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A b s t r a c t

Human Acid B-Glucos1dase:  Func t io na l  and S t r u c t u r a l  S t u d i e s  of  t h e
Normal and Gaucher D is e as e  Enzymes.

by

Karen M. Os 1eck1-Newman

Advisor:  Dr. Gregory A. Grabowskl

C o m p a r a t i v e  e n z y m a t i c  s t u d i e s  o f  t h e  human ac id  0-g1ucos1dase  

(b -G lc ;  N - a c y l - s p h 1 n g o sy 1 - l -O -0 - g 1 u c o s1 d e :g lu c o h y d r o 1 a s e ,  E . C . 3 . 2 . 1 . 4 5 )  

f rom normal  p l a c e n t a e  and s p l e e n s  o f  Type 1 Ashkenaz i  Jewish Gaucher 

d i s e a s e  (AJGD) p a t i e n t s  were conduc ted .  Novel a f f i n i t y  c h r o m a t o g r a p h i c  

t e c h n i q u e s  were  d e v e l o p e d  t o  o b t a i n  homogeneous normal a d d  B-Glc and 

h i g h l y  p u r i f i e d  AJGD enzyme. A f f i n i t y  l a b e l i n g  o f  t h e  pu re  normal  0 - G lc  

w i t h  t h e  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 ,  c o n d u d t o l  B epoxide  

(CBE), demons t ra ted  t h e  p re s e n c e  o f  a s i n g l e  a c t i v e  s i t e  p e r  s u b u n i t  and 

p e rm i t t e d  t h e  I d e n t i f i c a t i o n  of  t h e  a c t i v e  s i t e  n u c l e o p h i l e  n e c e s s a r y  f o r  

c a t a l y s i s ,  Asp*43 .  S t u d ie s  o f  a c t i v e  s i t e  f u n c t i o n  de te rmined  t h a t  t h e  

AJGD enzyme had:  1) a s i n g l e  a c t i v e  s i t e  p e r  s u b u n i t ;  2)  n e a r l y  no rmal

kCa t  and kmax v a l u e s  f o r  s e v e r a l  s u b s t r a t e s  and CBE, r e s p e c t i v e l y ,  as 

w e l l  as  normal  r e l a t i v e  Vmax v a l u e s  f o r  g l u c o s y l  c e r a m l d e s  w i th  In­

c r e a s i n g  (Ci t o  Cis )  f a t t y  a d d  acyl c ha in  l e n g t h s ;  3) f i v e  t o  s e v e n - f o ld  

I n c r e a s e d  Kjapp  v a l u e s  f o r  p a r t i c u l a r  Cl and C5 amino s u b s t i t u t e d  

g l u c o s l d e s  and a l k y l - g l u c o s l d e s  (Cq t o  C1 4 ) d e r i v a t i v e s ,  bu t  normal Kiapp 

v a lu e s  f o r  t h e  most p o t e n t  glycon I n h i b i t o r s ,  n o j 1r 1m y d n  and c a s t a n o -
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s p e r m i n e ;  and 4)  normal  Kmapp v a lu e s  f o r  a l l  s u b s t r a t e s .  These r e s u l t s  

were c o n s i s t e n t  with t h e  a c t i v e  s i t e  o f  t h e  normal enzyme be ing  composed 

o f  t h r e e  d o m a i n s :  a g l y c o n  b i n d in g  domain which r e c o g n i z e s  t h e  glycon

m o i e t i e s  o f  s u b s t r a t e s  and I n h i b i t o r s  and c o n t a i n s  Asp**3 and a c r i t i c a l  

amino a c i d  w i t h  pKa * 6 . 7 ;  an aglycon b ind ing  domain which I n t e r a c t s  with 

a c y l  m o i e t i e s  and modula te s  Vmax; and a " t h i r d "  domain which b inds  a lky l  

m o i e t i e s  and modula tes  t h e  a f f i n i t y  o f  s u b s t r a t e s  and I n h i b i t o r s .  These  

s t u d i e s  a l s o  I n d i c a t e  t h a t  t h e  m uta t ion  1n t h e  AJGD v a r i a n t  r e s u l t s  1n a 

un ique  l o c a l i z e d  e f f e c t  on p-Glc a c t i v e  s i t e  f u n c t i o n .



v i

Foreword

P o r t i o n s  o f  t h i s  t h e s i s  have  o e e n  p r e s e n t e d  1n t h e  f o l l o w i n g  
p u b l i c a t i o n s :

Os1eck1-Newman, K.M., Fabbro ,  D. ,  D1nur, T . ,  Boas,  S . ,  G a t t ,  S . ,  L e g l e r ,  
G . ,  Desn ick ,  R . J .  and Grabowskl ,  G.A.: Human Acid 0-G1ucos1dase:  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 Disease  S p le n ic  Enzymes 
on N-Alkyl-Deoxynoj1r1myc1n-Sepharose.  Enzyme 35 :147-153 ,  1986.
Permiss ion  g ran te d  by S. Karqer  AG, B a s e l ,  SwlTzerland.

D i n u r ,  T . ,  O s l e c k i ,  K .M . ,  L e g l e r ,  G . ,  G a t t ,  S . ,  D e s n i c k ,  R . J .  and 
G r a b o w s k l ,  G .A . :  Human Acid  0 - G 1 u c o s 1 d a s e :  I s o l a t i o n  and Amino Acid
Sequence of  a P e p t id e  C on ta in ing  t h e  C a t a l y t i c  S i t e .  P r o c .  N a t l .  Acad.  
Sc1. USA 83:1660-1664,  1986.

G r a b o w s k l ,  G . A . ,  O s l e c k i ,  K .M .,  D i n u r ,  T . ,  K r u s e ,  J . ,  L e g l e r ,  G. and 
G a t t ,  S . :  Gaucher D isease  Types 1,  2 and 3:  D i f f e r e n t i a l  M u t a t i o n s  o f  
t h e  A d d  0 - G 1 u c o s l d a s e  A c t ive  S i t e  I d e n t i f i e d  with Condur l to l  B Epoxide 
D e r i v a t i v e s  and S ph ingos lne .  Am. J .  Hum. Gene t .  37 :499-510,  1985.

Grabowskl,  G.A. ,  Oslecki-Newman,  K.M., Dinur ,  T . ,  Fabbro,  D . ,  L e g l e r ,  G. ,  
G a t t ,  S. and Desnick ,  R . J . :  Human Acid 8-G1ucos1dase:  Use o f  C o n d u r l 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 l c a l l y  A c t ive  Normal and 
Gaucher D isease  Enzymes. J .  B1ol . Chem. 261:8263-8269 ,  1986.

Osleck i -Newman,  K . ,  L e g l e r ,  G . ,  Grace,  M., Dinur ,  T . ,  G a t t ,  S . ,  Desnick ,  
R . J .  and Grabowskl ,  G.A.:  Human A d d  B-Glucos1dase :  I n h i b i t i o n  S t u d i e s
Using  G l u c o s e  A na lo q u e s  and pH V a r i a t i o n  t o  C h a r a c t e r i z e  t h e  Normal and 
Gaucher Disease  Glycon  B i n d i n g  Domains.  A rc h .  Blochem. B i o p h y s . ,  In 
r ev iew.

Osieck i -Newman,  K . ,  Fabbro ,  D. ,  L e g l e r ,  G . ,  Desnick ,  R . J .  and Grabowskl,  
G.A.:  Human A d d  0-G1ucos1dase :  Use o f  I n h i b i t o r s ,  A l t e r n a t e  S u b s t r a t e s
and Amph1ph11es t o  I n v e s t i g a t e  t h e  P r o p e r t i e s  o f  t h e  Normal and Gaucher 
D isease  A c t ive  S i t e s .  Blochlm. Biophys.  A c ta ,  1n rev iew.



v11

Acknowledgements

I w ish  t o  e x p r e s s  my d e e p  a p p r e c i a t i o n  t o  my t h e s i s  a d v i s o r ,  Dr. 

Gregory Grabowskl ,  f o r  h i s  gu idance  and f o r  p r o v i d i n g  t h e  o p p o r t u n i t y  and 

r e s e a r c h  f a c i l i t i e s  t o  f u r t h e r  my e d u c a t i o n .  Our work t o g e t h e r  has  been 

a most  p r o d u c t i v e  and reward ing  e x p e r i e n c e .  With so  much y e t  t o  l e a r n ,  I 

w i l l  t r y  t o  remember Dr.  G r a b o w s k l ' s  d i l i g e n c e  and d e t e r m i n a t i o n  as  I 

p roceed 1n my c a r e e r .

A s p e c i a l  t h a n k s  1s e x t e n d e d  t o  Dr .  R o b e r t  J .  D e s n i c k  f o r  h i s  

encouragement .  His example o f  achievement  and d e d i c a t i o n  and h i s  r a r e  

g i f t  f o r  I n s t i l l i n g  e n t h u s i a s m  1n h i s  s t a f f  and  s t u d e n t s  h a v e  been  

I n v a l u a b l e .

I am e s p e c i a l l y  Indeb ted  t o  Dr. Diane Fabbro and Dr. Gunter  L e g l e r ;  

w i t h o u t  t h e i r  c o l l a b o r a t i o n  and e x p e r t i s e ,  t h i s  work would  n o t  b e  

c o m p l e t e .  1 wish  a l s o  t o  a c k n o w le d g e  t h e  c o n t r i b u t i o n s  o f  Dr. David 

Bishop f o r  h i s  s p e c i a l  a s s i s t a n c e  w i t h  t h e  HPLC s t u d i e s  and D r .  Gundl 

L a B a d ie  and Ms. J o a n n e  K r u s e ,  t o g e t h e r  w i t h  Dr.  B ishop ,  f o r  g i v i n g  so 

g e n e r o u s l y  o f  t h e i r  t i m e  and k now le dge  o f  p r o t e i n  b i o c h e m i s t r y .  In 

a d d i t i o n ,  t h e  c o n g e n i a l  e n v i r o n m e n t  p r o v id e d  by my f e l l o w  s t u d e n t s  and 

coworkers  made my g r a d u a t e  s t u d i e s  f r i e n d l y  and p l e a s a n t .

I w ish  t o  e x p r e s s  my h e a r t f e l t  t h a n k s  t o  my f a m i l y  f o r  t h e i r  

p a t i e n t  suppo r t  and u n d e r s t a n d i n g  d u r i n g  t h e  c o u r s e  o f  t h e s e  s t u d i e s .  

And f i n a l l y ,  my s l n c e r e s t  a p p r e c i a t i o n  goes  t o  my husband ,  J e f f r e y ,  f o r  

h i s  encouragement and love  and f o r  making t h i s  " t h e  b e s t  o f  a l l  p o s s i b l e  

w o r l d s " .



v 1 11

Table o f  C on ten ts

Approval  Page .............................................................................................................................111

A b s t r a c t ...........................................................................................................................................1v

Foreword ...........................................................................................................................................v1

Acknowl edgements ......................................................................................................................vl  1

L i s t  o f  T a b l e s .............................................................................................................................. x

L i s t  of  F i g u r e s ..........................................................................................................................x1

L i s t  o f  A b b r e v i a t i o n s ......................................................................................................... x1v

I n t r o d u c t i o n ....................................................................................................................................1

Chapter  One: The Use o f  HPLC Technlgues t o  P u r i f y  t h e  Normal
P l a c e n t a l  Acid 0 - G lu co s 1 d a s e .......................................................... 9

Chapte r  Two: 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 is e as e  Sp len ic  Acid 3-Glucos1dases  on N-Alkyl-  
Deoxynoj 1 r  1myc1 n-Seph a r o s e ............................................................. 15

Chapte r  Three:  I s o l a t i o n  and Amino A d d  S e que nc e  o f  a P e p t i d e
C on ta in ing  t h e  C a t a l y t i c  S i t e  o f  Human A d d  
0 - G l u c o s 1 d a s e .......................................................................................... 26

Cha pte r  Four:  G a uc he r  D i s e a s e  Types  1 ,  2 and 3: D i f f e r e n t i a l
M uta t ions  o f  t h e  A d d  0 -G lucos1dase  A c t ive  S i t e  
I d e n t i f i e d  wi th  Condur l to l  B Epoxide D e r i v a t i v e s  and 
Sph1ngos1ne............................................................................................... 45

Chapte r  F ive :  The Use o f  Condur l 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 l c a l l y  A c t ive  Normal and 
Gaucher D ise ase  A d d  3 -G1ucos1dases ........................................ 62

Cha pte r  Six :  I n h i b i t i o n  S t u d ie s  Using Glucose Analogues and pH
v a r i a t i o n  t o  C h a r a c t e r i z e  t h e  Normal and Gaucher  
Disease  A d d  0-Glucos1dase  Glycon Binding Domains. . .  . 8 6

Cha pte r  Seven: The Use of  I n h i b i t o r s ,  A l t e r n a t e  S u b s t r a t e s  and 
Amphlphiles  t o  I n v e s t i g a t e  t h e  P r o p e r t i e s  of  t h e  
Normal and Gaucher D isease  A d d  3-G1ucos1dase 
A c t ive  S i t e s ...........................................................................................115



1x

Chapte r  E ig h t :  The I s o l a t i o n  o f  a P o t e n t i a l  Membranous Segment 
o f  Human Acid B-G1ucos1dase and Evidence f o r  
an " A c t ive  Core” ................................................................................ 146

Conclus ion  .............................................................................................................................159

L i t e r a t u r e  C i t e d * ....................................................................................................................166

" P l e a s e  n o t e :  Th is  t h e s i s  1s d iv id e d  I n t o  d i s t i n c t  c h a p t e r s ;  each 1s a 
s e p a r a t e  p u b l i c a t i o n  o r  body  o f  work .  The r e f e r e n c e s  f o r  e a c h  a r e  
c o l l a t e d  s e p a r a t e l y  and a r e  c o m p i l e d  by c h a p t e r  1n t h e  s e c t i o n ,  
L i t e r a t u r e  C i t e d .



X

L i s t  o f  Tables

Table  1: P u r i f i c a t i o n  o f  Normal Acid 0-G1ucos1dase .................................12

Table  2:  P u r i f i c a t i o n  of  Acid 0-G1ucos1dase from Normal and
Type 1 AJGD T i s s u e s ..................................................................................18

Table  3: Amino A d d  Composit ion of  0 - G l c ....................................................... 21

Table  4:  CBE and Bromo-CBE I n h i b i t i o n  o f  F i b r o b l a s t  0-G1uco-
s l d a s e  A c t i v i t y  from Normal and Gaucher Disease  
I n d i v i d u a l s ....................................................................................................52

Table  5: Sphlnqos ine  I n h i b i t i o n  o f  F i b r o b l a s t  0 -Glucos1dase
A c t i v i t y  from Normal and Gaucher Disease  
I n d i v i d u a l s ................................................................................................... 57

Table  6 : 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 0-G1c with A l t e r n a t e  S u b s t r a t e s ...........................71

Table  7: Apparent  I n h i b i t i o n  C o n s ta n ts  f o r  D-Glucose
D e r i v a t i v e s  wi th  Normal o r  Type 1 AJGD A d d  
0-G1ucos1dases .............................................................................................93

Table  8 : I n t e r a c t i o n  o f  CBE and Glycon I n h i b i t o r s .................................104

Table  9: Apparent  I n h i b i t i o n  C o ns ta n ts  f o r  I n h i b i t o r s  o f  t h e
Normal and Type 1 Ashkenazi Jewish  Gaucher D isease  
A d d  0 -G lu c o s 1 d a s e s ............................................................................... 123

Table  10: E f f e c t  o f  T a u rocho la te  on t h e  Ki«app Values o f
N-Alkyl-dNMs wi th  Normal A d d  0 -G lucos1da se ........................ 130

Table  11: E f f e c t  o f  Amph1ph1les and "Co-Glucos1dase" on t h e
IC§o Values  f o r  I n h i b i t o r s  o f  Normal A d d  
0 -G1ucos1dases ...........................................................................................132

Table  12: M u l t i p l e  I n h i b i t i o n  Analyses  o f  Normal A d d
0 -G lucos 1d a s e .............................................................................................134

Table  13: Apparent K i n e t i c  C ons tan ts  f o r  Glucosyl  Ceramide
D e r i v a t i v e s  w i th  t h e  Normal and Type 1 AJGD 
Acid 0 -G lu co s 1 d a s e s ............................................................................... 136



xi

L i s t  o f  F ig u re s

F ig u re  1: The e l u t i o n  p r o f i l e  o f  t h e  normal p l a c e n t a l  0 -Glc
from t h e  TSK SW 3000 column................................................................. 13

F ig u re  2:  Reverse phase  HPLC p r o f i l e  o f  t h e  normal p l a c e n t a l
U-Glc p u r i f i e d  by ClO-dNM-Sepharose...............................................20

F ig u re  3: E l u t io n  p r o f i l e  o f  normal and Type 1 AJGD b-Glc
a c t i v i t y  f rom C10-dNM>Sepharose........................................................22

F ig u re  4:  The dependence o f  t h e  I 50  v a l u e s  f o r  Br-CBE on t h e
c o n c e n t r a t i o n s  o f  t h e  s u b s t r a t e s ,  4MU-Glc o r  GC 1n t h e  
In c u b a t io n  m i x t u r e s ................................................................................... 31

F lq u re  5: The r e l a t i o n s h i p  o f  homogeneous ac id  8 -g luc os1da se
p r o t e i n  t o  [3 H ]-B r-C B E  f o l l o w in g  comple te  enzyme 
I n a c t i v a t i o n  by t h e  I n h i b i t o r ............................................................ 33

F ig u re  6 : Reverse  phase  HPLC e l u t i o n  p r o f i l e  o f  5 .4  nmol o f
p u r i f i e d  a c id  0>g1ucos1dase ................................................................. 34

F ig u re  7: Typical  r e v e r s e  phase HPLC e l u t i o n  p r o f i l e  o f  1 .5  nmol
o f  a Vq p r o t e a s e  d i g e s t  of  [3n]Br-CBE l ab e l ed  
a d d  B - g l u c o s 1 d a s e ..................................................................................... 36

F ig u re  8 : SOS-PAGE o f  r a d i o l a b e l e d  P e p t id e s  A, B and C o b t a i n e d
from r e v e r s e  phase HPLC.......................................................................... 37

F ig u re  9:  Col 1 n ea r  1 ty  o f  t h e  p e p t i d e  A amino a d d  sequence with
t h a t  p r e d i c t e d  from t h e  n u c l e o t i d e  sequence o f  a cDNA 
encoding human a d d  0 - g 1 u co s 1 d a s e ................................................... 39

F lq u re  10: Hydropathy p r o f i l e  and t h e  p r e d i c t e d  secondary  s t r u c t u r e
o f  P e p t i d e  A................................................................................................... 40

F ig u re  11: Condur l to l  B epox id e  I n h i b i t i o n  o f  B-Glc 1n
c u l t u r e d  f i b r o b l a s t  e x t r a c t s  from normal I n d i v i d u a l s  
and Types 1 ,  2 and 3 p a t i e n t s ............................................................ 51

F ig u re  12: Condur l to l  B epoxide  I n h i b i t i o n  o f  m ix tu re s  o f
equal  amounts of  B-Glc a c t i v i t y  from normal ,
Group A o r  Group B..................................................................................... 54

F ig u re  13: C o r r e l a t i o n  of  enzymatic  a c t i v i t y  and t h e  number
of  c a t a l y t i c  s i t e s  1n homogeneous normal p l a c e n t a l  
0 - G l c ,  d e l l p i d a t e d  normal s p l e n i c  enzyme 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  B - p r e p a r a t l o n s .............................70

F ig u re  14: Rates  o f  I n a c t i v a t i o n  o f  pure  normal 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  Type 1 AJGD s p l e n i c  enzyme by va ry ing  
c o n c e n t r a t i o n s  o f  CBE...............................................................................75



F ig u re  15: De te rm ina t ion  o f  kmax and Ki f o r  CBE wi th  t h e  pure
normal p l a c e n t a l  B-Glc and t h e  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  enzymes................................................................................. 77

F i g u re  16: T h e o r e t i c a l  cu rv e s  f o r  t h e  r a t e s  o f  I n a c t i v a t i o n  o f  t h e
Type 1 AJGD enzyme......................................................................................79

F ig u re  17: Replo t  o f  log [ ( 1 / t w ? )  x 10" 3 ] v a lu e  from f i g u r e s
14 A and B as  a f u n c t i o n  o f  log [CBE]............................................80

F ig u re  18: I n h i b i t i o n  o f  normal o r  Type 1 AJGD ac id  f s -g lucos ldase
h y d r o l y s i s  o f  4MU-Glc by 0 - g 1 u c o s e - l - p h o s p h a t e .......................96

F ig u re  19: E f f e c t  o f  pH on l / K i Sapp v a lu e s  o f  dNM, N-ClO-dNM,
c a s t a n o s p e rm ln e  o r  n o j l r l m y c l n  f o r  normal ac id  
P-g1ucos1dase  h y d r o l y s i s  o f  4MU-G1c...............................................98

F i g u re  20: E f f e c t  o f  pH on I / I C 50  v a lu e s  f o r  3-bromo-pyr1d1n1um-
N - p - D - g lu c o s ld e .......................................................................................... 101

F ig u re  21: E f f e c t  o f  I n c r e a s i n g  t a u r o c h o l a t e  c o n c e n t r a t i o n  on th e
KiSapp o f  p - g lu c o s y l  amine, dNM, N-decyl-dNM and 
c a s t a n o s p e r m l n e ...........................................................................................103

F ig u re  22: A schem ati c  r e p r e s e n t a t i o n  o f  t h e  normal o r  Type 1
AJGD a d d  B-g1ucos1dase glycon  b in d in g  domain wi th  
bound, u n p ro tona ted  noJ1r1myc1n o r  dNM...................................... I l l

F ig u re  23: E f f e c t  o f  I n c r e a s i n g  a lk y l  o r  f a t t y  acyl  c h a in  l e ng th
on t h e  K{Sapp v a lu e s  f o r  N-Cn-dNM o r  alkyl-dNM in t h e  
absence o r  p re s e n c e  o f  v a r i o u s  c o n c e n t r a t i o n s  o f  e i t h e r  
T r i t o n  X-100 o r  a 1 k y l - 0 - g lu c o s 1 d e s  and Cn-GCs.........................125

F ig u re  24: E f f e c t  o f  I n c r e a s i n g  a lky l  c h a in  l e ng th  on t h e  IC50
v a lu e s  f o r  N-alkyl-dNM In t h e  absence  o r  p re se nc e  o f  
v a r i o u s  c o n c e n t r a t i o n s  o f  e i t h e r  T r i t o n  X-100 o r  
t a u r o c h o l a t e ................................................................................................. 129

F ig u re  25: Dixon p l o t  o f  4MU-G1C h y d r o l y s i s  by t h e  normal a d d
B-g1ucos1dase 1n t h e  p re s e n c e  o f  dNM and GS.............................135

F i g u re  26: A schemati c  r e p r e s e n t a t i o n  o f  t h e  proposed a c t i v e  s i t e
s t r u c t u r e  o f  normal o r  Type 1 AJGD 0-g1ucos1dase  wi th  
bound Cn-GC....................................................................................................143

F ig u re  27: The e l u t i o n  p r o f i l e  o f  t h e  [ 1 2 5 j ] _ j i q  l a b e l e d  ac id
B -g lucos1dase  a f t e r  c l e a v a g e  w i th  V8  p r o t e a s e  from 
r e v e r s e  phase HPLC as monito red  by Abs^ l* ............................... 150

F i g u re  28: SDS-PAGE of  t h e  p e p t i d e s  from V8  p r o t e a s e  c l eaved
[125 i ] _ t i d  l a b e l e d  ac id  0 - g l u c o s 1d a s e  a f t e r  
s e p a r a t i o n  on r e v e r s e  phase  HPLC....................................................151



x 1 11

F i g u re  29: An a u to r a d io g r a p h  o f  t h e  d r i e d  po lyac ry la m ide  ge l
1n F ig u re  2 8 ..................................................................................................152

F ig u re  30: An a u to r a d io g r a p h  o f  t h e  [3 H ]-B r-C B E  l a b e l e d
a c id  0 - g 1u c o s 1dase  and t h e  f r a gm en ts  g e n e ra te d  by 
Pronase"  c l e a v a g e ...................................................................................... 155

F ig u re  31: Hydropathy p r o f i l e  o f  t h e  l e a d e r  and N-term1nal
sequences o f  ac id  0 -q1 u co s 1 d a s e ...................................................... 157

F i g u re  32: A schem at ic  r e p r e s e n t a t i o n  o f  t h e  proposed un1-b1
mechanism o f  g lu co s y l  ceramlde  h y d r o l y s i s  by a c id  
0 - g 1u c o s 1d a s e ............................................................................................... 162



L i s t  o f  A bbre v ia t io n s

xlv

Gaucher d i s e a s e GD

Acid 0-g1ucos1dase B-61c

Ashkenazi Jewish Gaucher  d i s e a s e AJGD

High performance  l i q u i d  chromatography HPLC

C r o s s - r e a c t i n g  Immunologic m a t e r i a l CRIM

A c e to n 1 t r 1 le ACN

T r 1 f l u o r o a c e t1 c  ac id TFA

Sodium d o d e c y l s u l f a t e SOS

Polyacry lamide  ge l  e l e c t r o p h o r e s i s PAGE

C r i t i c a l  m l c e l l a r  c o n c e n t r a t i o n CMC

Human o r  bovine serum albumin HSA o r  BSA

Absorbance a t  280 nm o r  214 nm a 280 ; Abs?80 o r
A214! A5S214

C onc e n t ra t ion  o f  I n h i b i t o r  which r e s u l t s  
1n 50% I n h i b i t i o n  o f  t h e  a c t i v i t y

I 50  o r  IC50

Glucosyl  ce ramlde
( N - a c y l - s p h 1n g o s y l - 1- 0 - B - g 1uc o s ld r )

GC

Glucosyl  ce ramlde wi th  f a t t y  acyl c ha in  
l e ng th  o f  n ca rbons

Cn-GC

Glucosyl  sp h ln g o s ln e GS

Condur i to l  B epox ide  
( l - D - l t 2 -anhyd ro -m yo- inos1 to l )

CBE

Bromo-conduri tol  B epoxide  
(6 -b ro m o -6 -d eo x y - l -D - l ,2 -a n h y d ro -m y o -1 n o s 1 to l )

Br-CBE

Brom o- t r1 t1a ted -condur1 to1  B epoxide [3H]Br-CBE o r  
[3H]Bromo-CBE

Deoxynoj1r1myc1n
( l , 5 - d i d e o x y - l , 5 - 1 m 1 n o - D - g l u c i t o l )

dNM



XV

N-alkyl-deoxynoj1r1myc1n with a lky l  c h a in  l eng th  
o f  n ca rbons

(N-)Cn-dNM

4-m ethy lum be1l1fery1- l-0 -P -D -g1ucopyranos1de 4MU-G1C

4 - a l k y l - u m b e l 1 1 f e r y l - l - 0 - p - D - g lu c o p y r a n o s 1 d e  
t h e  a lk y l  c h a in  v a r i e s  from n - 1  t o  n » l l

4-Cn-U-Glc

[ N - m e t h y l - N - ( 7 - n 1 t r o b e n z - 2 - o x a - l , 3 - d 1 a z o - 4 - y l ) ] NBD

NBD-dodecanoyl-GC NBD-C1 2 -GC

NBD-hexanoyl-GC NBD-Cg-GC

( 3 - t r 1f 1uoromethy l ) - 3 - (m-[125i ] l o d o p h e n y l ) 
d l a z l r l n e

[125 i ] _ t i o



- 1 -

I n t r o d u c t l o n

G a uc he r  d i s e a s e  1s an a u to s o m a l  r e c e s s i v e  d i s o r d e r  which 1s 

c h a r a c t e r i z e d  by t h e  d e f i c i e n c y  o f  ac id  0-g1ucos1dase  ( 0 -G lc ;  D - g l u c o -  

sy l-N-acy1sph ingos1ne  g lu c o h y d r o l a s e ,  E . C . 3 . 2 . 1 . 4 5 )  ( 1 , 2 , 3 ) .  The l y s o ­

somal accumula t ion  o f  g lu co s y l  ceramlde  (GC), t h e  p r imary  s u b s t r a t e  o f  

(J-GIc ( 4 , 5 ) ,  w i t h in  c e l l s  o f  t h e  monocyte/macrophage system r e s u l t s  In 

t h e  bone marrow e x p a n s io n ,  boney d e t e r i o r a t i o n ,  hypersp len lsm and hepa­

t i c  I n v o l v e m e n t  c h a r a c t e r i s t i c  of  t h i s  d i s e a s e  ( 1 ) .  Gaucher d i s e a s e  

(GD) has  been c l a s s i f i e d  I n t o  t h r e e  major  s ub types  based on t h e  absence  

o r  p r e s e n c e  (and s e v e r i t y )  o f  neuronal  Involvement  ( 6 ) .  Type 1 GD 1s a 

non-neuronopath1c  d i s e a s e  w i t h  a h i g h  p r e v a l e n c e  In t h e  A s h k e n a z i  

J e w i s h  p o p u l a t i o n  (g e n e  f requency  * 0 . 02)  ( 7 ) ,  a l t hough  t h i s  form has 

been r e p o r t e d  1n s e v e r a l  e t h n i c  groups ( 8 , 9 ) .  Type 1 GD I s  t h e  most  

p r e v a l e n t  Jewish e t h n i c  d i s e a s e  based on t h e  known gene f re q u e n c y .  The 

o n s e t  of  c l i n i c a l  m a n i f e s t a t i o n s  1n t h i s  s u b t y p e  1 s h i g h l y  v a r i a b l e .  

Type 2 GD 1s a r a r e ,  p a n e t h n i c  d i s e a s e  wi th  o n s e t  1n In fa nc y  and an 

a c u te  neu ro n o p a th lc  c o u r s e .  Type 3 GD i s  a s uba cu te  neu ronopa th lc  form 

w i t h  j u v e n i l e  o n s e t  which  was f i r s t  d e s c r i b e d  1n N o r r b o t t e n ,  Sweden 

( 1 0 ) .  The high I n c i d e n c e  of  c o n s a n g u i n i t y  1n t h e  Type 3 GD ( 11 , 12)  and 

t h e  l a c k  o f  c o m p l e m e n t a t i o n  o f  Type 1 and Type 2 GD f i b r o b l a s t s  (13)  

p r o v id e  suppor t  f o r  t h e  e x i s t 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  1n 

t h i s  d i s e a s e .  A l t h o u g h  t h e  b a s i s  f o r  t h e  c l i n i c a l  v a r i a b i l i t y  ob­

se rved  between and w i t h i n  t h e  sub types  and v a r i a n t s  h a s  been  t h e  s u b ­

j e c t  o f  s p e c u l a t i o n  ( 1 ) ,  t h e  n a t u r e  o f  t h e  0 -Glc d e f e c t s  which would 

account  f o r  t h e s e  d i f f e r e n c e s  remains unknown. The fo c u s  o f  t h i s  t h e s i s  

was t o  e l u c i d a t e  t h e  n a t u r e  o f  t h e  b a s i c  enzymologlc  d e f e c t  1n Type 1
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AJGO by  c o m p a r i n g  t h e  p r o p e r t i e s  o f  t h e  mutant  enzyme t o  t h o s e  o f  t h e  

normal B-G1c.

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  o f  Acid B-Glucos1dase

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  a l t e r a t i o n s  1n t h e  mutant  enzymes 

1n t h e  GO s ub type s  I s  knowledge o f  t h e  s t r u c t u r e  and f u n c t i o n  of  normal 

8 - G 1 c .  Such s t u d i e s  r e q u i r e d  t h e  deve lopment  o f  methods t o  p u r i f y  t h e  

enzyme. Pentchev e t  a l . (14)  employed c o n v e n t i o n a l  methods t o  o b t a i n  a 

%4000-fold p u r i f i c a t i o n  o f  t h e  normal s p l e n i c  enzyne 1n a 5X y i e l d .  The 

use  o f  hydrophob ic  chrom atography p e r m i t t e d  l a r g e  s c a l e  p r e p a r a t i o n  o f  

a h i g h l y  p u r i f i e d  p l a c e n t a l  B-Glc wi th  a -00% o v e r a l l  y i e l d  ( 1 5 ) .  Con* 

c a n a v a l l n  A-Sepharose ( 1 6 ) ,  p h o s p h a t l d y l s e r l n e - A g a r o s e  (16)  and n a t u r a l  

B -G lc  p r o t e i n  e f f e c t o r  a f f i n i t y  s u p p o r t s  ( 17 )  w e re  u s e d  t o  o b t a i n  

h i g h l y  p u r i f i e d  p r e p a r a t i o n s  o f  B-Glc.  These methods were h i n d e r e d  oy 

s u p p o r t  l i g a n d  c o n t a m i n a 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  ( 1 5 ) ,  n o n ­

s p e c i f i c  i t y  o f  b i n d i n g  and t h e  u n a v a i l a b i l i t y  o f  t h e  l i g a n d  ( 1 8 ) ,  

r e s p e c t i v e l y .  S e v e r a l  I n v e s t i g a t o r s  ( 18 , 19 )  employed g l u c o s p h l n g o s ln e  

(GS),  a p o t e n t  I n h i b i t o r  of  b-G1c,  as an a f f 1 n i t y  l i g a n d .  Use o f  t h e s e  

a f f i n i t y  s u p p o r t s  d id  not  p ro v id e  homogeneous enzyne and t h e  r e s u l t a n t  

enzyme p r e p a r a t i o n s  were u n s t a o l e .  Grabowskl  and Dagan ( 1 8 )  s y n t h e ­

s i z e d  a GC s u ppo r t  which y i e l d e d  a p p a r e n t l y  homogeneous B-Glc.  However, 

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

m u l t i p l e  u s e s  w e re  m a j o r  d raw b a ck s  and r e q u i r e d  t h e  d i f f i c u l t  r e s y n ­

t h e s i s  o f  t h e  s u p p o r t .

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

t e c h n i q u e s  (2 0 ,2 1 )  were unao le  t o  r e s o l v e  B-Glc from major  con ta m in a n t s



u n d e r  t h e  c o n d i t i o n s  employed  and t h e  methods were not  q u a n t i t a t i v e .  

More r e c e n t l y ,  Choy (22)  d e v e l o p e d  a t w o - s t e p  h i g h  p e r f o r m a n c e  p r o ­

c e du re  u s ing  hydrophob ic  and ge)  permeat ion  column chromatography f o r  a 

1 0 ,0 0 0 - fo l d  p u r i f i c a t i o n  and a 37% o v e r a l l  y i e l d .  This  p r o t o c o l  r e p r e ­

s e n t e d  t h e  f i r s t  p r e p a r a t l v e - s c a l e  HPLC method a v a i l a b l e ,  a l though  t h e  

s p e c i f i c  a c t i v i t y  o f  t h e  f i n a l  p r e p a r a t i o n  was 3 - f o l d  l e s s  than  s e v e r a l  

o f  t h e  p r e v i o u s l y  d e s c r i b e d  a f f i n i t y  methods.  The development  o f  e f ­

f i c i e n t  and r e p r o d u c i b l e  methods f o r  normal B-Glc p u r i f i c a t i o n  as  w e l l  

a s  f o r  p u r i f y i n g  t h e  d e f e c t i v e  B-Glc a c t i v i t y  from GD t i s s u e s  f o r  com­

p a r a t i v e  s t u d i e s  were a p r i o r i t y  of  t h e  p r e s e n t  I n v e s t i g a t i o n s .

P r e v i o u s  i n v e s t i g a t i o n s  ( 1 4 , 1 5 )  h a v e  shown t h a t  t h e  p u r i f i e d  

normal p l a c e n t a l  enzyme 1s  a homomer with a s u b u n i t  m o le cu la r  weight  o f  

6 7 , 0 0 0  Da. S e v e r a l  s t u d i e s  ( 2 3 , 2 4 , 2 5 )  have  demons t ra ted  t h a t  t5-G1c 

from a v a r i e t y  of  t i s s u e s  h a s  m u l t i p l e  f o rm s  w i t h  p i  v a l u e s  r a n g i n g  

b e tw e e n  3 . 2  t o  6 . 5 .  The p u r i f i e d  p l a c e n t a l  enzjme was r e s o l v e d  I n t o  

s e v e r a l  forms w i t h  p i  v a l u e s  o f  4 . 2  t o  6 . 2  by I s o e l e c t r i c  f o c u s i n g  

( 2 6 ) .  S e q u e n t i a l  t r e a t m e n t  o f  t h e  p u r i f i e d  p l a c e n t a l  enzyme wi th  

g l y c o s l d a s e s  r e s u l t e d  1n one major  form ( p i  ■ 7 .8 )  (26)  I n d i c a t i n g  t h e  

m u l t i p l e  forms a r e  due t o  g l y c o s y l a t l o n .  The s t r u c t u r e s  o f  t h e  o l i g o ­

s a c c h a r i d e s  on t h e  p l a c e n t a l  B-Glc  a r e  t y p i c a l  b l a n t e n n a r y  and t r 1 -  

a n t e n n a r y  mannosy l  c o r e s  which  c o n t a i n  s i a l i c  a c i d ,  and N - a c e t y l -  

g lucosamine  ( 2 7 ) .  The e x a c t  number o f  o l i g o s a c c h a r i d e  c h a in s  and t h e i r  

l o c a t i o n  on t h e  p o l y p e p t i d e  remain unknown. The p r e d i c t e d  amino ac id  

sequence  o f  8 -Glc from t h e  cDNA I n d ic a t e d  f i v e  Asn-X-Ser(Thr)  consensus  

s e q u e n c e s  f o r  N-11nked  g l y c o s y l a t l o n  ( 2 8 ) .  In a d d i t i o n ,  t h e  m a tu re ,  

d e g l y c o s y l a t e d  p r o t e i n  was deduced t o  be 497 amino a d d  r e s i d u e s  c o r ­

r espond ing  t o  a m o le c u la r  weight  o f  55 ,384  Da ( 2 9 ) .
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Few s t u d i e s  h a v e  d e t a i l 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  normal 

human f}-Glc. The enzyme has been shown t o  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  11 p 1d s  o r  a n a t u r a l  p r o t e i n  e f f e c t o r  f o r  op t im al  a c t ­

i v i t y  ( 3 0 , 3 1 , 3 2 , 3 3 ) .  Hyun e t  a l .  (34)  employed a v a r i e t y  o f  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  p r e s e n c e  and s p e c i f i c i t y  o f  an " a l l o s t e r l c "  s i t e .  

P rev ious  I n v e s t i g a t i o n s  which p rov id ed  a b a s i s  f o r  t h e  p r e s e n t  s t u d i e s  

(3 5 )  h a v e  d e l i n e a t e d  t h r e e  dom ains  o f  t h e  0 -Glc a c t i v e  s i t e :  1) t h e  

c a t a l y t i c  s i t e  which b inds  o f  g l y c o n  m o i e t i e s  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  a g l y c o n  b i n d i n g  s i t e  which I n t e r a c t s  wi th  acyl  moi­

e t i e s  of  p a r t i c u l a r  I n h i b i t o r s  and s u b s t r a t e s ;  and 3) t h e  " t h i r d "  

domain  which I n t e r a c t s  with sphlngosy l  m o i e t i e s  as wel l  as n e g a t i v e l y -  

charged  l i p i d s .  The te rm  "domain"  r e f e r s  t o  a f u n c t i o n a l  r e g i o n  o r  

b i n d i n g  s i t e  1n t h i s  I n s t a n c e  and 1s no t  used 1n t h e  c l a s s i c a l  s ense  

which r e g a r d s  a domain as  a c on t iguous  sequence forming a t h r e e  d i m e n ­

s i o n a l  s t r u c t u r e .  A d d i t io n a l  b in d in g  s i t e s ,  not  1n t h e  a c t i v e  s i t e ,  

may be r e q u i r e d  f o r  I n t e r a c t i o n  wi th  t h e  p-Glc p r o t e i n  e f f e c t o r  ( 3 6 ) .  

V a c c a ro  e t  a l .  (3 7 ,3 8 )  demons t ra ted  reduced  a f f i n i t y  o f  t h e  enzyme f o r  

s y n t h e t i c  o r  h y d r o g e n a t e d  GCs I n d i c a t i n g  a s p e c i f i c i t y  f o r  t h e  

s p h l n g o s y l  double  bond.  Other  s t u d i e s  (39) dem ons t ra ted  t h e  h y d r o l y s i s  

o f  GS by d-Glc and sugges ted  o v e r l a p p i n g ,  b u t  n o t  I d e n t i c a l ,  d n d l n g  

s i t e s  f o r  GS and GC. The p r e s e n t  work focused  on t h e  e l u c i d a t i o n  o f  t h e  

domain f u n c t i o n  and s t r u c t u r e  as a b a s i s  f o r  u n d e rs t a n d in g  t h e  d e f e c t ­

ive  f u n c t i o n  o f  d-Glc  in  t h e  Gaucher d i s e a s e  sub types  and v a r i a n t s .

C h a r a c t e r i z a t i o n  o f  t h e  Gaucher D isease  Acid p-G1ucos1dases

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  p h e n o t y p e s  o f  Gaucher
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d i s e a s e  and t h e  d e t e c t i o n  o f  r e s i d u a l  p-G1c a c t i v i t y  1n each subtype  

( 1 ,1 2 , 4 0 , 4 1 , 4 2 )  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  m u t a n t  f o rm s  o f  

0 - G l c  which r e t a i n  p a r t i a l  a c t i v i t y .  Severa l  I n v e s t i g a t o r s  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 th  t h e  c l i n i c a l  s u b -  

t y p e  ( 1 , 4 3 )  ( I . e . :  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  1n more r a p i d  accum­

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 ) .  Other  I n v e s t i g a t o r s  have not  conf irmed t h i s  f i n d i n g  ( 4 4 , 4 5 ) .

The r e s i d u a l  enzyme 1n t h e  GD s u b t y p e s  and v a r i a n t s  h a v e  been  

shown t o  e x h i b i t  a l t e r e d  p h y s i c a l ,  k i n e t i c ,  and /o r  Immunologic p ro ­

p e r t i e s  ( 4 0 ) .  Using t h e  method o f  Turner  e t  a l .  ( 4 6 ) ,  p r e v io u s  s t u d i e s  

by Grabowskl  e t  a l . (40) demons t ra ted  t h a t  t h e  6 -Glc from Type 1 AJGO 

f i b r o b l a s t s  was more h e a t  l a b i l e  than  t h e  normal  enzyme.  K a r a z e h  e t  

a l .  c o n f i r m e d  t h i s  f i n d i n g  ( 4 1 ) .  In a d d i t i o n ,  t h e  r e s i d u a l  a c t i v i t y  

from s e v e r a l  non-Jew1sh Type 1 GD p a t i e n t s  had n o r m 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 i e s  (40)  e v ide nc ing  t h e  h e t e r o g e n e i t y  o f  t h e  

mutan t  gene p r o d u c t s .  I n t e r e s t i n g l y ,  t h e  mutant  g e n e  p r o d u c t s  1n a l l  

o f  t h e  Gaucher  d i s e a s e  sub types  and v a r i a n t s  had normal Km v a lu e s  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  and de c re a s ed  Vmax v a lu e s  ( 4 0 ) .  The 

enzymatic  b a s i s  o f  t h e s e  o b s e r v a t i o n s  was a major  focus  o f  t h i s  t h e s i s .

Q u a l i t a t i v e  d i f f e r e n c e s  between t h e  r e s i d u a l  d-Glc 1n t h e  sub-  

t y p e s  o f  GD h a v e  been  d e m o n s t r a t e d  by t h e  d e g r e e  and m a g n i t u d e  o f  

e n z y m a t i c  r e s p o n s e s  t o  U p o l d a l  m o d i f i e r s  ( 4 7 , 4 8 , 4 9 ) .  Using phospha- 

t i d y l s e r i n e  o r  g a n g H o s l d e s ,  M u e l l e r  e t  a l .  ( 5 0 )  showed t h a t  t h e  

r e s i d u a l  enzyme 1n 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  t h e  Type 2 o r  3 enzymes.  Wenger e t  a l .  

( 5 1 )  and Glew e t  a l . (52)  ach ieved  s i m i l a r  r e s u l t s  us ing  p h o s p h a t l d y l -  

s e r l n e  and t h e  n a t u r a l  p r o t e i n  e f f e c t o r  o f  t J -G lc .  I n v e s t i g a t i o n s  by
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Grabowski  e t  a l .  ( 4 0 ) ,  which  were a b a s i s  f o r  t h e  p r e s e n t  s t u d i e s ,  

examined 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  3 - G l c  a c t i v i t y  1n 

f i b r o b l a s t s  f rom a d i v e r s e  g roup  o f  GD p a t i e n t s .  Three c l a s s e s  were 

d e l i n e a t e d  based on t h e  r e s p o n s e  t o  a number o f  I n h i b i t o r s  and a c t i v ­

a t o r s :  1) Group A r e s i d u a l  a c t i v i t i e s  were not  d i s t i n g u i s h e d  f u n c ­

t i o n a l l y  from t h e  normal enzyme; 2) Group B, which c o n s i s t e d  p r i m a r i l y  

o f  t h e  Type 1 AJGD p a t i e n t s ,  e x h i b i t e d  e l e v a t e d  f o l d  a c t i v a t i o n  and 

e l e v a t e d  15 0  v a l u e s .  T h e s e  s t u d i e s  s u g g e s t  an a l t e r e d  a c t i v e  s i t e  

f u n c t i o n  o f  t h i s  r e s i d u a l  B - G l c ;  and 3) t h e  Group C p a t i e n t  was a 

p o s s i b l e  g e n e t i c  compound and t h e  r e s i d u a l  enzyme d i s p l a y e d  I n t e r ­

m ed ia te  r e s p o n s e s .  The e l u c i d a t i o n  o f  t h e  a l t e r e d  I n t e r a c t i o n  by t h e  

Type 1 AJGO r e s i d u a l  a c t i v i t y  was an aim o f  t h e  p r e s e n t  s t u d i e s .

Immunological I n v e s t i g a t i o n s  have focused  on t h e  q u a n t i t a t i o n  o f  

t h e  amount  o f  CRIM and t h e  c o r r e l a t i o n  o f  "wes te rn  b l o t t i n g "  p r o f i l e s  

wi th  t h e  pheno type .  Pentchev e t  a l .  ( 5 3 ) ,  u s i n g  p o l y c l o n a l  a n t i b o d y  

r a i s e d  t o  h i g h ly  p u r i f i e d  s p l e n i c  B-Glc,  found n e a r l y  normal amounts of  

CRIM in Type 1 f i b r o b l a s t s  and su g g e s t e d  a 16 t o  2 0 - f o l d  d e c r e a s e  1n 

t h e  c a t a l y t i c  r a t e  c o n s t a n t  f o r  t h e  jJ-Glc from Type 1 GO s p l e e n .  More 

r e c e n t  s t u d i e s  (5 4 ,5 5 )  have I n d i c a t e d  CRIM l e v e l s  o f  30 -  100% o f  n o r ­

mal 1n Type 1 AJGD and t h a t  t h e  CRIM s p e c i f i c  a c t i v i t y  ( U n i t  

ac t1v1 ty /mg CRIM) was 8  t o  1 0 - f o l d  d e c r e a s e d  1n t h i s  v a r i a n t  o f  GD. 

How ever ,  t h e  I n t e r p r e t a t i o n  o f  t h e s e  s t u d i e s  was l im i t e d  by t h e  p o t en ­

t i a l  a n t i g e n i c  d i f f e r e n c e s  between t h e  normal  and m u t a n t  enzymes  and 

t h e  I n a b i l i t y  t o  d e t e r m i n e  t h e  amount o f  c a t a l y t l c a l l y  a c t i v e  mutant  

enzyme 1n t h e  p r e p a r a t i o n s .  C o n s e q u e n t l y ,  i n v e s t i g a t o r s  u s e d  t h e  

" w e s t e r n  b l o t t i n g "  t e c h n i q u e  t o  examine p o t e n t i a l  q u a l i t a t i v e  d i f f e r ­

e nces  1n m o le c u la r  forms o f  0 - G l c  w i t h i n  and among t h e  s u b t y p e s  and



- 7 -

v a r i a n t s  o f  GD ( 5 6 , 5 7 ) .  These s t u d i e s  I n d i c a t e d  t h a t  t h e  normal p-Glc 

and t h e  Type 1 AJGD r e s i d u a l  enzyme had t h r e e  m o l e c u l a r  f o rm s  (Mr *

6 7 , 0 0 0 ,  6 3 , 0 0 0 ,  and 58 ,000  Da),  bu t  most  of  t h e  non-Jewlsh Type 1 and 

Types 2 and 3 v a r i a n t s  had s i n g l e  fo rm s  (Mr * 6 3 , 0 0 0  o r  6 5 , 0 0 0  D a) .  

D e g l y c o s y l a t l o n  expe r im e n t s  (57)  I n d i c a t e d  t h a t  a l l  t h e  normal o r  mut­

an t  8 -Glc forms d e t e c t e d  w i t h  a n t i b o d i e s  were  d e r i v e d  f ro m  a p o l y ­

p e p t i d e  w i t h  Mr * 5 6 , 0 0 0  ( I . e . ,  t h e  m o l e c u l a r  w e i g h t  o f  t h e  mature  

p o l y p e p t i d e  p r e d i c t e d  from t h e  cDNA ( 2 9 ) ) .  The above p h y s i c a l ,  k i n e t i c  

and Immunological  s t u d i e s  I n d i c a t e d  t h a t  t h e  mutant  enzyme 1n t h e  Type 

1 AJGD v a r i a n t  r e s u l t e d  from an exon lc  m u ta t ion  1n t h e  8 -Glc s t r u c t u r a l  

gene .

G r a v e s  e t  a l .  ( 5 8 ) ,  used Nor thern  b l o t  a n a l y s i s  and SI n u c l e a s e  

mapping s t u d i e s  t o  show normal q u a l i t y  and q u a n t i t y  o f  mRNA from f i b r o ­

b l a s t s  of  GD p a t i e n t s .  These r e s u l t s  s u g g e s t  t h a t  t h e  m u ta t i o n s  1n t h e  

GD s ub type s  and v a r i a n t s  a r e  s i n g l e  base  a l t e r a t i o n s .  More r e c e n t l y ,  

p r e l i m i n a r y  s t u d i e s  have I d e n t i f i e d  a s u b s t i t u t i o n  1n a Type 2 GD 0 -Glc 

genomic sequence which r e s u l t s  1n t h e  c r e a t i o n  o f  a r e s t r i c t i o n  enzyme 

c l e a v a g e  s i t e  ( 5 9 ) .  Th is  a l t e r e d  s i t e  was found with a high f re que nc y  

1n t h e  genomic DNA o f  p a t i e n t s  w i t h  t h e  n e u r o n o p a t h l c  f o r m s  o f  t h e  

d i s e a s e  (T ype s  2 and 3 ) .  However, t h e  c a u sa l  n a t u r e  o f  t h e  m uta t ion  

and I t s  r e l a t i o n s h i p  t o  t h e  phenotype  r e m a i n s  t o  be e l u c i d a t e d .  In 

a d d i t i o n ,  t h e  c a u s a l  m u t a t i o n  1n t h e  Type 1 AJGD, t h e  most p r e v a l e n t  

form o f  t h e  d i s e a s e ,  s t i l l  remains t o  be de te rm in e d .

In t h e  p r e s e n t  s t u d i e s ,  I n i t i a l  I n v e s t i g a t i o n s  were aimed t o  

d e t e r m i n i n g  t h e  b a s i c  n a t u r e  o f  t h e  no rm a l  (J-Glc f u n c t i o n  and I t s  

s t r u c t u r e .  P a r t i c u l a r  e f f o r t  was focused  a t  a s c e r t a i n i n g  domains on 

t h e  normal 8 -Glc wi th  s p e c i f i c  f u n c t i o n  ( e . g . ,  t h e  c a t a l y t i c  s i t e  and
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t h e  membrane b i n d i n g  domain) .  The o v e r a l l  o b j e c t i v e  o f  t h e s e  s t u d i e s  

was t h e  e l u c i d a t i o n  o f  t h e  p r o p e r t i e s  o f  t h e  normal a c t i v e  s i t e  domains 

1n an e f f o r t  t o  unde rs t a n d  t h e  f u n c t i o n a l  consequences  o f  t h e  m u ta t ion  

1n Type 1 AJGD.



Chapter  One

The Use o f  HPLC Techniques t o  P u r i f y  t h e  Normal 

P l a c e n t a l  Acid 0-G1ucos1dase



M a t e r i a l s  and Methods

The f o l lo w in g  were o b t a in e d  from commercial  s o u rc e s :  

d e c y l - a g a r o s e , a n t 1-human albumin and sodium c h o l a t e  (Sigma, S t . L o u i s ,  

MO); o c t y l - s e p h a r o s e  (Pha rm acia ,  P l s c a t a w a y ,  NJ) ;  4 - m e t h y l u m b e l l i f e r y l -  

B-D-g1ucopyranos1de (4MU-G1c; RPI,  Mount P r o s p e c t ,  111);  TSK SW 3000 

co lumn ( 7 . 5  x 305mm; Beckman I n s t r u m e n t s ,  I n c . ,  S o m e r s e t ,  N J ) ;  

e t h y l e n e  g l y c o l  ( F i s c h e r  S c i e n t i f i c ,  F a l r l a w n ,  N J ) .  The g l u c o -  

s p h l n g o s l n e - S e p h a r o s e  was p r e p a r e d  as  d e s c r i b e d  ( 1 ) .  A l l  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 r ade  a v a i l a b l e .

The normal  p l a c e n t a l  a c i d  0 - g 1 u c o s 1 d a s e  ( p - G l c ) ,  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 t o g r a p h y  ( 2 ) o r  by a f f i n i t y  c h r o m a ­

t o g r a p h y  on g l u c o s p h l n g o s l n e - S e p h a r o s e  ( 1 ) ,  was 1 s o c r a t 1 c a l l y  e l u t e d  

from a TSK SW 3000 column a t  0 . 5  m1/m1n 1n 0.05M sodium p h o s p h a t e ,  pH

6 . 0 ,  c o n t a i n i n g  0.1N NaCl.

T h i s  p r e p a r a t i o n  was d i l u t e d  2 0 - f o l d  wi th  0.05M sodium phos ­

p h a t e ,  pH 6 . 0 ,  and c o n c e n t r a t e d  by Amicon u s i n g  a YM10 f i l t e r .  The 

enzyme was r e - a p p l 1 e d  and e l u t e d  1 s o c r a t 1 c a l l y  from t h e  TSK SW 3000 

column 1n 0.05M so d iu m  p h o s p h a t e ,  pH 6 . 0 ,  c o n t a i n i n g  10% e t h y l e n e  

g l y c o l .  A n a l y t i c a l  SOS-polyacrylamide ge l  e l e c t r o p h o r e s i s  (12.5%) (3) 

and s i l v e r  s t a i n i n g  t e c h n i q u e s  (4)  were used t o  a s s e s s  t h e  p u r i t y  o f  

t h e  e l u t e d  enzyme.  Imm unoe lec trophore t lc  t e c h n i q u e s  which were used 

t o  d e t e c t  t h e  p r e s e n c e  o f  human serum albumin (HSA) were performed as 

d e s c r i b e d  ( 5 ) .  Enzyme a c t i v i t i e s  w e re  de te rm ine d  f l u o r o m e t r l c a l l y  

wi th  4mM 4MU-Glc ( 6 ) and p r o t e i n  c o n c e n t r a t i o n  were  e s t i m a t e d  by t h e  

Lowry p rocedure  ( 7 ) .
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R e s u l t s  and D i s c u s s i o n

A t y p i c a l  p u r i f i c a t i o n  o f  B-G lc  on t h e  TSK SW 3000 column 1s 

shown 1n Table  1. By e x p l o i t i n g  t h e  n o n - id e a l  b e h a v i o r  o f  t h e  TSK SW 

3000 c o lu m n ,  t h i s  scheme r e s u l t e d  1n normal  p l a c e n t a l  B-Glc wi th  a 

s p e c i f i c  a c t i v i t y  o f  1 . 6  x 1 0 ® nm o l /h /m g  o f  p r o t e i n  1n an o v e r a l l  

y i e l d  o f  7 .2%. A l t h o u g h  t h i s  co lumn 1s g e n e r a l l y  u s e d  f o r  s i z e  

e x c l u s i o n  c h r o m a t o g r a p h y ,  t h e  c o n d i t i o n s  o f  t h e  f i r s t  HPLC e l u t i o n  

have been op t im iz ed  t o  enhance B-Glc I n t e r a c t i o n  wi th  t h e  s o l i d  phase .  

The s o l v o p h o b l c  e f f e c t s  o f  t h i s  column have been well  c h a r a c t e r i z e d  

(8 ) and Inc re a se d  1on 1c s t r e n g t h  has  been o b s e rv e d  t o  e n h a n c e  h y d r o -  

p h o b i c  I n t e r a c t i o n s  b e tw e e n  p r o t e i n s  and t h e  s o l i d  p h a s e .  T h i s  

p r o p e r t y  made p o s s i b l e  t h e  removal of  t h e  major  c o n ta m in a t in g  p r o t e i n  

o f  t h e  enzyme p r e p a r a t i o n s , HSA ( 1 ) ,  which h a s  t h e  same m o le c u la r  

weight  as G-Glc (Mr*67,000) .

The enzym e ,  de layed  1n e l u t i o n  by I n t e r a c t i o n  wi th  t h e  column, 

was t y p i c a l l y  con tam ina ted  by lower m o le c u la r  w e i g h t  p r o t e i n s .  T h e s e  

w e r e  s u b s e q u e n t l y  s e p a r a t e d  by rech rom a tograph ing  t h e  p r e p a r a t i o n  1n 

b u f f e r  c o n t a i n i n g  10% e t h y l e n e  g l y c o l ,  as  d e s c r i b e d  a b o v e .  The 

p r e s e n c e  o f  e t h y l e n e  g l y c o l  I n t e r f e r e s  w i th  t h e  n o n - 1d e a 1 b e h a v io r  o f  

t h e  column s e p a r a t i n g  B-Glc and t h e  c o n ta m in a n t s .  An e l u t i o n  p r o f i l e  

1s shown 1n F i g u r e  1 .  The a r r o w  I n d i c a t e s  t h e  peak  w i t h  enzyme 

a c t i v i t y .

Th is  p rocedu re  produced some of  t h e  h i g h e s t  s p e c i f i c  a c t i v i t i e s  

obse rved  t o  t h i s  d a t e  f o r  0 - G lc .  The p r e v i o u s  a f f i n i t y  method us ing  

g l u c o s y l c e r a m l d e - S e p h a r o s e  (1 )  p r o d u c e d  n e a r l y  t h e  same s p e c i f i c  

a c t i v i t i e s  b u t ,  t h e  d i f f i c u l t y  1n r e s y n t h e s l z i n g  t h e  s u p p o r t  and t h e
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TABLE 1

P u r i f i c a t i o n  o f  Normal Acid 0 - G lu co s 1dase

P u r i f i c a t i o n  Step S p e c i f i c  A c t i v i t y * Yie ld

(U/mg p r o t e i n ) (X)

Homogenate/Choi a t e  E x t r a c t 140 100

Ammonium S u l f a t e  S u p e rn a t a n t 220 74 .9

Acid P r e c i p i t a t e / B u t a n o l  E x t r a c t 2200 67 .9

Decyl Agarose E lu a te 180,000 6 5 .9

Octyl  Sepharose E l u a te 390,000 47 .1

HPLC ( 1n NaCI) 563,000 1 0 .6

HPLC (10% e t h l y e n e  g l y c o l ) 1 ,645 ,000 7.2

* U/mg p r o t e i n  * lnmol o f  4MU-G1c (4mM) hydro lyzed
p e r  h p e r  mg o f  p r o t e i n .
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The e l u t i o n  p r o f i l e  o f  normal p l a c e n t a l  P-Glc from t h e  TSK SW 3000 
column In t h e  p r e s e n c e  o f  10% e t h y l e n e  g ly c o l  as  m onitored  by 

Abs280 . The arrow I n d i c a t e s  t h e  peak with enzyme a c t i v i t y .
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l o s s  o f  b i n d i n g  c a p a c i t y  o v e r  t i m e  were  major  drawbacks.  The com­

m e r c i a l  a v a i l a b i l i t y  o f  t h e  HPLC column p r o v i d e d  an a c c e s s i b l e  

a l t e r n a t i v e  t o  t h e  a v a i l a b l e  a f f i n i t y  m ethods ,  a l though t h e  column 

c a p a c i t y  was l im i t e d  making t h i s  p rocedure  t im e  and l a b o r  I n t e n s i v e .  

T h e r e f o r e ,  we c o n t i n u e d  t o  pu rsue  e f f o r t s  t o  o b t a i n  a more e f f i c i e n t  

scheme w h i le  employing t h i s  r e p r o d u c i b l e  method f o r  p r e p a r in g  pu re  and 

h i g h l y  a c t i v e  0 -Glc .
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M a t e r i a l s  and Methods

M a t e r i a l s :

The f o l l o w i n g  w e re  f rom  com m erc ia l  s o u r c e s :  decyl  a g a ro s e  and 

sodium c h o l a t e  (Sigma,  S t .  L ou i s ,  MO); o c t y l - S e p h a r o s e  and a m l n o h e x y l -  

S e p h a r o s e  4B-CL (Pha rm ac ia ,  P l s ca t a w a y ,  NJ);  P r o t e i n  C-4 column ( 4 .6  x 

250 imi/1; The Nest Group,  S o u t h b o r o ,  MA); 4 - m e t h y l  umbel)  1 f e r y l - 6 - D -  

g l u c o p y r a n o s l d e  ( 4MU-G1 c ; R P I ,  Mount P r o s p e c t ,  IL ) .  Ace ton1 tr11e  and 

t r 1 f l u o r o a c e t l c  a c id  were HPLC g r a d e .  A l l  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 N-a lky l -dNM  s u p p o r t s  were  s y n t h e s i z e d  from N-(10-ca rboxy-  

decyl)dNM (CiQ-dNM) o r  N-( 12 -ca rboxydodecy l )dN M  (Ci 2 -dNM) by c a rb o -  

d11m1de d e h y d ra t io n  w i th  a m l n o h e x y l - S e p h a r o s e  ( 1 7 ) .  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 d  ge l  f o r  Cjo-dNM o r  Cjg-dNM, 

r e s p e c t i v e l y  ( 1 7 ) .

Methods:

Enzyme P r e p a r a t i o n :

Normal 6 - G l c  f rom  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 

hydrophobic  c h r o m a t o g r a p h y  ( 1 3 )  a s  m o d i f i e d  by Grabowskl  and Oagan 

( 4 ) .  The Type 1 Ashkenazi  Jewish Gaucher d i s e a s e  (AJGO) 6 -Glc was p u r i ­

f i e d  from sp le e n  which had been o b t a i n e d  a t  sp lenec tomy 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 1n 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  fo rm  o f  G a u c h e r  d i s e a s e  ( 1 8 , 1 9 ) .  For enzjme 

p u r i f i c a t i o n  from t h e  Type 1 AJGO s p l e e n ,  t h e  p r o c e d u r e  o f  Grabowskl  

and Dagan (4)  was m od i f ied  as  f o l l o w s :  1) t h e  c i t r i c  ac id  p r e c i p i t a t i o n
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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  mutant  enzymatic  

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 rom  t h e  ammonium s u l f a t e  s t e p  was 

d e l l p l d a t e d  w i t h  20% b u t a n o l .  The d l 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 AJGO s p l e e n  o r  t h e  normal  enzyme o b t a i n e d  f rom  t h e  e t h y l e n e  

g l y c o l  e l u t a n t  o f  t h e  o c t y l - S e p h a r o s e  co lumn ( 4 )  was used f o r  sub­

sequen 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 .

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 de te rmined  f l u o r o m e t r l c a l l y  w i th  4 mmol/1 

4MU-Glc (7)  and 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 rocedure  ( 2 0 ) .  Reverse  phase  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 -  

amide 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  ( 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  ( 4 ) .  Amino ac id  com pos i t ion  and 

sequence  a n a ly s e s  w e r e  a c c o m p l i s h e d  by  Dr.  K enne th  W i l l i a m s  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  1n t h e  D e pa r tm en t  o f  B iophys ic s  and Bio­

c h e m i s t r y  a t  Yale U n i v e r s i t y .

R e s u l t s  and 01scuss1on

A f f i n i t y  P u r i f i c a t i o n  o f  Normal B-GIc:

T a b l e  2 summarizes  t y p i c a l  p u r i f i c a t i o n s  o f  B-Glc from 10 kg o f  

human p l a c e n t a e  by C^q-  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  hom o g en a te  ( 9 5 0 0 - f o l d  f rom  

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  column 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® n m o l /h /m g  p r o t e i n  u s i n g  4 mmol/1 4MU-G1C as  sub­

s t r a t e )  and were s t a b l e  in  60% e th y l e n e  g l y c o l  a t  4*C f o r  f o u r  t o  s i x
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TABLE 2

P u r i f i c a t i o n  o f  Acid 3-G1ucos1dase from Normal and Type 1 AJGO T i s su e s

P u r i f i c a t i o n  Step
Normal Type 1 AJGO

S p e c i f i c
A c t iv i t y * Yie ld

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 ) (%)

Choi a t e  e x t r a c t 170 100 4 .5 100

35% Ammonium s u l f a t e 380 70 9 .9 63

Acid p p t /B u ta no l  e x t r a c t 160 43 4 . 0 a 51

Oecyl agarose 137,000 45 ----- -----

P u r i f i c a t i o n  1:

Octyl Sepharose I 338,000 40 ----- -----

N-CiQ-dNM Sepharose 1 .6  x 10® b 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 10® 18

* U * nmol o f  4MU-G1c (4 mmol/1) hydro lyzed  pe r  h.  

a Acid p r e c i p i t a t i o n  ( p p t )  was o m i t t e d .

b F i n a l  s p e c i f i c  a c t i v i t y  r a n g e d  f rom 1 . 4 6  t o  1 . 7 4  x 10® U/mg 
p r o t e i n .
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m o n t h s .  The h o m o g e n e i t y  o f  t h e s e  p r e p a r a t i o n s  was e v i d e n c e d  by  a 

s i n g l e  p r o t e i n  s p e c i e s  on SOS-PAGE g e l s  d e t e c t e d  by t h e  s11ve r - s ta 1n1ng  

t e c h n i q u e  ( d a t a  n o t  s h o w n ) ,  and d e t e c t e d  on r e v e r s e  p h a s e  HPLC 

( F 1 g .  2 ) .  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- 

t e r m l n a l  amino a c i d  s e q u e n c e .  The f i r s t  22 r e s i d u e s  a r e  shown below 

wi th  t e n t a t i v e  ass ignm en ts  1n 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 d u e s  

d e s ig n a t e d  by X:

A la -A rg - P r o -X - I 1e -P ro -L y s -S e r -P h e -G ly -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 . . . .

T h i s  s e q u e n c e  was c o l l n e a r  w i t h  t h a t  p r e d i c t e d  from t h e  human 0 -Glc 

cDNA n u c l e o t i d e  sequence  (3)  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 1 n u s .  Amino a c id  compos i t ion  a n a ly s e s  o f  

B-Glc (Tab le  3) r e v e a l e d  35% hydrophobic  amino a d d s  ( l i e  + Leu + Met 

+ Val + A r o m a t i c s )  wh ich  was 1n good agreement  with t h e  c om pos i t ion  

p r e d i c t e d  from t h e  cDNA ( 3 ) .

The p l a c e n t a l  &-Glc,  p a r t i a l l y  p u r i f i e d  by hydrophobic  chromato ­

g r a p h y ,  was d i l u t e d  w i t h  0 . 0 5  m o l /1  c i t r a t e ,  pH 5 . 5 ,  c o n t a i n i n g  

4 mmol/1 p -m e rc a p to e th a n o l  and 5 mmol/1 EDTA ( b u f f e r  A) t o  an 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  o f  < 5% and a p p l i e d  (1 m l / m l n )  t o  e q u i l i b r a t e d  

c o lum ns  o f  e i t h e r  C j q -  o r  C i 2 - d N M - S e p h a r o s e .  The columns were then  

s u b j e c t e d  t o  s e q u e n t i a l  washes (100  co lum n 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 l o n e .  The 

enzyme then  was e l u t e d  from e i t h e r  a f f i n i t y  s u p p o r t  a t  about  40 t o  60% 

e t h y l e n e  g l y c o l  i n  a 10 t o  90% l i n e a r  g r a d i e n t  in b u f f e r  A (F1g.  3 ) .  

The enzyme e l u t e d  from t h e  Cjg-dNM s u p p o r t  t y p i c a l l y  c o n ta in e d  v a r i a b l e  

amounts (5 t o  15%) o f  a con taminant  (Mr  2? 47 ,000)  which cou ld  be r e -
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TABLE 3

Amino Acid compos i t ion  o f  B-Glc 

Amino Acid Number o f  Residues*

Asx** 48

Thr 28

Ser 29

Glx** 43

Pro 34

Gly 39

Ala 43

Val 32

Met 8

l i e 21

Leu 58

Tyr 19

Phe 28

His 18

Lys 24

Arg 26

Cys —

Trp ----

* Based on MU * 55,382

** Asx « Asp ♦ Asn; Glx * Glu + Gin
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s o l  ved from 0-G1c by r e a p p H c a t l o n  fo l lowed  Dy e l u t i o n  wi th  a 40 t o  90% 

e t h y l e n e  g ly c o l  g r a d i e n t  1n b u f f e r  A ( T a b l e  2 ) .  In  c o m p a r i s o n ,  t h e  

enzyme o b t a i n e d  from Cig-dNM-Sepharose was homogeneous (F1g.  2 ) .  The 

c a p a c i t i e s  o f  t h e  a f f i n i t y  s u p p o r t s  were about  0 . 5  t o  0 .7 5  mg 0-G1c/m1 

o f  s e t t l e d  gel  and remained unchanged wi thou t  r e g e n e r a t i o n  (4 )  th rough  

t e n  uses  o f  e i t h e r  column.

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  as wel l as t h e  a f f i n i t y  

columns must c o n t a i n  4 mmol/1 3 - m e r c a p t o e t h 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 0 - m e r c a p t o e t h a n o 1  c o n c e n t r a t i o n s  be tw e en  0 . 5  and

3 . 0  m m o l /1 ,  t h e  enzjme 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 mmol/1 0 - m e r c a p t o e t h a n o 1 , t h e  0 - G l c  a c t i v i t y  was s t a b l e  f o r  4 t o  

6 m o n t h s .  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 homogeneous 

p r e p a r a t i o n  was al lowed t o  d e c re a s e  ( 1n 2 mmol/1  0 - 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  750,000 nmol/h/mg p r o t e i n  and,  t h e n ,  0 -m e rca p to -  

e th a n o l  was added t o  4 mmol/1, t h e  a c t i v i t y  no l o n g e r  d e c r e a s e d  w i t h  

t i m e .  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 10® nmol/h/mg p r o t e i n )  o f  

homogeneous 0 -G lc  c o u l d  be  f u l l y  r e s t o r e d  by r e p u r l f y l 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  which was 

I n a c t i v e  was o b t a i n e d  from 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  

c o lu m n .  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  

wi th  t h e  e t h y l e n e  g lyco l  g r a d i e n t .  This  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  pure 0 -G lc .  These r e s u l t s  sugges 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 ppo r t  and was e l u t e d  s p e c i f i c a l l y  w i t h  

e t h y l e n e  g l y c o l .  Thus, t h i s  p rocedure  p r o v id e s  a method t o  o b t a i n  pu r ­

i f i e d  p r e p a r a t i o n s  which c o n t a i n  o n ly  a c t i v e  enzyme.  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 to i c h i o m e t r y  o f  0 -Glc  p r o t e i n  

and [ 3 H ]B r -C B E  ( 8 ) .  T h e s e  f i n d i n g s  a l s o  may a c c o u n t  f o r  t h e  h i g h e r
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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 th  a 

s u b s t r a t e  a f f i n i t y  l ig a n d  method ( 4 , 1 5 ) .

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-G1c :

T a b l e  2 a l s o  sum m ar izes  t h e  p u r i f i c a t i o n  o f  3-G1c from 4 kg of  

Type 1 AJGD s p le e n  by Cio-dNM chromatography.  The f i n a l  p r e p a r a t i o n  was 

about  7500- fo ld  e n r i c h e d  ov e r  t h a t  1n t h e  c rude  homogenate ( abou t  5900- 

f o l d  over  t h e  c h o l a t e  e x t r a c t ) .  This  p r e p a r a t i o n  was o b t a i n e d  1n an l i t  

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  ( d a t a  n o t  s h o w n ) .  On ly  a ba nd  a t  Mr  -  6 7 ,000 ,  which c o r ­

responded t o  t h e  p u r e  normal  g l y c o s y l a t e d  p l a c e n t a l  3 - G l c ,  was d e ­

t e c t e d  by I m m u n o e l e c t r o b l o t t l n g  u s ing  p o l y c l o n a l  or  monoclonal  a n t i ­

bod ie s  t o  normal B-Glc ( 2 1 ) .  R e a p p l 1 c a t 1 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  t o  t h e  Cio-dNM column r e s u l t e d  1n 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  enzymatic  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 t a i n 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 i n g  60% e t h y l e n e  g lyco l  and 4 mmol/1 

0 - 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 

enzymatic  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 ­

graphy s t e p s  ( 4 , 1 0 ,1 3 )  were e l i m i n a t e d .  The c o ld  (4*C) bu tano 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% bu tano l  (4)  and c o n t a i n i n g  4 mmol /I  

3 - m e r c a p 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  Cio-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  normal 

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  1n t h e  c rude  

s p l e n i c  e x t r a c t  e l u t e d  a t  50 t o  70% e t h y l e n e  g ly c o l  ( F i g . 2 ) .  E x te ns ive  

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-G1c p r e -
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p a r a t l o n s  I n d i c a t e d  t h a t  t h e  mutant  0 -Glc  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 ( 1 6 ) .

In  summary,  two new a f f i n i t y  columns employing p o t e n t  [Kj ■ 50 

t o  100 nmol/1 ( 1 6 ) ]  0 -Glc  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  no rm a l  and Type 1 AJGO 0 - G 1 c .  S i n c e  p i l o t  s t u d i e s  

(u npub l i shed  o b s e r v a t i o n ,  G.A. Grabowskl)  h a v e  I n d i c a t e d  t h a t  t h e  N- 

a lky l -dN M  s u p p o r t s  b i n d  o t h e r  g l u c o s l d a s e s  ( e . g . ,  n e u t r a l  0 - g lu c o -  

s i d a s e  and ac id  a - q 1u c o s 1da se  Isozyme 1 and 2 ) ,  t h e  a f f i n i t y  c o lum ns  

m i g h t  be a d a p t e d  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 th  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 .  For  0 - 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 e  f o r  a high y i e l d  o f  homogeneous normal 

enzyme which r e t a i n s  f u l l  c a t a l y t i c  a c t i v i t y  and s h o u l d  f a c i l i t a t e  

I n v e s t i g a t i o n s  o f  t h i s  e n z y m e ' 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  Cio~dNM suppo r t  p rov id ed  a s im p le ,  r a p i d  and h ig 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  method  ( 2 2 ) f o r  p u r i f y i n g  

mutan t  0-G1c from Gaucher d i s e a s e  s p l e e n .
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Mater 1a1s and Methods

M a t e r i a l s :

The f o l lo w in g  were ob ta in e d  comm erc ia l ly :  human and bov ine  serum 

a lbumin (S ig m a Chem ica l  C o . ,  S t .  L o u i s ,  MO); 4 - m e t h y l  umbel 1 I f e r y l  

B - D - g l u c o p y r a n o s 1 d e  ( 4MU-G1 c ; Research P ro 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 ) ;  NBD-dodecano1c acid ( M o l e c u l a r  P r o b e s ,  J u n c t i o n  C i t y ,  

OR); S t a p h y lo c o c c u s  au reus  Vr P r o t e a s e  (Vq p r o t e a s e ,  Miles  S c i e n t i f i c ,  

N a p 1 e r v 1 l l e ,  I L ) ;  Vydac™ P r o t e i n  C-4 column ( 4 .6  x 250 mm; The Nest 

G r o u p ,  S o u t h b o r o ,  MA); P r o t o s o l ™  (New England N uc le a r ,  Boston ,  MA). 

A c e t o n 1 t r 1 l e  and t r l f l u o r o a c e t i c  ac id  were HPLC g r a d e .  All o t h e r  chem­

i c a l s  were r e a g e n t  g rade  o r  b e t t e r .

GC was p u r i f i e d  from s p l e e n s  o f  Gaucher  d i s e a s e  p a t i e n t s  (21) 

and NBD-dodecanoyl-GC was p r e p a r e d  f rom  g l u c o s y l s p h l n g o s l n e  ( 2 2 ) .  

Br-CBE, [ 3 H]Br-CBE (8000 cpm/pmol) and N-a lky l-deoxyno j1 r1myc1n-Sepha -  

r o s e  were s y n th e s i z e d  as  d e s c r i b e d  ( 2 3 , 2 4 ) .

Enzyme P u r i f i c a t i o n ,  [ 3H]Br-CBE Labe l ing  and 

P r o t e o l y t i c  C leavage :

Human a d d  0 -q lu c o s 1 d a s e  was p u r i f i e d  t o  homogenei ty  by a f f i n i t y  

chromatography u s ing  N-a lkyl-deoxynoj1 r1myc1n-Sepha rose  ( 2 4 ) .  A l i q u o t s  

( 1 - 2  nmol)  o f  t h e  p u r i f i e d  enzyme were l a b e l e d  with [ 3H]Br-CBE as  f o l ­

lows: t h e  enzyme, 1n 0 . 5  ml o f  b u f f e r  A ( 0 . 0 4  M c 1 t r a t e / 0 . 0 5  M p h o s ­

p h a t e ,  pH 5 . 5 ,  c o n t a i n i n g  4 mM p - m e r c a p t o e t h a n o l  and 5 mM EDTA) and 

60-80X e th y l e n e  g l y c o l ,  was Incuba ted  a t  22*C f o r  96 h r  wi th  a 1 0 - f o l d  

m o l a r  e x c e s s  ( 0 . 1 5  ml)  o f  [ 3 H]Br-CBE (800 cpm/pmol) .  Cont ro l  e x p e r i ­

ments  I n d i c a t e d  t h a t  t h e  enzyme was s t a b l e  under  t h e s e  c o n d i t i o n s .  To
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t h  1 s  s o l u t i o n ,  s u f f i c i e n t  1 . 2 5  M Tr1s-HCl,  pH 6 . 8 , 5% sodium dodecyl  

s u l f a t e  (SOS) and c o n c e n t r a t e d  e t h y l e n e  g l y c o l  were  added  t o  a c h i e v e  

t h e  f o l l o w i n g  f i n a l  c o n c e n t r a t i o n s :  0 . 1 2 5  M Tr1s/HC1, pH 6 . 8 , 0.5%

SOS, and 50% e th y l e n e  g ly c o l  ( b u f f e r  B). This  s o l u t i o n  then  was h e a t e d  

t o  100*C f o r  2 m1n. A f t e r  c o o l i n g  t o  22*C,  f r e s h l y  p rep a re d  Vg p ro ­

t e a s e  in b u f f e r  B ( 2 - 8  p i )  was added  t o  a 1 7 - f o l d  e x c e s s  o f  enzyme 

p r o t e i n  ( w t / w t )  and Incuba ted  a t  37*C f o r  96 h r .  Cont rol  expe r im e n t s  

d e m o n s t r a t e d  t h a t  [ 3H]Br-CBE d i d  not  bind t o  Vg p r o t e a s e .  Vg p r o t e a s e  

1n t h e  d i g e s t s  was I n a c t i v a t e d  by h e a t i n g  a t  100*C (2 m1n) 1n t h e  p r e s ­

e n c e  o f  2% y - m e r c a p t o e t h a n o l  f o r  SDS-polyacrylamide ge l  e l e c t r o p h o r ­

e s i s  (SDS-PAGE) o r  by f r e e z i n g  a t  -20*C p r i o r  t o  r e v e r s e  phase  HPLC.

I s o l a t i o n  o f  Ra d io la be le d  P e p t i d e s :

The Vg p r o t e a s e  d i g e s t s  o f  t h e  r a d i o l a b e l e d  a c id  0 -g1ucos1dase  

were d e f r o s t e d  and s u b j e c t e d  t o  r e v e r s e  phase  HPLC (Waters  A s s o c i a t e s )  

u s i n g  a P r o t e i n  C-4 column 1n 0.05% t r i f l u o r a c e t i c  a c id .  The p e p t i d e s  

were e l u t e d  wi th  a programmed n o n l i n e a r  0-80% a c e t o n l t r l l e  g r a d i e n t  

( s e e  R e s u l t s )  a t  a f low r a t e  o f  0 . 7  ml/mln .  In p i l o t  runs  t h e  g r a d i e n t  

was o p t i m i z e d  t o  p r o v i d e  maximal  r e s o l u t i o n  o f  t h e  p e p t i d e s .  The 

e l u t e d  a b s o r b a n c e  p e a ks  (A280 or  A214) were c o l l e c t e d  1n t e f l o n  t u b e s  

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  1n a l i q u o t s  f rom  e a c h  t u b e .  Ana­

l y t i c a l  S0S-PA6E ( 1 2 .5% )  (2 5 )  and 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  (26) 

were used t o  mon ito r  t h e  p u r i t y  o f  t h e  p e p t i d e s .  The amino a d d  s e ­

q u e n c e  o f  one  o f  t h e  p u r e  r a d i o l a b e l e d  p e p t i d e s  was de te rm ined  us ing  

ga s -p h a s e  sequenc ing t e c h n i q u e s  ( 2 7 ) .  H y d r o p a th y  p r o f i l e s  and p r o ­

b a b l e  s e c o n d a r y  s t r u c t u r a l  a s s ignm en ts  were c a l c u l a t e d  u s ing  t h e  d a t a  

o f  Kyte and D o o l i t t l e  (28)  and t h e  program o f  Cor r igan  and Huang ( 2 9 ) ,
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r e s p e c t l v e l y .

Q u a n t i t a t i o n  o f  Acid 0 - G lu c o s ld a se  A c t ive  S i t e s :

The r e l a t i o n s h i p  between t h e  amount o f  enzymatic  p r o t e i n  (pmol) 

and [3H]Br-C6E bound t o  t h e  enzyme was de te rmined  by In c u b a t in g  v a r i o u s  

amounts o f  a c t i v e  homogeneous ac id  0 - g 1u c o s 1d a se  wi th  a l a r g e  ex c es s  of  

[3H]Br-CBE (10  pH f i n a l  c o n c e n t r a t i o n )  1n b u f f e r  A c o n t a i n i n g  0.6% 

human serum albumin.  For t h e s e  s t u d i e s  t h e  enzyme was d i l u t e d  w i t h  

b u f f e r  A t o  an e t h y l e n e  g lyco l  c o n c e n t r a t i o n  o f  <1%. Control  s t u d i e s  

dem ons t ra ted  t h a t  under  t h e s e  c o n d i t i o n s  human serum a lb u m in  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  a t  22*C f o r  up t o  24 h r .  Complete 

I n a c t i v a t i o n  o f  t h e  enzyme by [3H]Br-CBE was achieved by 2 h r  a t  22*C. 

To e n s u r e  t h a t  a l l  s i t e s  which  could  b ind [^H]Br-CBE were s a t u r a t e d ,  

t h e  r e a c t i o n  m ix tu re  was al lowed t o  s t a n d  a t  22*C f o r  24 h r .  The enzyme- 

[3H]Br-CBE complexes were 1mmunoprec1p1tated q u a n t i t a t i v e l y  wi th  mono- 

s p e c i f i c  r a b b i t  a n t i - h u m a n  a c i d  0 -g1ucos1dase  IgG and S taphy lococcus  

a u r e u s  P r o t e i n  A ( 1 2 ) .  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  

w i t h  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  1n 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 obse rved ;  1mmunoprec1p 1t a t 1on 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 

f o u r  t im es  by r e s u s p e n s io n  and c e n t r i f u g a t i o n  ( 1 0 , 0 0 0 x g ;  40 m1n) 1n 

p h o s p h a t e  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% bovine  serum albumin ,  0 . 5  M 

NaCI and 0.05% Tween 20 (x2 )  and t h e n  1n p h o s p h a t e  b u f f e r e d  s a l i n e  

c o n t a i n i n g  0.05% Tween 20 ( x 2 ) .  The washed p e l l e t s  were d i s s o l v e d  1n 

100 p i  o f  ProtosolTM i n 900 pi o f  w a te r  (24 h r  a t  22*C) and t h e  r a d i o ­

a c t i v i t y  de te rm in e d .  The d a t a  a r e  p r e s e n t e d  a s  t h e  pmol o f  homoge­

neous enzymatic  p r o t e i n  based on t h e  p r o t e i n  c o n c e n t r a t i o n  (30) and t h e
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e s t l m a t e d  m o le c u la r  weight  (55 ,000)  f o r  t h e  u n g ly c o s y la te d  enzyme sub­

u n i t  as  c a l c u l a t e d  f r o m  t h e  amino a c i d  c o m p o s i t i o n  ( 2 0 , 2 4 ) .  T h e s e  

r e s u l t s  were  1n c l o s e  ( t  10%) agreement  wi th  c a l c u l a t i o n s  o f  t h e  enzy­

m a t i c  p r o t e i n  c o n c e n t r a t i o n  (pm o l )  b a s e d  on t h e  t u r n o v e r  number 

(1 4 0  nmol s u b s t r a t e  h y d r o l y z e d / h r / p m o l  enzyme) o f  t h e  homogeneous 

enzyme u s in g  4MU-G1c as  s u b s t r a t e  ( 3 1 ) .

D e te rm ina t ion  o f  t h e  U n  v a lu e s  f o r  Br-CBE:

The I 50  v a lu e s  f o r  Br-CBE, I . e . ,  t h e  c o n c e n t r a t i o n  o f  Br-CBE r e ­

q u i r e d  t o  ac h ie ve  50% I n h i b i t i o n  o f  t h e  o r i g i n a l  e n z y m a t i c  a c t i v i t y ,  

w e r e  d e t e r m i n e d  as  f o l l o w s :  t h e  f i n a l  I n c u b a t io n  m ix tu re  (0 . 2  ml) con­

t a i n e d  0 . 0 4  M c l t r a t e / 0 . 0 5  M p h o s p h a t e ,  pH 5 . 5 ,  4 mM 0 - m e r c a p t o -  

e t h a n o l ,  5 mM EDTA, 4 mM T r i t o n  X-100, 4 .6 5  mM sodium t a u r o c h o l a t e  and 

t h e  r e q u i r e d  amounts o f  Br-CBE (11)  and 4MU-Glc o r  GC [NBD -dodecanoy l-  

GC: s p l e n i c  GC; 1 : 1 9 ,  m o l/m ol  ( 2 2 ) ] .  R e a c t io n s  were I n i t i a t e d  by th e  

a d d i t i o n  o f  homogeneous enzyme 1n amounts de te rmined  t o  h y d r o l y z e  l e s s  

t h a n  2% o f  t h e  s u b s t r a t e .  A f t e r  1 h r  t h e  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  o f  t h e  p r o d u c t s  de te rmined  ( 2 2 ) .

R e s u l t s

I n t e r a c t i o n  of  Br-CBE and Acid f l-G1ucos1dase:

F i g u r e  4 shows t h e  d i r e c t  dependence o f  t h e  I 50  v a lu e s  f o r  Br- 

CBE on t h e  c o n c e n t r a t i o n  o f  t h e  s u b s t r a t e s ,  4MU-G1c o r  GC, 1n I n c u b ­

a t i o n  m ix tu re s  c o n t a i n i n g  homogeneous a c id  0 - g lu c o s 1 d a s e .  These r e s u l t s  

and s i m i l a r  d a t a  (9)  o b t a i n e d  w i t h  CBE and a - g l u c o n o l a c t o n e ,  a com­

p e t i t i v e  I n h i b i t o r ,  p r o v id e  ev idence  f o r  t h e  s p e c i f i c  b ind ing  o f  Br-CBE
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and i n c u b a t i o n s  were t e r m i n a t e d  a f t e r  1 h r .
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t o  a c a t a l y t i c  s i t e  o f  t h e  enzyne.  To e s t a b l i s h  t h e  number o f  [3H]Br-  

CBE b in d in g  s i t e s  on a c id  0 - g lu c o s 1 d a s e ,  known amounts (pmol) o f  enzyme 

w ere  I n a c t i v a t e d  c o m p l e t e l y  by a 1500- t o  2500 - fo ld  ex c es s  o f  [3H]Br- 

CBE (10 pM) and then  s e p a r a t e d  from t h e  u n r e a c t e d  I n h i b i t o r  by q u a n ­

t i t a t i v e  1 m m u n o p r e c 1 p 1 t a t1 o n .  The mole  q u a n t i t y  o f  t r i t i u m  1n t h e  

washed 1mmunoprec1p 1t a t e s  was c o r r e l a t e d  w i t h  t h a t  o f  p u r e  e n z y m a t i c  

p r o t e i n .  F i g u r e  5 d e m o n s t r a t e s  t h e  1 : 1  (mol/  mol) s t o i c h i o m e t r y  o f  

hom ogeneous  e n z y m a t i c  p r o t e i n  and bound [3H]Br-C BE,  I n d i c a t i n g  th e  

p r e s e n c e  o f  a s i n g l e  c a t a l y t i c  s i t e  p e r  enzyme s u b u n i t .  C o v a l e n t  

b i n d i n g  o f  [ 3 H]Br-CBE t o  a c i d  0 -g1ucos1dase  was sugges ted  by t h e  co­

e l u t i o n  o f  t h e  enzymatic  p r o t e i n  and r a d l o a c t l v l t y  on r e v e r s e  p h a s e  

HPLC (F1g.  6 ) .  For t h e s e  e x p e r im e n t s ,  t h e  enzyme and [3H]Br-CBE ( 1 :1 0 ;  

mol/mol)  were I n c u b a t e d  f o r  96 h r  a t  22*C.  Under  t h e s e  c o n d i t i o n s ,  

about  13% o f  t h e  enzymati c  p r o t e i n  was l a b e l e d  by [3H]Br-CBE. Rechroma­

t o g ra p h y  o f  t h e  l a b e l e d  enzyme on r e v e r s e  phase  HPLC r e s u l t e d  1n a b o u t  

a 25% l o s s  o f  r a d i o a c t i v i t y  a s s o c i a t e d  wi th  t h e  p r o t e i n .  A u to rad io ­

graphs  o f  t h e  SDS-PAGE gel  o f  t h e  pure  enzyme f o l l o w i n g  l a b e l i n g  w i t h  

[3H]Br-CBE d e m o n s t r a t e d  a s i n g l e  l a b e l e d  p r o t e i n  s p e c i e s  a t  Mr  2

67 ,000  (F1g.  6 , I n s e t ) .  The f i n d i n g  o f  a s i n g l e  N-term1nal  amino a d d  

s e q u e n c e  (24)  and a s i n g l e  p r o t e i n  s p e c i e s  on r e v e r s e  p h a s e  HPLC 

(F1g.  6 ) o r  SDS-PAGE ( d a t a  not  shown) p rov ided  e v i d e n c e  f o r  t h e  homo­

g e n e i t y  o f  t h e  a d d  0 - g 1u c o s 1d a se  p r e p a r a t i o n s .

I s o l a t i o n  and Amino A d d  Sequence o f  a 

P e p t id e  Conta in ing  t h e  C a t a l y t i c  S i t e :

A f t e r  l a b e l i n g  t h e  homogeneous a d d  0 -g1ucos1dase  wi th  [3H]Br- 

CBE and then  d i g e s t i o n  wi th  Vs p r o t e a s e ,  t h e  r a d i o l a b e l e d  p e p t i d e s  were
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The r e l a t i o n s h i p  o f  homogeneous a c id  0 -g1ucos1dase  p r o t e i n  (pmol) t o  
[3H]Br-CBE (pmol) f o l l o w i n g  comple te  enzyme I n a c t i v a t i o n  by th e  

I n h i b i t o r .  R a d i o a c t i v i t y  bound s p e c i f i c a l l y  t o  t h e  enzyme was 
de te rmined  a f t e r  q u a n t i t a t i v e  1mmunoprec1p 1t a t 1on us ing  r a b b i t  

a n t1 -ac1d  0 - g l u c o s i d a s e  IgG. Unweighted l i n e a r  r e g r e s s i o n  a n a l y s i s  
by t h e  l e a s t  s q u a re s  method gave a s lo p e  o f  0 .984  wi th  

a c o r r e l a t i o n  c o e f f i c i e n t  o f  0 .988 .
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Reverse  phase ( P r o t e i n  C-4 column, 4 . 6  x 250 mm) HPLC e l u t i o n  p r o f i l e  
o f  5 .4  nmol o f  p u r i f i e d  ac id  0 - g lu c o s 1 d a s e .  The pure  enzyme e l u t e d  

a t  4 1 .OK a c e t o n l t r l 1 e .  The peaks a t  6  t o  10 m1n were abso rb ing  
compounds 1n t h e  a p p l i c a t i o n  b u f f e r .  The I n s e t  1s an au to ra d io g ra p h  

o f  t h e  [^H]Br-CBE l a b e l e d  enzyme (Mr  2; 67 ,000)  a f t e r  SDS-PAGE ( 1 2 . 5 * ) .
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r e s o l  ved by r e v e r s e  phase  HPLC us ing  programmed n o n l i n e a r  a c e t o n l t r l l e  

g r a d i e n t s .  A t y p i c a l  HPLC p r o f i l e  o f  t h e  d i g e s t s  1s shown 1n F ig u re  7. 

T h r e e  p e p t i d e s ,  d e s i g n a t e d  P e p t i d e  A, B o r  C, which e l u t e d  a t  about  

32%, 40% o r  42% a c e t o n l t r l l e ,  r e s p e c t i v e l y ,  c o n t a i n e d  t h e  t r i t i u m  

l a b e l .  To o b t a i n  o p t i m a l  r e s o l u t i o n  o f  t h e  l a b e l e d  and u n la b e l e d  pep­

t i d e s ,  o n ly  1 t o  2 nmol a l i q u o t s  o f  t h e  d i g e s t e d ,  l a b e l e d  enzyme were 

s u b j e c t e d  t o  HPLC. Th is  approach was n e c e s s a r y  s i n c e  chromatography of  

t h e  I s o l a t e d  p e p t i d e s  on HPLC r e s u l t e d  1n l a r g e  l o s s e s  o f  t h e  t r l t l a t e d  

l a b e l  f rom t h e s e  p e p t i d e s .  In a d d i t i o n ,  s h o r t  exposures  (1 t o  2 m1n) 

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

a m ines  o r  u r e a  a l s o  r e s u l t e d  In l o s s  o f  t h e  r a d l o l a b e l .  Fu r the rm ore ,  

t h e  r a d i o a c t i v e  l ab e l  was r e l e a s e d  d u r i n g  c l e a v a g e  o f  t h e  enzyme by 

c y a n o g e n  bromide u s ing  s e v e r a l  d i f f e r e n t  p rocedures  ( 1 7 - 1 9 ,3 2 ) .  Incub­

a t i o n  o f  P e p t id e  A wi th  t r y p s i n  1n a v a r i e t y  o f  b u f f e r s  d id  n o t  r e s u l t  

1n c l e a v a g e .

F igu re  8  shows t h a t  a s i n g l e  p r o t e i n  s p e c i e s  was p r e s e n t  1n each 

o f  t h e  I s o l a t e d  l a b e l e d  p e p t i d e s  when s u b j e c t e d  t o  12.5% SDS-PAGE. 

Based on t h e  e s t i m a t e d  l a b e l i n g  (8-15%) o f  t h e  p u r i f i e d  enzyme by [^H]-  

Br-CBE (F1g.  6 ) ,  about  60-75% rec o v e r y  of  t r i t i u m  was o b t a i n e d  1n Pep ­

t i d e s  A, B and C. A l t h o u g h  t h e  HPLC p r o f i l e s  o f  t h e  p e p t i d e s  1n th e  

enzyme d i g e s t s  were somewhat v a r i a b l e ,  t h e  p r i n c i p a l  c h a n g e s  w e re  1 n 

t h e  r e l a t i v e  amounts  o f  e a ch  l a b e l e d  p e p t i d e s ;  P e p t id e  A always was 

p r e s e n t  1n t h e  g r e a t e s t  amount. Since a 1:1 s t o i c h i o m e t r y  o f  enzymatic  

p r o t e i n  and [^H]Br-CBE was o b t a i n e d  u n d e r  f u l l  l a b e l i n g  c o n d i t i o n s  

( F i g . 5 ) ,  P e p t id e s  B and C p r o b a b l y  r e p r e s e n t  o v e r l a p p i n g  s e q u e n c e s  

w i t h  P e p t i d e  A. However,  t h e  amino ac id  sequences  o f  P e p t id e s  B and C 

cou ld  not  be de te rmined  s i n c e  t h e  former was N-term1nal1y blocked  and
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Typical  r e v e r s e  phase  ( P r o t e i n  C-4 column, 4 .6  x 250 mm) HPLC e l u t i o n  
p r o f i l e  of  1 .5  nmol o f  a Vg p r o t e a s e  d i g e s t  o f  [3H]Br-CBE-labeled 

a c id  0 -g1ucos1dase .  T r i t i u m - l a b e l e d  p e p t i d e s ,  d e s ig n a t e d  P e p t id e  A,
B o r  C, e l u t e d  a t  321,  401 and 421 a c e t o n l t r l l e ,  r e s p e c t i v e l y .

The a c e t o n l t r l l e  (ACN) g r a d i e n t  1n 0 .0 51  t r l f l u o r o a c e t i c  ac id  was 
0 t o  241 ACN from 12-42 m1n, 24 t o  321 ACN from 42 t o  72 m1n,

32 t o  401 ACN from 72 t o  132 mln.and 40 t o  451 ACN from 132 t o  222 m1n.
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A B C

SDS-PAGE o f  r a d i o l a b e l e d  P e p t id e s  A (Mr  i  5 , 0 0 0 ) ,  B (Mr  2r 4 , 5 0 0 ) ,  and 
C (Mr  5  9 ,500)  o b t a in e d  from r e v e r s e  phase  HPLC.
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t h e  l a t t e r  was o b t a i n e d  o n ly  1n small amounts.  Since one p r e p a r a t i o n  o f  

P e p t id e  A a l s o  was N - t e r m 1 n a l l y  b l o c k e d ,  1 t  was l i k e l y  t h a t  t h e  N- 

t e r m l n a l  b l o c k i n g  o f  P e p t i d e  B oc c u r r e d  d u r in g  t h e  c l e a v a g e  and I s o ­

l a t i o n  p ro ce d u re .

The amino a c i d  s e q u e n c e  (37 r e s i d u e s )  o b t a i n e d  from two d i f ­

f e r e n t  p r e p a r a t i o n s  o f  [^HjBr-CBE l a b e l e d  P e p t i d e  A (Mr  £ 5000) 1s 

shown 1n F ig u re  9.  T e n t a t i v e  as signmen ts  a r e  shown 1n p a r e n t h e s e s  and 

X d e n o te s  an u n i d e n t i f i a b l e  amino ac id  r e s i d u e .  P e p t id e  A c o n ta i n e d  one 

m eth io n in e  r e s i d u e  and about  50% of  t h e  amino a d d s  were  h y d r o p h o b i c .  

T h i s  s e q u e n c e  had e x a c t  homology t o  amino a d d  r e s i d u e s  429 t o  465 

p r e d i c t e d  from a cONA f o r  human a d d  p-g1ucos1dase  ( 2 0 ) ,  excep t  f o r  t h e  

second r e s i d u e  which was p r e d i c t e d  t o  be a s e r i n e  ( F ig u r e  9 ) .

The p r e c i s e  amino a d d  t o  which [^H]Br-CBE was bound ( I . e . ,  t h e  

c a t a l y t i c  s i t e )  was n o t  I d e n t i f i e d  w i t h  c e r t a i n t y ,  s i n c e  t h e  e s t e r  

l i n k a g e  t o  t h e  p e p t i d e  was l a b i l e  1n t h e  p re s e n c e  o f  d 1methy1am1ne gas 

used du r in g  m l c r o s e q u e n d n g :  In s e p a r a t e  e x p e r i m e n t s ,  we showed t h a t  

t r i m e t h y l  amine l i b e r a t e s  a l l  t r i t i u m  from P e p t id e  A. Since  1t  1s l i k e ­

l y  t h a t  [3H]Br-CBE b i n d s  t o  an a d d l e  amino ac id  ( 1 6 - 1 8 ) ,  t h r e e  pos ­

s i b l e  s i t e s  were  I n d i c a t e d  1n t h i s  p o r t i o n  o f  P e p t id e  A: A s p ^ ,  Aspl® 

and A sp?* .  P r e l i m i n a r y  s t u d i e s  u s i n g  s o l l d - p h a s e  s e q u e n c i n g  o f  

P e p t i d e  A I n d i c a t e d  t h e  p r e s e n c e  of  r a d i o a c t i v i t y  on ly  a t  Aspl*.  How­

e v e r ,  o n l y  0.5% o f  t h e  t o t a l  r a d i o a c t i v i t y  bound t o  t h e  p o l y s t y r e n e  

b e a d s  was r e c o v e r e d  a f t e r  t h e  s e q u e n c i n g  p ro ce d u re .  Thus, c onf i rm ­

a t i o n  of  t h i s  f i n d i n g  w i l l  be r e q u i r e d  t o  a s s i g n  t h e  c a t a l y t i c  s i t e  t o  

Aspl* wi t h  c e r t a i n t y .

The c a l c u l a t e d  hydropa thy  I n d ic e s  and p r e d i c t e d  secondary  s t r u c ­

t u r e  f o r  t h e  sequenced p o r t i o n  o f  P e p t id e  A a r e  shown 1n F ig u re  10.
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1 5 10 15
P e p t id e  A Gly l i e Gin Arg Val Gly Leu Val Ala Ser Gin Lys Asn Asp Leu Asp Ala Val Ala

P r e d ic t e d Gly Ser Gin Arg Val Gly Leu Val Ala Ser Gin Lys Asn Asp Leu Asp Ala Val Ala

cDNA GGC TCC CAG AGA GTG GGG CTG GTT GCC AGT CAG AAG AAC GAC CTG GAC GCA GTG GCA

20
P e p t id e  A Leu

P r e d ic t e d  Leu

cONA CT6

Met His Pro Asp 

Met His Pro Asp 

ATG CAT CCC GAT

25
Gly X (Ala)  Val 

Gly Ser Ala Val 

GGC TCT GCT GTT

30
Val Val Val Leu Asn 

Val Val Val Leu Asn 

GTG GTC GTG CTA AAC

35
Arg (Ser)  X (Lys)  

Arg Ser Ser Lys 

CGC TCC TCT AAG

40 45 50
P r e d i c t e d  Asp Val Pro Pro Thr l i e  Lys Asp Pro Ala Val Gly Phe Leu Glu

cDNA GAT GTG CCT CCT ACC ATC AAG GAT CCT GCT GTG GGC TTC CTG GAG

C o l i n e a r i t y  o f  t h e  P e p t id e  A amino ac id  sequence wi th  t h a t  p r e d i c t e d  from 
t h e  n u c l e o t i d e  sequence of  a cDNA encoding  human ac id  0 -G lu co s id a se .

The n u c l e o t i d e  sequence was from r e f .  20. •
«oI
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Hydropathy p r o f i l e  ( • )  and t h e  p r e d i c t e d  secondary  s t r u c t u r e
( — » B - p le a t e d  s h e a t s ;   a - h e l 1 x e s  shown below) o f  P e p t id e  A which

co n ta in ed  t h e  c a t a l y t i c  s i t e  o f  ac id  0 - g 1ucos 1d a s e .
Asp l* ,  Asp 16 and Asp2* ( A )  a re  p o s s i b l e  [ 3 H]Br-CBE b i n d in g  s i t e s  
wi th  Aspl* as t h e  most  l i k e l y  c a n d i d a t e  f o r  t h e  c a t a l y t i c  s i t e .



I n t e r e s t i n g l y ,  A s p ^  and Asp24 a re  1n r e l a t i v e l y  h y d r o p h i l i c  a r e a s  s u r ­

r o u n d e d  by two hydrophobic  a r e a s .  Fu r the rm ore ,  Aspl* as  wel l  as Asp*® 

appear  t o  be 1n an a - h e l 1c a 1 d o m a i n ,  w h i l e  t h e  r e s i d u e s  s u r r o u n d i n g  

Asp24 may be B - p l e a t e d  s h e e t s .  The t e n t a t i v e  as signmen ts  o f  Asn-Arg- 

( S e r ) ,  r e s i d u e s  33 t o  35 ,  a t  t h e  ca rb o x y  t e r m i n u s  o f  P e p t i d e  A I n d i ­

c a t e d  t h e  p r e s e n c e  o f  a s i t e  f o r  N - g ly cosy la t1on .  This  sequence was 

shown t o  be c o n s i s t e n t  wi th  t h e  p r e d i c t e d  amino a c i d  r e s i d u e s  e n c o d ed  

by t h e  n u c l e o t i d e  s e q u e n c e  o f  t h e  a c i d  0-g1ucos1dase  cDNA (F1g.  9 ) .  

Compared t o  P e p t id e  A which c o n ta in e d  50% hydrophobic  amino a c i d s ,  t h e  

amino a d d  c o m p o s i t i o n  o f  P e p t i d e  B (Mr  2? 4 5 0 0 ;  d a t a  n o t  shown) ,  

I n d i c a t e d  on ly  31% hydrophobic  amino ac id  r e s i d u e s .  However, P e p t id e  B 

r e q u i r e d  an 8 % h i g h e r  a c e t o n l t r l l e  c o n c e n t r a t i o n  f o r  e l u t i o n  from t h e  

r e v e r s e  phase HPLC than  t h e  more h y d r o p h o b ic  P e p t i d e  A. T h i s  f i n d i n g  

s u g g e s t e d  t h a t  P e p t i d e  A was g l y c o s y l a t e d  and,  t h e r e f o r e ,  e l u t e d  ano­

m alous ly .

D iscuss ion

Prev ious  s t u d i e s  o f  human ac id  B -g lucos1dase  have p rov ided  Inform 

a t l o n  c oncern ing  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  ( 6 , 8 - 1 3 )  and p r o ­

c e s s i n g  (14)  o f  t h i s  lysosomal h y d r o l a s e  1n normal and Gaucher d i s e a s e  

t i s s u e s .  However, u n t i l  t h e  r e c e n t  r e p o r t  o f  a comple te  cDNA s e q u e n c e  

( 2 0 ) ,  l i t t l e  s t r u c t u r a l  In fo rm a t io n  had been a v a i l a b l e  f o r  t h e  normal 

ac id  0 -g lu c o s 1 d a se .  T h e r e f o r e ,  t h e  s t u d i e s  r e p o r t e d  h e re  were des igned  

t o  c h a r a c t e r i z e  t h e  p r im ary  s t r u c t u r e  o f  t h e  human a d d  0 - g l u c o s 1d a s e  

c a t a l y t i c  s i t e .  These I n v e s t i g a t i o n s  were  u n d e r t a k e n  a s  a b a s i s  f o r  

s u b s e q u e n t  s t r u c t u r a l  an a ly s e s  t o  c o r r e l a t e  t h e  k i n e t i c  a b n o r m a l i t i e s
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p r e v l o u s l y  I d e n t i f i e d  1n t h e  d e f e c t i v e  a c i d  p - g l u c o s l d a s e s  1n un­

r e l a t e d  p a t i e n t s  w i t h  t h e  s u b t y p e s  and v a r i a n t s  o f  G auche r  d i s e a s e  

( 8 , 1 1 , 1 2 ) .  Toward t h i s  g o a l ,  homogeneous ac id  B-g lucos1dase  was r e ­

a c t e d  w i t h  [ 3 H]Br-CBE t o  fo rm  an e s t e r  l i n k a g e  a t  t h e  c a t a l y t i c  s i t e  

( 2 3 ) .  The l a b e l i n g  was s p e c i f i c  ( F i g .  4)  and t h e  I n t e r a c t i o n  was 

s o l e l y  a t  t h e  c a t a l y t i c  s i t e  1n a 1 :1  mole r a t i o  wi th  enzymatic  p r o t e i n  

and [ 3 H]Br-CBE ( F 1 g .  5 ) .  Amino ac id  sequencing  o f  P e p t id e  A p rov ided  

t h e  p r im ary  s t r u c t u r e  o f  t h i s  p e p t i d e  t h a t  c o n t a i n e d  t h e  c a t a l y t i c  

s i t e ,  b u t  t h e  l a b i l i t y  o f  t h e  e s t e r  bond between t h e  I n h i b i t o r  and t h e  

p e p t i d e  d id  no t  pe rm i t  t h e  c e r t a i n  I d e n t i f i c a t i o n  o f  t h e  amino a c i d  t o  

which  [ 3 H]Br-CBE was b o u n d .  The amino a d d  sequence d a t a  was c o r r o ­

b o r a t e d  by t h e  c o l l n e a r l t y  wi th  t h e  p r e d i c t e d  sequence f o r  r e s i d u e s  429 

t o  465 f rom  t h e  a d d  0 -g )u c o s 1 d a se  cDNA ( 2 0 ) .  Indeed,  Independent  con­

f i r m a t i o n  o f  t h e  a u t h e n t i c i t y  of  t h e  cONA c lo n e  encoding  a d d  B - g l u c o -  

s i d a s e  was b a sed ,  1n p a r t ,  on t h e  homology o f  t h e  p r e d i c t e d  amino a d d  

sequence and t h a t  o f  P e p t id e  A.

P e p t i d e  A was l o c a t e d  n e a r  t h e  c a r b o x y  t e r m in u s  o f  t h e  amino 

a d d  sequence  coded by a f u l l - l e n g t h  (496 amino a d d s )  cDNA ( 2 0 ) .  The 

amino a c i d  s e q u e n c e  o f  P e p t id e  A had no s i g n i f i c a n t  homology wi th  any 

o t h e r  p r o t e i n ,  I n c l u d i n g  Vg p r o t e a s e  ( 3 2 ) ,  1n t h e  c u r r e n t  SEARCH p ro ­

gram d a t a  base  (>2900 e n t r i e s ) .  A lso ,  no o o v l o u s  amino a c i d  s e q u e n c e  

hom ology  e x i s t s  be tw een  t h e  c a t a l y t i c  s i t e  sequences  o f  funga l  o r  a l ­

mond B-g1ucos1dases  ( 1 8 , 1 9 , 3 4 )  and t h a t  f o r  t h e  human enzyme.  T h i s  

l a c k  o f  homology was c o n s i s t e n t  with t h e  f u n c t i o n a l  p r o p e r t i e s  o f  t h e  

p l a n t  0 - g l u c o s 1 a s e s ,  s i n c e  t h e  almond enzyme d id  no t  c l e a v e  GC ( u n p u b ­

l i s h e d  o b s e r v a t i o n ) .

The p r i m a r y  s t r u c t u r e  o f  t h e  p e p t i d e  c o n t a i n i n g  t h e  c a t a l y t i c
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s i t e  has  s e v e r a l  I n t e r e s t i n g  f e a t u r e s  (F 1g .  1 0 ) which may r e l a t e  t o  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  enzyme. The s e q u e n c e d  p o r t i o n  o f  t h e  P e p ­

t i d e  A c o n t a i n e d  t h r e e  a c i d i c  amino a c i d s ,  a l l  o f  which were a s p a r ­

t a t e s .  By com pos i t ion  a n a l y s i s  and compar ison t o  t h e  p r e d i c t e d  amino 

a c i d  s e q u e n c e  ( F i g .  9 ) ,  two a d d i t i o n a l  a c i d i c  amino a c id  r e s i d u e s ,  

a s p a r t a t e s ,  were 1n t h e  unsequenced p o r t i o n  o f  P e p t i d e  A. S i n c e  CBE 

h a s  been  shown t o  b i n d  a s p a r t a t e  r e s i d u e s  1n t h e  c a t a l y t i c  s i t e  o f  

g l u c o s l d a s e s  from a l l  s p e c i e s  s tu d i e d  ( 1 5 , 1 8 , 3 3 , 3 4 ) ,  one o f  t h e  a s p a r ­

t a t e s  m os t  l i k e l y  b i n d s  Br-CBE. A l t h o u g h  t h e  l a b i l i t y  o f  t h e  e s t e r  

bond d u r in g  ga s -p h a s e  sequenc ing  p r e v e n t e d  t h e  I d e n t i f i c a t i o n  o f  t h e  

p r e c i s e  b i n d i n g  s i t e ,  p r e l i m i n a r y  s t u d i e s  s ugge s t  t h a t  A s p ^  1s t h e  

c a t a l y t i c  s i t e .  I t  1s 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  t h e  Br-CBE b in d in g  

s i t e  and I t s  s u r ro u n d in g  r e s i d u e s  may be t h e  s t r u c t u r a l  e q u i v a l e n t s  o f  

t h e  t h i r d  domain o r  " a l l o s t e r l c "  s i t e  which have been  d e f i n e d  by k i n ­

e t i c  s t u d i e s  ( 9 , 1 0 ) .  S i n c e  t h e  p r o p e r t i e s  o f  t h e  t h i r d  domain (9) 

s u g g e s t  t h e  p r e s e n c e  o f  an a n i o n i c  r e s i d u e  and a s u r r o u n d i n g  h y d r o -  

p h o b i c  r e g i o n ,  each o f  t h e  a s p a r t a t e s  a t  r e s i d u e s  14, 16 o r  24 o f  Pep­

t i d e  A had t h e  n e c e s s a r y  s t r u c t u r e .  In com par ison ,  Asp^8  and Asp45  were 

su rrounded  by more h y d r o p h i l i c  r e g i o n s .  In a d d i t i o n ,  a d i s t i n c t  hydro-  

p h o b i c  d o m a i n ,  an a g l y c o n  b i n d i n g  s i t e ,  f o r  I n t e r a c t i o n  w i t h  acyl  

c h a i n s  o f  GC (9)  has  been p roposed .  The c a l c u l a t e d  h y d ropa thy  p r o f i l e  

f rom  t h e  p a r t i a l  sequence  o f  P e p t id e  A (F1g. 10) s u g g e s t s  t h a t  each o f  

t h e  t h r e e  a s p a r t a t e s  a t  r e s i d u e s  1 4 ,  16 o r  24 had t h e  r e q u i r e d  s u r ­

r o u n d i n g  hydrophobic  s t r u c t u r e .  In p a r t i c u l a r ,  Asp** was p r e d i c t e d  t o  

be 1n a h y d r o p h i l i c  p o c k e t  f l a n k e d  by two h y d r o p h o b i c  a r e a s ,  c o n ­

forming  c l o s e l y  t o  t h e  k i n e t i c  model which p r e d i c t e d  t h a t  t h e  c a t a l y t i c  

s i t e  would be 1n p r o x im i t y  t o  t h e  hydrophobic  aglycon b i n d in g  s i t e  and
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t h e  t h i r d  domain ( 8 , 9 ) .  A d d i t iona l  model ing  s t u d i e s  w i l l  be r e q u i r e d ,  

o n c e  t h e  Br-CBE b i n d in g  s i t e  has  been confi rmed as  Asp**, f o r  a c c u r a t e  

p r e d i c t i o n s  o f  t h e  c a t a l y t i c  s i t e ' s  t h r e e - d i m e n s i o n a l  c o n f o r m a t i o n .  

H ow ever ,  I n i t i a l  c a l c u l a t i o n s  s u g g e s t  a high  p r o b a b i l i t y  o f  a - h e l l x  

f o rm a t io n  (F1g.  10) 1n t h e  r eg io n  spanning  amino a c i d s  10 t o  22 o f  Pep­

t i d e  A. The p r e s e n c e  o f  a N - g l y c o s y l a t l o n  s i t e ,  Asn-Arg-Ser ,  a s s ig n e d  

t o  r e s i d u e s  33 t o  35 o f  P e p t i d e  A and t h e  anom olous  e l u t i o n  o f  t h i s  

p e p t i d e  s u g g e s t e d  t h a t  g l y c o s y l a t l o n  a l s o  may be Impor tan t  f o r  p roper  

a c t i v e  s i t e  con fo rm at ion  and ,  p o s s i b l y ,  enzymatic  a c t i v i t y  ( 1 7 ) .

In  summary,  t h e s e  s t u d i e s  r e p r e s e n t  t h e  f i r s t  I s o l a t i o n  and 

c h a r a c t e r i z a t i o n  o f  a c a t a l y t i c  s i t e  f r o m  a human l y s o s o m a l  g l y c o -  

s l d a s e .  These r e s u l t s  a l s o  p rov ide  a b a s e l i n e  f o r  s i m i l a r  approaches  t o  

d e f i n e  t h e  m o le c u la r  b a s i s  o f  t h e  abnormal a c id  B - g l u c o s l d a s e  f u n c t i o n  

1n human Gaucher d i s e a s e  ( 1 1 ,1 2 ) .  Ex tens ion  o f  t h e s e  s t u d i e s  t o  e l u c i d ­

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

may p r o v i d 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  r e l a t i o n s h i p s  o f  t h e s e  

enzymes.
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Chapter  Four

Gaucher D ise ase  Types 1 ,  2 and 3: D i f f e r e n t i a l  Muta t ions  of

t h e  Acid 0 -Glucos1dase  A c t ive  S i t e  I d e n t i f i e d  wi th  
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M a te r la ls  and M ethods

Reagents

The f o l l o w i n g  c h e m i c a l s  were pu rchased  from commercial  s o u rc e s :  

4 -m e th y lu m b e lH f e ry l  0-D-g1ucopyranos1de (4MU-G1c; 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 ) ;  human serum albumin (Sigma,  S t .  

L o u i s ,  MO), and T r i t o n  X-100 ( F i s h e r  S c i e n t i f i c ,  F a i r f i e l d ,  N J ) ;  

sod iu m  t a u r o c h o l a t e  ( C a l b l o c h e m ,  La J o l l a ,  CA). All  o t h e r  r e a g e n t s  

were o f  r e a g e n t  g rade  o r  b e t t e r .

P a t i e n t  P o pu la t ion  and Cel l  Lines

C u l t u r e d  f i b r o b l a s t  l i n e s  w ere  from t w e n t y - t w o  u n r e l a t e d  GO 

Type 1, t h r e e  GD Type 2 [one  fem ale  and two u n r e l a t e d  c e l l  l i n e s  GM 

1260 and GM 0877 (NIGMS Mutant Cel l  R e p o s i to r y ;  Camden, NJ)]  and t h r e e  

N orbo t tn lan  Swedish GD Type 3 p a t i e n t s  (p ro v id e d  by Or. La r s  S v e n n e r -  

holm).  The t h i r t e e n  Ashkenazi  Jewish GD Type 1 p a t i e n t s  ranged 1n age 

from 2 t o  62 y e a r s  a t  t h e  t i m e  o f  d i a g n o s i s  and had m i l d  t o  s e v e r e  

c l i n i c a l  m a n i f e s t a t i o n s  as a s se s s e d  by t h e  e x t e n t  o f  h e p a t i c ,  s p l e n i c ,  

hemato log ic  and o r th o p a e d ic  Involvement .  The GD Type 1 p a t i e n t s  f rom 

o t h e r  e t h n i c  b a c k g ro u n d s  a re  c i t e d  be low,  fo l lowed  1n p a r e n t h e s e s  by 

t h e  a p p r o p r i a t e  r e f e r e n c e  o r  t h e i r  age a t  o n s e t  and m a j o r  c l i n i c a l  

f i n d i n g s :  H i s p a n i c  ( 2 3 ;  4 y r s ) ,  Ind ian  (23 y r s ;  he pa tosp lenom ega ly ,  

femoral  head c o l l a p s e ) ,  A f r ic a n  Black ( 2 4 ,  Case 26;  57 y r s ) ,  Am er ican  

B la c k  (2 y r s ,  d i e d  a t  age 3 y r s ;  m a s s i v e  hepa to s p l en o m e g a ly ) ,  Non- 

Jewlsh Caucasian (4 y r s ,  modera te  h e p a t o s p l e n o m e g a l y ) ,  Cape C o l o r e d  

[m ix e d  a n c e s t r y  (Caucas1an-Afr1can  Black-M alay-Xholsan) ; 25 y r s  ( I I ) ,  

32 ( I I I )  y r s ;  h e p a t o s p l e n o m e g a l y ,  v a r i o u s  b o n e y  m a n i f e s t a t i o n s ] ,
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P e r u v l a n  I n d i a n  (3  y r s ;  s p l e n o m e g a l y )  and A f r i k a n e r  ( 2 5 ,  Case  7; 

21 y r s ) .  The absence of  n e u r o n o p a t h l c  d i s e a s e  was d e m o n s t r a t e d  1n 

e a c h  GD Type 1 p a t i e n t  by normal  c o m p r e h e n s i v e  n e u r o l o g i c  and de ­

velopmental  exams and CT scan a nd /o r  e l e c t r o e n c e p h a l o g r a p h l c  s t u d i e s .  

E i g h t  no rmal  c o n t r o l  l i n e s  were e s t a b l i s h e d  from h e a l t h y  I n d i v i d u a l s  

o f  m u l t i - e t h n i c  backgrounds I n c lu d in g :  C aucas ian ,  Black ,  H i s p a n i c  and 

Cape Colored.

Enzyme Sources

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 forearm s k in  e x p l a n t s  

and grown In RPMI 1640 medium c o n t a i n i n g  10% f e t a l  c a l f  s e ru m .  For  

In v i t r o  s t u d i e s ,  t h e  c e l l s  were  h a r v e s t e d  a t  e a r l y  c o n f lu e n cy  by 

s c r a p i n g  w i t h  a r u b b e r  p o l i c e m e n ,  washed  t w i c e  1n s a l i n e  by cen­

t r i f u g a t i o n  ( 1 , 0 0 0  x g ,  10 m1n) and s t o r e d  ( -20*C )  a s  d r y  p e l l e t s  

u n t i l  used.

Enzjmte Assays

F i b r o b l a s t s  were  d i s r u p t e d  and assayed  f o r  B-Glc a c t i v i t y  wi th  

4MU-Glc o r  g l u c o s y l  c e r a m l d e  as  d e s c r i b e d  [ 2 6 ] .  The s t a n d a r d  I n ­

c u b a t i o n  m i x t u r e  1n a t o t a l  vo lume o f  0 . 1  ml c o n ta in e d  0 .0 4  M c 1 t -  

r a t e / 0 . 0 5  M sodium p h o s p h a t e ,  pH 5 . 5 ,  4 . 6 5  mM sod ium t a u r o c h o l a t e ,  

4 mM T r i t o n  X -100 ,  50 p i  o f  f i b r o b l a s t  e x t r a c t ,  s u b s t r a t e  and 1n- 

h l b l t o r ( s ) .  The Km v a lu e s  (4MU-Glc o r  g lu co s y l  ceramlde)  were normal 

f o r  a l l  p a t i e n t s .

In V i t ro  CBE S tu d ie s

For  t h e  d e t e r m i n a t i o n  o f  I 50  v a lu e s  ( I . e . ,  t h e  c o n c e n t r a t i o n  o f  

CBE o r  bromo-CBE which r e s u l t e d  1n 50% I n h i b i t i o n ) ,  B-G1c a c t i v i t i e s  

1n t h e  normal and GD f i b r o b l a s t  e x t r a c t s  were e q u a l i z e d  by d i l u t i o n  1n 

0.9% NaCl. Then,  CBE o r  bromo-CBE, d i s s o l v e d  1n w a t e r ,  was added t o
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t h e  Incuba t ion  m ix tu re  t o  ach ieve  t h e  r e q u i r e d  f i n a l  c o n c e n t r a t i o n  and 

t h e  r e a c t i o n  was I n i t i a t e d  by Immediately adding  4MU-Glc (4  mM f i n a l  

c o n c e n t r a t i o n )  o r  g l u c o s y l  c e r a m l d e  ( 0 . 3  mM). The r e a c t i o n s  were 

t e r m in a t e d  a f t e r  2 h ,  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 t e r m i n e d  [ 2 6 ] .  

For  m i x t u r e  e x p e r im e n t s ,  equal  amounts o f  enzymatic  a c t i v i t y  ( a s  1 : 1 ,  

v / v )  from d i f f e r e n t  f i b r o b l a s t  e x t r a c t s  were combined and a s s a y e d  a s  

d e s c r i b e d  above. I50  v a lu e s  were dete rmined  from sem1- l o g  p l o t s  which 

were  e v a l u a t e d  by t h e  method o f  l e a s t  s q u a r e s .  In t h e  t e x t ,  t h e  I 50  

v a lu e s  w i t h in  each group r e p r e s e n t  t h e  mean v a lue  ± 2 SO. P r e l i m i n a r y  

s t u d i e s  u s i n g  t h e  n a t u r a l  s u b s t r a t e ,  g lucosy l  ce ramlde ,  wi th  normal 

and GD f i b r o b l a s t  e x t r a c t s  and 1n h i g h l y  p u r i f i e d  B-Glc p r e p a r a t i o n s  

( 3 0 0 0 - f o l d )  f rom s p l e e n s  of  some of  t h e s e  p a t i e n t s  p rov id ed  e s s e n t i ­

a l l y  I d e n t i c a l  d a t a  t o  t h o s e  r e p o r t e d  h e re  f o r  t h e  4MU-G1c s u b s t r a t e .

For  d e t e r m i n a t i o n  o f  t h e  t \ / i  v a l u e s ,  p - G l c  a c t i v i t i e s  In t h e  

normal and GO f i b r o b l a s t  e x t r a c t s  were e q u a l i z e d  by d i l u t i o n  1n 0 .0 4  M 

c 1 t r a t e / 0 . 0 5  M p h o s p h a t e ,  pH 5 .5  c o n t a i n i n g  4 .6 3  mM t a u r o c h o l a t e  and 

4 mM T r i t o n  X-100. CBE, d i s s o l v e d  1n t h e  above b u f f e r ,  was added  t o  

t h e  d i l u t e d  enzyme t o  o b t a i n  t h e  d e s i r e d  f i n a l  c o n c e n t r a t i o n .  The 

CBE/enzyme m ix tu re s  were p r e i n c u b a t e d  a t  23*C f o r  t h e  s p e c i f i e d  t i m e  

and t h e n ,  a l i q u o t s  were d i l u t e d  t o  a f i n a l  CBE c o n c e n t r a t i o n  o f  1 pM; 

p r e i n c u b a t i o n  a t  3 7 * C d i d  n o t  e f f e c t  t h e  r e s u l t s .  The e n z y m a t i c  

a c t i v i t i e s  1n t h e s e  a l i q u o t s  w ere  t h e n  de te rm ine d  a t  37*C f o r  4 h.  

Because t h e  enzymes 1n normal  a n d ,  p a r t i c u l a r l y ,  t h e  GD f i b r o b l a s t  

e x t r a c t s  were  somewhat  l a b i l e  u n d e r  t h e  above c o n d i t i o n s  (5 t o  15% 

l o s s  o f  a c t i v i t y  a t  23*C f o r  2 h ) ,  a c o n t r o l  cu rve  f o r  each d a t a  p o i n t  

was d e t e r m i n e d  as  f o l l o w s :  a f t e r  t h e  samples  were Incubated  a t  23*C 

w i th o u t  CBE f o r  t h e  s p e c i f i e d  t i m e ,  t h e  r e q u i r e d  amount o f  CBE was
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added  t o  t h e  t u b e s ,  t h e  m ix tu re s  Immediate ly  d i l u t e d  t o  a c h ieve  1 pH 

CBE c o n c e n t r a t i o n  and th e n  t h e  e nz ym a t ic  a c t i v i t y  was d e t e r m i n e d  a t  

37*C f o r  4 h .  The t \ /2  v a lu e s  f o r  CBE I n h i b i t i o n  o f  t h e  enzymes were 

de te rmined  by s u b t r a c t i o n  o f  t h e  I n h i b i t i o n  c u r v e  f rom  t h e  c o n t r o l  

c u r v e .  Using  t h e  above system t h e  a s sa y s  were l i n e a r  wi th  t im e  from 1 

t o  6 h .

Ex V1vo I n h i b i t i o n  S t u d ie s

For  s t u d i e s  o f  c e l l s  1n c u l t u r e ,  f i b r o b l a s t s  a t  e a r l y  c o n f lu e n cy  

were h a r v e s t e d  by t r y p s 1n 1z a t 1on f o r  5 m1 n and a l i q u o t s  o f  t h e  c e l l  

s u s p e n s i o n  were t r a n s f e r r e d  t o  35 x 14 mm P e t r i  d i s h e s  a f t e r  washing 

two t im es  1n RPMI 1640 c o n t a i n i n g  10% f e t a l  c a l f  s e r u m .  A f t e r  2 t o  

3 d a y s ,  t h e  c u l t u r e  w e l l s  were washed wi th  RPMI 1640 and t h e  a t t a c h e d  

c e l l s  were t h e n  c u l t u r e d  1n RPMI 1640 c o n t a i n i n g  s p e c i f i e d  c o n c e n ­

t r a t i o n s  o f  bromo-CBE (added 1n s t e r i l e  s a l i n e ) .  A f t e r  t h e  d e s i g n a t e d  

amount of  t im e  (0 t o  60 m1n ) ,  t h e  c e l l s  w ere  washed  In  f r e s h  m ed ia  

w i t h o u t  bromo-CBE and I m m e d i a t e l y  h a r v e s t e d  by t r y p s 1 n 1 z a t1 o n .  The 

c e l l s  were washed wi th  1 ml o f  RPMI 1640 c o n t a i n i n g  15% f e t a l  c a l f  

se rum  by c e n t r i f u g a t i o n  ( 1 0 0  x g ,  1 0  m1 n)  a n d ,  t h e n ,  washed t h r e e  

t im es  with s a l i n e .  The c e l l  p e l l e t s  were resuspended  1n 0 .5  ml s a l i n e  

and a l i q u o t s  of  t h e  e x t r a c t s  were assayed  Immediately [2 6 ] .

I n h i b i t i o n  S t u d ie s  w i th  Sph1ngos1ne

d , 1 - s p h 1 n g o s 1 n e  was p r e p a r e d  as  d e s c r i b e d  [ 2 7 ]  and s t o r e d  a t  

-20*C 1n c h l o r o f o r m : m e t h a n o l  ( 2 : 1 ;  v / v )  u n t i l  u s e d .  The r e q u i r e d  

amount  o f  s p h l n g o s l n e  was a l l q u o t e d  I n t o  t u b e s ,  t h e  s o l v e n t s  evap­

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

vacuum f o r  4 h .  The d r i e d  s p h l n g o s l n e  was r e s o l u b l 1 1zed  ( f i n a l  

c o n c e n t r a t i o n s  0 t o  300 pM) by v i g o r o u s  a g i t a t i o n  1n 0 . 0 4  M c 1 t -
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r a t e / 0 . 0 5  M p h o s p h a t e ,  pH 5 . 5  c o n t a i n i n g  4 mM T r i t o n  X-100 and 

4 .65  mM t a u r o c h o l a t e .  The enzyme was added ,  t h e  r e a c t i o n s  1n1 ta ted  by 

a d d i n g  4MU-G1c (4 mM f i n a l  c o n c e n t r a t i o n ) ,  and t h e  enzymatic  a c t i v i t y  

was de te rmined  as  d e s c r i b e d  [ 2 6 ] .  For some e x p e r i m e n t s ,  CBE was added 

Immediately p r i o r  t o  a d d i t i o n  o f  t h e  s u b s t r a t e .

R e s u l t s

I n h i b i t i o n  of  0-G1c by CBE and Bromo-CBE In V i t ro

CBE I n h i b i t i o n  c u r v e s  f o r  t h e  n o r m a l  and GD Types  1 ,  2 and 3 

f i b r o b l a s t  0 - G l c  a r e  shown 1n F i g u r e  11 .  The I 50  v a lu e s  f o r  CBE o r  

bromo-CBE f o r  t h e  r e s i d u a l  p-Glc a c t i v i t i e s  o f  t h e  28 GD p a t i e n t s  and 

e i g h t  normal I n d i v i d u a l s  a re  shown 1n Table  4 .  The I 50  v a lu e s  f o r  t h e  

normal f i b r o b l a s t  8 -Glc were 28 l  6 pM and 0 .6 0  l  0 .09  pM f o r  CBE and 

bromo-CBE, r e s p e c t i v e l y .  The I 50  v a l u e s  o b t a i n e d  with t h e  r e s i d u a l  

a c t i v i t i e s  from s i x  o f  t h e  non-Jew1sh GD Type 1 p a t i e n t s  [37  ± 10 pM 

(CBE) and 0 . 6 4  ± 0 . 1 2  pM (brom o-C BE)]  and t h e  s i x  GD Type 2 and 3 

p a t i e n t s  [41  ± 11 pM (CBE) and 0 . 6 2  ± 0 . 1 2  pM (brom o-C BE)]  w ere  

somewhat  h i g h e r  t h a n  t h e  normal  v a l u e s  b u t  were  n o t  s t a t i s t i c a l l y  

d i f f e r e n t .  In  c o n t r a s t ,  a b o u t  5 - f o l d  I n c r e a s e d  I 5 0  v a l u e s  w ere  

o b t a in e d  with t h e  r e s i d u a l  a c t i v i t i e s  f rom t h e  t h i r t e e n  A s h k e n a z i  GD 

Type 1 p a t i e n t s :  141 ± 37 pM w i th  CBE and 3 .0  l  0 .32  pM wi th  bromo- 

CBE. The r e s i d u a l  enzyme from t h e  Cape C o l o r e d  I I  and t h e  P e r u v i a n  

I n d i a n  GD Type 1 p a t i e n t s  had s i m i l a r l y  I n c r e a s e d  I 5 0  v a l u e s  wi th  CBE 

o r  bromo-CBE (T ab le  4 ) .  The r e s i d u a l  a c t i v i t i e s  from t h e  two u n r e l a t e d  

Cape C o l o r e d  I I I  and I I  GD Type 1 p a t i e n t s  g a v e  I 5 0  v a l u e s  which 

s e g re g a te d  I n to  t h e  normal ( I I I )  o r  t h e  Ashkenazi Jewish GD Type 1
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Condur l to l  B epox id e  I n h i b i t i o n  o f  B-Glc 1n c u l t u r e d  f i b r o b l a s t  
e x t r a c t s  from normal I n d i v i d u a l s  ( • )  and GO Types 1 ,  2 and 3 

p a t i e n t s .  Group A r e s i d u a l  a c t i v i t i e s  were from most non-Jew1sh 
GD Type 1 (A) and GD Types 2 and 3 ( 0 ) .  Group B r e s i d u a l  a c t i v i t i e s  

(A) were from t h i r t e e n  Ashkenazi  Jewish  GD Type 1 and t h e  
Cape Colored I I  and Peruv ian  Ind ian  GD Type 1 p a t i e n t s .
The Group C r e s i d u a l  a c t i v i t y  ( □ )  was from an A f r ik a n e r  

GD Type 1 p a t i e n t .  The b a r s  r e p r e s e n t  ± 2 SD.
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TABLE 4

CBE and Bromo-CBE I n h i b i t i o n  of  F i b r o b l a s t  0 -Glucos1dase  A c t i v i t y  

from Normal and GO I n d i v i d u a l s

I 5 0  Value

Normal

s° u r c e  CBE Bromo-CBE

(pM)

mean 28 0 .60
( range )  (25-33)  ( 0 .5 0 -0 .7 3 )

n 8  8

Type 1 GD 

Group A

Hispanic  30 0 .64
Indian  38 0.67
A f r ican  Black 36 0 .56
American Black 45 0 .70
Non-Jew1sh Caucas ian  41 0.71
Cape Colored I I I  34 0 .70

Group B

Ashkenazi Jewish

mean 141 3 .00
( range )  (115-180)  (2 .6 7 -3 .7 0 )

n 13 13

Cape Colored I I  148 3.2

Pe ruv ian  Ind ian  175 2 .9

Group C

A f r ik a n e r  61 1.4

Type 2 and 3 GD

mean 41 0 .62
( range)  (32-50)  ( 0 . 5 2 - 0 .6 9 )

n 6  6
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r an g e s  ( I I )  (T ab le  4 ) .  An I 50  v a lue  I n t e r m e d i a t e  between t h a t  f o r  t h e  

normal enzyme and t h e  Ashkenazi Jewish GD Type 1 r e s i d u a l  B-Glc  was 

o b t a i n e d  w i t h  CBE (61  pM) o r  bromo-CBE ( 1 . 4  pM) 1n t h e  one A f r ik a n e r  

GD Type 1 p a t i e n t .

Based on t h e  n o r m a l ,  m a r k e d l y  a bno rm a l  o r  I n t e r m e d i a t e  I 5 0  

v a l u e s ,  t h e  GD r e s i d u a l  enzyme a c t i v i t i e s  were c l a s s i f i e d  as  Groups A, 

B o r  C, r e s p e c t i v e l y .  T h i s  scheme would c l a s s i f y  t h e  m a j o r i t y  o f  

non-Jew1sh GD Type 1 p a t i e n t s  as wel l  as t h e  GD Type 2 and 3 p a t i e n t s  

as  Group A. A l l  A s h k e n a z i  J e w i sh  GD Type 1 p a t i e n t s  were 1n Group B 

w h i le  t h e  one A f r ik a n e r  p a t i e n t  was d e s ig n a t e d  Group C. I t  s h o u l d  be  

n o t e d  t h a t  a l l  Group  B p a t i e n t s  were p r i m a r i l y  Ashkenazi Jewish and 

had non-neuronopa th1c  (Type 1) GD.

Typical  r e s u l t s  o f  mixing exper imen ts  with equal  0-G1c a c t i v i t i e s  

from normal and d i f f e r e n t  Type 1 o r  2 p a t i e n t s  a r e  shown 1n F ig u re  12. 

The m i x t u r e s  o f  no rm a l  and A s h k e n a z i  GD Type 1 B-Glc  a c t i v i t i e s  

r e s u l t e d  1n t h e  e x p e c t e d  I n t e r m e d i a t e  CBE I n h i b i t i o n  c u r v e  f o r  a 

m i x t u r e  o f  two enzymes  with d i f f e r e n t  I 50  v a lu e s  (F1g. 1 2 ) .  S i m i la r  

I n t e r m e d i a t e  I n h i b i t i o n  c u r v e s  were  o b s e r v e d  f o r  m i x t u r e s  o f  e q u a l  

a c t i v i t i e s  o f  t h e  GD Types 1,  2 o r  3 Group A r e s i d u a l  enzymes and t h a t  

from GD Type 1 Group B (F1g.  12) .  Mix tu res  o f  equal  amounts o f  B-Glc  

a c t i v i t y  from normal and GD Type 1 Group A, o r  GD Types 2 o r  3 Group A 

d id  no t  a l t e r  t h e  CBE I n h i b i t i o n  c u r v e s .

The 1 1 /2  v a l u e s  were de te rmined  f o r  CBE I n h i b i t i o n  o f  B-Glc from 

normal  and s e l e c t e d  GD f i b r o b l a s t  e x t r a c t s .  At 40 pM CBE t h e  t j / 2  

va lue  f o r  t h e  normal B-Glc was 54 m1n ( r a n g e  * 5 0 - 6 5 ) .  In  c o n t r a s t ,  

GD Type 1 Group B enzyme ( p r i m a r i l y  Ashkenazi Jewish)  had t \ /2 v a lu e s  

o f  about  218 m1n ( ra n g e  * 175-240) ,  g r e a t e r  than  4 - f o l d  t h a t  f o r  t h e
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Condur l to l  B epox ide  I n h i b i t i o n  o f  m ix t u re s  o f  equal amounts of  
B-Glc a c t i v i t y  from normal ( • ) ,  Group A (non-Jewish  GD Type 1 ,  A) 

o r  Group B (Ashkenazi Jewish GD Type 1 ,  A). Mixture  o f  normal and 
Group B ( ■ — ■ ) .  Group A and Group B ( □  

and normal and Group A (0  -  0 ) .



- 5 5 -

no rm a l  enzyme.  The GD Type 1 Group A enzymes had t \ f i  v a lu e s  about  

one and one h a l f  t im e s  o f  normal v a lu e s  ( 9 7 . 3 ;  r a n g e  9 3 - 1 0 2 )  and t h e  

Gaucher Type 2 enzymes had normal t } / 2  v a l u e s .  An I n c r e a s e d  t \ / i  v a lu e  

o f  GD Type 1 Group B enzymes a l s o  was obse rved  a t  10 and 100 pM CBE. 

F o r  e x a m p l e ,  a t  100 pM CBE, t h e  \ . \ / z  o f  t h e  normal B-Glc was about  

23 min [ range  (n » 3) ■ 21-25]  whereas  t h a t  f o r  t h r e e  Ashkenazi  Jewish 

GD Type 1 r e s i d u a l  a c t l v l t e s  was a b o u t  69 m1n [ r a n g e  (n  » 3)  » 

6 3 - 7 5 ] .  However ,  t h e  ap p a re n t  d i f f e r e n c e s  1n l \ /2  v a lu e s  between t h e  

GD Type 1 Group A enzymes  o b s e r v e d  a t  40 pM CBE was n o t  f o u n d  a t  

100 pM CBE and d i f f e r e n c e s  were not  r e p r o d u c i b l e  a t  10 pM CBE.

Ex V1vo I n h i b i t i o n  S t u d i e s

D i f f e r e n t i a l  I n h i b i t i o n  o f  3-Glc  by bromo-CBE a l s o  was obse rved  

w i th  v i a b l e  f i b r o b l a s t s  1n c u l t u r e  f rom  norm a l  I n d i v i d u a l s  and GD 

Type 1 Group B p a t i e n t s .  The de g re e  o f  enzyme I n h i b i t i o n  was depend­

e n t  on t im e  o f  c e l l  e x p o s u r e  t o  bromo-CBE and t h e  c o n c e n t r a t i o n  o f  

I n h i b i t o r  1n t h e  m e d i a .  For  e x a m p l e ,  50% I n h i b i t i o n  o f  t h e  normal 

enzyme was o b t a i n e d  a t  15 o r  30 m1n w i t h  0 . 4  o r  0 . 2  pM bromo-CBE, 

r e s p e c t i v e l y .  In  c o n t r a s t ,  50% I n h i b i t i o n  o f  t h e  GD Type 1 Group B 

enzyme was ach ieved  a t  about  30 o r  55 min w i t h  1 . 6  o r  0 . 8  pN bromo-  

CBE, r e s p e c t i v e l y .  The I 50  v a lu e s  o b t a i n e d  f o r  t h e  normal ,  GD Type 1 

Group A, GD Types 2 and 3 and t h e  GD Type 1 Group B f i b r o b l a s t  B-G1c 

by e x p o s u r e  o f  v i a b l e  c e l l s  t o  s e v e r a l  d i f f e r e n t  c o n c e n t r a t i o n s  o f  

bromo-CBE 1n t h e  media  f o r  one h were about  0 . 2 ,  0 . 3 ,  0 . 2  and 1 . 0  pM, 

r e s p e c t i v e l y .  Two or  t h r e e  d i f f e r e n t  f i b r o b l a s t  c u l t u r e s  1n each group 

were used f o r  t h e s e  e x p e r im e n t s .  A r ange  o f  0 . 1  t o  0 .2  pM f o r  t h e  I 50  

v a lu e s  was observed w i t h i n  each group.
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Sph1ngos1ne I n h i b i t i o n  o f  0-Glc  from Normal and GD F i b r o b l a s t s

The 15 0  v a l u e s  f o r  s p h l n g o s l n e  I n h i b i t i o n  o f  0 -Glc from normal 

and s e l e c t e d  GO f i b r o b l a s t  e x t r a c t s  a r e  shown 1n Table  5 .  The I 50  

v a l u e s  f o r  t h e  n o r m a l ,  t h e  GD Type 1 Group A and GD Types  2 o r  3 

Group A 0-Glc were about  40 pM. In c o n t r a s t ,  t h e  I 50  v a lu e  f o r  t h e  GD 

Type 1 Group B enzymes ( p r i m a r i l y  Ashkenazi  Jewish)  was abou t  186 pM, 

f i v e - f o l d  g r e a t e r  than  t h a t  f o r  t h e  normal o r  Group A 0 -G lc .

I n h i b i t i o n  o f  Normal 0-Glc  by Sphlngos lne  and CBE

The 15 0  v a l u e s  f o r  s p h l n g o s l n e  I n h i b i t i o n  o f  normal 0 -Glc  were 

l i n e a r l y  r e l a t e d  t o  t h e  c o n c e n t r a t i o n  o f  CBE 1n t h e  a s s a y  m i x t u r e s .  

Fo r  e x a m p l e ,  v a ry in g  t h e  CBE c o n c e n t r a t i o n  from 0 t o  100 pM In c r e a se d  

t h e  I 5 0  v a l u e s  f o r  s p h l n g o s l n e  from 38 t o  180 pM. The c o n v e r s e  

experiment  demons t ra ted  t h a t  t h e  I 50  v a lu e s  f o r  CBE In c r e a se d  l i n e a r l y  

from 27 t o  103 pM 1n t h e  p re s e n c e  o f  0 t o  100 pM s p h ln g o s l n e .

D iscuss ion

Among t h e  p h e n o t y p e s  o f  GD, t h r e e  groups o f  r e s i d u a l  0-G1c were 

d e l i n e a t e d  by t h e i r  I n t e r a c t i o n  w i t h  t h e  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 s ,  CBE and bromo-CBE [ 2 0 , 2 1 ]  a s  w e l l  as  s p h l n g o s l n e ,  t h e  

c a t i o n i c  aglycon o f  g l u c o s y l  s p h l n g o s l n e .  T h e s e  t h r e e  g r o u p s  c o r ­

responded p r e c i s e l y  t o  t h o s e  t h a t  we d e s c r i b e d  p r e v i o u s l y  [ 1 9 ] .  In t h e  

p r i o r  s t u d i e s ,  t h e  t h r e e  g r o u p s  ( d e s i g n a t e d  Groups  A, B and C) o f  

r e s i d u a l  0 - G l c  a c t i v i t i e s  were  d e f i n e d  by  t h e i r  d i f f e r e n t i a l  r e ­

sponses  t o  n e g a t i v e l y - c h a r g e d  l i p i d s  and t h e  n o n - c o m p e t i t i v e  c a t i o n i c  

I n h i b i t o r s ,  g l u c o s y l  s p h l n g o s l n e  and I t s  N -hexy l  d e r i v a t i v e  [ 1 9 ] .  

Group A r e s i d u a l  a c t i v i t i e s  were c h a r a c t e r i z e d  by normal r e s p o n s e s  t o
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TABLE 5

Sphlngos lne  I n h i b i t i o n  o f  F i b r o b l a s t  0-G1ucos1dase A c t i v i t y  

from Normal and GO I n d i v i d u a l s

Source I 5 0  Value

(pM)

Normal

mean 39
( ra nge )  (38-42)

n 5

Type 1 GD

Group A

Hispan ic  39
Ind ian  38
American Black 42

Group B

Ashkenazi Jewish 
mean 186
( ra nge )  (170-200)

n 6

Type 2 GD 41

Type 3 GD 38
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t a u r o c h o l a t e  o r  p h o s p h a t l d y l s e r l n e  and no rm a l  Kj 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  [ 1 9 ] .  All t h e s e  Group A r e s i d u a l  a c t i v i t i e s  

( n o n - J e w i s h  Type 1 and Types 2 and 3) had normal I 50  v a l u e s  f o r  CBE, 

bromo-CBE o r  s p h ln g o s l n e .  Thus,  t h e  neu ro n o p a th lc  and most non-Jew1sh 

n o n - n e u r o n o p a t h 1 c  f o rm s  o f  GO cou ld  not  be d i s t i n g u i s h e d  by k i n e t i c  

p a r a m e t e r s .  In c o n t r a s t ,  t h e  Group B r e s i d u a l  0 - G l c  a c t i v i t i e s  

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

f o r  maximal  a c t i v a t i o n  and had 5-  t o  7 - f o l d  Inc re a se d  Kj v a lu e s  f o r  

g l u c o s y l  s p h ln g o s l n e  and I t s  N-hexyl d e r i v a t i v e .  A l l  t h e s e  Group B 

r e s i d u a l  a c t i v i t i e s  had 4 -  t o 7 - f o 1 d  e l e v a t e d  I 5 0  v a l u e s  f o r  CBE, 

bromo-CBE o r  s p h l n g o s l n e .  I t  s h o u l d  be  n o t e d  t h a t  a l l  A s h k e n a z i  

J e w i s h  GD Type 1 p a t i e n t s  ( n o n - n e u r o n o p a t h 1 c )  had Group B r e s i d u a l  

a c t i v i t i e s .  F u r t h e r m o r e ,  as  would be  e x p e c t e d  1n an e t h n i c a l l y  

h e t e r o g e n e o u s  g r o u p ,  Cape Colored GD Type 1 p a t i e n t s  I I I  and I I ,  who 

were c l a s s i f i e d  I n t o  Groups  A o r  B, r e s p e c t i v e l y ,  1n o u r  p r e v i o u s  

s t u d i e s ,  were  d i s t i n g u i s h e d  by t h e i r  I 5 0  v a lu e s  u s ing  t h e  I r r e v e r ­

s i b l e  I n h i b i t o r s  o r  s p h ln g o s l n e .

The f a c t  t h a t  s i m i l a r  f i n d i n g s  w ere  o b t a i n e d  ex v i v o  ( w i t h  

bromo-CBE) I n d i c a t e s  t h a t  t h e  In v i t r o  f i n d i n g s  l i k e l y  r e f l e c t  t h e  

f u n c t i o n  o f  t h e s e  enzymes  w i t h i n  t h e  l y s o s o m a l  e n v i r o n m e n t .  The 

c o n s i s t e n t  d i f f e r e n c e s  found between t h e s e  groups a l s o  I n d i c a t e s  t h a t  

t h e s e  f i n d i n g s  were  due  t o  0 - G l c  and n o t  a n o n - r e l e v a n t  I sozym e  

n o r m a l l y  p r e s e n t  a t  low l e v e l s .  F u r t h e r m o r e ,  t h e s e  d i f f e r e n t i a l  

f i n d i n g s  c a n n o t  be a t t r i b u t e d  t o  d i f f e r e n t  k i n e t i c  p r o p e r t i e s  o f  

p r e p r o -  o r  p r o - e n z y m e s  which  may be  p r e s e n t  1n n e u r o n o p a t h l c  GD 

[ 1 6 , 1 7 ] ,  s i n c e  t h e  Type 2 and 3 r e s i d u a l  a c t i v i t y  r e a c t e d  no rmal ly  

wi th  t h e s e  I n h i b i t o r s  wh i le  t h e  "no rm a l ly  p ro ce s s e d "  GD Type 1 Group B
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enzyme had markedly abnormal I n t e r a c t i o n  w i th  t h e s e  I n h i b i t o r s .

The r e s i d u a l  a c t i v i t y  from t h e  A f r ik a n e r  Type 1 p a t i e n t ,  Group C, 

which  had I n t e r m e d i a t e  r e s p o n s e s  t o  t a u r o c h o l a t e  o r  p h o s p h a t l d y l ­

s e r l n e  and t h e  r e v e r s i b l e  I n h i b i t o r s  [ 1 9 ] ,  a l s o  had I n t e r m e d i a t e  I 50  

v a lu e s  f o r  CBE o r  bromo-CBE. These r e s u l t s  and t h o s e  o f  t h e  m i x t u r e  

e x p e r i m e n t s  sugges ted  t h a t  t h e  f i b r o b l a s t s  from t h i s  p a t i e n t  may have 

c o n ta i n e d  a m ix tu re  o f  Group A and B r e s i d u a l  a c t i v i t i e s .  The m i x t u r e  

s t u d i e s  a l s o  I n d i c a t e d  t h a t  t h e  I 50  v a lu e s  a lone  could  not  d i s t i n g u i s h  

between g e n e t i c  compounds f o r  t h e  Group B m u t a t i o n s  and t h e  n e u r o n o ­

p a t h l c  o r  n o n - n e u r o n o p a t h 1 c  Group A m u t a t i o n s .  However, p e d ig r e e  

s t u d i e s  o f  t h i s  A f r i k a n e r  p a t i e n t  I n d i c a t e d  t h a t  t h i s  GD Type 1 

p a t i e n t  was a g e n e t i c  compound f o r  t h e  GD Type 1 Group B and neurono­

p a t h l c  Group A m u ta t i o n s  [ 2 5 ] .

Based on t h e  p r e v i o u s  d a t a  of  f i b r o b l a s t  0 -Glc [ 1 9 ] ,  we proposed 

t h a t  t h e  d i s t i n g u i s h i n g  enzymatic  d e f e c t s  1n Groups A and B were  t h e  

normal  a c t i v e  s i t e  f u n c t i o n  1n t h e  f o r m e r  and abnormal a c t i v e  s i t e  

f u n c t i o n  1n t h e  l a t t e r .  The p r e s e n t  s t u d i e s  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 e p t .  CBE b i n d s  c o v a l e n t l y  t o  an a c i d i c  amino 

ac id  r e s i d u e  ( p ro b a b ly  a s p a r t a t e )  w i t h in  t h e  c a t a l y t i c  s i t e  o f  0 - G lc  

v i a  an o x l r a n e  r i n g  formed d u r in g  p ro ton  t r a n s f e r  [ 2 0 , 2 1 ] .  Presumably 

t h i s  p r o c e s s  oc c u rs  a t  t h e  r e s l d u e ( s )  a s s o c i a t e d  w i t h  a c t i v a t i o n  o f  

t h e  s u b s t r a t e  f o r  c l e a v a g e  o f  t h e  0 - g l u c o s e  m o ie ty ,  s i n c e  t h e  hydro­

p h i l i c  c o m p e t i t i v e  I n h i b i t o r s ,  g l u c o n o l a c t o n e  [ 2 2 ] o r  d e o x y n o j l r l m y d n  

( m a n u s c r i p t  1n p r e p a r a t i o n ) ,  compete wi th  CBE f o r  t h e  c a t a l y t i c  s i t e  

o f  0 - G l c .  Thus ,  t h e  abnormal I 50  v a lu e s  o f  CBE and bromo-CBE f o r  t h e  

Group B 0 - G l c  would be  p resum ed  t o  r e f l e c t  an a bnorm a l  f u n c t i o n  

[ I n t e r f e r e n c e  with p ro ton  t r a n s f e r  ( ) ]  o f  t h e  c a t a l y t i c  s i t e .  Whether
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t h e  a l t e r e d  f u n c t i o n  o f  t h i s  s i t e  was due t o  p o i n t  m u ta t ion  w i t h i n  t h e  

c a t a l y t i c  s i t e  I t s e l f  o r  a t  a n o t h e r  s i t e  w h ic h  m o d u l a t e s  c a t a l y t i c  

s i t e  f u n c t i o n  [ 2 2 ] c a n n o t  be d i r e c t l y  a s c e r t a i n e d  from t h e  p r e s e n t  

d a t a .

How ever ,  s e v e r a l  o b s e r v a t i o n s  s u g g e s t  t h a t  t h e  c a t a l y t i c  s i t e  

I t s e l f  was I n t a c t  and a d i s t i n c t  s i t e ,  t h e  t h i r d  domain [ 2 2 ] ,  was 

a l t e r e d ,  t h u s  r e s u l t i n g  1n abnorm al  m o d u l a t i o n  o f  c a t a l y t i c  s i t e  

f u n c t i o n .  The f a c t  t h a t  t h e  Km v a l u e s  w i th  t h e  water  s o l u b l e  sub­

s t r a t e ,  4MU-G1c, were normal f o r  a l l  Group B GD p a t i e n t s  [ 1 9 ]  s u g ­

g e s t e d  t h a t  t h e  a f f i n i t y  o f  t h e  B-g lucosy l  m oie ty  o f  s u b s t r a t e s  f o r  

t h e  c a t a l y t i c  s i t e  was n o t  d e t e c t a b l y  a l t e r e d .  In a d d i t i o n ,  t h e  

f i n d i n g  t h a t  s p h l n g o s l n e  ( I 5 0  * 40 pM) was as  p o t e n t  an I n h i b i t o r  o f  

t h e  no rm a l  f)-G1c as  a t h i r d  domain p r o b e ,  g l u c o s y l  s p h l n g o s l n e  

[ 1 9 , 2 2 , 2 8 ] ,  I n d i c a t e s  t h a t  t h e  B - g l u c o s y l  m o i e t y  d i d  n o t  p l a y  a 

c r i t i c a l  r o l e  In d e t e r m i n i n g  t h e  a f f i n i t y  o f  t h e  enzyme f o r  t h e s e  

I n h i b i t o r s .  S i n c e  c o m p a r a b l y  I n c r e a s e d  ( 5 -  t o  7 - f o l d )  amounts of  

s p h l n g o s l n e ,  g l u c o s y l  s p h ln g o s ln e  o r  N-hexyl g lucosy l  sp h ln g o s ln e  were 

r e q u i r e d  t o  I n h i b i t  t h e  Group B r e s i d u a l  a c t i v i t i e s ,  t h e  abnormal 

b in d in g  o f  t h e  g l u c o s y l a t e d  I n h i b i t o r s  was p r o b a b l y  r e l a t e d  t o  t h e i r  

c a t i o n i c  sphlngosyl  m o i e t i e s  and no t  t h e  b - g lu c o s y l  r e s i d u e .  Thus,  1t 

1s p o s s i b l e  t h a t  a p o i n t  m u ta t ion  ( s i n g l e  base  c h a n g e )  t h a t  l e a d s  t o  

an amino a c i d  s u b s t i t u t i o n  n e a r  t h e  t h i r d  domain  c o u l d  r e s u l t  In 

abnormal b ind ing  o f  s p h ln g o s l n e  o r  I t s  g l u c o s y l a t e d  d e r i v a t i v e s .  Such 

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

p ro ton  t r a n s f e r  p r o c e s s  f o r  a c t i v a t i o n  o f  CBE o r  s u b s t r a t e  a c t i v a t i o n  

f o r  c l e a v a g e .  Such a m u t a t i o n  m ig h t  e x p l a i n  t h e  abnorm a l  CBE and 

bromo-CBE b in d in g  ( T a b le s  4 and 5) as  wel l  as t h e  abnormal a f f i n i t y  o f
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t h e  Group B r e s i d u a l  enzyme f o r  s p h l n g o s l n e  and I t s  g l u c o s y l a t e d  

d e r i v a t i v e s .  A lso ,  t h e s e  o b s e r v a t i o n s ,  t h e  f a c t  t h a t  g lu co s y l  sph ln go­

s l n e  1s a s u b s t r a t e  f o r  B-G lc  [ 2 9 ] ,  and t h e  f i n d i n g  t h a t  CBE I n t e r ­

f e r e s  wi th  s p h l n g o s l n e  I n h i b i t i o n  o f  B-G1c s u g g e s t  t h a t  t h e  t h i r d  

domain and t h e  c a t a l y t i c  s i t e ,  a l though  k l n e t l c a l l y  d i s t i n c t  [ 2 2 ] ,  a re  

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

e . g .  kca t .

These o b s e r v a t i o n s  and p r e v io u s  s t u d i e s  [ 1 9 , 2 7 , 3 0 ]  a r e  c o n s i s t e n t  

w i th  a m u ta t ion  1n t h e  s t r u c t u r a l  g e n e  o f  B-Glc  f rom  t h e  A s h k e n a z i  

J e w i s h  GD Type 1 Group B p a t i e n t s  w h ich  a l t e r s  t h e  f u n c t i o n  of  t h e  

t h i r d  domain, I . e . ,  a t r u e  Vmax m u ta t io n  [ 3 0 ] .  In c o n t r a s t ,  t h e  t h r e e  

a c t i v e  s i t e  domains o f  0-G1c ( t h e  c a t a l y t i c  s i t e ,  t h e  ag ly con  b i n d i n g  

s i t e  and t h e  t h i r d  domain [ 2 2 ] )  a p p a r e n t l y  f u n c t i o n  no rm a l ly  o r  n e a r l y  

no rm a l ly  1n most non- Jewish  Type 1 and t h e  Type 2 and 3 p h e n o t y p e s  o f  

GD. These  s t u d i e s  not  on ly  p rov ide  f u r t h e r  ev ide nc e  o f  t h e  enzymatic  

h e t e r o g e n e i t y  o f  t h e  Gaucher pheno ty pes  b u t  a l s o  p r o v i d e  a d d i t i o n a l  

m e th o d s  t o  I d e n t i f y  c a n d i d a t e s  f o r  g e n e t i c  s t u d i e s  w i t h  cDNA o r  

genomic probes  f o r  t h e  s t r u c t u r a l  gene o f  0 -Glc [ 3 1 ] .
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M a te r ia ls

The f o l l o w i n g  w ere  from commercial  s o u r c e s :  T r i t o n  X-100,  0 - 0 -  

g l u c o s e  (Sigma Chemical Co . ,  S t .  L ou i s ,  MO), sodium t a u r o c h o l a t e  (Ca-  

l b l o c h e m ,  La J o l l a ,  CA),  sod iu m  d o d e c y l  s u l f a t e  (SOS, B r i t i s h  Drug 

House,  P o o le ,  UK), NBD-dodecano1c and NBD-hexano1c a c i d s  ( M o l e c u l a r  

P r o b e s ,  J u n c t i o n  C i t y ,  OR) and 4 - m e t h y l u m b e l l 1 f e r y l - l - O - 0 - g l u c o s 1 d e  

( 4 - C i - U - G l c )  ( R P I ,  Mount P r o s p e c t ,  IL ) .  4-Ci-U-Glc was r e c r y s t a l l i z e d  

from e th a n o l  p r i o r  t o  u s e .  All o t h e r  r e a g e n t s  were used d i r e c t l y .

The f o l lo w in g  compounds were s y n t h e s i z e d  as d e s c r i b e d :  NBD-dodeca- 

oyl  (NBD-C12 - ) -  and NBD-hexanoyHNBD-Cg-J-GC ( 1 8 ) ,  CBE ( 1 9 ) ,  [3H]Br-CBE 

( 1 9 ) ,  and 4 - a l k y l  (C7 ,  Cg, C n ) u m b e l 1 1 f e r y l - l -O -0 - g lu c o s 1 d e s  (4-Cn-U- 

Glc)  ( 2 0 ) .

Methods

Enzyme S o u rc es :

Normal 0-Glc was p u r i f i e d  from human p l a c e n t a e  by a f f i n i t y  chromato­

graphy  on N-a lkyl -deoxynoj1r1m yc1n-Sepha rose  ( 2 1 ) .  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 SOS-polyacry lamide  e l e c t r o p h o r e s i s  o r  r e v e r s e  phase  HPLC (17)  and by 

a s i n g l e  N - t e r m 1 n a l  amino a c i d  s e q u e n c e  ( 2 1 ) .  Normal s p leen  was ob­

t a i n e d  a t  s u rg e r y  from a p a t i e n t  wi th  I d i o p a t h i c  th rom b o c y to p e n ic  p u r ­

p u r a  and s t o r e d  a t  -20*C f o r  s i x  months. The 0 -Glc  from t h i s  s p le e n  was 

p u r i f i e d  th rough  t h e  bu tano l  d e 11p 1d a t 1on s t e p  ( 5 )  and was a b 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 in e d  a t  sp lenec tomy 

from 25 and 54 y r .  o l d  p a t i e n t s  and s t o r e d  a t  -20*C u n t i l  u s e d  ( 6 - 1 2
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m o n t h s ) .  The m u t a n t  s p l e n i c  0 -Glc were p u r i f i e d  e i t h e r  by hydrophobic  

(3)  o r  N-a1ky1-deoxynoj1r1myc1n-Sepharose  c h r o m a t o g r a p h y  ( 2 1 ) .  T h e s e  

f i n a l  p r e p a r a t i o n s  were about  500- and 7 5 0 0 - fo 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 obse rved  on SDS-polyacry lamide  gel 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 l p l d a t e d  wi th  40% 

o f  a 1 :1  ( v /v )  m ix tu re  o f  b u t a n o l :  I sop ropy 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  w e re  removed ( 6 ) .  Al 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 1n 0 .0 4  M c 1 t r a t e / 0 . 0 5  p h o s p h a te ,  

pH 5 . 5 ,  4 mM 0 - 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 i n g  p u r i t y  w e re  u s e d  1n c o m p a r a t i v e  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  con tam inan t s  on t h e  k i n e t i c  m e a s u r e m e n t s  s i n c e  homogeneous  

Type 1 AJGD 0-G1c cou ld  not  be o b t a in e d  1n an a c t i v e  form.

Using t h e  pure normal p l a c e n t a l  0-G1c and t h e  p a r t i a l l y  p u r i f i e d  

no rm a l  o r  Type 1 AJGD s p l e n i c  enzymes [which had been d e g l y c o s y l a t e d  

w i th  N-glycanase  (Genzyme, B o s t o n ,  MA)],  I d e n t i c a l  Immunoblot  m o l e ­

c u l a r  w e i g h t s  ( 5 6 , 0 0 0 )  w e re  o b t a i n e d  w i th  m onospec i f i c  p o l y c l o n a l  or  

monoclonal  a n t i b o d i e s  t o  t h e  no rm a l  p l a c e n t a l  0 - G l c .  In  a d d i t i o n ,  

I m m unob lo t s  d e m o n s t r a t e d  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  Immuno­

l o g i c  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 1n s p l e n i c  o r  f lb ro -  

l a s t  e x t r a c t s  f rom s e v e r a l  no rm a l  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 though  t h e  p r o f i l e s  1n each t i s s u e  so u rc e  were d 1f 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  

ex a m 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  normal  

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  f rom  

s e v e r a l  o t h e r  Type 1 AJGD p a t i e n t s .
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K1net1c 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  (9)  o r  4-Cn-U-Glc ( 9 ,1 8 )  was 

de te rmined  f l u o r o m e t r l 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 0 - m e r c a p t o e t h a n o 1 , 1 mM EDTA, s u b ­

s t r a t e ,  < IX e t h y l e n e  g l y c o l ,  and enzyme. Assays wi th  t h e  h i g h l y  pu r ­

i f i e d  Type 1 AJGD enzyme c o n ta i n e d  0.6X human serum albumin 1n t h e  I n ­

c u b a t i o n  m ix tu re s  t o  m a i n t a i n  enzjme 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 ,  

human serum a lb u m in  d id  not  a l t e r  t h e  kc a t  o r  Vmax v a lu 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 l p l d a t e d  s p l e n i c  0 - G 1 c ,  r e s p e c ­

t i v e l y .  The U p o l d a l  s u b s t r a t e s  1n ch lo roform /m ethano l  ( 2 : 1 ;  v /v )  were 

added to  d r y  t u b e s ,  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  and t h e n  

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 resuspended 1n b u f f e r  

c o n t a i n i n g  T r i t o n  X-100 and th 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  enz>me. The amount o f  enzyme was a d ju s t e d  t o  e n s u re  t h a t  l e s s  

t h a n  5X of  t h e  s u b s t r a t e  was hydro lyzed .  R e a c t i o n s  a t  37*C were  t e r ­

mina ted 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 . ( 2 2 ) .

D e te rm ina t ion  of  kr a t  V a lu e s :

The kc a t  v a l u e s  f o r  a l t e r n a t e  s u b s t r a t e s  with t h e  normal and 

Type 1 AJGD p - G l c  were  c a l c u l a t e d  from Vnax * [ E ] t  kc a t  assuming 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 [^H]Br-CBE ( s e e  be low).  Vmax v a lu e s  f o r  t h e  

4 - C i -  and C7 -U-GIC and NBD-Cg- o r  NBD-C1 2 -GC s u b s t r a t e s  were o b t a in e d  

from l i n e a r  L1neweaver-Burk p l o t s  which had been e v a lu a t e d  by t h e  l e a s t  

s q u a r e s  method.  The g r a p h i c  method o f  Cle land  (23) was used t o  d e t e r -
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m in e  Km and Vmax f o r  t h 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 ib ­

i t i o n  was obse rved .  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 i ­

ments  performed 1n d u p l i c a t e  f o r  each s u b s t r a t e  and enzyme s o u r c e .  Fo r  

s t u d i e s  which de te rmined  kc a t  from t h 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 . ,  F1g .  1 3 ) ,  enzyme a c t ­

i v i t i e s  were  d e t e r m i n e d  wi th  s u b s a t u r a t l n g  amounts o f  s u b s t r a t e  (4 mM 

4 - C i -U -G 1 c  o r  0 . 2  mM NBD-C1 2 -GC) t o  a v o i d  t h e  p rob lem  of  s u b s t r a t e  

I n s o l u b i l i t y  a t  high  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  t h e  number o f  c a t a l y t i c  s i t e s  

In  e a ch  enzyme p r e p a r a t i o n  u s i n g  [3H]Br-CBE (8 0 0 0  cpm /pm ole )  a s  

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 rom  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  1n b u f f e r  A were Incubated  with a l a r g e  

e x c e s s  o f  [3H]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 )  1n 0.6% human 

serum albumin.  Complete I n a c t i v a t i o n  o f  each enzyme was a c h i e v e d  w i t h  

t h i s  c o n c e n t r a t i o n  o f  [ 3h]Br-CBE by 2 h a t  22*C. To en s u re  t h a t  a l l  

[3H]Br-CBE b ind ing  s i t e s  were s a t u r a t e d ,  t h e  m ix t u re s  were Incuba ted  a t  

22*C f o r  24 h.  Human serum albumin was r e q u i r e d  t o  m a i n t a i n  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  [3H]Br-CBE f rom  t h a t  bound s p e c i f i c a l l y  t o  8 - G lc ,  

t h e  enzyme-[3H]8r-CBE complexes were 1mmunoprec1p1tated q u a n t i t a t i v e l y  

w i t h  m o n o s p e c i f i c  r a b b i t  anti -human fj-Glc IgG and S taph lococcus  aureus 

P r o t e i n  A ( 1 3 ) .  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  suc­

c e s s i v e l y  with 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  1n 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 obs e rv e d ;  1mmunoprec1p 1t a t 1on 

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  

w e re  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  (10,000  x g;  40 m1n)
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t w l c e  1n 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  IX human serum a lbum in ,  

0 . 5  M NaCl and 0 .05X Tween 20 and t h e n  t w i c e  1n p h o s p h a t e  b u f f e r e d  

s a l i n e ,  c o n t a i n i n g  0.05X 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 t h  100 pi  P r o t o s o l ™  (New England N u c le a r ,  Bos ton ,  HA) 

1n 900 p i  o f  water  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  pu re  p l a c e n t a l  o r  c rude  s p l e n i c  enzymes (<2 nmol 4-Ci -U- 

Glc hydrolyzed/m1n) 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 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  between 2 

and 20 pM. With s i m i l a r  amounts o f  enzymati c  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 con­

s t a n t  when t h 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 from 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 pH [ 3H]- 

Br-CBE was used 1n t h e s e  e x p e r im e n t s .

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 1 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 de te rm ined  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 based on a m o le c u la r  

weight  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 ic h  was 

c a l c u l a t e d  from amino ac id  compos i t ion  ( 2 1 ) .  Th is  p r o to c o l  p rov ide d  a 

1 : 1  m ol/mol  s t o i c h i o m e t r y  o f  [ 3H]Br-CBE 1n t h 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  enzymatic  p r o t e i n  ( 1 7 ) .

De te rm ina t ion  o f  Ki and kma« Values f o r  CBE:

For  t h e  d e t e r m i n a t i o n  o f  Kj ( d i s s o c i a t i o n  c o n s t a n t )  and kmax 

(maximal r a t e  o f  I n a c t i v a t i o n )  va lu e s  w i t h  CBE, t h e  no rm a l  o r  Type 1 

AJGD enzymes 1n b u f f e r  A were Incuba ted In t h e  p re se nc e  o f  t h e  r e q u i r e d  

amount o f  CBE and 0.5X each o f  T r i t o n  X-100 and human serum a lb u m in  

(120 pi  f i n a l  volume) a t  22*C. This  t e m p e r a t u r e  was used s i n c e  a t  37*C,
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t h e  B-Glc  1n t h e  d i f f e r e n t  p r e p a r a t i o n s  was not  e q u a l l y  s t a b l e .  At 

I n d i c a t e d  t i m e s ,  5 pi  a l i q u o t s  of  t h e s e  m ix t u r e s  were  I m m e d i a t e l y  d i ­

l u t e d  w i t h  0 . 0 4  M c 1 t r a t e / 0 . 0 5  M p h o s p h a t e ,  pH 5 . 5 ,  c o n t a i n i n g  4 mM 

B-mercap toe thano l  and 1 mM EDTA, t o  a f i n a l  CBE c o n c e n t r a t i o n  o f  l e s s  

t h a n  1 pM f o r  t h e  no rm a l  enzymes  and 1 - 4  pM f o r  t h e  Type 1 AJGO 

enzymes. Control  expe r im e n t s  demons t ra ted  t h a t  t h e  r e s p e c t i v e  enzymes  

w ere  s t a b l e  under  t h e s e  c o n d i t i o n s .  An a d d i t i o n a l  c o n t r o l  Included t h e  

r e s p e c t i v e  enzyme Incuba ted  In t h e  a b s e n c e  o f  CBE f o r  t h e  I n d i c a t e d  

t i m e .  Then t h e  d e s i r e d  c o n c e n t r a t i o n  o f  CBE ( 2 . 5  p i ) ,  was r a p i d l y  

mixed with a 2 .5  pi  a l i q u o t  o f  t h e  I n c u b a t e d  enzyme and I m m e d i a t e l y  

d i l u t e d  t o  t h e  f i n a l  c o n c e n t r a t i o n s  o f  CBE I n d i c a t e d  above. These 

c o n t r o l s  were used as ze ro  t im e  p o i n t s  f o r  t h e  CBE I n a c t i v a t i o n  c u r v e s  

o f  t h e  r e s p e c t i v e  e n z y m e s :  t h e y  d i f f e r e d  from t r u e  ze ro  t im e  p o i n t s  

( I . e . ,  no CBE) by l e s s  t h a n  ±10%. Enzymatic a c t i v i t i e s  were d e t e r m i n e d  

a f t e r  I n c u b a t i o n  o f  t h e  d i l u t e d  enzyme-CBE m i x t u r e  wi th  4-Ci-U-Glc 

(4 mM) f o r  2 h a t  37#C ( 9 , 1 8 ) .

The Kj and kmax o f  t h e  r e s p e c t i v e  enzymes f o r  CBE were d e t e r ­

mined from t h e  model

E + I ^ E I  E*I

where El 1s a r e v e r s i b l e  complex and E*I 1s t h e  I n a c t i v a t e d  enzyme wi th  

t h e  I n h i b i t o r  c o v a l e n t l y  bound.  This  model i s  d e s c r i b e d  by

l / k app = K i /kmax • l / [ I ]  + l / k max (25) (1)

w h e re  k a p p , t h e  ap p a re n t  I n a c t i v a t i o n  r a t e  c o n s t a n t ,  was de te rm ined  a t  

each [ I ] ,  CBE c o n c e n t r a t i o n ,  by

In (E/E0 ) -  - k appt  ( 2 5 ) .  ( 2 )
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E and E0  were t h e  r em a in ing  enzyme a c t i v i t y  a t  t ime  t  and t h e  o r i g i n a l  

enzyme a c t i v i t y  w i t h  t h e  4 - C i - U - G l c  (4  mM) s u b s t r a t e ,  r e s p e c t i v e l y  

( 9 , 1 8 ) .  The c o n s t a n t s  1n e q u a t i o n s  ( 1 )  and ( 2 )  w e re  d e t e r m i n e d  f rom 

u n w e i g h t e d  l i n e a r  r e g r e s s i o n  c u r v e s  e v a l u a t e d  by t h e  method o f  l e a s t  

s q u a r e s .  The r e s u l t s  a r e  r e p o r t e d  as means and ranges  from f i v e  s e p a r ­

a t e  e x p e r i m e n t s  p e r f o r m e d  In t r i p l i c a t e  f o r  t h e  no rm a l  p l a c e n t a l  

enzyme and t h r e e  s e p a r a t e  e x p e r i m e n t s  1n t r i p l i c a t e  w i t h  t h e  Type 1 

AJGD s p l e n i c  enzyme p r e p a r a t i o n s .

R e s u l t s

D e te rm ina t ion  of  kr a t  V a l u e s :

To d e t e r m i n e  t h e  kc a t  v a l u e s  f o r  t h e  normal  and Type 1 AJGD 

a c t i v e  enzymes,  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  1n e a c h  p r e p a r a ­

t i o n  was de te rmined  u s ing  [3H]Br-CBE and m onospec i f i c  r a b b i t  anti -human 

B-Glc IgG. As shown 1n F i g u r e  13 ,  t h e  amount  o f  e n z y m a t i c  a c t i v i t y  

( 4 -C i - U - G T c )  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  

which  were s p e c i f i c a l l y  l a b e l e d  by [3H]Br-CBE 1n t h e  r e s p e c t i v e  enzjme 

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-C1 2 -GC [200 pM; 

Km * 30 pM ( T a b l e  6 ) ]  a s  s u b s t r a t e  ( d a t a  no t  shown).  The kc a t  v a lu e s  

f o r  t h e  no rm a l  and Type 1 AJGD enzymes wi th  4-Ci-U-Glc were o b t a in e d  

d i r e c t l y  from t h e  s l o p e s  o f  t h e  r e s p e c t i v e  cu rv e s  1n F ig u re  13 and t h e  

c o r r e s p o n d i n g  d a t a  w i t h  NBD-C1 2 -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  normal  homogeneous p l a c e n t a l  enzyme, wi th  t h e  4 -Ci-U-Glc  and NBD- 

C1 2 -GC s u b s t r a t e s ,  were 2360 m1n"l ( r a n g e  2240 t o  2480) and 2440 min- * 

( ra n g e  2320 t o  2560 ) ,  r e s p e c t i v e l y .  Using t h e  d e l l p l d a t e d  normal
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C o r r e l a t i o n  o f  enzymatic  a c t i v i t y  (nmol 4-Ci -U-Glc hydrolyzed/m1n) 
and t h e  number o f  c a t a l y t i c  s i t e s  1n homogeneous normal p l a c e n t a l  

0 -Glc ( I ) ,  d e l l p l d a t e d  normal 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  0 -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  0 -Glc  was de te rmined  by 
q u a n t i t a t i v e  1mmunoprec1p1tat1on o f  t h e  enzyme-[3H]Br-CBE complex 

wi th  r a b b i t  ant i -human p l a c e n t a l  0 -Glc  IgG and S taph lococcus  Aureus 
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 de te rmined  

from t h e  s l o p e s  o f  t h e  unweighted l i n e a r  r e g r e s s i o n  c u rves  ( s e e  t e x t  
and Table  6 ) .  The d a t a  p o i n t s  f o r  t h e  mutan t  enzyme were from 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  1n de g re e  o f  
p u r i f i c a t i o n  by 1 5 - f o l d .



TABLE 6

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 B-GLC1 wi th  A l t e r n a t e  S u b s t r a t e s

kCa t  (min-1 )
Kn,(mM) Normal P l a c e n t a l Normal Sp len ic AJGO Sp len ic

S u b s t r a t e
Aglycon

Normal AJGD Method 13 Method 24 Method 1 Method 2

2-N-(NBD-Ci2-) 0 .03±0 .012 
- sph in g o s y l

0 .0310 .02 2440
(2320-2560)

2135
(2090-2178)

1480 980 
(1410-1510)  (880-1080)

826
(749-893)

2-N-(NBD-Cg-)
-sph ingosy l

0 .0510.02 0 .0510 .03 3200
(2790-3610)

1090
(963-1218)

4 - C n - U 0.0510.02 0 .0510 .02 773
(729-818)

306
(278-329)

4-Cg-U 0.1710 .03 0 .1510 .02 2220
(1973-2460)

914
(850-989)

4 -C7 -U 0 . 1 2 1 0 .0 2 0 .2 810 .0 5 1972
(1820-2124)

713
(670-748)

4-Ci-U 1 .9 10 .3 2 .9 1 0 .5 2360
(2240-2480)

2235
(2038-2430)

1380 920 
(1370-1390)  (830-1000)

893
(862-929)

I
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Table  6 ( con t inued )

1 Homogeneous normal  p l a c e n t a l  B-G1c and p a r t i a l l y  p u r i f i e d  
no rm a l  o r  Type 1 AJGD s p l e n i c  enzyme w e r e  u se d  f o r  t h e s e  
s t u d i e s .

? T h e s e  r e s u l t s  s u p e r c e d e  p r e v i o u s  r e p o r t s  1n which a 1 0 - fo l d  
a r l t h m a t l c  e r r o r  was made 1n t h e  1^ v a lu e s  ( 5 , 8 , 9 , 1 2 , 1 3 ) .

3 Method 1: kc a t  was d e r i v e d  from 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  as  a f u n c t i o n  o f  [ 3H]Br-C8E 1n t h e  1mmunoprec1p1tates 
( s e e  F ig u re  13 and t e x t ) .

4 Method 2 :  k r at  was d e r i v e d  from Vmax “ CE±3kr-at " h e r e  [Et ] was 
d e t e r m i n e d  from t h e  r a d i o a c t i v i t y  o f  [ 3 H]Br-CBE 1n Immuno- 
p r e c l p l t a t e 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 ) .
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s p l e n l c  e x t r a c t ,  t h e  kc a t  va lue s  were 1380 m1n~l ( r ange  1370 t o  1390) 

f o r  t h e  4 - C i - U - G lc  s u b s t r a t e  ( F i g .  13) and 1480 min** ( r a n g e  1410 t o  

1510)  w i t h  NBD-C1 2 -GC. The c o r r e s p o n d i n g  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 were 920 min- * ( r a n g e  830 t o  1000) w i th  4 -Cj-U-Glc  

and 980 m1n“l  ( r a n g e  880 t o  1080) with  NBD-C12 -GC.

In s e p a r a t e  s e t s  o f  expe r im en t s  s i m i l a r  t o  t h o s e  In F i g u r e  1 3 ,  

t h e  number o f  c a t a l y t i c  s i t e s  1n t h e  no rm a l  o r  Type 1 AJGD p - G l c  

so u rc e s  was de te rmined  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  1n 

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  normal  p l a c e n t a l  enzyme 1n a 1 : 1  m ole  

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  ( 1 7 ) .  The normal s p l e n i c  3-Glc  was e s t i ­

mated t o  r e p r e s e n t  about  0 . 4 - 0 . 6 % of  t h e  t o t a l  p r o t e i n  1n t h e  p r e p a r ­

a t i o n .  S1m11ary,  t h e  Type 1 AJGD a c t i v e  enzymatic  p r o t e i n  was 0.7% and 

10.5% of  t h e  t o t a l  p r o t e i n  1n 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 between 0 .5  and 15 nM: I . e . ,  about 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 1n t h e s e  e x p e r im e n t s .

The kc a t  v a l u e s  ( T a b l e  6 ) f o r  t h e  pure  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 wi th  each s u b s t r a t e  were de te rmined  

from Vmax 3 [ E t ] k Ca t *  a s su m in g  t h a t  o n l y  enzyme molecu les  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 

m e t h o d .  For  e a ch  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 enzymes th 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  

no rm a l  p l a c e n t a l  B - 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 l u e s  were ob­

t a i n e d  w i t h  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 lu e s  f o r  4-Ci-U-Glc and NBD-C12 -GC as  s u b s t r a t e s  wi th  

t h e  c r u d e  normal  s p l e n i c  p r e p a r a t i o n  were  a b o u t  1 . 3 -  t o  1 . 7 - f o l d
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g r e a t e r  t h a n  t h o s e  f o r  t h e  Type 1 AJGO s p l e n i c  enzynes.  The r e s p e c t i v e  

Km v a lu e s  f o r  each s u b s t r a t e  were s i m i l a r  1n t h e  Type 1 AJGO and normal 

enzyme p r e p a r a t i o n s  (T ab le  6 ) .

D e te rm ina t ion  of  Kj and kmjtK Values f o r  CBE:

In o r d e r  t o  o b t a i n  Independent  c o n f i r m a t i o n  t h a t  t h e  kc a t  v a lu e s  

f o r  t h e  Type 1 AJGD enzymes were about  1 . 5 -  t o  3 - f o l d  lo w e r  t h a n  t h e  

normal  v a l u e s ,  t h e  I n t e r a c t i o n  o f  CBE, t h e  p a r e n t  compound o f  [3H]Br-  

CBE, w i th  t h e s e  enzymes was e v a l u a t e d .  Our p r e v i o u s  f i n d i n g  t h a t  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  a - g l u c o n o la c to n e  ( 9 ) ,  s p h ln g o s ln e  ( 1 2 ) ,  o r  

s u b s t r a t e s  [ 4 - C i - U - G l c  o r  NBD-C12 -GC ( 1 7 ) ]  d i r e c t l y  I n c r e a se d  t h e  I 50  

v a lu e s  f o r  CBE wi th  t h e  normal enzyme, s u g g e s t e d  t h a t  a n o n - c o v a l e n t  

I n t e r m e d i a t e  was fo rm e d  p r i o r  t o  c o v a l e n t  a t t a c h m e n t  o f  CBE t o  t h e  

enzyme. To e v a l u a t e  t h i s  model ,  a s e r i e s  o f  I n a c t i v a t i o n  r a t e  c u r v e s  

was deve loped us ing t h e  pure  normal p l a c e n t a l  B-Glc and t h e  Type 1 AJGD 

s p l e n i c  enzymes (F1g.  14 ) .  The d a t a ,  p l o t t e d  a c c o r d i n g  t o  e q u a t i o n  2 ,  

were  l i n e a r ,  I n d i c a t i n g  a f i r s t - o r d e r  p r o c e s s .  To de te rmined  t h e  Kj 

( d i s s o c i a t i o n  c o n s t a n t )  and t h e  kmax (maximal r a t e  o f  I n a c t i v a t i o n )  

v a l u e s ,  t h e  d a t a  1n F ig u re  14 were r e p l o t t e d  a c c o r d i n g  t o  e q u a t i o n  1 

( F ig .  15 ) .  The l / k app - I n t e r c e p t  p r o v id e s  l /k „ | ax and t h e  l / [ C B E ] - 1 n t e r -  

c e p t  I s  - l / K ' j . The kmax v a l u e s  f o r  t h e  normal  p l a c e n t a l  enzyme 

(0 .051  m1n"l ,  range  ■ 0.042 t o  0 .0 6 0  m1n_l )  and t h e  Type 1 AJGD enzymes 

( 0 . 0 5 8  m 1 n ~ l ,  r a n g e  * 0 . 0 4 2  t o  0 . 0 7 4  m 1 n " l )  were  no t  d i f f e r e n t .  In 

c o n t r a s t ,  t h e  Kj v a lu e  f o r  t h e  Type 1 AJGD enzynes (839 pM, range  ■ 775 

t o  903)  was a b o u t  f i v e  t im es  t h a t  f o r  t h e  normal enzyne (K{ * 166 pM, 

range  * 109 t o  233) .

Using t h e s e  v a lu e s  and e q u a t io n  1,  t h e  p r e d i c t e d  I n a c t i v a t i o n
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F lq u re  14 :

R a tes  o f  I n a c t i v a t i o n  o f  pure  normal p l a c e n t a l  0-G1c (A) 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  enzyme (B) by va ry in g  c o n c e n t r a t i o n s  o f  

CBE. The d a t a  were p l o t t e d  accord ing  t o  e q u a t i o n  2 ( s e e  t e x t )  where E 
and Eg r e p r e s e n t  t h e  r em ain ing  enzymatic  a c t i v i t y  a t  t im e  t  and t h e  

o r i g i n a l  enzymatic  a c t i v i t y ,  r e s p e c t i v e l y .  The t h e o r e t i c a l  cu rv e s  ( — ) 
f o r  t h e  r e s p e c t i v e  enzymes were c a l c u l a t e d  from e q u a t io n  2 based on 

t h e  and kfflax v a l u e s  o b t a in e d  from F i g u re  15 and e q u a t i o n  1 
( s e e  t e x t ) .  The I >00 cu rv e s  were t h e o r e t i c a l  cu rv e s  where 

kapp ■ kmax. I* 1n B r e f e r s  t o  t h e  t h e o r e t i c a l  c u rve  a t  I >00 
when kmax f o r  t h e  AJGD Type 1 enzyme was o n e - t e n t h  o f  t h e  normal v a lu e .
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F lq u r e  15
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D ete rm in a t io n  o f  kmax (maximal r a t e  o f  I n a c t i v a t i o n )  and Ki 
( d i s s o c i a t i o n  c o n s t a n t )  f o r  CBE wi th  t h e  pure  normal p l a c e n t a l  B-Glc 

( I )  and t h e  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  enzymes ( 0 ) .  
The d a t a  were e v a l u a t e d  accord ing  t o  e q u a t io n  1 where t h e  kanp~l  

I n t e r c e p t s  a r e  kmax" l  and t h e  [CBE]- * I n t e r c e p t s  a re
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r a t e  c u r v e s  showed a c l o s e  c o r r e s p o n d e n c e  t o  t h o s e  o b t a in e d  e x p e r i ­

m e n t a l l y  (F1g. 14) .  F u r the rm ore ,  t h e  p r e d i c t e d  I n a c t i v a t i o n  r a t e  c u rves  

a t  I n f i n i t e  [CBE] w e r e  I d e n t i c a l  f o r  t h e  normal  and Type 1 AJGD 

e n z y m e s .  In compar ison ,  1f t h e  k ^ x  v a lu e s  f o r  t h e  Type 1 AJGO enzymes 

were 1 0 - f o l d  l e s s  than  t h o s e  f o r  t h e  no rm a l  enzyme,  c o m p l e t e l y  d i f ­

f e r e n t  I n a c t i v a t i o n  r a t e  c u r v e s  would be o b t a i n e d  (F1g.  16 ) .  In t h i s  

c a s e ,  t h e  I n a c t i v a t i o n  r a t e  curve  a t  I n f i n i t e  [CBE] would c o r r e s p o n d  

c l o s e l y  t o  t h a t  o b s e r v e d  wi th  t h e  Type 1 AJGD enzymes a t  80 pM of  CBE 

(F1g. 16) .  Compared t o  normal 8 - G l c ,  a 1 . 5 -  t o  3 - f o l d  d e c r e a s e  1n t h e  

kmax v a l u e  o f  t h e  Type 1 AJGD enzymes would not  be r e a d i l y  a p p a r e n t .  

However, t h e  c l o s e  c o r r e l a t i o n  o f  t h e  p r e d i c t e d  and exper imen ta l  cu rves  

s u g g e s t  t h a t  such a d i f f e r e n c e  1n kmax was u n l i k e l y .

The I n a c t i v a t i o n  r a t e  cu rves  a t  s e v e r a l  CBE c o n c e n t r a t i o n s  a l s o  

were used t o  de te rm ine  t h e  s to i c h i o m e t r y  o f  b i n d in g  with t h e  normal and 

Type 1 AJGD enzymes  ( 2 7 ) .  F i g u r e  17 1s a r e p l o t  o f  log(  1 / t  1/ 2 ) v s .  

log[CBE].  The s lo p e  o f  t h e s e  H111 p l o t s  w e re  0 . 9 4  and 1 . 0 8  f o r  t h e  

normal and Type 1 AJGD enzymes,  r e s p e c t i v e l y ,  I n d i c a t i n g  a 1:1 s t o i c h i ­

ometry  between CBE and e i t h e r  enzyme. T h e s e  r e s u l t s  c o n f i r m  o u r  p r e ­

v i o u s  s t u d i e s  o f  t h e  normal enzyme based on p r o t e i n  c o n c e n t r a t i o n  (17)  

and e s t a b l i s h  t h e  b i n d in g  r e l a t i o n s h i p  f o r  t h e s e  Type 1 AJGD enzymes.

Discuss ion

In t h i s  communica t ion ,  we r e p o r t  s t u d i e s  which p ro v id e  ev id e n c e  

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  B-Glc from p a t i e n t s  wi th  Type 1 

AJGD. Compared t o  t h e  no rm a l  enzyme,  t h e  d e f e c t  1n t h e  Type 1 AJGD 

enzyme r e s u l t e d  in a smal l  d e c re a s e  ( 1 . 5 -  t o  3 - f o l d )  in t h e  kc a t  v a lu e s
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T h e o r e t i c a l  cu rves  f o r  t h e  r a t e s  ( e q u a t i o n s  1 and 2) o f  I n a c t i v a t i o n  
o f  t h e  Type 1 AJGD enzyme assuming t h a t  1) kmax Mas normal and Kj 
was 5 - f o l d  I n c re a se d  ( — ) and 2) kmav was 1 0 - f o l d  l e s s  than  t h e  

normal km3X and Ki was normal ( - • - ) ;  I* 1s t h e  c o r r e s p o n d in g  cu rve  
a t  I *oo  t o r  t h i s  model .  The f i r s t  a l t e r n a t i v e  conforms wel l  t o  t h e  

observed i n a c t i v a t i o n  r a t e  cu rv e s  ( F ig u r e  14B).
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Replo t  of  l o g [ ( l / t i / 2 )xlO"3]  v a lu e  from F ig u re s  14A and B as  a 
f u n c t i o n  o f  log[CBEJ. These HI 11 p l o t s  f o r  t h e  normal ( I )  and 

Type 1 AJGD ( ■ )  enzymes had s lo p e s  o f  0 .9 4  and 1 .0 8 ,  r e s p e c t i v e l y ,  
I n d i c a t i n g  a 1 :1  s t o i c h i o m e t r y  o f  CBE b in d in g  t o  each enzyme.
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f o r  s e v e r a l  s u b s t r a t e s  and a 5 - f o l d  d e c re a s e 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 .  These r e s u l t s  Imply 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  1n Type 1 AJGD c a n n o t  be e x p la i n e d  by a 

major  a l t e r a t i o n  1n 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  mutant  enzyme. 

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  1n Type 1 AJGO 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 5 )  and by us  ( 1 2 )  which  

p r o p o s e d  t h a t  t h e  d e f e c t  1n t h e  Type 1 AJGO enzyme r e s u l t e d  1n a l a r g e  

d e c r e a s e  In Vmax o r  kc a t .  Based on c om para t ive  Immunologic s t u d i e s  o f  

normal and Type 1 Gaucher d i s e a s e  enzymes 1n 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 5 )  s u g g e s t e d  a m uta t ion  1n t h e  0 -Glc 

s t r u c t u r a l  g e n e  which  r e s u l t e d  1n a 10 -  t o  2 0 - f o l d  d e c r e a s e  1n Vmax 

a n d ,  by I n f e r e n c e ,  kc a t  o f  t h e  Type 1 Gaucher  d i s e a s e  enzyme. Using 

Immunologic,  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 1n f i b r o b l a s t  e x t r a c t s ,  we proposed  a s p e c i f i c  a c t i v e  s i t e  de ­

f e c t  which  could  accoun t  f o r  t h i s  Vmax a b n o rm a l i ty  1n Type 1 AJGD (8 ) .  

More r e c e n t l y ,  we s u g g e s t d  t h a t  t h e  abnormal 1n v i t r o  and ex v ivo  In­

a c t i v a t i o n  r a t e s  o f  t h e  Type 1 AJGO enzyme by CBE o r  Br-CBE may be due 

t o  a d e f e c t i v e  p ro ton  t r a n s f e r  p r o c e s s  r e q u i r e d  f o r  a c t i v a t i o n  o f  t h e  

CBE o x l r a n e  r i n g  ( 1 2 ) .  However, t h i s  l a t t e r  s u g g e s t io n  was based on t h e  

assumption t h a t ,  s i m i l a r  t o  fungal  0 - g 1 u c o s 1 d a s e s ,  t h e  a f f i n i t y  o f  CBE 

f o r  t h e  human enzyme was weak ( I . e . ,  [ I l « K i ) :  The observed  r a t e  con­

s t a n t  u n d e r  t h e s e  c o n d i t i o n s  would be kmax/ K i . Because o f  t h e  n e a r l y  

I d e n t i c a l  Km o r  Kj v a l u e s  f o r  4 - C j - U - G l c  o r  0 - g l u c o s e  ( 9 ) ,  r e s p e c ­

t i v e l y ,  with t h e  normal and Type 1 AJGO enzymes as  w e l l  a s  t h e  s t r u c ­

t u r a l  s i m i l a r i t y  o f  CBE and 0 - g l u c o s e ,  we assumed t h a t  t h e  a f f i n i t y  

( I . e . ,  Ki v a l u e )  o f  CBE f o r  e i t h e r  enzyme would be t h e  same. The ob­

se rved  d i f f e r e n c e  In t h e  i n a c t i v a t i o n  r a t e s ,  t h e r e f o r e ,  was a s c r i b e d  t o
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a l o w e r  kmax a n d ,  by I n f e r e n c e ,  a d e c re a s e d  kc a t  f o r  t h e  Type 1 AJGO 

enzyme ( 1 2 ) .  In c o n t r a s t ,  t h e  p r e s e n t  d a t a  conform wel l  t o  a model t h a t  

p r e d i c t s  t h a t  t h e  normal o r  Type 1 AJGD B-Glc and CBE form r e v e r s i b l e  

El complexes p r i o r  t o  I n a c t i v a t i o n  and t h a t  t h e  d i s s o c i a t i o n  c o n s t a n t  

( K t )  o f  CBE was a b o u t  1 5 0 0 - f o l d  l o w e r  t h a n  t h a t  f o r  0 - g l u c o s e  

(Ki * 220 mM?). T h e s e  r e s u l t s  I n d i c a t e  t h a t  t h e  v a lu e  f o r  CBE was 

abnormal 1n Type 1 AJGO w h i l e  t h e  kmax was normal .

P rev ious  s t u d i e s  have been l i m i t e d  by t h e  l a c k  o f  hom ogeneous  

Type 1 AJGO 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  t o  measure 

k Ca t  d i r e c t l 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 AJGO enzymes ( 1 3 , 1 5 , 1 6 ) .  To overcome t h e s e  l i m i t a t i o n s ,  we 

u s e d  t h e  c o v a l e n t  I n h i b i t o r ,  [3H]Br-CBE, t o  de te rm ine  t h e  kc a t  v a lu e s  

f rom 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  p-G1c c a t a l y t i c  s i t e s ,  [ E t L  

In pu re  normal p l a c e n t a l  B-G1c, d e l l p l d a t e d  c r u d e  normal  s p l e n i c  e x ­

t r a c t s ,  and t h e  Type 1 AJGO enzyme p r e p a r a t i o n s .  This  approach o b v i a t e d  

t h e  need f o r  homogeneous mutant  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 ly  r e q u i r e d  t h a t  a l l  enzyme which bound [3H]Br-CBE cou ld  

be c o m p le te ly  1mmunoprec1p1tated.  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  

w ere  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  wi th  t h e  Type 1 

AJGO enzyme. 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  by t h e  f o l l o w i n g  f i n d i n g s :  1 ) [3H]Br-CBE was r ec o v e red  from 

SDS-polyacry lamide  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  no rm a l  enzyme and 

t h e  c o r r e s p o n d i n g  p r o t e i n  band  1n t h e  Type 1 AJGO enzyme p r e p a r a t i o n  

f o l lo w in g  1m m unoabsorp t1on w i t h  m o n o c l o n a l  a n t i b o d y  t o  homogeneous  

normal  B-G lc  ( u n p u b l i s h e d  o b s e r v a t i o n ) .  These 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 i n d i n g  o f  [3H]Br-CBE t o  e i t h e r  enzyme wi thou t  l a r g e  l o s s e s  o f  

l a b e l  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  used 1n t h e  p r e s e n t  e x p e r l -
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m ents .  2) Labe l ing  c o n d i t i o n s  were op t im iz e d  t o  ensu re  t h a t  a l l  [3H]Br-  

CBE b in d in g  s i t e s  were s a t u r a t e d .  3) A 1:1 mole t o  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 t h  t h e  p u r e  normal  e n z y m a t i c  p r o t e i n  and [3H]Br-CBE 

[ ( 1 7 )  and F1g. 1 7 ] ,  as  wel l  as f o r  t h e  Type 1 AJGD enzyme ( F 1 g .  1 7 ) .  

4) A l i n e a r  r e l a t i o n s h i p  was found between t h e  amount of  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 e n z y m a t i c  a c t i v i t y  f o r  t h e  no rmal  o r  Type 1 AJGD 

enzymes  (F 1 g .  13)  w h ic h  had g r o s s l y  s i m i l a r  p r i m a r y  s t r u c t u r e  ( s e e  

m e t h o d s ) .  The c a l c u l a t e d  kc a t  f rom t h e s e  c u rv e s  f o r  t h e  pu re  normal 

p l a c e n t a l  enzyme agreed wel l  wi th  t h e  obse rved  v a l u e  b a s e d  on p r o t e i n  

d e t e r m i n a t i o n s  (F1g.  13 and Table  6 ) .  5) The maximal r a t e  o f  I n a c t i v a ­

t i o n  (kmax) ° f  t h e  Type 1 AJGD enzjme by CBE was s i m i l a r  t o  t h a t  f o r  

t h e  normal 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 t h  a m a j o r  

a l t e r a t i o n  1n kc 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  [ 3 h ] -  

Br-CBE and s u b s t r a t e  h y d r o l y s i s  a r e  t h e  same ( 2 6 ) .  In a d d i t i o n ,  we 

a ssumed  t h a t  o n l y  a c t i v e  enzyme cou ld  bind [3H]Br-CBE c o v a l e n t l y  and 

t h a t  t h e s e  m ole cu le s  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  t h 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 b a s e d  on p r o t e i n  ( 1 7 )  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 sum pt io n .  The normal kmax v a lu e s  and minor  d e c r e a s e  In 

k c a t  v a l u e s  f o r  t h e  Type 1 AJGD s p l e n i c  enzymes p rov ide  ev ide nc e  f o r  

t h e  b in d in g  o f  [3H]Br-CB£ o n l y  t o  c a t a l y t l c a l l y  a c t i v e  mutant  B-Glc.  I f  

t h e  f i r s t  assumption was I n c o r r e c t  o r  t h e  1mmunoprec1p 1t a t 1on p rocedu re  

q u a n t i t a t e d  n o n - s p e c 1 f 1 c a l 1 y  bound ( I . e . ,  non-B-Glc)  [3H]Br-CBE, t h e  

d i f f e r e n c e s  In kc a t  v a l u e s  be tw e en  t h e  no rm a l  p l a c e n t a l  B -G lc  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 th 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  m os t  l i k e l y  a r e  r e p r e -
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s e n t a t l v e  o f  t h e  m u t a t l o n ( s )  In a f f e c t e d  A s h k e n a z i  Jewish p a t i e n t s  

s i n c e  t h e  mutant  enzymes s e l e c t e d  had c h a r a c t e r i s t i c  k i n e t i c  and Immuno 

l o g i c  p r o p e r t i e s  o f  B-G lc  fo u n d  1n a l a r g e  s e r i e s  o f  Type 1 AJGO 

p a t i e n t s  ( 1 2 , 1 3 ) .  A ls o ,  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 l p l d a t e d  normal 

s p l e n i c  B-Glc and normal o r  Type 1 AJGD enzymes  1n c r u d e  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  were  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  h e re  ( 8 , 1 3 ) .  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 were c o n s i s t e n t  1n d i f f e r e n t  t i s s u e  s o u rc e s  ( 8 , 1 2 , 1 3 ) .  However, 

t h e  s l i g h t l y  l o w e r  kc a t  v a l u e s  o b t a i n e d  wi th  t h e  d e l l p l d a t e d  normal 

s p l e n i c  enzyme, compared t o  t h e  p l a c e n t a l  enzym e ,  s u g g e s t  m in o r  d i f ­

f e r e n c e s  1n 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 la r  

forms)  from v a r i o u s  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 l u 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  ( T a b l e  6 ) 

r e p r e s e n t i n g  two d i f f e r e n t  t y p e s  o f  l e a v i n g  g roups .

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

p a t h o l o g y  o f  t h e  d e f i c i e n t  enzyme a c t i v i t y  1n Type 1 AJGD. P rev ious  

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 y l s p h l n g o s l n e  ( 8 , 1 3 )  

and s p h l n g o s l n e  ( 1 2 ) ,  h a v e  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 enzyme. The p r e s e n t  s t u d i e s  I n d i c a t e d  a s i m i l a r  d e ­

c r e a s e  ( 5 - f o l d )  1n a f f i n i t y  (Kj v a l u e )  o f  CBE f o r  t h e  mutant  a c t i v e  

s i t e .  These d a t a  su g g e s t e d  t h a t  a p a r t i c u l a r  domain o r  r e g i o n  w i t h i n  

o r  n e a r  t h e  m u t a n 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  

( 9 , 1 2 , 1 3 ) .  Immunologic s t u d i e s  wi th  p o ly c lo n a l  (13 ,16)  and m o n o c l o n a l  

( 2 7 )  a n t i b o 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 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  1n Type 1 AJGD t i s s u e s  was p r e s e n t  a t  about  30 t o  100% o f  n o r ­
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mal l e v e l s ,  b u t  t h a t  t h e  e n z y m a t i c  a c t i v i t y  pe 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 3 , 1 5 , 1 6 , 2 7 ) .  The minor  d e c r e a s e  1n kc a t  found In 

t h e s e  s t u d i e s  Im p l ie s  t h a t  a l a r g e  p e r c e n t a g e  o f  d e t e c t a b l e  CRIM 1n 

p r e v i o u s  s t u d i e s  was c a t a l y t l c a l l y  I n a c t i v e  enzjme p r o t e i n .  Thus,  I t  

appe a r s  l i k e l y  t h a t  t h e  d e f e c t  w i t h in  o r  n e a r  t h e  Type 1 AJGO a c t i v e  

s i t e  l e a d s  t o  In vivo  l a b i l i t y  o f  t h e  enzymatic  a c t i v i t y ,  p o s s i b l y  due 

t o  a s e l e c t i v e l y  In c re a se d  s u s e p t 1b H 1t y  t o  p r o t e a s e s .
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Chapter  Six
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M a te r ia l S

The f o l l o w i n g  were  f rom c o m m e r c i a l  s o u r c e s :  T r i t o n  X -100 ,  

m e t h y l - 0 - g lu c o s 1 d e ,  l - t h 1 o - p - g l u c o s e ,  5 - t h 1 o g l u c o s e ,  s t r e p t o z o t o c l n  

[ 2 - d e o x y - 2 - ( 3 ' - m e t h y l - 3 ' - n 1 t r o s o u r e 1 d o ) - l ) - g l u c o s e ] ,  « - g l u c o n o l a c t o n e ,  

a -  and B - g l u c o s e - l - p h o s p h a t e ,  6 - d e o x y - g l u c o s e ,  g lucosam in e ,  g l u c o s e -  

6 -p h o sp h a te  and human serum a lb u m in  (S igm a  Chemica l  C o . ,  S t .  L o u i s ,  

MO), N -m e thy1 -D -g1uca m 1ne ,  1 - d e o x y - g l u c o s e ,  D-gluca l  ( l , 2 - d e o x y - l , 2 -  

d e h y d r o - £ - g 1 u c o s e ) , 3 - 0 - m e t h y l - p - £ - g l u c o s e ,  6-deoxy-6-am1 n o - g l u c o s e ,  

( U . S .  81ochem, C le v e la n d ,  OH) and 6-deoxy-6-am1no-a11ose (ICN-K and K, 

P l a l n v l l l e ,  NY), 2 - d e o x y - 2 - f l u o r o - g l u c o s e ,  3 - d e o x y - 3 - a m 1 n o - g l u c o s e ,  

sod ium t a u r o c h o l a t e  ( C a l b i o c h e m ,  Los A n g e l e s ,  CA), c a s t a n o s p e r m ln e  

( 1 , 6 , 7 , 8 - t e t r a h y d r o x y o c t a h y d r d n d o l l z l n e ;  B o e h r l n g e r - M a n n h e l m ,  FR6 ) , 

NBD-dodecano lc  a c i d  (NBD-C1 2 ; 1 2 - [ N - m e th y l - N - ( 7 - n 1 t r o b e n z - 2 - o x a - l , 3 -  

d l a z o l - 4 - y l ]  a m i n o d o d e c a n o i c  a d d )  and N8D-hexano1c a d d  (NBD-Cg, 6 -  

[ 7 - n i t r o b e n z - 2 - o x a - l , 3 - d l a z o l - 4 - y l ]  a m l n o h e x a n o l c  a c i d )  ( M o l e c u l a r  

P r o b e s ,  J u n c t i o n  C i t y ,  OR), and 4 - m e t h y lu m b e l l 1 fe r y l - l - 0 -B -D -g l u c o s 1 d e  

(4MU-G1c) ( R P I ,  Mount P r o s p e c t ,  I L ) .  4MU-Glc was r e c r y s t a l  11 zed from 

e th a n o l  p r i o r  t o  u s e .  All  o t h e r  r e a g e n t s  were used d i r e c t l y .

The fo l lo w in g  compounds were p rep a re d  and p u r i f i e d  as  d e s c r i b e d :  

d e o x y n o j1 r 1 m y c 1 n  (dNM; 1 ,5 - d 1 d e o x y - l , 5 -1 m 1 n o -£ - g 1 u c 1 to l )  and n o j l r l -  

m y d n  (5 -deoxy-5-am1no-g lucopyranose)  ( 1 6 ) ,  N-decyl-dNM and N-butyl-dNM 

(Cio-dNM and C4 -dNM; 1 7 ) ,  NBD-C1 2 -  and NBD-CgGCs ( 1 8 ) ,  CBE ( 1 9 ) ,  1-  

d e o x y - l - a m 1 n o - B - £ - g l u c o s e  (B - g lu c o s y la m in e ;  2 0 ) ,  g l u c o s y l s p h l n g o s l n e  

(GS) ( 2 1 ) ,  s p h l n g o s l n e  ( t r a n s - 1 , 3 - d 1 o l - 2 - a m 1 n o - 4 - o c t a - d e c e n e )  ( 2 2 ) ,  

3-bromopyr1d1n1um-N-B-D-glucos1de (23) and l , 5 - d 1 d e o x y - l , 5 - 1 m 1 n o - 2 - g a l -  

a c t l t o l  ( L e g l e r ,  G. and Poh l ,  S . ;  unpub l i shed  d a t a ) .
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M ethods

Enzyme S o u r c e s . Normal p l a c e n t a l  a c id  0 - g l u c o s l d a s e  was 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  on N-alkyl-dNM-Sepharose ( 2 4 ) .  Homo­

g e n e i t y  o f  t h e  p r e p a r a t i o n s  was conf irmed by a s i n g l e  p r o t e i n  s p e c i e s  

on SOS-polyacrylamide ge l  e l e c t r o p h o r e s i s  and a s i n g l e  N - te rm lna l  amino 

a c id  sequence (24)  which was c o l l n e a r  wi th  t h a t  p r e d i c t e d  from t h e  ac id

0 - g l u c o s 1 d a s e  cDNAs ( 3 , 4 ) .  These pure  p r e p a r a t i o n s  were shown t o  con­

t a i n  one c a t a l y t i c  amino a d d  pe r  s u b u n i t  ( 2 5 ) .  The s p l e e n s  from 25 and 

54 y e a r  o l d  Type 1 AJGO p a t i e n t s  were  o b t a i n e d  a t  s p l e n e c t o m y  and 

f r o z e n  a t  -20*C u n t i l  u sed .  The mutant  s p l e n i c  a d d  0 -g1ucos1dases  were 

p u r i f i e d  e i t h e r  by hydrophobic  chromatography (26)  o r  by N-alkyl-dNM- 

Sepharose  a f f i n i t y  chromatography ( 2 4 ) .  The f i n a l  r e s p e c t i v e  p r e p a r ­

a t i o n s  were about  500-  and 7500- fo 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 obse rved  on SDS-po1yacry1am 1de  g e l  e l e c t r o p h o r e s i s .  T he se  two 

p r e p a r a t i o n s  o f  d i f f e r i n g  p u r i t y  were used as  c o n t r o l s  f o r  t h e  p o t e n ­

t i a l  e f f e c t s  of  c o n ta m in a n t s ,  s i n c e  homogeneous  m u t a n t  enzymes  c o u l d  

n o t  be  o b t a i n e d  1n an a c t i v e  form.  The a c t i v e  mutant  enzyme In t h e s e  

p r e p a r a t i o n s  bound CBE wi th  a 1:1 (mole CBE/mole 56 ,000 d a l t o n  s u b u n i t )  

s t o i c h i o m e t r y  I n d i c a t i n g  a s i n g l e  c a t a l y t i c  s i t e  pe r  s u b u n i t  ( 5 ) .  No 

m a j o r  d i f f e r e n c e s  1n 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  ( 5 ) ,  ap­

p a r e n t  I n h i b i t o r y  c o n s t a n t s  o r  Kmapp v a lu e s  were observed w i th  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 .  U s in g  I m m u n o b lo t s ,  t h e  m o l e c u l a r  

w e i g h t s  o f  t h e  no rm a l  and Type 1 AJGD a d d  B - g lucos1da se ,  a f t e r  com­

p l e t e  d e g l y c o s y l a t l o n  w i t h  N - g ly c a n a s e ™  (Genzyme, Boston,  MA), were 

I d e n t i c a l ,  Mr » 5 6 , 0 0 0  ( d a t a  n o t  s h o w n ) .  The Immunologic  and k i n e t i c
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p r o p e r t i e s  of  t h e  a c id  0-g1ucos1dase  In t h e  Type 1 AJGO s p le e n  p r e p a r ­

a t i o n s  were r e p r e s e n t a t i v e  o f  t h o s e  from 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  ( 1 1 , 1 2 ) .

K i n e t i c  Methods. H ydro ly s i s  o f  NBD-C1 2 -GC, 4 -no n y lu m b e l l1 fe ry 1 -  

( 3 - g l u c o s l d e ,  o r  4MU-G1C ( 5 ,6 )  was de te rmined  f l u o r o m e t r l c a l l y .  Except  

where n o t e d ,  t h e  r e a c t i o n  m ix tu re  ( 0 .2  ml) c o n ta i n e d  p h o s p h a t e / c  1 t r a t e  

b u f f e r  ( I o n i c  s t r e n g t h  was c o n s t a n t ;  p -  0 . 0 7  M), 1 mM b -m e rca p to -  

e th a n o l  and 1.25 mM EDTA ( B u f f e r  A) as  w e l l  a s  T r i t o n  X-100 ( 0 . 8  t o  

4 mM), sodium t a u r o c h o l a t e  (4 .65  mM), s u b s t r a t e  and enzyme e f f e c t o r s .  

The I n d i c a t e d  pH v a lu e s  were de te rmined  1n t h e  r e a c t i o n  m i x t u r e s  u n d e r  

t h e  e x p e r i m e n t a l  c o n d i t i o n s .  Most a s sa y s  were conduc ted  a t  pH 5 .75  and 

37*C. For t h e  h i g h l y  p u r i f i e d  Type 1 AJGO e n z y m e ,  0 .6X  human se rum  

a lb u m in  was I n c l u d e d  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 :  under  t h e s e  c o n d i t i o n s ,  human serum albumin had no e f f e c t  on 

t h e  a p p a r e n t  k i n e t i c  c o n s t a n t s  o f  t h e  pu re  normal enzyme o r  t h e  500-  

f o l d  e n r i c h e d  mutant  s p l e n i c  ac id  B-g1u c o s 1d a s e .

The f o l lo w in g  t e rm in o lo g y  1s used th r o u g h o u t ;  c o m p e t i t i v e  (KfS * 

f i n i t e ,  Kji *0 0 ) ,  u n c o m p e t i t iv e  (K-fs  *0 0 , K ^ a p p  * f i n i t e ) ,  and mixed 

( K j s and \ * f i n i t e )  I n h i b i t i o n .  All k i n e t i c  c o n s t a n t s  were ap p a re n t  

v a lu e s  (Kis app, K n a p p ,  e t c . ) .  Since many o f  t h e  I n h i b i t o r s  s t u d i e d  had 

l i n e a r  I n t e r s e c t i n g  p a t t e r n s  (w i th  Kjs app < K ^ a p p )  u s ing  4MU-G1C o r  

NBD-C1 2 -GC as  s u b s t r a t e s ,  t h e s e  compounds a l s o  c o u l d  be d e s i g n a t e d  

mixed compet1t 1ve/noncompet1t 1ve t o  I n d i c a t e  t h e i r  p r e d o m i n a n t l y  com­

p e t i t i v e  n a t u r e .  F o r  t h e  more p o t e n t  I n h i b i t o r s ,  K^app v a lu e s  were 

d e t e r m i n e d  w i t h  s e v e r a l  s u b s t r a t e  c o n c e n t r a t i o n s  ( 0 .1  t o  10 Km) from 

L 1 n e w e a v e r - B u r k  p l o t s  and t h e  a p p r o p r i a t e  s l o p e  ( f o r  Kts app) and 1 / v -
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I n t e r c e p t  ( f o r  K ^ a p p )  r e p l o t s  (27)  which were e v a lu a t e d  by t h e  l e a s t -  

s q u a re s  method.

Fo r  c o n v e n i e n c e ,  t h e  K j s app and Ki japp  v a lu e s  f o r  l e s s  p o t e n t  

I n h i b i t o r s  were de te rm ined  from t h e  e q u a t i o n s

[ I ]  [I ]
K. app « ---------------------  K ^ a p p   ----------------------------  (1)

s l o p e  ( I )  I n t e r c e p t  ( I )
 1  1
s lo p e  ( 0 ) I n t e r c e p t  ( 0 )

w here  s l o p e  ( ) o r  I n t e r c e p t  ( ) were from L1neweaver-Burk p l o t s  1n

t h e  p r e s e n c e  ( I ) ,  o r  a b s e n c e  (0 )  o f  t h e  I n h i b i t o r  u s i n g  4MU-Glc o r  

NBD-C1 2 -GC as  s u b s t r a t e s .  K j s app and Ki iapp v a lu e s  o f  t h e  p o t e n t  In­

h i b i t o r s  were w i t h in  ±2 OK by e i t h e r  method and w i t h  e i t h e r  s u b s t r a t e  

f o r  r e p r e s e n t a t i v e  I n h i b i t o r s .  The amount  o f  enzyne was a d j u s t e d  t o  

e n s u re  t h a t  l e s s  than  5% o f  s u b s t r a t e  was hydro lyzed  du r in g  t h e  0 . 5  t o  

2 h I n c u b a t i o n s  a t  37*C.  IC50  v a lu e s  ( t h e  c o n c e n t r a t i o n  o f  I n h i b i t o r  

which r e s u l t e d  In 50% I n h i b i t i o n )  were de te rmined  w i t h  4MU-G1c (4 mM) 

a s  s u b s t r a t e .  W i t h i n  t h e  t im e  frame o f  t h e s e  I n c u b a t i o n s ,  a l l  I n h i b i ­

t o r s  were r a p i d l y  r e v e r s i b l e ,  excep t  CBE which bound c o v a l e n t l y  ( 2 5 ) .  

The v a l u e s  r e p r e s e n t  t h e  mean o f  a t  l e a s t  t h r e e  expe r im en t s  conduc ted 

1n d u p l i c a t e .  Vmaxapp v a lu e s  were r e p r o d u c i b l e  w i t h in  t  7%. All  p l o t s

and r e p l o t s  were l i n e a r  w i t h  c o r r e l a t i o n  c o e f f i c i e n t s  g r e a t e r  t h a n

0 . 9 9 0 .  C o m p a r a t i v e  I n h i b i t o r  s t u d i e s  with t h e  normal and Type 1 AJGO 

enzymes were conduc ted 1n matched s e t s  w i t h  e x a c t l y  e q u a l  I n c u b a t i o n  

t i m e s  t o  c o n t r o l  f o r  p o t e n t i a l  I n s t a b i l i t i e s  o f  t h e  I n h i b i t o r s  ( e . g . ,  

< -g lu c o n o la c to n e  and B - g lucosy la m ine ) .

I o n i z a t i o n  v a l u e s  (pKe ; t h e  a c i d  d i s s o c i a t i o n  c o n s t a n t  f o r  an 

amino ac id  on t h e  enzyme) f o r  k i n e t i c  p a ra m e te r s  w e re  d e t e r m i n e d  f rom
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i o g  ( vmaxa PP» vmaxa P P / Kma PP o r  * 1 s a PP) vs  pH p l o t s  ( 2 8 ) .  For t h e s e  

e x p e r i m e n t s ,  t h e  enzymes were s t a b l e  a t  a l l  pH v a l u e s  i n  t h e  p r e s e n c e  

o f  s u b s t r a t e ,  4 mM T r i t o n  X-100 and 4 .6 5  mM t a u r o c h o l a t e .  4MU-G1c was 

used as  s u b s t r a t e  s i n c e  1t  does not  I o n i z e  In t h i s  pH ra n g e .  Ac id  d i s ­

s o c i a t i o n  v a l u e s  (pKa ) f o r  I n h i b i t o r s ,  under  t h e  e xpe r im e n ta l  c o n d i ­

t i o n s ,  were  d e t e r m i n e d  by t i t r a t i o n :  dNM ( 6 .4 0  ± 0 . 1 0 ) ;  N-C^q- and N- 

C4 -dNM ( 6 . 3 0  1  0 . 1 0 ) ;  c a s t a n o s p e r m l n e  ( 5 . 8 9  t  0 . 1 0 ) ,  n o j1 r1 m y c 1 n  

( 5 .1 8  1  0 .10 )  and 8 -g lu c o s y la m in e  ( 5 .3 0  l  0 . 1 0 ) .

E f f e c t  o f  I n h i b i t o r s  on CBE I n a c t i v a t i o n  R a t e s . The e f f e c t s  o f  

v a r i o u s  I n h i b i t o r s  on t h e  I n a c t i v a t i o n  r a t e  ( k app) o f  ac id  t f -g luco-  

s i d a s e  by CBE were de te rm ined  as  d e s c r i b e d  t o  e n s u r e  s t a b i l i t y  o f  t h e  

enzyme 1n th e  absence  o f  s u b s t r a t e  ( 5 ) .  B r i e f l y ,  enzjmie, I n h i b i t o r  and 

CBE (100 pM) were Incu b a ted  f o r  t h e  I n d i c a t e d  t ime  a t  22*C 1n Buf fe r  A, 

pH 5 . 5 ,  c o n t a i n i n g  0.5% each o f  T r i t o n  X-100 and human serum albumin.  

The m ix t u re s  then  were d i l u t e d  1000- fo ld  wi th  Buf fe r  A (pH 5 . 7 5 ) ,  c o n ­

t a i n i n g  4 mM T r i t o n  X-100 and 4 .65  mM t a u r o c h o l a t e ,  and t h e  a c t i v i t y  

was de te rmined  wi th  4MU-G1c (4 mM) as s u b s t r a t e .  The d a t a  were p l o t t e d  

a cco rd ing  t o  t h e  e q u a t i o n  ( 2 9 ) :

E

w he re  E and E0  a r e  t h e  remain ing enzymatic  a c t i v i t y  a t  t im e  t  and t h e  

I n i t i a l  enzyme a c t i v i t y ,  r e s p e c t i v e l y .  Cont ro l  s t u d i e s  I n d i c a t e d  t h a t  

t h e  enzyme a c t i v i t y  was s t a b l e  under  t h e s e  c o n d i t i o n s  f o r  up t o  4 h . 

The Kjs app and K ^ a p p  v a lu e s  f o r  t h e  v a r i o u s  r e v e r s i b l e  I n h i b i t o r s  were 

de te rmined  a c c o r d i n g  t o  eq  1 1n B u f f e r  A (pH 5 . 5 ) ,  c o n t a i n i n g  0.5%
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T r i t o n  X-100 and 0 . 5 *  human serum albumin:  I . e . ,  under t h e  CBE I n a c t ­

i v a t i o n  c o n d i t i o n s .

R e s u l t s

I n t e r a c t i o n  o f  Ac id  B - G l u c o s 1 d a s e  w i t h  Glucose Ana logues . To 

d e f i n e  t h e  e f f e c t  o f  hydroxyl  group c o n f i g u r a t i o n  o r  s u b s t i t u e n t  groups 

on I n t e r a c t i o n s  o f  g lycons  w i t h  t h e  normal  and t h e  Type 1 AJGO a c i d  

B - g l u c o s 1 d a s e ,  t h e  t y p e  of  I n h i b i t i o n  and t h e  r e s p e c t i v e  Kjapp va lu e s  

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

( T a b l e  7 ) .  The v a l u e s  r e p r e s e n t  t h e  r e s u l t s  o b t a in e d  wi th  t h e  4MU-G1c 

s u b s t r a t e ;  w i t h in  exp e r im e n ta l  e r r o r ,  t h e  same type  o f  I n h i b i t i o n  and 

K{Sapp and K ^ a p p  v a lu e s  were o b t a in e d  wi th  t h e  more p o t e n t  I n h i b i t o r s  

and t h e  NBD-C1 2 -GC o r  4 - n o n y lu m b e lH fe ry l - B - g lu c o s 1 d e  s u b s t r a t e s .  All 

g lycons  were l i n e a r  I n t e r s e c t i n g  I n h i b i t o r s  wi th  t h e  same t y p e  o f  I n h ib ­

i t i o n  f o r  t h e  normal and Type 1 AJGD enzyme s o u r c e s .  In g e n e r a l ,  t h e  

g l y c o n s  were mixed 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 s  wi th  K ^ a p p  * 

2 t o  4 K i Sapp e x c e p t  f o r  B - g l u c o s e ,  < - g l u c o n o l a c t o n e  and 3 -deoxy-3-  

amino-glucose  which were c o m p e t i t i v e  and B - g l u c o s e - l - p h o s p h a t e  which 

was u n c o m p e t i t i v e .  A l t h o u g h  no p a r t i c u l a r  h y d r o x y l  g r o u p  a ppeared  

n e c e s s a r y  f o r  I n t e r a c t i o n ,  t h e  c o n f i g u r a t i o n  o f  t h e s e  g r o u p s  o r  t h e  

I n t r o d u c t i o n  o f  a charged  group d id  I n f l u e n c e  t h e  K^s app v a lu e s  f o r  t h e  

g l y c o n s ,  r e l a t i v e  t o  t h a t  f o r  B - g l u c o s e .  The C - l  anomers  o f  g l u c o s e  

bound e q u a l l y  p o o r ly  t o  e i t h e r  t h e  normal o r  Type 1 AJGO enzymes, w h i le  

t h e  C-2,  C-3 and C-4 eplmers  ( a -  o r  B-mannose,  D - a l l o s e  o r  B - g a l a c t o s e ,  

r e s p e c t i v e l y )  had I n c r e a s e d  K iSapp v a l u e s .  The 1-deoxy,  g l u c a l  and 

l - t h 1 o  d e r i v a t i v e s  had s i m i l a r l y  d e c re a s e d  Kjs app va lues  ( 5 -  t o  9 - f o l d )
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TABLE 7

Apparent I n h i b i t i o n  C ons tan ts  f o r  D-Glucose D e r i v a t i v e s  with 
Normal o r  Type 1 AJGD Acid 0 -G1u c o s 1d a ses  (37*C, pH 5.75)

Kis (AJGD)
I n h i b i t o r  Kis (Norma1) s (AJGD) _____________

Kis (Normal)

(mM) (mM)
Ci D e r i v a t i v e s :

ff-TJ-gtucose 220 ± 50 300 ± 64 1.4
a -D -g lu c o s e  300 350 1.2
1-0-M e-p -g lucose  550 500 0 .9
1-0 -M e-a -g lu cose  550 84 ± 17 0 .15
1-deoxy-D-g lucose  35 ± 7 50 ± 10 1 .4
Glucal  24 ± 6 34 ± 10 1.4
l- th1o-B -D -g1ucose  50 ± 1 1  50 ± 14 1
p -g luc osy la m ine  0 .3 5  ± 0 .06  6 .0 5  ± 0.91  17.3
N-methyl -glueamine 3 .0  ± 0 .7  15 ± 31 5
6 - g lu c o n o l a c t o n e  0 .3 0  ± 0 . 0 7 a 1 .80  ± 0 .45  6
a - g l u c o s e - l - P 04  50 ± 10 > 200 >4
8 - g l u c o s e - l - P 04  0 .5 3  ± 0 . l l b 0 .55  ± 0 .1 3  l c
N-Br-pyr1d1n1um-p- 6 . 4  ± 1.5 13 .5  ± 4 .0  2.1
g lu c o s e

C7 D e r i v a t i v e s :
P-mannose
a-mannose
2 -deoxy -g lucose
D-glucosamine
N-ace ty lg lucosam ine
2 - f l u o r o - 2 -deoxy-
g lu c o s e
S t r e p t o z o t o c i n

C3 D e r i v a t i v e s :

D - a l l o s e > 250 > 250 —

3-deoxy-3-amino-
D-glucose 1 .90  ± 0 .48 8 . 4  ± 2 .5 4 .4
3-0-Me-D-glucose •v 250 > 250 >1

i D e r i v a t i v e s :

P - g a l a c t o s e > 500 > 500 - -

1 -0 -M e -p -g a la c to s e > 500 > 500 —

> 500 > 500 - -

> 500 > 500 - -

250 ± 62 250 ± 60 1
% 250 63 ± 13 50 .4
> 500 100  ± 20 —

75 ± 15 75 ± 18 1
42 ± 10 80 ± 17 1 .9



TABLE 7 -  C on tin u ed

C«; D e r i v a t i v e s :

5 - d e oxy -5 - th1o -
D-g lucose  > 250 > 250
l-deoxynoj1r1myc1n 0 .053  ± 0 .008  0 .56  ± 0 .09  10.5

0 .009°

N-C4 - l - d e o x y n o j 1r 1myc1n 190 470 2 .5
Noj1r1myc1n 0.005  ± 0.001  0.006  l  0 .001  1.2

0 .0 034d
Castanosperm1ne 0.007 ± 0 .0 03  0.011  l  0 .005  1.6

0 .0029d

Cfi D e r i v a t i v e s ;

6 -deo x y -g lu co s e  200 ± 48 200 ± 4 3  1
6-deoxy-6-am1 n o -g lu c o s e  -v 250 * 250
6 -deoxy-6-am 1no-a l1ose  % 300 300
Glucose-6-P0a  > 500 > 500
G1ucosam1n e - 6 -P0 4  250

a K{S v a lu e  1s an approx im ate  v a lue  s i n c e  < -g lucono1 a c to ne  Is  
u n s t a b l e  ( t } / 2  «20 m1n) a t  pH 5.75  and t h e  h y d r o l y t i c  
p roduc t  g lu c o n ic  ac id  has  Kjs  i  60 mM. 

b K^app v a lue  f o r  u n c o m p e t i t iv e  I n h i b i t i o n .  
c R a t io  o f  u n c o m p e t i t iv e  v a l u e s .  
d pH-Independent  Kjs app v a lu e  acco rd in g  t o  eq 4.
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f o r  e i t h e r  enzyme.  The I n t r o d u c t i o n  o f  a 0 - amino group a t  C - l ,  I . e . ,  

£ - g l u c o s y 1 am1n e ,  had  two e f f e c t s :  1 ) t h e  K j s app v a l u e s  f o r  e i t h e r  

enzyme were d e c re a s e d  by 2 0 - t o  6 0 0 - fo ld  and 2) t h e  Kjs app(Type 1 AJGO)/ 

K j s a p p ( n o r m a l ) I n c r e a s e d  from near  e q u a l i t y  t o  17; a r a t i o  o f  s i x  was 

o b t a i n e d  wi th  a - g l u c o n o l a c t o n e .  The C-2 d e r i v a t i v e s  w i t h  a c i d i f y i n g  

g r o u p s  ( f l u o r o  o r  n l t r o s o )  had  e q u a l l y  d e c re a s e d  Kjs app v a lu e s  with 

e i t h e r  enzyme. D-G1ucosam1ne o r  I t s  N -ace ty l  d e r i v a t i v e  were  p o o r  I n ­

h i b i t o r s  b u t  were 3-  t o  5 - f o l d  more p o t e n t  a g a i n s t  t h e  mutan t  enzymes. 

Of t h e  C-2 ,  C-3 o r  C-4 g lu c o s e  d e r i v a t i v e s ,  3 -deoxy-3 - amino-glucose  was 

t h e  m os t  p o t e n t  I n h i b i t o r  o f  e i t h e r  enzyme. The 6 -phospha te  d e r i v a t i v e  

d i d  no t  I n h i b i t  e i t h e r  enzyme, w h i l e  6-deoxy-6-am1no-glucose  o r  I t s  C-3 

eplmer had Kjs app v a lu e s  s i m i l a r  t o  t h o s e  f o r  g l u c o s e .

In compar ison ,  t h e  s u b s t i t u e n t  a t  C-5 o f  t h e  g l u c o p y r a n o s e  r i n g  

had  p r onounce d  e f f e c t s  on t h e  Kjs app v a l u e s .  The 5 - d e oxy -5 - th1o  d e r i v ­

a t i v e  bound p o o r l y  t o  e i t h e r  enzyme whereas  t h e  5-deoxy-5-1m1no d e r i v ­

a t i v e s  had K i s app v a l u e s  t h a t  were 4 x 103 (dNM) t o  4 x 10* ( c a s t a n o -  

spermlne  and n o j l r l m y c l n )  l e s s  t h a n  t h o s e  f o r  g l u c o s e .  At pH 5 . 7 5 ,  

K i s a p p (T ype  1 AJGD)/Kis a p p ( n o r m a l )  was about  t e n  wi th  dNM b u t  n e a r l y  

on e  w i t h  n o j l r l m y c l n  and c a s t a n o s p e r m l n e .  The IC5 0  v a l u e  f o r  1 ,5 -  

d 1 d e o x y - l , 5 - 1 m 1 n o - £ - g a l a c t 1 t o l  ( g a l a c to - d N M )  was g r e a t e r  th a n  20 mM 

wi th  t h e  normal enzyne.

0 - G l u c o s e - l - p h o s p h a t e  was u n i q u e  among t h e  I n h i b i t o r s ,  s i n c e  

u n c o m p e t i t iv e  I n h i b i t i o n  was obse rved  w i th  e i t h e r  t h e  normal o r  m u ta n t  

enzymes us ing  4MU-Glc as  s u b s t r a t e  ( F i g . 18 ) .  0 - G l u c o s e - l - p h o s p h a t e  

( £  10 mM) d id  not  I n h i b i t  NBD-C12 -GC h y d r o l y s i s  by e i t h e r  enzyme.



F ig u r e  18

- 9 6 -

6 —

Ui
(/?

1.0 1.50 0 .5- 0 . 5

[^ -G L U C O S E -l-P H O S P H A T E ] (mM)

I n h i b i t i o n  o f  normal ( •  o r  ■  ) o r  Type 1 AJGO ac id  0 - g lu c o s 1 d a se  
(0 o r  □  ) h y d r o l y s i s  o f  4MU-Glc by f J -g lucose -1 -phospha te .  

Slope ( 0  ) o r  l / v - 1 n t e r c e p t  ( □  ) from double  r e c i p r o c a l  
p l o t s  were m u l t i p l i e d  by 1 0$ o r  1 0 ^ f o r  t h e  

normal o r  Type 1 AJGD enzymes, r e s p e c t i v e l y .
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E f f e c t  o f  pH on K i n e t i c  P a r a m e te r s . Using 4MU-G1C as  s u b s t r a t e ,  

t h e  v a r i a t i o n  o f  Vmaxapp o r  Vmaxapp/Kmapp f o r  t h e  normal enzjme wi th  pH 

(pH > 4 .2 0 - 7 .2 5 )  d e s c r i b e d  b e l l - s h a p e d  c u r v e s  which  f i t  a d l p r o t l c  

model  ( e q  3)  w i t h  pK} > 4 .7  ± 0 .2  and pK2 * 6 . 7  ± 0 .2  w i th  an optimum 

a t  pH 5 .75 :  Vmaxapp/Kmapp and Kmapp v a r i e d  by an o r d e r  o f  magni tude  and 

a b o u t  2 - f o l d ,  r e s p e c t i v e l y ,  a t  4 . 2  £  pH £  7 . 2 5  ( d a t a  n o t  s h o w n ) .  

E s s e n t i a l l y  I d e n t i c a l  r e s u l t s  f o r  Vmaxapp o r  V ^ app /K n iapp  vs pH were 

o b t a i n e d  w i t h  t h e  AJGD Type 1 enzyme w h e re  pK} * 4 .7  and pK2 2r 6 . 9  

wi th  an optimum a t  pH -  5 . 8  ( d a t a  no t  shown).

Ki K?
eh2 v— : : iA eh-  v_ e?~ (3)

These r e s u l t s  I n d i c a t e d  t h a t  p ro p e r  p r o t o n a t i o n  o f  two g r o u p s  on t h e  

normal o r  Type 1 AJGO enzymes was r e q u i r e d  f o r  c a t a l y s i s  of  4MU-Glc and 

t h e  lack o f  p l a t e a u s  a t  t h e  pH extremes  o f  t h e  Vmaxapp o r  Vm^app/Kmapp 

vs  pH c u r v e s  I n d i c a t e d  t h a t  a monopro tona ted  enzyne,  EH-, I s  t h e  p r o ­

b a b le  a c t i v e  enzyne s p e c i e s  whereas  EH2 and E2* were I n a c t i v e  ( 2 9 ) .

With t h e  no rm a l  enzym e ,  t h e  v a r i a t i o n  o f  K iSa p p ( p l o t t e d  as  

1 / K i s app)  v a l u e s  w i t h  pH f o r  dNM, N-Cig-dNM, c a s ta nospe rm lne  and no­

j l r l m y c l n  a r e  shown 1n F ig u re s  19A-D, r e s p e c t i v e l y .  For each I n h i b i t o r ,  

t h e  d a t a  were  f i t t e d  t o  s e v e r a l  models (30) b u t ,  t h e  b e s t  f i t  was t o

eq  4 f o r  t h e  u n p r o t o n a t e d  I n h i b i t o r  b in d in g  t o  EH2 and EH“ . Eq 4 was
cu-  EH" I

d e r i v e d  u n d e r  r a p i d  e q u i l i b r i u m  a s s u m p t i o n s  w i t h  . I t

shou ld  be noted  t h a t  eq 4 cannot  d e te rm in e  t h e  number o f  m u t u a l l y  e x ­

c l u s i v e  pK2 > 6 . 7  r e s i d u e s .  The p re s e n c e  o f  two o r  more m u tu a l l y  ex ­

c l u s i v e  groups w i l l  no t  a l t e r  t h e  shape  o f  t h e  c u r v e s  b u t  w i l l  a l t e r  

I t s  h e ig h t  due t o  a d d i t i o n a l  c o n s t a n t  t erms  1n t h e  denomina tor  which
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F lg u re  19 :

E f f e c t  o f  pH on 1 /K js app va lu e s  o f  dNM (A ) , N-Cio-dNM (B ) ,  
c a s ta nospe rm lne  (C) o r  n o j l r lm y c ln  (0)  f o r  normal ac id  P-g1ucos1dase 

h y d r o l y s i s  o f  4MU-G1c. The symbols r e p r e s e n t  t h e  mean v a lu e s  and 
r an g e s  f o r  a t  l e a s t  s i x  d e t e r m i n a t i o n s .  The cu rv e s  r e p r e s e n t  

t h e  b e s t  f i t  t o  eq 4 assuming t h a t  t h e  unpro tona ted  form o f  t h e  
I n h i b i t o r s  bound t o  t h e  EH~ and Elfo forms o f  t h e  enzyne.  

l /K {Sapp v a lues  a r e  (mM)"* in A, C and D, 
and (pM)- l  1n B dete rmined  a t  37*C.
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r e l a t e  t h e  Kj v a lu e s  f o r  each pK2 * 6 . 7  t e rm .

K2 [H+] k2
KiSapp -  Kis  (1+ — — ♦ -------- ♦ — ) (4)

[H ] Ka Ka

For  t h e  g lycon  I n h i b i t o r s ,  t h e  pH-Independent  Kjs app v a lu e s  (K js  1n eq 

4) a r e  shown 1n Table  7; t h e  c o r r e s p o n d in g  v a lu e  f o r  C^Q-dNM was 13 nM. 

B e c a u s e  o f  t h e  I n s t a b i l i t y  o f  0 - g lu c o s y la m in e  a t  pH < 5 . 0 ,  t h e  Kts app 

v a lu e s  had l a r g e  v a r i a t i o n s  a t  low pH; o n ly  models f o r  t h e  u n p r o tona ted  

form o f  t h i s  I n h i b i t o r  b in d in g  to  t h e  p r o t o n a t e d  enzyme (pK2 * 6 . 7 )  f i t  

r e a s o n a b l y  w e l l  ( p H - 1 n d e p e n d e n t  K j s app  2 0 . 2 2  mM, d a t a  no t  shown). 

The I / I C 5 0  v s .  pH p r o f i l e  f o r  t h e  p e r m a n e n t l y  c a t i o n i c ,  c o m p e t i t i v e  

I n h i b i t o r ,  3-bromopyr1d1n1um-N-0-j)-glucos1de (F1g.  2 0 ) ,  I n d i c a t e d  t h a t  

1 t  had g r e a t e r  a f f i n i t y  f o r  EH2 and EH" th a n  E?- bu t  a p p a r e n t l y  bound 

t o  a l l  enzyme forms and t h a t  r e s i d u e s  no t  e s s e n t i a l  t o  t h e  c a t a l y s i s  o f  

4MU-G1c were Invo lv ed .

E f f e c t  o f  T a u r o c h o la te  on K u a p p  o f  I n h i b i t o r s . F i g u r e  21 shows 

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

4 mM T r i t o n  X-100)  on t h e  Kjs app o f  p - g lu c o s y la m in e ,  dNM, Cio-dNM and 

c a s t a n o s p e r m l n e .  To f a c i l i t a t e  c o m p a r i s o n  o f  t h e s e  I n h i b i t o r s  o f  

m a r k e d l y  d i f f e r i n g  p o te n c y ,  t h e  d a t a  a r e  p l o t t e d  as t h e  p e r c e n t  o f  t h e  

K^s app v a l u e  o b t a i n e d  In t h e  a b s e n c e  o f  t a u r o c h o l a t e .  The K j s app 

v a l u e s  f o r  t f - g l u c o s y l  amine, dNM, Cio-dNM and cas t a n o s p e rm ln e  a t  19 mM 

t a u r o c h o l a t e  were 0 .31  mM, 0.031  mM, 21 nM and 7 pM, r e s p e c t i v e l y .  In 

c o n t r a s t  t o  t h e  marked  e f f e c t s  on t h e  K js app v a lu e s  f o r  t h e  o t h e r  In­

h i b i t o r s ,  t h e  K i s app v a lu e s  f o r  c a s t a n o s p e r m ln e  was u n a f f e c t e d  by In­

c r e a s i n g  t a u r o c h o l a t e  c o n c e n t r a t i o n .  Enhanced I n h i b i t o r y  po tency  o f
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F lg u r e  20
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E f f e c t  o f  pH on I / I C 5 0  v a l u e s ,  (mM)"*, 
f o r  3-bromopyr1d1n1um-N-3-D-glucos1de,  a perm anen t ly  c a t i o n i c ,  

c o m p e t i t i v e  I n h l F l t o r  o f  t h e  normal enzjme.
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6 - g l u c o n o l a c t o n e  by I n c r e a s i n g  am oun ts  o f  t a u r o c h o l a t e  has  been r e ­

p o r te d  ( 6 ) .

E f f e c t  o f  I n h i b i t o r s  on CBE I n a c t i v a t i o n  R a t e s . Due t o  t h e  mixed 

( K i s app < K i i a p p ) I n h i b i t i o n  p a t t e r n s  o b t a i n e d  wi th  most  o f  t h e  In ­

h i b i t o r s ,  t h e  I n t e r a c t i o n  wi th  t h e  a c t i v e  s i t e  was Inf erred  by t h e i r  

s t r u c t u r a l  s i m i l a r i t y  t o  0 - g l u c o s e .  To o b t a i n  s u p p o r t i n g  ev id e n c e  f o r  

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

I n t e r a c t i o n s  o f  r e p r e s e n t a t i v e  I n h i b i t o r s  wi th  CBE, a c o v a l e n t  c a t a ­

l y t i c  s i t e - d i r e c t e d  I n h i b i t o r ,  was de te rm in e d .  These e x p e r i m e n t s  were  

conducted wi th  t h e  p u r i f i e d  p l a c e n t a l  enzyne 1n t h e  p r e s e n c e  o f  100 pM 

CBE, 0.5X T r i t o n  X-100 and 0.5X human serum a lbum in .  The r e s u l t s  were  

e v a l u a t e d  by t h r e e  m o d e l s  ( e q  5) d e p e n d i n g  on t h e  c o m p e t i t i v e  

( K ^ a p p  a O O ) ,  mixed (K{Sapp and K ^ a p p  * f i n i t e )  o r  u n c o m p e t i t iv e  In­

h i b i t i o n  ( K i Sapp * 0 0  ) o b s e r v e d  w i t h  t h e  r e s p e c t i v e  I n h i b i t o r s .  The 

r e s p e c t i v e  Kiapp v a lu e s  1n t h e  absence of  t a u r o c h o l a t e  were o b t a i n e d  as 

d e s c r i b e d  In F1g. 21 and a r e  shown In Table  8 .

kmax CCBE]k  -------------------------------  (5)
PP d a]

K< (1 + — 2— ) + [CBE] (1 + — )

K1s K11

In  eq 5 ,  [ I a ] 1s t h e  c o n c e n t r a t i o n  o f  t h e  r e v e r s i b l e  I n h i b i t o r  and t h e  

Ki and kmax v a l u e s  f o r  CBE were  t h e  a p p a r e n t  d i s s o c i a t i o n  c o n s t a n t  

(K^app * 166 pH) and t h e  maximal  r a t e  o f  I n a c t i v a t i o n  ( k max * 

0.052/m1n) under  t h e s e  a s sa y  c o n d i t i o n s  ( 5 ) .  Table  8  compares  t h e  c a l ­

c u l a t e d  v a l u e s  f o r  k app ( k appc ) f rom  t h e  m o d e l s  ( e q  5) wi th  t h e  

obse rved  va lue s  (kapp) .  For 3 -deoxy-3 -am 1no-g lu cose ,  kapp was
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F ig u r e  21
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TAUROCHOLATE (mM)

E f f e c t  of  I n c r e a s i n g  t a u r o c h o l a t e  c o n c e n t r a t i o n  on t h e  Kjs app o f  
0 - g luc osy la m ine  ( 0 ) ,  dNM ( •  ) ,  N-decyl-dNM ( A ) and 

ca s ta nospe rm lne  ( A ) .  The r e s u l t s  a r e  p l o t t e d  as t h e  p e r c e n t  o f  t h e  
r e s p e c t i v e  K^s app v a lu e s  o b t a i n e d  1n t h e  p re se nc e  

of  4 mM T r i t o n  X-100 a lo n e .
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TABLE 8

I n t e r a c t i o n  o f  CBE and Glycon I n h i b i t o r s  (22*C, pH 5 .50)

I n h i b i t o r  (mM)a »b , c a 1c
app

(m1n_ l )

t obsKapp

(m1n- l)

no added glycon 0.0195 0.021 ± 0 .003

3-deoxy-3-am1no-g1ucose (13) 

Kjs ■ 6*53 mM

0.0087°

0 .0065d

0 .0111®

0.0087

dNM (0 .25 )

KiS -  0 .125  mM 

K n  * 1.14 mM

0.0087°

0 .0084d

0.0112e

0.0083

N-Ci2 -dNM (0 .0002)  

Kis  -  0 .2  pM 

Kjj * 1 .5  pM

0.0086°

0 .0083d

O.Ollie

0.0087

GS (0.0025)  

Ki ■ 6  pM

0.0155c

0.0138d

0 .0 169e

0.0138

B - g l u c o s e - l - p h o s p h a t e  ( 6 .4 )  

Ki * 3 .83 mM

0.0063c

0 .0045d

0 .0 087e

0.0088

a Reac t ions  conducted  1n t h e  p r e s e n c e  o f  0.5% each o f

T r i t o n  X-100 and human serum albumin,  

b C o nc e n t ra t ion  o f  I n h i b i t o r  used 1n t h e  p resence

o f  100 pM CBE,

c . d . e  C om pe t i t ive ,  mixed o r  u nc om pe t i t ive  models ,  r e s p e c t i v e l y  

( s e e  eq 5 In t e x t ) .
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n e a r l y  I d e n t i c a l  t o  t h a t  c a l c u l a t e d  from t h e  c o m p e t i t i v e  m o d e l .  With 

dNM o r  N-Ci2 -dNM, t h e  c o m p e t i t i v e  ( K ^ a p p  > 0 0 )  o r  mixed ( K ^ a p p  2? 9 

K i Sa p p ;  T a b l e  8 ) m o d e l s  c o n fo rm ed  c l o s e l y  t o  k£j jp .  With OS o n ly  

k a p p 0 f o r  t h e  n o n c o m p e t i t i v e  model  ( K i s app * K ^ a p p  * 6  pN) 

c o r r e s p o n d e d  t o  k ° p p .  For  0 - g 1 u c o s e - l - p h o s p h a t e ,  o n l y  t h e  un­

c o m p e t i t i v e  model conformed t o  t h e  d a t a .

D iscuss ion

In t h i s  c o m m u n i c a t i o n ,  k i n e t i c  s t u d i e s  a r e  r e p o r t e d  which p r o ­

v id e  I n s i g h t  I n to  t h e  p r o p e r t i e s  o f  t h e  g l y c o n  b i n d i n g  domain w i t h i n  

t h e  a c t i v e  s i t e  o f  human ac id  0 -g1ucos1dase .  These s t u d i e s  a l s o  I n d i c ­

a t e  t h a t  t h e  m u t a t 1o n ( s )  1n t h e  a c i d  8 - g 1u c o s 1d a s e  s t r u c t u r a l  g e n e  

wh ich  r e s u l t s  In Type 1 AJGD l e a d s  t o  an a l t e r e d  a d d  p - g lu c o s 1 d a s e  

a c t i v e  s i t e  f u n c t i o n .  P rev ious  s t u d i e s  o f  human a d d  0 - g 1 u c o s 1 d a s e ,  

which  f o c u s e d  on t h e  e f f e c t s  and I n t e r a c t i o n s  o f  11 p o lda l  m o d i f i e r s  

have sugges ted  t h e  p r e s e n c e  o f  a t  l e a s t  t h r e e  a c t i v e  s i t e  d o m a i n s ,  a 

h y d r o p h i l i c  c a t a l y t i c  s i t e  and two h y d r o p h o b ic  domains,  t h e  aglycon 

b in d in g  s i t e  and a " t h i r d "  domain ( 6 ) .  The p r o p e r t i e s  o f  t h e  l a t t e r  

two dom ains  w i l l  be  r e p o r t e d  s e p a r a t e l y  ( 3 1 ) .  The c a t a l y t i c  s i t e  was 

proposed t o  r e c o g n iz e  t h e  h y d r o p h i l i c  glycon head groups o f  I n h i b i t o r s  

and s u b s t r a t e s  a s  w e l l  as  CBE. S i n c e  Asp4*3 h a s  been I d e n t i f i e d  as 

c r i t i c a l  t o  c a t a l y t i c  a c t i v i t y  ( 2 5 ) ,  I . e . ,  t h e  c a t a l y t i c  amino a d d  f o r  

t h e  p r o p o s e d  n u c le o p h 1 1 1 c  a t t a c k  o f  t h e  r e a c t i v e  I n t e r m e d i a t e  ( 2 3 ) ,  a 

more In fo r m a t iv e  t e r m ,  t h e  glycon  b ind ing  domain,  w i l l  be used  f o r  t h e  

r e c o g n i t i o n  r eg ion  f o r  glycon head g roups :  A s p ^ 3  r e s i d u e  1s 1n o r  n ea r
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t h 1s d o m ain .  The p r e s e n t  s t u d i e s  I n d i c a t e  t h a t  an amino a c id  wi th  

pKe * 6 . 7  1s Impor tan t  f o r  b ind ing  o f  I n h i b i t o r s  o r  h y d r o l y s i s  o f  sub­

s t r a t e s  and 1s 1n p r o x im i t y  t o  t h e  glycon  b in d in g  domain (F1g.  2 2 ) .  The 

I n t e r a c t i o n s  of  p a r t i c u l a r  glycon I n h i b i t o r s  wi th  t h i s  domain was spec ­

i f i c a l l y  a f f e c t e d  by t h e  Type 1 AJGD m u t a t l o n ( s ) .

S p e c i f i c i t y  o f  g l y c o n  b i n d i n g  c o u l d  be a s s e s s e d  from t h e  In­

h i b i t i o n  d a t a  f o r  m o n o s a c c h a r i d e s  o n l y  t o  a l i m i t e d  e x t e n t ,  s i n c e  

s u g a r s  e p l m e r l c  a t  C - 2 ,  C-3 o r  C-4 had Kjs app v a lu e s  o u t s i d e  t h e  ac­

c e s s i b l e  c o n c e n t r a t i o n  r a n g e ,  I . e . ,  2 . 5 - f o l d  l a r g e r  than  t h a t  f o r  

g l u c o s e .  Compared t o  t h e  g lucosy l  a n a lo g u e s ,  b - g a l a c t o s y l  s p h ln g o s l n e  

and l , 5 - d 1 d e o x y - l , 5 - 1 m 1 n o - £ - g a l a c t 1 t o l  were poor  I n h i b i t o r s  [ IC5 0  > 

2 mM ( 6 ) and 20 mM, r e s p e c t i v e l y ]  I n d i c a t i n g  t h e  Impor tance  o f  t h e  

c o n f i g u r a t i o n  a t  t h e  C-4 h y d r o x y l .  D - G l u c a l  o r  1 - d e o x y - g l u c o s e  w e re  

a b o u t  7 -  t o  1 0 - f o l d  more p o t e n t  and 3 - m e t h o x y - g l u c o s e  and 2-deoxy-  

g l u c o s e  about  as  p o t e n t  I n h i b i t o r s  as g l u c o s e ,  whereas 3 -deoxy -3 - ami no­

g l u c o s e  was a b o u t  1 0 0 - f o l d  more p o t e n t  th a n  g l u c o s e .  These r e s u l t s  

I n d i c a t e d  t h a t  t h e  b i n d i n g  o f  g l u c o s e  t o  t h e  g l y c o n  b i n d i n g  domain  

r e q u i r e s  hydrogen bonding t o  t h e  C-3 and C-4 hydroxyl  groups  1n a p r e ­

f e r r e d  c o n f i g u r a t i o n ,  bu t  t h o s e  a t  C-l  and C-2 were l e s s  I m p o r ta n t .  In 

c o m p a r i s o n ,  t h e  almond 0 - g l u c o s 1d a s e  was n o t  v e r y  s p e c i f i c  f o r  t h e  

c o n f i g u r a t i o n  a t  C-4,  I . e . ,  p - n 1 t r o p h e n y l -  0 - g l u c o s l d e  and - p - g a l a c -  

t o s l d e  were  h y d r o l y z e d  w i t h  c o m p a r a b l e  r a t e s  and g lu c o s y la m ln e  and 

g a l a c t o s y l  amine had a lmos t  I d e n t i c a l  Kjapp v a lu e s  ( 3 2 ) .

Large e f f e c t s  on glycon I n t e r a c t i o n s  were obse rved  by t h e  I n t r o ­

d u c t i o n  o f  s u b s t i t u e n t s  on t h e  g lu c o s e  r i n g .  At C - l ,  a -p h o s p h a t e  ( a  

n e g a t i v e  c ha rge )  or  0 - t h 1o l  groups I n c r e a se d  t h e  a f f i n i t y  f o r  t h e  n o r ­

mal enzyme by 5-  t o  7 - f o l d .  In compar ison ,  a 0-anomer1c n e g a t i v e  (phos­
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p h a t e )  c h a r g e  a t  C - l  r e s u l t e d  In a b o u t  a 500-  t o  7 0 0 - fo ld  In c r e a se d  

a f f i n i t y  f o r  t h e  enzyme. However, t h e  I n h i b i t i o n  o f  4MU-G1C a c t i v i t y  by 

p - g l u c o s e - l - p h o s p h a t e  was u n c o m p e t i t i v e .  Although t r u e  u n c o m p e t i t iv e  

I n h i b i t i o n  1s r a r e  1n u n i r e a c t a n t  s y s t e m s ,  t h e  f a c t  t h a t  k °pp  ■ 

kapp  f o r  d - g l u c o s e - l - p h o s p h a t e  I n t e r a c t i o n  w i t h  CBE f i t  on ly  

t h e  unc o m p e t i t iv e  model ( T a b l e  8 ) I n d i c a t e d  a s t e r e o s p e c l f  1c I n t e r ­

a c t i o n  o f  t h i s  r e v e r s i b l e  I n h i b i t o r  wi th  a p o s i t i v e l y  charged  group on 

t h e  enzyme a f t e r  t h e  4MU-Glc s u b s t r a t e  was bound.  The l a c k  o f  I n h i b i ­

t i o n  o f  NBD-C1 2 -GC h y d r o l y s i s  by 0 - g l u c o s e - l - p h o s p h a t e  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  t h e  n a t u r a l  s u b s t r a t e  1n t h e  a c t i v e  s i t e  was s u f ­

f i c i e n t  t o  e x c l u d e  t h i s  compound f rom t h e  enzyme o r  t h a t  t h e  r a t e -  

d e te r m in in g  s t e p  f o r  GC and 4MU-G1C h y d r o l y s i s  d i f f e r e d .

The n a t u r e  o f  g r o u p s  on t h e  enzyme f o r  I n t e r a c t i o n  w i th  C-2 o f  

g l u c o s e  was u n c l e a r .  A p o s i t i v e l y - c h a r g e d  g r o u p  on t h e  normal  enzyme 

appeared t o  be In p r o x im i t y  t o  t h e  C-2 o f  g l u c o s e ,  s i n c e  t h e  a c i d i f y i n g  

f l u o r o  and n l t r o s o  ( s t r e p t o z o t o c l n )  d e r i v a t i v e s  had 5 -  t o  7 - f o l d  d e ­

c r e a s e d  K{Sapp v a l u e s .  However ,  t h e  p r e s e n c e  o f  such  a p o s i t i v e l y -  

c h a r g e d  g r o u p  on t h e  enzyne should  have r e s u l t e d  In a Kjs app ( g l u c o s ­

a m ine )  > 500 mM ( n o t  K j s app * 250 mM; Table  7 ) ,  s i n c e  t h e  r e p u l s i v e  

e f f e c t  on t h e  p r im ary  amine g r o u p  would be much l a r g e r  t h a n  t h e  e x ­

p e c t e d  1o n - d 1po 1e I n t e r a c t i o n s  with t h e  2 - f l u o r o  and 2 - n 1t r o s o  g ro u p s .  

These r e s u l t s  I n d i c a t e  a l a x i t y  o f  f i t  f o r  t h e s e  p o o r  I n h i b i t o r s  a t  

t h e  g l y c o n  b ind ing  domain.  The r e s u l t s  wi th  g lucosamine  c o n t r a s t  wi th  

I t s  p o t e n t  I n h i b i t i o n  o f  t h e  almond 0 -g1ucos1dase  (33 ) .

The b e l l - s h a p e d  c u r v e  f o r  t h e  pH-dependency o f  Vmaxapp o r  ob­

se rved  v e l o c i t y  has  been o b ta in e d  wi th  numerous o t h e r  enzymes o r  c r u d e  

and p u r i f i e d  ac id  0 -g1ucos1da se ,  r e s p e c t i v e l y .  In t h e  p r e s e n t  s t u d i e s ,
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Vmaxa PP o r  vmaxaPP/ *maPP v a r i e d  by o v e r  an o r d e r  o f  magni tude  whereas  

Kmapp f o r  4MU-G1c was n e a r l y  c o n s t a n t  ( a b o u t  2 - f o l d  v a r i a t i o n )  from 

4 . 2 0  <. pH £  7 .25 :  I . e . ,  t h e  v a r i a t i o n  In Vpf^app/Kfffapp w i th  pH was due 

e n t i r e l y  t o  Vmaxa p p .  I m p o r t a n t l y ,  t h i s  1s t h e  e x p e c t e d  r e s u l t ,  I f  

Kmapp -  Ks , t h e  t r u e  d i s s o c i a t i o n  c o n s t a n t  under  t h e s e  exp e r im e n ta l  

c o n d i t i o n s  ( 3 4 ) .  The I d e n t i f i c a t i o n  o f  two l o n l z a b l e  g r o u p s  on a c i d  

B - g 1 u c o s 1 d a s e  (pKj  -  4 . 7  and pK£ ■ 6 . 7 )  w i th  an optimum o f  pH ■ 5 .75  

was e x p l a i n e d  m os t  e a s i l y  by eq 3 w i th  EH* as  t h e  a c t i v e  and EH2 and 

E~? t h e  I n a c t i v e  enzyme s p e c i e s .  C o n s i s t e n t  wi th  t h e s e  f i n d i n g s  was 

t h e  I d e n t i f i c a t i o n  o f  Asp443 a s  t h e  r e s i d u e  a f f i n i t y  l a b e l l e d  by Br- 

CBE, an a c t i v e  s i t e  d i r e c t e d  c o v a l e n t  I n h i b i t o r  o f  t h i s  enzyme ( 2 5 ) .  

S i n c e  Asp4*3 must  be  t h e  n u c l e o p h i l e  1n t h e  f o r m a t i o n  o f  t h e  e s t e r  

l i n k a g e  o f  Br-CBE t o  t h e  enzyme and m os t  l i k e l y  t h e  n u c l e o p h i l e  1n 

c a t a l y s i s ,  pKj * 4 . 7  can be a s s ig n e d  t o  t h i s  r e s i d u e .  Consequen t ly ,  

t h e  pK2 * 6 . 7  r e s i d u e  1s t h e  H+ donor  f o r  t h e  p ro ton  t r a n s f e r  1n t h e  

h y d r o l y t i c  mechanism ( s e e  be low).  The f i n d i n g  t h a t  t h e  a c t i v e  s i t e  o f  

a s i m i l a r  enzyme, bov ine  ac id  B-g1uc os 1d a s e ,  was s t r o n g l y  s h i e l d e d  from 

t h e  aqueous s o lv e n t  ( 1 7 ) ,  s u g g e s t s  a s h i f t  1n p a r t i c u l a r  pKe v a lu e s  f o r  

a c t i v e  s i t e  r e s i d u e s  and t h a t  t h e  pK2 * 6 . 7  r e s i d u e  1n t h e  a c t i v e  s i t e  

o f  t h e  human enzyme c ou ld  co r r e spond  t o  a c a rboxy l  1c a d d  as  h a s  been  

d e s c r i b e d  f o r  lysozyme ( 3 5 ) .

The v a r i a t i o n  w i t h  pH o f  t h e  K i s app f o r  t h e  5-am1no-5-deoxy-  

g l u c o s i d e s  I n d i c a t e d  t h e  r eq u i r em e n t  o f  a t  l e a s t  o n e  p r o t o n  1n t h e  El 

c o m p l e x .  The f i n d i n g  o f  on ly  pKa ( I n h i b i t o r  I o n i z a t i o n )  and pK2 * 6 .7  

(enzyme I o n i z a t i o n )  dependency o f  KjSapp wi th  t h e s e  compounds I n d i c a t e d  

t h a t  t h e  b i n a r y  complex  was EH” I and EH2 I ,  I . e . ,  t h e  u n p r o tona ted  In ­

h i b i t o r  bound e q u a l l y  w e l l  t o  e i t h e r  p r o t o n a t e d  enzyme f o r m .  T h i s
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c o n c l u s i o n  r e q u i r e d  t h e  s t u d i e s  wi th  n o j l r l m y d n  and c a s t a n o s p e r m l n e ,  

s i n c e  t h e  pKa (* 6 . 3 )  o f  dNM was s u f f i c i e n t l y  c l o s e  t o  pK2 t o  r e s u l t  In 

an a m bigu i ty  o f  t h e  t r u e  I n h i b i t o r y  forms as was t h e  c a s e  w i t h  almond 

3 - g 1 u c o s 1 d a s e  ( 3 3 ) .  Although t h e  model ing s t u d i e s  conformed e x t r e m e ly  

wel l  t o  t h e  u n p ro to n a t ed  I n h i b i t o r  b i n d i n g  t o  t h e  g l y c o n  b i n d i n g  d o ­

m a i n ,  a model  f o r  p r o t o n a t i o n  o f  t h e  I n h i b i t o r  w i t h in  t h i s  domain 1s 

k l n e t l c a l l y  e q u i v a l e n t  p r o v i d e d  t h a t  4MU-Glc I s  n o t  a " s t i c k y "  s u b ­

s t r a t e :  I . e . ,  t h i s  s u b s t r a t e  I s  h y d r o l y z e d  a t  a r a t e  t h a t  1 s much 

s low er  t h a n  I t s  d i s s o c i a t i o n  r a t e  from t h e  enzyme ( 3 0 ) .  The f i n d i n g  

t h a t  t h e  Km f o r  t h i s  s u b s t r a t e  1s a thermodynamic c o n s t a n t  I n d i c a t e s  

t h a t  1 t  h a s  l i t t l e ,  1 f  a n y ,  " s t i c k i n e s s " .  The r e s u l t s  wi th  N-Cio-dNM 

e x a c t l y  p a r a l l e l e d  t h o s e  w i th  dNM, I n d i c a t i n g  t h a t  no a d d i t i o n a l  l o n l z -  

a b l e  g r o u p s  w i t h i n  t h e  a c t i v e  s i t e  were r e q u i r e d  f o r  I n t e r a c t i o n  wi th  

t h e  a l k y l  g r o u p ,  I . e . ,  t h e  I n c r e a s e d  p o tenc y  o f  N-Cio-dNM ( l O ^ - f o l d )  

was t h e  r e s u l t  o f  hydrophobic  I n t e r a c t i o n s .

To a c c o u n t  f o r  t h e  I n c r e a s e d  I n h i b i t o r y  potency  o f  p a r t i c u l a r  

s u b s t r a t e s  o r  p roduc t  a n a l o g u e s ,  I n v e s t i g a t o r s  h a v e  u s e d  t r a n s i t i o n  

s t a t e  t h e o r y .  Th is  t h e o r y  p r e d i c t s  f a v o r a b l e  I n t e r a c t i o n s  o f  s u b s t r a t e s  

and t h e  enzymes l e a d i n g  t o  g r e a t l y  In c r e a se d  a f f i n i t y  du r in g  t h e  t r a n ­

s i t i o n  s t a t e  ( 3 6 ) .  C o n s e q u e n t l y ,  v e r y  p o t e n t  r e v e r s i b l e  I n h i b i t o r s  

( K i s /Km ■ 1 0 " 4 t o  1 0 ’ 8 ) o f  an enzymatic  r e a c t i o n  a re  c a n d i d a t e  t r a n ­

s i t i o n  s t a t e  ana logues  from which m e c h a n i s t i c  d e d u c t i o n s  can  be  m ade .  

H ow ever ,  a t r u e  t r a n s i t i o n  s t a t e  ana logue  shou ld  not  o n l y  be a p o t e n t  

I n h i b i t o r ,  but  s h o u l d  b i n d  o n l y  t o  t h e  a c t i v e  enzyme s p e c i e s  ( 3 7 ) .  

With  t h e  human a c i d  3 - g l u c o s 1 d a s e ,  t h e  u n p ro to n a t ed  5-am1no-5-deoxy-  

g l u c o s i d e  I n h i b i t o r s  d i d  n o t  h a v e  a pKj * 4 . 7  dependency  and bound 

e q u a l l y  w e l l  t o  t h e  EH" ( a c t i v e )  and EH2 ( I n a c t i v e )  enzyne s p e c i e s .
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T h e r e f o r e ,  t h e y  c a n n o t  be  t r u e  t r a n s i t i o n  s t a t e  ana logues  and t h e i r  

I n h i b i t o r y  p o t e n c i e s  a r i s e  f rom f a v o r a b l e  h y d r o g e n  b o n d i n g  a n d / o r  

s t e r l c  e f f e c t s .

The f i n d i n g  t h a t  Kjs app(N-C4 -dNM)/Kis app(dNM)2r 4 and Kjs a p p (c a s t a n o -  

s p e r m 1 n e ) / K { Sapp(dNM) 2? 0 . 3 2 ,  u s i n g  p H - 1 n d e p e n d e n t  K{Sapp v a l u e s ,  

I n d i c a t e d  a d e t e r l m e n t a l  s t e r l c  e f f e c t  o f  t h e  C4  cha in  compared t o  t h e  

r i g i d  p l a n a r  e t h y l  b r i d g e  o f  c a s t a n o s p e r m l n e .  As I l l u s t r a t e d  1n 

F1g. 22 ,  t h i s  could  be e x p la in e d  by t h e  N group o f  dNM I n t e r a c t i n g  pr im­

a r i l y  w i t h  a c a t i o n i c  r e s i d u e  ("Y") on t h e  enzyne wi th  pKa « 6 .7  bu t  

dNM could  "wobble" from t h e  more f a v o r a b l e  f i t  w i t h  "Y" .  In c o m p a r ­

i s o n ,  t h e  p l a n a r  e t h y l  b r i d g e  o f  c a s t a n o s p e r m ln e  or  t h e  C-l hydroxyl  

group o f  n o j l r l m y d n  cou ld  c o n s t r a i n  t h e  N g r o u p  i n t o  more  f a v o r a b l e  

I n t e r a c t i o n s  wi th  "Y" l e a d i n g  t o  In c r e a s e d  I n h i b i t o r y  po tency .  This  1s 

s u p p o r t e d  by t h e  l a c k  o f  e f f e c t  o f  t a u r o c h o l a t e  on K{Sapp ( c a s t a n o ­

sperm lne)  which I n d i c a t e d  t h a t  t h i s  compound had  opt imum I n t e r a c t i o n  

w i t h  t h e  enzyme u n d e r  a v a r i e t y  o f  a s s a y  c o n d i t i o n s  whereas dNM and 

U - g l u c o s y l a m i n e  d i d  n o t .  Because o f  I t s  pK2 ■ 6 .7  dependency,  t h e  C-l 

amino group o f  p - g lu c o s y la m in e  a l s o  would I n t e r a c t  w i t h  t h e  c a t i o n i c  

" Y " ,  b u t  s t e r l c  I n t e r f e r e n c e  n e a r  C-l was e v i d e n c e d  by t h e  1 0 - fo ld  

I n c r e a s e d  K is app o f  N-methy1-g1ucam1ne.  These r e s u l t s  I n d i c a t e  t h a t  

t h e  g l y c o n  b i n d i n g  dom ain  h a s  I m p o r t a n t  s t e r l c  o r  c o n f i g u r a t i o n a l  

r e q u i r e m e n ts  f o r  b in d in g  t o  t h e  r i n g  o r  C-l oxygens o f  g l u c o s e .

LeLegerl e  e t  a l . ( 2 9 )  h a v e  p r o p o s e d  two d i f f e r e n t  g r o u p s  o f

0 - g l y c o s 1d a s e s  b a s e d  on t h e i r  r e l a t i v e  I n t e r a c t i o n s  w i t h  c a t i o n i c  

(group  1) o r  b a s i c  (g roup 2) g lycosy l  d e r i v a t i v e s .  Based on I n h i b i t o r  

s t u d i e s  and a - d e u t e r 1um k i n e t i c  I so to p e  e f f e c t s ,  t h e  h y d r o l y t i c  mechan­

ism o f  t h e  g r o u p  1 enzymes [ e . g . ,  A s p e r g i l l u s  went11 p - g lu c o s 1 d a s e  A3
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F l q u re  2 2 :

A schematic  r e p r e s e n t a t i o n  o f  t h e  normal o r  Type 1 AJGO ac id  
B-g1u c o s 1d a se  g lycon b in d in g  domain wi th  bound,  unpro tona ted  

n o j l r l m y d n  (A) o r  dNM (B ) .  The o u t l i n e  o f  t h e  glycon  b in d in g  domain 
1s d i s c o n t in u o u s  s i n c e  no p a r t i c u l a r  a l ignment  o f  t h e  amino a c id  

sequence 1s Im pl ie d .  Asp443 1S t h e  c a t a l y t l c a l l y  n e c e s s a r y  
amino a d d  which p a r t i c i p a t e s  1n n u c l e o p h l U c  a t t a c k  o f  t h e

0 -g lucos1d1c  bond. "Y" 1s t h e  pK2 * 6 .7  amino a d d  f o r  I n t e r a c t i o n  
wi th  t h e  r i n g  oxygen o f  g lucopyranose  o r  t h e  unp ro tona ted  N o f  

n o j l r l m y d n .  The group "X" r e p r e s e n t s  an amino a d d  1n t h e  normal 
a c t i v e  s i t e  which I n t e r a c t s  wi th  t h e  s u b s t i t u e n t  on C-l  o r  C-5 of  
g l u c o s e .  Other  r e s i d u e s  f o r  I n t e r a c t i o n  wi th  C-2,  C-3,  C-4 o r  C- 6  

hydroxyl  groups of  g l u c o s e  a r e  not  s p e c i f i e d  ( s e e  t e x t ) .  The l a b e l e d  
r e s i d u e s  can have any o r i e n t a t i o n  above,  below o r  1n t h e  p l a n e  o f  t h e  
page.  "X" Is  hy p o th es i z ed  t o  be a l t e r e d  e i t h e r  by d i r e c t  s u b s t i t u t i o n  

o f  a n e u t r a l  o r  p a r t i a l l y  charged  amino a d d  o r  I n d i r e c t l y  by a 
s u b s t i t u t i o n  1n a nea rby  amino a d d  which a l t e r s  t h e  p o s i t i o n  o f  X 

In t h e  Type 1 AJGO a c t i v e  s i t e  r e s u l t i n g  In s e l e c t i v e l y  d e c re a s e d  
b in d in g  o f  t h e  un p ro to n a t ed  forms o f  dNM and f5-glucosylamine.

Of t h e  d e s ig n a t e d  amino a d d  r e s i d u e s  1n t h e  g lycon b in d in g  domain,  
o n l y  "Y" and Asp443 p a r t i c i p a t e  In c a t a l y s i s .
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( 2 3 ) ]  Inc ludes  an oxocarbon1um-1on r e a c t i v e  I n t e r m e d i a t e  ( t r a n s i t i o n  

s t a t e )  which 1s s t a b i l i z e d  by e l e c t r o s t a t i c  I n t e r a c t i o n s .  In  c o m p a r ­

i s o n ,  t h e  g r o u p  2 enzymes [ e . g . ,  almond 0-g1ucos1dases  ( 3 3 , 3 8 ) ] ,  have 

b e e n  p r o p o s e d  t o  c l e a v e  t h e  0-g1ycos1d1c bond by a n u c l e o p h l U c  (Sr2)  

mechanism o r  a mechanism w i t h  l i t t l e  c h a n g e  1n h y b r i d i z a t i o n  a t  t h e  

a n o m e r l c  c a r b o n  up t o  t h e  f i r s t  I r r e v e r s i b l e  s t e p  ( 3 9 ) .  S i n c e  0 -  

g l u c o s l d l c  bond c l e a v a g e  was n e a r l y  c o m p l e t e  d u r i n g  t h e  t r a n s i t i o n  

s t a t e  (39)  a ( l a r g e l y )  c o v a l e n t  g lu c o s y l - e n z y n e  complex might  be formed 

d u r i n g  s u b s t r a t e  h y d r o l y s i s  as  s u g ge s te d  f o r  8 - g a 1a c t o s 1da se  from £ .  

c o l  1 ( 4 0 , 4 1 ) .  T h i s  h y d r o l y t i c  mechanism I m p l ie s  a p a r t i a l  n e g a t l v e -  

c h a r g e  a c c u m u l a t i o n  on t h e  oxygen o f  t h e  g l y c o s l d l c  bond which ,  p r e ­

sumably,  1s s t a b i l i z e d  by e l e c t r o s t a t i c  I n t e r a c t i o n s  w i t h  a g r o u p  1 n 

t h e  s o l v e n t  s h i e l d e d  a c t i v e  s i t e .  The f i n d i n g s  t h a t  t h e  b a s i c  forms o f

l -am1no and 5-1m1no s u b s t i t u t e d  g l u c o s l d e s  a r e  t h e  t r u e  I n h i b i t o r s  and 

t h e  weak a f f i n i t y  o f  t h e  c a t i o n i c  3-bromopyr1d1n1um-N-8-g1ucos1de I n d i ­

c a t e s  t h a t  t h e  human a c id  0 - g lu c o s 1 d a s e  b e l o n g s  t o  g r o u p  2 .  G r e a t e r  

u n d e r s t a n d i n g  o f  t h e  d e t a i l s  o f  t h e  human a c id  0 - g l u c o s 1d a s e  c a t a l y t i c  

mechanism w i l l  be r e q u i r e d  f o r  a f u l l e r  a p p r e c i a t i o n  o f  t h e  t r a n s i t i o n  

s t a t e  du r in g  s u b s t r a t e  h y d r o l y s i s  by t h i s  enzyme. However, t h e  l i n e a r ­

i t y  o f  t h e  s l o p e  and I n t e r c e p t  r e p l o t s  w i t h  t h e s e  g l y c o n  I n h i b i t o r s  

I n d i c a t e  an o rde re d  un1- b 1 k i n e t i c  mechanism f o r  s u b s t r a t e  h y d r o l y s i s .  

The k i n e t i c  s i m i l a r i t i e s  o f  human a d d  0 -g1ucos1dase  t o  t h o s e  o f  almond 

p - g l u c o s 1d a s e  s u g g e s t  t h a t  t h e  h y d r o l y t i c  mechanism I n c l u d e s  a p ro ton  

t r a n s f e r  and n u c l e o p h l U c  a t t a c k  r e s u l t i n g  1n an 1on p a i r  s t a b i l i z e d  

complex p r i o r  t o  t h e  r e l e a s e  o f  t h e  f i r s t  p r o d u c t .

The s t u d i e s  wi th  t h e  Type 1 AJGO s p l e n i c  enzymes I n d i c a t e d  t h a t  

t h e  c a t a l y t i c  r e s i d u e s  were  n o t  a l t e r e d  and t h a t  t h e  presumed s i n g l e
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amino a c i d  a l t e r a t i o n  1n t h i s  p r o t e i n  d id  not  r e s u l t  1n l a r g e  conform­

a t i o n a l  changes a t  t h e  a c t i v e  s i t e .  T h i s  c o n c l u s i o n  1s s u p p o r t e d  by 

t h e  f o l l o w i n g :  1) t h e  no rm a l  Kj and K2  f o r  Vmaxapp and Vmaxapp/Kn)app 

v s .  p r o f i l e ,  2 ) 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  which were s i m i l a r  

t o  t h o s e  f o r  t h e  normal s p l e n i c  ac id  0 - g l u c o s 1 d a s e ,  and 3) normal kmax 

v a l u e s  w i t h  CBE ( 5 ) .  The f i n d i n g  o f  no rm a l  K^s app v a lu e s  ( a t  pH * 

5 .75 )  f o r  ca s t a n o s p e rm ln e  and n o j l r l m y d n  with t h e  Type 1 AJGD enzymes  

I n d i c a t e d  a h i g h l y  s p e c i f i c  a l t e r a t i o n  o f  t h e  glycon b i n d in g  domain 

l i m i t e d  t o  p a r t i c u l a r  I n h i b i t o r s :  I . e . ,  t h e  10 -  o r  1 7 - f o l d  d e c r e a s e d  

I n h i b i t o r y  p o t e n c y  (pH * 5 .75)  o f  dNM o r  0 - g lu c o s y la m in e ,  r e s p e c t i v e ­

l y .  T h i s  concep t  1s a l s o  suppor ted  by t h e  n e a r l y  normal Kjs app v a lu e s  

f o r  s e v e r a l  C-l  and C-2 g l u c o s e  d e r i v a t i v e s  ( e . g . ,  1 - d e o x y g l u c o s e ,  

g l u c a l ,  2 - f lu o ro -2 -d eo x y g 1 u c o s e )  (T ab le  7) wi th  t h e  Type 1 AJGD s p l e n i c  

e n z y m e s .  The n e a r l y  normal Kmapp v a lu e s  f o r  s e v e r a l  d i f f e r e n t  g lu c o -  

s y lc e r a m id e  and s y n t h e t i c  0 -g lu c o s 1 d e  s u b s t r a t e s  (5)  a l s o  I n d i c a t e  t h e  

p r o p e r  a l i g n m e n t  o f  r e s i d u e s  In 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  b in d in g  

and h y d r o l y s i s .  Based on t h e s e  d a t a ,  we a r e  led  t o  t h e  c o n c lu s i o n  t h a t  

t h e  amino a d d  s u b s t i t u t i o n  1n Type 1 AJGO has  a s p e c i f i c  e f f e c t  a t  o r  

n e a r  t h e  glycon  b in d in g  domain and I n v o l v e s  t h e  r e s i d u e s  f o r  I n t e r ­

a c t i o n  wi th  t h e  r i n g  or  C-l  oxygens o f  g l u c o s e .
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M a te r la ls  and M ethods

M a t e r ia ls

The f o l l o w i n g  were from commercial s o u r c e s :  T r i t o n  X-100,  phos­

p h a t i d y l  s e r i n e ,  2 - N - s t e a r y l - d 1 h y d r o s p h 1 n g o s y l - l - 0 - p - D - g l u c o s 1 d e  (Lot  

No. 1066-0335) ,  and human serum albumin (Sigma Chemical C o . ,  S t .  L ou i s ,  

MO), sod ium  t a u r o c h o l a t e  and a l k y l  (C5 -  t o  Ci2 ~ ) ~ l - 0 - P - £ - g 1u c o s 1des 

( C a l b l o c h e m ,  Los A n g e l e s ,  CA), sod ium dodecy l  s u l f a t e  (SOS, B r i t i s h  

Drug H o u s e ,  P o o l e ,  UK), a l k y l  ( C g - t o  C1 4 - )  amines and a lk y l  (C2 -  t o  

C2 4 - )  c a r b o x y l  1c a c i d s  ( A l d r i c h  Chem. C o . ,  M i l w a u k e e ,  W I) ,  a l k y l  

[ l * C ] c a r b o x y l  1c a c i d s  (C i  t o  C is  c ha in  l e n g t h s )  l a b e l e d  on C} (50 t o  

60 mC1/pmo1;  C4 was 1 3 . 4  mC1/pmo1e) (New England N u c le a r ,  Cambridge,  

MA), NBD-dodecano1c (NBO-C1 2 * l 2 - [ N - m e t h y l - N - ( 7 - n 1 t r o b e n z - 2 - o x a - l , 3 -  

d i a z o l - 4 - y l ]  amlnododecanolc) and NB0-hexano1c (NBD-Cg, 6 - [ 7 - n 1 t r o b e n z -

2 - o x a - l , 3 - d 1 a z o l - 4 - y l ]  am1 nohexanolc )  a c i d s  (Molecula r  P r o b e s ,  J u n c t i o n  

C i t y ,  OR),  2 - N - l1 g n oc e ry l -d1hyd rosph1ngosy l - l -O -0 -O -g luc os1de  (Lot  No. 

9 1 - 0 6 3 - 3 )  (Mi les  Labs,  N a p e r v i l l e ,  I L ) ,  p a r a - ,  o r t h o -  and meta -  n l t r o -  

p h e n y 1 - p - J ) - g l u c o s 1 d e s ,  1 - a n d  2 -n ap h th y l - t f - £ -g lu c o s 1 d e s  and 4 -m e thy l -  

umbel 11 f e r y l - l - 0 - B - £ - g l u c o s 1 d e  ( 4MU-G1 c ) (RPI ,  Mount P r o s p e c t ,  IL) .  

4MU-G1c was r e c r y s t a l l z e d  from e thano l  p r i o r  t o  use .  All o t h e r  r e a g e n t s  

were used d i r e c t l y .

The fo l lo w in g  were p repa red  and p u r i f i e d  as d e s c r i b e d :  dNM ( 1 , 5 -  

d i d e o x y - 1 , 5 - 1 m 1 n o - D - g l u c 1 t o l ) [ 2 0 ] ,  N-Cn ( C j ,  C4 , Cjq* Cl2 an<* ^14)"  

dNMs [ 2 1 ] ,  and NBD-C1 2 -  and NBD-Cg-GCs [ 2 2 ] ,  g l u c o s y l s p h l n g o s l n e  (GS) 

[ 2 3 ] ,  and s p h ln g o s ln e  ( t r a n s - l , 3 - d 1 o l - 2 - a m 1 n o - 4 - o c t a d e c e n e )  [ 2 4 ] .  The 

u n la b e l e d  and r a d i o l a b e l e d  C i - t o  C2 4 -GCS (Cn-GCs) were s y n th e s i z e d  from 

GS and t h e  a p p r o p r i a t e  f a t t y  a c i d s  [ 2 5 ]  and p u r i f i e d  by TLC [ 2 2 ] .  

P u r i t y  o f  t h e  Cn-GCs was demons t ra ted  by HPLC [ 2 6 ] .



- 1 1 7 -

M ethods

Enzyme S o u r c e s . Normal p l a c e n t a l  ac id  8 - g l u c o s l d a s e  was p u r ­

i f i e d  by a f f i n i t y  chrom atography on N-alkyl-dNM-Sepharose [ 2 7 ] .  Homo­

g e n e i t y  of  t h e  p r e p a r a t i o n s  was confirmed  by a s i n g l e  p r o t e i n  s p e c i e s  

on SDS-polyacrylamide ge l  e l e c t r o p h o r e s i s  and a s i n g l e  N-term1na1 amino 

ac id  sequence [27 ]  which was c o l l n e a r  wi th  t h a t  p r e d i c t e d  from t h e  a d d  

9 - g 1 u c o s 1 d a s e  cDNAs [ 4 , 5 ] .  These pure  p r e p a r a t i o n s  were shown t o  con­

t a i n  one c a t a l y t i c  amino a d d  pe r  s u b u n i t  [ 6 ] .  The s p le e n s  f ro m  25 and 

54 y e a r  o l d  Type 1 AJGD p a t i e n t s  w e re  o b t a i n e d  a t  s p l e n e c t o m y  and 

f ro z e n  a t  - 2 0 aC u n t i l  u s e d .  The m u t a n t  s p l e n i c  a d d  0 - g 1 u c o s 1 d a s e s  

w ere  p u r i f i e d  e i t h e r  by hydrophobic chromatography [28]  or  by N - a lk y l -  

dNM-Sepharose a f f i n i t y  chromatography  [ 2 7 ] .  The f i n a l  r e s p e c t i v e  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 l d  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 observed on SDS-polyacryl  amide g e l  e l e c t r o p h o r e s i s .  T h e s e  

two p r e p a r a t i o n s  o f  d i f f e r i n g  p u r i t y  w e r e  u s e d  as  c o n t r o l s  f o r  t h e  

p o t e n t i a l  e f f e c t s  o f  c o n t a m i n a n t s ,  s i n c e  homogeneous  m u t a n t  enzymes  

c o u l d  n o t  be  o b t a i n e d  1n an a c t i v e  form. The a c t i v e  mutant  enzyme 1n 

t h e s e  p r e p a r a t i o n s  bound CBE wi th  a 1:1 ( m o le  CBE/mole 5 6 , 0 0 0  d a l t o n  

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

[ 1 3 ] .  The p re se nc e  o f  a d d  B-g1ucos1dase I I  [ 29 ]  cou ld  not  be  d e t e c t e d  

1n t h e s e  p r e p a r a t i o n s  by 1mmunoprec1p 1t a t 1on wi th  m onospec i f i c  p o ly ­

c l o n a l  a n t i b o d ie s  [ 1 2 , 1 3 ] .  No major d i f f e r e n c e s  1n 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  [ 1 3 ] ,  apparent  I n h i b i t o r y  c o n s t a n t s  o r  Kmapp v a lu e s  

w ere  o b s e r v e d  w i t h  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 .  Us ing  

I m m u n o b lo t s ,  t h e  m o l e c u l a r  w e igh ts  o f  t h e  normal and Type 1 AJGD a d d

0 - g l u c o s 1 d a s e ,  a f t e r  comple te  d e g l y c o s y l a t l o n  wi th  N - g l y c a n a s e ®  (Gen-
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zyme,  B o s t o n ,  MA), w e r e  I d e n t i c a l ,  Mr * 5 6 , 0 0 0  ( d a t a  not  shown).  The 

Immunologic and k i n e t i c  p r o p e r t i e s  o f  t h e  a c i d  B - g l u c o s 1d a s e  1 n t h e  

Type 1 AJGO s p l e e n  p r e p a r a t i o n s  w e re  r e p r e s e n t a t i v e  o f  t h o s e  from a 

l a r g e  s e r i e s  of  Type 1 AJGD p a t i e n t s  [ 1 1 , 1 2 ] .

K i n e t i c  Methods. H ydro lys i s  o f  NBD-C12 -GC o r  4MU-G1C [ 7 , 1 3 ]  was 

d e t e r m i n e d  f l u o r o m e t r l c a l l y .  Except where n o t e d ,  t h e  r e a c t i o n  m ix tu re  

( 0 . 2  ml) c o n ta i n e d  p h o s p h a t e / c i t r a t e  b u f f e r  ( I o n i c  s t r e n g t h  was c o n ­

s t a n t ;  p -  0 .07  M), 1 mM d -m ercap toe thano l  and 1.25 mM EDTA ( B u f f e r  A) 

as wel l  as T r i t o n  X-100 ( 0 .8  t o  4 mM), sodium t a u r o c h o l a t e  ( 4 . 6 5  mM), 

s u b s t r a t e  and enzyme e f f e c t o r s .  The I n d i c a t e d  pH v a lu e s  were de te rmined  

1n t h e  r e a c t i o n  m ix t u re s  under  t h e  expe r im en ta l  c o n d i t i o n s .  The 11po1d- 

a l  compounds In ch lo roform /m ethano l  ( 2 : 1 ; v /v )  were added t o  d r y  t u b e s  

and t h e  s o l v e n t s  ev a p o ra te d  with n i t r o g e n  and,  t h e n ,  under  h i g h  vacuum 

f o r  2 t o  4 h .  For  t h e  h i g h ly  p u r i f i e d  Type 1 AJGD enzyme, 0 . 6 *  human 

serum a lb u m in  was I n c l u d e d  1n 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 :  u n d e r  t h e s e  c o n d i t i o n s ,  human serum albumin had no 

e f f e c t  on t h e  appa ren t  k i n e t i c  c o n s t a n t s  o f  t h e  p u r e  no rmal  enzyme o r  

t h e  5 0 0 - f o l d  e n r i c h e d  mutant  s p l e n i c  a c id  0 -g1ucos1dase .  Unless  o t h e r ­

wise n o t e d ,  t h e  pH o f  t h e  r e a c t i o n  m i x t u r e s  was 5 . 7 5  a t  37*C.  The 

amount  o f  enzyme was a d ju s t e d  t o  e n s u re  t h a t  l e s s  than 5* o f  t h e  sub­

s t r a t e  was hyd ro lyz e d .  R eac t ions  were t e r m i n a t e d  a f t e r  0 . 5  t o  2 h a t  

37 * C.

Fo r  t h e  r a d i o a c t i v e  Cn-GCs, h y d r o ly s e s  were conduc ted as  above 

and s topped  wi th  0 .5  ml o f  ch lo roform /m ethano l  ( 2 : 1 ,  v / v ) .  A f t e r  v i g o r ­

o u s  a g i t a t i o n  o f  t h e  m i x t u r e s  and c e n t r i f u g a t i o n  (2 0 0 0  x £ ;  10 m1n ) ,  

t h e  a q u e o u s  l a y e r s  w ere  r em ove d ,  t h e  s o l v e n t s  1n t h e  o r g a n i c  l a y e r s
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w e r e  e v a p o r a t e d  u n d e r  n i t r o g e n  and t h e  r e s i d u e s  Mere r e s o l u b l l l z e d  In 

20 t o  50 pi  o f  c h l o r o f o r m / m e t h a n o l  ( 2 : 1 ,  v / v ) .  The c e r a m l d e s  were  

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

am oun ts  o f  t h e  r e s p e c t i v e  Cn-GCs con tam in a ted  t h i s  phase .  T h e r e f o r e ,  

c e r a m l d e s  w e re  r e s o l v e d  f rom  t h e  GCs by TIC ( S i l i c a  G, A n a l t e c h ,  

Newark,  OE) u s i n g  t h e  s o l v e n t  s y s t e m ,  c h l o r o f o r m / m e t h a n o l / w a t e r  

( 8 5 : 1 5 : 1 . 5 ,  v / v / v ) .  The p a r t i c u l a r  ceramlde  was l o c a t e d  by t h e  Rf v a lu e  

o f  t h e  r e s p e c t i v e  ceramlde  s t a n d a r d s ,  t h e  s i l i c a  was s c r a p e d  I n t o  a 

s c i n t i l l a t i o n  v i a l ,  h ea ted  1n 1 ml o f  ch lo roform /m ethano l  ( 2 : 1 , v /v )  a t  

37*C f o r  0 . 5  h ,  and ,  t h e n ,  t h e  r a d i o a c t i v i t y  was d e t e r m i n e d  u s i n g  OCS 

(Amersham,  A r l i n g t o n  H e i g h t s ,  IL) as  t h e  s c l n t l l l a n t .  Blank va lu e s  

( I . e . ,  no enzyme p r e s e n t )  were  t y p i c a l l y  l e s s  t h a n  5% o f  t h e  r a d i o ­

a c t i v i t y  r ec ove red  as  ce ram ldes .  Using t h i s  p ro c e d u r e ,  r e c o v e r y  o f  t h e  

ce ramldes  was q u a n t i t a t i v e .

The f i n a l  c o n c e n t r a t i o n  of  t h e  a lky l  amines 1n t h e  r e a c t i o n  mix­

t u r e s  were de te rmined  by t h e  f l u o r e s c a m in e  p roce du re  [30]  s t a n d a r d i z e d  

f o r  ea ch  a l k y l  a m ine :  t h e  apparen t  I n h i b i t i o n  c o n s t a n t s  f o r  t h e s e  com­

pounds were r e p r o d u c i b l e  o n ly  w i t h in  a 2-  t o  3 - f o l d  r a n g e ,  p r e s u m a b l y  

due  t o  t h e i r  poor  s o l u b i l i t y  and /o r  a d s o r p t i o n  t o  t h e  t e s t  t u b e s .  When 

t h e  appa ren t  I n h i b i t o r y  c o n s t a n t s  were  b a s e d  on t h e  q u a n t i t y  o f  t h e  

a l k y l  amine  a d d e d ,  r a t h e r  than  t h e  c o n c e n t r a t i o n s  1n t h e  r e a c t i o n  mix­

t u r e s  de te rmined  by f l u o r e s c a m i n e ,  t h e  v a lu e s  were not  r e p r o d u c i b l e  and 

t h e  L1neweaver-Burk p l o t s  were n o n l i n e a r .

The f o l lo w in g  te rm ino logy  Is  used t h ro u g h o u t ;  c o m p e t i t i v e  (K-fs  * 

f i n i t e ,  * 0 0 ) ,  and mixed  (K^s and * f i n i t e )  I n h i b i t i o n .  All 

k i n e t i c  c o n s t a n t s  were appa ren t  v a lu e s  (K ts app,  K ^ a p p ,  e t c . ) .  For t h e  

more p o t e n t  I n h i b i t o r s ,  Kjapp v a lu e s  were de te rmined  with s e v e r a l  sub­
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s t r a t e  c o n c e n t r a t i o n s  ( 0 .1  t o  8  Km) from L1neweaver-Burk p l o t s  and t h e  

a p p r o p r i a t e  s l o p e  ( f o r  Kjs app) and l / v - 1 n t e r c e p t  ( f o r  K ^ a p p )  r e p l o t s  

[31]  which were e v a l u a t e d  by t h e  l e a s t - s q u a r e s  method.

Fo r  c o n v e n i e n c e ,  t h e  K^s app and K ^ a p p  v a lu e s  f o r  l e s s  p o t e n t  

I n h i b i t o r s  were de te rm ined  from t h e  e q u a t i o n s

[ I ]  [I ]
K1sapp  ---------------------  K ^ a p p  -

s lo p e  ( I )  I n t e r c e p t  ( I )
 1  1
s lo p e  ( 0 ) I n t e r c e p t  ( 0 )

w he re  s l o p e  (__ ) o r  I n t e r c e p t  (__ ) were from L1neweaver-Burk p l o t s  1n

t h e  p r e s e n c e  ( I ) ,  o r  a b s e n c e  (0 )  o f  t h e  I n h i b i t o r  u s i n g  4MU-Glc o r  

NBD-C1 2 -GC as  s u b s t r a t e s .  K i s app and K ^ a p p  v a lu e s  o f  t h e  p o t e n t  In­

h i b i t o r s  were w i t h in  ±2 0 % by e i t h e r  method and w i t h  e i t h e r  s u b s t r a t e  

f o r  r e p r e s e n t a t i v e  I n h i b i t o r s .  IC50  v a l u e s  ( t h e  c o n c e n t r a t i o n  o f  In ­

h i b i t o r  which r e s u l t e d  1n 50% I n h i b i t i o n )  were de te rmined  w i t h  4MU-Glc 

(4 mM) as  s u b s t r a t e .  All I n h i b i t o r s  were r a p i d l y  r e v e r s i b l e  and f u l l  

r e c o v e r i e s  o f  enzymatic  a c t i v i t i e s  were o b t a i n e d  1n d i l u t i o n  e x p e r i ­

m e n t s .  The v a l u e s  r e p r e s e n t  t h e  mean o f  a t  l e a s t  t h r e e  expe r im e n t s  

c o n d u c t e d  1n d u p l i c a t e .  Vmaxapp v a lu e s  were r e p r o d u c i b l e  w i t h in  ± 7%. 

All p l o t s  and r e p l o t s  were l i n e a r  wi th  c o r r e l a t i o n  c o e f f i c i e n t s  g r e a t e r  

t h a n  0 . 9 9 0 .  C o m p a r a t i v e  I n h i b i t o r  s t u d i e s  wi th  t h e  normal and Type 1 

AJGD enzymes were conducted 1n matched s e t s  wi th  e x a c t l y  e q u a l  I n c u b ­

a t i o n  t im e s .

K i n e t i c  S t u d i e s  In t h e  P re se nc e  o f  "Co-G1ucos1dase" a n d /o r  Low 

D e t e r g e n t  C o n c e n t r a t i o n s . Human " c o - g l u c o s 1 d a s e N was p u r i f i e d  from 

f r e s h  s p le e n  [ 8 ] o b t a i n e d  a t  s u rg e r y  o f  an 8  y . o .  male wi th  I d i o p a t h i c
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t h r o m b o c y t o p e n i a  p u r p u r a .  Th is  p r e p a r a t i o n  a l s o  was d e l l p l d a t e d  wi th  

20% n - b u t a n o l / I s o p r o p y l  e t h e r  ( 1 : 1 ;  v / v )  a t  4*C. The f i n a l  p r e p a r a t i o n  

had one  con tam inan t  p r o t e i n  band (Mr  2? 53 ,000)  v i s u a l i z e d  wi th  Coomas- 

s1e  b l u e  a f t e r  SOS-PAGE ( 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 ) .  As 

p r e v i o u s l y  r e p o r t e d  [ 8 ] ,  no p r o t e i n  bands were s t a i n e d  with Coomassle 

b l u e  a t  t h e  expec ted  Mp (>6 ,000)  o f  " c o - g l u c o s 1 d a s e " .  However, a s i n g l e  

I n t e n s e  band a t  Mp ■ 6 , 2 0 0  was v i s u a l i z e d  wi th  a n t ibody  t o  bov ine  "co-  

g l u c o s l d a s e ” a f t e r  e l e c t r o b l o t t l n g  o f  t h e  p r o t e i n  f rom  12% SDS-PAGE 

g e l s  o n t o  n i t r o c e l l u l o s e  f i l t e r s .  Using n a t i v e  PAGE, s i m i l a r  bands t o  

t h o s e  r e p o r t e d  f o r  bov ine  ” c o - g 1u c o s 1d a s e "  [ 8 ] were  v i s u a l i z e d  w i t h  

S t a 1 n s - A 1 1 .  Ant 1- b o v in e  Nco-g1ucos1dase"  a n t i s e rum  was a generous  g i f t  

from Dr. Norman S. Radln .

S t u d i e s  o f  t h e  e f f e c t s  of  "co -g1ucos1dase” , low d e t e r g e n t  con­

c e n t r a t i o n s  a nd /o r  p h o s p h a t id y l  s e r i n e  on t h e  Kjapp v a lu e s  o f  t h e  N-Cn_ 

-dNMs o r  GS d e r i v a t i v e s  were conducted  1n p o l y e t h y le n e  t u b e s  t o  avoid 

a d s o r p t i o n  o f  t h e  I n h i b i t o r s  o r  enzyme. P i l o t  s t u d i e s  u s ing  Te f lon™  

t u b e s  gave t h e  same r e s u l t s  as  t h o s e  o b t a i n e d  1 n p o l y e t h y l e n e  t u b e s .  

F o r  t h e s e  s t u d i e s ,  a l l  U p o l d a l  compounds were added t o  d r y  t u b e s  In

1-3 pi  o f  c h lo r o fo rm /m e tha no l  ( 2 : 1 ;  v / v )  and I m m e d i a t e l y  d i l u t e d  t o  

150 p i  w i t h  B u f f e r  A ( 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 ,  con­

t a i n i n g  4 mM B - m e r c a p t o e th a n o l , 1.25 mM EOTA) and s u b s t r a t e  ( 4  mM 4MU- 

G l c ) .  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  enzyme and te rm ln  

a t e d ,  a f t e r  0 .25  t o  0 . 5  h a t  37*C. Cont ro l  t u b e s  c o n t a i n e d  B u f f e r  A,

1 - 3  p i  c h l o r o f o r m / m e t h a n o l  ( 2 :1 ;  v /v )  and enzyme; t h i s  amount c h l o r o ­

form/methanol  had no e f f e c t  on enzymatic  a c t i v i t y .  For s t u d i e s  In  t h e  

a b s e n c e  o f  a l l  d e t e r g e n t s ,  IC50  v a l u e s ,  I n s t e a d  of  K^app v a l u e s ,  were 

d e te rm ine d  wi th  4 mM 4MU-G1c and va ry in g  c o n c e n t r a t i o n s  o f  t h e  1nh1b1-
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t o r s ,  s i n c e  1) 50 t o  100 t i m e s  more  enzyme was r e q u i r e d  th a n  1n t h e  

p r e s e n c e  o f  d e t e r g e n t s ,  2 ) r e p r o d u c i b l e  Kmapp v a lu e s  cou ld  not  be ob­

t a i n e d  a t  < 0 .1  mM T r i t o n  X-100 o r  < 0 . 3  mM t a u r o c h o l a t e  In t h e  absence 

o f  T r i t o n  X-100. In t h e  absence o f  T r i t o n  X-100 and n e g a t i v e l y  charged  

H p l d s ,  "Km" v a l u e s  ranged from "20 t o  100 mM" which was in  e x c e s s  o f  

t h e  s o l u b i l i t y  of  t h i s  s u b s t r a t e  and 3) r e a s o n a b l y  l i n e a r  ( I . e . ,  c o r ­

r e l a t i o n  c o e f f i c i e n t s  £  0 .990)  L1neweaver-Burk p l o t s  cou ld  no t  be ob­

t a i n e d  a t  v e r y  low t a u r o c h o l a t e  o r  phos p h a t id y l  s e r i n e  c o n c e n t r a t i o n s  

(< 0 . 3  mM) 1n t h e  a b s e n c e  o f  T r i t o n  X-100 o r  In  t h e  a b s e n c e  o f  a l l  

d e t e r g e n t s  and n e g a t i v e l y  charged  H p l d s .  Kjs app v a lu e s  were r e l i a b l y  

de te rmined  1n t h e  p r e s e n c e  o f  0 . 5  t o  8 . 0  mM t a u r o c h o l a t e  In t h e  absence 

o f  T r i t o n  X-100 .  F u r th e r m o r e ,  1n t h e  absence  of  T r i t o n  X-100 and ne­

g a t i v e l y  c h a r g e d  l i p i d s ,  t h e  enzyme a c t i v i t y  was s t a b l e  f o r  a b o u t  

30 m1n, and t h e  h y d r o l y t i c  r a t e s  were r e p r o d u c i b l e  w i th in  ± 30-40* wi th  

4 mM 4MU-G1c. The IC50  v a lu e s  were t h e  average  o f  s i x  d e t e r m i n a t i o n s  

and were a c c u r a t e  w i t h in  about  a 2-  t o  3 - f o l d  r an g e .  The d i l u t e d  p u r e  

normal enzyne used f o r  t h e s e  s t u d i e s  a l s o  c o n ta i n e d  about  0 . 3 *  e t h y l e n e  

g l y c o l .

R e s u l t s

I n t e r a c t i o n  o f  Ac id  P -G lu c o s ld a s e  wi th  A lky lg ly cons  and A lky l -  

a m l n e s . The K^app v a l u e s  f o r  v a r i o u s  a lk y lg ly c o n  and a lky lam lne  In ­

h i b i t o r s  o f  t h e  no rm a l  and Type 1 AJGO enzymes a re  shown 1n Table  9 .  

Enzyme a c t i v i t i e s  were de te rmined  In t h e  p r e s e n c e  o f  4 mM T r i t o n  X-100 

and 4 . 6 5  mM t a u r o c h o l a t e  a t  pH 5 . 7 5 ,  p r i m a r i l y  wi th  4MU-Glc as  sub­

s t r a t e  and wi th  NBD-C12 -GC as s u b s t r a t e  f o r  r e p r e s e n t a t i v e  compounds;
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TABLE 9

Apparent  I n h i b i t i o n  C o ns ta n ts  f o r  I n h i b i t o r s  
o f  t h e  Normal and Type 1 Ashkenazi  Jewish  Gaucher Disease  

Acid p-G1ucos1dases  (37*C, pH 5 .75)

In h ib i to r ® Kj (Normal) Ki (Type 1 AJGD)
Ki (Type 1 AJGD) 

Ki (Normal)

Alkylg1ucos1desb : (mM) (mM)

Co 220 ± 50 300 1  64 1 .4
Cl 298 441 1.47
C6 3 .3  ± 0 .1 8 .62 2 .61
c 7 1 .2  ± 0 . 1 6 .4 5 .3
c 8 0 .32  ± 0 .04 2 . 2 6 .9
Cg 0 .17  ± 0 .03 1 .1 6 .5
c lo 0 .16  1  0 . 0 2 0.7 4 .4
c 12 0 .15  ± 0 .0 4 0 . 6 4 .13

Alkylam1nesc : (mM) (mM)

c3 50
c 6 1 .0  -  1 .7
c 7 0 .7  -  1 .4
c 8 0 .31  -  0 .43 0 .9 2 .4
Cg 0 .22  -  0 .35
c io 0 . 1 1  -  0 . 2 0 .4 2 . 6
C12 0 .1  -  0 .17 0 .3 2 . 2
Cl4
c 18

0 .0 90  -  0 .16 0 .3 2 .4
0 .08  -  0 .14 0 . 2 1.81

N-C„-dNMsb : (pM) (pM)

Co 53 t  8 560 i  90 1 0 .6
Cl 35 140 4
C4 190 470 2 .5
c 10 0 .1 0  ± 0 .05 0 .51  ± 0 .0 2 5 .1

( 0 .0 3  -  0 . 0 5 ) d (0 .7 5  -  1 . 3 ) d
Cl2 0 .0 4  ± 0.01 0 .4 5  ± 0 .02 11.3

( 0 .0 2  -  0 . 0 5 ) d (0 .5 6  -  1 . 2 ) d
Cl4 0 .09  ± 0 .01 0 .4 4  i  0 .03 4 .9

( 0 .0 3  -  0 . 0 4 ) d ( 0 . 5 6 )d
Sph lnqos ines : (pM) (pM)

Sph1ngos1ne 29 ± 9b 182 ± 30b 6 .3
GS 20 ± 5C 120  ± 2 0c 6 . 0
N-hexyl-GS 0 .2 0  ± 0 .0 5 c 1 .4  ± 0.3C 7 .0

(0 .11  -  0 . 3 8 ) d ( 4 . 1 )d

® Determined in 4 mM T r i t o n  X-100/4 .65  mM t a u r o c h o l a t e ,  
b K^s app v a l u e ,
c K^app ( K-ji -  K^s ) v a l u e ,  d c a l c u l a t e d  v a l u e s .
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no d i f f e r e n c e s  1n t h e  p a t t e r n  o f  I n h i b i t i o n  o r  Kjapp v a lu e s  Mere ob­

se rved  wi th  e i t h e r  s u b s t r a t e .  For t h e  no rm a l  o r  Type 1 AJGD e n z y m e s ,  

t h e  a l k y l g l y c o n s  mere  mixed  I n h i b i t o r s  w i th  K ^ a p p  ■ 2 t o  10  Kis app 

( I . e . ,  p r edom inan t ly  c o m p e t i t i v e ) ,  Mhlle  t h e  a l k y l  am ines  were  noncom­

p e t i t i v e  ( I . e . ,  K ^ a p p  * Kis app) .

Fo r  t h e  s e r i e s  o f  l -O-Cn-0 -g1uc ose s  and N-Cn-dNMs o r  t h e  a l k y l -  

amines,  t h e  K^s app o r  Kjapp v a l u e s ,  r e s p e c t i v e l y ,  f o r  t h e  normal enzyme 

were r e l a t e d  t o  t h e  a lk y l  c h a i n  l e n g t h .  These  r e l a t i o n s h i p s  f o r  t h e  

a l k y l g l y c o n s ,  shown as  - l n [ K i Sa pp(a1ky lg1ycon) /K is a p p ( 0 - g l u c o s e ) ]  v s .  

a l k y l  c h a i n  l e n g t h  (F1g.  23A), were b l p h a s l c .  The K{Sapp v a lu e s  with 

m e t h y l - 0 - g 1 u c o s 1 d e  o r  N-Cj- o r  N-C4 -dNM, were g r e a t e r  than o r  equa l  t o  

t h o s e  o f  t h e  p a re n t  g lycons  (Table  9 ) .  With longe r  a lky l  c h a in s  ( C i q - ,  

C1 2 “ and Cl4 ~)» t h e  I n h i b i t o r y  p o t e n c i e s  were I nc re a se d  by about  t h r e e  

o r d e r s  o f  magni tude and approached a l i m i t  a t  an a lk y l  cha in  l e n g t h  o f  

14 c a r b o n s .  The c u r v e  d e s c r i b i n g  t h e  K j s app  v a l u e s  [ r e f e r e n c e d  t o  

K i s app ( 0 - g l u c o s e ) ]  f o r  t h e  N-Cn-dNMs p a r a l l e l e d  t h a t  f o r  t h e  a l k y l -  

0 - g l u c o s i d e s  but  a t  about  t h r e e  o r d e r s  o f  magni tude lower v a l u e s .  When 

r e f e r e n c e d  t o  t h e  Kts app f o r  dNM, t h e  N-Cn-dNM cu rv e s  n e a r l y  o ve r l apped  

t h o s e  f o r  t h e  a l k y l - 0 - g 1 u c o s 1 d e s .  With t h e  Type 1 AJGD e n z y m e ,  t h e  

« i Sapp v a l u e s  f o r  t h e  a lk y lg ly c o n  d e r i v a t i v e s  were about  5 t o  7 t im e s  

g r e a t e r  than  t h e  r e s p e c t i v e  normal v a l u e s  ( T a b l e  9 ) .  T h i s  d i f f e r e n c e  

was not  s i g n i f i c a n t  w i th  1 - 0 -m e th y l - 0 - g l u c o s e  and was about  2 - f o l d  wi th  

t h e  N-C4 -dNM.

For  t h e  normal o r  Type 1 AJGD enzymes,  t h e  Kjs app v a lu e s  (37*C, 

pH 5 . 7 5 )  f o r  t h e  N-Cn -dNMs a g r e e d ,  w i t h i n  a f a c t o r  o f  2 t o  4 ,  with 

t h o s e  c a l c u l a t e d  (Tab le  9) from t h e  f r e e  ene rgy  e q u a t io n :
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F lq u r e  23
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Flg u re  2 3 :

E f f e c t  o f  i n c r e a s i n g  a lky l  (A) o r  f a t t y  ac id  acyl  (B) c h a in  l e ng th  
on t h e  Kjs app v a lu e s  f o r  N-Cn-dNM ( ■ , □ )  o r  a lk y l - B - g lu c o s 1 d e s  

( • , 0 )  in A and Cn-GCs 1n B. The f i r s t  p o i n t  o f  t h e  Cn-GC c u rv e s  
( 8 ) 1s f o r  GS, I . e .  d e a c y l a t e d  GC. Closed and open symbols a r e  

f o r  t h e  normal and Type 1 AJGD enzymes,  r e s p e c t i v e l y .  The v a lu e s  
a r e  p l o t t e d  as t h e  a d d i t i o n a l  f r e e  e ne rgy  (AAG*) o f  b ind ing  r e l a t i v e  

t o  t h a t  f o r  p - g l u c o s e  (eq 1 ) .  In (A) t h e  t r i a n g l e s  r e p r e s e n t  t h e  
p r e d i c t e d  K^s v a lu e s  c a l c u l a t e d  from eq 1 and t h e  d a t a  1n Table  9. 

4MU-Glc was t h e  s u b s t r a t e .  The X 1n (A) nea r  t h e  N o f  dNM r e p r e s e n t s  
t h e  absence o f  an H+ g roup ,  I . e . ,  unp ro tona ted  dNM [ 1 4 ] .
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[ KiSapp(dNM) KiSa p p (a lk y l -0 -g 1 u c o s 1 d e )  “ I
In --------------------------  + In -------------------------------------------

KiSapp(g 1ucose)  KiSapp (g lucose )  J

( 1)

w h e re  AAG* r e p r e s e n t s  t h e  a d d i t i o n a l  f r e e  ene rgy  o f  b i n d i n g ,  r e l a t i v e  

t o  0 - g l u c o s e .

Using s p l e n i c  s p h ln g o s l n e ,  a n a t u r a l  a lk y lam lne  which 1s predomln 

a n t l y  d 1 8 : l  [ 3 2 ] ,  mixed I n h i b i t i o n  was o b t a i n e d  wi th  Kjs app -  29 ± 9 pM 

and K n a p p  * 185 ± 30 pM (T ab le  9 ) .  In com par i son ,  t h e  Kiapp v a lu e  f o r  

t h e  s a t u r a t e d  c h a i n ,  oc tadecanam ine ,  was abou t  3 - f o l d  g r e a t e r  (100  pM) 

t h a n  t h e  K i s app v a lu e  and s i m i l a r  t o  t h e  K ^ a p p  v a lu e  f o r  s p h ln g o s l n e .  

The a d d i t i o n  o f  a 0 - g l u c o s y l  m o i e t y  t o  s p h l n g o s l n e  [ I . e . ,  g l u c o s y l -  

s p h l n g o s l n e  (GS) ] ,  r e s u l t e d  1n a small  d e c r e a s e  1n Kiapp (Kji  -  Kis ) ■ 

20 pM and t h e  I n h i b i t i o n  was n o n c o m p e t i t i v e  [ a l s o ,  7 ] ,  More p o t e n t  

no n c o m p e t i t iv e  I n h i b i t i o n  (Kiapp » 0 . 3  pM) was observed  wi th  N-hexyl-GS 

[ a l s o ,  7 ] .  The l a t t e r  Kiapp va lue  was 1n agreement  wi th  t h a t  o b t a in e d  

by E r ickson  and Radln (33 ;  0 .33  pM), a l t hough  t h e y  observed  c o m p e t i t i v e  

I n h i b i t i o n  u n d e r  d i f f e r e n t  a s say  c o n d i t i o n s .  Using t h e  Kis app v a lu e s  

f o r  l - O - h e x y l - 0 - g lu c o s 1 d e  ( 3 . 3  mM) and s p h ln g o s l n e  ( 0 . 0 2 9  mM) and a s ­

suming Independent  a d d i t i v i t y  o f  b in d in g  e n e r g i e s ,  t h e  c a l c u l a t e d  Kiapp 

f o r  N-hexyl-GS ( 0 .3 8  pM; eq 1) a g r e e d  w e l l  w i t h  t h e  o b s e r v e d  normal  

v a l u e s .  S i m i l a r l y ,  u s in g  t h e  Kiapp f o r  GS and t h e  Kiapp f o r  N-hexana-  

m l n e ,  t h e  c a l c u l a t e d  K ia pp  f o r  N-hexyl-GS was 0 .11  pM f o r  t h e  normal 

enzyme. S i m i la r  r e s u l t s  were o b t a in e d  f o r  t h e  Type 1 AJGD enzyme but  a t  

5 -  t o  7 - f o l d  g r e a t e r  Ki v a lu e s  (Tab le  9 ) .

The b l p h a s i c  n a t u r e  o f  t h e  KiSapp c u rv e s  as a f u n c t i o n  o f  a lky l  

c h a in  l e ng th  f o r  t h e  dNM and 0 - g l u c o s 1 d e  d e r i v a t i v e s ,  t h e  a p p a r e n t  

a d d i t i v i t y  o f  AAG* f o r  s e v e r a l  I n h i b i t o r s  and t h e  p r o t e c t i o n  o f  t h e
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enzyme by N-Cio-dNM and GS from I n a c t i v a t i o n  by c o n d u r l t o l  B epox ide

[14]  s u g ge s te d  an op t im al  c h a i n  l e n g t h  f o r  I n t e r a c t i o n s  o f  11 p o l d a  1 

I n h i b i t o r s  wi th  d i s t i n c t  domains o f  t h e  a c id  0 - g 1u cos 1d a s e  a c t i v e  s i t e .  

S ince  some o f  t h e s e  e f f e c t s  could r e s u l t  from a m p h l p h l l e  I n t e r a c t i o n s  

w i t h  t h e  enyzme a n d / o r  U p o l d a l  I n h i b i t o r s ,  va ry ing  a s sa y  c o n d i t i o n s  

were used  t o  e v a l u a t e  some o f  t h e s e  p o t e n t i a l  I n t e r a c t i o n s .

I n t e r a c t i o n s  o f  Enzyme, I n h i b i t o r s ,  Amphlphl les  and "Co-Gluco-  

s l d a s e . For  t h e  normal  enzyme and t h e  s e r i e s  o f  N-alkyl-dNM d e r i v a ­

t i v e s ,  a b l p h a s l c  v a r i a t i o n  o f  IC50  wi th  I n c r e a s i n g  a lky l  c h a i n  l e ng th  

was o b t a i n e d  under  s e v e r a l  d i f f e r e n t  a s sa y  c o n d i t i o n s  ( F 1 g .  2 4 ,  T a b l e  

1 0 ) ,  I . e . ,  1n t h e  a b s en c e  o r  p r e s e n c e  o f  t a u r o c h o l a t e  (below o r  above 

t h e  c r i t i c a l  m l c e l l a r  c o n c e n t r a t i o n  [CMC] ■ 3 .5  t o  4 mM [3 3 ] )  o r  T r i t o n  

X-100 < CMC ( i  0 .24  mM [ 3 4 ] ) .  The r e s u l t s  a r e  shown as  - l n [ I C 5 ( j ( a1k y l -  

dNM)/IC5 Q(dNM] f o r  d i r e c t  c o m p a r i s o n  t o  t h e  r e s u l t s  In F i g u r e  23A. 

The IC5 0  (dNM) was about  3 .2  o r  4 o r d e r s  o f  magni tude g r e a t e r  than  t h e  

IC5 0  (Cio-dNM) o r  IC50  (C i2 -dNM), r e s p e c t i v e l y .  The cu rve  o b t a i n e d  1n 

t h e  p r e s e n c e  o f  4 mM T r i t o n  X-100 and 4 .6 5  mM t a u r o c h o l a t e  was p a r a l l e l  

t o ,  bu t  lower ( 3 - t o  5 - f o l d )  t h a n ,  t h o s e  o b t a i n e d  1n t h e  absence  o f  4 mM 

T r i t o n  X-100 (F1g. 2 4 ) .  The c o n c e n t r a t i o n  o f  t a u r o c h o l a t e  1n t h e  a b ­

sence  of  T r i t o n  X-100 had l i t t l e  e f f e c t  on t h e  shape o f  t h e  IC5 0  cu rv e s  

o r  t h e  KiSapp v a lu e s  f o r  t h e s e  I n h i b i t o r s .

The e f f e c t s  on t h e  IC5 0  v a l u e s  f o r  I n h i b i t o r s  by I n c r e a s i n g l y  

complex m ix t u re s  o f  a m p h l p h l l e s  a n d / o r  Hc o - g 1u c o s 1d a s e ” a l l o w e d  f o r  

some I n s i g h t  I n t o  t h e  I n t e r a c t i o n s  o f  t h e  U p o l d a l  compounds. Varying 

amounts o f  amph lph l l es  1n t h e  p r e s e n c e  o r  absence  o f  ”c o - g 1uc os 1d a s e N
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E f f e c t  o f  I n c r e a s i n g  a lky l  cha in  l e n g th  on t h e  IC5 0  v a lu e s  f o r  
N-alkyl-dNM 1n t h e  absence  (0)  o r  p r e s e n c e  o f  v a r i o u s  c o n c e n t r a t i o n s  

o f  e i t h e r  T r i t o n  X-100 o r  t a u r o c h o l a t e .  T a u ro ch o la te  c o n c e n t r a t i o n s  
were 0 .5  (A) ,  1 .0  (A) o r  8  ( • )  mM. IC50  v a lu e s  f o r  dNM 

and N-Cj2 -dNM were de te rmined  in  t h e  p re s e n c e  of  0 .0 5  ( □  ) 
and 0 .1 0  (X) mM T r i t o n  X-100. The cu rve  d e s c r i b e d  by ( ■  ) 

was wi th  4 . 0  mM T r 1 to n /4 .6 5  mM t a u r o c h o l a t e .
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TABLE 10

E f f e c t  o f  Tau rocho la te  on t h e  KiSapp Values of  

N-Alkyl-dNMs wi th  Normal Acid &-Glucos1dase (37*C; pH 5 .75)

I n h i b i t o r
T a u r o c h o l a t e 3

0 .5  (mM) 1 .0  (mM) 8 . 0  (mM)

Kis appb (pM)

N-Cn-dNM:

c0 111 94 81

C4 72 75 57

ClO 0 . 1 0 0.081 0.067

Cl2 0.017 0.017 0.016

a Assays conduc ted  in  t h e  absence o f  T r i t o n  X-100 
wi th  4MU-Glc as s u b s t r a t e ,  

b Values were r e p r o d u c i b l e  w i t h in  1  30%.
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had no e f f e c t  on IC5 0  (dNM) (Table  11 ) .  In compar ison ,  I n c r e a s i n g  th e  

c o n c e n t r a t i o n  o f  T r i t o n  X-100, above t h e  CMC, I nc re a se d  t h e  IC50  (C12-  

-dNM) by an o rd e r  o f  magni tude .  In t h e  p r e s e n c e  o f  0 . 8  mM T r i t o n  X-100 

(w i th  o r  w i thou t  " c o - g l u c o s 1 d a s e " ) ,  0 . 5  mM p h o s p h a t l d y l s e r l n e  I n ­

c r e a s e d  t h e  IC5 0  ( C i 2 -dNM) v a lue  about  4 - f o l d ;  s m a l l e r  e f f e c t s  on t h e  

IC50  (GS) v a lues  were observed  (Table  1 1 ) .  I n c r e a s i n g  t h e  T r i t o n  X-100 

c o n c e n t r a t i o n  from 0 . 8  mM t o  4 mM 1n t h e  p r e s e n c e  o r  absence  o f  phospha 

t i d y l s e r l n e  a n d / o r  Nc o - g 1 u c o s 1 d a s e M I n c r e a s e d  t h e  IC50  (N-hexyl-GS) 

v a lu e  about  1 0 - f o l d .  In t h e  p resence  o f  0 . 8  mM T r i t o n  X-100, " c o - g l u c o -  

s i d a s e "  had no e f f e c t  on t h e  IC50  (N-hexy l -GS)  v a lu e .  With s e v e r a l  

d i f f e r e n t  a s s a y  c o n d i t i o n s ,  t h e  IC50  (N-hexyl-GS) v a lu e s  were p ropo r ­

t i o n a l  t o  t h e  c a l c u l a t e d  T r i t o n  X-100 m i c e l l e  c o n c e n t r a t i o n ,  a s su m in g  

an a g g r e g a t i o n  number o f  150 f o r  T r i t o n  X-100 m 1 c e H 1 z a t1 o n  ( I . e . ,  

0 . 8  mM T r i t o n  X-100 5 3 . 7  pM T r i t o n  X-100 m i c e l l e s  and 4 mM T r i t o n  

X-100 3f 25 pM T r i t o n  X-100 m i c e l l e s ) .

M u l t i p l e  I n h i b i t i o n  A n a l y s i s . The l i n e a r i t y  o f  t h e  1 / v -  

I n t e r c e p t  o r  s l o p e  v s .  [ I ]  r e p l o t s  f o r  t h e  a lky l  - am ine ,  - P -g lu c o s 1 d e  

o r  -dNM and sph lngosy l  d e r i v a t i v e s  1n t h e  p r e s e n c e  o f  4 mM T r i t o n  X-100 

w i t h  o r  w i t h o u t  4 . 6 5  mM t a u r o c h o l a t e  s u g ge s te d  t h a t  t h e s e  I n h i b i t o r s  

each bound t o  s i n g l e  s i t e s  on t h e  enzyme which a f f e c t e d  e n z y m a t i c  a c t ­

i v i t y .  In an e f f o r t  t o  g a in  s u p p o r t i n g  ev ide nc e  f o r  t h e  I n t e r a c t i o n  o f  

t h e  a lk y l g ly c o n s  o r  GS d e r i v a t i v e s  t o  a s i n g l e  a c t i v e  s i t e  ( b u t  t o  

d i f f e r e n t  a c t i v e  s i t e  d o m a i n s ) ,  m u l t i p l e  I n h i b i t i o n  s t u d i e s  wi th  two 

d i f f e r e n t  I n h i b i t o r s  were conducted us ing  t h e  normal enzyme. For  t h e s e  

s t u d i e s ,  Dixon p l o t s  w e re  d e v e l o p e d  a t  a f i x e d  c o n c e n t r a t i o n  o f  t h e  

4MU-Glc s u b s t r a t e  (4  mM) and va ry ing  c o n c e n t r a t i o n s  o f  each o f  two



TABLE 11

E f f e c t  o f  Amph1ph1les and NCo-G1ucos1dase" on t h e  IC5 0  

Values f o r  I n h i b i t o r s  o f  Normal Acid p -G lu co s ld a se  (37*C, pH 5 .5 )

IC 50  V a lue
Amph1ph1le GS N-Hexyl GS dNM N-Ci2 -dNM

(pM) (pM) (mM) (pM)

No Amph1ph1le 0 .3  * 0 .02

T r i t o n  X-100 (mM):

0 .0 5  0 . 4  % 0 .0 2
0 .10  0 .5  % 0 .02

0 . 8  5 0 .02  0 .5  0 .26
4 . 0  7 .5  0 .20  0 .4  0 .25

Phospha t idy l  s e r i n e  ( 0 .5  mM) 

+ 0 . 8  mM T r i t o n  X-100

•
•

12.5 0 .03 0 .3 1 . 0

+ 4 . 0  mM T r i to n  X-100 15 0 .3 0 .4

+ 0 . 8  mM T r i t o n  X-100 ♦ 
4 mg ”co-g1ucos1dase” 7 0 .08 0 . 2 0 .9

"Co-Glucos1dase" (4 pg ) :  

+ 0 .8  mM T r i to n  X-100 5 0 . 0 2 0 .4 0 . 2
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1 nh 1 b l t o r s . The a s s a y s  were conduc ted  1n b u f f e r  A, pH 5 . 5 ,  c o n t a i n i n g  

o n l y  4 mM T r i t o n  X-100. Table  12 summarizes  t h e  r e s u l t s  w i th  m i x t u r e s  

o f  two d i f f e r e n t  I n h i b i t o r s .  W i t h i n  e x p e r i m e n t a l  e r r o r ,  t h e  I n t e r ­

a c t i o n  between each s e t  o f  two d i f f e r e n t  I n h i b i t o r s  gave p a r a l l e l  Dixon 

p l o t s  (F1g.  2 5 ) ,  I . e . ,  t h e  I n h i b i t o r s  were m u tu a l ly  e x c l u s i v e .

I n t e r a c t i o n  o f  Acid B-G lucos ldase  wi th  Cn-GC D e r i v a t i v e s . Using 

t h e  a s sa y  system c o n t a i n i n g  t h e  4 mM T r i t o n  X-100/4 .65 mM t a u r o c h o l a t e ,  

t h e  Cn -GC d e r i v a t i v e s  were  c o m p e t i t i v e  I n h i b i t o r s  o f  4MU-Glc o r  NBD- 

C1 2 -GC h y d r o l y s i s  by t h e  normal  enzym e .  In comparison t o  t h e  a l k y l -

g lycons  o r  N-hexyl-GS,  t h e  I n c r e a s i n g  l e n g t h  o f  t h e  f a t t y  a c i d  a c y l

c h a i n  (Ci  t o  C2 4 ) had  s m a l l  ( l e s s  than  10- f o l d )  I r r e g u l a r  e f f e c t s  on

t h e  K j s app v a l u e s  ( T a b le  13) .  The r e s p e c t i v e  KiSapp v a lu e s  f o r  r e p r e ­

s e n t a t i v e  Cn -GCs w e re  I nc re a se d  up t o  2 - f o l d  when NBD-C1 2 -GC was used 

as  s u b s t r a t e ,  but  t h e  r e s u l t s  were somewhat more v a r i a b l e  than  o b t a i n e d  

w i th  4MU-Glc as  s u b s t r a t e  (Table  1 3 ) .  The 2 - N - s t e a r y l -  and 2-N- l1gno-  

c e r y l - d 1 h y d r o s p h 1 n g o s y 1 - l - O - 0 - g l u c o s 1 d e s  had Kjs app v a lu e s  about  two 

o r d e r s  o f  magni tude  g r e a t e r  than  t h e  r e s p e c t i v e  u n s a t u r a t e d  GCs, c o n ­

f i r m i n g  t h e  o b s e r v a t i o n  o f  Vaccaro  e t  a l .  [ 3 5 ] .  The Kmapp v a lu e s  f o r  

t h e  h y d r o l y s i s  o f  t h e  r e p r e s e n t a t i v e  Cn-GCs were s i m i l a r  ( w i th i n  about

2 - f o l d )  t o  t h e  r e s p e c t i v e  Kis app v a lu e s  (Tab le  13) .

With t h e  Type 1 AJGD enzyme, t h e  e f f e c t s  o f  I n c r e a s i n g  GC f a t t y  

a c i d  a c y l  c h a i n  l e n g t h  were  t h e  same a s  t h e  normal  enzyme and 

Km(AJGD) * Km( n o r m a l )  f o r  t h e  r e s p e c t i v e  Cn-GCs. The e q u a l i t y  o f  t h e  

Kmapp v a l u e s  f o r  t h e  AJGD and no rm a l  enzymes  was m a i n t a i n e d  under  

v a ry in g  a s s a y  c o n d i t i o n s ,  I . e . ,  T r i t o n  X-100,  1 .30  t o  8  mM, and t a u r o ­

c h o l a t e ,  0 t o  16 mM, o r  phospha t idy l  s e r i n e ,  0 t o  2 mM ( d a t a  not  shown).
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TABLE 12

M u l t i p l e  I n h i b i t i o n  Analyses  o f  Normal Acid B-G luc os ida se a

<-Glucono-  
I n h 1 b 1 to r a l a c t o n e ( C ) b

dNM
(M)

N-Dodecyl-
dNM(M)

GS
(NC)

Sphlngo-
s1ne(M)

«-G1ucono1ac tone MEC ME ME ME

dNM — ME ME ME

N-dodecyl-dNM — — ME ME

GS - - - - - - ME

a Assays conducted 1n 4 mM T r i t o n  X-100 a t  pH 5 .5 0 ,  
b Type o f  I n h i b i t i o n  obse rved  under  t h e s e  e xpe r im e n ta l  c o n d i t i o n s ;

C * c o m p e t i t i v e  (K is app -  f i n i t e ,  K ^ a p p  * 0 0 ) ,
M -  mixed I n h i b i t i o n  ( K ^ a p p  * 4 t o  9 Kis app ,  I . e . ,  p redom inan t ly  
c o m p e t i t i v e ) ,  NC * no n c o m p e t i t iv e  (K js app * Kisapp);  
s e e  Os1eck1-Newman e t  a l . ,  1986, 

c ME * m u tu a l ly  e x c l u s i v e .
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Dixon p l o t  of  4MU-Glc h y d r o l y s i s  by t h e  normal ac id  0-g1ucos1dase  
in  t h e  p r e s e n c e  o f  dNM and GS (pH 5 . 5 0 ,  37*C), dem o n s t ra t in g  a t y p i c a l  

mutual e x c l u s i o n  p a t t e r n  ( s e e  Tab le  11) .
The o r d i n a t e  was m u l t i p l i e d  by 10$.
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TABLE 13

Apparent K i n e t i c  C o n s t a n t s  f o r  Glucosyl  Ceramlde D e r i v a t i v e s  
w i th  t h e  Normal and Type 1 AJGD Acid B-Glucos1dases  (37*C; pH 5 .75 )

Normal Type 1 AJGD

Kls (pM)

Cn-GCa vmaxb Km (MM) 4MU-Glcc NBO-C1 2 -GC vmax Km (MM)

Clc o.ig 14 ± 6 16 1  5 49 ± 10 0.005 15 ± 4

c 2 0.42 32 ± 8 48 ± 7 0 .0 1 2 18 ± 5

C3 0.62 20  1 4 40 1  10 50 ± 7 0.016 35 ± 5
C4 1.26 42 ± 10 91 ± 20 99 1 21 0.033 47 ± 12

c 5 16 ± 4

c 6 17 ± 5 37 ± 9
NBD-Cg 1 .2 2 50 ± 20 40 1  10 0.034 50 1  30

C7 45 ± 3

c 8 2.50 33 ± 9 20 ± 5 39 1 10 0.048 35 ± 10

Cl2 73 ± 6 109 1 16

NBD-C12 0.81 30 1 10 78 ± 10 0.023 30 ± 10

Cl6 2 . 0 0 34 ± 5 35 ± 10 0.030 36 ± 5

Cl8 1.38 28 1 5 21 ± 3 43 ± 11 0.017 31 ± 5
C24 8  ± 2

Ci8-D1hydroSd > 800
C2 4 -D1hydros > 1000

a Cn-GC 1s N-acy1-sph1ngosy1- l -O-0 -g lucos1de  wi th  t h e  acyl c ha in  
o f  n ca rbons  1n l e n g t h ,  e . g . ,  Cjg 1s t h e  palm1tyl-GC. 

b ^max * pmol/m1n / m l . 
c S u b s t r a t e  as d e f i n e d  in t e x t .  
d DlhydroS 1s d i h y d ro s p h 1 n g o s y l - l -0 - B - D - g lu c o s 1 d e .
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The f a t t y  ac id  acyl  c ha in  l e ng th  had a pronounced e f f e c t  on t h e  

h y d r o l y t i c  r a t e s  o f  t h e  Cn-GCs by e i t h e r  enzyme sou rce  (Tab le  13 ) .  For 

t h e  normal  enzyme,  t h e  Vmaxapp v a l u e s  I n c r e a s e d  by 1 3 - f o l d  with t h e  

f a t t y  a c i d  acy l  c h a i n  l e n g t h  I n c r e a s i n g  from Ci t o  Cg. The Ci6 -  and 

Cig-GC s u b s t r a t e s  had Vmaxapp va lu e s  o f  80% t o  55% o f  t h a t  f o r  t h e  Cg 

d e r i v a t i v e .  The NBD-Cg- and NBD-C12-GCS had lower Vmaxapp v a lu e s  than 

might  be expected from t h e  Vmaxapp o f  Cg-GC, s u g g e s t in g  t h a t  t h e  f l u o r ­

e s c e n t  g r o u p  I n t e r f e r e d  w i t h  c a t a l y s i s .  The Vmaxapp v a lu e s  o b t a in e d  

wi th  t h e  7500- fo ld  e n r i c h e d  Type 1 AJGD a c i d  0 - g l u c o s 1 d a s e  I n d i c a t e d  

t h a t  t h e  s h o r t e r  c h a i n  Cn -GCs (n * 1 t o  8 ) were hydro lyzed  a t  n e a r l y  

t h e  same r e l a t i v e  r a t e  [(Vmaxapp (NBD-Ci2 -GC)/Vmaxapp ( Cn-GC)] as wi th  

t h e  normal  enzyme, whereas  t h e  longer  c ha in  Cn-GCs (n » 16 t o  18) were 

hydro lyzed  a t  somewhat s low er  r e l a t i v e  r a t e s .

In  c o m p a r i s o n  t o  t h e  Cn-GCs and a l k y l g l y c o n s ,  t h e  a l t e r n a t e  

s u b s t r a t e s ,  p a r a - ,  o r t h o - ,  and meta-  n 1 t ro p h e n y l -0 - D - g lu c o s 1 d e s ,  had 

IC5 0  v a l u e s  w i t h  e i t h e r  t h e  normal  o r  m utan t  enzjme o f  3 . 0 ,  8 . 5  and 

7 . 4  mM, r e s p e c t i v e l y .  The 1-  o r  2 - n a p t h y 1 - 0 - J ) - g l u c o s 1 d e s  had IC50  

v a l u e s  > 25 mM.

D iscuss ion

Severa l  a l t e r n a t i v e  e x p l a n a t i o n s  cou ld  account  f o r  t h e  I n f l u e n c e  

o f  I n c r e a s i n g  cha in  l e n g t h  on t h e  a p p a r e n t  k i n e t i c  c o n s t a n t s  f o r  I n ­

h i b i t o r s  and s u b s t r a t e s :  1 ) t h e  e n z y m e ' s  a c t i v e  s i t e  c o n t a i n s  two 

hydrophobic  domains ,  t h e  aglycon b in d in g  s i t e  and t h e  " t h i r d "  d o m a i n ,  

e a c h  e q u i v a l e n t  t o  m u l t i p l e  " s u b s i t e s "  o f  u n i t  c a rb o n  bond l e n g t h ,  

which can accommodate o n l y  c h a i n  l e n g t h s  s h o r t e r  t h a n  t h e  a c y l  and
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sph ln gosy l  c h a in s  o f  GC, I . e . ,  hydrophobic  c h a in s  o f  g r e a t e r  than  about  

16 ca rbon -ca rbon  bond l e n g t h s  would have no a d d i t i o n a l  e f f e c t s  on t h e  

b i n d i n g  o f  s u b s t r a t e s  o r  I n h i b i t o r s ,  2 ) a hydrophobic  domain o f  t h e  

a c t i v e  s i t e  (>̂  17 ca rb o n - c a r b o n  bond l e n g t h s )  competes  wi th  d e t e r g e n t  

m i c e l l e s  f o r  b i n d i n g  o f  a lk y lg ly c o n s  up t o  a g iven  c ha in  l e n g th  a f t e r  

which no I n c r e a s e  would be o b s e r v e d  due  t o  t h e  g r e a t e r  e n e r g i e s  r e ­

q u i r e d  t o  e x t r a c t  t h e  compound from t h e  m i c e l l e s  I . e . ,  t h e  ap p a re n t  

b in d in g  and r a t e  c o n s t a n t s  were compos i te s  which r e f l e c t e d  I n t e r a c t i o n s  

w i t h  t h e  a c t i v e  s i t e  as  w e l l  as  d e t e r g e n t s ,  o r  3) a combina t ion  o f  1 

o r  2 above and t h e  p r e s e n c e  o f  a r e l a t i v e l y  h y d r o p h i l i c  r e g i o n  w i t h i n  

t h e  e n z y m e s '  a c t i v e  s i t e  f o r  I n t e r a c t i o n  wi th  t h e  hydroxyl and amine 

groups o f  t h e  sph lngosy l  m o i e t y  o f  GC. The p r e s e n t  s t u d i e s  p r o v i d e  

su ppo r t  f o r  t h e  t h i r d  e x p l a n a t i o n .

P r e v i o u s  s t u d i e s  and t h e  p r e s e n t  r e s u l t s  I n d i c a t e d  t h a t  In­

c r e a s i n g  c o n c e n t r a t i o n s  o f  T r i t o n  X-100 above  t h e  CMC I n h i b i t e d  a c i d  

0 - g 1 u c o s 1 d a s e  a c t i v i t y  and d i r e c t l y  In c r e a se d  t h e  Kmapp f o r  GC [ 7 ]  and 

t h e  K japp  o r  IC50  v a lu e s  f o r  N-hexyl-GS (T a b le s  9 and 1 0 ) .  Le g le r  and 

L le d tke  [ 2 1 ] ,  us ing t h e  bovine  0 - g lu c o s 1 d a s e ,  found s i m i l a r  e f f e c t s  o f  

T r i t o n  X-100 w i t h  t h e  4 - C g -  and 4 - C n - u m b e l 1 1 f e r y l - 0 - g l u c o s 1 d e  sub­

s t r a t e s .  These  f i n d i n g s  and t h e  same r e l a t i v e  magnitudes o f  t h e  l ^a pp  

v a lu e s  f o r  t h e  longer  a l k y l u m b e l H f e r y l g l u c o s l d e s  o b s e r v e d  1n a s s a y  

s y s t e m s  c o n t a i n i n g  T r i t o n  X-100 [ 1 3 ,2 1 ] ,  I n d i c a t e d  t h a t  w h i l e  T r i t o n  

X-100 may I n t e r a c t  wi th  t h e  enzyme, 1t  a c t s  p r i m a r i l y  as  a s o l u b i l i z e r  

and d l l u a n t  f o r  11 p o l d a l  I n h i b i t o r s  and s u b s t r a t e s  [ 7 ] .  However, 1n 

t h e  p re se nc e  o f  o n ly  t a u r o c h o l a t e ,  a n e g a t i v e l y  c h a r g e d  11 p 1 d which  

f o rm s  s m a l l  a g g re g a te s  (n ■ 4 - 5 ;  [ 3 3 ] ) ,  t h e  Kmapp va lu e s  f o r  t h e  4-Cg_
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-  o r  4 - C n - u m b e 1 l 1 f e r y 1 - 0 - g 1 u c o s 1 d e s  [2 1 ]  and t h e  KiSapp f o r  N-Cn-dNMs 

(T a b le  10) d e c r e a s e d  a s  a f u n c t i o n  o f  c h a i n  l e n g t h .  T h e s e  r e s u l t s  

s ugges ted  t h e  p r e s e n c e  o f  a "hydrophobic"  domain w i th in  t h e  a c t i v e  s i t e  

o f  t h e  b o v i n e  and human enzymes. However, t h e  IC50  v a l u e s  f o r  t h e  N- 

CiQ- and N-Ci2 ~dNMs were about  3 - t o  5 - f o l d  g r e a t e r  1n t h e  p r e s e n c e  o f  

T r i t o n  X-100 c o n c e n t r a t i o n s  CMC, whereas  t h e  IC5o(dNM) was u n a l t e r e d  

( F 1 g v 2 4 ) .  These  r e s u l t s  I n d i c a t e d  t h a t  t h e  Kjs app v a lu e s  o b t a i n e d  1n 

T r i t o n  X-100 systems (>̂  CHC) c o n t a i n  terms which r e f l e c t  t h e  b in d in g  o f  

t h e  g l y c o n  and a g l y c o n  m o i e t i e s  o f  t h e s e  I n h i b i t o r s  t o  t h e  enzyme and 

t h e  ene rgy  r e q u i r e d  t o  e x t r a c t  I n c r e a s i n g l y  hydrophobic  compounds f rom  

t h e  m i c e l l e s .  F u r t h e r m o r e ,  t h e  de c re a s ed  po tency  of  I n h i b i t i o n  by N- 

Ci2 -dNM in t h e  p r e s e n c e  o f  p h o s p h a t l d y l s e r l n e ,  w i th  or  w i th o u t  " c o - g l u c o s  

i d a s e "  (T ab le  1 1 ) ,  I n d i c a t e s  a d d i t i o n a l  I n t e r a c t i o n s  b e tw e e n  t h i s  I n ­

h i b i t o r  and 11p1d In T r i t o n - b a s e d  sys tem s .  The above r e s u l t s  I n d i c a t e  

t h a t  t h e  l e n g t h  ( 1n c a r b o n  b o n d s )  o f  a h y d r o p h o b i c  domain  1n t h i s  

e n z y m e ' s  a c t i v e  s i t e  cannot  be a s c e r t a i n e d  wi th  c e r t a i n t y  1n d e t e r g e n t  

o r  11po1 da l  sys tem s .  The u n r e l i a b i l i t y  o f  t h e  q u a n t i t a t i v e  k i n e t i c  

d a t a  ( e . g . ,  "Km" > 200-100 mM) 1n t h e  absence  o f  T r i t o n  X1000 o r  neg­

a t i v e l y - c h a r g e d  I1p1ds l i m i t e d  t h e i r  u s e f u l n e s s .  B u t ,  t h e  f a c t  t h a t  

s i m i l a r  p a t t e r n s  o f  e f f e c t  o f  a l k y l  c h a i n  l e ng th  f o r  N-Cn-dNMs were 

o b t a i n e d  1n t h e  p r e s e n c e  o r  absence o f  d e t e r g e n t  o r  t a u r o c h o l a t e  I n ­

d i c a t e d  t h e  hydrophobic  domain 1n t h e  a c t i v e  s i t e  may be long enough t o  

accommodate C12 t o  C14  c h a i n s .

The above  d i s c u s s i o n  assumes comparab le  I n h i b i t i o n  p a t t e r n s  and 

s t o i c h i o m e t r y  o f  t h e  I n h i b i t o r s  w i t h  t h e  enzyme 1n t h e  p r e s e n c e  o f  

v a r i a b l e  c o n c e n t r a t i o n s  and m ix tu re s  o f  am p h lp h l l e s .  The l i n e a r i t y  o f  

t h e  a p p r o p r i a t e  r e p l o t s  o f  s l o p e s  o r  1 / v - I n t e r c e p t s  v s .  [ I ]  and t h e
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p r e d o m l n a n t l y  c o m p e t i t i v e  I n h i b i t i o n  f o r  dNM and N-Cn-dNMs 1n t h e  p r e ­

s e n ce  o f  T r i t o n  X -100 ,  w i t h  o r  w i t h o u t  " c o - g 1 u c o s 1 d a s e "  o r  t a u r o -  

c h o l a t e ,  I n d i c a t e s  a 1 : 1  (m o le /m o le )  s t o i c h i o m e t r y  between t h e s e  In­

h i b i t o r s  and t h e  enzyme's  a c t i v e  s i t e  [ 3 6 ] .  The p r e s e n c e  o f  a s i n g l e  

a c t i v e  s i t e  on a c i d  p - g l u c o s 1 d a s e  [ 6 , 1 3 ] ,  t h e  p r o t e c t i o n  a f f o r d e d  by 

N-Cn -dNMs o r  GS t o  t h e  enzyne from I n a c t i v a t i o n  by c o n d u r l t o l  B epoxide  

and t h e  mutual  e x c lu s i o n  o f  g ly c o n ,  a lk y l g ly c o n  and s p h ln g o s y l  d e r i v a ­

t i v e s  I n d i c a t e d  I n t e r a c t i o n s  o f  t h e s e  I n h i b i t o r s  a t  t h e  a c t i v e  s i t e .

Using s e v e r a l  d i f f e r e n t  a s s a y  sy s te m s ,  t h e  apparen t  a f f i n i t y  o f  

s p h l n g o s l n e ,  GS and Cn -GCs ( T a b l e s  9 and 13) f o r  t h e  normal ac id  p-  

g l u c o s l d a s e  were t h e  same, and t h e  d l h y d r o - c e r a m l d e  B - g 1u c o s 1d e s  had 

4 0 -  t o  5 0 - f o l d  I n c r e a s e d  K i Sapp v a l u e s  ( T a b l e  13 ;  [ 3 5 , 3 7 ] ) .  These 

f i n d i n g s  and t h e  b l p h a s l c  n a t u r e  o f  t h e  K i s app v s .  N-Cn-dNM cu rv e s  

( F i g s .  23 and 24) I n d i c a t e d  t h e  p r e s e n c e  o f  a r e l a t i v e l y  h y d r o p h i l i c  

r e g i o n  o f  4 t o  5 c a r b o n  bonds  1n l e n g t h  w i t h i n  t h e  a c t i v e  s i t e  f o r  

I n t e r a c t i o n  wi th  t h e  a m i n e ,  t h e  h y d r o x y l ,  and p o s s i b l y ,  t h e  d o u b l e  

b o n d ,  o f  t h e  s p h l n g o s y l  m oie ty  ( F ig .  2 6 ) .  The p r o t e c t i o n  p rov ide d  by 

s p h l n g o s l n e  o r  GS t o  a c i d  p - g 1 u c o s 1 d a s e  f rom  I n a c t i v a t i o n  by c o n ­

d u r l t o l  B e p o x i d e  [ 1 1 , 1 4 ] ,  t h e  a p p a re n t  mutual  e x c l u s i v i t y  o f  s e v e r a l  

g lycons  and s p h ln g o s ln e  o r  GS (Tab le  12) and t h e  r e l a t i v e l y  low a p p a r ­

e n t  a f f i n i t y  o f  n l t r o p h e n y l - ,  n a p h thy l - and  4MU- 0 - g lu c o s 1 d e s ,  p rov id ed  

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

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 s  wi th  t h i s  r e g io n  were somewhat spec ­

i f i c .  The s p e c i f i c i t y  o f  t h e  proposed ( r e l a t i v e l y )  h y d r o p h i l i c  r e g i o n  

a l s o  was I n d i c a t e d  by :  1) e r y t h r o - N - a c e t y l - G C  in l iposomes was bound 

and hydro lyzed  b e t t e r  by ac id  0 - g l u c o s 1da se  than  t h e  t h r e o  d e r i v a t i v e  

[ 3 7 ] ,  2) o c ty l - B - g lu c o s 1 d e  [ 7 ]  and GS [ 3 8 ,3 9 ]  were poor  s u b s t r a t e s ,  and
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3)  t h e  Kmapp f o r  3 -k e to -ce ram 1 d e -3 -g lu co s 1 d e  was I nc re a se d  r e l a t i v e  t o  

t h e  r e s p e c t i v e  GC [ 3 7 ] .  That t h i s  h y d r o p h i l i c  r e g i o n  In  t h e  a c i d  3 -  

g l u c o s l d a s e  a c t i v e  s i t e  a l s o  I n t e r a c t e d  wi th  t h e  f a t t y  a c id  acyl c ha in  

o f  GC was I n d i c a t e d  by t h e  I n c r e a s i n g  I n h i b i t o r y  po tency  of  s h o r t  c h a in  

(n < 6 ) N-Cn-GS d e r i v a t i v e s  [ 3 3 ] ,  t h e  two o r d e r s  o f  magni tude d e c re a s e d  

a p p a r e n t  a f f l n t y  o f  t h e  no rm a l  enzyme f o r  hexanoy l -G C  com pared  t o  

N-hexyl-GS (Tab le s  9 a n d l 3 ) ,  and t h e  d i f f e r e n t  appa ren t  n a t u r e s  o f  t h e  

I n h i b i t i o n  by Cg-GC and N-Cg-GS 1n our  a s sa y  sys tem s .

The s t u d i e s  w i t h  Cn-GCs I n d i c a t e d  t h e  e x i s t e n c e  o f  a second 

hydrophobic  domain,  t h e  a g ly c o n  b i n d i n g  domain  [ 7 ] ,  w i t h i n  t h e  a c i d

3 - g l u c o s l d a s e  a c t i v e  s i t e .  Because t h e s e  s u b s t r a t e s  were c o n ta i n e d  1n 

T r i t o n  X-100 m i c e l l e s ,  t h e  Kmapp o r  Kis app v a lu e s  would have been ex­

pec ted  t o  I n c r e a s e  as a f u n c t i o n  of  f a t t y  ac id  acyl  c h a in  l e n g t h  due t o  

t h e  I n c r e a s i n g  e n e r g y  r e q u i r e m e n t s  f o r  e x t r a c t i o n  o f  t h e  Cn-GCs from 

t h e  m i c e l l e s .  Indeed ,  such a t r e n d  was no ted  wi th  longe r  c ha in  N-Cn-GS 

(n > 6 ) [ 3 3 ] .  The small  I r r e g u l a r  e f f e c t s  o f  I n c r e a s i n g  f a t t y  a d d  

acyl  cha in  l eng th  on t ^ a p p  o r  KiSapp o f  t h e  Cn-GCs ( F i g . 23B; Tab le  13) 

I n d i c a t e d  t h e s e  k i n e t i c  pa ra m e te r s  were no t  modulated by t h e  a c y l  m o i ­

e t y .  However , t h e  a b ru p t  I n c r e a s e  1n Vmaxapp observed  w i th  t h e  C}- t o  

C4 -GCS and t h e  l a r g e s t  Vmaxapp with t h e  Cg-GC 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  t h e  f a t t y  a d d  a c y l  c h a i n  w i t h  t h e  enzyme was r e l a t e d  t o  

m o d u l a t i o n  o f  t h e  h y d r o l y t i c  r a t e .  The lower than  expec ted  Vmaxapp 

v a l u e s  b u t  u n a l t e r e d  Kmapp o r  K^s app observed  w i th  t h e  NBD-GC d e r i v ­

a t i v e s  s u p p o r t  t h i s  p r o p o s a l :  I . e . ,  t h e  NBD group I n t e r f e r e d  wi th  hydro­

l y s i s  up t o  12 carbon bond l en g th s  away from t h e  r e a c t i v e  c e n t e r .  The 

e f f e c t s  o f  I n c r e a s i n g  f a t t y  ac id  acyl  c h a in  l e ng th  on Vmaxapp might  be 

e x p la i n e d  by a g r e a t e r  a f f i n i t y  o f  t h e  T r i t o n  X - 1 0 0 / t a u r o c h o l a t e  mixed
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m i c e l l e  f o r  l o n g e r  c h a i n  Cn-ceram1des l e a d in g  t o  a more r a p i d  removal 

o f  t h e s e  p r o d u c t s  from t h e  enzyme. However, t h i s  e x p la n a t i o n  Im p l ie s  a 

p r o g r e s s i v e  I n c r e a s e  1n h y d r o l y t i c  r a t e  as a f u n c t i o n  o f  f a t t y  ac id  

a c y l  c h a i n  l e n g t h .  The n e a r l y  equal  Vn,axapp v a lu e s  wi th  t h e  C4 -  and 

Cig-GCs (T ab le  13) I n d i c a t e d  t h a t  t h i s  mechanism was u n l i k e l y .

S i m i l a r  d a t a  and t r e n d s  were  o b t a i n e d  w i t h  t h e  Type 1 AJGO 

enzym e ,  e x c e p t  t h a t  t h e  KjSapp v a lu e s  f o r  t h e  s p h ln g o s y l ,  a lk y l g ly c o n  

and s p e c i f i c  glycon  [14]  d e r i v a t i v e s  were 4-17 t i m e s  g r e a t e r  t h a n  t h e  

r e s p e c t i v e  normal v a l u e s .  Fu r the rm ore ,  t h e  Kjapp v a lu e  f o r  c o n d u r l t o l  B 

e p o x id e ,  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  a c i d  0 - g l u c o -  

s l d a s e ,  was I n c r e a s e d  t o  a s i m i l a r  e x t e n t  [ 1 3 ] .  For s e v e r a l  o f  t h e s e  

compounds, t h i s  d e c re a s e d  po tency  o f  I n h i b i t i o n  remained c o n s t a n t  us ing  

a v a r i e t y  o f  a s s a y  c o n d i t i o n s ,  I n d i c a t i n g  t h a t  t h e  v a lu e s  f o r  t h e s e  

a ppa ren t  k i n e t i c  c o n s t a n t s  l i k e l y  r e f l e c t  a p r o p e r t y  o f  t h e  m u t a n t  

enzyme and no t  d e t e r g e n t  or  l i p i d  I n t e r a c t i o n s  wi th  t h e  enzymes,  sub­

s t r a t e s  o r  I n h i b i t o r s .  I m p o r t a n t ly ,  t h e  r e s p e c t i v e  p a r a l l e l  e f f e c t s  on 

Kis app o r  Vmax o f  I n c r e a s i n g  a lk y lg ly c o n  o r  Cn-GC c h a in  l e ng th  wi th  t h e  

normal o r  Type 1 AJGO enzymes I n d ic a t e d  t h a t  t h e  k i n e t i c  a b n o rm a l i ty  o f  

t h e  m u t a n t  enzymes were  s t r i c t l y  r e l a t e d  t o  t h e  I n t e r a c t i o n  n e a r  t h e  

glycon head group and t h a t  t h e  I n t e r a c t i o n  w i th  a l k y l  o r  a c y l  g r o u p s  

were not  a l t e r e d .

W i t h i n  t h e  l i m i t a t i o n s  o f  t h e s e  k i n e t i c  d a t a  o b t a in e d  1n d e t e r ­

gen t  sy s te m s ,  a s t r u c t u r e  f o r  t h e  a c id  p - g l u c o s 1d a s e  a c t i v e  s i t e  can  

be proposed (F1g. 2 6 ) .  We s u g g e s t  t h a t  t h e  a c t i v e  s i t e  o f  a c id  0 - g l u c o -  

s i d a s e  c o n s i s t s  o f  t h r e e  domains:  1 ) a h y d r o p h i l i c  p o c k e t ,  t h e  g l y c o n  

b i n d i n g  domain ,  f o r  I n t e r a c t i o n  with t h e  g l u c o s l d e  head group [14 ]  and 

2 ) two hydrophobic  domains,  t h e  aglycon b in d in g  domain and t h e  " t h i r d "
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Figure 26 :

A schem ati c  r e p r e s e n t a t i o n  o f  t h e  proposed  a c t i v e  s i t e  s t r u c t u r e  
o f  normal o r  Type 1 AJGO ac id  0-g1ucos1dase  w i th  bound Cn-GC.

The glycon  b ind ing  domain,  a sha red  h y d r o p h i l i c  r e g io n  o f  t h e  t h r e e  
domains,  and t h e  two hydrophobic  domains ( t h e  aglycon b i n d in g  s i t e  

and t h i r d  domain) a r e  I n d i c a t e d .  The sha red  h j d r o p h l l l c  r e g i o n  
I n c l u d e s  t h e  lower and upper  wavy a r e a s  of  about  4 t o  5 ca rbon  bonds 

1n l e n g t h .  The l e n g t h s  o f  t h e  two hydrophobic  domains a r e  no t  
s p e c i f i e d .  The o u t l i n e s  o f  each domain a r e  d i s c o n t in u o u s  s i n c e  no 

p a r t i c u l a r  a l ignment  o f  t h e  amino ac id  seguence  1s Impl ied .  Asp**3 i s  
t h e  c a t a l y t l c a l l y  n e c e s s a r y  amino ac id  which p a r t i c i p a t e s  1n 

n u c l e o p h l U c  a t t a c k  o f  t h e  0-g1ucos1d1c bond. ”Y" ( c a t i o n i c )  and 
NXN a r e  proposed amino a c id s  f o r  I n t e r a c t i o n  wi th  t h e  r i n g  oxygen 

o f  g lucopyranose  o r  t h e  unpro tona ted  N o f  noj1r1myc1n 
( Os1eck1-Newman e t  a l . ,  1986) .  The domains and t h e  proposed r e s i d u e s  
can have any o r i e n t a t i o n  above,  below o r  1n t h e  p l a n e  o f  t h e  page.  

NX" 1s hypo thes iz ed  t o  be a l t e r e d  1n t h e  Type 1 AJGO a c t i v e  s i t e  
r e s u l t i n g  1n s e l e c t i v e l y  d e c re a s e d  b ind ing  o f  

u n p ro tona ted  amines o f  s p e c i f i c  I n h i b i t o r s .
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d o m a i n ,  f o r  I n t e r a c t i o n  Mlth t h e  f a t t y  ac id  acyl  c h a in  and sph lngosy l  

m o i e t i e s  o f  GC, r e s p e c t i v e l y  [ 7 ] .  The l e n g t h s  o f  t h e s e  h y d r o p h o b i c  

do m a in s  h a v e  n o t  b e e n  d e f i n e d ,  bu t  t h e  p r e s e n t  s t u d i e s  I n d i c a t e  t h a t  

t h e y  conform c l o s e l y  t o  t h e  ceramlde  m o ie ty  of  t h e  n a t u r a l  s u b s t r a t e s .  

T h e s e  t h r e e  domains a l s o  s h a re  a r e l a t i v e l y  h y d r o p h i l i c  r e g i o n  o f  4 t o  

5 ca rbon -ca rbon  bonds 1n l e n g t h .  A l though  t h e  f u n c t i o n s  o f  t h e  p r o ­

p o s e d  a c t i v e  s i t e  d o m a i n s  w i t h i n  t h e i r  n a t u r a l  envi ronm ents  a re  un­

known,  t h e  " t h i r d "  domain has  been proposed  t o  modulate  kc a t  [ 7 ] .  The 

more e x t e n s i v e  s t u d i e s  p r e s e n t e d  h e r e  I n d i c a t e  t h a t ,  1n t h i s  a s s a y  

s y s t e m ,  t h e  " t h i r d  dom ain"  and aglycon b in d in g  domain modula te  sub­

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

h a v e  s u g g e s t e d  t h e  p r e s e n c e  o f  o t h e r  hyd rophob ic  domains not  1n t h e  

a c t i v e  s i t e  f o r  I n t e r a c t i o n  with amph1phH1c e f f e c t o r s  [ 4 0 ] .

Within t h e  framework o f  t h i s  proposed model ,  t h e  p r e s e n t  s t u d i e s  

s u g g e s t  a l t e r n a t i v e s  f o r  t h e  l o c a t i o n  o f  t h e  s i n g l e  amino a c i d  a l t e r -  

a t 1 o n ( s )  in  t h e  Type 1 AJGO ac id  0 - g lu c o s 1 d a s e :  1) an amino ac id  sub­

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

c h a n g e  1n t h e  e nzym e ,  a f f e c t i n g  t h e  b in 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 ,  

o r  2 ) an amino a d d  s u b s t i t u t i o n  1n o r  n ea r  t h e  a c t i v e  s i t e  a f f e c t i n g  

t h e  I n t e r a c t i o n  o f  I n h i b i t o r s  with s p e c i f i c  r e s i d u e s .  Th i s  s u b s t i t ­

u t i o n  c o u l d  d i r e c t l y  I n v o l v e  a c r i t i c a l  r e s i d u e ,  X ( F i g .  2 6 ) ,  f o r  

b i n d i n g  o r  c o u l d  r e s u l t  1n loca l  c o n fo rm a t io n a l  changes a f f e c t i n g  t h e  

p o s i t i o n  o f  t h i s  r e s i d u e  f o r  I n h i b i t o r  b i n d in g :  t h e  o c c u r r e n c e  o f  such 

l o c a l  e f f e c t s  h a s  b e e n  r e p o r t e d  r e c e n t l y  1n an e l e g a n t  s 1t e - s p e c 1f 1c 

m u t a g e n e s i s  s t u d y  o f  £ .  c o l  1 d i h y d r o f o l a t e  r e d u c t a s e  [ 4 1 ] .  Based on 

t h e  d a t a  and a rg u m e n t s  p r e s e n t e d  h e r e ,  t h e  second a l t e r n a t i v e  1s  more 

l i k e l y .
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Chapter  E igh t

The I s o l a t i o n  o f  a P o t e n t i a l  Membranous Segment o f  t h e  Human 

Acid 6>G1ucos1dase and Evidence f o r  an "Act ive  Core”
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M a te r la ls  and M ethods

M a t e r i a l s

The f o l lo w in g  were o b t a i n e d  from commercial  s o u r c e s :

( 3 - ( T r 1 f l u o r o m e t h y l ) - 3 - ( m - [ 1 2 5 i ] i 0 (j0 p h e n y l ) d 1  a z l r l n e  ( [  1 2 5 1 ] -TIO; 

Amersham, A r l i n g t o n  H t s . ,  I L ) ;  S t a p h l o c o c c u s  Aureus V» p r o t e a s e  (Vg 

p r o t e a s e ;  M i l e s  S c i e n t i f i c ,  N a p e r v i l l e ,  I L ) ;  a c e t o n l t r l l e  (ACN; 

American Burdick and Jackson  C orp . ,  Muskegon, MI);  t r l f l u o r o a c e t l c  a c id  

(TFA; P i e r c e  Chemica l  C o . ,  R o c k f o r d ,  I L ) ;  4 - m e t h y l  u m b e l I 1 f e r y l - B -  

D - g 1 u c o p y r a n o s 1 d e  (4MU-Glc; RPI,  Mount P r o s p e c t ,  IL ) ;  V y d a c ®  p r o t e i n  

C-4 co lum n ( 4 . 6  x250mm; The S e p / a / r a / t l o n s  G roup ,  H e s p e r i a ,  CA); 

A u t o f l u o r ®  ( N a t i o n a l  D i a g n o s t i c s ,  S o m e r v i l l e ,  N J ) ;  P r o n a s e R from 

S t r e p t o m y c e s  G r l s e u s  ( P r o n a s ^ ;  Calb1ochem-Behr1ng, Los Ange les ,  CA). 

[3H]Br-CBE (8000 cpm/pmol) was t h e  generous  g i f t  o f  Dr. Gunter  L e g le r .  

The N - C io - d N M -S e p h a r o s e  was s y n t h e s i z e d  as d e s c r i b e d  ( 1 ) .  All o t h e r  

r e a g e n t s  were t h e  h i g h e s t  g r ade  a v a i l a b l e .

Methods

[125 i ] . t i d  Labe l ing  and Cleavage S t u d i e s :

The p u r e  0 - G l c  employed  1n t h e s e  s t u d i e s  was p re p a r e d  on t h e  

N -C io -d N M -S ep h a ro s e  column as  d e s c r i b e d  ( 1 ) .  The enzyme was l a b e l e d  

w i t h  [ 1 2 5 I ] - T I D  u s i n g  a m o d i f i c a t i o n  of  t h e  p h o t o a c t i v a t i o n  method o f  

B r u n n e r  and Semenza ( 2 ) :  a l i q u o t s  o f  t h e  enzyme ( 0 . 4 5  nmol)  were  

d i l u t e d  t o  0 . 1  M p h o s p h a t e ,  pH 6 . 0 ,  w i th  a f i n a l  c o n c e n t r a t i o n  o f  2 .5  

mM 8 - m e r c a p t o e t h a n o l  and 3 mM EDTA. [ 1 25 l ] -T ID  ( 4 .5  nmol) 1n e thano l  

was added and t h e  r e a g e n t  was a c t i v a t e d  by exposure  t o  l i g h t  a t  350 nm
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w a v e l e n g t h  1n a F a r r a n d  System 3 S p e c t r o f lu o r o m e t e r  (no s l i t s )  f o r  30 

m1n a t  22*C.  An a d d i t i o n a l  4 . 5  nmol o f  t h e  l a b e l  was added  t o  t h e  

I n c u b a t i o n  m i x t u r e  and a c t i v a t e d  as  a b o v e .  The f i n a l  e th a n o l  con­

c e n t r a t i o n  was < 5%. Labe l ing  was demons t ra ted  by a n a l y t i c a l  SDS-PAGE

(3)  and a u to r a d io g r a p h y  o f  t h e  d r i e d  g e l .

The c o v a l e n t l y  l a b e l e d  enzyme was d i g e s t e d  with Vg p r o t e a s e  as 

p r e v i o u s l y  d e s c r i b e d  (4)  and t h e  r e s u l t a n t  r a d i o l a b e l e d  p e p t i d e s  were  

s e p a r a t e d  by r e v e r s e  phase  HPLC in a n o n - l i n e a r  g r a d i e n t  o f  0 -  80% ACN 

1n 0.05% TFA. The p e a k s  were  d e t e c t e d  by Abs^SO and Abs^l* and were 

c o l l e c t e d  1n p o l y p r o p y l e n e  t u b e s .  A n a l y t i c a l  SDS-PAGE (12 .5 % )  and 

s i l v e r  s t a i n i n g  t e c h n i q u e s  (5 )  were used t o  a s s e s s  t h e  p u r i t y  o f  t h e  

peaks and t h e  p r e s e n c e  o f  t h e  l ab e l  was dem ons t ra ted  by a u to ra d io g ra p h y  

o f  t h e  d e s t a i n e d  ( 5 ) ,  d r i e d  g e l .

Amino a c i d  sequences  were dete rmined  us ing  ga s -p h a s e  sequencing 

t e c h n i q u e s  ( 6 ) in t h e  l a b o r a t o r y  o f  Dr. Kenneth W i l l i a m s ,  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  1n t h e  D e p t ,  o f  B iophys ic s  and B io c h e m is t ry ,  Yale 

U n i v e r s i t y .  Hydropathy p r o f i l e s  and secondary  s t r u c t u r a l  a s s i g n m e n t s  

w e re  c a l c u l a t e d  u s i n g  t h e  method  o f  K y te  and D o o l i t t l e  (7)  and t h e  

program o f  Corr igan  and Huang ( 8 ) ,  r e s p e c t i v e l y .

Pronasef l  Cleavage S t u d i e s ;

The p u r e  B-G lc  was I n c u b a t e d  a t  37*C w i t h  P r o n a s e ^  1n 0 .1  M 

p h o s p h a te ,  pH 6 . 0 ,  c o n t a i n i n g  1 . 4  mM B - m e r c a p t o e t h a n o l  and 1 . 7 5  mM 

EDTA. The r a t i o  of  P r o n a s ^  t o  enzyme p r o t e i n  was 5 :1  ( w t : w t ) .  Enzyme 

a c t i v i t i e s  were de te rm ined  f l u o r o m e t r l c a l l y  wi th  4MU-Glc as a s u b s t r a t e  

( 9 ) .  0 - G l c  o r  P r o n a s e P  g e n e r a t e d  B-Glc  p e p t i d e s  were l a b e l e d  with 

[3H]Br-CBE a s  p r e v i o u s l y  d e s c r i b e d  ( 4 ) .  Due t o  t h e  l a r g e  ex c es s  o f
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Pronasc® r e q u i r e d  f o r  p r o t e o l y s i s ,  c l e a v a g e  was a s se s s e d  by t h e  l o s s  o f  

t h e  p r o t e i n  band f o r  B-Glc (Hr * 67,000)  on SDS-PAGE. The p r e s e n c e  o f  

t h e  l a b e l  was d e t e r m i n e d  by a u t o r a d i o g r a p h y  f o r  30 d a y s .  P r i o r  t o  

a u t o r a d i o g r a p h y ,  t h e  g e l s  were  soaked In Autof luor®  f o r  one hour  and 

d r i e d  under  vacuum and h e a t .

R e s u l t s

S t u d i e s  o f  a P o t e n t i a l  Membranous Domain;

[ 1 2 5 i ] _ t i d  1 s  a h i g h l y  h y d r o p h o b i c ,  p h o t o a c t i v a t e d  c o v a l e n t  

l a b e l  of  membranes and m em brane-assoc ia ted  r e g i o n s  o f  p r o t e i n s  ( 2 ) .  The 

p h o t o g e n e r a t e d  c a r b e n e  1 s h i g h l y  r e a c t i v e  and h a s  b e e n  shown t o  

I n t e r a c t  wi th  t h e  membrane anchoring  domains o f  a number o f  p r o t e i n s ,  

I n c l u d i n g  a c e t y l c h o l i n e s t e r a s e  ( 1 0 ) and t h e  s u c r a s e / l s o m a l t a s e  complex 

( 1 1 ) .  This  r e a g e n t  was used t o  I s o l a t e  a p o t e n t i a l  membrane a s s o c i ­

a t i o n  domain  o f  B - G l c .  The c o v a l e n t  l a b e l i n g  o f  t h e  pure  enzyme was 

d e t e r m i n e d  by d e m o n s t r a t i n g  r a d i o a c t i v i t y  ( ^ 2 5 j ) i n t h e  B-Glc p r o t e i n  

band from SDS-PAGE (Mr -  67 ,000)  ( d a t a  not  shown).

The r a d i o l a b e l e d  enzyme was c l e a v e d  w i t h  Vg p r o t e a s e  and t h e  

r e s u l t a n t  f ragm ents  were s e p a r a t e d  by r e v e r s e  p h a s e  HPLC. Two p e p ­

t i d e s ,  I and I I ,  were I s o l a t e d .  The e l u t i o n  p r o f i l e  1s shown 1n F ig u re  

2 7 .  The e l u t e d  p e p t i d e s  w e re  a n a l y s e d  by SDS-PAGE u s i n g  s i l v e r  

s t a i n i n g  t e c h n i q u e s  t o  a s s e s s  p u r i t y  ( F ig u r e  2 8 ) .  The p r e s e n c e  o f  t h e  

l a b e l  on t h e  p e p t i d e s  was d e t e r m i n e d  by a u t o r a d i o g r a p h y  (14  da y  

e x p o s u r e )  o f  t h e  d e s t a i n e d ,  d r i e d  ge l  (F1g. 28) and 1s shown 1n F ig u re

29 .  Free  [ 1 2 5 i ]_ t i d  was l o c a t e d  below t h e  dye f r o n t  on t h e  gel and did 

no t  i n t e r f e r e  wi th  t h e  I d e n t i f i c a t i o n  o f  t h e  l a b e l e d  p e p t i d e s .  The



Figure 27

The e l u t i o n  p r o f i l e  of  t h e  [ 1 2 5 I ] -TID l a b e l e d  ac id  0-g1ucos1dase  
a f t e r  c le a va ge  wi th  Vg p r o t e a s e  from r e v e r s e  phase  HPLC as m onito red  

by Abs214. The g r a d i e n t  (0 -  80% ACN) 1s I n d i c a t e d  above by t h e  
dashed l i n e .  P e p t id e s  I and II  were e l u t e d  a t  33.2 -  34.8% 

and 36.1  -  36.9% ACN, r e s p e c t i v e l y .

NO
V 
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SDS-PAGE o f  t h e  p e p t i d e s  from Vg p r o t e a s e  c l eaved  [ 1 2 5 i ] _ j i d  l a b e l e d  
ac id  0-g1ucos1dase  a f t e r  s e p a r a t i o n  on r e v e r s e  phase HPLC.

The amino ac id  sequence  o f  P e p t id e  I 1s t h e  N-termlnus  o f  t h e  enzyme 
The p r o t e i n  1s s t a i n e d  wi th  s i l v e r  and t h e  arrow I n d i c a t e s  

t h e  dye f r o n t  o f  t h e  g e l .



Figure 29
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An au to ra d io g ra p h  o f  t h e  d r i e d  p o ly ac ry la m id e  gel  1n F ig u re  28. 
Both P e p t i d e  I and I I  a r e  l a b e l e d  wi th  [ ™ 5 l ] - T I D .

The arrow I n d i c a t e s  t h e  dye f r o n t  t h e  g e l .
Free  [ 1 2 5 j ] _ tjd  i s i n some 0f  t h e  l a n e s  below t h e  dye f r o n t
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mo 1 e c u  1 a r  w e igh ts  o f  I and II  were e s t i m a t e d  on SDS-PAGE a t  about  8000 

Da. The sequence  o f  P e p t i d e  I was d e t e r m i n e d  t o  be  t h e  N - t e r m 1 n u s  o f  

t h e  p r o t e i n ,  how ever  t h e  number and p o s i t i o n  o f  t h e  r a d i o l a b e l e d  

r e s i d u e s  were no t  d e te r m in e d .  No d a t a  1s a v a i l a b l e  on t h e  sequence  o f  

P e p t i d e  I I  a t  t h i s  t i m e .  These  p e p t i d e s  may r e p r e s e n t  t h e  same 

sequence  wi th  d i f f e r e n t  e l u t i o n  p a t t e r n s  due t o  d i f f e r e n t i a l  l a b e l i n g  

o r  l a b e l i n g  a t  a l t e r n a t i v e  r e s i d u e s  as  obse rved  by S p le s s  e t  a l .  (11) 

f o r  t h e  s u c r a s e / l s o m a l t a s e  complex.  These p o s s i b i l i t i e s  c o u l d  n o t  be 

a s s e s s e d  due  t o  t h e  p r e s e n c e  o f  f r e e  [*25 l ] -T ID  which p r o h i b i t e d  t h e  

d e t e r m i n a t i o n  o f  t h e  d e g re e  of  l a b e l i n g  and t h e  lack o f  I n f o r m a t i o n  on 

t h e  p o s i t i o n  o f  t h e  l a b e l  on t h e s e  p e p t i d e s .

Evidence f o r  an " A c t ive  C ore " :

The l o s s  o f  t h e  p - G l c  p r o t e i n  band on SDS-PAGE (Mr ■ 67 ,000)  

d e m o n s t r a t e d  c l e a v a g e  by P r o n a s e $ ,  a n o n - s p e c i f i c  p r o t e a s e  mix .  

However, 50 -  90% o f  t h e  6 -Glc h y d r o l y t i c  a c t i v i t y  u s i n g  4MU-G1C as  a 

s u b s t r a t e  was r e t a i n e d  a f t e r  d i g e s t i o n .  P r o n a s ^  was shown t o  lack  t h e  

a b i l i t y  t o  c l e a v e  4MU-Glc ( d a t a  not  shown). These r e s u l t s  s u gge s t  t h a t  

a t  l e a s t  one  o f  t h e  8 - G l c  f r a g m e n t s  r e t a i n s  some o f  t h e  c a t a l y t i c  

a b i l i t y  o f  t h e  a c t i v e  s i t e .  A l t h o u g h ,  t h e  p o s s i b i l i t y  t h a t  t h e  

Pronas^®-cleaved enzyme r e t a i n s  I t s  a c t i v e  t e r t i a r y  s t r u c t u r e  p r i o r  t o  

SDS d e n a t u r a t l o n  cannot  be r u l e d  o u t .  The n a t i v e  enzyme was r e s i s t a n t  

t o  c l e a v a g e  as ev id enced  by t h e  5 :1  (w t :w t )  r a t i o  of  P r o n a s ^  t o  enzyme 

p r o t e i n  r e q u i r e d  t o  o b s e r v e  c o m p l e t e  l o s s  o f  t h e  p r o t e i n  band  on 

SDS-PAGE. A t t e m p t s  t o  I s o l a t e  t h e  a c t i v e  f r a g m e n t ( s )  were h in d e r e d  by 

t h e  p r e s e n c e  o f  t h e  l a r g e  e x c e s s  o f  P r o n a s e ®  p r o t e i n  and t h e  I n ­

s t a b i l i t y  o f  t h e  a c t i v e  fragments  on a f f i n i t y  p u r i f i c a t i o n .
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In  an e f f o r t  t o  I d e n t i f y  jJ -G lc  s p e c i f i c  f r a g m e n t s  1n t h e  

P r o n a s < $  d i g e s t ,  [ 3 H ] B r - C B E ,  a mechanism-based a c t iv e  s i t e  I n h i b i t o r

( 4 ) ,  was used t o  a f f i n i t y  la b e l  th e  0 -G lc  f ra g m e n ts .  An a u to ra d io g ra p h  

o f  t h e  [3 H ]B r -C B E  la b e le d  fragm en ts  a f t e r  SDS-PAGE 1s shown 1n F ig u re

3 0 .  P r o n a s ^  d o e s  n o t  b in d  [ 3 H ] B r - C B E .  Lanes  1 and 3 a r e  t h e  

l a b e l e d ,  u n c le a v e d  p - G l c .  Lane 4 I s  a Pronas^® d ig e s t  o f  th e  la b e le d  

enzym e and Lan e 2 shows t h e  p e p t i d e s  w h ic h  bound [3 H ]B r -C B E  a f t e r  

c le a v a g e  (Mr » %8, *10 and *vl2 k D a ) .  The p resence  o f  th e  I n h i b i t o r  1n 

th e  a c t i v e  s i t e  may c o n fe r  some p r o t e c t io n  as ev idenced by th e  presence  

o f  a d d i t i o n a l  h ig h e r  m o le c u la r  w e igh t f ra gm en ts  1n Lan e  4 (Mr ■ *>.27, 

35 and 45 k D a ) .  These r e s u l t s  suggest t h a t  P r o n a s ^  t r im s  th e  p r o t e in  

p r o t e o l y t l c a l l y  t o  an " a c t i v e  c o r e "  w h ic h  may be d e g ra d e d  f u r t h e r  

r e t a i n i n g  th e  a b i l i t y  t o  b in d  th e  [3H ]B r-C B E .

D iscuss ion

Acid  0 - g l u c o s l d a s e  1s a t i g h t l y  membrane a s s o c i a t e d  p r o t e i n  

which r e q u i r e s  d e t e r g e n t s  f o r  s o l u b i l i z a t i o n  ( 1 2 ) .  P r i o r  t o  t h e s e  

s t u d i e s ,  t h e  s t r u c t u r a l  p r o p e r t i e s  o f  t h e  membrane a s s o c i a t e d  r e g io n  

have not  been I n v e s t i g a t e d .  Domains and r e g i o n s  1n c o n t a c t  w i t h  t h e  

membrane a r e  g e n e r a l l y  assumed  t o  c o n s i s t  o f  hydrophobic  amino ac id  

r e s i d u e s  which  a r e  r e l a t i v e l y  I n e r t  and r e q u i r e  a h i g h l y  r e a c t i v e  

r e a g e n t  as a l a b e l .  [ 1 2 5 i ] _ T i o f which p a r t i t i o n s  almost  e x c l u s i v e l y  t o  

t h e  11 p 1d c o r e  o f  t h e  membrane,  h a s  b e e n  u s e d  t o  s t u d y  t h e  membrane 

a s s o c i a t e d  r e g i o n s  and domains o f  a number of  p r o t e i n s  (10 ,  11 ,  13, 14) 

and ,  1n s e v e r a l  c a s e s ,  on ly  t h e  r e s i d u e s  exposed t o  t h e  11p 1d c o re  o f  

t h e  membrane have been shown t o  be l a b e l e d  (1 3 ,  14 ) .  Using t h i s  l a b e l ,
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An a u to ra d io g ra p h  o f  t h e  [^HjBr-CBE l a b e l e d  rc1d 0 - g lu c o s 1 d a s e  
and t h e  f ragm ents  g e n e ra te d  by P r o n a sa ?  c le a v a g e  

Lanes 1 and 3 a r e  t h e  n o n - p ro t e o ly z e d  l a b e l e d  enzyme.
Lane 2 shows t h e  p e p t i d e s  which bound [^H]Br-CBE a f t e r  c l e a v a g e  

(Mr > <v8  -  10 kDa). Lane 4 shows t h e  p e p t i d e s  g e n e ra te d  from 
c le a va ge  of  t h e  l a b e l e d  enzjme (Mr » %8 -  45 kDa).

The arrow i n d i c a t e s  t h e  dye f r o n t  o f  t h e  g e l .
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a p o s s i b l e  membranous s egm en t  o f  0 -Glc has  been I s o l a t e d  and I d e n t ­

i f i e d  n ea r  t h e  N-term1nus of  t h e  p r o t e i n .

The c a l c u l a t e d  h y d r o p a t h y  p r o f i l e  o f  t h e  N-term1nus,  shown 1n 

F ig u re  31,  I n d i c a t e s  two r e g i o n s  o f  h y d r o p h o b l d t y  between n u c l e o t i d e s  

147 -  171 and n u c l e o t i d e s  370 -  423 o f  t h e  cDNA sequence (15)  which 

c o r r e spond  t o  amino a c id s  14 -  21 and amino a d d s  8 8  -  105 o f  t h e  

p r o t e i n ,  r e s p e c t i v e l y .  The p r e d i c t e d  a -he11ca1  secondary  s t r u c t u r e  and 

t h e  s t r e t c h  o f  18 amino a d d s  1n t h e  l a t t e r  r e g i o n  s u g g e s t s  I t  1 s a 

s t r o n g  p o s s i b i l i t y  f o r  t h e  membranous segment .  This  s u g g e s t io n  would 

I n d i c a t e  a m o l e c u l a r  w e i g h t  o f  a b o u t  1 0 , 0 0 0  Da f o r  t h e  I s o l a t e d  

p e p t i d e  r a t h e r  t h a n  t h e  e s t i m a t e d  8000  Oa. How ever ,  s t u d i e s  have 

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

more  I m p o r t a n t  f o r  d e t e r m i n in g  m o b i l i t y  on SDS-PA6 E, p a r t i c u l a r l y  f o r  

t h o s e  of  a h y d r o p h o b ic  o r  a m p h l p a t h l c  n a t u r e  ( 1 6 ) .  The c l u s t e r  o f  

c h a r g e d  amino a c i d s  n e a r  t h e  N - t e rm 1 n u s  and t h e  p o s s i b l e  N-I1nked 

g l y c o s y l a t l o n  a t  Asn*9 and Asn$9 ( F 1 g .  31)  r e v e a l s  an a m p h l p a th l c  

p r o p e r t y  o f  t h i s  p e p t i d e  which s u p p o r t s  t h e  Inac c u rac y  o f  t h e  e s t i m a t e d  

m o le c u la r  we ight .

The p r e s e n c e  o f  two p r o l l n e s  ( am in o  a d d  98 and 99)  1n t h e  

middle  o f  t h e  hydrophobic  r e g io n  a t  n u c l e o t i d e s  400 -  405 s u g g e s t s  t h e  

I n t e r r u p t i o n  of  t h e  a-he11ca1 s t r u c t u r e .  In c o n ju n c t io n  wi th  t h e  f a c t  

t h a t  23 amino a d d  r e s i d u e s  1n a - h e 1 1 c a 1  s t r u c t u r e  a r e  r e q u i r e d  t o  

t r a v e r s e  t h e  membrane ( 1 1 ) ,  t h e  amph lpa th lc  n a t u r e  o f  t h e  segment and 

t h e  p o s s i b l e  I n t e r r u p t i o n  o f  t h e  a - h e 11x a re  c o n s i s t e n t  wi th  a proposed 

s t r u c t u r e  1n which t h e  N-term1nal  sequence  and p o s s i b l e  g l y c o s y l a t l o n  

s i t e  a r e  e x t r a m e m b r a n o u s .  These  r e s u l t s  a l s o  s u g g e s t  t h a t  t h e  

h y d r o p h o b i c  r e g i o n  forms an Intramembranous h a i r p i n  s t r u c t u r e  and t h e
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Hydropathy p r o f i l e  o f  t h e  l e a d e r  and N-term1nal  sequences o f  a c id  
0 - g lu c o s 1 d a s e .  The N-term1nus has  been t e n t a t i v e l y  I d e n t i f i e d  as  a 
membranous segment o f  t h e  enzyme. P robab le  secondary  s t r u c t u r e  1s 

o u t l i n e d  below t h e  p r o f i l e  and t h e  hexagonal  synbol  r e p r e s e n t s  
N-I1nked g l y c o s y l a t i o n  consensus  sequences .
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a c t i v e  s i t e  domain o f  t h e  p r o t e i n  (n e a r  t h e  carboxy  t e rm inus )  1s In t h e  

lysosome.  This  t o p o lo g y  Mould sugges t  t h a t  c l e a v a g e  a t  a s i t e  b e tw e e n  

t h e  membranous dom ain  and t h e  non-membranous p o r t i o n  o f  t h e  p r o t e i n  

would  r e l e a s e  an a c t i v e ,  s o l u b l e  f ragm en t .  The s t u d i e s  u s ing  Pronas^B) 

p r o v id e  ev ide nc e  f o r  t h e  e x i s t e n c e  o f  t h i s  s i t e  and t h e  r e l e a s e  o f  an 

" a c t i v e  c o r e " .  The b ind ing  o f  a p r o t e o l y t l c a l l y  I n s e n s i t i v e  c a t a l y t i c  

domain t o  a membrane domain th rough a more  s e n s i t i v e  b o u n d a r y  r e g i o n  

h a s  b e e n  observed  f o r  o t h e r  p r o t e i n s  ( 1 7 ,  18,  19,  2 0 ) .  I n v e s t i g a t i o n s  

o f  t h e  s o l u b i l i t y  p r o p e r t i e s  and t h e  N - te rm 1na1  s e q u e n c e  o f  t h e  

I s o l a t e d  a c t i v e  f r a g m e n t  a f t e r  c o n t r o l l e d  p r o t e o l y s i s ,  s i m i l a r  t o  

s t u d i e s  o f  mannosldase II  (20)  and t h e  s u c r a s e / l s o m a l t a s e  complex ( 1 1 ) ,  

and t h e  d e t e r m i n a t i o n  o f  t h e  l a b e l e d  r e s i d u e s  should  p ro v id e  f u r t h e r  

c r i t i c a l  In fo rm a t io n  on t h e  t o p o lo g y  and domain s t r u c t u r e  and f u n c t i o n  

o f  B-Glc.

R e c e n t  work by B a r r l o c a n a l  e t  a l .  (21) us ing  monoclonal  a n t i ­

bo d ie s  I n d i c a t e d  t h a t  t h e  t r a n s p o r t  o f  lysosomal  membrane p r o t e i n s  a r e  

I n d e p e n d e n t  o f  N - l i n k e d  g l y c o s y l a t l o n  pathways used by s o l u b l e  l y s o ­

somal p r o t e i n s  ( 2 2 ) .  F u r t h e r  s u p p o r t  1s d e r i v e d  f rom  t h e  f a c t  t h a t  

B -G lc  1s no t  a b sen t  1n t h e  lysosomes from p a t i e n t s  with I - c e l l  d i s e a s e  

( 2 3 ) ,  a d i s o r d e r  o f  t h e  m a n n o s e - 6 - p h o s p h a t e  r e c e p t o r  p a th w a y  o f  

l y s o s o m a l  p r o t e i n  t r a n s p o r t  ( 2 4 ) .  B a r r l o c a n a l  e t  a l .  (21)  sugges ted  

t h a t  s e q u e n c e s  w i t h i n  t h e  membranous dom ain  o f  l y s o s o m a l  membrane 

p r o t e i n s  s e r v e  as  a t r a n s p o r t  s i g n a l .  The mechan ism by which t h i s  

domain 1n B-Glc f a c i l i t a t e s  lysosomal  l o c a l i z a t i o n  and I t s  r e l a t i o n s h i p  

t o  t h e  o t h e r  B-G1c domains a re  s u b j e c t s  o f  f u r t h e r  I n v e s t i g a t i o n s  a t  a 

m o le c u la r  l e v e l .
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C o n c lu s io n

S t u d i e s  o f  t h e  r e s i d u a l  a c t i v i t y  1n c e l l s  from p a t i e n t s  wi th  t h e  

s u b ty p e s  and v a r i a n t s  o f  Gaucher d i s e a s e  d e l i n e a t e d  two m a j o r  c l a s s e s  

o f  m u t a n t  3 - G 1 c s :  1) t h o s e  w h ich  had no rm a l  I n t e r a c t i o n s  w i t h

am ph lph l l e s  and I n h i b i t o r s ;  and 2)  t h o s e  which  had abnorm a l  I n t e r ­

a c t i o n s  w i th  t h e s e  e f f e c t o r s  o f  3-Glc  a c t i v i t y  ( 1 ) .  The former  c l a s s  

Inc luded  most non-Jew1sh Type 1 and Types 2 and 3 Gaucher d i s e a s e .  The 

l a t t e r  I n c l u d e d  t h e  A s h k e n a z i  J e w i s h  Type 1 v a r i a n t  as wel l  as  some 

non-Jew1sh Type 1 Gaucher  d i s e a s e  p a t i e n t s .  The r e s e a r c h  p r e s e n t e d  1n 

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

o f  B-Glc f u n c t i o n  1n t h e  AJGD Type 1 enzyme. The working h y p o t h e s i s  o f  

t h e  c a u s a l  m u t a t l o n ( s )  1n t h i s  v a r i a n t  o f  Gaucher  d i s e a s e  was a s i n g l e  

b a s e  s u b s t i t u t i o n  l e a d i n g  t o  an amino a c i d  a l t e r a t i o n  1n o r  n e a r  t h e  

a c t i v e  s i t e .

I n i t i a l  s t u d i e s  were d i r e c t e d  t o  d e t e r m i n in g  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  no rm a l  0 - G l c  as  a f r a m e w o rk  f o r  u n d e r s t a n d i n g  t h e  

f u n c t i o n a l  d e f e c t  o f  t h e  AJGD Type 1 enzym e .  Based on p r e v io u s  In ­

h i b i t o r  and m o d i f i e r  s t u d i e s  o f  t h e  normal enzyme, a t h r e e  domain model 

o f  t h e  a c t i v e  s i t e  was p r o p o s e d :  1) t h e  c a t a l y t i c  s i t e  which  h a s

s p e c i f i c i t y  f o r  glycon head groups ;  2) t h e  aglycon  b i n d i n g  s i t e  which  

I n t e r a c t s  with t h e  a lky l  and acyl  c h a i n s  o f  some s u b s t r a t e s  and I n h i b i ­

t o r s ;  and 3) t h e  " t h i r d "  domain which b in d s  sph ln gosy l  m o i e t i e s  a s  w e l l  

a s  t h e  n e g a t i v e l y - c h a r g e d  I1p1ds ,  t a u r o c h o l a t e  and phos p h a t id y l  s e r i n e  

( 2 ) .  The o b j e c t i v e  o f  t h e  s t u d i e s  o f  t h e  normal  enzyme was t o  

d e t e r m i n e  t h e  s t r u c t u r a l  e q u i v a l e n t s  on t h e  enzyne f o r  each o f  t h e  

p roposed  domains and t o  e l u c i d a t e  t h e i r  f u n c t i o n a l  p r o p e r t i e s .
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S t u d i e s  o f  t h e  pH m o d u la t i o n  o f  s u b s t r a t e  h y d r o ly s i s  as  w ell  as 

t h e  c o v a l e n t  I n a c t i v a t i o n  by CBE I d e n t i f i e d  I m p o r ta n t  amino a c i d  

r e s i d u e s  1n th e  a c t i v e  s i t e  and p rov ided  I n s i g h t  In to  t h e  mecchanlsm o f  

a c t io n  B -G lc .  S u b s t r a t e  h y d r o l y s i s  (4MU-G1c) was d e p e n d a n t  on t h e  

p ro p e r  p r o to n a t io n  o f  two amino a c id s  1n t h e  a c t i v e  s i t e  w ith  pKa v a lu e s  

o f  4 . 6  and 6 . 7 .  Asp4*3 Wa s  I d e n t i f i e d  by amino a c id  sequencing  o f  

p e p t i d e s  from  [3H ]-B r-C B E a f f i n i t y  l a b e l e d  homogeneous p l a c e n ta l  

B-Glc as  t h e  n u c l e o p h i l e  c o r r e s p o n d i n g  t o  t h e  pK a*4 .6  g r o u p .  T h ese  

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

te rm in u s  o f  th e  B-G1c p r o t e i n  s u b u n i t  and r e p r e s e n t e d  t h e  f i r s t  su ch  

a s s ig n m e n t  f o r  a human ly so s o m a l  h y d r o l a s e .  The p r o t o n  d o n o r  f o r  

h y d r o l y l s  h a s  b e e n  I d e n t i f i e d  o n l y  by I t s  pK a«6.7  and t h e  s o l v e n t  

s h i e l d e d  e n v i r o n m e n t  o f  t h e  a c t i v e  s i t e  h i n d e r s  a s s ig n m e n t  o f  t h i s  

r e s i d u e  t o  a p a r t i c u l a r  amino a d d .  R e c e n t  s t u d i e s  ( L e g l e r  and 

G ra b o w s k l ,  unpublished  o b s e rv a t io n s )  w ith  t h e  bov ine  B-Glc su g g e s t  t h a t  

t h e  pKa-6.7 group 1s a n e u t r a l  a d d .  C o n s e q u e n t l y ,  t h e  a c t i v e  s i t e  o f  

B -G lc  may c o n t a i n  two carboxyl 1c a c id  r e s i d u e s  f o r  t h e  p ro ton  d o n a tio n  

and n u c le o p h lU c  a t t a c k  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 ly s i s .  A l th o u g h  t h e  

l o c a t i o n  o f  o t h e r  c r i t i c a l  r e s id u e s  have no t been d e te rm in e d ,  t h e  f a c t  

t h a t  f ragm en ts  o f  B -G lc(M r*10,0 0 0 - 4 5 ,0 0 0 )  r e t a i n  t h e  a b i l i t y  t o  b in d  

CBE and h y d r o l y t i c  a c t i v i t y  1s r e t a i n e d  by some o f  t h e s e  f ra g m e n ts  

I n d i c a t e s  t h a t  t h e  e n t i r e  f u n c t io n a l  a c t i v e  s i t e  can be I s o l a t e d .  Once 

t h e  a c t i v e  f ragm en ts  a re  p u r i f i e d ,  t h e  i n t e g r i t y  o f  t h e  f u n c t io n  o f  th e  

p r o p o s e d  a g ly c o n  b i n d i n g  and " t h i r d "  d o m ain s  and t h e i r  s t r u c t u r a l  

e q u iv a l e n t s  can be d e te rm in ed .

The I n h i b i t o r  b i n d i n g  s t u d i e s  I n d i c a t e d  t h a t  t h e  h y d r o l y t i c  

r e a c - t l o n  p ro ce e d s  t h r o u g h  a b i n a r y  com plex  w hich  c o n t a i n s  a s i n g l e
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p r o t o n  and t h a t  t h e  k i n e t i c  mechanism 1s o rd e re d  un1-b1. The so u rc e  o f  

t h e  p ro to n  1n t h e  b in a r y  complex o f  t h e  I n h i b i t o r  and enzyme was am bi­

g u o u s ,  s i n c e  m ost  o f  t h e  p o te n t  I n h i b i t o r s  were amines o r  Imlnes which 

had pKa v a lu e s  s i m i l a r  t o  t h e  pKa*6.7 group on t h e  enzyme. However, th e  

s t u d i e s  w i th  noj1r1mc1n (pK a-5.18) su g g e s te d  t h a t  t h e  p ro to n  1s donated  

from t h e  enzyme. I r r e s p e c t i v e  o f  t h e  s o u rc e  o f  th e  p ro to n ,  t h e  l i n e a r ­

i t y  o f  t h e  s lo p e  and I n t e r c e p t  r e p l o t s  o f  t h e  p o te n t  n i t r o g e n - c o n ta in in g  

I n h i b i t o r s  and t h e  c o m p e t i t iv e  I n h i b i t i o n  by a 6 - g l u c o s e  I n d i c a t e  t h a t  

dNM d e r i v a t i v e s  and noj1r1myc1n resem ble  t h e  l a s t  p roduct  r e l e a s e d  from 

t h e  enzyme ( I . e . ,  0 - g l u c o s e ) .  The l i n e a r  n o n -c o m p e t i t iv e  I n h i b i t i o n  o f  

t h e  enzyne by GS d e r i v a t i v e s  In d ic a te d  t h a t  t h e s e  compounds more c l o s e l y  

r e s e m b le  t h e  f i r s t  p r o d u c t  r e l e a s e d  ( I . e . ,  c e r a m ld e  o r  4MU). The 

o v e r a l l  r e a c t io n  mechanism 1s summarized 1n F ig u re  32 and I n d ic a t e s  t h a t  

ceram lde  I s  r e l e a s e d  f i r s t  and 0 - g lu c o s e  I s  t h e  second p ro d u c t .

The m echanism  o f  h y d r o ly s i s  by 0-G1c and t h e  proposed a c t i v e  s i t e  

model a r e  s im i l a r  t o  th o s e  r e p o r te d  f o r  o t h e r  g l y c o s l d a s e s  and com plex  

11 p 1 d b i n d i n g  p r o t e i n s .  Based on t h e  c l a s s i f i c a t i o n  o f  g ly c o s ld a s e s  

p roposed  by L a L e g e r l e  e t  a l . ( 3 ) ,  human 0 -G lc  1s a c l a s s  2 g l y c o -

h y d r o l a s e  w hich 1s s i m i l a r  t o  almond 0 -g 1 u co s1 d a se  (4) 1n I t s  I n t e r ­

a c t io n  w ith  u n p ro to n a ted  I n h i b i t o r s  and I t s  h y d r o ly t i c  m echanism . U sing  

t h e  almond 0 - g l u c o s 1d a s e  as  a m odel, f u r t h e r  s tu d i e s  o f  t h e  c a t a l y t i c  

mechanism o f  human 0 -G1c may re v e a l  p r o p e r t i e s  o f  t h e  t r a n s i t i o n  s t a t e .  

T h i s  f i n d i n g  may prove  t o  be Im portan t t o  t h e  u n d e rs ta n d in g  o f  th e  

AJGD Type 1 m u ta t io n ,  s in c e  th e  kc a t  v a lu e  f o r  t h i s  d e f e c t i v e  enzyme was 

normal as  de te rm ined  by aglycon r e l e a s e  ( s e e  T ab le  6 ) .  This  f in d in g  led  

t o  t h e  c o n c l u s i o n  t h a t  t h e  5 -1 0  f o l d  a b n o rm a l  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  a t  t h e  a c t i v e  s i t e  was u n r e l a te d  t o  t h e  h y d r o ly s i s  o f
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HO-CERAMIOE

0 — CERAMIDE

/3-GLUCOSE
RELEASED

A schem atic  r e p r e s e n t a t i o n  o f  t h e  proposed  un1-b1 mechanism o f  
g lu co sy l  ceram lde  h y d r o ly s i s  by ac id  3 - g lu c o s ld a s e .  The f i g u r e  

I n d ic a te s  th e  d o n a t io n  o f  a p ro ton  t o  t h e  bound s u b s t r a t e  fo llow ed  
by r e l e a s e  o f  c e ra m ld e ,  t h e  f i r s t  p r o d u c t .  The a d d i t io n  o f  w a te r  

r e l e a s e s  t h e  second p r o d u c t ,  3 - g lu c o s e .
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s u b s t r a t e s .  A l th o u g h  t h i s  was s u p p o r t e d  by t h e  norm al b i n d i n g  o f  

n o j i r lm y c in  and c a s ta n o s p e rm ln e ,  a u n i f i e d  h y p o th e s i s  o f  th e  AJGD Type 1 

m u t a t i o n  would I n c l u d e  abnorm al h y d r o ly s i s  r e l a t e d  t o  t o  t h e  r e s id u e s  

Invo lved  1n b in d in g  o f  t h e s e  I n h i b i t o r s .  F u tu re  s t u d i e s  s h o u ld  c l a r i f y  

t h i s  d i f f i c u l t y .

The p o s s i b i l i t y  t h a t  a l l  complex I1p1d b in d in g  p r o t e i n s  s h a re  a 

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

I n t e r e s t .  R e c e n t  p h y s i c a l  b io c h e m ic a l  s t u d i e s  o f  t h e  p h o s p h a t i d y l ­

c h o l i n e  t r a n s f e r  p r o t e i n  (PC-TP) ( 5 ) and t h e  s p h 1 n g o l1 p 1 d  a c t i v a t o r  

p r o t e i n  one  (S A P 1 )(6 )  I n d i c a t e  t h e  p r e s e n c e  o f  t h r e e  d o m a in s  f o r  

s p e c i f i c  I n t e r a c t i o n  w i t h  c o m p o n e n ts  o f  t h e  r e s p e c t i v e  l i p i d s .  For 

PC-TP, t h e  f a t t y  a c id  acyl c h a in s  were bound a t  a 60-90* an g le  t o  each 

o t h e r  and t h e  h y d r o p h i l ic  domain had s p e c i f 1t y  f o r  t h e  p o l a r  head group 

o f  t h e  11p1d . U s ing  r a d i o a c t i v e  c a r b e n e  a n a lo g u e s  ( 7 ) ,  T y r$4  was 

c o v a l e n t l y  l a b e l e d  and shown t o  be s h a r e d  by b o th  f a t t y  a c id  a c y l  

b i n d i n g  dom ains . The r e s u l t s  o f  t h e s e  s t r u c t u r a l  s t u d i e s  s u g g e s t s  t h a t  

t h e  b in d in g  o f  t h e  f a t t y  a d d  acyl and a lk y l  c h a in s  o f  c e r a m l d e  t o  t h e  

a c t i v e  s i t e  o f  B -G lc  may have a s t r u c t u r a l  b a s i s  1n r e s id u e s  which a re

s h a red  by th e  aglycon and " t h i r d "  dom ains.

More s t r i k i n g  s t r u c t u r a l  s i m i l a r i t y  was e v i d e n t  b e tw e e n  t h e  

p roposed  a c t i v e  s i t e  o f  3 -G lc  and t h e  b i n d i n g  d o m ain s  o f  SAP1. The 

model o f  t h e  s p h 1 n g o l1 p 1 d  b in d in g  domains o f  SAP1 In c lu d e s  not o n ly  a 

g lycon  b in d in g  domain and a hydrophobic  domain but a sha red  r e g io n  which 

c o n t a i n s  r e s i d u e s  w i t h  s p e d f l t y  f o r  t h e  amide and hydroxyl g roups  o f  

t h e  s p h ln g o l l p ld s .  T h is  1s p r e c i s e l y  t h e  m odel t h a t  was p r o p o s e d  ( s e e

F i g u r e  26 )  f o r  t h e  B-Glc a c t i v e  s i t e  based  on k i n e t i c  d a t a  w ith  a l k y l -

g ly c o n s .  Such s i m i l a r i t i e s  1n t h e  b i n d i n g  d o m ain s  f o r  t h e s e  com plex
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11 p l d  b in d in g  p r o t e i n s  s u g g e s t s  a common e v o lu t io n a r y  a n c e s to r  p r i o r  t o  

t h e  advent o f  s p e c i f i c  e n z jm a t lc  a c t i v i t i e s  f o r  t h e  s p h ln g o l l p ld  h y d r o ­

l a s e s .  The f a c t  t h a t  8 -G lc  d o e s  n o t  r e q u i r e  a s p e c i f i c  a c t i v a t o r  

p r o t e i n  f o r  t h e  b i n d i n g  o f  t h e  1 1 p o 1d a l  s u b s t r a t e  s u g g e s t s  t h a t  1t  

m ayhave an a l t e r n a t i v e  e v o lu t io n a r y  pathway from t h e  s o lu b le  lysosomal 

h y d r o la s e s  which a p p e a r  t o  r e q u i r e  su ch  c o f a c t o r s  t o  c o m p l e te  t h e i r  

a c t i v e  s i t e s  ( 8 ) .

In  a d d i t i o n  t o  t h e  a c t i v e  s i t e ,  b -G lc  r e q u i r e s  a r e g io n  on th e  

enzyme f o r  membrane a s s o c i a t i o n .  The p r e l im in a r y  d a ta  p re s e n te d  1n t h i s  

t h e s i s  I n d i c a t e  t h a t  a domain n e a r  th e  N-term1nus o f  t h e  p r o t e i n  s e rv e s  

t h i s  f u n c t i o n .  The l o c a t io n  and p r e d i c te d  secondary  s t r u c t u r e  o f  t h i s  

sequence  and th e  p r e s e n c e  o f  a g ly c o s y l a t l o n  concensus sequence a t  A s n ^  

( s e e  F ig u re  30) su g g e s t  t h a t  a p o r t i o n  o f  8-G1c I s  I n s e r t e d  I n t o  t h e  

m em brane: a dom ain  n e a r ,  b u t  n o t  I n c lu d in g ,  t h e  N-term1nus 1s t i g h t l y  

a s s o c i a t e d  w ith  t h e  lysosom al m embrane and t h e  a c t i v e  s i t e  1 s 1n t h e  

I n t e r i o r  o f  t h e  ly sosom e . T h is  l o c a t io n  and o r i e n t a t i o n  cou ld  p ro v id e  

an e x p la n a t io n  f o r  t h e  lack  o f  a r e q u i r e d  a c t i v a t o r  p r o t e i n  f o r  p r e ­

s e n t a t i o n  o f  t h e  s u b s t r a t e  t o  t h e  a c t i v e  s i t e ,  s i n c e  t h e  lysosom al 

membrane cou ld  p ro v id e  t h i s  f u n c t io n .

The r e s e a r c h  p r e s e n t e d  1n t h i s  t h e s i s  s e rv e s  as a framework f o r  

f u r t h e r  s t r u c t u r a l  and f u n c t i o n a l  s t u d i e s  o f  t h e  norm al and G aucher  

d i s e a s e  e n zy m es .  From t h e s e  and o t h e r  I n v e s t i g a t i o n s ,  t h e  m u ta t io n s  

which a r e  c a u sa l  to  t h e  su b ty p e s  and v a r i a n t s  o f  G auche r  d i s e a s e  have  

t h e i r  m a jo r  e f f e c t s  on t h e  I n t r a c e l l u l a r  s t a b i l i t y  o f  p -G lc .  These de­

s t a b i l i z i n g  m u t a t i o n s  l i k e l y  l e a d  t o  I n c r e a s e d  s u s c e p t i b i l i t y  t o  

p r o t e o l y t i c  d i g e s t i o n  w ith  r e s u l t a n t  d e c r e a s e s  1n 0-Glc a c t i v i t y  1n th e  

lysosom e.
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The e l u c i d a t i o n  o f  t h e s e  m u ta t io n s  Mould p ro v id e  f u r t h e r  I n s ig h t  

I n to  t h e  b a s i s  o f  t h e  v a r i o u s  fo rm s  o f  G a u c h e r  d i s e a s e  a s  w e l l  a s  a 

b e t t e r  u n d e r s t a n d i n g  o f  t h e  b i o lo g y  o f  t h i s  membrane a s s o c i a te d  ly s o ­

somal h y d r o la s e .
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