h e  p u r e  n o rm a l  p l a c e n t a l  8 - G l c  and t h e  p a r t i a l l y  p u r i f i e d  

normal o r  Type 1 AJGD s p l e n i c  enzym es  [ w h ic h  had been  d e g l y c o s y l a t e d  

w i t h  N - g ly c a n a s e  (Genzyme, Bos ton ,  MA)], i d e n t i c a l  immunoblot m o le c u la r  

w e igh ts  (56 ,0 0 0 )  were o b t a i n e d  w i t h  m o n o s p e c i f i c  p o l y c l o n a l  o r  mono­

c l o n a l  a n t i b o d i e s  t o  t h e  n o rm a l  p l a c e n t a l  8 - G l c  ( S e c t .  V . D . ) .  In 

a d d i t i o n ,  immunoblots d e m o n s t r a t ed  i d e n t i c a l  p r o f i l e s  o f  c r o s s - r e a c t i n g  

im m u n o lo g ic  m a t e r i a l  (CRIM) from t h e  g l y c o s y l a t e d  enzymes in  s p l e n i c  o r  

f i b r o b l a s t  e x t r a c t s  from s e v e r a l  normal i n d i v i d u a l s  o r  o t h e r  Type 1 AJGD 

p a t i e n t s  a l t h o u g h  t h e  p r o f i l e s  in  e a c h  t i s s u e  s o u rc e  were d i f f e r e n t .  

These s t u d i e s  i n d i c a t e d  t h a t  t h e  p a r t i a l l y  p u r i f i e d  m u t a n t  enzymes  

e x am in ed  had e s s e n t i a l l y  i d e n t i c a l  m o l e c u l a r  w e i g h t  t o  t h e  no rm al  

p l a c e n t a l  o r  s p l e n i c  enzymes and t h e y  were s i m i l a r  t o  t h o s e  from s e v e r a l  

o t h e r  Type 1 AJGD p a t i e n t s .

2. K i n e t i c  S t u d i e s : H y d r o l y s i s  o f  NBD-GC d e r i v a t i v e s  ( 6 2 ) ,

4MU-Glc,  o r  4-Cn -U-Glc (where n was th e  a lk y l  c h a in  l e n g t h )  (3 3 ,40 )  was 

d e t e r m i n e d  f l u o r o m e t r i c a l l y .  The t y p i c a l  r e a c t i o n  m i x t u r e  ( 0 . 2  ml)  

c o n t a i n e d  0 .0 5  M p h o s p h a t e / 0 . 0 4  M c i t r a t e ,  pH 5 . 5 ,  T r i t o n  X-100 (4 mM),

4 .65  mM t a u r o c h o l a t e ,  4 mM G - m e r c a p t o e th a n o l , 1 mM EDTA, s u b s t r a t e ,  < 1% 

e th y le n e  g l y c o l ,  and enzyme. Assays w i th  th e  h i g h l y  p u r i f i e d  Type 1 AJGD 

enzyme c o n t a i n e d  0 . 6% human serum albumin in t h e  i n c u b a t i o n  m i x t u r e s  t o  

m a i n t a i n  enzyme s t a b i l i t y .  Linder t h e s e  c o n d i t i o n s ,  human serum albumin 

d i d  n o t  a l t e r  t h e  kc a t  o r  Vmax v a l u e s  o f  t h e  more s t a b l e  pure  normal 

p l a c e n t a l  o r  d e l i p i d a t e d  s p l e n i c  8 - G l c ,  r e s p e c t i v e l y .  The l i p o i d a l  

s u b s t r a t e s  in  c h l o r o f o r m / m e t h a n o l  ( 2 : 1 ; v /v )  were added to  d r y  t u b e s ,  

th e  s o l v e n t s  e v a p o r a te d  under  n i t r o g e n  and then  w i t h  h i g h  vacuum f o r  2 

t o  4 h .  The r e s i d u e  was r e s u s p e n d e d  in b u f f e r  c o n t a i n i n g  T r i t o n  X-100
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and t h e  r e a c t i o n s  were i n i t i a t e d  by t h e  a d d i t i o n  o f  enzyme. The amount 

o f  enzyme was a d j u s t e d  t o  e n su r e  t h a t  l e s s  than  5% o f  t h e  s u b s t r a t e  was 

h y d r o l y z e d .  R ea c t io n s  a t  37°C were t e r m i n a t e d  a f t e r  0 . 5  t o  2 h.  P r o t e i n  

c o n c e n t r a t i o n s  were e s t i m a t e d  by t h e  method o f  Lowry e t  a l .  ( 6 0 ) .

3. D e te rm in a t io n  o f  kr a t  V a lu e s : The kc a t  v a lu e s  f o r  a l t e r n a t e  

s u b s t r a t e s  w i t h  t h e  n o rm a l  and  Type 1 AJGD 3-Glc  were c a l c u l a t e d  from 

Vmax = C ^ J t  kc a t  a s s u m i n g  t h a t  o n l y  t h o s e  a c t i v e  s i t e s  which r e t a i n e d  

t h e i r  r e s p e c t i v e  f u l l  c a t a l y t i c  a c t i v i t y  were l a b e l l e d  by [ 3H]Br-CBE 

( s e e  b e l o w ) .  Vmax v a l u e s  f o r  t h e  4MU-Glc and C7-U-GIC and NBD-Cg- o r  

NBD-C1 2 -GC s u b s t r a t e s  w e re  o b t a i n e d  from l i n e a r  Lineweaver-Burk p l o t s  

which had been e v a l u a t e d  by t h e  l e a s t  sq u a r e s  method. The g r a p h ic  method 

o f  C l e l a n d  ( 6 3 )  was u s e d  t o  d e t e r m i n e  Km and Vmax f o r  th e  4-Cg- and 

- C n - U - G l c ,  s i n c e  s u b s t r a t e  i n h i b i t i o n  was o b s e r v e d .  The kc a t  v a lu e s  

were based  on s i x  s e p a r a t e  e x p e r im e n t s  performed in  d u p l i c a t e  f o r  e a c h  

s u b s t r a t e  and enzyme s o u r c e .  For s t u d i e s  which de te rm ined  kc a t  from th e  

r e l a t i o n s h i p  o f  t h e  enzyme a c t i v i t y  t o  t h e  number  o f  c a t a l y t i c  s i t e s  

( i . e . ,  F i g .  3 ) ,  enzyme a c t i v i t i e s  were  d e te rm in e d  w i th  s u b s a t u r a t i n g  

am oun ts  o f  s u b s t r a t e  (4  mM 4MU-Glc o r  0 .2  mM NBD-C12-GC) t o  avo id  th e  

p r o b l e m  o f  s u b s t r a t e  i n s o l u b i l i t y  a t  h igh  c o n c e n t r a t i o n s :  The Vmax was 

c a l c u l a t e d  from t h e  s u b s t r a t e  c o n c e n t r a t i o n s  and r e s p e c t i v e  Km v a l u e s .

[ E ] t  was e s t i m a t e d  by q u a n t i t a t i n g  th e  number o f  c a t a l y t i c  s i t e s  in 

e a c h  enzyme p r e p a r a t i o n  u s i n g  [ 3H]Br-CBE (8000 cpm/pmole) as  f o l l o w s :  

v a r i o u s  amounts o f  e n z y m a t i c  a c t i v i t y  o r  p r o t e i n  f ro m  t h e  d i f f e r e n t  

enzyme p r e p a r a t i o n s  in  b u f f e r  A were in c u b a ted  with  a l a r g e  e x ce s s  o f  

[ 3 H]Br-CBE ( 2 - 8  p i ;  10 pM f i n a l  c o n c e n t r a t i o n )  in  0.6% human serum 

a lbum in .  Complete i n a c t i v a t i o n  o f  e a c h  enzyme was a c h i e v e d  w i t h  t h i s
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c o n c e n t r a t i o n  o f  [ 3 H]Br-CBE by 2 h a t  22°C. To e n su r e  t h a t  a l l  [ 3HlBr- 

CBE b i n d i n g  s i t e s  were s a t u r a t e d ,  t h e  m i x t u r e s  w e re  i n c u b a t e d  a t  2 2°C 

f o r  24 h .  Human serum albumin was r e q u i r e d  t o  m a in ta in  enzyme s t a b i l i t y  

under  t h e s e  c o n d i t i o n s  f o r  up t o  24 h.

To s e p a r a t e  [ 3 H]Br-CBE f r o m  t h a t  bound s p e c i f i c a l l y  t o  B-Glc ,  the  

e n z y m e - [ 3 H]Br-CBE complexes  were im m u n o p rec ip i ta ted  q u a n t i t a t i v e l y  with  

m o n o s p e c i f i c  r a b b i t  a n t i - h u m a n  0 - G l c  IgG and S t a p h y l o c o c c u s  a u reus  

P r o t e i n  A ( 4 0 ) .  The r e s u l t a n t  s u p e r n a t a n t s  were  r e p r e c i p i t a t e d  s u c ­

c e s s i v e l y  w i th  a d d i t i o n a l  IgG and P r o t e i n  A u n t i l  no a d d i t i o n a l  i n c r e a s e  

in  p r e c i p i t a t e d  r a d i o a c t i v i t y  was o b s e r v e d ;  im m u n o p r ec ip i t a t io n  u s u a l l y  

was q u a n t i t a t i v e  a f t e r  a s i n g l e  c y c l e .  The r e s u l t a n t  p e l l e t s  were washed 

by  r e s u s p e n s i o n  and  c e n t r i f u g a t i o n  ( 1 0 , 0 0 0  x £ ;  40 m in )  t w i c e  in  

phospha te  b u f f e r e d  s a l i n e ,  c o n t a i n i n g  1% human serum a lbum in ,  0 . 5  M NaCl 

and 0.05% Tween 20 and then  tw ic e  in  p hospha te  b u f f e r e d  s a l i n e ,  c o n t a i n ­

in g  0.05% Tween 20. The washed p e l l e t s  were d i s s o l v e d  (24 h ,  22°C) w i th  

100 pi  P r o t o s o l ™  (New England N u c lea r ,  Bos ton ,  MA) in  900 pi o f  w a te r  

and  t h e  r a d i o a c t i v i t y  d e t e r m i n e d .  With  a f i x e d  amount  o f  t h e  p u r e  

p l a c e n t a l  o r  c r u d e  s p l e n i c  enzym es  (< 2 nmol 4MU-Glc h y d ro lyzed /m in )  

from normal s o u r c e s ,  t h e  number o f  c a t a l y t i c  s i t e s  was c o n s t a n t  when th e  

c o n c e n t r a t i o n  o f  [ 3H]Br-CBE was v a r i e d  between 2 and 20 pM. With s i m i l a r  

amounts o f  en zym at ic  a c t i v i t y  from t h e  Type 1 AJGD enzyme p r e p a r a t i o n s ,  

t h e  number o f  c a t a l y t i c  s i t e s  remained c o n s t a n t  when t h e  c o n c e n t r a t i o n  

o f  [ 3 H]Br-CBE was v a r i e d  b e tw e e n  f r o m  5 and  20 pM. Based  on t h e s e  

r e s u l t s ,  a f i n a l  c o n c e n t r a t i o n  o f  10 pM [ 3H]Br-CBE was used in  t h e s e  

e x p e r im e n t s .
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The c o n c e n t r a t i o n  o f  c a t a l y t i c  s i t e s / m g  p r o t e i n  o f  o r i g i n a l  enzyme 

s o l u t i o n  was d e te rm in e d  from t h e  r a d i o a c t i v i t y  in  t h e  p r e c i p i t a t e s .  The 

t o t a l  enzyme c o n c e n t r a t i o n ,  [ E t ] ,  was b a se d  on a m o le c u la r  w e igh t  o f

56 ,000  f o r  t h e  pu re  u n g l y c o s y l a t e d  normal enzyme w h ich  was c a l c u l a t e d  

f ro m  amino a c i d  c o m p o s i t i o n  ( s e e  S e c t .  V .A .) .  This  p r o to c o l  p ro v id e d  a 

1 : 1  m o l /m o l  s t o i c h i o m e t r y  o f  [^H jB r-CB E in th e  p r e c i p i t a t e s  and pure  

normal p l a c e n t a l  enzym at ic  p r o t e i n  (3 4 ) .

C. Type 1 ,  2 and  3 G a u ch e r  D i s e a s e :  G ene t ic  H e t e r o g e n e i t y  Within  

and Among Subtypes  D e l in e a t e d  by Im m unob lo t t inq :

1. P r e p a r a t i o n  o f  F i b r o b l a s t  L y s a t e s  and  I s o l a t i o n  o f  3 -G lc  

f ro m  M e d i a : Most o f  t h e  s k i n  f i b r o b l a s t  c u l t u r e s  were e s t a b l i s h e d  from 

f o r e a r m  e x p l a n t s  by  s t a n d a r d  p ro c e d u re s  and a d d i t i o n a l  f i b r o b l a s t  c e l l  

l i n e s  (GM2627, GM1260, GM877) were  o b t a i n e d  f r o m  t h e  Human G e n e t i c  

Mutant Cel l  R e p o s i t o r y  (Camden, NJ).

The N o r r b o t t n i a n  Type 3 GD f i b r o b l a s t  c e l l  l i n e s  were p ro v id e d  by 

Dr. Lars Svennerholm.

S k in  f i b r o b l a s t s  f ro m  n o rm a l  and  GD p a t i e n t s  w ere  c u l t u r e d  t o  

c o n f lu e n c y  in  RPMI 1640 supplem ented  w i th  10% f e t a l  c a l f  serum c o n t a i n ­

in g  1% g l u t a m i n e  and  1% p e n i c i l l i n / s t r e p t o m y c i n .  F i b r o b l a s t s  w e re  

h a r v e s t e d  i n t o  0.9% s a l i n e  w i th  a r u b b e r  policeman and then  washed t h r e e  

t i m e s  w i t h  0.9% s a l i n e  by  r e s u s p e n s i o n  and c e n t r i f u g a t i o n  (1000 x £ ;  

10 m in )  p r i o r  t o  s t o r a g e  a t  - 2 0 ° C .  P i l o t  s t u d i e s  d e m o n s t r a t e d  t h a t  

s t o r a g e  a t  -20°C f o r  up to  t h r e e  months had no e f f e c t  on i m m u n o b l o t t i n g  

p a t t e r n .
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0 - G l c  a c t i v i t y  was s o l u b i l i z e d  e i t h e r  by 1) hom ogeniza t ion  (Dounce) 

o f  c e l l s  in  0 .2 5  M s u c r o s e  (5 0  t o  100 p i )  o r  2) s o n i c a t i o n  o f  c e l l s  

s u s p e n d e d  in 60 mM p h o s p h a te ,  pH 6 . 6 , c o n t a i n i n g  0.1% T r i t o n  X-100 (Tx) 

o r  0.1% Tx and 0.5% sodium c h o l a t e .  For c o m p ara t iv e  s t u d i e s ,  s o n i c a t i o n  

was c o n d u c t e d  a t  4°C u s in g  a cup s o n i c a t o r  (Branson C el l  D i s r u p t e r  200) 

a t  40 w a t t s ,  5 s e c ,  o r  w i th  b u r s t s  o f  30 s e c ,  10 s e c ,  10 s e c ,  o r  u s in g  a 

p r o b e , s o n i c a t o r  ( H e a t  S y s tem  C o . ) ,  40 w a t t s ,  5 s e c .  A l iq u o t s  o f  t h e  

s o n i c a t e s  were removed and t h e  r e m a i n i n g  s a m p l e s  w ere  c e n t r i f u g e d  a t

4 8 , 0 0 0  x £  f o r  20 min (4 °C ) .  The s u p e r n a t a n t s  (S) were removed and t h e  

r e s u l t a n t  p e l l e t s ,  r e s u s p e n d e d  t o  o r i g i n a l  volume w i th  c o r r e sp o n d i n g  

l y s i s  b u f f e r ,  were a ssay ed  im m ed ia te ly  f o r  0-Glc  a c t i v i t y .

CRIM in  c e l l - f r e e  media from f i b r o b l a s t  c u l t u r e s  was c o n c e n t r a t e d  by 

a d s o r p t i o n  t o  r a b b i t  a n t i - h u m a n  p l a c e n t a l  0 - G l c  IgG i m m o b i l i z e d  on 

C N B r -S e p h a ro se  (5mg IgG/ml o f  s e t t l e d  g e l ) .  F i f t y  t o  one hundred ml o f  

f i b r o b l a s t  c u l t u r e  m e d ia  were  d e c a n t e d ,  f i l t e r e d  ( 0 . 4 5  pm; C o r n in g  

G l a s s ,  C o r n i n g ,  NY) and mixed w i th  50 pi o f  Sepharose-bound  a n t i - 0 - G l c  

IgG (16 h ,  4°C) .  The S epha rose  b e a d s  t h e n  w ere  w ashed  t h r e e  t i m e s  by  

r e s u s p e n s i o n  and c e n t r i f u g a t i o n  (1 0 0  x £ ;  10 min) in  phospha te  b u f f e r e d  

s a l i n e  (PBS) c o n t a i n i n g  0.05% Tween-20. The p e l l e t e d  IgG Sepharose  beads  

w i th  bound 0-Glc  were ,  t h e n ,  r e suspended  in  50 pi o f  B u f fe r  B, ( 0 . 1 2 5  M 

T r i s - H C l ,  pH 6 . 8 , 2% SDS, 5% 0 - m e r c a p t o e t h a n o l , 10% g l y c e r o l ) ,  and 

h e a t e d  a t  100°C f o r  t h r e e  min.  A f t e r  c e n t r i f u g a t i o n  (5000 x £ ,  30 m i n ) ,  

t h e  r e s u l t a n t  s u p e r n a t a n t s  were  s u b j e c t e d  t o  S D S -p o ly ac ry lam id e  gel 

e l e c t r o p h o r e s e s  (SDS-PAGE) and  i m m u n o b l o t t e d  u s i n g  m o n o c l o n a l  a n t i -  

0 - G l c  a n t i b o d y ,  MCAb 6 1 ,  f o r  d e t e c t i o n  ( s e e  be lo w ) .  A c o n t r o l  sample 

c o n s i s t i n g  o f  50 ml o f  RPMI 1640 media c o n t a i n i n g  10% f e t a l  c a l f  s e ru m
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was p r o c e s s e d  e x a c t l y  a s  d e s c r i b e d  above and no im munoblo t t ing  s i g n a l  

was d e t e c t e d .

2. I m m u n o b l o t s : F i b r o b l a s t  h o m o g e n a t e s  o r  s o n i c a t e s  ( 3 . 5  t o  

150 pg o f  p r o t e i n )  were s u b j e c t e d  t o  s l a b  ge l  ( 1 . 5  mm) SDS-PAGE ( 7 . 5%) 

( 6 4 ) .  A f t e r  SDS-PAGE, t h e  g e l s  w ere  e q u i l i b r a t e d  in  t r a n s f e r  b u f f e r  

(25 mM T r i s ,  192 mM g l y c i n e ,  pH 8 . 3 ,  c o n t a i n i n g  10% m ethano l )  f o r  30 min 

and p r o t e i n s  were then  e l e c t r o b l o t t e d  on to  n i t r o c e l l u l o s e  membranes  in  

t r a n s f e r  b u f f e r  (70  v o l t s ,  2 h) ( 6 5 ) .  A f t e r  t r a n s f e r ,  t h e  membranes were 

r i n s e d  f o r  15 min w i th  PBS and b locked  w i th  5% n o n - f a t  d r y  m i l k  i n  PBS 

(PBS-BL0TT0) ( 6 6 ) f o r  20 min.  The b locked  membranes were then  a g i t a t e d  

(1 6  h a t  4°C) in  PBS-BLOTTO c o n t a i n i n g  p o l y c l o n a l  (5pg  IgG /m l )  o r  

m o n o c l o n a l  a n t i b o d i e s  (1 :1 0 0 0  d i l u t i o n  o f  a s c i t e s  f l u i d )  t o  3 -G lc .  The 

membranes then  were washed f o r  10 min with  PBS, r i n s e d  w i t h  PBS-BLOTTO 

c o n t a i n i n g  0 .05% NP-40 and  washed  f o r  an a d d i t i o n a l  10 min with  PBS. 

Bound a n t i b o d y  was d e t e c t e d  u s in g  V e c t a s t a i n  ABC K i t  a c c o r d i n g  t o  t h e  

m a n u f a c t u r e ' s  i n s t r u c t i o n  b u t  washes were conducted  as d e s c r i b e d  above.

Anti-human p l a c e n t a l  3 -G lc  IgG was p u r i f i e d  f ro m  p o l y c l o n a l  r a b b i t  

a n t i s e r a  by chrom atography  on a Zetachrom 200 c a r t r i d g e  a cc o rd in g  t o  th e  

m a n u f a c tu r e r s  i n s t r u c t i o n s .  Monoclonal a n t i b o d i e s  in  a s c i t e s  f l u i d  f rom  

h y b r id o m a  c l o n e s  - 1 ,  - 3 7 ,  -6 1  o r  - 9  were  o b t a i n e d  as  d e s c r i b e d  (67) 

( S e c t .  IV .D . ) .  The human p l a c e n t a l  3-Glc  p r e p a r t i o n s  used f o r  im m u n iz a ­

t i o n  w ere  p u r i f i e d  by  a f f i n i t y  c h r o m a t o g r a p h y  and c o n t a i n e d  a s i n g l e  

N - te rm ina l  amino a c i d  sequence  ( S e c t .  V .A .) .  This  sequence  o f  twenty- two 

amino a c i d s  was c o - 1 i n e a r  w i t h  t h a t  e n c o d e d  by two d i f f e r e n t  3-Glc  

cDNAs ( 2 3 , 2 4 ) .
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3. N - G l y c a n a s e ™  D i g e s t i o n ; Reduced and d e n a tu r e d  p r o t e i n s  in 

f i b r o b l a s t  s o n i c a t e s  were d e g l y c o s y l a t e d  w i th  N-Glycanase™  as  d e s c r i b e d  

( 6 8 ) .  B r i e f l y ,  20 t o  100 pg o f  f i b r o b l a s t  p r o t e i n  in  0.5% SDS and 0 .1  mM 

8 - m e r c a p t o e t h a n o l  w ere  b o i l e d  f o r  3 m i n .  The samples  were b ro u g h t  t o  

0 . 2  M s o d iu m  p h o s p h a t e ,  pH 8 . 6 , and  30 mM EDTA u s i n g  c o n c e n t r a t e d  

b u f f e r  s o l u t i o n s .  NP-40 was added t o  e n s u r e  a seven  t o  one c o n c e n t r a t i o n  

r a t i o  o f  NP-40 to  SDS. N -G lycanase^ M  ( o . 3  u n i t s  p e r  20 pg o f  l y s a t e )  was 

added and t h e  r e s u l t a n t  m ix tu r e s  were in c u b a t e d  f o r  12 t o  24 h a t  3 0 ° C. 

The s a m p l e s  w e re  t h e n  d i l u t e d  in  s u f f i c i e n t  t h r e e - f o l d  c o n c e n t r a t e d  

B u f fe r  B t o  a ch ie v e  th e  f i n a l  c o n c e n t r a t i o n s  o f  B u f f e r  B and  s u b j e c t e d  

t o  SDS-PAGE and im m u n o b lo t t in g .  I n c r e a s i n g  t h e  amount o f  N - G l y c a n a s e ™  

o r  t im e  o f  d i g e s t i o n  produced no a d d i t i o n a l  change  o f  8 -Glc m i g r a t i o n .

4. [^H jBr-CBE L a b e l i n g  o f  F i b r o b l a s t  8 - G l c : The 8 - G l c  in  

f i b r o b l a s t  s o n i c a t e s  w ere  l a b e l e d  w i t h  [^HjBr-CBE, a c o v a l e n t  a c t i v e  

s i t e  d i r e c t e d  i n h i b i t o r  o f  8 - G lc ,  as f o l l o w s :  f i b r o b l a s t s  were s o l u b i l ­

i z ed  a t  4°C in  60 mM p h o s p h a te ,  pH 6 . 6 , c o n t a i n i n g  0.1% T r i t o n  X-100 and

0.5% c h o l a t e  u s i n g  t h e  cup  s o n i c a t i o n  m e t h o d .  A f t e r  c e n t i f u g a t i o n  

( 4 8 , 0 0 0  x £ ;  20 m in )  4 0 - 5 0  pg o f  s u p e r n a t a n t  p r o t e i n  were in c u b a te d  

(2 2 °C )  w i t h  [^HjBr-CBE f o r  72 h.  Based on th e  t o t a l  enzym at ic  a c t i v i t y  

i n  t h e s e  s a m p l e s  and  t h e  known kc a t  v a l u e s  f o r  t h e  4MU-Glc s u b s t r a t e  

( s e e  S e c t .  V .B . ) ,  [3H]Br-CBE was e s t i m a t e d  to  be in a t  l e a s t  1 0 ,0 0 0 - f o ld  

mola r e x c e s s .  A f t e r  72 h ,  t h e  s a m p l e s  w ere  d i l u t e d  i n  3 - f o l d  c o n c e n ­

t r a t e d  b u f f e r  B and s u b j e c t e d  t o  SDS-PAGE and  i m m u n o b l o t t i n g  ( s e e  

a b o v e ) .  A f t e r  v i s u a l i z a t i o n  o f  CRIM b a n d s  on t h e  i m m u n o b l o t s ,  t h e  

n i t r o c e l l u l o s e  membranes were c u t  i n t o  s t r i p s  which were t h e n  d i s s o l v e d  

in 10 ml o f  ACS I I  (Amersham, A r l in g t o n  H e ig h t s ,  IL) and t h e  r a d i o a c t i v -



25

i t y  a s s o c i a t e d  w i th  each s t r i p  was d e te r m in e d .

5. Assay C o n d i t i o n s : 3 -G lc  a c t i v i t y  was a ssa y ed  in  a l i q u o t s  o f  

d i l u t e d  ( 2 0 : 1 ,  v / v )  f i b r o b l a s t  l y s a t e s .  The in c u b a t i o n  m ix tu r e s  co n ­

t a i n e d  4 .6 5  mM TC, 4 . 0  mM T r i to n  X-100, 4 . 0  mM 4 - m e th y l  umbel 1 i f e r y l - 3 -  

D - g l u c o s i d e ,  0 . 0 5  M p h o s p h a t e / 0 . 0 4  M c i t r a t e ,  pH 5 . 5 .  R e a c t io n s  were 

t e r m i n a t e d  w i t h  0 . 1  M e t h y l e n e d i a m i n e  and  f l u o r e s c e n c e  i n t e n s i t y  

. d e te rm ined  ( 3 3 ,4 0 ) .

P r o t e i n s  were e s t i m a t e d  u s in g  t h e  method o f  Lowry ( 6 0 ) .

D. C h a r a c t e r i z a t i o n  and Use o f  Monoclonal A n t ib o d ie s  t o  I n v e s t i g a t e  

t h e  S t r u c t u r e  and F unc t ion  o f  Normal and GD 3 - G l c :

1. P roduc t ion  o f  Hybridomas:

a) In Vivo I m m u n i z a t i o n : P u r i f i e d  3 - G l c  ( 4 0  pg)  was

e m u l s i f i e d  in comple te  F r e u n d ' s  a d ju v a n t  and i n j e c t e d  i n t o  t h e  f o o t  pad 

and i n g u i n a l  and a x i l l a r y  r e g i o n s  o f  f e m a l e  B a l b / C  m ic e  ( 6 - 1 6  wk o f  

a g e ) .  On d a y s  7 and  1 4 ,  b o o s t e r  i n j e c t i o n s  (40 pg in  F r e u n d ' s  incom­

p l e t e  a d j u v a n t )  were g i v e n ,  and a f t e r  3 -8  weeks,  a f i n a l  b o o s t  (40 pg in 

PBS) was i n j e c t e d  i n t r a v e n o u s l y .  T h r e e  d a y s  a f t e r  t h e  f i n a l  b o o s t ,  

s p l e n i c  c e l l s  were h a r v e s t e d  by d i s a g g r e g a t i o n  and fu s e d  w i th  P3-X-63-Ag 

8 . 6 5 3 ,  a mouse myeloma c e l l  l i n e ,  w h ich  had been  m a i n t a i n e d  in  log  

g row th .  Hybridoma f u s i o n s  were conducted  by  t h e  method o f  K enne t  ( 6 7 ) ,  

f u s i n g  c e l l s  i n  1 : 5  r a t i o  o f  myeloma c e l l s : s p l e e n  c e l l s  w i th  p o l y e t h y ­

lene  g ly c o l  (PEG) 1000, pH 8 . 6 , o r  w i th  m o d i f i c a t i o n s  o f  Fazekas  De S t .  

G ro th  ( 7 0 )  u s i n g  PEG 4000. Fused c e l l s  were d i l u t e d  t o  2 . 5  t o  5 x 105 

myeloma c e l l s / m l  and  p l a t e d  i n t o  m i c r o t i t r e  w e l l s .  H y b r id o m as  were  

s e l e c t e d  by  g r o w th  in  HAT m e d i a .  Mass c u l t u r e s  w ere  s c r e e n e d  f o r
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a n t i - 0 - G l c  a n t i b o d i e s  by  ELISA ( s e e  b e lo w )  and t h e  p o s i t i v e  c u l t u r e s  

were c loned  i n t o  m i c r o t i t e r  p l a t e s  by l i m i t i n g  d i l u t i o n  i n  f l u i d  p h a s e  

as  d e s c r i b e d  by Mao (6 9 ) .

b) In V i t r o  S e n s i t i z a t i o n  ( I V S ) : IVS in v o lv e s  s e n s i t i z a ­

t i o n  o f  mouse s p l e n i c  c e l l s  t o  a n t i g e n  in  c e l l  c u l t u r e  as  d e s c r i b e d  by 

Luben (71) and m o d i f ied  by Hana B i o l o g i c a l s .  IVS a v o id s  t h e  r e q u i r e m e n t  

f o r  t h e  l o n g  t e r m  i m m u n i z a t i o n  regimen r e q u i r e d  by t h e  in  v iv o  method 

and r e q u i r e s  as  l i t t l e  as  5 pg o f  a n t i g e n  as compared to  100-250 pg f o r  

in  v ivo  im m uniza t ion .

For IVS, f i v e  unimmunized mice were s a c r i f i c e d ,  t h e  s p l e e n s  a s c e p t i c -  

a l l y  removed, and t h e  s p l e n i c  c e l l s  were d i s a g g r e g a t e d  by p e r f u s i o n  w i th  

DMEM. A f t e r  l y s i s  o f  e r y t h r o c y t e s  and r e s u s p e n s i o n  in  m ed ia ,  c e l l s  were 

p e l l e t e d  by  c e n t r i f u g a t i o n  a t  400 x £  f o r  5 min.  V iab le  s p le e n  c e l l s  

( 1 . 6  x 1 0 8 ) were re su sp en d ed  in 16 ml o f  media c o n t a i n i n g  50% thymocyte  

c o n d i t i o n e d  media (Hana B i o l o g i c a l s ) ,  0 . 0 5  mM 0 - m e r c a p t o e t h a n o l , 20% 

f e t a l  c a l f  s e rum  and 25 pg o f  p u r i f i e d  0 - G l c .  The c e l l s  w e re  t h e n  

in c u b a te d  in T-75 f l a s k s  f o r  f o u r  d a y s .  A p a r a l l e l  e x p e r i m e n t  u s i n g  

im m u n i z a t i o n  m e d ia  w i t h o u t  2 0 % f e t a l  c a l f  s e rum  r e s u l t e d  in  a lm os t

comple te  c e l l  d e a t h .  A f t e r  f o u r  d a y s ,  s e n s i t i z e d  s p l e e n  c e l l s  were

f u s e d  w i t h  PX63 mouse myeloma c e l l s  u s i n g  PEG 1 0 00 .  S c r e e n i n g  and  

c lo n in g  were conducted  as d e s c r i b e d  above.

2.  Sc reen ing  Assays f o r  0-G1c Hybridomas: Homogeneous 0 -G lc  was 

used in ELISA a s s a y s  to  s e l e c t  a n t i - 0 - G l c  s e c r e t i n g  hybridomas ( 6 7 ) .  The 

a n t ig e n  (100 p i ) ,  d i l u t e d  t o  1-2 pg/ml w i th  b i c a r b o n a t e  b u f f e r ,  pH 9 . 6 ,  

o r  w i t h  PBS, pH 7 . 3 ,  was c o a t e d  o n t o  w e l l s  o f  m i c r o t i t e r  p l a t e s  by

in c u b a t io n  a t  20°C f o r  2 -4  h.  The w e l l s  were washed w i th  PBS, c o n t a i n ­
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i ng  0.0556 Tween-20 (PBS/Tween) and unoccupied  s i t e s  were b locked  w i th  156 

human serum albumin  (HSA) in  b i c a r b o n a t e  b u f f e r  o r  PBS f o r  1 h .  The 

w e l l s  were washed s e v e r a l  t im es  w i th  PBS/Tween and t h e n ,  100 pi a l i q u o t s  

o f  s p e n t  m ed ia ,  a s c i t e s  f l u i d ,  o r  p u r i f i e d  im m u n o g l o b u l i n  f ro m  c l o n e d  

h y b r id o m a s  were  p l a c e d  in each  w e l l .  A f t e r  2 -3  h a t  room t e m p e r a t u r e ,  

t h e  w e l l s  were washed w i th  PBS/Tween and a l k a l i n e  p h o s p h a ta s e  c o n ju g a t ed  

g o a t  an t i -m o u se  immunoglobulin was added (1 :1000  d i l u t i o n  in  PBS/Tween). 

A f t e r  4 -8  h ,  th e  w e l l s  w e re  w ash ed  w i t h  PBS/Tween and t h e  a l k a l i n e  

p h o s p h a t a s e  s u b s t r a t e ,  p - n i t r o p h e n y l  p h o s p h a t e ,  was a d d e d  in  156 

d i e t h a n o l a m i n e ,  pH 9 . 8 ,  c o n t a i n i n g  0 . 3  mm MgCl2 - A f t e r  i n c u b a t i o n  a t  

37°C f.or 30 min,  t h e  a bso rbance  was q u a n t i t a t e d  s p e c t r o p h o t o m e t r i c a l l y  

a t  a wavelength  o f  405 nm.

3. A s c i t e s  P r o d u c t i o n  o f  M o n o c lo n a l  A n t i b o d i e s : P o s i t i v e  

c l o n e s  were  i n j e c t e d  i n t r a p e r i t o n e a l l y  i n t o  fem a le  B a lb /c  mice (10-12  

weeks) which had been primed w i th  0 .5  ml p r i s t a n e ,  one week p r i o r  t o  and 

t h e  day  b e f o r e  i n j e c t i o n  o f  hybridoma c e l l s  ( 6 7 ) .  The a s c i t e s  f l u i d  was 

c o l l e c t e d  by p a r a c e n t e s i s .

4. C h a r a c t e r i z a t i o n  and  P u r i f i c a t i o n  o f  Monoclonal A n t ib o d ie s  

t o  3 - G l c : Im m unog lobu l in  su b ty p e s  were d e te rm in e d  by t h e  ELISA method 

w i t h  a c o m m e r c i a l  k i t  (Boehr inger-Mannheim , I n d i a n a p o l i s ,  IN).  IgM o r  

IgG immunoglobulins were p u r i f i e d  from a s c i t e s  f l u i d  by ammonium s u l f a t e  

f r a c t i o n a t i o n  (20-4556) and by  io n  e x c h a n g e  c h r o m a t o g r a p h y  o r  S-300 

Sephacry l  ch rom atography ,  r e s p e c t i v e l y  (7 2 ) .

E p i t o p e  s p e c i f i c i t i e s  were d e te rm in e d  by t h e  ELISA a d d i t i v i t y  index 

(Al) as d e s c r i b e d  by F r i g u e t  e t  a l .  ( 7 3 , 7 7 ) .  For t h e s e  s t u d i e s ,  known 

am o u n ts  o f  p u r e  3 - G l c  w e re  bound ( a t  pH 7 .3  o r  9 . 6 )  t o  each  wel l  o f  a
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m i c r o t i t r e  p l a t e  and t h e  amount o f  a g iven  MCAb was a d j u s t e d  to  re a ch  

maximum absorbance  r e a d i n g s .  This q u a n t i t y  o f  each  p o s s i b l e  p a i r  o f  th e  

d i f f e r e n t  MCAbs were  c o m b i n e d ,  i n c u b a t e d  w i t h  bound  0 - G l c ,  and th e  

change in t h e  absorbance  d e te r m in e d .  The Al was c a l c u l a t e d  from:

2 Aj +2
  -1 X 100 = Al Eq 1
A1+A2

w here  Aj_, A2 and A1+2 a r e  abso rbance  r e a d in g s  f o r  one MCAb, a d i f f e r e n t  

MCAb, and th e  two MCAbs combined, r e s p e c t i v e l y .  Al v a l u e s  l e s s  t h a n  30 

were  c h o s e n  t o  be i n d i c a t i v e  o f  s i m i l a r  e p i t o p e  s p e c i f i c i t i e s  f o r  th e  

two MCAbs.

Severa l  o t h e r  c r i t e r i a  were used to  d e te r m in e  e p i t o p e  s p e c i f i c i t y  as 

m oni to red  by ELISA. The r a t i o  o f  a b s o r b a n c e  r e a d i n g s  a c h i e v e d  w i t h

0 - G l c  im m o b i l ized  a t  pH 7 .3  ( 0 - G l c ,  7 .3 )  t o  0-G lc  immobi l ized  a t  pH 9 .6  

( 0 - G l c ,  9 . 6 ) ,  th e  e f f e c t  o f  t e m p e r a t u r e  f o r  MCAb i n t e r a c t i o n s ,  and t h e  

p e r c e n t  r e c o g n i t i o n  o f  p a r t i a l l y  p u r i f i e d  c a n i n e  0 -G lc  were used to  

d i s t i n g u i s h  t h e  a n t i g e n  b i n d i n g  p r o p e r t i e s  o f  t h e  MCAbs f ro m  t h e  18 

s t a b l e  a n t i - 0 - G l c  p roduc ing  hybridomas.

The s e n s i t i v i t y  o f  d e t e c t i n g  n a t i v e  o r  SDS d e n a t u r e d  0 - G l c  on d o t  

b l o t s ,  t h e  r e c o g n i t i o n  p a t t e r n  o f  im m u n o b lo t ted  p a r t i a l  V- 8  p r o t e a s e  

d i g e s t s  o f  0 - G lc ,  and t h e  e f f e c t  o f  t h e  MCAbs on 0 -G lc  a c t i v i t y  f u r t h e r  

d e f in e d  t h e  e p i t o p e  s p e c i f i c i t i e s  (7 5 - 7 7 ) .

5. K i n e t i c  S t u d i e s  u s i n g  I n h i b i t o r y  MCAbs: Al 1 18 MCAb were 

e v a l u a t e d  f o r  t h e i r  e f f e c t s  on 0-Glc  a c t i v i t y  as f o l l o w s :  normal o r  GD 

f i b r o b l a s t s  s o n i c a t e d  in  PBS ( B r a n s o n  200 cup  s o n i c a t o r ,  30 s )  o r  

p a r t i a l l y  p u r i f i e d  enzymes,  were d i l u t e d  in  PBS, pH 7 . 3 ,  c o n t a i n i n g  1% 

human serum albumin (HSA). MCAb, a s c i t e s  f l u i d  [ h e a t  i n a c t i v a t e d  (50°C,
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2 h) and d i a l y z e d  (vs PBS)],  o r  p u r i f i e d  immunoglobulin ( d i l u t e d  in PBS 

w ith  1% HSA) was ad d ed  t o  t h e  enzyme s o u r c e  and  i n c u b a t e d  a t  22°C. 

A f t e r  2 h ,  t h e  t e s t  t u b e s  w ere  a s s a y e d  f o r  3-G lc  a c t i v i t y  u s in g  4 mM' 

4MU-Glc, 0 .0 5  M p h o s p h a t e / 0 . 0 4  M c i t r a t e ,  pH 5 . 5 ,  4 . 0  mM T r i t o n  X-100

( 3 3 , 4 0 ) .  A c o n t r o l  s a m p l e  was s i m i l a r l y  p r o c e s s e d  b u t  c o n t a i n e d  no 

MCAb.

F our  i n h i b i t o r y  MCAbs, two o f  which have been de te rm ined  to  r e c o g ­

n i z e  th e  same e p i t o p e ,  were f u r t h e r  i n v e s t i g a t e d .  The r a t e  o f  i n h i b ­

i t i o n  and  t h e  e f f e c t  o f  v a r i o u s  m o d i f i e r s  o f  3 -G lc  a c t i v i t y  on i n h i b ­

i t i o n  and b in d in g  by t h e s e  MCAb were examined in  s o l u t i o n  and by  ELISA. 

The e f f e c t s  o f  v a r i o u s  l i p o i d a l  m o d i f i e r s  were de te rm ined  as f o l l o w s :  

s to c k  s o l u t i o n s  o f  GS, N -h e x y l -G S ,  TC o r  PS and  o t h e r  m o d i f i e r s  were  

p r e p a r e d  in  c h l o r o f o r m : m e t h a n o l  ( 2 : 1 ,  v / v ) .  The d e s i r e d  amount o f  th e  

m o d i f i e r  was a l i q u o t e d  i n t o  t e s t  t u b e s  and th e  s o l v e n t  e v a p o r a t e d .  More 

w a t e r  s o l u b l e  m o d i f i e r s ,  e . g . ,  dNM, N-Cjg-dNM, o r  c a s ta n o sp e rm in e  were 

d i s s o l v e d  in  w a te r  and a p p r o p r i a t e  amounts  a d d e d  t o  t u b e s .  The i n c u ­

b a t i o n s  were  i n i t i a t e d  by a d d i t i o n  o f  t h e  enzyme s o u rc e  fo l low ed  by th e  

a d d i t i o n  o f  t h e  MCAb. I n c u b a t io n s  were c o n t in u e d  f o r  2 h a t  22°C, e x c e p t  

w h e re  n o t e d .  I m m e d i a t e l y  p r i o r  t o  enzyme a s s a y ,  t h e  in c u b a t io n  m ix tu re  

was d i l u t e d  (20-  t o  1 0 0 - f o ld )  in PBS and 50 pi was used f o r  3 - G l c  a s s a y  

as d e s c r i b e d  above.

The ELISA a s s a y  c o n t a i n e d  3-Glc  e i t h e r  d i r e c t l y  immobil ized  t o  ELISA 

w e l l s  in  PBS o r  v ia  p o l y c l o n a l  a n t i - 3 - G l c  IgG which had p r e v i o u s l y  been  

bound t o  t h e  p l a t e .  A f t e r  i n c u b a t i o n  w i th  t h e  MCAbs, and washes w i th  

PBS/Tween, 120 pi o f  t h e  3-Glc  a s s a y  m i x t u r e ,  c o n t a i n i n g  4 mM 4MU-3-Glc,

0 . 0 5  M p h o s p h a t e / 0 . 0 4  M c i t r a t e ,  pH 5 . 5 ,  and 0.5% T r i t o n  X-100 (and TC 

where n o te d )  was added t o  each  well  ( 3 3 , 4 0 ) .  A f t e r  i n c u b a t i o n  a t  22°C
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f o r  2 -4  h ,  100 pi o f  t h e  a s s a y  m ix tu r e  was removed i n t o  t e s t  t u b e s .  The 

r e a c t i o n s  were t e r m i n a t e d  w i t h  e t h y l e n e  d i a m i n e  and  t h e  f l u o r e s c e n c e  

i n t e n s i t y  de te rm in ed  (3 3 ) .

E. P h y s i c a l ,  K i n e t i c  and  Immunologic I n v e s t i g a t i o n s  o f  t h e  Canine

Model o f  Gaucher D i s e a s e :

1. I d e n t i f i c a t i o n  and Q u a n t i t a t i o n  o f  G l y c o s p h i n g o l i p i d s : The

g l y c o s p h i n g o l i p i d s  o f  c a n i n e  t i s s u e s  were q u a n t i t a t e d  and c h a r a c t e r i z e d  

u s ing  t h e  m e th o d  o f  Vance e t  a l .  ( 7 9 ) .  L i p i d s  w ere  e x t r a c t e d  f ro m  

m inced  t i s s u e s  w i t h  c h l o r o f o r m / m e t h a n o l  ( 2 : 1 ,  v / v ) .  A b i p h a s i c  Folch 

s e p a r a t i o n  t o  remove w a te r  s o l u b l e  l i p i d s  was c o n d u c t e d  and t h e n  t h e  

n e u t r a l  s p h i n g o l i p i d s  were th e n  p u r i f i e d  by s i l i c i c  a c id  ch rom atography ,  

a l k a l i n e  h y d r o l y s i s  o f  c o n ta m in a t i n g  p h o s p h o l i p i d s ,  and r e s o l u t i o n  o f  

g l y c o s p h i n g o l i p i d s  by t h i n  l a y e r  c h r o m a t o g r a p h y  (TLC) in  c h lo ro fo rm :  

m e t h a n o l : w a t e r  ( 6 5 : 2 5 : 4 ;  v / v / v ) .  The r e g i o n  o f  t h e  TLC p l a t e s  f o r  

i n d i v i d u a l  g l y c o l i p i d s  w e re  s c r a p e d  i n t o  t u b e s  and  t h e  g l y c o l i p i d s  

e l u t e d  u s i n g  c h l o r o f o r m : m e t h a n o l : w a t e r  ( 1 0 : 5 : 1 ;  v / v / v ) .  The s u g a r  

m o i e t i e s  were  h y d r o l y z e d  from t h e  l i p i d s  by a c i d i c  methanol and d e r i v -  

i t i z e d  t o  form v o l a t i l e  t r i - m e t h y l  s i l a n e  compounds f o r  i d e n t i f i c a t i o n  

and q u a n t i t a t i o n  by gas l i q u i d  chrom atography  (SE-30 g l a s s  column) u s ing  

m ann i to l  as an i n t e r n a l  s t a n d a r d .

GS was i s o l a t e d  from t i s s u e s  by t h e  method o f  Raghavan e t  a l . ( 8 0 ) .  

The t i s s u e s  were  e x t r a c t e d  w i t h  c h l o r o f o r m / m e t h a n o l  and  r e p e a t e d l y  

washed w i t h  a c i d i c  m e t h a n o l  and  w a t e r  t o  e x t r a c t  GS i n t o  th e  aqueous 

phase .  The a c i d i c  u p p e r  p h a s e s  were  p o o l e d ,  a d j u s t e d  t o  pH 9 . 0  and 

e x t r a c t e d  w i t h  c h l o r o f o r m / m e t h a n o l / w a t e r  ( 8 6 : 1 4 : 1 ,  v / v / v ) .  The d r i e d
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c h l o r o f o r m  phase  was a p p l i e d  t o  a s i l i c i c  a c id  column. GS was e l u t e d  in 

20% methanol and f u r t h e r  p u r i f i e d  on TLC u s i n g  c h l o r o f o r m / m e t h a n o l /  

w a te r /am m onium  h y d r o x i d e  ( 6 5 : 3 5 : 2 . 5 : 2 . 5 ;  v / v / v / v )  as t h e  s o l v e n t .  The 

p re sen c e  o f  GS was e s t a b l i s h e d  w i th  n i n h y d r i n  and  a n t h r o n e  s p r a y s  f o r  

t h e  d e t e c t i o n  o f  amino and c a r b o h y d r a t e  g ro u p s ,  r e s p e c t i v e l y .  GS was 

f u r t h e r  i d e n t i f i e d  and d i s t i n g u i s h e d  from g a l a c t o s e  s p h in g o s in e  by u s ing  

TLC p l a t e s  c o n t a i n i n g  5% b o r i c  a c id  deve loped  in c h lo r o f o r m : m e t h a n o l : 

ammonium hydrox ide  ( 1 4 : 5 : 1 ;  v / v / v )  (81) and by  th e  d e t e c t i o n  o f  g l u c o s e  

peaks and absence  o f  g a l a c t o s e  peaks  on gas  ch ro m a to g rap h ic  a n a l y s i s .

2.  Enzyme P r e p a r a t i o n : T i s s u e s  f o r  d e t e r m i n a t i o n  o f  0 -G lc ,  

a c t i v i t y  were  p r e p a r e d  as  f o l l o w s :  t i s s u e  samples  were P o t t e r - E lv e jh e m  

homogenized (4°C) in  5 vol 0 .2 5  M s u c r o s e  and c l a r i f i e d  by  c e n t r i f u g a ­

t i o n  a t  120 x £ .  The s u p e r n a t a n t s  c o n t a i n i n g  > 95% o f  t o t a l  0-Glc  

a c t i v i t y  were  u s e d  t o  d e t e r m i n e  t h e  l e v e l  o f  0-Glc .  a c t i v i t y  in normal 

and  GD s o u r c e s .  The r e m a i n d e r  o f  t h e  c l a r i f i e d  s u p e r n a t a n t s  was 

e x t r a c t e d  a t  4°C by t h e  d ropw ise  a d d i t i o n  o f  n - b u ta n o l  ( 1 : 1 ;  v / v ) .  A f t e r  

30 min o f  s t i r r i n g ,  t h e  s o l u t i o n  was c e n t r i f u g e d  a t  8 ,0 0 0  x £  f o r  45 min 

( 4 ° C ) .  The r e s u l t i n g  a q u e o u s  l a y e r s ,  c o n t a i n i n g  between 75 and 90% o f  

t h e  0 - G l c ' a c t i v i t y  from e i t h e r  t h e  normal o r  GD s o u r c e s ,  were  removed 

and d i a l y z e d  o v e r n i g h t  a g a i n s t  0 .0 5  M p h o s p h a t e / 0 . 0 4  M c i t r a t e ,  pH 5 . 5 ,  

c o n t a i n i n g  5 mM EDTA and 1 mM 0 - m e r c a p t o e t h a n o l  ( B u f f e r  C ) .  These  

b u t a n o l - e x t r a c t e d  enzyme s o u r c e s  were used f o r  a l l  k i n e t i c  and the rm o­

s t a b i l i t y  s t u d i e s .  The 0-Glc  a c t i v i t i e s  i n  t h e  b u t a n o l  e x t r a c t s  were  

s t a b l e  a t  -20°C f o r  s e v e r a l  months .

3. D e te rm ina t ion  o f  0 - G l u c o s i d a s e  A c t i v i t i e s : For d e t e r m i n a t i o n  

o f  t h e  h y d r o l y t i c  r a t e s  o f  4MU-Glc,  t h e  s t a n d a r d  r e a c t i o n  m i x t u r e
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( 0 . 2  m l )  c o n t a i n e d  0 . 0 5  M p h o s p h a t e / 0 . 0 4  M c i t r a t e ,  pH 5 . 5 ,  4 mM 

4MU-Glc, 4 . 6 5  mM TC, 4 . 0  mM T r i t o n  X-100 and a p p r o p r i a t e l y  d i l u t e d  

enzyme s o u r c e  ( 3 3 , 4 0 ) .  F o r  t h e  e s t i m a t i o n  o f  " n o n s p e c i f i c "  3 - G l c  

a c t i v i t y  ( 3 0 ) ,  TC and T r i t o n  X-100 w ere  o m i t t e d .  The r e a c t i o n s  were  

t e r m i n a t e d  and t h e  f l u o r e s c e n c e  i n t e n s i t y  d e te rm in e d  in 0 .1  M e t h y l e n e  

d i a m i n e ,  pH 1 1 . 0  ( 3 3 ) .  A s s a y s  w i t h  NBD-Cjg-GC w ere  conducted  as  d e ­

s c r i b e d  (5 7 ) .  The NBD-C12-GC s u b s t r a t e  was a 1 :20  (mole/mole)  m ix tu r e  o f  

f l u o r e s c e n t  NBD-C12-GC and a u t h e n t i c  GC; t h i s  m ix tu re  was d e s i g n a t e d  as  

GC.

The a s s a y s  w ere  l i n e a r  w i th  t ime ( 0 . 2 5  t o  4 h) and p r o t e i n  co n cen ­

t r a t i o n  (20 t o  150 p g / a s s a y ) .  Other  enzym at ic  a c t i v i t i e s  were de te rm ined  

u s i n g  t h e  a p p r o p r i a t e  4 M U - g l y c o s i d e s  ( 8 2 ) .  P r o t e i n  c o n c e n t r a t i o n  was 

e s t i m a t e d  by  a f l u o r e s c a m in e  p ro c e d u re  (8 3 ) .

4. K i n e t i c  S t u d i e s : The e f f e c t s  o f  v a r i o u s  l i p o i d a l  m o d i f i e r s  

w ere  d e t e r m i n e d  as f o l l o w s :  s t o c k  s o l u t i o n s  o f  GS, N-hexyl-GS, d o d e c y l -  

B -D -m a l to s id e ,  TC o r  PS and o t h e r  i n h i b i t o r s ,  were p r e p a r e d  in  c h l o r o -  

f o r m : m e t h a n o l  ( 2 : 1 ;  v / v ) .  The d e s i r e d  am ount  o f  t h e  m o d i f i e r ( s )  was 

a l i q u o t e d  i n t o  t u b e s  and  t h e  s o l v e n t s  e v a p o r a t e d  u n d e r  n i t r o g e n .  

A p p r o p r i a t e  am o u n ts  o f  s u b s t r a t e  in  4 . 0  mM T r i t o n  X-100 and 0 .0 5  M 

p h o s p h a t e / 0 . 0 4  M c i t r a t e ,  pH 5 . 5 ,  w e re  a d d e d  and t h e  m i x t u r e s  were  

v i g o r o u s l y  a g i t a t e d .  W ate r  s o l u b l e  m o d i f i e r s ,  dNM, C i 2 -dNM, CBE o r  

a - g l u c o n o l a c t o n e  w ere  d i s s o l v e d  i n  w a t e r  and a p p r o p r i a t e  am oun ts  

a l i q u o t e d  i n t o  t u b e s .  The r e a c t i o n s  were i n i t i a t e d  by t h e  a d d i t i o n  o f  

t h e  enzyme s o u r c e  and  a s s a y e d  a s  d e s c r i b e d  above. The Km v a lu e s  were 

de te rm in ed  from E a d ie -H o fs te e  (84) p l o t s  and r e p r e s e n t  t h e  mean o f  t h r e e  

d e t e r m i n a t i o n s :  GC c o n c e n t r a t i o n s  v a r i e d  between 0 .0 5  mM and 1 .5  mM. GS
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and N -h e x y l -G S  w ere  shown t o  be n o n c o m p e t i t i v e  i n h i b i t o r s  o f  human

( 3 3 , 4 0 )  and  c a n i n e  (normal o r  GD) 3-Glc  ( d a t a  n o t  shown).  Thus,  t h e  K-j 

v a lu e s  were d e r i v e d  from Dixon p l o t s  and  r e p r e s e n t  t h e  mean o f  t h r e e  

d e t e r m i n a t i o n s  f o r  e a c h  enzyme s o u r c e .  For CBE, t h e  t ime r e q u i r e d  to  

i n h i b i t  e n z y m a t i c  a c t i v i t y  by  50%, t j y 2 *  was de te rm in ed  by add ing  CBE 

( 0 . 2  mM f i n a l  c o n c e n t r a t i o n )  t o  t h e  enzyme in b u f f e r  C, c o n t a i n i n g  2 mM 

TC and i n c u b a t e d  a t  23°C ( 5 1 ) .  At s p e c i f i e d  t i m e  p o i n t s ,  a l i q u o t s  

(10 p i )  were re m o v e d ,  a d d e d  t o  190 p i  o f  s u b s t r a t e  s o l u t i o n  and t h e  

h y d r o l y s i s  o f  GC was d e t e r m i n e d  a s  d e s c r i b e d  ab o v e  (1 h ,  37°C).  CBE 

i n h i b i t a b l e  a c t i v i t y  (4MU-Glc) was d e t e r m i n e d  u s i n g  up t o  2 mM CBE in  

th e  absence  o f  T r i t o n  X-100 and TC.

Using th e  a p p r o p r i a t e  s u b s t r a t e s ,  t h e  l e v e l s  o f  twe lve  o t h e r  h e p a t i c  

lysosomal enzyme a c t i v i t i e s  were  f o u n d  t o  be n o r m a l ,  i n c l u d i n g :  a - L -  

a r a b i n o s i d a s e ,  a r y l s u l f a t a s e  A and B, a s p a r t y l g l u c o s a m i n i d a s e ,  a - L -  

f u c o s i d a s e ,  a - g a l a c t o s i d a s e ,  3 - g a l a c t o s i d a s e ,  a - g l u c o s i d a s e ,  3 -g lu c u r o n ­

i d a s e ,  3 -h e x o s a m in i d a s e ,  a -m an n o s id ase  and 3 - x y l o s i d a s e  (8 2 ) .

5. Membrane A s s o c i a t i o n  o f  3 - G l c : To d e te rm in e  th e  deg ree  o f  

membrane a s s o c i a t i o n  o f  3 - G l c ,  t i s s u e  s a m p l e s  w ere  hom ogen ized  and 

c l a r i f i e d  as  d e s c r i b e d  a b o v e .  The c l a r i f i e d  s u p e r n a t a n t s  were  t h e n  

c e n t r i f u g e d  a t  100 ,000 x £  f o r  45 min (4°C ) .  The r e s u l t a n t  p e l l e t s  were 

r e s u s p e n d e d  t o  t h e  o r i g i n a l  volume w i th  0.9% s a l i n e  and then  s o n i c a t e d  

f o r  30 s ec  [80 o u t p u t ;  4°C (Branson Model 2 0 0 ) ] .  The h i g h  s p e e d  s u p e r ­

n a t a n t s  (S )  and t h e  d i s p e r s e d  p e l l e t s  (P )  w e re  a s s a y e d  im m edia te ly .  

To ta l  r e c o v e r y  o f  3-Glc  in  t h e s e  f r a c t i o n s  was 80 t o  100%.

6 . E l e c t r o p h o r e s i s  and I s o e l e c t r i c  F o c u s in g : C e l l u l o s e  a c e t a t e  

ge l  e l e c t r o p h o r e s i s  o f  c ru d e  t i s s u e  homogenates and d e t e r m i n a t i o n s  o f  GC
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and 4MU-Glc a c t i v i t i e s  i n  g e l  s e c t i o n s  w ere  p e r f o r m e d  e x a c t l y  as  

d e s c r i b e d  (8 5 ) .  Recovery  o f  a p p l i e d  a c t i v i t i e s  r a n g e d  b e tw e e n  30 and 

50%.

G r a n u l a r  bed i s o e l e c t r i c  f o c u s i n g  was c o n d u c te d  a c c o r d in g  t o  th e  

m a n u f a c t u r e r ' s  i n s t r u c t i o n s  u s in g  am p h o l in e s ,  pH 4 . 0  t o  8 . 0 .  The t i s s u e  

s a m p l e s  (2  g r a m s )  w e re  h o m o g e n i z e d  a t  4 °£  w i t h  a P o t t e r - E l v e j h e m  

homogenizer in  4 volumes o f  w a t e r .  Sodium c h o l a t e  (1% w/v) was added and 

t h e  m i x t u r e s  were  s t i r r e d  f o r  30 min a t  4°C .  A f t e r  c e n t r i f u g a t i o n ,

1 4 , 0 0 0  x £  f o r  30 m i n ,  t h e  s u p e r n a t a n t s , c o n t a i n i n g  90% o f  8 - G lc  

a c t i v i t y ,  were d i a l y z e d  o v e r n i g h t  (4°C) a g a i n s t  1% g l y c i n e .  Assays were 

conducted  in ge l  s e c t i o n s  e l u t e d  w i th  0 .1  M c i t r a t e ,  pH 5 . 0 ,  c o n t a i n i n g  

70% e t h y l e n e  g l y c o l .  To ta l  r e c o v e r y  o f  v a r i o u s  a c t i v i t i e s  was from 35 to  

60%.

7. Con A C h r o m a t o g r a p h y ; Con A - S e p h a r o s e  ch rom atog raphy  was 

c o n d u c t e d  a s  d e s c r i b e d  ( 8 5 ) .  B r i e f l y ,  t h e  c l a r i f i e d  s u p e r n a t a n t s  from 

t h r e e  grams o f  homogenized n o rm a l  o r  GD l i v e r  t i s s u e  w ere  mixed  w i th  

Con A - S e p h a r o s e  a t  23°C f o r  2 h and  t h e n  p o u r e d  i n t o  c o l u m n s .  The 

f l o w - t h r o u g h  and s u b s e q u e n t  b u f f e r  w ash es  were  t e r m e d  t h e  "unbound  

f r a c t i o n . "  A f t e r  e x t e n s i v e  w ash in g  w i th  Con A b u f f e r  ( 0 .0 5  M c i t r a t e ,  

pH 6 . 0 ,  c o n t a i n i n g  1 M NaCl, and 5 mM each  o f  MgCl2 , MnCl2 and CaCl2 )» 

th e  "bound f r a c t i o n "  was e l u t e d  in  t h e  a b o v e  b u f f e r  c o n t a i n i n g  0 . 5  M

1 - 0 - m e t h y l - a - D - m a n n o s i d e  and  50% e t h y l e n e  g l y c o l .  The f r a c t i o n s  were 

then  d i a l y z e d  a g a i n s t  b u f f e r  A and c o n c e n t r a t e d  in  an u l t r a f i l t r a t i o n  

c e l l  (YM 10 m em brane ;  A m icon ,  Danvers ,  MA). Tota l  r e c o v e r y  o f  a p p l i e d  

4MU-Glc a c t i v i t y  t y p i c a l l y  ranged  between 80 and 90%.
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8 . T h e r m o s t a b i l i t y  S t u d i e s : T h e r m o s t a b i l i t y  s t u d i e s  were

p e r f o r m e d  as  d e s c r i b e d  ( 3 7 ) .  The d i a l y z e d  b u ta n o l  e x t r a c t s  o f  normal o r
0

GD l i v e r ,  b r a i n ,  k i d n e y  o r  s p l e e n  p r e p a r a t i o n s  w ere  e q u a l i z e d  f o r  

a c t i v i t y  (GC s u b s t r a t e )  by  d i l u t i o n s  w i th  w a te r .  These samples  (100 p i )  

were mixed 1:1 ( v / v )  w i th  p h o s p h a t e / c i t r a t e  b u f f e r  a t  v a r i o u s  pH v a l u e s  

(pH 5 . 0 - 7 . 0 )  c o n t a i n i n g  2 mM T r i t o n  X-100, 7 .4  mM TC and 2 mg/ml HSA. 

For m ix tu r e  e x p e r i m e n t s ,  eq u a l  a c t i v i t i e s  o f  t h e  GD and a p p r o p r i a t e l y  

d i l u t e d  no rm a l  8 - G lc  w e re  m ix ed  ( 1 : 1 ;  v /v )  and d i l u t e d  w i th  t h e  above 

b u f f e r .  A f t e r  t h e  samples  were h e a te d  a t  50#C f o r  t h e  d e s i g n a t e d  t i m e ,  

a l i q u o t s  w ere  r e m o v e d ,  im m e d ia te ly  co o led  to  4°C and a ssayed  u s in g  th e  

GC s u b s t r a t e .  In c o n t r o l  e x p e r i m e n t s ,  t h e  t h e r m o s t a b i l t y  o f  t h e  c a n i n e  

8 - h e x o s a m i n i d a s e  a c t i v i t y  was f o u n d  t o  be i d e n t i c a l  in normal o r  GD 

s o u r c e s .

9. I m m u n o b l o t t i n g  S t u d i e s : T i s su e  samples ( 0 . 1  g) from normal 

o r  GD S i l k y  H a i r e d  T e r r i e r s  were P o t t e r - E l v e j h e m  homogenized in 4 v o l ­

umes o f  0 .0 6  M p h o s p h a te ,  pH 6 . 6 , c o n t a i n i n g  0.5% c h o l a t e ,  0.1% T r i t o n  

X-100 and then  s o n i c a t e d  f o r  30 seconds  a t  4°C (Branson 200 cup s o n i c a -  

t o r ,  80 o u t p u t ) .  A l i q u o t s  (8 0  pg p r o t e i n / w e l l )  w ere  s u b j e c t e d  t o  

S D S - p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  (SDS-PAGE) in  1 .5  mm s l a b  g e l s  

( 6 4 ) .  A f t e r  e l e c t r o p h o r e s i s ,  p r o t e i n s  were  e l e c t r o b l o t t e d  (70  v o l t s ,  

90 m in )  o n t o  a n i t r o c e l l u l o s e  membrane in  t r a n s f e r  b u f f e r ,  0 .025  M TRIS

0 .1 9  M g l y c i n e ,  pH 8 . 3 ,  c o n t a i n i n g  10% methanol ( 6 5 ) .  The n i t r o c e l l u l o s e  

membrane was b locked  w i th  PBS-BL0TT0 ( 6 6 ) and in c u b a t e d  f o r  16 h a t  4°C 

w i th  m o n o sp ec i f i c  r a b b i t  an t i -hum an  p l a c e n t a l  B -G lc  igG ( 4 0 )  (5  pg/ml  

PBS-BLOTTO) o r  a m o n o c l o n a l  a n t i b o d y  to  human B-Glc ( S e c t io n  V.D.) t o  

human B - G l c .  The bound IgG was d e t e c t e d  w i t h  V e c t a s t a i n  ABC k i t .
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C o m p a r a t i v e  i m m u n o t i t r a t i o n  s t u d i e s  i n d i c a t e d  t h a t  t h e  c a n in e  0-Glc  had 

abou t  505l> c r o s s - r e a c t i v i t y  w i t h  t h e  a n t i - h u m a n  0 - G l c  p o l y c l o n a l  IgG 

( d a t a  n o t  shown).

10. P u r i f i c a t i o n  o f  C a n i n e  S p l e n i c  3 - G l c : P a r t i a l l y  thawed

c a n i n e  s p l e n i c  t i s s u e s  w e re  h o m o g e n iz e d  in  20 mM p h o s p h a t e / 1 0  mM 

c i t r a t e ,  pH 7 . 0 ,  c o n t a i n i n g  0.02% s o d iu m  a z i d e ,  0 . 0 1  mM PMSF, and 

f u r t h e r  e x t r a c t e d  by  m ix ing  t h i s  s o l u t i o n  w i th  1% c h o l a t e  (w/v) a t  4°C 

f o r  1 h .  A f t e r  c e n t r i f u g a t i o n  (5000 x £ ,  45 m i n ) ,  t h e  s u p e r n a t a n t  was 

f r a c t i o n a t e d  w i t h  30% ammonium s u l f a t e  and c e n t r i f u g e d  ( 5 0 0 0  x £ ,  

45 m in)  ( 1 2 ) .  The r e s u l t a n t  s u p e r n a t a n t  was d i l u t e d  by t h e  a d d i t i o n  o f  

o n e - h a l f  t h e  t o t a l  volume o f  3 - f o l d  c o n c e n t r a t e d  Con A b u f f e r  (8 5 ) .  The 

d i l u t e d  s u p e r n a t a n t  was g e n t l y  s t i r r e d  w i th  200 ml o f  Con A Sepharose  

f o r  16 h a t  4°C. A f t e r  e x t e n s i v e  w ash ing  o f  t h e  Con A S e p h a r o s e  w i t h  

Con A b u f f e r ,  t h e  b e a d s  w ere  pou red  i n t o  a column, and 0-Glc  a c t i v i t y  

was e l u t e d  w i th  Con A b u f f e r  c o n t a i n i n g  0 . 5  M a -m e thy lm annos ide  and  50% 

e t h y l e n e  g l y c o l .  The h igh  s p e c i f i c  a c t i v i t y  f r a c t i o n s  were poo led  and 

e x t r a c t e d  w i th  35% b u t a n o l .  A g r e a t e r  c o n c e n t r a t i o n  o f  b u t a n o l  t h a n  

used with  t h e  human enzyme ( 20%) was r e q u i r e d  to  a c h ie v e  a good b i p h a s i c  

s e p a r a t i o n  due t o  t h e  h igh  s a l t  c o n c e n t r a t i o n  o f  t h e  enzyme e l u t e d  f rom  

Con A.

A f t e r  d i a l y s i s  a g a i n s t  B u f f e r  C, t h e  s a m p l e  was a p p l i e d  t o  a 

p r e v i o u s l y  e q u i l i b r a t e d  G S - S e p h a r o s e  co lum n a t  3 - 5  m l / m i n .  A f t e r  

e x t e n s i v e  w a s h i n g  w i t h  b u f f e r  C, and washing w i th  b u f f e r  C c o n t a i n i n g  

20% e t h y l e n e  g l y c o l ,  0 - G l c  a c t i v i t y  was e l u t e d  i n  a l i n e a r  20-90% 

e t h y l e n e  g l y c o l  g r a d i e n t  in b u f f e r  C ( 1 5 ) .  Canine 0 -G lc  was e l u t e d  a t  

abou t  a 65% e t h y l e n e  g ly c o l  c o n c e n t r a t i o n .  Samples w i t h  h i g h  s p e c i f i c



37

a c t i v i t y  were  p o o l e d  and im m e d ia te ly  d i l u t e d  in B u f fe r  A ( c a n in e  3-Glc  

was n o t  s t a b l e  when s t o r e d  in h igh  c o n c e n t r a t i o n s  o f  e t h y l e n e  g l y c o l  a t  

4°C) t o  l e s s  t h a n  5% e t h y l e n e  g l y c o l  c o n c e n t r a t i o n  and a p p l i e d  t o  

C i 2 -dNM S e p h a r o s e  a t  a r a t e  o f  1 m l / m i n .  The column was washed w i th  

b u f f e r  A, c o n t a i n i n g  4 mM 3 - m e r c a p t o e t h a n o l , b u f f e r  A c o n t a i n i n g  1% TC 

and t h e n  b u f f e r  A a l o n e .  The c a n i n e  enzyme was e l u t e d  from th e  C i2 -dNM 

Sepharose  w i th  50-75% e t h y l e n e  g ly c o l  c o n c e n t r a t i o n  i n  a 10-90% l i n e a r  

e t h y l e n e  g ly co l  g r a d i e n t  in  b u f f e r  A. .



V. RESULTS AND DISCUSSION

A. A f f i n i t y  P u r i f i c a t i o n  o f  t h e  Normal P l a c e n t a l  and G a u ch e r

Disease  S p le n i c  p -G lc  on N - A lk y l - D e o x y n o j i r im y c in -S e p h a r o se :

1.  A f f i n i t y  P u r i f i c a t i o n  o f  Normal (3-Glc: Table  I summarizes 

t y p i c a l  p u r i f i c a t i o n s  o f  (J-Glc from 10 kg o f  human p l a c e n t a e  by C iq-  and 

C i 2 -dNM c h r o m a t o g r a p h y .  The enzyme was p u r i f i e d  about 2 0 , 0 0 0 - f o l d  from 

t h e  c r u d e  h o m o g e n a t e  ( 9 5 0 0 - f o l d  f r o m  t h e  c h o l a t e  e x t r a c t )  w i t h  an 

o v e r a l l  y i e l d  o f  14 t o  18%. The f i n a l  enzyme p r e p a r a t i o n s  from e i t h e r  

co lum n had s i m i l a r  s p e c i f i c  a c t i v i t i e s  ( 1 . 4  t o  1 . 7  x 10& nmol/h /mg 

p r o t e i n  u s i n g  4 mM 4MU-Glc a s  s u b s t r a t e )  and w ere  s t a b l e  i n  60% 

e t h y l e n e  g ly c o l  a t  4°C f o r  f o u r  t o  s i x  months .  The homogeneity o f  t h e s e  

p r e p a r a t i o n s  was ev idenced  by a s i n g l e  p r o t e i n  s p e c i e s  on SDS-PAGE g e l s  

( d e t e c t e d  by t h e  s i l v e r - s t a i n i n g  t e c h n i q u e  ( 7 8 ) ;  d a t a  not shown) ,  and on 

r e v e r s e  phase  HPLC ( F i g .  1 ) .  In a d d i t i o n ,  t h e s e  enzyme p r e p a r a t i o n s  had 

a s i n g l e  N - te rm ina l  amino a c id  sequence .  The f i r s t  22 r e s i d u e s  a r e  shown 

below with  t e n t a t i v e  a s s ig n m e n ts  in  p a r e n t h e s e s  and u n i d e n t i f i a b l e  r e s i ­

dues d e s i g n a t e d  by X:

A la - A r g - P r o - X - I l e - P r o - L y s - S e r - P h e - G l y - T y r -  

S e r - S e r - V a l - V a l - X - ( V a l ) - X - X - A la - T h r - T y r . . . .

Th is  sequence  was c o l i n e a r  w i th  t h a t  p r e d i c t e d  from t h e  human (3-Glc cDNA 

n u c l e o t i d e  sequence  (2 3 ,2 4 )  and i n d i c a t e s  t h e  j u n c t i o n  o f  t h e  l e a d e r  

p i e c e  and t h e  m a t u r e  N - t e r m i n u s .  Amino a c i d  c o m p o s i t i o n  a n a l y s e s  o f  

13-Glc (T ab le  I I )  r e v e a l e d  35% hydrophobic  amino a c id s  ( l i e  + Leu + Met + 

Val + A r o m a t i c s )  w h ich  was in  good a g r e e m e n t  w i t h  t h e  c o m p o s i t i o n  

p r e d i c t e d  from t h e  cDNA ( 2 3 , 2 4 ) .



TABLE I
P u r i f i c a t i o n  o f  Acid 3 - G lu c o s id a s e  from Normal and Type 1 AJGD T i s su es

P u r i f i c a t i o n  S tep
Normal Type 1 AJGD

S p e c i f i c
A c t i v i t y 3 Yield

S p e c i f i c
A c t i v i t y 3 Yie ld

(U/mg p r o t e i n ) (%) (U/mg p r o t e i n ) ( %)

Choi a t e  e x t r a c t 170 100 4 .5 100

3556 Ammonium s u l f a t e 380 70 9 .9 63

Acid p r e c i p i t a t e /  
Butanol e x t r a c t 160 43 4 . 0 b 51

Decyl a g a ro se 137,000 45 ------ ------

P u r i f i c a t i o n  1:

Octyl Sepharose  I 338,000 40 ------ ------

N-Cio-dNM Sepharose 1 .6  x 106b 14 26,500 10 .9

P u r i f i c a t i o n  2:

Octyl Sepharose  I I 306,000 45

N-Ci2"dNM Sepharose  A 948,000 30

N-Ci2 “dNM Sepharose  B 1 .7  x 106 18

anmol o f  4MU-Glc (4  mM) h y d ro ly z e d  p e r  h.  

bAcid p r e c i p i t a t i o n  was o m i t t e d .

c F ina l  s p e c i f i c  a c t i v i t y  ranged  from 1 .46  to  1 .74  x 10® U/mg p r o t e i n .



F ig u r e  1:  R e v e r s e  phase  HPLC p r o f i l e  o f  normal p l a c e n t a l  0 -G lc  p u r i ­

f i e d  by  C i o - d N M - S e p h a r o s e .  F i v e  n m o le s  (2 8 0  pg) o f  0-Glc  were 

a p p l i e d  and th e n  e l u t e d  a t  41% a c e t o n i t r i l e  in  0.05% t r i f l u o r o -  

a c e t i c  a c i d .  The p e a k s  a t  5 t o  10 min w ere  due  t o  a b s o r b i n g  

m a t e r i a l s  in  t h e  b u f f e r .
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The p l a c e n t a l  3 - G l c ,  p a r t i a l l y  p u r i f i e d  by hydrophobic  chromatog­

r a p h y ,  was d i l u t e d  w i t h  0 . 0 5  mM c i t r a t e ,  pH 5 . 5 ,  c o n t a i n i n g  4 mM 

3 - m e r c a p t o e t h a n o l  and 1 mM EDTA ( b u f f e r  A) t o  an e t h y l e n e  g l y c o l  

c o n c e n t r a t i o n  o f  < 556 and a p p l i e d  (1 ml/min) t o  e q u i l i b r a t e d  c o lu m n s  o f  

e i t h e r  C i q -  o r  C i g - d N M - S e p h a r o s e .  The columns were th e n  s u b j e c t e d  t o  

s e q u e n t i a l  washes (100 column vo l  e a c h )  w i t h  b u f f e r  A, b u f f e r  A c o n ­

t a i n i n g  1% t a u r o c h o l a t e  and t h e n ,  b u f f e r  A a lo n e .  The enzyme th e n  was 

e l u t e d  from e i t h e r  a f f i n i t y  su p p o r t  a t  about  40 t o  6056 e t h y l e n e  g l y c o l  

i n  a 10 t o  9056 l i n e a r  g r a d i e n t  in b u f f e r  A ( F i g .  2 ) .  The enzyme e l u t e d  

from t h e  Cig-dNM su p p o r t  t y p i c a l l y  c o n t a i n e d  v a r i a b l e  amounts (5 t o  1556) 

o f  a c o n t a m i n a n t  (Mr  k  4 7 , 0 0 0 )  w h ich  co u ld  be r e s o l v e d  from 3 -G lc  by 

r e a p p l i c a t i o n  f o l l o w e d  by e l u t i o n  w i t h  a 40 t o  9056 e t h y l e n e  g l y c o l  

g r a d i e n t  in  b u f f e r  A (T ab le  I ) .  In c o m p ar i so n ,  t h e  enzyme o b t a i n e d  from 

C ig -d N M -S e p h a ro se  was hom ogeneous  ( F i g .  1 ) .  The c a p a c i t i e s  o f  t h e  

a f f i n i t y  su p p o r t s  were about  0 .5  t o  0 .7 5  mg 3-G lc /ml  o f  s e t t l e d  g e l  and 

r e m a i n e d  unchanged w i th o u t  r e g e n e r a t i o n  th ro u g h  t e n  u s e s - o f  e i t h e r  c o l ­

umn.

I m p o r t a n t l y ,  a l l  s o l u t i o n s  and b u f f e r s  a s  w e l l  as  t h e  a f f i n i t y  

columns must c o n ta i n  4 mM 3 -m e rc a p to e th a n o l  t o  m a i n t a i n  enzyme s t a b i l ­

i t y .  At 3 - m e r c a p t o e t h a n o l  c o n c e n t r a t i o n s  between 0 .5  and 3 . 0  mM, t h e  

enzyme a c t i v i t y  had a t \/2 o f  0 .1  t o  0 . 5  h ,  whereas  a t  4 mM 3 -m e rc a p to -  

e t h a n o l ,  t h e  3-Glc  a c t i v i t y  was s t a b l e  f o r  4 t o  6 months .  I n t e r e s t i n g l y ,  

when t h e  enzyme a c t i v i t y  o f  a hom ogeneous  p r e p a r a t i o n  was a llowed to  

d e c r e a s e  ( i n  2 mM 3 - m e r c a p t o e t h a n o l )  t o  a s p e c i f i c  a c t i v i t y  o f

7 5 0 , 0 0 0  nm o l /h /m g  p r o t e i n ,  i n c r e a s i n g  t h e  3 - m e r c a p t o e t h a n o l  concen­

t r a t i o n  t o  4 mM, p rev en ted  any f u r t h e r  l o s s  o f  a c t i v i t y .  The o r i g i n a l  

s p e c i f i c  a c t i v i t y  ( 1 . 5  x 1 0 & n m o l /h /m g  p r o t e i n )  o f  homogeneous 3-Glc



TABLE II
Amino Acid co m p o s i t io n  o f  3-Glc

Amino Acid Number o f  R es id u e s 3

Asxb 48

Thr 28

Ser 29

Glxb 43

Pro 34

Gly 39

Ala 43

Val 32

Met 8

H e 21

Leu 58

Tyr 19

Phe 28

His 18

Lys 24

Arg 26

Cys —

Trp —

a Based on MW = 55,382

bAsx = Asp + Asn; Glx = Glu + Gin



F ig u r e  2 :  E l u t i o n  p r o f i l e  o f  n o rm a l  (A) and  Type 1 AJGD (B) 3-Glc

a c t i v i t y  f ro m  CjQ-dNM-Sepharose.  Enzyme a c t i v i t y  ( • )  and p r o t e i n  

( 0 ) e l u t e d  c o i n c i d e n t a l l y  in  a 10 t o  90% e t h y l e n e  g ly c o l  g r a d i e n t  

( — ) a f t e r  e x t e n s i v e  washes ( s e e  t e x t ) .  The enzyme a c t i v i t i e s  in 

A were m u l t i p l i e d  by 10“3.
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co u ld  be f u l l y  r e s t o r e d  by r e p u r i f y i n g  t h e  above p r e p a r a t i o n  on Cig-dNM. 

About 50% o f  t h e  homogeneous p r o t e i n  was d e t e c t e d  in t h e  1% t a u r o c h o l a t e  

wash o f  t h e  a f f i n i t y  column and was i n a c t i v e .  In c o n t r a s t ,  about 50% o f  

t h e  homogeneous p r o t e i n  was e l u t e d  with  t h e  e t h y l e n e  g l y c o l  g r a d i e n t .

T h is  l a t t e r  p r o t e i n  had a s p e c i f i c  a c t i v i t y  t y p i c a l  o f  pu re  B-Glc .  These
*

r e s u l t s  s u g g e s t  t h a t  o n l y  a c t i v e  enzyme bound  t o  t h e  a f f i n i t y  s u p p o r t  

and was e l u t e d  s p e c i f i c a l l y  with e t h y l e n e  g l y c o l .  Thus,  t h i s  p ro c e d u re  

p rov ided  a method t o  o b t a i n  p u r i f i e d  p r e p a r a t i o n s  w h ich  c o n t a i n  o n l y  

a c t i v e  en zym e .  T h i s  o b s e r v a t i o n  was s u p p o r t e d  by f i n d i n g  a 1 :1  mol/mol 

s t o i c h i o m e t r y  o f  (3-Glc p r o t e i n  and [ 3H]Br-CBE ( 3 4 ) .  These f i n d i n g s  a l s o  

may accoun t  f o r  t h e  h i g h e r  s p e c i f i c  a c t i v i t i e s  o f  t h e s e  p r e p a r a t i o n s  

t h a n  t h o s e  o b t a i n e d  w i t h  o t h e r  s u b s t r a t e  a f f i n i t y  l i g a n d  m e th o d s  

( 1 5 , 1 6 ) .

2 .  A f f i n i t y  P u r i f i c a t i o n  o f  Type 1 AJGD B -G lc : Tab le  1 a l s o

s u m m a r i z e s  t h e  p u r i f i c a t i o n  o f  B-Glc from 4 kg o f  Type 1 AJGD s p le e n  by 

Cio-dNM c h r o m a t o g r a p h y .  The f i n a l  p r e p a r a t i o n  was a b o u t  7 5 0 0 - f o l d  

e n r i c h e d  o v e r  t h a t  in  t h e  c r u d e  h o m o g e n a t e  ( a b o u t  5 9 0 0 - f o l d  o v e r  t h e  

c h o l a t e  e x t r a c t ) .  T h i s  p r e p a r a t i o n  was o b t a i n e d  in  an 11% y i e l d  and 

s e v e r a l  p r o t e i n  bands were d e t e c t e d  on s i l v e r  s t a i n e d  SDS-PAGE g e l s  (78) 

( d a t a  n o t  s h o w n ) .  O n ly  a band a t  Mr  = 6 7 , 0 0 0 ,  which c o r re sp o n d e d  t o  

t h e  pure  normal g l y c o s y l a t e d  p l a c e n t a l  B - G l c ,  was d e t e c t e d  by  immuno- 

b l o t t i n g  u s i n g  p o l y c l o n a l  o r  m o n o c l o n a l  a n t i b o d i e s  t o  normal B-Glc .  

R e a p p l i c a t i o n  and e l u t i o n  o f  t h e  f i n a l  p r e p a r a t i o n  on t h e  (4 0 -dNM column 

r e s u l t e d  in  r e c o v e r i e s  o f  10 t o  15% o f  t h e  a p p l i e d  e n z y m a t i c  a c t i v i t y



and i n s u f f i c i e n t  p r o t e i n  was o b ta in e d  f o r  a n a l y s i s .  In b u f f e r  A c o n t a i n ­

ing  60% e t h y l e n e  g ly c o l  and 4 mM 3 - m e r c a p t o e t h a n o l ,  t h e  enzyme a c t i v i t y  

was s t a b l e  f o r  a t  l e a s t  f i v e  months .
*

To o b t a i n  y i e l d s  g r e a t e r  t h a n  1% o f  t h e  o r i g i n a l  Type 1 AJGD 

enzym at ic  a c t i v i t y ,  t h e  ac id  p r e c i p i t a t i o n  and h y d r o p h o b i c  c h r o m a t o g ­

r a p h y  s t e p s  ( 1 1 ,1 2 ,1 5 )  were e l i m i n a t e d .  The c o ld  (4°C) b u tan o l  e x t r a c t ,  

o b t a i n e d  a f t e r  d i a l y s i s  a g a i n s t  2% b u tan o l  and c o n t a i n i n g  4 mM 3-mercap­

t o e t h a n o l ,  was a p p l i e d  d i r e c t l y  t o  a 5 ml column o f  (4 0 -dNM (1 m l /m in ) .  

The washes and e l u t i o n  were e x a c t l y  t h e  same as  f o r  no rm a l  p l a c e n t a l  

3 - G l c  e x c e p t  t h a t  t h e  m u t a n t  enzyme a c t i v i t y  in  t h e  c r u d e  s p l e n i c  

e x t r a c t  was e l u t e d  w i th  50 t o  70% e t h y l e n e  g l y c o l  ( F i g .  2 ) .  E x t e n s i v e  

c o m p a r a t i v e  k i n e t i c  s t u d i e s  o f  t h e  normal and Type 1 AJGD 3 -G lc  p re p a ­

r a t i o n s  i n d i c a t e d  t h a t  t h e  m u t a n t  3 - G l c  had a s p e c i f i c  a c t i v e  s i t e  

d e f e c t  ( 4 0 ,5 1 ) .

3.  C o n c l u s io n s : In summary, two new a f f i n i t y  columns employing

p o t e n t  [Kj = .0 5 0  t o  .100 pM (5 9 ) ]  3 -G lc  i n h i b i t o r s  have been shown t o  

be u s e f u l  f o r  p u r i f i c a t i o n  o f  normal and Type 1 AJGD 3 -G lc .  S i n c e  p i l o t  

s t u d i e s  h a v e  i n d i c a t e d  t h a t  t h e  N-alkyl-dNM s u p p o r t s  bind o t h e r  g lu c o -  

s i d a s e s  ( e . g . ,  n e u t r a l  3 - g l u c o s i d a s e  and a c i d  a - g l u c o s i d a s e  i s o z y m e  1 

and 2 ) ,  t h e  a f f i n i t y  co lum ns  might  be adap ted  t o  t h e  s e q u e n t i a l  p u r i ­

f i c a t i o n  o f  t h e s e  enzymes by d i f f e r e n t i a l  e l u t i o n  w i t h  s p e c i f i c  s u b ­

s t r a t e s  o r  i n h i b i t o r s .  Fo r  3 - G l c ,  t h e s e  a f f i n i t y  s u p p o r t s  p ro v id ed  a 

h igh  y i e l d  o f  homogeneous normal enzyme w hich  r e t a i n e d  f u l l  c a t a l y t i c  

a c t i v i t y  and f a c i l i t a t e d  i n v e s t i g a t i o n s  o f  t h i s  enzyme's  s t r u c t u r e  and



f u n c t i o n .  In a d d i t i o n ,  t h e  (4 0 -dNM su p p o r t  p ro v id ed  a s i m p l e ,  r a p id  and 

h i g h e r  y i e l d  a l t e r n a t i v e  t o  t h e  low y i e l d ,  m u l t i - p r o c e d u r a l  m ethod  (1 4 )  

f o r  p u r i f y i n g  mutant B-Glc from Gaucher d i s e a s e  s p l e e n .

B. Use o f  C o n d u r i t o l  B E p o x id e  D e r i v a t i v e s  t o  I n v e s t i g a t e  t h e

C a t a l y t i c a l l y  A c t iv e  Normal and Gaucher D isease  Enzymes:

1. D e t e r m i n a t i o n  o f  kr a t  V a lu e s : To d e te rm in e  t h e  kc a t  v a lu e s

f o r  t h e  normal  and Type 1 AJGD a c t i v e  e n z y m e s ,  t h e  c o n c e n t r a t i o n  o f  

c a t a l y t i c  s i t e s  in  a homogeneous normal p l a c e n t a l  B -Glc  p r e p a r a t i o n ,  a 

c r u d e  normal  s p l e n i c  p r e p a r a t i o n  ( 6 0 - f o l d  e n r i c h e d )  and p a r t i a l l y  

p u r i f i e d  s p l e n i c  p r e p a r a t i o n s  from two AJGD p a t i e n t s  (500- and 7 5 0 0 - fo ld  

e n r i c h e d )  w ere  d e t e r m i n e d  u s i n g  [3H]Br-CBE and m o n o s p e c i f i c  r a b b i t  

an ti -human B-Glc IgG. As shown i n  F i g u r e  3 ,  t h e  amount o f  e n z y m a t i c  

a c t i v i t y  (4MU-Glc) was d i r e c t l y  r e l a t e d  t o  t h e  number o f  c a t a l y t i c  s i t e s  

w h ich  w ere  s p e c i f i c a l l y  l a b e l e d  by [3H]Br-CBE in  t h e  r e s p e c t i v e  enzyme 

p r e p a r a t i o n s ;  s i m i l a r  r e s u l t s  were o b t a i n e d  u s ing  NBD-C12-GC [200  pM; 

Km = 30 pM ( T a b l e  I I I ) ]  as s u b s t r a t e  ( d a t a  no t  shown).  The kca t  v a lu e s  

f o r  t h e  normal  and Type 1 AJGD enzym es  w i t h  4MU-Glc w ere  o b t a i n e d  

d i r e c t l y  f rom  t h e  s l o p e s  o f  t h e  r e s p e c t i v e  c u rv e s  in  F ig u r e  3 and t h e  

co r re sp o n d in g  d a t a  w i th  NBD-C12-GC as s u b s t r a t e .  The kc a t  v a lu e s  f o r  t h e  

no rm a l  homogeneous  p l a c e n t a l  en zy m e ,  w i t h  t h e  4MU-Glc and NBD-C12 -GC 

s u b s t r a t e s ,  w ere  2360 min“ l  ( r an g e  2240 t o  2480) and 2440 min"* ( range  

2320  t o  2 5 6 0 ) ,  r e s p e c t i v e l y .  U s ing  t h e  d e l i p i d a t e d  no rm a l  s p l e n i c  

e x t r a c t ,  t h e  kc a t  v a l u e s  w e re  1380 min- * ( r an g e  1370 t o  1390) f o r  t h e  

4MU-Glc s u b s t r a t e  ( F i g .  3) and 1480 m i n " l  ( r a n g e  1410 t o  1510) with



F ig u re  3: C o r r e l a t i o n  o f  e n z y m a t i c ' a c t i v i t y  (nmol 4MU-Glc h y d r o ly z e d /

m in )  and  t h e  number  o f  c a t a l y t i c  s i t e s  i n  hom ogeneous  no rm al  

p l a c e n t a l  3 - G l c  ( • ) ,  d e l i p i d a t e d  n o rm a l  s p l e n i c  enzyme (0)  and 

p a r t i a l l y  p u r i f i e d  Type 1 AJGD s p l e n i c  3-Glc  p r e p a r a t i o n s  ( ■  ) .  

[3H]Br-CBE s p e c i f i c a l l y  bound t o  t h e  r e s p e c t i v e  3-Glc  was d e t e r ­

mined by q u a n t i t a t i v e  im m u n o p r e c ip i t a t io n  o f  t h e  enzyme-C^HjBr-CBE 

com plex  w i t h  r a b b i t  an t i -hum an  p l a c e n t a l  3-G lc  IgG and S ta p h y lo ­

c o c c u s  a u r e u s  p r o t e i n  A. The kc a t  v a lu e s  f o r  each  enzyme p r e p a r a ­

t i o n  were  d e t e r m i n e d  f ro m  t h e  s l o p e s  o f  t h e  u n w e ig h te d  l i n e a r  

r e g r e s s i o n  c u rv e s  ( s e e  t e x t  and T a b l e  I I I ) .  The d a t a  p o i n t s  f o r  

t h e  m u t a n t  enzyme w ere  f r o m  two d i f f e r e n t  enzyme p r e p a r a t i o n s  

which d i f f e r e d  in  d e g re e  o f  p u r i f i c a t i o n  by 1 5 - f o l d .
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NBD-Ci2 “ GC. The c o r r e s p o n d i n g  kc a t  v a l u e s  f o r  t h e  Type 1 AJGD s p l e n i c  

enzym es  w e re  920 m i n " l  ( r a n g e  830 t o  1000) w i th  4MU-Glc and 980 min~l 

( r a n g e  880 t o  1080) w i th  NBD-C12-GC.

In s e p a r a t e  s e t s  o f  e x p e r i m e n t s  s i m i l a r  t o  t h o s e  in  F i g u r e  3 ,  t h e  

number o f  c a t a l y t i c  s i t e s  in  t h e  normal o r  Type 1 AJGD 3 -Glc  s o u r c e s  was 

d e t e r m i n e d  as a f u n c t i o n  o f  t o t a l  p r o t e i n  c o n c e n t r a t i o n  in  t h e  r e s p e c t ­

i v e  enzyme p r e p a r a t i o n s .  These d a t a  i n d i c a t e d  t h a t  [3H]Br-CBE bound t o  

t h e  hom ogeneous  n o rm a l  p l a c e n t a l  enzyme i n  a 1 : 1  m o le  r a t i o  w i t h  

e n z y m a t i c  p r o t e i n  ( 3 4 ) .  The norm a l  s p l e n i c  B -G lc  was e s t i m a t e d  t o  

r e p r e s e n t  a b o u t  0 . 4 - 0 . 6% o f  t h e  t o t a l  p r o t e i n  i n  t h e  p r e p a r a t i o n .  

S i m i l a r l y ,  t h e  Type 1 AJGD a c t i v e  enzym at ic  p r o t e i n  was 0 .7 #  and 1 0 . 5% 

o f  t h e  t o t a l  p r o t e i n  i n  t h e  two d i f f e r e n t  p r e p a r a t i o n s .  From t h e s e  

d a t a ,  t h e  t o t a l  enzyme c o n c e n t r a t i o n s ,  [E-t] ,  were c a l c u l a t e d  t o  be be­

tween 0 .5  and 15 nM: i . e . ,  a b o u t  2 0 , 0 0 0 -  t o  7 0 0 - f o l d  l e s s  t h a n  t h e

c o n c e n t r a t i o n  o f  [3H]Br-CBE (10 pM) used in  t h e s e  e x p e r im en t s .

The kca t  v a lu e s  (T ab le  I I I )  f o r  t h e  pu re  normal p l a c e n t a l  enzyme and 

t h e  Type 1 AJGD s p l e n i c  enzymes w i th  each s u b s t r a t e  were de te rm ined  from 

vmax = CEt ] kc a t»  assuming t h a t  o n ly  enzyme m o le c u le s  which had r e t a i n e d  

f u l l  c a t a l y t i c  a c t i v i t y  had been q u a n t i t a t e d  by t h e  [3H]Br-CBE method. 

F o r  eac h  s u b s t r a t e ,  t h e  kc a t  v a lu e s  were about  1 . 5 -  t o  3 - f o l d  lower f o r  

t h e  Type 1 AJGD enzym es  t h a n  t h e  r e s p e c t i v e  v a l u e s  f o r  p u r e  norm a l  

p l a c e n t a l  8 - G l c .  E s s e n t i a l l y  i d e n t i c a l  kc a t  v a lu e s  were o b t a i n e d  with  

e i t h e r  Type 1 AJGD s p l e n i c  p r e p a r a t i o n .  As i n d i c a t e d  above ,  t h e  kca t  

v a l u e s  f o r  4MU-Glc and NBD-C1 2 -GC as s u b s t r a t e s  with  t h e  c ru d e  normal 

s p l e n i c  p r e p a r a t i o n  were abou t  1 . 3 -  t o  1 . 7 - f o l d  g r e a t e r  t h a n  t h o s e  f o r



TABLE III
Comparison o f  K i n e t i c  C o n s tan ts  o f  t h e  Normal and Type 1 AJGD B-Glca w i th  A l t e r n a t e  S u b s t r a t e s

k c a t  (min- *)

S u b s t r a t e
Aglycon

^m (mM) Normal P l a c e n t a l
Normal

S p le n ic AJGD S p le n ic

Normal AJGD Method l b Method 2C Method 1 Method 1 Method 2

2-N-(NBD-Ci2-)-
sph ingosy l

0 .03±0.01 0 .03±0 .02 2440
(2320-2560)

2135
(2090-2178)

1480
(1410-1510)

980
(880-1080)

826
(749-893)

2—N—( NBD-Cg—) — 
sph ingosy l

0 .05±0 .02 0 .05± 0 .03 3200
(2790-3610)

1090
(963-1218)

4 - C n - U 0.05±0 .02 0 .05±0 .02 773
(729-818)

306
(278-329)

4-Cg-U 0 .17±0 .03 0 .15±0 .02 2220
(1973-2460)

914
(850-989)

4-Cy-U 0 .12±0.02 0 .28±0 .05 1972
(1820-2124)

713
(670-748)

4-Ci-U 1 .9± 0 .3 2 . 9±0.5 2360
(2240-2480)

2235
(2038-2430)

1380
(1370-1390)

920
(830-1000)

893
(862-929)

h o m o g e n e o u s  no rm a l  p l a c e n t a l  B-Glc and p a r t i a l l y  p u r i f i e d  normal o r  Type 1 AJGD s p l e n i c  enzyme were used 
f o r  t h e s e  s t u d i e s .

^Method 1: kc a t  was d e r i v e d  f r o m  t h e  s l o p e s  o f  e n z y m a t i c  a c t i v i t y  a s  a f u n c t i o n  o f  [^HjBr-CBE in  t h e  
im m u n o p rec ip i ta te s  as de te rm ined  by o t h e r  i n v e s t i g a t o r s  in t h i s  l a b o r a t o r y .

cMethod 2: kc a t  was d e r iv e d  from Vmax = [ E t ] k c a t  where [E*] was de te rm ined  from t h e  r a d i o a c t i v i t y  o f  [ h j B r -  
CBE in  im m u n o p rec ip i ta te s  a f t e r  comple te  i n a c t i v a t i o n  o f  a f i x e d  amount  o f  enzyme a c t i v i t y  by 10 pM o f  
[3H]Br-CBE ( s e e  t e x t ) .



t h e  Type 1 AJGD s p l e n i c  e n z y m e s .  The r e s p e c t i v e  Km v a l u e s  f o r  each 

s u b s t r a t e  were s i m i l a r  in  t h e  Type 1 AJGD and normal enzyme p r e p a r a t i o n s  

(T ab le  I I I ) .

2.  P i s c u s s i o n : ' T h i s  s t u d y  has  p rov ided  ev id en ce  f o r  a d e f e c t  

o f  a c t i v e  s i t e  f u n c t i o n  o f  3 - G l c  from p a t i e n t s  with  Type 1 AJGD. Com­

p a r e d  t o  t h e  no rm a l  e n zy m e ,  t h e  d e f e c t  i n  t h e  Type 1 AJGD enzyme 

r e s u l t e d  i n  a s m a l l  d e c r e a s e  ( 1 . 5 -  t o  3 - f o l d )  in t h e  kc a t  v a lu e s  f o r  

s e v e r a l  s u b s t r a t e s  w h i l e  a 5 - f o l d  d e c r e a se d  a f f i n i t y  f o r  CBE, a c o v a l e n t  

c a t a l y t i c  s i t e  i n h i b i t o r ,  has  been d e m o n s t ra ted  by o t h e r  i n v e s t i g a t o r s  

in  t h i s  l a b o r a t o r y  ( 5 1 ) .  T h ese  r e s u l t s  im p l y  t h a t  t h e  d e f i c i e n c y  o f  

e n z y m a t i c  a c t i v i t y  i n  Type 1 AJGD c a n n o t  be  e x p l a i n e d  by  a m a j o r  

a l t e r a t i o n  in  t h e  c a t a l y t i c  c a p a c i t y  o f  t h e  a c t i v e  m u t a n t  enzym e .  T h i s  

e x p l a n a t i o n  f o r  t h e  n a t u r e  o f  t h e  d e f e c t  in  Type 1 AJGD d i f f e r s  from 

t h a t  p r e v i o u s l y  s u g g e s t e d  by o t h e r s  (1 4 )  and by  us  ( 3 3 , 5 1 )  which  

p r o p o s e d  t h a t  t h e  d e f e c t  i n  t h e  Type 1 AJGD enzyme r e s u l t e d  i n  a l a r g e  

d e c r e a s e  i n  Vmax o r  kc a t .  Based on c o m p ar a t iv e  immunologic s t u d i e s  o f  

normal and Type 1 Gaucher d i s e a s e  enzym es  i n  h i g h l y  p u r i f i e d  s p l e n i c  

p r e p a r a t i o n s  P e n t c h e v  e t  a l . ( 1 4 )  s u g g e s t e d  a m u t a t i o n  in  t h e  3 -G lc  

s t r u c t u r a l  gene which r e s u l t e d  in  a 10- t o  2 0 - f o l d  d e c r e a s e  in  Vmax and, 

by i n f e r e n c e ,  kc a t  o f  t h e  Type 1 GD en zy m e .  U s in g  im m u n o l o g i c ,  

i n h i b i t o r  and i n a c t i v a t i o n  (CBE) s t u d i e s  o f  t h e  r e s i d u a l  enzyme in  

f i b r o b l a s t  e x t r a c t s ,  we p r o p o s e d  a s p e c i f i c  a c t i v e  s i t e  d e f e c t  which 

cou ld  account f o r  t h i s  Vmax abnorm al i ty ,  in  Type 1 AJGD (51 ) .
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Prev ious  s t u d i e s  which d e te rm ined  Vmax have been l i m i t e d  by t h e  la ck  

o f  homogeneous Type 1 AJGD enzyme which r e t a i n e d  f u l l  c a t a l y t i c  a c t i v i t y  

and by a s s u m p t i o n s  o f  a n t i g e n i c  i d e n t i t y  o f  t h e  normal and Type 1 AJGD 

enzymes ( 4 0 , 4 5 , 4 6 ) .  To overcome t h e s e  l i m i t a t i o n s ,  we used th e  c o v a l e n t  

i n h i b i t o r ,  [ 3H]Br-CBE, t o  d e te r m in e  th e  kc a t  v a lu e s  from Vmax v a lu e s  and 

t h e  c o n c e n t r a t i o n  o f  3 - G l c  c a t a l y t i c  s i t e s ,  [ E t 3,  i n  p u r e  n o rm a l  

p l a c e n t a l  3 - G lc ,  d e l i p i d a t e d  c r u d e  no rm a l  s p l e n i c  e x t r a c t s ,  and t h e  

Type 1 AJGD enzyme p r e p a r a t i o n s .  T h i s  a p p ro ach  o b v i a t e d  th e  need f o r  

homogeneous mutan t  enzyme which  r e t a i n e d  f u l l  c a t a l y t i c  a c t i v i t y  and 

o n l y  r e q u i r e d  t h a t  a l l  enzyme which bound [ 3HjlBr-CBE co u ld  be c o m p l e t e l y  

im m u n o p r ec ip i t a t e d .  Thus,  t h e  r e s u l t s  o f  t h e s e  s t u d i e s  were  d e p e n d e n t  

upon t h e  d e g r e e  o f  l a b e l i n g  o b t a i n e d  w i t h  t h e  Type 1 AJGD e n zy m e .  

Complete l a b e l i n g  o f  t h e  a c t i v e  Type 1 AJGD enzyme was s u p p o r t e d  b y  t h e  

f o l l o w i n g  f i n d i n g s :  1) [ 3 H]Br-CBE was r e c o v e r e d  from S D S -p o ly ac ry l -

amide e l e c t r o p h o r e t i c  g e l s  o f  t h e  p u r e  .normal  enzyme and t h e  c o r r e s ­

ponding p r o t e i n  band in t h e  Type 1 AJGD enzyme p r e p a r a t i o n  fo l l o w i n g  im- 

munoabsorpt ion  w i th  monoclonal  a n t i b o d y  to  normal 3 - G l c .  T hese  r e s u l t s  

i n d i c a t e d  c o v a l e n t  b in d in g  o f  [ 3H]Br-CBE t o  e i t h e r  enzyme w i th o u t  l a r g e  

l o s s e s  o f  l a b e l  e s p e c i a l l y  under  t h e  l e s s  s t r i n g e n t  p r o c e d u r e s  u s e d  in  

t h e  p r e s e n t  e x p e r im e n t s .  2) L abe l ing  c o n d i t i o n s  were o p t im iz e d  to  e n s u r e  

t h a t  a l l  [ 3H]Br-CBE b i n d in g  s i t e s  were s a t u r a t e d .  3) A 1 :1  mole to  mole 

s t o i c h i o m e t r y  was o b t a i n e d  w i th  t h e  pure  n o rm al  e n z y m a t i c  p r o t e i n  and 

[ 3 H]Br-CBE ( 3 4 ) .  4) A l i n e a r  r e l a t i o n s h i p  was found between th e  amount

o f  i n c o r p o r a t e d  r a d i o a c t i v i t y  and enzym at ic  a c t i v i t y  f o r  t h e  n o rm a l  o r  

Type 1 AJGD enzym es  ( F i g .  3) which had g r o s s l y  s i m i l a r  p r im a ry  s t r u c ­

t u r e .  The kc a t  c a l c u l a t e d  f r o m  t h e s e  c u r v e s  f o r  t h e  p u r e  no rm a l  

p l a c e n t a l  enzyme agreed  well  w i th  t h e  o b s e r v e d  v a l u e  b a s e d  on p r o t e i n
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d e t e r m i n a t i o n s  ( F i g .  3 and Table  I I I ) .  5) The maximal r a t e  o f  i n a c t i v a ­

t i o n  (k max) o f  t h e  Type 1 AJGD enzyme by  CBE, d e t e r m i n e d  by  o t h e r  

i n v e s t i g a t o r s  in  t h i s  l a b o r a t o r y ,  was s i m i l a r  t o  t h a t  f o r  t h e  n o rm al  

p l a c e n t a l  B-Glc .  This  r e s u l t  i s  i n c o n s i s t e n t  w i th  a major a l t e r a t i o n  in 

k c a t *  i f  t h e  s t e p s  r e q u i r e d  f o r  c o v a l e n t  b in d in g  o f  [^HjBr-CBE and su b ­

s t r a t e  h y d r o l y s i s  a r e  t h e  same ( 5 8 ) .  In a d d i t i o n ,  we assumed t h a t  o n l y  

a c t i v e  enzyme co u ld  b ind  [^HjBr-CBE c o v a l e n t l y  and t h a t  t h e s e  m o lecu les  

had r e t a i n e d  t h e i r  r e s p e c t i v e  f u l l  c a t a l y t i c  a c t i v i t i e s .  The f i n d i n g  o f  

th e  1:1  s t o i c h i o m e t r y  o f  i n h i b i t o r  b in d in g  t o  t h e  normal enzyme based  on 

p r o t e i n  (34) o r  a c t i v i t y  d e t e r m i n a t i o n s  s u p p o r t  t h i s  a s s u m p t i o n .  The 

m in o r  d e c r e a s e  in  kc a t  v a lu e s  f o r  t h e  Type 1 AJGD s p l e n i c  enzymes p r o ­

v id e  ev idence  f o r  t h e  b i n d in g  o f  [^HlBr-CBE o n l y  t o  c a t a l y t i c a l l y  a c t i v e  

mutant  B-Glc .  I f  th e  f i r s t  a ssumption  was i n c o r r e c t  o r  t h e  im m unopre-  

c i p i t a t i o n  p r o c e d u r e  q u a n t i t a t e d  n o n - s p e c i f i c a l l y  bound ( i . e . ,  non-B- 

G lc )  [3H ]Br-CBE ,  t h e  d i f f e r e n c e s  i n  kc a t  v a l u e s  b e tw e e n  t h e  normal 

p l a c e n t a l  B-Glc and Type 1 AJGD a c t i v e  enzyme would be l e s s  t h a n  t h o s e  

o b t a i n e d .

A l t h o u g h  t h e  p r e s e n t  s t u d i e s  were c o n f in e d  t o  s p l e n i c  enzymes from 

two Type 1 AJGD p a t i e n t s ,  t h e s e  r e s u l t s  most l i k e l y  a r e  r e p r e s e n t a t i v e  

o f  t h e  m u t a t i o n ( s )  i n  a f f e c t e d  A s h k e n a z i  J e w i s h  p a t i e n t s  s i n c e  th e  

mutan t  enzymes which were s e l e c t e d  had k i n e t i c  and im m u n o lo g ic  p r o p e r ­

t i e s  c h a r a c t e r i s t i c  o f  B -G lc  f o u n d  in  a l a r g e  s e r i e s  o f  Type 1 AJGD 

p a t i e n t s  ( 4 0 , 5 1 ) .  A lso ,  t h e  k i n e t i c  p r o p e r t i e s  o f  d e l  i p i d a t e d  norm a l  

s p l e n i c  B -G lc  and  no rm a l  o r  Type 1 AJGD enzym es  in  c rude  f i b r o b l a s t  

e x t r a c t s  o r  l y m p h o c y t e s  w e re  e s s e n t i a l l y  i d e n t i c a l  t o  t h o s e  o f  t h e  

r e s p e c t i v e  enzymes r e p o r t e d  he re  ( 4 0 , 5 1 ) .  These r e s u l t s  i n d i c a t e d  t h a t  

t h e  r e s p e c t i v e  k i n e t i c  p r o p e r t i e s  o f  t h e  normal and Type 1 AJGD enzymes
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w ere  c o n s i s t e n t  i n  d i f f e r e n t  t i s s u e  s o u r c e s  ( 4 0 , 5 1 ) .  H ow ever ,  t h e  

s l i g h t l y  lower  kc a t  v a l u e s  o b t a i n e d  w i th  t h e  d e l i p i d a t e d  normal s p l e n i c  

enzyme, compared to  t h e  p l a c e n t a l  enzyme, s u g g e s t  m in o r  d i f f e r e n c e s  in  

k i n e t i c  p r o p e r t i e s  o f  B-Glc ( o r  i t s  d i f f e r e n t  m o le c u l a r  forms)  from v a r ­

io us  t i s s u e s .  Based on t h e s e  c o n s i d e r a t i o n s ,  t h e  r e s p e c t i v e  kc a t  v a lu e s  

f o r  t h e  normal B-Glc and t h e  Type 1 AJGD p r e p a r a t i o n s  were s i m i l a r  w i t h  

e a c h  o f  s i x  d i f f e r e n t  s u b s t r a t e s  (Tab le  I I I )  r e p r e s e n t i n g  two d i f f e r e n t  

ty p e s  o f  l e a v i n g  g ro u p s .

T hese  d a t a  p r o v i d e  i n s i g h t  i n t o  th e  n a t u r e  o f  t h e  m o le c u la r  p a t h o ­

logy  o f  t h e  d e f i c i e n t  enzyme a c t i v i t y  in Type 1 AJGD. P r e v io u s  s t u d i e s  

have  i n d i c a t e d  t h a t  t h e  i n h i b i t o r s ,  g l u c o s e  s p h i n g o s i n e  ( 4 0 )  and 

s p h in g o s in e  ( 5 1 ) ,  have a l t e r e d  a f f i n i t i e s  f o r  t h e  a c t i v e  s i t e  o f  t h e  

Type 1 AJGD e n z y m e .  T h e s e  d a t a  s u g g es te d  t h a t  a p a r t i c u l a r  domain o r  

r e g io n  w i t h i n  o r  n e a r  t h e  m utan t  a c t i v e  s i t e  a l t e r s  t h e  f u n c t i o n  o f  t h e  

a c t i v e  s i t e  ( 3 3 , 4 0 , 5 1 ) .  Immunologic s t u d i e s  w i th  p o l y c lo n a l  (4 0 ,4 5 )  and 

monoclonal (46)  a n t i b o d i e s  have i n d i c a t e d  t h a t  t h e  n o r m a l l y  p r o c e s s e d  

B-Glc  p r o t e i n  in  Type 1 AJGD t i s s u e s  was p r e s e n t  a t  abou t  20 t o  55% o f  

normal l e v e l s ,  b u t  t h a t  t h e  en zym at ic  a c t i v i t y  p e r  mg o f  CRIM was 8 -  t o  

2 0 - f o l d  d e c r e a s e d  ( 1 4 , 4 0 , 4 5 , 4 6 ) .  The minor  d e c r e a s e  in  kc a t  found in 

t h e s e  s t u d i e s  im p l i e s  t h a t  a p e r c e n t a g e  o f  d e t e c t a b l e  CRIM in  p r e v i o u s  

s t u d i e s  was c a t a l y t i c a l l y  i n a c t i v e  enzyme p r o t e i n .  Thus ,  i t  ap p ea rs  

l i k e l y  t h a t  t h e  d e f e c t  w i t h i n  o r  n e a r  th e  Type 1 AJGD a c t i v e  s i t e  l e a d s  

to  in v ivo  l a b i l i t y  o f  t h e  e n z y n a t i c  a c t i v i t y .
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C. Type 1 ,  2 and 3 G a u c h e r  D i s e a s e :  G enet ic  H e t e r o g e n e i t y  Within 

and Among Subtypes  D e l in e a t e d  by Imm unoblo t t ing :

1. S o l u b i l i z a t i o n  o f  g -G1c  A c t i v i t y : Due t o  t h e  membrane

a s s o c i a t i o n  o f  3 - G l c ,  v a r i o u s  e x t r a c t i o n  c o n d i t i o n s  were e v a l u a t e d  to  

e n s u r e  s o l u b i l i z a t i o n  o f  3-G lc  f o r  im munoblo t t ing  s t u d i e s .  As shown in  

T a b l e  IV,  t h e  am ount  o f  3 - G l c  a c t i v i t y  r e t a i n e d  in th e  homogenate o r  

s o n i c a t e  s u p e r n a t a n t s  a f t e r  c e n t r i f u g a t i o n  was v a r i a b l e  and 0.1% T r i t o n  

X -100 ,  0 .5% c h o l a t e  p r o v i d e d  t h e  maximal  s o l u b i l i z a t i o n  o f  3 - G l c  

a c t i v i t y .  The ty p e  o f  s o n i c a t o r  (cup o r  p robe)  o r  l e n g t h  o f  s o n i c a t i o n  

t i m e  had o n l y  m i n o r  e f f e c t s  on th e  s p e c i f i c  a c t i v i t y  o r  p e r c e n ta g e  o f  

3-Glc  a c t i v i t y  s o l u b i l i z e d  ( d a t a  n o t  shown) .  No c o n s i s t e n t  d i f f e r e n c e  in  

s o l u b i l i z a t i o n  o f  normal and GD 3-Glc  a c t i v i t y  was a p p a r e n t .

In view o f  t h e  f a c t  t h a t  com ple te  s o l u b i l i z a t i o n  o f  t h e  n o rm al  o r  

m u t a n t  3 - G l c  a c t i v i t i e s  c o u l d  n o t  be c o n s i s t e n t l y  a c h i e v e d ,  w ho le  

f i b r o b l a s t s  were s o n i c a t e d  in  0.1% T r i t o n  X-100 and 0.5% c h o l a t e  f o r  

i m m u n o b l o t t i n g  s t u d i e s .  Th is  method was a l s o  used s i n c e  d i s s o l u t i o n  o f  

whole f i b r o b l a s t s  in  SDS-PAGE b u f f e r  B a lo n e  r e s u l t e d  in  p o o r l y  r e s o l v e d  

immunoblots.

2.  I m m u n o b lo t t i n g  S t u d i e s : The m o le c u la r  w e igh t  forms o f  CRIM 

w ere  d e t e r m i n e d  in  f i b r o b l a s t  s o n i c a t e s  from seven normal i n d i v i d u a l s  

and t h i r t y - t h r e e  GD p a t i e n t s .  Very s i m i l a r  CRIM p a t t e r n s  were  o b s e r v e d  

u s i n g  p o l y c l o n a l  IgG o r  t h r e e  d i f f e r e n t  monoclonal a n t i b o d i e s  t o  human 

3 -G lc .  F ig u r e  4 d e m o n s t r a t e s  t h e  c o n s i s t e n c y  and  v a r i a b i l i t y  of, t h e  

i m m u n o b l o t t i n g  p a t t e r n s  u s in g  p o ly c lo n a l  IgG ( F i g s .  4A and B) o r  u s ing  

monoclonal a n t i b o d y  61 ( F i g .  4C).  Normal f i b r o b l a s t s  ( F i g .  4A, l a n e  8 ; 

F i g s .  4B and C, l a n e  7) c o n s i s t e n t l y  c o n t a i n e d  CRIM fo r m s  o f  Mr  =
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TABLE IV
S o l u b i l i z a t i o n  o f  3-Glc  A c t i v i t y  in  Normal,

Type 1, and Type 2 GD F i b r o b l a s t s

% o f  To ta l  A c t i v i t y  
Recovered in S u p e rn a tan t

UUlIU 1 L 1 Ullb —
Normal Type 1 GD Type 2 GD

Homogenization 
0 .2 5  M Sucrose

17.1% ( 2 ) a 
( 1 7 . 1 - 1 7 . 6 )

3.0% (2) 
( 0 - 6 . 0 )

6.7% (2) 
(0 - 1 3 .6 )

S o n ic a t io n  
60 mM p h o s p h a te ,  pH 6 . 6  
0.1% T r i t o n  X-100

32.3% ( 6 ) 
( 7 .4 - 6 6 )

14.8% (3) 
( 4 . 3 - 3 0 . 5 )

27.2% (4) 
( 4 . 9 - 3 0 . 0 )

60 mM p h o s p h a te ,  pH 6 . 6  
0.1% T r i t o n ,  0.5% c h o l a t e

67.4% (5) 
(24-95)

80.1% (4) 
( 3 0 .5 - 9 8 )

74.6% (4) 
(4 8 -9 3 .2 )

a ( ) i n d i c a t e s  number o f  e x p e r i m e n t s .



6 7 , 0 0 0  t o  5 8 , 0 0 0 .  The Mr  = 67 ,000 a n d /o r  58 ,000  forms were t y p i c a l l y  

p r e s e n t  a s  d i s c r e t e  b a n d s ,  w h e r e a s  t h e  f o r m s  Mr  = 6 1 , 0 0 0  t o  64 ,000  

were d i f f u s e  and were u s u a l l y  no t  d e t e c t e d  as  d i s t i n c t  f o r m s .  As shown 

i n  F i g u r e  4 ,  t h e  r e l a t i v e  s t a i n i n g  d e n s i t i e s  o f  t h e s e  CRIM forms were 

somewhat v a r i a b l e .  Th is  v a r i a b i l i t y  was f o u n d  w i t h  d i f f e r e n t  no rm a l  

i n d i v i d u a l s  and w i t h  t h e  same n o rm a l  i n d i v i d u a l .  No c o n s i s t e n t  v a r ­

i a t i o n  was observed  w i th  pa s sa g e  number o r  c e l l  d e n s i t y  o f  t h e  f i b r o ­

b l a s t  c u l t u r e s .

The CRIM f o r m s  (Mr  = 6 7 , 0 0 0  t o  5 8 , 0 0 0 )  i n  m os t  Type 1 GD f i b r o ­

b l a s t s ,  i n c l u d i n g  n i n e  AJGD and t e n  non-Jewish  GD p a t i e n t s ,  had norm al  

p a t t e r n s  us ing  p o ly c lo n a l  o r  monoclonal a n t i b o d i e s  ( F i g .  4 ,  s ee  l e g e n d ) .  

The amount o f  CRIM p e r  mg c e l l  p r o t e i n  always appeared  l e s s  t h a n  n o rm a l  

( F i g .  4 ) .  T h e se  19 Type 1 GD p a t i e n t s  were p r e v i o u s l y  c l a s s i f i e d  as 

Group B by p h y s ic a l  and k i n e t i c  s t u d i e s  ( 4 0 , 5 1 ) .  In c o n t r a s t ,  f i b r o ­

b l a s t s  f rom  f i v e  d i f f e r e n t  non-Jewish  Type 1 GD p a t i e n t s  had immunoblot 

CRIM p a t t e r n s  which d i f f e r e d  f ro m  no rm a l  and o n l y  one  o r  two o f  t h e  

n o rm a l ly  p r e s e n t  CRIM forms were d e t e c t e d  ( F i g .  4 ,  see  l e g e n d ) .  P rev io u s  

k i n e t i c  i n v e s t i g a t i o n s  had c l a s s i f i e d  t h e s e  Type 1 GD p a t i e n t s  a s  Group 

A. I m p o r t a n t l y ,  t h e  p o l y c l o n a l  o r  m o n o c l o n a l  a n t i b o d y  p r e p a r a t i o n s  

r e s u l t e d  in  s l i g h t l y  d i f f e r e n t  CRIM p a t t e r n s  in  t h i s  group o f  p a t i e n t s .  

In F i g u r e s  48 and C ( l a n e  4 ) ,  t h e  f i b r o b l a s t  e x t r a c t  from an A f r i ca n  

B la c k  Type 1 GD p a t i e n t  had one  CRIM fo rm  (Mr  = 6 3 , 0 0 0 )  d e t e c t a b l e  

w i t h  p o l y c l o n a l  IgG and two CRIM f o r m s  (Mr  = 6 7 , 0 0 0  and 6 3 ,0 0 0 )  

d e t e c t e d  with  monoclonal  a n t ib o d y  61 .  A lso ,  as shown in  F ig u r e  4B and C 

( l a n e  5) a v e r y  f a i n t l y  d e t e c t e d  CRIM form with  Mr  % 63 ,000  was found
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in  f i b r o b l a s t  e x t r a c t s  from a Cape Colored Type 1 GD p a t i e n t  even though 

t h e s e  l a n e s  c o n t a i n e d  f o u r  t i m e s  t h e  amount o f  p r o t e i n  t h a t  had been  

a p p l i e d  from normal f i b r o b l a s t  e x t r a c t s .

I n t r a f a m i l i a l  v a r i a b i l i t y  o f  t h e  CRIM p a t t e r n s  was o b s e r v e d  w i t h  

f i b r o b l a s t s  f ro m  s e v e r a l  n e u r o n o p a t h i c  p a t i e n t s .  F igu re  5A ( l a n e  3) 

shows a t y p i c a l  example o f  t h e  CRIM p a t t e r n  o b s e r v e d  in  s e v e n  o f  t h e  

Types  2 o r  3 GD p a t i e n t s  w i t h  a s i n g l e  d i s c r e t e  band d e t e c t e d  a t  Mr  = 

6 7 , 0 0 0 .  Two u n r e l a t e d  Type 2 GD p a t i e n t s  had  one  CRIM form a t  Mr  =

6 2 , 0 0 0  in  t h e i r  f i b r o b l a s t  e x t r a c t s  ( F i g .  5B, l a n e  1 ) .  C e l l  l i n e  

GM2627, c l a s s i f i e d  as an a t y p i c a l  Type 2 GD p a t i e n t  (46)  and one Type 3 

GD p a t i e n t  had two CRIM f o r m s  a t  Mr  = 67 ,000  and 6 3 ,000 .  Unl ike  a l l  

o t h e r  f i b r o b l a s t  e x t r a c t s  from n e u r o n o p a t h i c  p a t i e n t s ,  w h ich  r e q u i r e d  

more t h a n  10  t i m e s  t h e  amount o f  c e l l  p r o t e i n  to  p roduce  e q u a l l y  dense  

CRIM b an d s ,  o n l y  tw ic e  t h e  amount o f  p r o t e i n  was r e q u i r e d  to  o b t a i n  an 

i n t e n s e  CRIM s i g n a l  f ro m  GM 2627  ( d a t a  n o t  shown).  This  o b s e r v a t i o n  

c on f i rm s  t h a t  o f  B e u t l e r  e t  a l .  (46) who found 50-82% o f  normal am ounts  

o f  CRIM in  t h i s  " a t y p i c a l "  Type 2 GD f i b r o b l a s t  l i n e .  F i b r o b l a s t s  from 

one American Black Type 2 GD p a t i e n t  had no d e t e c t a b l e  CRIM w i t h  up t o  

200  pg o f  c e l l  p r o t e i n  a p p l i e d  t o  t h e  g e l s  ( d a t a  n o t  shown) .

As shown in  F ig u re s  4 and  5 ,  when e q u a l  a m o u n ts  o f  no rm a l  and GD 

f i b r o b l a s t  p r o t e i n  were a p p l i e d  t o  SDS-PAGE, GD c e l l  l i n e s  t y p i c a l l y  had 

a v i s u a l l y  l e s s  i n t e n s e  immunoblo t t ing  s i g n a l .  D e n s i to m e t r i e  s cann ing  o f  

t h e s e  im m u n o b l o t s ,  s t a n d a r d i z e d  to  i n c r e a s i n g  amounts o f  normal f i b r o ­

b l a s t  p r o t e i n ,  p ro v id ed  an e s t i m a t e  o f  t h e  r e l a t i v e  am ount  o f  t h e  CRIM 

in  GD c e l l s .  Assuming  a n t i g e n i c  i d e n t i t y  o f  GD B-Glc and th e  normal 

enzyme, t h e  amount o f  CRIM in  two Group B Type 1 p a t i e n t s ,  a n o n - J e w i s h  

Group A Type 1 p a t i e n t ,  and  one  Type 2 GD (GM 1260)  p a t i e n t  were



F ig u r e  4 :  Immunoblot o f  f i b r o b l a s t  s o n i c a t e s  from normal i n d i v i d u a l s

and Type 1 GD p a t i e n t s  u s in g  a n t i - 8 -G lc  p o l y c l o n a l  (A and B) o r  

MCAb 61 ( C ) .  Normals  a r e  in  Lane 8 (A; 40 pg p r o t e i n )  and Lane 7 

(B and C: 15 pg p r o t e i n ) .  Type 1 GD which were  r e p r e s e n t a t i v e  o f  

Group B a r e  in  Lanes  1-4 (A) and Lanes 1, 2 and 6 (B and C).  The 

c l a s s i c  Type 1 GD Group B i s  th e  Type 1 AJGD. Type 1 GD which were 

r e p r e s e n t a t i v e  o f  Group A a r e  in Lanes 5 and 7 (A) and Lanes 3-5  

(B and C ) .  Lane 6 (A) was f r o m  a Type 3 p a t i e n t  o f  A J / I r i s h  

d e s c e n t .  All GD samples  had 80 pg o f  f i b r o b l a s t  p r o t e i n .
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F ig u r e  5 :  Im m u n o b lo t s  o f  normal and Group A Types 1 and 2 GD f i b r o ­

b l a s t  s o n i c a t e s  u s in g  a n t i - 8 -Glc  p o l y c l o n a l  a n t i b o d y .  Lane 1 and 2 

in  A c o n t a i n  18 and 88  pg p r o t e i n  from normal f i b r o b l a s t s ,  r e s p e c ­

t i v e l y .  Lane 3 in  A c o n t a i n s  83 pg p r o t e i n  f r o m  Type 2 GD f i b r o ­

b l a s t s  (GM 8 7 7) .  Lane 4 in  A c o n t a i n s  80 pg p r o t e i n  from a Group B 

Type 1 GD p a t i e n t .  In 8 , Lane 4 c o n t a i n s  15 pg p r o t e i n  from normal 

f i b r o b l a s t s  and  Lanes  2 and  3 c o n t a i n  132 pg and 108 pg p r o t e i n  

from two d i f f e r e n t  Group A Type 1 GD (n o n - Jew ish )  p a t i e n t s '  f i b r o ­

b l a s t s .  Lane 1 i n  B c o n t a i n s  110 pg p r o t e i n  f ro m  a Type 2 GD 

f i b r o b l a s t  l i n e  (GM 1260).  I t  shou ld  be no ted  t h a t  t h e  Type 2 c e l l  

e x t r a c t s  in  A and B a r e  from d i f f e r e n t  p a t i e n t s .
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e s t i m a t e d  t o  be 10.5/6 ( r a n g e  9-12%),  356 and 1.556 o f  t h e  normal l e v e l ,  

r e s p e c t i v e l y .  In g e n e r a l ,  f o r  a f i x e d  amount o f  f i b r o b l a s t  p r o t e i n  t h e  

n e u ro n o p a th ic  forms o f  GD r e s u l t e d  in  t h e  w eakes t  im munoblo t t ing  s i g n a l s  

and th u s  had t h e  low es t  amounts o f  d e t e c t a b l e  CRIM.

The CRIM d e t e c t e d  w i th  monoclonal a n t ib o d y  61 in  t h e  immune absorbed  

( p o l y c l o n a l  a n t ib o d y )  c e l l  c u l t u r e  m e d ia  f ro m  norm al  and AJGD f i b r o ­

b l a s t s  had s l i g h t l y  g r e a t e r  Mr  th a n  t h a t  observed  in t h e  r e s p e c t i v e  c e l l  

s o n i c a t e s  ( F i g .  6 ) .  In t h e  media from normal and Type 1 AJGD (G roup  B) 

c e l l s ,  t h e  p r e d o m i n a n t  CRIM form had a Mr  about 2000 g r e a t e r  than  t h e  

h i g h e s t  Mr  fo rm  ( 6 7 , 0 0 0 )  d e t e c t e d  in  f i b r o b l a s t  s o n i c a t e s .  The CRIM 

f ro m  t h e  m e d ia  o f  Type 2 GD (GM 1260)  c e l l s  a l s o  had a g r e a t e r  Mr  =

6 7 , 0 0 0  as  a co m p a re d  t o  t h e  CRIM fo rm  d e t e c t e d  i n  t h e  

c e l l s ( M r  * 63 ,0 0 0 ,  F ig .  6 ) when equal  volumes o f  media were e x h a u s t i v e ­

l y  immunoabsorbed on t h e  p o l y c l o n a l  co lumn and t h e  e l u t e d  CRIM s u b ­

j e c t e d  t o  im m unob lo t t ing ,  t h e  i n t e n s i t y  o f  t h e  CRIM s i g n a l  was l e s s  than  

normal and g r e a t l y  d e c r e a s e d  in  media from Type 1 AJGD c e l l s  and Type 2 

GD (GM 1260) c e l l s ,  r e s p e c t i v e l y .  These r e s u l t s  a r e  c o n s i s t e n t  w i th  t h e  

r e l a t i v e  amounts o f  CRIM d e t e c t e d  in  t h e  r e s p e c t i v e  c e l l  s o n i c a t e s .

The a s s u m p t i o n  t h a t  t h e  v a r i o u s  immunodetected forms o f  CRIM were 

a c t u a l l y  0-Glc  was s u p p o r te d  by t h e  p r o d u c t i o n  o f  s i m i l a r  im m u n o b lo t  

p a t t e r n s  u s i n g  e i t h e r  p o l y c l o n a l  a n t i  s e r a  o r  any o f  t h r e e  monoclonal  

a n t i b o d i e s ,  which have been shown t o  r e c o g n i z e  d i f f e r e n t  e p i t o p e s  o f  

( i -G lc  and one  o f  w hich  i n h i b i t s  (5-Glc a c t i v i t y  ( S e c t .  V . D . ) .  In 

a d d i t i o n ,  a f t e r  l a b e l i n g  normal o r  Type 1 AJGD f i b r o b l a s t  s o n i c a t e s  with 

[3H ]B r-CB E,  a c o v a l e n t  i n h i b i t o r  s p e c i f i c  f o r  3 - G l c ,  r a d i o a c t i v i t y  was



F ig u r e  6 : Immunoblot o f  CRIM from f i b r o b l a s t  c u l t u r e  media which had '

been  a d s o r b e d  t o  a n t i - 0 - G l c  I g G - S e p h a r o s e  and  d e t e c t e d  w i t h  

MCAb 61 .  Lane 1 c o n t a i n s  a normal f i b r o b l a s t  s o n i c a t e  (40 pg p r o ­

t e i n ) .  Lanes 2 and 3 were from 50 and 10 ml o f  c u l t u r e  m ed ia  f rom  

normal f i b r o b l a s t s ,  r e s p e c t i v e l y .  Lane 4 was from 50 ml o f  c u l t u r e  

media from Type 1 AJGD f i b r o b l a s t s .  Lanes 5 and 6 were from 50 and 

100 m l ,  r e s p e c t i v e l y ,  o f  c u l t u r e  media from Type 2 GD f i b r o b l a s t s  

(GM 1260).





r e c o v e r e d  in  t h e  v a r i o u s  CRIM forms when immunodetected bands were c u t  

and counted  ( F i g u r e  7 ) .  A s i m i l a r  expe r im en t  with  Type 2 G D  c e l l s  was 

performed but t h e  r e c o v e r e d  r a d i o a c t i v i t y  was b a r e l y  above background .

3.  N - G l y c a n a s e ™  D i g e s t i o n : To i n v e s t i g a t e  t h e  o r i g i n  o f  t h e  

m o l e c u l a r  f o r m s  o f  CRIM and t h e  s i z e  o f  t h e  (3-Glc p r o t e i n  backbone ,  

N - G l y c a n a s e ™  was used t o  remove N- l inked  c a r b o h y d r a t e  m o i e t i e s  from t h e  

g l y c o p r o t e i n s  in  n o rm a l  and GD f i b r o b l a s t  l y s a t e s .  N - G l y c a n a s e ™  

d i g e s t i o n  o f  two norm a l ,  two Type 1 AJGD and two Type 2 GD f i b r o b l a s t  

l y s a t e s  (GM 2 6 2 7 ,  GM 877)  r e d u c e d  t h e  v a r i o u s  CRIM forms t o  one CRIM 

fo r m  o f  s i m i l a r  m o l e c u l a r  w e i g h t :  Mr  = 5 6 , 0 0 0  ( F i g .  8 ) .  The 72 ,000 

m o l e c u l a r  w e i g h t  CRIM f o r m ,  m o s t  e a s i l y  d e t e c t e d  i n  one  o f  t h e  two 

Type 2 GD c e l l  l i n e s  i n v e s t i g a t e d  (GM 8 7 7 ) ,  was r e s i s t a n t  t o  N-Glycan- 

a s e ™  d i g e s t i o n  and no change  in  e l e c t r o p h o r e t i c  m o b i l i t y  was a p p a r e n t .  

N-GlycanaseTM d i g e s t i o n  o f  immunoabsorbed (3-Glc from c u l t u r e  media  o f  

n o rm a l  and Type 1 AJGD f i b r o b l a s t s  a l s o  r e s u l t e d  in  a s i n g l e  Mr

56 ,000 CRIM form ( d a t a  no t  shown).  .

4 .  D i s c u s s i o n : The i m m u n o b l o t t i n g  s t u d i e s  r e p o r t e d  h e r e  

p r o v i d e  e v i d e n c e  f o r  g e n e t i c  h e t e r o g e n e i t y  w i t h i n  and b e t w e e n  t h e  

s u b t y p e s  and v a r i a n t s  o f  GD and i n d i c a t e  t h e  o r i g i n  o f  t h e  s e v e r a l  

m o l e c u l a r  w e i g h t  f o r m s  o f  p - G l c  in  t h e  c u l t u r e d  f i b r o b l a s t s .  During 

t h e  c o u r s e  o f  t h e s e  s t u d i e s ,  a c o n t r o v e r s y  h a s  d e v e l o p e d  as  t o  t h e  

number o f  3 - G l c  m o l e c u l a r  weight forms p r e s e n t  in  c u l t u r e d  f i b r o b l a s t s  

( 2 6 , 2 7 , 2 9 ) .  C onseq u en t ly ,  s e v e r a l  d i f f e r e n t  a p p r o a c h e s  w e re  u s ed  t o  

p r o v i d e  s u p p o r t  f o r  a s c r i b i n g  t h e  d i f f e r e n t  m o le c u la r  w e igh t  forms o f  

CRIM t o  3 - G l c .  The enzyme used  f o r  t h e  p r o d u c t i o n  o f  p o l y c l o n a l  

a n t i s e r a  and t h e  s c r e e n i n g  o f  t h e  a n t i b o d y  p r o d u c i n g  hybridomas was



F ig u re  7: I n c o r p o r a t i o n  o f  [^HjBr-CBE in  immunodetected CRIM forms o f

normal and Type 1 AJGD f i b r o b l a s t s .  4 0 - 5 0  pg o f  l a b e l l e d  f i b r o ­

b l a s t  p r o t e i n  were  s u b j e c t e d  t o  SDS-PAGE and i m m u n o b l o t t i n g .  

Immunodetected CRIM forms were c u t  o u t  o f  t h e  n i t r o c e l l u l o s e  and 

r a d i o a c t i v i t y  was d e t e r m i n e d .  R a d i o a c t i v i t y  i s  n o rm a l i z e d  p e r  mg 

o f  f i b r o b l a s t  p r o t e i n  and t h e  b a r s  r e f e r  t o  t h e  r e s p e c t i v e  Mr  

a r e a s  c u t  from t h e  n i t r o c e l l u l o s e  f i l t e r .
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F ig u r e  8 : Im m unob lo ts  o f  N - g l y c a n a s e - t r e a t e d  f i b r o b l a s t  s o n i c a t e s

from normal o r  GD v a r i a n t s .  P r i o r  t o  N - g l y c a n a s e  t r e a t m e n t  o f  

n o r m a l ,  Type 2 GD (GM 2 6 2 7 ) ,  Type 1 (Group B) GD, a r e  shown in 

Lanes 1, 3 and 5, r e s p e c t i v e l y ,  and a f t e r  t r e a t m e n t  a r e  in  Lanes  

2, 4 and 6 , r e s p e c t i v e l y .  Each la n e  c o n t a i n s  80 pg o f  p r o t e i n .
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h o m o g e n e o u s ,  as  d e m o n s t r a t e d  by SDS-PAGE, HPLC ( r e v e r s e  phase)  and t h e  

p r e s e n c e  o f  a s i n g l e  N - te rm in a l  amino a c id  sequence  (22 r e s i d u e s ) ,  w i t h  

e x a c t  c o l i n e a r i t y  t o  t h e  h e p a t i c  3 -G lc  cDNAs ( 2 3 , 2 4 ) .  The CRIM p a t t e r n s  

d e t e c t e d  w i t h  p o l y c l o n a l  a n t i b o d y  w e re  r e p r o d u c i b l e  w i t h  s e v e r a l ,  

m o n o c l o n a l  a n t i b o d i e s  t o  3 - G l c ,  in  p a r t i c u l a r ,  t h e  monoclonal a n t ib o d y  

61 which has  been shown t o  i n h i b i t  3 -G lc  a c t i v i t y  ( S e c t i o n  V . D . ) .  The 

p a t t e r n s  o f  CRIM m o l e c u l a r  w e i g h t  f o r m s  v a r i e d  w i t h  t h e  s u b t y p e  or  

v a r i a n t  o f  GD, i n d i c a t i n g  t h a t  n o n - s p e c i f i c  (non  3 - G l c )  c o n s t i t u t i v e  

p r o t e i n s  were not be ing  d e t e c t e d .  A l s o ,  t h e  immunoblots from c e l l s  o f  a 

p a t i e n t  w i th  no d e t e c t i b l e  e n z y m a t i c  a c t i v i t y  had no i m m u n o b l o t t i n g  

s i g n a l  u s ing  e i t h e r  p o l y c l o n a l  o r  monoclonal a n t i b o d i e s ,  i n d i c a t i n g  t h a t  

n o n - 3 - G l c  p r o t e i n  ev en  on o v e r l o a d e d  g e l s  was n o t  b e i n g  d e t e c t e d .  

F u r t h e r m o r e ,  a l l  t h e  CRIM forms d e t e c t e d  on immunoblots were reduced  t o  

a s i n g l e  CRIM fo rm  Mr  = 5 6 , 0 0 0  a f t e r  c o m p l e t e  d e g l y c o s y l a t i o n  with  

N - G l y c a n a s e T M .  no o t h e r  b a n d s  were o b s e r v e d .  F i n a l l y ,  [3H]Br-CBE, a 

s p e c i f i c  c o v a l e n t  i n h i b i t o r  o f  3 -G lc ,  was used t o  l o c a l i z e  3 - G l c  i n  t h e  

im m u n o b l o t s :  o n ly  t h e  p a r t s  o f  t h e  n i t r o c e l l u l o s e  membrane c o r r e s p o n d ­

ing  t o  CRIM c o n ta i n e d  r a d i o a c t i v i t y .  Based on t h e s e  r e s u l t s ,  we conc lude  

t h a t  t h e  CRIM forms i d e n t i f i e d  in  t h e s e  s t u d i e s  r e p r e s e n t  3 - G lc .

The d i f f e r e n c e s  in  t h e  CRIM p a t t e r n s  w i t h i n  and between t h e  sub ty p es  

and v a r i a n t s  o f  GD s u g g es te d  t h a t  t h e  a l l e l i c  v a r i a n t s  o f  3 -G lc  r e s u l t e d  

in  d i f f e r e n t i a l  e f f e c t s  on t h e  p o s t - t r a n s l a t i o n a l  p r o c e s s i n g  a n d / o r  

s t a b i l i t y  o f  t h e  m u t a n t  e n z y m e s .  G in n s  e t .  a l . ( 2 6 , 2 7 )  p r e v i o u s l y  

p roposed  a unique  p r o c e s s i n g  d e f e c t  in  t h e  n e u ro n o p a th ic  s u b t y p e s  o f  GD 

t o  a c c o u n t  f o r  t h e  s i n g l e  CRIM form d e t e c t e d  in  Type 2 and 3 GD f i b r o ­

b l a s t s .  Our s t u d i e s  c o n f i rm  t h e s e  f i n d i n g s  u s in g  t h e  same c e l l  l i n e s  bu t  

i n d i c a t e  t h a t  t h e  p r e s e n c e  o f  a Mr  = 63 ,000  CRIM form was no t  c h a r a c t e r -
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i s t i c  o f  a l l  Type 2 60 p a t i e n t s  no r  was i t  un ique  t o  t h e  n e u ro n o p a th ic  

v a r i a n t s .  With f i b r o b l a s t  c u l t u r e s  f ro m  d i f f e r e n t  v a r i a n t s  o f  n o n -  

J e w i s h  Type 1 GD, s i n g l e  CRIM f o r m s  (Mr  = 5 9 , 0 0 0 - 6 7 , 0 0 0 )  were a l s o  

o b s e r v e d .  S i n c e  d e g l y c o s y l a t i o n  r e s u l t e d  i n  one  CRIM fo r m  o f  

Mr  = 5 6 , 0 0 0  w h ic h  c o r r e s p o n d e d  t o  t h e  p r e d i c t e d  m o le c u la r  w e igh t  o f  

t h e  m a tu r e ,  normal 3-Glc  p o l y p e p t i d e  c h a i n ,  t h e  CRIM f o r m s  in  t h e  GD 

s u b t y p e s  and  v a r i a n t s  i n v e s t i g a t e d  in  t h i s  r e p o r t  l i k e l y  a r o s e  from 

d i f f e r e n t i a l  p o s t t r a n s l a t i o n a l  g l y c o s y l a t i o n .  Th is  c o n c l u s i o n  and t h e  

lower l e v e l  o f  CRIM (assuming a n t i g e n i c  i d e n t i t y  w i th  t h e  normal enzyme) 

d e t e c t e d  in  GD f i b r o b l a s t s  and in  t h e  c e l l  c u l t u r e  m e d ia  s u g g e s t  t h a t  

s e v e r a l  d i f f e r e n t  amino a c i d  s u b s t i t u t i o n s  ( o r  d e l e t i o n s  which do no t  

d r a m a t i c a l l y  a l t e r  t h e  s i z e  o f  t h e  p r o t e i n  backbone)  g iv e  r i s e  t o  3-Glcs  

which a r e  u n s t a b l e  a n d /o r  a r e  poor s u b s t r a t e s  f o r  p r o c e s s i n g  enzymes.

Although t h e  e f f e c t  on t h e  t r a f f i c k i n g  o f  t h e  a b n o r m a l l y  g l y c o ­

s y l a t e d  m u t a n t  enzym es  in  some Type 2 GD c e l l  l i n e s  i s  uknown, i t  i s  

p o s s i b l e  in  t h e s e  v a r i a n t s  o f  GD t h a t  3-Glc  rem ains  e x t r a  ly sosom al .  I f  

t h i s  s p e c u l a t i o n  i s  c o r r e c t ,  in  some v a r i a n t s  o f  GD, t h e  l e v e l  o f  3-G lc  

in  lysosomes may be n e g l i g i b l e  and t h e  l e v e l  o f  3 - G l c  d e t e r m i n e d  by 

s t a n d a r d  a s s a y s  may n o t  r e f l e c t  t h e  am ount  o f  e n z y m a t i c  a c t i v i t y  

a v a i l a b l e  in  v ivo  f o r  GC ( o r  GS) h y d r o l y s i s .  F u r t h e r m o r e ,  s i n c e  t h e  

l e v e l s  o f  o t h e r  lysosomal enzymes a r e  normal in  GD, and GC (and GS) a r e  

t h e  o n l y  accumula ted  compounds in  GD t i s s u e s  and t h e  f a c t  t h a t  3-Glc  has 

n e a r l y  normal i n t r a c e l l u l a r  l e v e l s  in  I - c e l l  d i s e a s e  ( 9 1 ) ,  s u g g e s t  t h a t  

3-G lc  may have a unique  p r o c e s s i n g  pathway a n d / o r  s i g n a l s  f o r  t r a f f i c k ­

in g  t o  t h e  lysosome.  Indeed ,  t h e  d e t e c t i o n  o f  an N - G l y c a n a s e ™  r e s i s t ­

a n t  3 - G l c  f o r m  w i t h  Mr = 7 2 , 0 0 0  i n  some o t h e r  Type 2 GD f i b r o b l a s t  

l i n e s  s u g g e s t s  t h e  p e r s i s t e n c e  o f  a p r e c u r s o r  form o f  3-Glc  c o n t a i n i n g  a '



s i g n a l  ( l e a d e r )  p e p t i d e  s eq u e n c e ,  a t  l e a s t  t r a n s i e n t l y ,  d u r in g  p r o c e s s ­

ing  o f  t h e  no rm al  enzyme ( 8 7 ) .  Such p r e c u r s o r s  h a v e  b e en  d e t e c t e d  

r e c e n t l y  in  p u l s e  ch ase  s t u d i e s  in normal f i b r o b l a s t s  ( 8 7 ) ,  a l th o u g h  t h e  

Mr  v a l u e s  f o r  t h e  P - G l c  f o r m s  d i f f e r  f r o m  t h o s e  r e p o r t e d  h e r e  and by 

Ginns e t  a l . ( 2 6 , 2 7 ) .

S e v e r a l  o b s e r v a t i o n s  f ro m  t h e s e  s t u d i e s  a re  o f  d i a g n o s t i c  im p o r t -  

ance .  Among t h e  Type 1 AJGD o r  o t h e r  Type 1 GD p a t i e n t s  c l a s s i f i e d  as  

Group B, t h e  normal CRIM forms were d e t e c t e d  in  a l l  f i b r o b l a s t  e x t r a c t s .  

No n e u r o n o p a th i c  p a t i e n t ' s  f i b r o b l a s t s  were d i s c o v e r e d  t o  have  t h i s  CRIM 

p a t t e r n .  How ever ,  s e v e r a l  non-Jewish  Type 1 (Group A) c e l l  l y s a t e s  had 

one o r  two CRIM forms which could  be c o n f u s e d  w i t h  t h e  p a t t e r n  i n  t h e  

Type 2 c e l l  l i n e  [GM 1260 (Mr  = 6 3 , 0 0 0 ) ] .  A lso ,  t h e  f i b r o b l a s t s  from 

one n e u ro n o p a th ic  p a t i e n t  o f  Ashkenazi J e w i s h / I r i s h  a n c e s t r y  had a CRIM 

p r o f i l e  which was e s s e n t i a l l y  i d e n t i c a l  t o  t h a t  from a Type 1 (Group C) 

A f r i k a n e r  p a t i e n t .  T h u s ,  t h e  d i a g n o s t i c  u s e f u l n e s s  o f  t h e  immuno- 

b l o t t i n g  t e c h n i q u e  may be l i m i t e d  t o  f a m i l i e s  where t h e  pheno type  o f  GD 

i s  wel l  e s t a b l i s h e d .  The h e t e r o g e n e i t y  o f  t h e  CRIM p a t t e r n s  w i t h i n  and 

b e tw e e n  t h e  s u b t y p e s  and v a r i a n t s  o f  GD m akes  p r e d i c t i o n  o f  t h e  GD 

phenotype  on t h e  b a s i s  o f  CRIM p a t t e r n  u n c e r t a i n .
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D. C h a r a c t e r i z a t i o n  and  Use o f  MCAbs t o  S tu d y  t h e  S t r u c t u r e  and

K i n e t i c  P r o p e r t i e s  o f  Normal and GD 3 - G l c :

1. C h a r a c t e r i z a t i o n  o f  M o n o c lo n a l  A n t i b o d i e s  (MCAb): Three

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

duc ing  hybr idomas ( o f  112 t o t a l ) .  The i s o t y p e s  o f  t h e s e  a n t i b o d i e s  a r e  

shown in  T a b l e  V, columns 2 and 3.  Seve ra l  c r i t e r i a  (T ab les  V,VI) were 

used t o  d e te r m in e  t h e  e p i t o p e  s p e c i f i c i t y  o f  t h e s e  a n t i - 3 - G l c  MCAbs. 

T h r ee  g r o u p s  o f  e p i t o p e  s p e c i f i c i t i e s  w ere  i n i t i a l l y  i d e n t i f i e d  by 

d i f f e r e n c e s  in t h e  maximal ab so rb an ce  (ELISA) o f  a n t i b o d y  bound t o  3-Glc  

which  had been immobi l ized  a t  pH 7 .3  [3 -G lc  ( 7 . 3 ) ]  o r  9 . 6  [3 -Glc  ( 9 . 6 ) ]  

( T a b l e  V, c o l . 4 ) .  With  s e v e n  MCAbs, s l i g h t l y  g r e a t e r  b i n d i n g  was 

o b s e r v e d  w i t h  3 - G l c  ( 7 . 3 )  c o m p a r e d  t o  3 - G l c  ( 9 . 6 )  and  w ere  named 

Group 1 ,  w h e r e a s  s i x  MCAbs had  much g r e a t e r  b i n d i n g  t o  3 - G l c  ( 7 . 3 )  

(Group 2) and f i v e  MCAbs bound p r e f e r e n t i a l l y  t o  3-G lc  ( 9 . 6 )  a n d / o r  were 

IgM (Group 3 ) .  The s p e c i f i c i t i e s  o f  t h e  MCAbs in  t h e s e  t h r e e  groups  were 

f u r t h e r  d e f in e d  by AI v a l u e s  (T ab le  VI) f o r  each  p o s s i b l e  p a i r  o f  MCAbs. 

For  t h e s e  s t u d i e s  an a r b i t r a r y  A I ,  > 3 0 ,  was used  t o  i n d i c a t e  b in d in g  

t o  d i f f e r e n t  e p i t o p e s ;  i n c o n s i s t e n t  r e s u l t s  were n o t  u s e d  f o r  d e f i n i n g  

th e  e p i t o p e  s p e c i f i c i t i e s .

W i th in  Group 1, t h r e e  e p i t o p e  s p e c i f i c i t i e s  were d e f i n e d  by MCAb 4 ,  

MCAb 7 4 ,  o r  MCAbs 9 ,  3 8 ,  6 1 ,  65 and  3 7 .  The l a t t e r  f i v e  MCAbs g ave  

c o n s i s t e n t l y  low AI v a lu e s  when c r o s s - t e s t e d  w i th  each  o t h e r . .  Within 

Group 2,  MCAb p a i r s  32 and  42 o r  77 and  1 2 2 ,  d e f i n e d  two a d d i t i o n a l  

e p i t o p e s ,  whereas MCAbs 90 and 20 gave i n c o n s i s t e n t  r e s u l t s .  In p a r a l l e l  

s t u d i e s ,  conduc ted  w i th  3 -G lc  ( 9 . 6 ) ,  a s i m i l a r  s e g r e g a t i o n  o f  e p i t o p e s



TABLE V
Antigen Binding P roperties of Anti-B-Glc MCAbs

Isotype Abs[B-Glc(7.3)l E ffect o f  Temperature C ro ss-ac tiv ity
-------------------    :--------------------------- with Detection Percent

MCAb No. Light Heavy Abs[B-GLc(9.6)l B-Glc(7.3) B-GLc(9.6) Canine B-GLc L1mita Inh ib itio n 1*

Group l c 
4 K Gl 1.8 22 > 37 > 4 nda 56

(ng)
0 16

74 K M 1.6 37 -  22 > 4 nd 8 50 0
9 K Gl 1.2 22 > 37 > 4 nd 0 0.5 0

38 K Gl 1.3 22 > 37 -  4 37 > 22 > 4 8 0.1 48
61 K Gl 1.0 22 -  4 - 3 7 37 > 22 > 4 10 0.1 64
65 K Gl 1.4 22 > 37 -  4 4 -  22 > 37 24 10 0
37 X Gl 1.5 22 > 37 > 4 - 42 50P -13

Group 2 
32 K g2A 6.0 22 -  4 > 37 4 -  22 > 37 72 0 29
42 K Gl 7.5 22 -  4 > 37 4 > 22 -  37 75 0 19
90 K Gl 17.0 4 > 22 > 37 4 > 22 -  37 74 10 19
20 K Gl 13.0 22 > 4 > 37 4 > 37 -  22 78 50 24
77 X Gl 9.0 22 > 37 > 4 nd 45 50 3

122 X Gl 4.0 22 > 37 > 4 4 > 22 -  37 54 10 -12
Group 3 

1 K g2 1.0 22 > 4 - 3 7 nd 40 0.5 0
123 K M 0.9 22 > 4 > 37 37 > 4 > 22 59 10 0
F -l K M 1.2 33 > 22 -  4 37 > 22 -  4 70 10 30
F-2 K M 2.6 22 > 37 • 4 37 > 22 -  4 60 10 41

59 K M 0.7 37 > 22 > 4 4 > 22 -  37 >50 Stained 0
Background

aL1m1t o f detection  on dot b lo ts  with n ative  B-G1c.
^Percent Inh ib ition  compared to  co n tro l; negative number Ind ica tes a c tiv a tio n . 
c Group was assigned based on the r a t io s  o f  absorbances fo r  B-G1c (7 .3 ) and B-Glc (9 .6 ) .
*MCAb 37 was the only antibody th a t had g rea te r s e n s i t iv i ty  fo r  the detec tio n  o f SOS-denatured B-Glc. 
®nd Indicates th a t no d iffe rence  1n absorbance readings were observed a t  d if fe re n t  tem peratures.



TABLE VI
A d d i t i v i t y  In d ic e s  f o r  Various MCAbs

MCAb
No. 4 74 9 38 61 65 37 32 42 77 122 90 20 1 123 F - l F-2 59

4
•

74 90b -

9 39 59 -

38 79 36 16 - GROUP 1
61 33 64 12 18 - ✓

65 35 65 3 7 1 1 -

37 38 78 8 23 33 25 -

32 23 48 66 64 78 93 80 | -

42 19 76 33 23 35 43 33 1 o -

77 40 71 8 23 37 34 01 1 70 26 - GROUP 2
122 42 95 29 42 50 26 09 | 68 29 08 -

90 32 112 21 43 40 32 38 | 22 32 10 08 -

20 35 162 69 78 86 79 87 | 10 06 33 55 07 -

1 33 73 52 51 60 66 76 39 38 62 79 73 97 | -

123 67 113 63 61 51 42 57 87 41 41 85 24 0 | 63 -

F-l 41 0 26 16 41 18 16 25 23 18 11 0 18 | 85 46 - GROUP
F-2 48 6 52 11 48 14 26 70 20 07 10 24 19 | 79 135 35 -

59 17 45 51 57 57 69 45 26 16 51 67 53 12 j 58 52 67 132

a B-Glc ( 7 .3 )  was u sed ;  d a t a  f o r  B-Glc ( 9 . 6 )  n o t  shown.

^The numbers a r e  t h e  a d d i t i v i t y  i n d i c e s :  AI v a lu e s  < 30 were chosen to  i n d i c a t e  s i m i l a r  s p e c i f i c i t y .
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b a s e d  on AI i n d i c e s  w e re  o b t a i n e d  ( d a t a  n o t  shown).  The i n c o n s i s t e n t  

r e s u l t s  o bse rved  w i th  some MCAbs were i n t e r p r e t e d  a s  s u g g e s t i n g  e i t h e r  

s t e r i c  h i n d r a n c e  o r  c o n f o r m a t i o n a l  i n t e r a c t i o n s  w i t h  t h e  MCAbs ( s e e  

b e lo w ) .  Within  Group 3,  t h e  f i v e  MCAbs a p p e a r e d  t o  r e c o g n i z e  d i s t i n c t  

e p i t o p e s .  However, c r o s s - c h e c k i n g  th e  F - l  and F-2 (IgM) MCAbs w i th  t h o s e  

i n  Groups  1 and  2 r e s u l t e d  in  i n c o n s i s t e n t  a s s i g n m e n t  o f  e p i t o p e  

s p e c i f i c i t i e s .  U s ing  G roups  1 ,  2 and 3,  d e f i n e d  above ,  we i n t e r p r e t e d  

t h e  r e s u l t s  t o  i n d i c a t e  t h a t :  1) MCAbs 1, 4 ,  74,  5 9 ,  and  123 r e c o g n i z e  

f i v e  u n i q u e  e p i t o p e  s p e c i f i c i t i e s ;  2) MCAbs 9 ,  38,  61,  65 and 37 b in d  

e i t h e r  t o  a s i n g l e  e p i t o p e  o r  o v e r l a p p i n g  e p i t o p e s  and  3) t h r e e  MCAb 

p a i r s ,  32 and 42,  77 and 122,  and F - l  and F -2 ,  e ach  r e c o g n iz e d  a s i n g l e  

o r  c o n t ig u o u s  e p i t o p e .  K i n e t i c  s t u d i e s  ( s e e  b e lo w )  i n d i c a t e  t h a t  i n  

s o l u t i o n ,  MCAbs F - l  and  F - 2  b i n d  t o  d i f f e r e n t  e p i t o p e s .  The e p i t o p e  

s p e c i f i c i t y  o f  MCAb 122 was d i s t i n g u i s h e d  from t h a t  o f  MCAb 77 by  t h e  

m arked  d e c r e a s e  in  t h e r m o s t a b i l i t y  o f  3 - G l c  a c t i v i t y  induced  by  th e  

b i n d in g  o f  MCAb 122 t o  t h e  enzyme ( d a t a  n o t  shown).

The e f f e c t  o f  t e m p e r a t u r e  (37°C, 22#C, and 4°C) on MCAb b in d in g  t o  

3-Glc  ( 7 . 3 )  and 3-Glc  ( 9 . 6 )  p ro v id e d  a d d i t i o n a l  d e l i n e a t i o n  o f  e p i t o p e  

s p e c i f i c i t y .  A d i f f e r e n c e  in  b in d in g  was a s s ig n e d  o n l y  w i th  r e p r o d u c i b l e  

ELISA a bso rbance  changes  o f  g r e a t e r  than  10% a t  each t e m p e r a t u r e .  S i n c e  

t h e s e  s t u d i e s  were conduc ted  w i th  s a t u r a t i n g  amounts o f  a n t i b o d i e s ,  t h e  

d i f f e r e n c e s  in  abso rbance  were l i k e l y  due t o  c o n f o r m a t i o n a l  c h a n g e s  o f  

3 - G l c  and n o t  a l t e r e d  d i f f u s i o n  r a t e s  o f  t h e  MCAb. This  s u g g e s t i o n  a l s o  

was s u p p o r t e d  by t h e  improved b in d in g  o f  s e v e r a l  MCAbs t o  3 -G lc  a t  4*C. 

Fo r  m o s t  MCAbs, b in d in g  to  3-G lc  ( 7 . 3 )  was b e s t  a t  22°C. However, MCAbs 

74, 59 and F - l  had i n c r e a s e d  b i n d i n g  a t  37°C and t h e  l o w e s t  b i n d i n g  a t  

4°C .  T hese  r e s u l t s  p r o v i d e  s u p p o r t  f o r  th e  d i f f e r e n t  e p i t o p e  s p e c i f i c ­



i t i e s  o f  MCAbs 74 and 59 and s u g g e s t  t h a t  F - l  had a u n i q u e  e p i t o p e  

s p e c i f i c i t y .  Among t h e  Group 1 MCAbs which were th o u g h t  t o  h ave  s i m i l a r  

e p i t o p e  s p e c i f i c i t y  as d e te rm in ed  by AI i n d i c i e s  ( i . e . ,  9 ,  3 7 ,  38 ,  61 ,  

65) o n ly  61 and 38 had  s i m i l a r  t e m p e r a t u r e  d e p e n d e n c e  o f  b i n d i n g  t o  

3 - G lc .  These r e s u l t s  s u g g es te d  a t  l e a s t  two a d d i t i o n a l  e p i t o p e  s p e c i f i c ­

i t i e s  in  Group 1.  Using t h e  t e m p e r a t u r e  d e p e n d e n c e  c r i t e r i a ,  Group 2 

MCAbs, 32,  42 and 2 0 ,  d e f i n e d  one e p i t o p e  and MCAb 90 a n o t h e r .

The b ind in g  o f  MCAbs t o  p a r t i a l l y  p u r i f i e d  c a r t i n e  s p l e n i c  3 - G l c  

i m m o b i l i z e d  t o  ELISA p l a t e s  a t  pH 7 . 3  o r  9 . 6  (T ab le  V, c o l . 7 ) ,  and t h e  

d e t e c t i o n  s e n s i t i v i t y  o f  n a t i v e ,  o r  reduced  and d e n a tu r ed  human 3 -Glc  on 

d o t  b l o t s  ( T a b l e  V, c o l . 8 ) s u g g e s t e d  s u b t l e  d i s t i n c t i o n s  b e t w e e n  

e p i t o p e s .  For e x a m p l e ,  MCAbs 38 and 61 g a v e  c o n c o r d a n t  r e s u l t s  w i t h  

t h e s e  t e s t s  b u t  t h e  r e s u l t s  w i t h  MCAbs 9 ,  65 and 37 were d i s c o r d a n t  

s u g g e s t i n g  d i f f e r e n t  e p i t o p e  s p e c i f i c i t i e s .  The s p e c i f i c i t i e s  o f  t h e s e  

f i v e  MCAbs a l s o  w e re  d i s t i n c t  as d e te rm in e d  by t h e  CRIM p a t t e r n s  with  

e l e c t r o b l o t t e d  p e p t i d e s  from p a r t i a l  V-8  d i g e s t s  o f  3 -G lc .  MCAbs 38 and 

61 d e t e c t e d  i d e n t i c a l  CRIM p a t t e r n s  w h i l e  MCAbs 37 and 65 d e t e c t e d  a 

d i f f e r e n t  p a t t e r n  o f  p e p t i d e s  which were a s u b s e t  o f  t h o s e  r e c o g n iz e d  by 

MCAb 9 ( F i g .  9 ) .

The f i n a l  c r i t e r i a  f o r  e p i t o p e  s p e c i f i c i t y  was t h e  a b i l i t y  o f  MCAbs 

t o  a l t e r  human 8 -G lc  a c t i v i t y  in s o l u t i o n .  Four MCAbs ( 3 8 ,  6 1 ,  F - l  and 

F - 2 )  r e p r o d u c i b l y  i n h i b i t e d  3-Glc  h y d r o l y s i s  o f  4MU-Glc o r  NBD-C12-GC. 

I m p o r t a n t l y ,  38 and 61 r e c o g n ize d  t h e  same e p i t o p e ,  w h e rea s ,  F - l  and F-2 

each d e f in e d  a un ique  e p i t o p e  s p e c i f i c i t y  ( s e e  be low ) .

Using a l l  t h e  c r i t e r i a  d e s c r i b e d  a b o v e ,  a t o t a l  o f  14 d i f f e r e n t  

p a t t e r n s  o f  a n t ig e n  b i n d i n g ,  i . e . ,  e p i t o p e  s p e c i f i c i t i e s ,  were a s s ig n e d  

from t h e s e  e ig h t e e n  MCAbs.



F ig u re  9:  R ec o g n i t io n  o f  p e p t i d e s  in  t h e  same p r o t e a s e  d i g e s t  o f  pure  

3-Glc  u s in g  immunoblots w i th  d i f f e r e n t  MCAbs. MCAbs 3 8 ,  9 3 7 ,  1,  

6 5 ,  9 0 ,  and 122 w e re  u s e d  f o r  i m m u n o d e t e c t i o n  in  L anes  1 - 7 ,  

r e s p e c t i v e l y .
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2 .  I n t e r a c t i o n  o f  3 - G l c  w i t h  I n h i b i t o r y  MCAbs: The i n t e r ­

a c t i o n s  o f  3 - G l c ,  enzyme m o d i f i e r s  and t h e  i n h i b i t o r y  MCAbs 6 1 ,  38,  F - l  

and F-2 were e v a l u a t e d  t o  g a in  i n s i g h t  i n t o  t h e  s t r u c t u r e  and f u n c t i o n  

o f  t h e  normal  3 -G lc  a c t i v e  s i t e .  MCAbs F - l  and F-2 c o m p le te ly  i n h i b i t e d  

3 -G lc  a c t i v i t y  a f t e r  2 h o f  i n c u b a t i o n ,  w h e r e a s ,  MCAbs 38 and 61 w ere  

o n l y  p a r t i a l l y  i n h i b i t o r y  ( F i g .  1 0 ) .  T e n - f o ld  in c r e a s e d  c o n c e n t r a t i o n s  

o f  MCAbs 38 o r  61 as  wel l  as  p ro longed  i n c u b a t i o n  t im es  d id  no t  i n c r e a s e  

t h e  d e g r e e  o f  i n h i b i t i o n  (65% i n h i b i t i o n ) .  To d e t e r m i n e  w he ther  t h e  

i n h i b i t i o n  by MCAbs 38 and 61 was due t o  a p a r t i a l l y  a c t i v e  MCAb/3 - G lc  

c o m p lex  o r  t o  f r e e  3 - G l c  w h ich  was f u l l y  a c t i v e  i n  t h e  p r e s e n c e  o f  

c o m p le t e ly  i n a c t i v e  MCAb/3-Glc complexes ,  t h e  MCAb/3 - G lc  m i x t u r e s  w ere  

t r e a t e d  w i th  Staph A c e l l s ,  a f t e r  maximum i n h i b i t i o n  had been o b t a i n e d .  

All 3 - G l c  a c t i v i t y  was p r e c i p i t a t e d  by  S t a p h  A c e l l s ,  i n d i c a t i n g  a 

p a r t i a l l y  a c t i v e  MCAb/3-Glc complex ( d a t a  no t  shown).  S ince  i d e n t i c a l  

r e s u l t s  were o b t a i n e d  w i th  MCAbs 61 and 38 ,  a l l  r e m a i n i n g  s t u d i e s  w ere  

conducted  with  MCAb 61.

The observed r a t e s  o f  i n h i b i t i o n  were a l t e r e d  by t h e  amount o f  3-Glc  

a c t i v i t y  o r  t h e  amount o f  MCAb p r e s e n t  i n  t h e  i n c u b a t i o n  m i x t u r e s  

( F i g .  1 0 ) .  The t ^ /2  f ° r  maximal i n h i b i t i o n  o f  3 - G l c  by  F - l  

( 6 .1  p g / a s s a y )  was i n c r e a s e d  about  1 8 - f o ld  by a 10- f o l d  i n c r e a s e  in  t h e  

amount o f  3 -Glc  a c t i v i t y  in t h e  i n c u b a t io n  m i x t u r e s .  In c om par ison ,  o n ly  

a t w o - f o l d  i n c r e a s e  o f  t h e  r e s p e c t i v e  t j / g  v a lu e s  was observed  f o r  F-2 

( 5 . 4  p g / a s s a y )  o r  61 ( 1 . 0  p g / a s s a y )  u n d e r  t h e  ab o v e  c o n d i t i o n s .  To 

d e t e r m i n e  whether  t h e  r a t e s  o f  i n h i b i t i o n  o f  3 -G lc  were due t o  t h e  r a t e  

o f  MCAb b in d in g  t o  t h e  enzyme, 3 -Glc  was immobil ized on ELISA p l a t e s  a t  

pH 7 . 3  [ 3 - G l c  ( 7 . 3 ) ]  o r  by  b i n d i n g  t h e  enzyme t o  immobil ized  r a b b i t



F igu re  10: The r a t e  o f  i n h i b i t i o n  o f  normal 3-Glc  a c t i v i t y  u s in g  MCAb 

F - l  (A) o r  MCAb“s F - 2  ( c i r c l e s )  and  61 ( t r i a n g l e s )  ( B ) .  Open 

sy m b o ls  i n d i c a t e  3 . 6  n m o l / h  o f  3 - G l c  a c t i v i t y ;  c l o s e d  symbols 

i n d i c a t e  a 1 0 - f o l d  d e c r e a s e d  l e v e l  o f  enzyme a c t i v i t y ,  i . e . ,

0 .36  nmol /h .
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p o l y c l o n a l  a n t i - 3 - G l c  IgG [ 3 - G l c  ( I g G ) ] ,  a n o n i n h i b i t o r y  a n t i b o d y  

p r e p a r a t i o n .  Both 3 -Glc  ( 7 . 3 )  and 3 -Glc  (IgG) were c a t a l y t i c a l l y  a c t i v e .  

With  MCAb F - l ,  a maximum o f  10$ i n h i b i t i o n  o f  enzyme a c t i v i t y  was 

observed  w ith  3 -G lc  ( 7 . 3 ) ,  w h e r e a s  a d i r e c t  c o r r e l a t i o n  b e tw e e n  t h e  

amount o f  F - l  bound and t h e  deg ree  o f  i n h i b i t i o n  was o b t a i n e d  w i th  3-Glc  

( IgG ) .  Th is  r e s u l t  s u g g e s t s  t h a t  t h e  i n d u c e d  i n h i b i t i o n  o f  3 - G l c ,  b u t  

n o t  t h e  b i n d i n g  by F - l ,  r e s u l t e d  f rom  a c o n fo rm a t io n a l  change in  t h e  

enzyme. S i m i l a r l y ,  w i th  F-2 and 6 1 ,  t h e  d e g re e  o f  enzyme i n h i b i t i o n  was 

r e l a t e d  t o  t h e  amount o f  MCAb bound t o  3 -G lc  (IgG) ( F i g .  1 1 ) .  At any 

l e v e l  o f  3-Glc  i n h i b i t i o n  by t h e  MCAbs ( F - l ,  F - 2 ,  o r  6 1 ) ,  no f u r t h e r  

i n c r e a s e  in  t h e  d e g r e e  o f  enzyme i n h i b i t i o n  was o b s e r v e d  a f t e r  t h e  

e x ce s s  unbound MCAb was removed f ro m  t h e  ELISA w e l l s .  T h e s e  f i n d i n g s  

su g g e s t  t h a t  t h e  i n h i b i t o r y  e f f e c t s  were immedia te  and no t  t h e  r e s u l t  o f  

a slow i n d u c t i v e  ( c o n f o r m a t i o n a l )  p r o c e s s .

3.  E f f e c t s  o f  S u b s t r a t e s  and E f f e c t o r s  on I n h i b i t i o n  o f  Normal 

3 - G l c  by MCAbs: The i n t e r a c t i o n s  b e tw e e n  s u b s t r a t e s  o r  m o d i f i e r s  o f

3 - G l c  a c t i v i t y  on t h e  i n h i b i t o r y  e f f e c t s  and b in d in g  o f  MCAbs 61 ,  F - l  

and F -2  were  e v a l u a t e d  i n  s o l u t i o n  and on ELISA p l a t e s .  F o r  t h e s e  

s t u d i e s ,  s u b s t r a t e  was added t o  t h e  enzyme s o l u t i o n  s i m u l t a n e o u s l y  with 

t h e  MCAbs. I n c u b a t i o n s  o f  enzyme and MCAb in  s o l u t i o n  and i n  t h e  

p r e s e n c e  o f  4 niM 4MU-Glc o r  0 . 3  mM NBD-GC, d em o n s t ra t ed  t h a t  t h e  MCAb 

i n h i b i t i o n  o f  3 - G l c  a c t i v i t y  was u n a f f e c t e d  (MCAb 6 1 ) ,  p a r t i a l l y  

p r e v e n t e d  (MCAb F - l )  o r  c o m p l e t e l y  p r e v e n t e d  (MCAb F - 2 )  by  t h e s e  

s u b s t r a t e s  (Tab le  V I I ) .  For t h e s e  s t u d i e s ,  s u b s t r a t e  was added  t o  t h e  

enzyme s o l u t i o n  s i m u l t a n e o u s l y  w i th  t h e  MCAbs. S t u d i e s  u s in g  t h e  ELISA 

system [w i th  3-Glc  ( IgG )]  d em ons t ra t ed  t h a t  w ith  MCAb F - l ,  t h e  d e c r ea se d



TABLE VII
E f f e c t  o f  S u b s t r a t e  on I n h i b i t i o n  o f  3-G lc  A c t i v i t y  By 

Monoclonal A n t ib o d ie s  F - l ,  F-2 and 61

I n c u b a t io n
Monoclonal ---------------------------------------------------

Ant ibody  Without With
S u b s t r a t e  S u b s t r a t e

F - l  -  MCAb 4 .2 8  4 .6 7

+ MCAb 1 .2 5  3 .1 5

% I n h i b i t i o n  71% 33%

F-2 -  MCAb 4 .1 6  4 .92

+ MCAb 2 .7 8  4 .9 9

% I n h i b i t i o n  33% 0

61 -  MCAb 4 .2 6  4 .7 4

+ MCAb 1 .74  1 .82

% I n h i b i t i o n  59% 61%



d e g r e e  o f  i n h i b i t i o n  i n  t h e  p r e s e n c e  o f  4MU-Glc was acc o m p a n ied  by 

d e c r e a s e d  MCAb b i n d i n g .  In c om par ison ,  t h e  p r e s e n c e  o f  4MU-G1c had  no

e f f e c t  on t h e  b i n d i n g  o f  MCAb-61 ( F i g .  11) o r  F -2  t o  3 - G l c  ( I g G ) .

However,  4MU-Glc d id  p r e v e n t  t h e  i n h i b i t i o n  o f  e n z y m a t i c  a c t i v i t y  by 

F - 2 ,  bu t  not by MCAb 61 ( F i g .  1 1 ) .

A s e r i e s  o f  3 - G l c  i n h i b i t o r s  and a c t i v a t o r s  were t e s t e d  f o r  t h e i r  

e f f e c t s  on t h e  induced i n h i b i t i o n  by MCAbs F-l  and F-2 ( T a b l e  V I I I ) .  

These  s t u d i e s  were conducted  w i th  MCAb, enzyme and enzyme m o d i f i e r s  in  a 

p r e i n c u b a t i o n  m i x t u r e  (2  h ;  2 2 ° C ) ,  f o l l o w e d  by a 20 -  t o  1 0 0 - f o l d

d i l u t i o n  p r i o r  t o  a s s a y  w i th  4MU-Glc s u b s t r a t e .  Thus,  t h e  e f f e c t  o f  t h e

m o d i f i e r  on a n t i b o d y  i n d u c e d  i n h i b i t i o n  was b e i n g  t e s t e d  and i s  e x ­

p r e s s e d  a s  t h e  p e r c e n t  c h a n g e  i n  d e g r e e  o f  i n h i b i t i o n ,  i . e . ,  p e r c e n t  

i n h i b i t i o n  by MCAb a lo n e ;  minus t h e  p e r c e n t  i n h i b i t i o n  by MCAb i n  t h e  

p r e s e n c e  o f  t h e  e f f e c t o r .  No compound i n c r e a s e d  t h e  p e r c e n t  i n h i b i t i o n  

by t h e  MCAb F-l.  S u b s t r a t e s  and most o f  t h e  p o t e n t  i n h i b i t o r s  o f  3 - G l c ,  

such  as  d e o x y n o j i r i m y c i n  (mixed  i n h i b i t i o n )  o r  g l u c o s e  s p h i n g o s i n e  

( n o n - c o m p e t i t i v e  i n h i b i t i o n ) ,  p r o t e c t e d  t h e  enzyme f r o m  i n h i b i t i o n  by 

MCAb F - l .  I m p o r t a n t l y ,  t h e  p o t e n t  ( m i x e d  t y p e )  i n h i b i t o r s  o f  3 - G lc ,  

c a s t a n o s p e r m i n e  and n o j i r i m y c i n ,  w h ich  a r e  s t r u c t u r a l l y  s i m i l a r  t o  

d e o x y n o j i r i m y c i n ,  had l i t t l e  o r  no e f f e c t  on t h e  induced  i n h i b i t i o n  by 

F-l.  G a lac to sy l  s p h i n g o s i n e ,  which does no t  i n h i b i t  3 -Glc  a c t i v i t y ,  a l s o  

had no e f f e c t  on t h e  a b i l i t y  o f  MCAb F-l t o  i n h i b i t  3 -G lc .

TC and PS, a c t i v a t o r s  o f  3 -G lc  a c t i v i t y ,  p a r t i a l l y  p r o t e c t e d  t h e  

enzyme from  i n h i b i t i o n  by  MCAb F - l .  T h i s  d e g r e e  o f  p r o t e c t i o n  was 

r e l a t e d  t o  t h e  po tency  o f  t h e  a c t i v a t o r s  s i n c e  g r e a t e r  c o n c e n t r a t i o n s  o f  

TC, a l e s s  p o t e n t  a c t i v a t o r ,  were r e q u i r e d  t o  a ch ie v e  t h e  same d e g re e  o f



F ig u re  11: The e f f e c t  o f  4MU-Glc s u b s t r a t e  on th e  b in d in g  o f  3-Glc

( c i r c l e s )  and on th e  i n h i b i t i o n  o f  3 - G l c  a c t i v i t y  ( s q u a r e s )  by 

MCAbs F - l  (A), F-2 (B) and 61 (C) as  d e t e c t e d  on ELISA. Open sym­

b o l s  deno te  i n c u b a t i o n s  o f  MCAb and enzyme done in th e  a b s e n c e  o f  

s u b s t r a t e ;  c lo s e d  symbols (dashed  l i n e s )  i n d i c a t e  i n c u b a t i o n s  done 

in t h e  p re s e n c e  o f  4 mM 4MU-Glc.  MCAbs F - l  and  61 were  u s ed  as  

p u r i f i e d  i m m u n o g l o b u l i n s .  MCAb F-2 was used as h e a t - i n a c t i v a t e d  

(50°C, 2 h ) ,  d i a l y z e d  (v e r s u s  PBS) a s c i t e s  f l u i d .
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TABLE VIII
E f f e c t  o f  I n h i b i t o r s  and A c t i v a t o r s  on the  MCAb F - l  

Induced I n h i b i t i o n  o f  Acid 3 -G lu c o s id a s e  A c t i v i t y

Compound (mM)
E f f e c t  on 

3-Glc
% Chanqe in  I n h i b i t i o n  

by*MCAb F - l a

4MU-Glc ( 4 ) b S u b s t r a t e 68
NBD-GC ( 0 .3 ) S u b s t r a t e 62
Phospha t idy l  s e r i n e  ( 1 . 6 ) AC 25
T a u ro c h o la te  ( 1 .9 ) A 5

" (4 .6 5 ) A 30
" ( 9 .2 ) A 40

Sphingos ine  (0 .1 0 ) C/NCC 4
" (0 .5 3 ) C/NC 39

Glucose Sph ingos ine  (0 .1 0 )  
N-Hexyl-Glucose

NCC 67

Sphingos ine  (0 .001 ) NC 28
G alac to se  Sph ingos ine  (0 .1 0 ) No E f f e c t 0

Octyl B -Glucoside  ( 1 .0 ) C/NC 0
Octyl a - G lu c o s id e  ( 1 .0 ) No E f f e c t 0
1-Deoxynoj i r imycin  (1 .2 5 )  
N-Dodecyl D e o x y n o j i r i ­

C/NC 68

mycin (0 .00125) C/NC 72
N oj i r im yc in  ( 0 . 0 2 0 ) C/NC 20

Castanospermine  (0 .040 ) C/NC -4

1-0-Methyl  a - G lu c o s id e  (500) C/NC 1

T r i to n  X-100 Nc 5
Human Serum Albumin N 0

Ethylene  Glycol N 0

a A l l  c o n t r o l  s a m p l e s  were 65-78% i n h i b i t o r y  by MCAb F - l  in  t h e  absence  
o f  m o d i f i e r s .

bAll c o n c e n t r a t i o n s  o f  3 -G lc  m o d i f i e r s  were equal  to  o r  s l i g h t l y  g r e a t e r  
than  I 50 v a lu e s  ( 3 3 , 4 0 , 5 1 ) .

CA, a c t i v a t o r ;  C/NC, m ix ed  c o m p e t i t i v e / n o n - c o m p e t i t i v e  i n h i b i t o r ;  NC, 
n o n c o m p e t i t i v e ;  N, n o n - s p e c i f i c .



TABLE IX
E f f e c t  o f  MCAb 61 on t h e  K i n e t i c  I n t e r a c t i o n s  o f  

Normal and Type 1 AJGD 0-Glc

Normal 0-Glc AJGO Type 1 0-Glc
-MCAb 61 -WCAb61 -MCAb61 4MCAb61

Km ( 4MU-G1c) a 2 .1  mM 2 . 0  mM 2 .4  mM 2 .4  mM

Kj GS ’ 5 pM 10 pM 75 pM 230 pM

Ki N-Hexyl-GS 0 .0 5  pM 0 .1 2  pM 0 .4 3  pM 0 .6 0  pM

K-j Cas tanospermine 7 . 5  pM 10 .9  pM 7 .5  pM 6 .9  pM

"C o-G lucos idase"
A c t iv a t io n 3 . 8 - f o l d 5 . 0 - f o l d 2 . 0 - f o l d 3 . 8 - f o l d

TC A c t i v a t i o n  (.75%) 2 . 2 - f o l d 4 . 8 - f o l d 1 2 . 0 - f o l d 1 4 . 0 - f o l d

PS A c t i v a t i o n  (4 mM) 3 . 5 - f o l d 5 . 0 - f o l d 1 4 . 5 - f o l d 7 . 5 - f o l d

a Al 1 a s s a y s  c o n t a i n e d  0.5% T r i t o n  X-100. Binding o f  MCAb61 had s i m i l a r  
e f f e c t s  on t h e  K-j v a l u e s  f o r  GS, N-Hexyl GS, and c a s t a n o sp e rm in e  when 
a s sa y s  c o n t a i n e d  0.5% T r i t o n  X-100 and 0.25%-0.5% TC.



p r o t e c t i o n  as PS,  a more  p o t e n t  a c t i v a t o r .  T r i t o n  X-100, human serum 

albumin and e t h y l e n e  g l y c o l ,  which i n t e r a c t  w ith  (3-Glc n o n s p e c i f i c a l l y ,  

had no p r o t e c t i v e  e f f e c t s .

In c o n t r a s t ,  a l th o u g h  s u b s t r a t e  p r o t e c t e d  normal ji-Glc from i n h i b i ­

t i o n  by bo th  F - l  and F - 2 ,  GS a n d ,  t o  a l e s s e r  e x t e n t ,  TC, w h ich  p r o ­

t e c t e d  t h e  enzyme f rom  F - l  i n h i b i t i o n ,  had no e f f e c t  o r  s l i g h t l y  

enhanced t h e  i n h i b i t i o n  by MCAb F -2 ,  r e s p e c t i v e l y .

Due t o  t h e  p a r t i a l  i n h i b i t i o n  induced by MCAb-61 and t h e  r a p i d  r a t e  

a t  which t h i s  MCAb b inds  and i n h i b i t s  3 -Glc  a c t i v i t y ,  k i n e t i c  a n a l y s e s  

w e re  c o n d u c t e d  a f t e r  maxim al  i n h i b i t i o n  was o b ta in e d  (T ab le  IX).  With 

t h e  normal enzyme, t h e  3 -G lc  a c t i v i t y  in  t h e  MCAb-61/enzyme c o m p le x  had  

u n c h an g e d  Km v a l u e s  f o r  4MU-G1C and v a lu e s  f o r  c a s t a n o s p e r m in e .  The 

Ki v a l u e s  f o r  t h e  n o n c o m p e t i t i v e  i n h i b i t o r s ,  GS and N-hexyl-GS,  were 

s l i g h t l y  i n c r e a s e d  ( 1 . 2 5 -  t o  2 . 5 - f o l d )  in t h e  MCAb/enzyme c o m p l e x .  The 

normal enzyme when bound w i th  MCAb-61 had a g r e a t e r  deg ree  o f  a c t i v a t i o n  

by TC, PS, and " c o - g T u c o s id a s e " ,  a n a t u r a l l y  o c cu r in g  a c t i v a t o r  p r o t e i n .  

T h e s e  r e s u l t s  s u g g e s t  t h a t  MCAb 61 induced a co n fo rm a t io n a l  change in  

3 -G lc  l e a d i n g  t o  a p a r t i a l l y  a c t i v e  enzyme w ith  unchanged  a f f i n i t y  f o r  

t h e  s u b s t r a t e  o r  c o m p e t i t i v e  i n h i b i t o r s .  However ,  t h e  e f f e c t s  o f  

n o n c o m p e t i t i v e  e f f e c t o r s ,  i n h i b i t o r s  o r  a c t i v a t o r s ,  w ere  a l t e r e d .  

I n d e e d ,  t h e  e f f e c t s  o f  t h e  n e g a t i v e l y  c h a r g e d  l i p i d s  o r  t h e  p r o t e i n  

a c t i v a t o r  p a r t i a l l y  r e s t o r e d  t h e  a c t i v i t y  o f  t h e  i n h i b i t e d  enzyme.

In o r d e r  t o  e n s u r e  t h a t  t h e  a p p a r e n t l y  i n c r e a s e d  s e n s i t i v i t y  o f  t h e  

enzyme/MCAb complex t o  a c t i v a t i o n  by TC, PS or  t h e  " c o - g l u c o s i d a s e "  was 

n o t  due  t o  t h e  r e l e a s e  o f  t h e  an t ib o d y  from 3 -G lc ,  enzyme and MCAb were 

i n c u b a t e d  t o g e t h e r  u n t i l  maximal i n h i b i t i o n  was ach ieved .  Then ,  0 .5% TC 

was added and in c u b a ted  f o r  30 min a t  37°C. The in c u b a t io n  m i x t u r e s  were



t h e n  d i l u t e d  5 0 - f o l d  and a s s a y e d  f o r  3 -Glc  a c t i v i t y  (w i th  0.5% T r i t o n  

X - 1 0 0 ) .  No c h a n g e  i n  t h e  d e g r e e  o f  i n h i b i t i o n  was o b s e r v e d  in  t h e  

p r e s e n c e  o r  a b s e n c e  o f  TC, as  compared t o  a c o n t r o l  sample c o n t a i n i n g  

t h e  5 0 - f o l d  d i l u t e d  s o l u t i o n  o f  MCAb 61 added  d i r e c t l y  t o  t h e  3 -G lc  

a s s a y  m i x t u r e .  S i m i l a r  r e s u l t s  were found when t h e  amount o f  MCAb bound 

t o  3 -Glc was m oni to red  by t h e  ELISA method: no d i f f e r e n c e  in  t h e  amount 

o f  MCAb 61 bound t o  3 - G l c  was observed  in  i n c u b a t i o n s  o f  t h i s  MCAb in 

t h e  p r e s e n c e  o r  absence  o f  0.5% TC.

4.  The e f f e c t  o f  MCAbs F - l ,  F -2  and 61 on i n h i b i t i o n  o f  GD 

3 - G l c  a c t i v i t y : When equal amounts o f  normal o r  GD 3 -G lc  a c t i v i t y  from

f i b r o b l a s t s  were in c u b a te d  w i th  MCAbs F - l  o r  F -2 ,  t h e  r a t e  o f  i n h i b i t i o n  

( d a t a  no t  shown) and t h e  amount o f  MCAb r e q u i r e d  t o  i n h i b i t  t h e  GD 3-Glc  

a c t i v i t y  by 50% ( I 5 0 ) was in c r e a s e d  4 - f o l d  and 1 . 5 -  t o  6 - f o l d  by F - l  and 

F -2 ,  r e s p e c t i v e l y ,  compared t o  t h a t  o f  t h e  normal enzyme ( F i g .  1 2 ) .  When 

t h e  amount o f  no rm a l  3 -Glc  a c t i v i t y  was i n c r e a s e d  by t e n - f o l d ,  t h e  I50 

f o r  F-2  was e s s e n t i a l l y  unchanged. However, t h e  I 50  f o r  F - l  i n h i b i t i o n  

o f  t h e  normal  enzyme was i n c r e a s e d  a b o u t  4 - f o l d ;  t h i s  I50  v a lu e  was 

c o m p a r a b l e  t o  t h a t  o b t a i n e d  w i t h  t e n - f o l d  l e s s e r  am oun ts  o f  3 - G l c  

a c t i v i t y  from e i t h e r  t h e  Type 1 o r  2 GD f i b r o b l a s t  e x t r a c t s .

The e f f e c t s  o f  enzyme m o d i f i e r s  on t h e  i n h i b i t i o n  o f  Type 1 AJGD 

3 - G l c  a c t i v i t y  by  F - l  w e re  s i m i l a r  t o  t h e  r e s u l t s  o b t a i n e d  w i th  t h e  

normal enzyme: i . e . ,  s u b s t r a t e s ,  GS, N -h e x y l -G S  and dNM p r o t e c t e d  t h e  

Type 1 AJGD enzyme from i n h i b i t i o n .  Cas tanospe rm ine  and 1 -0 - m e th y l - a - D -  

g l u c o s i d e ,  a more p o t e n t  i n h i b i t o r  o f  t h e  Type 1 AJGD enzyme t h a n  t h e  

normal 3-G lc  a c t i v i t y  had no e f f e c t  on t h e  a b i l i t y  o f  F - l  t o  i n h i b i t  t h e  

t y p e  1 AJGD 3 - G lc .  However, in  compar ison  t o  t h e  normal enzyme, TC had



F ig u r e  12: I n h i b i t i o n  o f  e q u a l  amounts o f  0-Glc  a c t i v i t y  in normal

( c i r c l e s ) ,  Type 1 AJGD (flf  ) ,  and  Type 2 (A) GD f i b r o b l a s t s  by 

MCAbs F - l  (A) and F -2  ( B ) .  P o i n t s  d e s i g n a t e d  by c l o s e d  symbols 

r e p r e s e n t e d  an i n i t i a l  0-Glc  a c t i v i t y  o f  2 . 3  n m o l / h .  The norm al  

s am p le  d e n o t e d  by ( 0 ) had a 1 0 - f o l .d  i n c r e a s e d  i n i t i a l  l e v e l  o f  

0-Glc  a c t i v i t y ,  23 .0  nmol/h .
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l e s s  p r o t e c t i v e  e f f e c t  on t h e  Type 1 AJGD enzyme and 9 . 2  mM o f  TC 

p r o t e c t e d  t h e  Type 1 AJGD 0 - G l c  by o n l y  20% as  co m p ared  t o  40% 

p r o t e c t i o n  o f  e q u a l l y  i n h i b i t e d  normal 0 -G lc  a c t i v i t y .

The e f f e c t s  o f  MCAb 61 on t h e  p r o p e r t i e s  o f  t h e  Type 1 AJGD enzyme 

d i f f e r e d  from t h o s e  o bse rved  with  t h e  normal enzyme. Although t h e  Km f o r  

4MU-Glc and t h e  Ki f o r  c a s ta n o sp e rm in e  were unchanged, t h e  K-j v a lu e s  f o r  

GS and N-hexyl-GS were 1 . 5 -  t o  4 . 5 - f o l d  i n c r e a s e d  in  t h e  MCAb 6 1 /e n z y m e  

complex,  compared t o  o n ly  1 . 2 -  t o  2 . 5 - f o l d  w i th  t h e  normal enzyme (Tab le  

IX).  In a d d i t i o n ,  t h e  d e g re e  o f  a c t i v a t i o n  o f  t h e  Type 1 AJGD enzyme in  

t h e  a n t i b o d y / e n z y m e  com plex  was ( F i g .  13) 1) u n c h a n g e d  by  TC;

2) d e c r e a se d  (by  2 - f o l d ) b y  PS and 3) was i n c r e a s e d  ( 2 - f o l d )  by " c o -  

g l u c o s i d a s e " . These r e s u l t s  su g g es t  t h a t  t h e  k i n e t i c  e f f e c t s  o f  TC, PS 

and " c o - g l u c o s i d a s e "  a r e  med ia ted  by d i f f e r e n t  mechanisms.

5.  D e l i n e a t i o n  o f  t h e  H e t e r o g e n e i t y  o f  GD Using MCAb 6 1 : Si nee 

t h e  norm a l  0-Glc  had i n c r e a s e d  a c t i v a t i o n  by TC and t h e  AJGD enzyme had 

u n a l t e r e d  a c t i v a t i o n  by  TC when bound t o  MCAb 61 ( F i g .  1 3 ) ,  t h e  

u s e f u l n e s s  o f  t h i s  MCAb f o r  d i s c r i m i n a t i o n  o f  t h e  s u b ty p es  and v a r i a n t s  

o f  GD was e v a l u a t e d .  For t h e s e  s t u d i e s ,  f i b r o b l a s t  e x t r a c t s  f ro m  f i v e  

d i f f e r e n t  norm al  i n d i v i d u a l s  o r  v a r i o u s  GD p a t i e n t s  (21 p a t i e n t s )  were 

in c u b a te d  with  or  w i th o u t  MCAb 61 in  t h e  p r e s e n c e  o f  0.5% TC and t h e n  

a s s a y e d  f o r  0 - G l c  a c t i v i t y  in  t h e  p r e s e n c e  o f  0.25% T r i t o n  X-100 and

0.5% TC. Using 4MU-Glc o r  GC as s u b s t r a t e s ,  t h e  normal o r  Types  2 and 3 

0 - G l c  ( f ro m  seven d i f f e r e n t  GD p a t i e n t s )  were i n h i b i t e d  about  10-15% by 

MCAb 61 whereas  t h e  Type 1 AJGD enzyme (from t e n  d i f f e r e n t  p a t i e n t s )  was 

i n h i b i t e d  60-70% by t h i s  a n t ib o d y .  Th is  d i s c r i m i n a t i o n  was a p p a r e n t  on ly  

under  t h e s e  ex p e r im en ta l  c o n d i t i o n s  and a l l  enzym es  w e re  i n h i b i t e d  t o



F ig u r e  13 :  The e f f e c t  o f  MCAb 61 on t h e  TC (A) o r  PS (B) a c t i v a t i o n

o f  normal ( c i r c l e s )  and Type 1 AJGD ( s q u a r e s )  3-Glc  a c t i v i t y .  Open 

s y m b o ls  d e n o t e  c o n t r o l  a s s a y s  done  in  t h e  absence  o f  t h e  MCAb. 

Closed symbols i n d i c a t e  3-Glc  which had been m a x i m a l l y  i n h i b i t e d  

by  MCAb 61 p r i o r  t o  3-Glc  a s s a y s  in  t h e  p re s e n c e  o f  t h e  i n d i c a t e d  

c o n c e n t r a t i o n s  o f  TC o r  PS.
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F ig u r e  14: The d i f f e r e n t i a l  e f f e c t s  o f  MCAb 61 on th e  3-Glc  a c t i v i t y

from normal and GD v a r i a n t  f i b r o b l a s t s .  F i b r o b l a s t  s o n i c a t e s  f rom  

norm al  i n d i v i d u a l s  a r e  d e s i g n a t e d  as N and th o s e  from Type 2 o r  3 

GD p a t i e n t s ,  2 o r  3,  r e s p e c t i v e l y . 3 - G l c  f ro m  Type 1 GD f i b r o ­

b l a s t s  c l a s s i f i e d  a s  Group A, B o r  C b y  p h y s i c a l  and  k i n e t i c  

a n a ly s e s  a r e  d e s i g n a t e d  A l ,  B1 o r  C l ,  r e s p e c t i v e l y .  Shaded and 

c r o s s - h a t c h e d  b a r s  i n d i c a t e  a s s a y s  done w i th  MCAb 61 in  t h e  ab ­

sence  o f  0.5% TC.
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t h e  same d e g r e e  (60-70%) in  t h e  absence  o f  TC. With i n c r e a s i n g  concen­

t r a t i o n s  o f  TC from 0-0 .5% ,  t h e  d i f f e r e n c e s  in t h e  d e g re e  o f  i n h i b i t i o n  

between t h e  normal and t h e  Type 1 AJGD 3 -G lc  became i n c r e a s i n g l y  g r e a t e r  

( F i g .  13) w h i l e  w i t h  c o n c e n t r a t i o n s  o f  TC b e tw e e n  0 . 5 - 1 . 0 % ,  t h e  

d i f f e r e n c e  d e c r e a s e d .  S i m i l a r i l y ,  Type 1 GD enzymes from t e n  non-Jewish  

p a t i e n t s ,  who had been shown p r e v i o u s l y  t o  have  e i t h e r  normal (G ro u p  A) 

o r  ab n o rm a l  (G roup  B) r e s p o n s e s  t o  TC (a n d  o t h e r  m o d i f i e r s  o f  3 -G lc  

a c t i v i t y )  s e g r e g a t e d  w i th  t h e  normal and Types 2 and 3 enzymes (Group A) 

o r  t h e  Type 1 AJGD (Group B) enzymes,  r e s p e c t i v e l y ,  u s ing  t h e  i n h i b i t o r y  

r e s p o n s e  t o  MCAb 61 ( F i g .  14 ) .

6 . P i s c u s s i o n : In t h i s  c o m m u n i c a t i o n ,  s t u d i e s  w i th  MCAbs to

human 3 -G lc  have p ro v id ed  i n s i g h t  i n t o  t h e  s t r u c t u r e  and f u n c t i o n  o f  t h e  

normal and GD 3 - G l c .  In a d d i t i o n ,  one  o f  t h e s e  MCAbs (MCAb 6 1 )  was 

u s e f u l  f o r  t h e  d i s c r i m i n a t i o n  o f  a l l e l i c  m u ta t io n s  o f  3-G lc  which r e s u l t  

i n  t h e  s u b t y p e s  and v a r i a n t s  o f  GD. S e v e r a l  c r i t e r i a  w e re  u s e d  t o  

c h a r a c t e r i z e  e i g h t e e n  MCAbs and t o  i d e n t i f y  f o u r t e e n  d i f f e r e n t  a n t ig e n  

b i n d in g  s i t e s  on t h e  normal enzyme. Of t h e s e  f o u r t e e n  e p i t o p e s ,  t h r e e  

w e re  a s s o c i a t e d  w i t h  e n z y m a t i c  i n h i b i t i o n .  A l th o u g h  t h e  number  o f  

i d e n t i f i e d  e p i t o p e s  was g r e a t e r  t h a n  c l a s s i c a l l y  p r e d i c t e d  f o r  a

5 6 , 0 0 0  kd p r o t e i n  (o n e  e p i t o p e  p e r  5000  K d ) ,  r e c e n t  s t u d i e s  h a v e  

i n d i c a t e d  t h a t  o v e r l a p p i n g  e p i t o p e s  may c o v e r  t h e  e n t i r e  s u r f a c e  o f  

p r o t e i n s  ( 9 6 )  and t h a t  many e p i t o p e s ,  i n t e r i o r  t o  t h e  p r o t e i n ,  may be 

a c c e s s i b l e  t o  a n t i b o d i e s  o n l y  i f  t h e  p r o t e i n  i s  u n f o l d e d  ( 7 7 ) .  The 

f i n d i n g  t h a t  MCAbs 37 and 59 p r e f e r r e d  b i n d i n g  t o  d e n a tu r e d  o r  i n a c t i v e  

enzyme and MCAbs 6 1 ,  3 7 ,  9 and 65 c o u l d  be  d i s t i n g u i s h e d  by  t h e i r  

r e c o g n i t i o n  o f  d i f f e r e n t  p e p t i d e s  in  V-8 p r o t e a s e  d i g e s t s  o f  3-G lc
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i n d i c a t e s  such  i n a c c e s s i b i l i t y  o f  some e p i t o p e s  on 3 -G lc .  F u r th e rm o re ,  

t h e  i d e n t i f i c a t i o n  o f  e p i t o p e s  based oh d i f f e r e n t i a l  r e a c t i v i t y  o f  MCAbs 

t o  3 - G l c  i m m o b i l i z e d  a t  pH 7 . 3  o r  9 . 6 ,  t e m p e r a t u r e  d e p e n d e n c e  o f  

b i n d i n g ,  o r  b i n d i n g  o f  n a t i v e  vs  S D S - d e n a t u r e d  enzyme i n d i c a t e d  t h e  

c o n f o r m a t i o n a l  d e p e n d e n c e  o f  c e r t a i n  e p i t o p e s .  The c o n f o r m a t i o n a l  

dynamics o f  e p i t o p e  s p e c i f i c i t y  were a l s o  e v i d e n t  from t h e  d i f f e r e n t i a l  

r a t e s  o f  i n a c t i v a t i o n  o f  3 -G lc  by equal c o n c e n t r a t i o n s  o f  MCAbs F - l ,  F-2 

and 61 ,  s u g g e s t in g  t h a t  t h e  s lower  b in d in g  MCAbs may r e c o g n i z e  " b u r i e d "  

e p i t o p e s  ( 7 7 , 9 6 ) .

The f u n c t i o n a l  consequences  o f  t h e  MCAb-enzyme i n t e r a c t i o n s  y i e l d e d  

i n f o r m a t io n  on t h e  mechanism o f  3-G lc  a c t i o n  and t h e  s t r u c t u r e  o f  t h e  

3 - G l c  a c t i v e  s i t e .  The MCAbs F - l ,  F-2 and 61 i n h i b i t e d  3 -G lc  a c t i v i t y  

w i t h o u t  p r e c i p i t a t i o n  and t h e r e f o r e  must e x e r t  t h e i r  i n h i b i t o r y  e f f e c t s  

by d i r e c t  b ind ing  t o  t h e  enzyme and no t  v i a  f o r m a t i o n  o f  ex tended  immune 

complexes .  This  was f u r t h e r  suppor ted  by t h e  f i n d i n g  t h a t  MCAb 6 1 ,  an 

IgG MCAb, r e t a i n e d  i t s  p a r t i a l  i n h i b i t i o n  o f  enzyme a c t i v i t y  in  t h e  

Staph A p r e c i p i t a t e d  complexes  whereas  F - l  and F-2 c o m p le t e ly  i n h i b i t e d  

3 - G l c  a c t i v i t y  i n  s o l u t i o n .  F u r th e r m o re ,  t h e  mechanisms by which t h e s e  

MCAbs i n h i b i t  3-Glc  a c t i v i t y  appear t o  be  d i f f e r e n t  ( s e e  b e l o w ) .  T h i s  

would  n o t  be e x p e c t e d  i f  i n h i b i t i o n  r e s u l t e d  o n ly  from immune-complex 

f o r m a t i o n .

T h r e e  m ech an ism s  c o u l d  a c c o u n t  f o r  t h e  i n h i b i t o r y  e f f e c t s  o f  t h e  

MCAbs: 1) t h e  a n t i b o d i e s  c o u l d  b i n d  t o  r e s i d u e s  w i t h i n  o r  n e a r  t h e  

a c t i v e  s i t e  and b l o c k  a c c e s s  o f  s u b s t r a t e s  t o  t h i s  s i t e ;  2) t h e  a n t i ­

b o d ie s  co u ld  induce  a c o n fo rm a t io n a l  change  o r  " f r e e z e "  t h e  enzyme in  a 

c o n fo rm a t io n ,  t h e r e b y  p r e v e n t i n g  h y d r o l y s i s  o r  3) a com bina t ion  o f  t h e s e  

two mechanisms. T h e s e  t h r e e  m e ch a n i sm s  w e re  e v a l u a t e d  i n d i r e c t l y  by



a s s e s s i n g  t h e  i n f l u e n c e  o f  s u b s t r a t e s ,  i n h i b i t o r s  and a c t i v a t o r s  on t h e  

e x t e n t  o f  b in d in g  and t h e  d e g re e  o f  enzyme i n h i b i t i o n  by t h e  MCAbs. With 

MCAb F - l ,  t h e  4MU-Glc o r  GC s u b s t r a t e s  p r e v e n t e d  t h e  MCAb b i n d i n g  as 

w e l l  a s  t h e  r e s u l t a n t  i n h i b i t i o n  o f  t h e  e n z y m a t i c  a c t i v i t y .  T h i s  

a p p a r e n t  c o m p e t i t io n  o f  F - l  and s u b s t r a t e  f o r  3 -G lc  may be due e i t h e r  t o  

t h e i r  b i n d i n g  t o  t h e  same ( o r  o v e r l a p p i n g )  s i t e  o r  t o  a s u b s t r a t e  

i n d u c e d  c o n f o rm a t io n a l  change which r e n d e r s  t h e  MCAb s i t e  i n a c c e s s i b l e .  

Such s u b s t r a t e  i n d u c e d  c h a n g e s  i n  p r o t e i n  c o n f o r m a t i o n  h a v e  been  

d em o n s t ra t ed  w i th  s e v e r a l  p r o t e i n  k i n a s e s  ( 9 5 ) .  O ther  m o d i f i e r s  o f  J5-G1 c 

a c t i v i t y ,  i . e . ,  s p h in g o s in e  and g lu c o se  o r  g a l a c t o s e  s p h i n g o s i n e ,  had  

m ore  l i m i t e d  e f f e c t s  on F - l  b i n d i n g ,  a p p a r e n t l y  c o n c e a l i n g  o r  e xpos ing  

F - l  b in d in g  s i t e s ,  r e s p e c t i v e l y .  The p r e s e n c e  o f  s u b s t r a t e  had no a f f e c t  

on t h e  b i n d i n g  o f  MCAbs F -2  and 61 t o  3 - G l c , i n d i c a t i n g  b i n d in g  s i t e s  

d i f f e r e n t  t h a n  t h a t  o f  F - l :  i . e . ,  o n e s  w h ic h  w e re  a c c e s s i b l e  t o  t h e  

MCAbs when s u b s t r a t e  was bound t o  t h e  enzyme.

When t h e  i n t e r a c t i o n  o f  F - l  and enzyme was a s s e s s e d  by t h e  ELISA 

s y s t e m  u s i n g  3 - G l c  ( 7 . 3 ) ,  which  was p a r t i a l l y  a c t i v e ,  MCAb F - l  had no 

i n h i b i t o r y  e f f e c t  bu t  b i n d in g  o f  MCAb F - l  d id  o c c u r .  In co m p ar i so n ,  when 

f u l l y  a c t i v e  3 - G l c  (IgG) was u sed ,  bo th  t h e  b in d in g  and t h e  i n h i b i t i o n  

o f  t h e  enzyme by F - l  w e re  o b s e r v e d .  T h e s e  r e s u l t s  i n d i c a t e  t h a t  a 

c o n f o r m a t i o n a l  c h a n g e  o f  t h e  enzyme induced  by t h e  b in d in g  o f  F - l  was 

n e c e s s a r y  f o r  t h e  r e s u l t a n t  i n h i b i t i o n  and im m o b i l i z a t io n  o f  3-Glc  ( 7 .3 )  

d i r e c t l y  t o  t h e  ELISA p l a t e  appeared  t o  c o n s t r a i n  t h e  enzyme 's  a b i l i t y  

t o  change c o n fo rm a t io n .  However, t h e  c o n f o r m a t i o n a l  c h a n g e  i n d u c e d  by 

F - l  must be d i f f e r e n t  than  t h a t  r e q u i r e d  f o r  s u b s t r a t e  h y d r o l y s i s ,  s i n c e  

3 -G lc  ( 7 .3 )  and 3-Glc  (IgG) were e n z y m a t i c a l l y  a c t i v e .



The f a c t  t h a t  GS, t h e  d e a c y l a t e d  a n a l o g u e  o f  GC, had e q u i v o c a l  

e f f e c t s  on F - l  b in d in g  y e t  p r e v e n te d  MCAb i n h i b i t i o n ,  f u r t h e r  s u p p o r t s  

t h e  n e c e s s i t y  o f  a c o n f o r m a t i o n a l  c h a n g e  f o r  i n h i b i t i o n  o f  3 - G l c  

a c t i v i t y .  Moreover,  g a l a c t o s y l  s p h i n g o s i n e ,  which p ro m o ted  t h e  b i n d i n g  

o f  F - l  t o  3 - G l c  as  m o n i t o r e d  by  t h e  ELISA sy s tem ,  had no i n f l u e n c e  on 

t h e  i n h i b i t o r y  e f f e c t s  o f  F - l  i n  t h e  s o l u t i o n  s y s t e m .  T h i s  r e s u l t  

s u p p o r t s  t h e  s u g g e s t i o n  t h a t  GS e x e r t e d  i t s  p r o t e c t i v e  e f f e c t  by 

in d u c in g  a c o n f o rm a t io n a l  change o n ly  upon b in d in g  3-Glc  r a t h e r  t h a n  by 

a n o n s p e c i f i c  h y d r o p h o b i c  m e c h a n i s m .  Taken  t o g e t h e r ,  t h e s e  r e s u l t s  

s u g g e s t  t h a t  F - l  in d u ces  i n h i b i t i o n  o f  3-Glc  by m echan ism  t h r e e  a b o v e ,  

w i th  c o m p e t i t io n  between s u b s t r a t e  and F - l  f o r  b in d in g  and t h e  i n d u c t io n  

o f  a c o n fo rm a t io n a l  change w h ic h  r e s u l t s  i n  enzyme i n h i b i t i o n .  T h i s  

m echan ism  c o u l d  be c o n c e p t u a l i z e d  by p ro p o s in g  t h a t  t h e  r e c o g n i t i o n  o f  

o n l y  p a r t  o f  an e p i t o p e  ( l i n e a r  s eq u e n c e )  i s  r e q u i r e d  f o r  b i n d i n g  b u t  

t h a t  i n h i b i t i o n  would r e s u l t  o n ly  by a c o n fo rm a t io n a l  change induced by 

b in d in g  t o  t h e  com ple te  e p i t o p e  which s p a n s  t h e  a c t i v e  s i t e  c l e f t  and 

b l o c k s  t h e  a c t i v e  s i t e .  Binding o f  s u b s t r a t e  o r  i n h i b i t o r s  o r  immobil­

i z a t i o n  o f  3-Glc  d i r e c t l y  t o  ELISA p l a t e s  would i n d u c e  c o n f o r m a t i o n a l  

e f f e c t s  which  p r e v e n t  r e c o g n i t i o n  o f  t h e  f u l l  e p i t o p e  by  t h e  MCAb 

l e a d i n g  t o  MCAb b in d in g  bu t  no t  a c t i v e  s i t e  b lo ck ad e .

In c o m p a r i s o n ,  u s i n g  MCAb F -2 ,  t h e  i n h i b i t i o n  o f  3 -G lc  bu t  no t t h e  

b i n d i n g  was p re v e n te d  by s u b s t r a t e s .  In c o n t r a s t  t o  r e s u l t s  w i t h  F - l ,  

GS d i d  n o t  a f f e c t  and TC s l i g h t l y  e n h a n c e d  F-2  i n h i b i t i o n  o f  3-Glc  

a c t i v i t y .  B ec a u se  o f  t h e  d i f f e r e n t  e f f e c t s  o f  GS o r  TC on t h e  F-2  

i n h i b i t i o n  o f  3 - G l c ,  t h e s e  e f f e c t o r s  were c o n s id e r e d  t o  induce  conforma­

t i o n a l  e f f e c t s  which d i f f e r e d  f ro m  t h a t  o b t a i n e d  w i t h  s u b s t r a t e .  The 

f i n d i n g  t h a t  F-2  bound  m ore  e f f i c i e n t l y  t o  enzyne im mobil ized  in  t h e



n a t i v e  s t a t e  o r  t h r o u g h  an IgG ( p o l y c l o n a l )  b r id g e  and re c o g n iz e d  o n ly  

u n d ig e s t e d  3-Glc  a f t e r  p a r t i a l  p r o t e o l y s i s  by  V-8 s u g g e s t e d  t h a t  t h e  

e p i t o p e  f o r  r e c o g n i t i o n  by t h i s  a n t ib o d y  was co n fo rm a t ion  d e p en d e n t .

The p a r t i a l  i n h i b i t i o n  o f  and t h e  b i n d in g  t o  t h e  enzyme by MCAb 61 

w e re  u n a f f e c t e d  by s u b s t r a t e s  o r  GS. T h e s e  r e s u l t s  su g g e s t  t h a t  t h e  

i n h i b i t i o n  induced by t h i s  MCAbs was m ed ia ted  p r i m a r i l y  t h ro u g h  c o n f o r ­

m a t i o n a l  c h a n g e s  i n  t h e  enzyme which  s t a b i l i z e d  t h e  enzyme in  a sub- 

op t im a l  c o n f o r m a t io n  f o r  c a t a l y t i c  a c t i v i t y .  The f a c t  t h a t  MCAb 61 

bound s i m i l a r l y  t o  d e n a tu r e d  o r  n a t i v e  3 -G lc  immobil ized by a v a r i e t y  o f  

methods a t  pH 7 .3  o r  pH 9 . 6 ,  su g g es ted  t h a t  t h e  e p i t o p e  f o r  t h i s  MCAb 

was in  a c o n t ig u o u s  sequence  and t h a t  a p a r t i c u l a r  co n fo rm a t ion  was not 

r e q u i r e d  f o r  r e c o g n i t i o n .  The r e c o g n i t i o n  o f  low m o l e c u l a r  w e i g h t  

p e p t i d e s  in  V-8 p r o t e a s e  d i g e s t s  o f  3 -G lc  a l s o  i n d i c a t e s  t h e  sequence  

d e p e n d e n c y  o f  t h i s  e p i t o p e .  The r a p i d  r a t e  o f  MCAb 61 b i n d i n g  and 

i n h i b i t i o n  su g g e s t  t h a t  t h i s  e p i t o p e  i s  exposed on t h e  s u r f a c e  o f  3-Glc  

( 7 7 ) .

P r e v i o u s l y ,  a t h r e e  dom ain  model o f  t h e  3 - G l c  a c t i v e  s i t e  was 

proposed  t o  i n c l u d e :  1) t h e  glycon b in d in g  domain f o r  r e c o g n i t i o n  o f  t h e  

p o l a r  head  g ro u p  o f  s u b s t r a t e s  and i n h i b i t o r s ,  2) t h e  aglycon b in d in g  

domain w i th  s p e c i f i c i t y  f o r  t h e  a lk y l  o r  a c y l  c h a i n s  o f  i n h i b i t o r s  o r  

s u b s t r a t e s  and 3) t h e  t h i r d  domain which r e c o g n iz e d  sph ingosy l  m o i e t i e s  

and n e g a t i v e l y  charged  l i p i d s .  These domains were p r o p o s e d  t o  f u n c t i o n  

in  t h e  o r i e n t a t i o n  and b i n d in g  and h y d r o l y s i s  o f  s u b s t r a t e s .  The p r e s e n t  

MCAb s t u d i e s  su p p o r t  and ex tend  t h i s  model o f  t h e  3-Glc  a c t i v e  s i t e .

The conco rdan t  e f f e c t s  o f  GS and,  t o  a l e s s e r  e x t e n t ,  t h e  n e g a t i v e l y  

charged  l i p i d s  (TC and PS) on t h e  i n h i b i t i o n  by MCAb F - l  s u g g e s t e d  t h a t  

t h e s e  compounds may b i n d  t o  t h e  same domain in t h e  a c t i v e  s i t e  a n d /o r



i n d u c e  a s i m i l a r  c o n f o r m a t i o n a l  change in  3-G lc  as has been p r e v i o u s l y  

p roposed  ( 3 3 ) .  The d i s c o r d a n t  e f f e c t s  o f  t h e s e  compounds on t h e  i n h i b ­

i t i o n  o f  t h e  enzyme by F -2 ,  i . e . ,  GS had no e f f e c t  and TC i n c r e a s e d  t h e  

d e g r e e  o f  i n h i b i t i o n ,  i n d i c a t e d  t h a t  t h e s e  e f f e c t o r s  may b i n d  t o  

d i f f e r e n t  r e g i o n s  o r  o v e r l a p p i n g  a r e a s  on t h e  enzyme. T h is  c o n c lu s io n  

was su p p o r ted  by t h e  d i f f e r e n t i a l  e f f e c t s  o f  MCAb 61 r e s u l t i n g  in  a 

d e c r e a s e  o f  t h e  enzyme 's  a f f i n i t y  f o r  GS and an i n c r e a s e d  a c t i v a t i o n  by 

(p e rh a p s  i n c r e a s i n g  t h e  a f f i n i t y  f o r )  TC and PS.

S i n c e  T r i t o n  X-100 and human serum a lbum in ,  n o n s p e c i f i c  a c t i v a t o r s  

o f  3 - G l c ,  had no e f f e c t  on t h e  i n h i b i t i o n  by  any  o f  t h e s e  MCAbs, t h e  

r e s u l t s  c a n n o t  t>e a s c r i b e d  t o  " d e t e r g e n t  enhancement" o r  n o n s p e c i f i c  

e f f e c t s .

U s in g  MCAb 6 1 ,  t h e  a c t i v a t i o n  o f  t h e  Type 1 AJGD 3 - G l c  by  t h e  

" c o - g l u c o s i d a s e "  was i n c r e a s e d  w h i l e  t h e  a c t i v a t i o n  by TC o r  PS was n o t  

a f f e c t e d  o r  was d e c r e a s e d ,  r e s p e c t i v e l y .  These r e s u l t s  i n d i c a t e  t h a t  

t h i s  n a t u r a l l y  o c c u r r i n g  p r o t e i n  e f f e c t o r  bound t o  a d i f f e r e n t  r e g io n  o r  

i n d u c e d  a d i f f e r e n t  c o n f o r m a t i o n a l  c h a n g e  i n  t h e  enzyme t h a n  t h e  

n e g a t i v e l y  charged  l i p i d s ,  TC o r  PS. This  l a t t e r  f i n d i n g  was i m p l i c i t  in  

t h e  s t u d i e s  o f  Glew and c o - w o r k e r s  (4 9 ,5 0 )  and Berent  and Radin ( 6 1 ) .  

Thus,  i t  ap p ea rs  t h a t  3 -G lc  has s e v e r a l  domains f o r  t h e  r e c o g n i t i o n  o f  

e f f e c t o r  m olecu les  and t h a t  GS, TC and PS seem t o  i n t e r a c t  w i th  s e p a r a t e  

o r  o v e r l a p p i n g  s i t e s  and n o t  t h e  same t h i r d  a c t i v e  s i t e  domain  a s  

o r i g i n a l l y  p r o p o s e d  ( 3 3 ) .  Due t o  t h e  e f f e c t  o f  s u b s t r a t e  and GS in  

p r e v e n t i n g  F - l  from i n h i b i t i n g  3-Glc  a c t i v i t y ,  s u b s t r a t e  and GS b ind  t h e  

enzyme a t  t h e  a c t i v e  s i t e  whereas  TC and PS m e d ia te  t h e i r  e f f e c t  v i a  two 

d i f f e r e n t  domains .  THese domains appear  t o  induce  an o p t i m a l  c o n f o r m a ­

t i o n  a t  t h e  a c t i v e  s i t e  f o r  s u b s t r a t e  h y d r o l y s i s  and t h e  b i n d in g  o f



p a r t i c u l a r  i n h i b i t o r s  ( 3 3 ) .  The same c o n c l u s i o n  can  be reach ed  with  

" c o - g l u c o s i d a s e "  w h ich  h a s  been  p r e v i o u s l y  p r o p o s e d  t o  " c r e a t e "  t h e  

a c t i v e  s i t e  o f  0 -G lc  ( 6 1 ) .

A l t h o u g h  s u b s t r a t e ,  GS, dNM, and C i 2 “ dNM, seem t o  c a u s e  conform­

a t i o n a l  changes  w h ic h  p r o h i b i t  F - l  i n h i b i t i o n  o f  0 - G l c  a c t i v i t y ,  an 

u n e x p e c t e d  f i n d i n g  was t h e  d i s c o r d a n t  e f f e c t s  o f  dNM and n o j i r i m y c i n  

and ,  p a r t i c u l a r l y ,  c a s t a n o s p e r m i n e ,  on t h e  i n h i b i t i o n  o f  0 - G l c  by  F - l .  

T h i s  r e s u l t  was u n e x p e c t e d  s i n c e  t h e s e  compounds a re  v e r y  c l o s e  s t r u c ­

t u r a l  ana logues  and e x e r t  t h e i r  p o t e n t  i n h i b i t o r y  e f f e c t  a t  t h e  a c t i v e  

s i t e  o f  t h e  enzym e .  H o w ev e r ,  t h e s e  r e s u l t s  a r e  c o n s i s t e n t  w i th  r e c e n t  

k i n e t i c  s t u d i e s  o f  t h e  normal and Type 1 AJGD enzym es  w h ich  i n d i c a t e d  

t h a t  t h e  i n t e r a c t i o n  o f  dNM w i t h  t h e  0 - G l c  a c t i v e  s i t e  r e q u i r e s  t h e  

e l e c t r o s t a t i c  i n t e r a c t i o n  o f  two r e s i d u e s  ( p o s s i b l y  h i s t i d y l )  w h e r e a s  

t h e  l a t t e r  compounds r e q u i r e  o n ly  one m ajor  r e s i d u e  (9 8 ,  Forward V I I I ) .  

F u r th e r m o re ,  t h e  same k i n e t i c  s t u d i e s  s u g g e s te d  t h a t  one o f  t h e  h i s t i d y l  

g r o u p s  f o r  dNM i n t e r a c t i o n  p a r t i c i p a t e d  i n  t h e  s t a b i l i z a t i o n  o f  t h e  

b i n d i n g  o f  GS and s p h i n g o s i n e  d e r i v a t i v e s ,  v i a  t h e  NH2 g r o u p s ,  b u t  t h a t  

t h i s  group was no t  p r i m a r i l y  invo lved  in  t h e  b in d in g  o f  c a s t a n o s p e r m i n e  

and n o j i r i m y c i n .  The c o n co r d an t  e f f e c t s  o f  dNM o r  GS on t h e  i n h i b i t i o n  

o f  0-Glc  by F - l  p r o v i d e  a d d i t i o n a l  s u p p o r t  f o r  t h i s  c o n c l u s i o n .  T h e se  

r e s u l t s  a l s o  s u g g e s t  t h a t  a c o n fo rm a t io n a l  change a t  t h e  a c t i v e  s i t e  i s  

r e q u i r e d  f o r  t h e  op t im a l  a l ig n m en t  o f  c r i t i c a l  r e s i d u e s  f o r  t h e  b i n d i n g  

o f  GS and dNM, b u t  t h a t  t h i s  may n o t  be  r e q u i r e d  f o r  t h e  b i n d i n g  o f  

c a s t a n o sp e rm in e  o r  n o j i r i m y c i n .

In a d d i t i o n  t o  p r o v i d i n g  i n s i g h t  i n t o  t h e  o r g a n i z a t i o n  o f  e f f e c t o r  

s i t e s  on 0 - G lc ,  t h e  s t u d i e s  w i th  MCAb 61 p r o v i d e d  a u n i q u e  m ethod  f o r  

t h e  d e t e r m i n a t i o n  o f  a l l e l i c  v a r i a n t s  o f  GD. Under op t im a l  c o n d i t i o n s



t h e  d e g r e e  o f  MCAb 61 i n h i b i t i o n  o f  p - G l c  a c t i v i t y  f ro m  no rm a l  and 

Type 1 AJGD (J-Glc f i b r o b l a s t s  c o u l d  be  u s e d  t o  d i s t i n g u i s h  t h e s e  

enzymes. Th is  d i s c r i m i n a t i o n  was dependen t  on t h e  c o n c e n t r a t i o n  o f  TC o r  

PS in  t h e  a s sa y  i n c u b a t i o n s  and was p r i m a r i l y  de te rm in ed  by t h e  a b i l i t y  

o f  MCAb 61 t o  i n c r e a s e  t h e  a c t i v a t i o n  o f  t h e  no rm a l  enzyme by t h e s e  

compounds and i t s  l a ck  o f  e f f e c t  on TC a c t i v a t i o n  o r  t h e  p r e v e n t i o n  o f  

a c t i v a t i o n  by PS w i th  t h e  Type 1 AJGD enzymes. I n t e r e s t i n g l y ,  t h e  Type 1 

GD enzymes p r e v i o u s l y  d e te rm ined  t o  b e lo n g  t o  Group A, i . e . ,  t h e y  had  

n o rm a l  r e s p o n s e  t o  TC o r  PS and no rm a l  K-j v a l u e s  f o r  GS, had normal 

i n h i b i t i o n  by MCAb 61 .  Those non-Jewish  Type 1 enzymes which be longed  t o  

Group B, i . e . ,  w i t h  ab n o rm a l  r e s p o n s e  t o  TC o r  PS and i n c r e a s e d  

v a l u e s  f o r  GS, c o n s i s t e n t l y  had t h e  60-70% i n h i b i t i o n  c h a r a c t e r i s t i c  o f  

t h e  Type 1 AJGD enzyme. I m p o r t a n t l y ,  t h e  Types 2 and 3 enzymes (Group A) 

cou ld  be d i s t i n g u i s h e d  o n ly  from t h e  Group B Type 1 GD e n z y m e s .  T h u s ,  

t h e  r e s i d u a l  enzym es  c a n n o t  be  u n e q u i v o c a l l y  a s s ig n e d  by t h i s  o r  any 

c u r r e n t  method t o  t h e  n e u ro n o p a th ic  (Type 2 and 3) o r  n o n n e u r o n o p a t h i c  

(Type 1 GD) in  t h e  absence  o f  c l i n i c a l  i n f o r m a t i o n .

E. P h y s i c a l ,  K i n e t i c  and Immunologic I n v e s t i g a t i o n s  o f  t h e  Canine

Analogue o f  Gaucher D i s e a s e :

1 .  Q u a n t i t a t i o n  o f  G l y c o s p h i n g o l i p i d s : As shown in  Tab le  X,

t h e  k i d n e y  and l i v e r  o f  t h e  GD dog had 35- and 8 0 - f o l d  e l e v a t e d  l e v e l s  

o f  g l u c o s e  ceram ide  (GC), r e s p e c t i v e l y .  H ow ever ,  GD b r a i n  had  o n l y  a 

3 - f o l d  i n c r e a s e  in  t h e  l e v e l  o f  GC and t h e  amount o f  GC accu m u la t io n  in 

t h e  GD s p le e n  was m in im a l .  The l e v e l s  o f  l a c t o s y l  c e r a m i d e  (GL-2)  w e re  

a l s o  e l e v a t e d  f rom  2 -  t o  1 0 - f o l d  in  a l l  GD dog t i s s u e s  w i th  t h e  excep­



t i o n  o f  s p l e e n .  The o t h e r  g l y c o s p h i n g o l i p i d s ,  GL-3 ( g l o b o t r i o s y l  

ce ram ide )  and GL-4 ( g l o b o t e t r a o s y l c e r a m i d e )  w e re  i n c r e a s e d  s l i g h t l y ,  

a b o u t  2 - f o l d  a bove  t h e  normal l e v e l s ,  as d e te rm in e d  by s t a i n i n g  i n t e n ­

s i t y  on TLC and q u a n t i t a t i o n  by g a s  c h r o m a t o g r a p h y .  H ow ever ,  u n t i l  

f u r t h e r  s t r u c t u r a l  s t u d i e s  and i d e n t i f i c a t i o n  o f  c a n in e  g ly c o sp h in g o -  

1i p i d s  a r e  co n d u c te d ,  no d e f i n i t i v e  c o n c l u s i o n s  can be drawn a b o u t  GL-3 

and GL-4 accu m u la t io n .

GS, a p o o r  s u b s t r a t e  o f  P - G l c  and a p u t a t i v e  n e u r o t o x i n ,  was 

d e t e c t e d  in  GD dog s p l e e n ,  l i v e r  and b r a i n ,  bu t  n o t  i n  k i d n e y  s a m p l e s .  

GS was no t  p r e s e n t  in  d e t e c t a b l e  l e v e l s  in  normal c a n in e  t i s s u e s  s i m i l a r  

t o  t h e  l a c k  o f  GS in  normal human t i s s u e s  (T ab le  X).

2 .  R e s i d u a l  A c t i v i t i e s : T a b l e  XI compares t h e  p - g l u c o s i d a s e

s p e c i f i c  a c t i v i t i e s  i n  t h e  n o rm al  and GD S i l k y  .Haired T e r r i e r  l i v e r ,  

b r a i n ,  s p l e e n ,  and k id n e y .  In a l l  GD t i s s u e s  a marked d e f i c i e n c y  (< 4% 

o f  n o r m a l )  o f  GC a c t i v i t y  was o b s e r v e d .  In c o n t r a s t ,  d e f i c i e n t  4MU-Glc 

a c t i v i t y  in  l i v e r ,  b r a i n  and k idney  from t h e  GD dog was a p p a ren t  o n ly  in  

a s s a y s  c o n t a i n i n g  TC. O n ly  in  t h e  GD s p l e n i c  homogenates was a marked 

d e f i c i e n c y  o f  4MU-Glc a c t i v i t y  e v i d e n t  i n  t h e  p r e s e n c e  o r  a b s e n c e  o f  

d e t e r g e n t s  ( T a b l e  X I ) .  T h e s e  o b s e r v a t i o n s  s u g g es te d  t h e  p r e s e n c e  o f  a 

" n o n s p e c i f i c "  p - g l u c o s i d a s e ( s )  ( e x c e p t  i n  s p l e e n )  s i m i l a r  t o  t h a t  

o b s e r v e d  in  human t i s s u e s  ( 8 8 ) .  A 4 - f o l d  v a r i a t i o n  in  t h e  l e v e l  o f  

h e p a t i c  " n o n s p e c i f i c "  p - g l u c o s i d a s e  a c t i v i t y  was f o u n d  i n  m o n g re l  d o g s  

i n  t h e  a b s e n c e  o f  d e t e r g e n t s .  In t h e  GD d o g s ,  t h i s  enzym at ic  a c t i v i t y  

was w i th in  t h e  normal r a n g e .



TABLE X
Neutra l  G ly c o s p h in g o l ip id s  and Glucose S ph ingos ine  in T i s sues  

o f  t h e  Canine Gaucher D isease  and Normal Dogs

Source
Glucosyl
Ceramide

Lac tosy l
Ceramide

Glucose
Sphingos ine

(nanomoles/gram wet w e ig h t )
Spleen

Normal 1 2 4 .8 5 .1
Normal 2 41 .6 18 .4 NDa
Gaucher 56 .1 8 . 5 +

Liver

Normal 1 7 .4 6 .5 ND
Gaucher 554 .0 70 .0 +

Kidney

Normal 2 2 0 .0 30 .5 ND
Gaucher 6 9 9 .0 54 .8 ND

Brain

Normal 1 89 .2 2 3 .7 ND
Gaucher 2 8 0 .4 64 .5 ++

i n d i c a t e s  t h a t  t h e  p r e s e n c e  o f  GS was n o t  d e t e c t e d



TABLE XI
" S p e c i f i c "  and " N o n s p e c i f i c "  8 - G lu c o s id a s e  A c t i v i t i e s  in  T i s su es  

from Normal and GD A u s t r a l i a n  S i l k y  Haired  T e r r i e r s

Source

S p e c i f i c  A c t i v i t y  (nmol/h/mg)

G1 ucosyl Ceramide
4MU-Glc w i th  

D e t e r g e n t s 3
4MU-G1C w i th o u t  

D e te rg en ts

Normal Gaucher Normal Gaucher Normal Gaucher

L iver 145.30 1 .54 71.91 6 .91 15 .90 19.51

Brain 105.21 3 .10 4 2 .78 3 .0 4 7 .84 8 .1 2

Spleen 62 .44 0 .07 16.95 0 .0 3 2 .72 0 .1 0

Kidney 30.86 1 .29 11.97 0 .9 8 8 .41 2 .6 4

a D e te rg en ts  were 4 . 0  mM T r i t o n  X-100 and 4 .6 5  mM TC.



TABLE XII
Membrane A s s o c i a t i o n  o f  B-Glc A c t i v i t y  in  

Normal and Gaucher Dog T i s s u e s 3

Normalb Gaucherc

nm ol /h /g  wet wt % o f nm o l /h /g  wet wt % o f
t o t a l t o t a l

B r a i n :
Crude S u p e r n a t a n t 1559.04 100 36 .98 100
Se 130.07 8 . 3 12.64 34.1

L i v e r :
Crude S u p e r n a t a n t 4990 .35 100 47 .46 100
S 1738.90 3 4 .8 20 .50 43 .2

Kidney:
Crude S u p e r n a t a n t 966.91 100 27 .29 100
S 219 .57 2 2 .7 15 .08 55 .3

Sp leen :
Crude S u p e rn a t a n t 3299.07 100 3.17 100
S 519.85 15 .8 1.69 53 .2

a GC h y d r o l y t i c  r a t e s .  To ta l  r e c o v e r y  o f  a c t i v i t y  v a r i e d  between 80-110SI5. 

b Average o f  two normal dogs .

c Average o f  two e x p e r im en t s  in  same Gaucher dog t i s s u e s .  

^ C l a r i f i e d  s u p e r n a t a n t ,  s ee  t e x t .  

e 100,000 x £  s u p e r n a t a n t ,  s e e  t e x t .



3 . Membrane A s s o c i a t i o n  o f  | 3 - G 1 u c o s i d a s e s : As shown in

T a b l e  X I I ,  t h e  3 - G l c  a c t i v i t y  (GC s u b s t r a t e )  was p a r t i a l l y  membrane- 

a s s o c i a t e d  in  a l l  n o rm a l  and GD t i s s u e s .  In t h e  n o rm a l  t i s s u e s ,  t h e  

d e g r e e  o f  m e m b r a n e - a s s o c i  a t i o n  was h i g h e s t  in  b r a i n  (> 9056) w h i l e  in 

l i v e r ,  k i d n e y  and s p l e e n  a b o u t  15 t o  35% o f  t h e  3 - G l c  a c t i v i t y  was 

r e c o v e r e d  i n  t h e  h i g h  speed ,  s u p e r n a t a n t s  ( S ) .  In c o n t r a s t ,  in  t h e  GD 

t i s s u e s  g r e a t e r  s o l u b i l i t y  o f  t h e  GC a c t i v i t y  was observed  (T ab le  X I I ) .

The 4MU-Glc a c t i v i t y  i n  t h e  S and P f r a c t i o n s  was c h a r a c t e r i z e d  

f u r t h e r  u s ing  CBE. In n o rm a l  dog l i v e r ,  t h e  4MU-Glc a c t i v i t y  in  t h e  

P f r a c t i o n  was c o m p l e t e l y  i n h i b i t e d  by 2 mM CBE (> 9656) w h i l e  t h e  

a c t i v i t y  in  t h e  S f r a c t i o n  was o n ly  80% i n h i b i t e d .  S i m i l a r l y ,  in  t h e  GD 

dog l i v e r  p r e p a r a t i o n s  t h i s  c o n c e n t r a t i o n  o f  CBE i n h i b i t e d  o v e r  8556 and 

about  1056 o f  t h e  4MU-Glc a c t i v i t y  in  t h e  P and S f r a c t i o n s ,  r e s p e c t i v e ­

l y .  The p r e s e n c e  o f  CBE r e s i s t a n t  3 - g l u c o s i d a s e  in t h e  S f r a c t i o n  from 

t h e  normal and GD l i v e r s  i n d i c a t e d  t h a t  t h e  " n o n - s p e c i f i c "  3 - g l u c o s i d a s e  

was s o l u b l e .  In t h e  GD d o g ,  t h e  3-Glc  d e f i c i e n c y  l e ad s  t o  t h e  a p p a ren t  

p reponde rance  o f  " n o n s p e c i f i c "  g l u c o s i d a s e  a c t i v i t y  in  t h e  S f r a c t i o n .

4.  C e l l u l o s e  A c e t a t e  E l e c t r o p h o r e s i s  and Con A Chromatography: 

F u r t h e r  d e m o n s t r a t i o n  o f  t h e  p r e s e n c e  o f  two 4MU-Glc a c t i v i t i e s  and t h e  

d e f i c i e n c y  o f  3 -G lc  was o b t a i n e d  by c e l l u l o s e  a c e t a t e  g e l  e l e c t r o p h o ­

r e s i s  o f  l i v e r  e x t r a c t s  f ro m  t h e  no rm a l  and GD d o g s .  As shown in  

F ig u r e  16 ,  e i t h e r  enzyme s o u r c e  had two peaks  o f  4MU-Glc a c t i v i t y  when 

c u t  s t r i p s  f rom  c e l l u l o s e  a c e t a t e  g e l s  were assayed  in  t h e  absence  o f  

d e t e r g e n t s .  The f a s t e r  m i g r a t i n g  a c t i v i t i e s  from t h e  normal and GD l i v e r  

e x t r a c t s  c o m ig ra te d ,  were i n h i b i t e d  by d e t e r g e n t s  ( T r i t o n  X-100 and TC), 

hyd ro lyzed  o n ly  t h e  4MU-Glc s u b s t r a t e  and w e re  n o t  i n h i b i t e d  by  2 mM



F ig u r e  15: C e l l u l o s e  a c e t a t e  g e l  e l e c t r o p h o r e s i s  o f  3 - g l u c o s i d a s e

a c t i v i t i e s  in  l i v e r  e x t r a c t s  from normal (A) and Gaucher (B) dogs .  

4MU-Glc h y d r o l y s i s  was d e te rm in e d  in t h e  p re s e n c e  (0) and absence  

( 0 )  o f  4 . 0  mM T r i t o n  X-100 and 4 . 6 5  mM TC. ( A ) d e n o t e s  GC 

h y d r o l y s i s  (3 -G lc  a c t i v i t y ) .
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CBE. The amount o f  t h i s  " n o n s p e c i f i c "  3 - g l u c o s i d a s e  a c t i v i t y  v a r i e d  by 

ove r  5 - f o l d  in  t h r e e  mongrel  dog l i v e r s  and was h i g h e s t  i n  t h e  no rm al  

S i l k y  Haired T e r r i e r  l i v e r .  In c o n t r a s t ,  t h e  s low er  m i g r a t i n g  a c t i v i t i e s  

from normal and GD l i v e r s  c o m ig ra te d ,  h y d ro ly z e d  GC as well  as  4MU-Glc,  

were a c t i v a t e d  by d e t e r g e n t s ,  and were c o m p le t e ly  i n h i b i t e d  by 2 mM CBE. 

Using t h i s  e l e c t r o p h o r e t i c  sy s tem ,  o n ly  t h i s  a c t i v i t y  was d e f i c i e n t  i n  

t h e  GD dog l i v e r  e x t r a c t s  ( F i g .  15) a s  w e l l  a s  e x t r a c t s  from b r a i n ,  

k idney  and s p leen  ( d a t a  n o t  shown).

Con A - S e p h a r o s e  c h r o m a t o g r a p h y  p r o v i d e d  s e p a r a t i o n  o f  3-G lc  and 

" n o n s p e c i f i c "  3 - g l u c o s i d a s e  a c t i v i t i e s .  T a b l e  X I I I  s u m m a r iz e s  t h e  

p r o p e r t i e s  o f  t h e  3 - g l u c o s i d a s e  a c t i v i t i e s  in  t h e  "bound" and "unbound" 

Con A f r a c t i o n s  f ro m  n o rm a l  and GD l i v e r  e x t r a c t s .  In no rm al  c a n i n e

l i v e r ,  a p p r o x im a te ly  50% o f  4MU-Glc a c t i v i t y  ( a s say ed  in  t h e  absence  o f

d e t e r g e n t s )  and 70% o f  t h e  GC a c t i v i t y  was bound t o  Con A. The "bound"  

4MU-Glc a c t i v i t y  was a c t i v a t e d  1 0 - f o l d  by 4 .6 5  mM TC and 4 . 0  mM T r i t o n  

X-100 com pared  t o  t h e  l e v e l  in  t h e  a b s e n c e  o f  d e t e r g e n t s  and was 

c o m p l e t e l y  i n h i b i t a b l e  by  CBE (T ab le  X I I I ) .  The pH op t im a  f o r  4MU-Glc 

a c t i v i t y  o f  t h e  "b o u n d "  and " u n b o u n d "  f r a c t i o n s  w ere  e s s e n t i a l l y  

i d e n t i c a l  (pH 5 . 2 5 ) .  The "unbound" 4MU-Glc a c t i v i t y  was a c t i v a t e d  about 

3 - f o l d  by t h e  d e t e r g e n t s  and o n l y  p a r t i a l l y  i n h i b i t a b l e  by CBE

( T a b l e  X I I I ) .  When t h e  "unbound" f r a c t i o n  was r e a p p l i e d  t o  Con A, o n ly  

an a d d i t i o n a l  10% o f  t h e  4MU-Glc and GC a c t i v i t i e s  bound to  t h e  l e c t i n .  

The p r e s e n c e  o f  3 - G l c  and " n o n s p e c i f i c "  3 - g l u c o s i d a s e  in  t h e  "unbound" 

f r a c t i o n  was c o n f i r m e d  by c e l l u l o s e  a c e t a t e  e l e c t r o p h o r e s i s

( T a b l e  X I I I ) .  The f a s t e r  m i g r a t i n g  a c t i v i t y  in  t h e  "unbound" f r a c t i o n



TABLE XIII
P r o p e r t i e s  o f  "Unbound" and "Bound" 3 -G lu c o s id a s e s  in 
Canine Normal and GD L iv e r  Fol lowing  Con A Chromatography

P r o p e r t y

Source
pH

Optimum

GCa
Hydro­
l y s i s

CBE&
I n h ib i

t i o n

D e te r ­
g e n t0

E f f e c t
Km (mM)d 
4MU-G1C

E l e c t r o ­
p h o r e t i c  e 

Forms

Normal:
Unbound 5 .25 30% 60* 3-Fold ND A,N
Bound 5 .25 70% 96% 10-Fold 1 .9 A

Gaucher:
Unbound 5 . 0 - 8 . 0 50% 0 I n h i b i t i o n ND A,N
Bound 5 .25 50% >90% 2-Fold 1 .4 A

a P e rc e n t  o f  t o t a l  GC a c t i v i t y  in  each  f r a c t i o n .

^CBE (2 mM) i n h i b i t i o n  o f  4MU-Glc a c t i v i t y  in t h e  absence  o f  d e t e r g e n t s .

c Fold s t i m u l a t i o n  o f  4MU-Glc a c t i v i t y  by 4 .6 5  mM t a u r o c h o l a t e  and 4 . 0  mM 
T r i to n  X-100 compared to  t h e  a c t i v i t y  in  t h e  absence  o f  t h e s e  d e t e r g e n t s .

^Determined in th e  absence  o f  d e t e r g e n t s .

e A = a c id  3 - g l u c o s i d a s e  ( e . g . ,  3 - G l c ) ;  N = " n o n - s p e c i f i c "  3 - g l u c o s i d a s e .



c o m i g r a t e d  with t h e  " n o n s p e c i f i c "  3 - g l u c o s i d a s e  found in  c rude  homogen- 

a t e s ,  whereas  t h e  s lo w er  m i g r a t i n g  a c t i v i t y  co -m ig ra te d  with  3 - G l c  f rom  

c ru d e  homogenates.

The "unbound"  f r a c t i o n  from t h e  c a n in e  GD l i v e r  c o n t a i n e d  about 80% 

o f  t h e  t o t a l  4MU-Glc a c t i v i t y  ( a s s a y e d  in  t h e  absence  o f  d e t e r g e n t s )  and 

about 50% o f  t h e  t o t a l  GC a c t i v i t y .  The "unbound" 4MU-Glc a c t i v i t y  had a 

broad  pH optimum. (pH 5 t o  8) and was p a r t i a l l y  i n h i b i t e d  (60%) by t h e  

a d d i t i o n  o f  4 . 0  mM T r i t o n  X-100 and 4 . 6 5  mM TC. F u r t h e r m o r e ,  t h i s  

"unbound" 4MU-Glc a c t i v i t y  was no t  d e t e c t a b l y  i n h i b i t e d  by 2 mM CBE. In 

c o n t r a s t ,  t h i s  a c t i v i t y  i n  t h e  " b o u n d "  f r a c t i o n  had a pH optimum o f  

5 . 2 5 ,  was s t i m u l a t e d  by d e t e r g e n t s  and was i n h i b i t e d  m ore  t h a n  90% by 

2 mM CBE (T ab le  X I I I ) .  A f t e r  r e a p p l i c a t i o n  o f  t h e  "unbound" f r a c t i o n  t o  

Con A, abou t  90 t o  94% o f  t h e  GC a c t i v i t y  was r e c o v e r e d  i n  t h e  f l o w ­

t h r o u g h .  C e l l u l o s e  a c e t a t e  e l e c t r o p h o r e s i s  o f  each f r a c t i o n  d em ons t ra ted  

i d e n t i c a l  r e s u l t s  t o  t h o s e  o b t a i n e d  in  t h e  normal l i v e r  e x c e p t  f o r  t h e  

v e r y  l a r g e  amount o f  " n o n s p e c i f i c "  (3 -g lu co s id a se  r e l a t i v e  t o  (3-Glc.

5 .  I s o e l e c t r i c  F o c u s i n g : F ig u r e  17 d e m o n s t r a t e s  t h e  i s o e l e c ­

t r i c  f o c u s i n g  p a t t e r n s  o f  (3 -g lu co s id a se  a c t i v i t i e s  in  l i v e r  homogenates 

from normal ( F i g .  16) and t h e  GD dog ( F i g .  1 6 ) .  A (3 -g lucos ida se  a c t i v i t y  

w i t h  a p i  v a l u e  o f  4 . 6  t o  4 . 8  was f o u n d  in  t h e  no rm a l  and GD l i v e r  

homogenates .  In t h e  GD dog ,  t h i s  a c t i v i t y  h y d ro ly z e d  o n l y  t h e  4MU-Glc 

s u b s t r a t e  and was not d e t e c t a b l y  i n h i b i t e d  by 2 . 0  mM CBE. F ive  m o le c u la r  

fo rms o f  (3-Glc with p i  v a l u e s  o f  about  4 . 8 ,  5 . 2 ,  6 . 0 ,  6 . 4  t o  6 . 6 ,  7 . 6  

were found in  t h e  normal and GD enzyme s o u r c e s .



TABLE XIV
E f f e c t s  o f  M o d i f i e r s  on GC H y d ro ly s i s  in  Butanol  E x t r a c t s  o f  L iver

from Normal and GD Dogs

P r o p e r t y
Source

Normal Gaucher

Km 150

(pM)

180

Ki ( G l u c o s y l s p h in g o s in e ) 7 .0 5 .0

Ki ( N - h e x y l - g l u c o s y l s p h i n g o s i n e ) 0 .2 8 0 .38

I 50 ( S p h in g o s in e ) 9 225 225

I 50 (dNM) 90 80

150 (N-dodecyl-dNM) 0 .1 1 0 .13

150 ( a - G lu c o n o la c to n e ) 140 200

150 (CBE) 25 27

aAmount o f  i n h i b i t o r  which r e s u l t s  in 50% i n h i b i t i o n  o f  i n i t i a l  a c t i v i t y



Figure  16: G ranu la r  bed i s o e l e c t r i c  f o c u s i n g  o f  3 - g l u c o s i d a s e  a c t i v i ­

t i e s  in normal (A) and GD (B) l i v e r  h o m o g e n a t e s .  3 - G l c  a c t i v i t y  

(A) (nmol/GC h y d r o l y z e d / h ) . 4MU-Glc h y d r o l y s i s  was de te rm ined  in 

t h e  absence  (0) o f  d e t e r g e n t s .
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6 . K i n e t i c  S t u d i e s  o f  (3-Glc A c t i v i t y : Using t h e  GC s u b s t r a t e ,

t h e  pH o p t im a  (5 .2 5 )  f o r  t h e  normal and GD (3-Glc in l i v e r  e x t r a c t s  were

i d e n t i c a l .  The k i n e t i c  p a ra m e te r s  o b t a i n e d  a t  t h i s  pH f o r  t h e  normal and 

GD (3-Glc a r e  shown in  T ab le  XIV. In t h e  p r e s e n c e  o f  4 . 0  mM T r i t o n  X-100 

and 2 . 0  mM TC, t h e  a p p a r e n t  Km v a l u e s  ( 0 . 1 5  mM) were s i m i l a r  f o r  t h e  

no rm a l  and GD e n z y m e s .  The Ki v a l u e s  f o r  GS (7 pM) and N -h e x y l -G S  

( 0 . 2 8  pM), as  w e l l  a s  t h e  I 50  v a l u e s  f o r  s p h i n g o s i n e  (225  pM), dNM 

(90 pM), N-dodecyl-dNM ( 0 . 1 1  pM), 6- g l u c o n o l a c t o n e  (140  pM) and CBE 

(25 pM) were e s s e n t i a l l y  i d e n t i c a l  f o r  t h e  normal and GD (3-Glc. The t y g  

v a lu e  with  CBE ( 0 .2  mM) f o r  e i t h e r  (3-Glc was i d e n t i c a l  (50 min) .

In c o n t r a s t ,  d i f f e r e n t i a l  e f f e c t s  o f  t h e  normal and GD (3-Glc were

o bserved  u s in g  t h e  i n h i b i t o r ,  d o d e c y l - B - D -m a l to s id e ,  and t h e  m o d i f i e r s ,  

TC and PS,  o r  t h e  human a c t i v a t o r  p r o t e i n .  The I50  f o r  t h e  i n h i b i t o r ,  

d o decy l - (3 -D -m a l to s ide ,  was 12 .8  mM f o r  t h e  GD enzyme and 4 . 0  mM f o r  t h e  

n o rm a l  (3-Glc.  U s ing  t h e  human s p l e n i c  a c t i v a t o r  p r o t e i n ,  t h e  GD dog 

(3-Glc was s t i m u l a t e d  2 . 8 - f o l d  by 40 pg o f  t h i s  p r o t e i n  w h i le  t h e  n o rm al  

enzyme had o n ly  a 1 . 5 - f o l d  i n c r e a s e  in  GC h y d r o l y t i c  r a t e .

F ig u r e  17 shows t h e  t y p i c a l  c u r v e s  f o r  GC h y d r o l y s i s  by b u t a n o l  

e x t r a c t s  o f  l i v e r  f ro m  no rm a l  and GD d o g s  in  t h e  p r e s e n c e  o f  4 . 0  mM 

T r i t o n  X-100 and i n c r e a s i n g  c o n c e n t r a t i o n s  o f  TC o r  PS. Under t h e s e  

c o n d i t i o n s ,  GC h y d r o l y s i s  by e x t r a c t s  from normal l i v e r  was s t i m u l a t e d  

up t o  1 . 4 - f o l d  by low c o n c e n t r a t i o n s  o f  TC (< 0 .5  mM) and low c o n c e n t r a ­

t i o n s  o f  PS (< 1 mM) had no e f f e c t .  With h ig h e r  l e v e l s  o f  t h e s e  nega­

t i v e l y  charged  l i p i d s ,  d e c r e a s i n g  h y d r o l y t i c  r a t e s  were  o b s e r v e d .  In  

c o n t r a s t ,  GC h y d r o l y s i s  by b u tano l  e x t r a c t s  o f  t h e  GD l i v e r  was s t im u ­



l a t e d  up t o  1 . 8 - f o l d  w i t h  1 . 5  mM TC o r  1 . 3 - f o l d  w i th  0 .7 5  mM PS and 

l i t t l e  i n h i b i t i o n  was found a t  h i g h e r  c o n c e n t r a t i o n s  o f  e i t h e r  n e g a ­

t i v e l y  charged  l i p i d .

7.  T h e r m o s t a b i l i t y  S t u d i e s : D i f f e r e n t i a l  h e a t  i n a c t i v a t i o n s

(5 0 ° C )  w ere  o b t a i n e d  w i t h  t h e  no rm al  and GD c a n i n e  3 -G lc  in  bu tano l  

e x t r a c t s  o f  l i v e r .  As shown in F igu re  19,  t h e  normal GC a c t i v i t y  had  a 

1 1 / 2  o f  a b o u t  80  min a t  pH 6 . 0  w h i le  t h e  GD 3 -G lc  was m arked ly  the rmo-  

l a b i l e  ( 1 1 /2  = 6 m i n ) .  In m i x t u r e  e x p e r i m e n t s ,  t h e  e x p ec te d  b i p h a s i c  

i n a c t i v a t i o n  c u rv es  f o r  two enzymes w i th  d i f f e r e n t  t h e r m o s t a b i l i t i e s  was 

o b t a i n e d  ( F i g .  1 8 ,  b r o k e n  c u r v e ) .  S i m i l a r  r e s u l t s  were o b t a i n e d  u s ing
N

b u ta n o l  e x t r a c t s  o f  n o rm a l  o r  GD s p l e e n ,  k i d n e y  o r  b r a i n  ( d a t a  n o t  

s h o w n ) .  Fo r  a l l  t i s s u e  s o u rc e s  t h e  t ] / g  v a lu e s  were pH d e p e n d e n t ,  i . e . ,  

a t  pH 5 . 0 ,  t h e  normal enzyme a c t i v i t y  had a t ^/2  o f  100 min whereas  t h e  

GD 3 - G l c  1 1 /2  was 35 m in .  In c o m p a r i s o n ,  a t  pH 7 .0  t h e  normal and GD 

(3-G1 c t i / g  v a lu e s  were about  14 and 4 min ,  r e s p e c t i v e l y .  No d i f f e r e n c e s  

in  t h e  s t a b i l i t i e s  o f  t h e  normal and GD 3-Glc  a c t i v i t i e s  w e re  o b s e r v e d  

d u r in g  each o f  seven c y c l e s  o f  f r e e z i n g  and thaw ing .

8 . I m m u n o b l o t t i n g  S t u d i e s : Im m u n o b lo t s  u s i n g  m o n o s p e c i f i c

p o l y c l o n a l  or  monoclonal  an t i-human 3-Glc  IgG, p e r m i t t e d  t h e  d e t e r m i n a ­

t i o n  o f  t h e  m o l e c u l a r  w e i g h t  fo r m s  o f  c a n i n e  3 - G l c  c r o s s - r e a c t i n g  

im m u n o lo g ic  m a t e r i a l  (CRIM). Two major forms o f  CRIM, Mr  = 69 ,000  and

9 4 ,0 0 0  were d e t e c t e d  in  normal and GD t i s s u e s  ( s p l e e n ,  b r a i n ,  k i d n e y ,  

and l i v e r ) .  Normal l i v e r  and k idney  had a d d i t i o n a l  forms o f  CRIM w ith  Mr  

= 7 7 - 7 2 , 0 0 0  and a n o t h e r  CRIM form  w i t h  Mr  = 48 ,0 0 0  was p r e s e n t  o n ly



F ig u r e  17: E f f e c t  o f  t a u r o c h o l a t e  (A,A) o r  p h o s p h a t i d y l s e r i n e  ( 0 , i )

on GC h y d r o l y s i s  by  b u t a n o l  e x t r a c t e d  l i v e r  h o m o g e n a t e s  f ro m  

no rm a l  (open  symbols)  o r  GD dog ( c lo s e d  s y m b o ls ) .  GC h y d r o l y s i s  

was d e t e r m i n e d  in  p r e s e n c e  o f  4 . 0  mM T r i t o n  X-100 and v a r i o u s  

c o n c e n t r a t i o n s  o f  TC o r  p h o sp h a t id y l  s e r i n e .
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F ig u r e  18: H e a t  i n a c t i v a t i o n  o f  GC a c t i v i t y  in  l i v e r  e x t r a c t s  from

normal ( I )  and GD ( f f )  dogs .  Heat i n a c t i v a t i o n s  were c o n d u c t e d  a t  

50°C in  0 . 1  M p h o s p h a t e / 0 . 0 8  M c i t r a t e ,  pH 6 . 0 ,  c o n t a i n i n g  2 mM 

T r i to n  X-100 and  7 . 4  mM t a u r o c h o l a t e . In m i x t u r e  e x p e r i m e n t s ,  

equal  amounts o f  GC a c t i v i t y  from t h e  normal and GD l i v e r  e x t r a c t s  

were combined p r i o r  t o  h e a t  i n a c t i v a t i o n  (A).
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i n  l i v e r  ( F i g .  1 9 ) .  In t h e  GO dog a marked d e f i c i e n c y  o f  t h e  77-72 ,000  

m o l e c u l a r  w e i g h t  CRIM f o r m s  was o b s e r v e d  in  t h e  l i v e r  and k i d n e y  

e x t r a c t s .

C R I M - s p e c i f i c  a c t i v i t y  o f  3 -G lc  in  GD l i v e r  e x t r a c t s  was e s t i m a t e d  

by  t h e  use  o f  immunoblots .  For t h e s e  s t u d i e s ,  t h e  s t a i n i n g  d e n s i t y  o f  

t h e  CRIM a s s o c i a t e d  w i th  each  m o le c u la r  weight form o f  a f i x e d  amount o f  

GD 3-Glc  a c t i v i t y  was v i s u a l l y  compared t o  t h a t  o b t a i n e d  w i t h  0 - ,  1 0 - ,  

5 0 - ,  75- and 1 0 0 - f o ld  g r e a t e r  amounts o f  normal 3-Glc  a c t i v i t y .  Based on 

t h e s e  c o m p a r i s o n s ,  a b o u t  75 t i m e s  more no rm a l  3 - G l c  a c t i v i t y  was 

r e q u i r e d  t o  e q u a l  t h e  s t a i n i n g  d e n s i t y  observed  in t h e  GD dog e x t r a c t .  

These r e s u l t s  i n d i c a t e d  t h a t  t h e  C RIM -spec if  i c  a c t i v i t y  in  t h e  GD dog 

was a p p r o x im a te ly  1.5% ( l / 7 5 t h )  o f  normal .

9.  P u r i f i c a t i o n  o f  Normal C an in e  S p l e n i c  3 - G l c : I n i t i a l

p u r i f i c a t i o n  o f  c a n i n e  s p l e n i c  3-Glc  was a t t e m p ted  u s in g  t h e  p u r i f i c a ­

t i o n  scheme d e v e l o p e d  f o r  t h e  human enzyme ( T a b l e  XV). However ,  t h e  

c a n i n e  enzyme was e x t r e m e l y  u n s t a b l e  a f t e r  a c i d  p r e c i p i t a t i o n  and 

b u t a n o l  e x t r a c t i o n  a n d ,  t h u s ,  t h e  e n t i r e  h o m o g e n a te  was u s e d  f o r  

p u r i f i c a t i o n  o f  t h e  c a n i n e  enzyme. Ammonium s u l f a t e  f r a c t i o n a t i o n  o f  

t h e  homogenate was o p t i m i z e d  a t  30%, s i n c e  t h e  35% c u t  u s e d  f o r  t h e  

human enzyme r e s u l t e d  in  20% l o s s  o f  c a n i n e  3 - G l c  a c t i v i t y  w i th  no 

a d d i t i o n a l  p u r i f i c a t i o n .  Con A chrom atography  o f  t h e s e  e x t r a c t s  p ro v id ed  

300-  t o  6 0 0 - f o l d  p u r i f i c a t i o n .  3-Glc  a c t i v i t y  was e l u t e d  o f f  o f  Con A by

0 . 5  M a -m e th y lm a n n o s id e ,  50% e t h y l e n e  g ly co l  in  Con A b u f f e r  in  a b r o a d  

t r a i l i n g  peak o f  a c t i v i t y  in  a p p ro x im a te ly  a 55% y i e l d .  This  e l u a n t  was 

then  e x t r a c t e d  w i t h  b u t a n o l  (35%) p r i o r  t o  f u r t h e r  p u r i f i c a t i o n  by  

a f f i n i t y  o r  h y d r o p h o b i c  c h r o m a t o g r a p h y .  C h r o m a t o g r a p h y  on t h e



F ig u r e  19: Immunoblo t t ing  p a t t e r n s  o f  CRIM in  k id n e y  ( l a n e s  1 and 2)

and l i v e r  ( l a n e s  3 and 4) homogenates from normal (N) ( l a n e s  2 and 

4) and GD (G) ( l a n e s  1 and  3)  dogs  u s i n g  p o l y c l o n a l  an t i -human 

3-Glc  IgG. Each l an e  c o n t a i n e d  80 pg o f  homogenate p r o t e i n .



1 3 1



G S - S e p h a r o s e  a f f i n i t y  co lum n was c o n d u c t e d  a s  d e s c r i b e d  ( 1 5 )  and 

p ro v id ed  an a d d i t i o n a l  10- t o  3 0 - f o l d  p u r i f i c a t i o n .  Less t h a n  10% o f  t h e  

t o t a l  3 - G l c  a c t i v i t y  f l o w e d  t h r o u g h  t h e  co lum n o r  e l u t e d  o f f  n o n -  

s p e c i f i c a l l y  with t h e  20% e t h y l e n e  g l y c o l  w a sh .  H ow ever ,  s t o r a g e  o f  

c a n i n e  3 -G lc  a t  4°C in  h igh  c o n c e n t r a t i o n s  o f  e t h y l e n e  g ly c o l  (60-75%), 

r e s u l t e d  i n  r a p i d  l o s s  o f  a c t i v i t y .  S u b s e q u e n t  s t a b i l i t y  s t u d i e s  

i n d i c a t e d  t h a t  i f  s t o r e d  a t  -20°C w i th  h igh  c o n c e n t r a t i o n s  o f  e t h y l e n e  

g l y c o l  o r  a t  4°C i n  l e s s  t h a n  40% e t h y l e n e  g l y c o l ,  t h e  p a r t i a l l y  

p u r i f i e d  c an in e  3 -G lc  was s t a b l e .

A p p l i c a t i o n  t o  and e l u t i o n  o f  t h e  p a r t i a l l y  p u r i f i e d  c a n in e  3 -Glc  

f ro m  Cig-dNM a f f i n i t y  c o l u m n ,  as  d e s c r i b e d  f o r  t h e  human enzym e ,  

r e s u l t e d ,  i n  an a d d i t i o n a l  3 . 3 - f o l d  p u r i f i c a t i o n  w i t h  a s p e c i f i c  

a c t i v i t y  o f  o f  6 1 5 , 0 0 0  nm/h /mg p r o t e i n .  Samples s u b j e c t e d  t o  SDS-PAGE 

r e v e a l e d  a p r e d o m i n a n t  Mr  = 7 2 , 0 0 0  m o l e c u l a r  w e ig h t  p r o t e i n  and low 

l e v e l s  o f  s m a l l e r  m o l e c u l a r  w e igh t  c o n ta m in a n t s .

1 0 . P i s c u s s i o n : The p r e s e n t  s t u d i e s  d e m o n s t r a t e  t h e  in c r e a s e d  

l e v e l  o f  GC s u b s t r a t e  and GS in  c a n in e  GD t i s s u e s ,  conf i rm  t h e  s p e c i f i c  

d e f i c i e n c y  o f  a c id  3 - g l u c o s i d a s e  (3 -G lc )  and p r o v i d e  t h e  f i r s t  c h a r a c ­

t e r i z a t i o n s  o f  t h e  r e s i d u a l  a c t i v i t y  in  t h e  GD dog. The GC l e v e l s  were 

m arked ly  i n c r e a s e d  in  c a n i n e  GD l i v e r  and k id n e y  with lower accum ula t ion  

e v i d e n t  in  s p l e e n  and b r a i n .  T h e s e  r e s u l t s  c o r r e l a t e  w e l l  w i t h  t h e  

p a t h o l o g i c  f i n d i n g s  o f  t h e  GD dog which d e m o n s t ra t ed  Gaucher c e l l s  o n l y  

o c c a s i o n a l l y  e v i d e n t  i n  GD s p l e e n  compared t o  t h e  h e a v i l y  i n f i l t r a t e d  

l i v e r  and k i d n e y  ( 5 4 ) .  The low l e v e l  o f  s p l e n i c  GC a c c u m u l a t i o n  i s  

i n t e r e s t i n g  i n  l i g h t  o f  t h e  absence  o f  sp lenom egaly  in  t h e  s i x  GD dogs 

p r e v i o u s l y  examined on a u to p s y  ( 5 4 , 5 5 ) .  The GS accum ula t ion  in  c a n in e  GD



TABLE XV
Comparat ive P u r i f i c a t i o n  o f  Canine S p le n i c  3-Glc  Using P u r i f i c a t i o n  

P ro to co l  f o r  Human 3 -G lc  o r  Using Con A and Cj^-dNM-Sepharose

P u r i f i c a t i o n  S tep

Human 3 -G lc  P r o to co l Con A/Cig-dNM-Sepharose

S p e c i f i c  
'  A c t i v i t y Yield

S p e c i f i c
A c t i v i t y Yield

(U/mg p r o t e i n ) (%) (U/mg p r o t e i n ) (%)

Homogenization 2 2 .4 100 12.5 100

30fc Ammonium S u l f a t e 19 .7 62 13.0 118

Acid P r e c i p i t a t i o n 256 .7 50
-■

Con A-Sepharose
- -  -

6518 55

Butanol E x t r a c t / D i a l y s i s 2 61 .3 30a 5976 58

GS-Sepharose 10,091 1 .5 188,259 25 .2

C i2 -dNM ------ ------ 618,600 12 .7

a F i f t y  p e r c e n t  l o s s  o f  3 -G lc  a c t i v i t y  d u r in g  d i a l y s i s



t i s s u e s  a l s o  s u p p o r t s  t h e  c l i n i c a l  d e s i g n a t i o n  o f  t h e  6D dog as  a model 

o f  t h e  n e u r o n o p a t h i c  Type 2 and 3 f o r m s  o f  human GD. GS, a p u t a t i v e  

n e u r o t o x i n ,  h a s  b e e n  f o u n d  in  e l e v a t e d  l e v e l s  in  t h e  b r a i n  samples  o f  

Type 2 and Type 3 GD p a t i e n t s  and i s  o n ly  m in im a l ly  e l e v a t e d  o r  a b s e n t  

in  Type 1 GD and normal b r a i n  s am ples ,  r e s p e c t i v e l y  ( 5 2 , 5 3 ) .

In s u p p o r t  o f  t h e  p r e v i o u s  f i n d i n g s  w i t h  t h e  a r t i f i c i a l  4MU-Glc 

s u b s t r a t e  and a s sa y s  a t  a c i d i c  pH v a l u e s ,  low l e v e l s  (< 4% o f  normal)  o f  

n a t u r a l  s u b s t r a t e  a c t i v i t y  fi-Glc were d e t e c t e d  in  l i v e r ,  s p l e e n ,  b r a i n  

and k i d n e y  o f  t h e  a f f e c t e d  dog. Twelve o t h e r  lysosomal h y d r o l a s e s  were 

p r e s e n t  a t  normal l e v e l s .  F u r th e r m o re ,  as s u g g e s te d  by  Van De W ate r  e t  

a l .  ( 5 5 ) ,  a " n o n s p e c i f i c "  f J -g lu c o s id a s e  o b scu red  t h e  s p e c i f i c  d e f i c i e n c y  

o f  |3-Glc in  t h e  GD dog when d e te rm in ed  w i th  4MU-Glc s u b s t r a t e .

P r e l i m i n a r y  c h a r a c t e r i z a t i o n  o f  t h e  " n o n s p e c i f i c "  0 - g l u c o s i d a s e  in  

normal and GD dog l i v e r s  d e m o n s t ra t ed  1) l a ck  o f  GC h y d r o l y t i c  a c t i v i t y ,  

2)  b r o a d  pH op t im um  f o r  4MU-G1C, 3) i s o e l e c t r i c  p o i n t  o f  pH 4 . 6 - 4 . 8 , 

4) more anodal m i g r a t i o n  th a n  (i-Glc on c e l l u l o s e  a c e t a t e  g e l  e l e c t r o ­

p h o r e s i s ,  5) l a c k  o f  b in d in g  t o  Con A, 6 ) i n h i b i t i o n  by T r i t o n  X-100 and 

sodium TC, and 7) absence  o f  i n h i b i t i o n  by CBE, a c o v a l e n t  i n h i b i t o r  o f  

s e v e r a l  3 -G lc  a c t i v i t i e s  ( 5 8 ) .  A s i m i l a r  " n o n s p e c i f i c "  8 - g l u c o s i d a s e  has  

been d e s c r i b e d  in  human and b ov ine  t i s s u e s  ( 8 8 , 8 9 ) .

R e c e n t  s p e c u l a t i o n s ,  b a s e d  on t h e  s tu d y  o f  human GD t i s s u e s ,  have 

s u g g e s t e d  a r e l a t i o n s h i p  b e tw e e n  t h e  " n o n - s p e c i f i c "  and " s p e c i f i c "  

8 - g l u c o s i d a s e s ,  p a r t i c u l a r l y  in  t h e  n e u r o n o p a th i c  forms o f  t h e  d i s e a s e  

(8 8 ) .  In t h e  p r e s e n t  s tu d y  no  d i f f e r e n c e s  b e tw e e n  t h e  " n o n - s p e c i f i c "  

p - g l u c o s i d a s e  f o u n d  in  normal and GD dog t i s s u e  e x t r a c t s  were a p p a r e n t  

by e l e c t r o p h o r e s i s ,  i s o e l e c t r i c  f o c u s i n g  and Con A b i n d i n g .  M o r e o v e r ,  

t h e  a b s o l u t e  l e v e l  o f  t h i s  a c t i v i t y ,  as de te rm ined  w i th  4MU-Glc in  t h e



aosence  o f  d e t e r g e n t s ,  was normal in  t h e  GD dog t i s s u e  e x t r a c t s  a l th o u g h  

t h e  l e v e l  o f  a c t i v i t y  v a r i e d  o v e r  a 4 -  t o  5 - f o l d  r a n g e  i n  h e p a t i c  

e x t r a c t s  f rom  d i f f e r e n t  norm al  d o g s .  The e s t a b l i s h m e n t  o f  a b r e e d in g  

c o lo n y  o f  in b red  A u s t r a l i a n  T e r r i e r s  with n e u r o n o p a t h i c  GD d i s e a s e  may 

p e r m i t  c l o s e r  e x a m i n a t i o n  o f  t h e  p o s s i b l e  r e l a t i o n s h i p s  o f  t h e s e  

g l u c o s i d a s e s  in a more c o n t r o l l e d  g e n e t i c  m i l i e u .

Use o f  a f l u o r e s c e n t  d e r i v a t i v e  o f  t h e  n a t u r a l  s u b s t r a t e  o f  |3-Glc 

(GC) a l lowed  t h e  co m p ara t iv e  c h a r a c t e r i z a t i o n  o f  no rm a l  ( i -G lc  and t h e  

r e s i d u a l  p -G lc  a c t i v i t y  in  t h e  GD dog. In l i v e r ,  o n ly  minor d i f f e r e n c e s  

in  Con A b in d in g  were o b se rv ed  between no rm a l  and GD c a n i n e  | j - G l c .  In 

a d d i t i o n ,  t h e  number and p i  v a lu e s  o f  a c t i v e  |5-Glc m o le c u la r  forms found 

on i s o e l e c t r i c  f o c u s i n g  ( F i g .  1 6 ) ,  t h e  pH o p t im a ,  app a ren t  Km v a l u e s ,  

i n h i b i t o r  i n t e r a c t i o n s ,  and X .\n  v a lu e s  (CBE i n h i b i t i o n )  and c r y o s t a b i l -  

i t y  o f  t h e  normal and GD |3-Glc  w e re  i d e n t i c a l  ( T a b l e  XIV).  However ,  

d i f f e r e n c e s  between t h e  normal and GD [i-Glc were found in  t h e i r  membrane 

a s s o c i a t i o n ,  q u a l i t a t i v e  r e s p o n se s  t o  s e l e c t e d  m o d i f i e r s  o f  GC a c t i v i t y ,  

v a r i a t i o n  in m o lecu la r  w e igh t  forms and t h e r m o s t a b i l i t i e s .

The u -G lc  a c t i v i t i e s  in  normal and GD s o u r c e s  were  o n l y  p a r t i a l l y  

m e m b r a n e - a s s o c i a t e d  a s  d e t e r m i n e d  in t h e s e  once f r e e z e / t h a w e d  t i s s u e s  

(Tab le  X I I ) .  However, t h e  a c t i v i t y  in  t h e  GD dog t i s s u e s  a p p ea re d  t o  be  

l e s s  m e m b ra n e - a s s o c i a t e d  than  t h e  normal dog a c t i v i t y .  S ince  t h e  normal 

and GD t i s s u e s  were s t o r e d  and handled  in a s i m i l a r  manner ,  t h e  d i f f e r ­

e n c e s  w e re  m o s t  l i k e l y  due t o  an a b n o r m a l i t y  o f  t h e  GD | i -G lc .  However, 

c o n f i r m a t o r y  s t u d i e s  o f  membrane a s s o c i a t i o n  in  f r e s h ,  u n f r o z e n  t i s s u e s  

must aw ai t  t h e  a v a i l a b i l i t y  of  more GD d o g s .



The v e l o c i t y  c u r v e s  o f  GC h y d r o l y s i s  w i th  i n c r e a s i n g  amounts o f  TC 

o r  PS in t h e  p r e s e n c e  o f  4 mM T r i t o n  X-100 d e m o n s t r a t e d  t h a t  t h e  GD 

enzyme a c t i v i t y  was e n h a n c e d  more  by  low c o n c e n t r a t i o n s  and was i n ­

h i b i t e d  l e s s  by h i g h e r  c o n c e n t r a t i o n s  o f  t h e s e  m o d i f i e r s  than  t h e  normal 

e n zym e .  The d i f f e r e n t i a l  e f f e c t s  o f  t h e  human a c t i v a t o r  p r o t e i n  and 

d o d e c y l - p - D - m a l t o s i d e  ( e l e v a t e d  I 5 0 ) on t h e  norm al  and GD enzymes  

i n d i c a t e d  t h a t  t h e  abnormal r e sp o n se  o f  t h e  GD enzyme was no t  r e s t r i c t e d  

t o  i o n i c  d e t e r g e n t s  bu t  a l s o  in c lu d e d  o t h e r  hydrophobic  r e a g e n t s .

The marked d e c r e a s e  o f  e s t i m a t e d  CRIM s p e c i f i c  a c t i v i t y  and t h e  

t h e r m o l a b i l i t y  o f  t h e  GD 0 -G lc  s u g g es ted  t h a t  t h e  mutant enzyme a c t i v i t y  

was u n s t a b l e .  The s e v e r e l y  d e c r e a s e d  t h e r m o s t a b i l i t y  o f  t h e  GD 0 - G l c  a t  

pH 6 . 0  s u g g e s t s  t h e  p o s s i b i l i t y  o f  a pH s e n s i t i v e  in  v ivo  i n s t a b i l i t y  o f  

t h e  m u t a n t  e n z y m a t i c  a c t i v i t y  d u r i n g  t r a n s i t  f rom  t h e  G o lg i  t o  t h e  

ly s o s o m e s .  F u r t h e r m o r e ,  t h e  d e f i c i e n c y  o f  t h e  7 2 - 7 7 , 0 0 0  m o l e c u l a r  

w e i g h t  fo r m s  o f  0 - G l c  i n  GD l i v e r  and k i d n e y  ( F i g .  19) s u g g e s te d  an 

abnormal p r o c e s s in g  o f  t h e  mutant enzyme in  p a r t i c u l a r  t i s s u e s .  T h e s e  

r e s u l t s  and t h e  a l t e r e d  i n t e r a c t i o n  o f  t h e  GD enzyme w i th  hydrophobic  

a g e n t s  s u g g e s t  a m u t a t i o n  which  r e s u l t s  in  com plex  e f f e c t s  on t h e  

membrane  b i n d i n g ,  s t a b i l i t y ,  and c e r t a i n  k i n e t i c  p r o p e r t i e s  o f  t h e  

mutant enzyme. However, t h e  m a j o r  e f f e c t s  o f  t h i s  m u t a t i o n  l e a d  t o  a 

marked i n s t a b i l i t y  o f  t h e  enzymat ic  a c t i v i t y .

The c h a r a c t e r i z a t i o n  s t u d i e s  p r e s e n t e d  h e r e  and t h e  p r e v i o u s  

p a t h o l o g i c  and b i o c h e m i c a l  r e p o r t s  i n d i c a t e  t h a t  t h e  c a n in e  GD i s  an 

a n a l o g u e  o f  t h e  human Type 2 o r  Type 3 GD. The norm a l  a c t i v e  s i t e  

f u n c t i o n  o f  t h e  c a n i n e  GD 0 - G lc ,  as i n d i c a t e d  by i n h i b i t o r  s t u d i e s ,  i s  

ana logous  t o  t h e  r e s i d u a l  0 - G lc  in  t h e  n e u r o n o p a t h i c  (Type  2 / T y p e  3)



f o r m s  o f  human GD. H o w ev e r ,  t h e  m ark ed  d e c r e a s e  i n  CRIM s p e c i f i c  

a c t i v i t y  and t h e  t h e r m o l a b i 1 i t y  o f  t h e  r e s i d u a l  e n z y m a t i c  a c t i v i t y  

seems t o  be unique t o  t h e  c a n in e  m u t a t i o n .

P u r i f i c a t i o n  o f  normal c a n in e  3 -G lc  has  r e v e a l e d  s i m i l a r i t i e s  t o  t h e  

n o rm a l  human enzyme as  d e m o n s t ra ted  by t h e  e l u t i o n  and p u r i f i c a t i o n  on 

PS -Sepharose ,  GS-Sepharose ,  GC-Sepharose and Cig-dNM S epha rose .  SDS-PAGE 

h a s  d e m o n s t r a t e d  t h e  c a n i n e  enzyme (Mr  = 72 ,000)  which i s  s i m i l a r  t o  

t h e  67 ,000  m o le c u la r  w e igh t  o f  human s p l e n i c  3 - G l c  ( 1 4 , 1 5 ) .  How ever ,  

t h e  i n s t a b i l i t y  o f  c a n i n e  3 - G l c  a c t i v i t y  a f t e r  a c id  p r e c i p i t a t i o n  and 

when s t o r e d  under c o n d i t i o n s  which  a r e  o p t i m a l  f o r  t h e  human enzyme 

s u g g e s t  d i f f e r e n t  enzym at ic  p r o p e r t i e s .

The c a n in e  3 - G lc  a p p e a r e d  t o  b e  l e s s  h y d r o p h o b i c  t h a n  t h e  human 

enzyme as  d e m o n s t r a t e d  by  t h e  e a s i e r  s o l u b i l i z a t i o n  o f  c a n i n e  3 -Glc  

a c t i v i t y  i n t o  t h e  s u p e r n a t a n t s  o f  c ru d e  hom o g en a te s ,  t h e  more  c o m p l e t e  

r e c o v e r y  o f  c a n i n e  a c t i v i t y  o f f  Con A S e p h a r o s e ,  and t h e  e l u t i o n  o f f  

Cjg-dNM and GS S e p h a r o s e  c o lu m n s  a t  s l i g h t l y  l o w e r  e t h y l e n e  g ly c o l  

c o n c e n t r a t i o n s  t h a n  t h a t  o f  t h e  human e n zy m e .  The 1 -  t o  1 . 5 - f o l d  

a c t i v a t i o n  o f  can in e  fi-Glc by TC and PS as compared t o  t h e  2 -  t o  3 - f o l d  

a c t i v a t i o n  o f  t h e  human enzyme s u g g e s t s  a d i f f e r e n t  i n t e r a c t i o n  o f  

c a n i n e  3 - G lc  with  l i p i d s  and l i p o i d a l  m o d i f i e r e s .  F u r th e r m o re ,  MCAb 61, 

a MCAb w hich  i n h i b i t s  human 3 - G l c  a c t i v i t y  ( S e c t .  V .D .)  and had  no 

e f f e c t  on c a n i n e  3 - G l c  a c t i v i t y .  In c o n t r a s t ,  MCAbs F - l  and  F-2 

c o m p le t e ly  i n h i b i t  bo th  human and c a n in e  3 -G lc  a c t i v i t y .  T h u s ,  f u t u r e  

c o m p a r a t i v e  s t u d i e s  o f  t h e  human and c a n i n e  3 -G lc  by k i n e t i c ,  immuno­

l o g i c ,  and g e n e t i c  t e c h n i q u e s  may p r o v id e  i n s i g h t  i n t o  t h e  e v o l u t i o n a r y  

f u n c t i o n a l  r e l a t i o n s h i p s  o f  t h e  3 -G lc  s t r u c t u r a l  domains.
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IV. CONCLUSIONS

G aucher  d i s e a s e  h a s  p r o v i d e d  b i o c h e m i s t s  and g e n e t i c i s t s  w i th  a 

model sys tem  to  i n v e s t i g a t e  t h e  b i o l o g y  o f  a l y s o s o m a l  enzyme and t h e  

e f f e c t s  o f  a l l e l i c  m u t a t i o n s  i n  a s t r u c t u r a l  g e n e  on t h e  phen o ty p ic  

e x p r e s s i o n  o f  a d i s e a s e .  However, t h e  unique  p r o p e r t i e s  o f  0 - G l c ,  among 

ly s o s o m a l  e n z y m e s ,  and t h e  v a r i e t y  o f  0 -G lc  m u ta t io n s  r e s u l t i n g  in GD 

might be e x p l o i t e d  t o  u n d e r s t a n d  t h e  normal b i o l o g y  o f  0-Glc  a s  w e l l  a s  

o t h e r  lysosomal enzymes.  To approach  t h e s e  i s s u e s ,  two q u e s t i o n s  r e l a t e d  

t o  0-Glc  and GD w i l l  be a d d r e s s e d :  1) Is  0-Glc  membrane-bound, i . e . ,  an - 

i n t e g r a l  membrane p r o t e i n ,  an d ,  i f  s o ,  does  t h i s  p r o p e r t y  r e q u i r e  unique  

mechanisms u n r e l a t e d  to  o t h e r  lysosomal enzymes.  2)  What i s  t h e  n a t u r e  

o f  t h e  m u t a t i o n s  in  GD w h ic h  a c c o u n t  f o r  t h e  p r e s e n c e  o r  absence  o f  

n e u ro n o p a th i c  m a n i f e s t a t i o n s .  S ince  n e i t h e r  o f  t h e s e  q u e s t i o n s  have been 

r e s o l v e d  c o m p l e t e l y ,  t h e  answers  w i l l  be somewhat s p e c u l a t i v e  in n a t u r e  

and w i l l  a t t e m p t  t o  p o i n t  toward  d i r e c t i o n s  f o r  r e s o l v i n g  t h e s e  i s s u e s .

The e v i d e n c e  f o r  t h e  membrane b i n d in g  o f  0-G lc  i s  a l l  c i r c u m s t a n ­

t i a l .  Al though 0-Glc  does s e d i m e n t  w i t h  membrane f r a c t i o n s  upon s u b -  

c e l l u l a r  f r a c t i o n a t i o n ,  0 - G l c  h a s  n e v e r  b e e n  d e m o n s t r a t e d  t o  e x i s t  

w i th in  a membrane by d i r e c t  o b s e r v a t i o n  and  h a s  n o t  b e en  shown t o  be 

r e c o n s t i t u t e d  i n t o  a r t i f i c i a l  membrane s y s t e m s .  However, i t  i s  c l e a r  

t h a t  th e  enzym at ic  a c t i v i t y  and th e  enzyme p r o t e i n  r e q u i r e  d e t e r g e n t s  

( T r i t o n ,  b i l e  a c id s  o r  SDS) f o r  s o l u b i l i z a t i o n .  Indeed ,  as  i n d i c a t e d  in  

S e c t io n  V.C. o f  t h i s  t h e s i s ,  e v e n  h i g h  c o n c e n t r a t i o n s  o f  d e t e r g e n t s ,  

t o g e t h e r  w i th  s o n i c a t i o n ,  f a i l e d  t o  s o l u b i l i z e  a l a r g e  p e r c e n ta g e  o f  t h e  

0-Glc  from f i b r o b l a s t s .  D e te r g e n t s  a l s o  were r e q u i r e d  to  s o l u b i l i z e  t h e  

enzyme f o r  p u r i f i c a t i o n  and a l l  c u r r e n t  p u r i f i c a t i o n  methods f o r  0-Glc



i n c o r p o r a t e  such  e x t r a c t i o n s .  The f a c t  t h a t  d e l i p i d a t i o n  i s  n e c e s s a r y  

f o r  t h e  s p e c i f i c  i n t e r a c t i o n  o f  t h i s  enzyme w ith  hydrophobic  s u p p o r t s  o r  

w i t h  " c o - g l u c o s i d a s e "  and t h a t  enzymat ic  a c t i v i t y  i s  r e c o n s t i t u t e d  o n ly  

by t h e  a d d i t i o n  o f  s p e c i f i c  l i p i d s  i n d i c a t e  t h e  p r e s e n c e  o f  i n t r i n s i c  

l i p i d s  on t h e  enzyme. These  l i p i d s  p r o b a b ly  d e r i v e  from t h e  membrane and 

r e p r e s e n t  membrane components .  Thus,  a t  l e a s t  o p e r a t i o n a l l y ,  3 - G lc  i s  a 

membrane  p r o t e i n .  How much o f  t h e  enzyme i s  b u r i e d  in t h e  membrane i s  

c o m p l e t e l y  unknown. A c c e p t i n g  t h e  a bove  a r g u m e n t ,  one  can  q u e s t i o n  

w h e t h e r  v a r i a n t  GD enzymes a re  d i f f e r e n t i a l l y  membrane-bound. The d a t a  

in  S e c t io n  V.C. o f  t h i s  d i s s e r t a t i o n  s u g g e s t s  t h a t  a l l  a c t i v e  GD enzymes 

a r e  s o l u b i l i z e d  f rom  f i b r o b l a s t  e x t r a c t s  by t h e  same p ro c e d u re s  and t o  

abou t  t h e  same e x t e n t .  I f  s o l u b i l i z a t i o n  p r o p e r t i e s  a r e  an i n d i c a t i o n  

o f  membrane  b i n d i n g ,  c e r t a i n l y  no m a j o r  d i f f e r e n c e s  e x i s t s  among t h e  

a c t i v e  normal and mutan t  enzymes.  However,  w h e t h e r  i n a c t i v e  f o r m s  o f  

3 - G l c  w i t h  a l t e r e d  membrane b i n d i n g  a r e  p r o d u c e d  in  GD has  no t  been 

a d d r e s s e d .

T h i s  r e a s o n in g  i m p l i e s  t h a t  t h e  n a t u r e  o f  t h e  d i f f e r e n t  m u t a t i o n s  in  

t h e  v a r i a n t s  o f  GD does  no t  c r e a t e  e i t h e r  a more o r  l e s s  membrane-bound  

c a t a l y t i c a l  l y  a c t i v e  3 - G lc .  This  i s  in  c o n t r a s t  t o  t h e  GD dog m u ta t io n  

which appea rs  t o  r e n d e r  t h e  GD 3-Glc  a c t i v i t y  l e s s  m em brane-bound  and 

m ore  e a s i l y  s o l u b i l i z e d  ( S e c t .  V .E . ) .  C o n seq u en t ly ,  t h e  d i f f e r e n c e s  in 

t h e  human GD pheno types  canno t  be e x p l a i n e d  on t h e  b a s i s  o f  a d y s l o c a l i -  

z a t i o n  o f  t h e  enzyme due  t o  abnorm a l  membrane b in d in g .  Th is  does  not 

imply t h a t  abnormal l o c a l i z a t i o n  t o  t h e  l y s o s o m a l  c o m p a r tm e n t  c a n n o t  

o ccu r  ( s e e  be low ) .



The h i g h  m o le c u la r  w e igh t  CRIM form d e t e c t e d  in  Group A (Type 2 and 

Type 3 and some Type 1 GD) f i b r o b l a s t s  and t h e  a p p a r e n t  d e f i c i e n c y  o f  

t h e  l o w e r  m o l e c u l a r  w e i g h t  f o r m s ,  s u g g e s t s  t h e  p re s e n c e  o f  an incom- 

p l e t e l y  p ro c e ssed  g l y c o s y l a t e d  p r e c u r s o r  o f  3-G lc  (87) o r  t h e  i n s t a b i l ­

i t y  o f  t h e  l o w e r  m o l e c u l a r  w e i g h t ,  more m a tu re  fo rm s ,  o f  3 -G lc  in  GD. 

T h e r e f o r e ,  t h e  Group A m utan t  3 - G l c  may be  h i n d e r e d  in  i t s  e f f i c i e n t  

t r a n s p o r t  i n t o  t h e  lysosomes  o r  i t  may be r a p i d l y  degraded once in  t h e  

lysosome.

The f a c t  t h a t  3 - G l c  i s  one  o f  two l y s o s o m a l  enzymes  p r e s e n t  in 

normal l e v e l s  in  I - c e l l  d i s e a s e  f i b r o b l a s t s  (91) su g g e s t s  an a l t e r n a t i v e  

t o  t h e  m a n n o s e - 6 - p h o s p h a t e  l y s o s o m a l  t a r g e t i n g  system used f o r  o t h e r  

lysosomal enzymes.  Indeed ,  mannose-6 -p h o s p h a te  has no t  been shown t o  be 

i n c o r p o r a t e d  i n t o  t h e  c a r b o h y d r a t e  s t r u c t u r e  o f  3 -Glc  ( 2 5 ) .  Although 

t h i s  i s  no t  f i r m l y  e s t a b l i s h e d  ( J .  T age r ,  p e r s o n a l  c o m m u n i c a t i o n ) ,  o u r  

r e c e n t  p u l s e - c h a s e  s t u d i e s  in  COS c e l l s  s u g g e s t  t h a t  mannose-6 -p h o s p h a te  

i s  no t  i n c o r p o r a t e d  i n t o  t h e  3-Glc c a r b o h y d r a t e  c h a i n s .  I t  i s  p o s s i b l e  

t h a t  t h e  major  lysosomal t a r g e t i n g  o f  3-G lc  o ccu r s  v i a  t h e  s e c r e t i o n  and 

u p ta k e  a t  t h e  p lasma membrane as proposed by Von F i g u r a  and Weber (9 2 )  

as an a l t e r n a t i v e  mechanism f o r  o t h e r  lysosomal enzymes. The p r e s e n c e  o f  

h i g h e r  Mr  g l y c o s y l a t e d  f o r m s  o f  3 - G l c  i n  f i b r o b l a s t  c u l t u r e  m e d ia  

c o m p ared  t o  i n t r a c e l l u l a r  fo rm s  ( S e c t .  V .C . )  ( 8 7 ) ,  s u g g e s t s  t h e  

s e c r e t i o n  o f  d i f f e r e n t  3-G lc  forms which p o s s i b l y  c o n t a i n  non-mannose-6 -  

p h o sp h a te  s i g n a l s  f o r  a t t a ch m en t  t o  t h e  plasma membrane. A l t e r n a t i v e l y ,  

no rm a l  and GD 3 -G lc  may remain m em brane-assoc ia ted  th ro u g h o u t  t h e  3-Glc  

m a t u r a t i o n  p r o c e s s  a s  h a s  been  o b s e r v e d  w i t h  o t h e r  m em b ran e -b o u n d



p r o t e i n s  ( 9 3 ) .  T h e r e f o r e ,  t h e  d y s l o c a l i z a t i o n  o f  3 -G lc  from t h e  lysosome 

in  Type 2 o r  Type 3 GD might no t  be e v i d e n c e d  a s  an i n c r e a s e d  e a s e  o f  

s o l u b i l i z a t i o n  of 3 -G lc  a c t i v i t y .

The g e n e t i c  h e t e r o g e n e i t y  o f  GD and t h e  e t i o l o g y  o f  t h e  n e u ro n o p a th ­

i c  invo lvement  in Types 2 and 3 GD have been  a c e n t r a l  f o c u s  f o r  many 

i n v e s t i g a t i o n s  of  GD. The f a c t  t h a t  t h e  l e v e l  o f  in  v i t r o  3 -G lc  a c t i v i t y  

d o e s  n o t  c o r r e l a t e  well  w i th  t h e  s e v e r i t y  o r  p r e s e n c e  o f  n e u ro n o p a th ic  

invo lvem ent  in  GD s u g g e s t s  t h a t  t h e s e ' a s s a y  systems may not r e f l e c t  t h e  

t r u e  ly so so m a l  3-G lc  a c t i v i t y .  Such a d i f f e r e n c e  in  a c t i v i t y  may be due 

t o  e i t h e r  d e f e c t i v e  t a r g e t i n g  t o  t h e  l y s o s o m e ,  abno rm a l  membrane  

i n s e r t i o n  a n d / o r  a l t e r e d  i n t e r a c t i o n s  w i th  t h e  " c o - g l u c o s i d a s e " . U n t i l  

i n  s i t u  a s s a y s  f o r  3 -G lc  a c t i v i t y  a r e  d e v e lo p e d ,  t h e  c o r r e l a t i o n  o f  in 

v i t r o  and i n  v i v o  enzyme l e v e l s  w i l l  r e m a i n  o b s c u r e .  H ow ever ,  t h e  

f i n d i n g s  o f  abnormal a c t i v a t i o n  o f  t h e  Type 1 AJGD enzyme by n e g a t i v e l y  

charged  l i p i d s  a n d /o r  " c o - g l u c o s i d a s e "  in  v i t r o  su g g es t  t h a t  t h i s  mutant 

enzyme may n o t  i n t e r a c t  w i t h  membrane components  in  v ivo  in  a normal 

m a n n e r  ( 4 7 , 5 0 , 9 7 ) .  The f i n d i n g  o f  e x t r a - l y s o s o m a l  and non- lysosom al  

3 -Glc  ( i n  ER) by immunoelec t ron  m i c r o s c o p y  ( T a g e r ,  p e r s o n a l  communi­

c a t i o n )  i n  Type 2 GD s u p p o r t s  t h e  d y s l o c a l i z a t i o n  o f  t h e  mutan t  enzyme 

in  t h i s  form o f  GD. T h u s ,  t h e  d e f i c i e n c y  o f  l y s o s o m a l  3 - G l c  i n  some 

n e u r o n o p a t h i c  v a r i a n t s  may be a b s o l u t e  whereas  t h e  lysosomal 3 -G lc  in 

Type 1 AJGD may m ere ly  be d e f e c t i v e .  In t h e  Group A Type 1 GD c e l l s  w i th  

a b n o rm a l  Mr  f o r m s ,  t h e  p o s s i b i l i t y  must be c o n s id e r e d  t h a t  t h e s e  forms 

d e r i v e  from d i f f e r e n t  p r o c e s s i n g  d e f e c t s  w hich  p e r m i t  l o c a l i z a t i o n  o f  

3 - G l c  t o  t h e  l y s o s o m e  i n  s u f f i c i e n t  amount t o  p re c lu d e  n e u ro n o p a th ic  

m a n i f e s t a t i o n s .



GS, t h e  d e a c y l a t e d  ana logue  o f  GC, has  been shown t o  accumula te  in 

t h e  b r a i n s  o f  Types  2 and 3 GD p a t i e n t s  and t o  be o n l y  m i n i m a l l y  

e l e v a t e d  o r  a b s e n t  i n  Type 1 GD p a t i e n t s  ( 5 2 , 5 3 ) .  Based on such  

r e s u l t s ,  and in ana logy  t o  Krabbe d i s e a s e ,  i t  has been h y p o th es ized  t h a t  

GS i s  t h e  n e u ro to x in  in  Type 2 and 3 GD ( 8 0 ) .  However, u n l i k e  g a l a c t o s e  

s p h in g o s in e  in  Krabbe d i s e a s e  ( 3 - g a l a c t o c e r e b r o d s i d a s e  d e f i c i e n c y )  ( 9 0 ) ,  

g lu c o s e  s p h in g o s in e  has  been shown t o  be a v e r y  poor s u b s t r a t e  f o r  3-Glc  

and k i n e t i c  a n a ly s e s  have  shown GS t o  be a v e r y  p o te n t  i n h i b i t o r  o f  t h e  

normal and Group A enzymes. Thus,  i t  i s  i n t e r e s t i n g  t o  s p e c u l a t e  t h a t  GS 

may c r e a t e  a v i s c i o u s  c y c l e  o f  i n h i b i t i o n  o f  t h e  low l e v e l s  o f  3 - G l c  

( l y s o s o m a l )  in  t h e  Types  2 and 3 GD. In  c o m p a r i s o n ,  t h e  g r e a t e l y  

d e c r e a s e d  a f f i n i t y  b u t ,  p r e s u m a b l y ,  no rm a l  h y d r o l y s i s  o f  GS by t h e  

Type 1 AJGD enzyme may p r o t e c t  t h e  b r a i n  from t h e  t o x i c  e f f e c t s  o f  GS. 

This  s p e c u l a t i o n  im p l i e s  a t h r e s h o l d  o f  3 -G lc  a c t i v i t y  ( l y s o s o m a l )  f o r  

t h e  p re v e n t io n  o f  n e u r o n o p a th i c  e f f e c t s .

The d e t e c t i o n  o f  GS accum ula t ion  in  t i s s u e s  f rom  t h e  n e u r o n o p a t h i c  

c a n i n e  model o f  GD and t h e  a b s e n c e  o f  GS i n  norm al  c a n i n e  t i s s u e s  

( S e c t .  V.E.)  i s  s u p p o r t i v e  e v id e n c e  o f  GS as  be ing  a n e u r o t o x i c  f a c t o r  

i n  GD. F u r th e r m o re ,  t h e  l a ck  o f  d e t e c t a b l e  GC accumula t ion  in  GD c an in e  

k idney  which had 4.1% o f  normal l e v e l s  o f  3 - G l c  a c t i v i t y  s u p p o r t s  t h e  

h y p o t h e s i s  t h a t  a t h r e s h o l d  l e v e l  o f  3 - G l c  a c t i v i t y  i s  r e q u i r e d  to  

p r e v e n t  GS a ccu m u la t io n .  Th is  i s  p a r t i c u l a r l y  s u g g e s t i v e  s i n c e  GS d i d  

accumula te  in  c a n in e  l i v e r ,  b r a i n  and s p l e e n  which had 1%, 2 . 9% and 0 . 1% 

o f  t h e  r e s p e c t i v e  normal 3-Glc  a c t i v i t i e s .

F i n a l l y ,  t h e  d e m o n s t r a t i o n  o f  d e c r e a s e d  l e v e l s  o f  CRIM ( S e c t .V .C . )  

in  GD p a t i e n t s  s u g g e s t s  an a l t e r e d  s y n t h e s i s  o r  s t a b i l i t y  o f  m u t a n t  

3 -G lc  in Type 1 and Types 2 and 3 GD p a t i e n t s .  S ince  com para t ive  s t u d i e s
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o f  s y n t h e s i s  and d e g r a d a t i o n  o f  3-G lc  in  normal and GD f i b r o b l a s t s  have 

n o t  been r e p o r t e d ,  t h e  d e c r e a s e d  l e v e l s  o f  CRIM s p e c i f i c  a c t i v i t y  i n  GD 

and t h e  normal  kc a t  v a l u e s  in  Type 1 AJGD 3 -G lc  ( S e c t .V .B . )  sug g es ted  

t h a t  o n l y  a p o r t i o n  o f  t h e  3-Glc  p r e s e n t  in  Type 1 AJGD a p p e a r e d  t o  be  

c a t a l y t i c a l l y  a c t i v e .  The m u t a n t  enzyme a c t i v i t y ,  t h e r e f o r e ,  must be 

u n s t a b l e .  Th is  c a t a l y t i c  i n s t a b i l i t y  was a l s o  d em ons t ra ted  in  t h e  c an in e  

model o f  GD ( S e c t . V . E . ) ,  which had normal l e v e l s  o f  CRIM and low l e v e l s  

o f  CRIM s p e c i f i c  a c t i v i t y .  Thus,  i t  cou ld  be h y p o th e s i ze d  t h a t  a l l  forms 

o f  GD r e s u l t  f rom  u n s t a b l e  m u t a n t  enzym es  w h i c h ,  b e c a u s e  o f  t h e i r  

d y s l o c a l i z a t i o n  (Types 2 and 3) o r  abnormal k i n e t i c  p r o p e r t i e s  (T ype  1 

GD) become more s u s c e p t i b l e , t o  p r o t e o l y t i c  d i g e s t i o n .
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