
INFORMATION TO USERS

This was produced from a copy of a document sent to us for microfilming. While the 
most advanced technological means to photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the material 
submitted.

The following explanation of techniques is provided to help you understand 
marking} or notations which may appear on this reproduction.

1.The sign or “ target” for pages apparently lacking from the document 
photographed is “Missing Page(s)” . If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting through an image and duplicating 
adjacent pages to assure you of complete continuity.

2. When an image on the film is obliterated with a round black mark it is an 
indication that the film inspector noticed either blurred copy because of 
movement during exposure, or duplicate copy. Unless we meant to delete 
copyrighted materials that should not have been filmed, you will find a 
good image of the page in the adjacent frame.

3. When a map, drawing or chart, etc., is part of the material being photo­
graphed the photographer has followed a definite method in “sectioning” 
the material. It is customary to begin filming at the upper left hand comer 
of a large sheet and to continue from left to right in equal sections with 
small overlaps. If necessary, sectioning is continued again—beginning 
below the first row and continuing on until complete.

4. For any illustrations that cannot be reproduced satisfactorily by 
xerography, photographic prints can be purchased at additional cost and 
tipped into your xerographic copy. Requests can be made to our 
Dissertations Customer Services Department.

5. Some pages in any document may have indistinct print. In all cases we 
have filmed the best available copy.

University
Microfilms

International
3 0 0  N Z EE B HO AD.  AN N A R B O R .  Ml 4 B 1 0 6  
IB B E D F O R D  ROW.  L O N D O N  WC I R 4 E J .  E N G L A N D



8112763

SHAFIT-2AGARD0, BRIDGE!

STUDIES OF HUMAN ACID BETA-GLUCOSIDASE AND TYPE 1 
GAUCHER DISEASE

City University of New York PH.D. 1981

University 
Microfilms

International 300 N. Zeeb Road. Ann Arbor, MI 48106

Copyright wsi

by
SHAFIT-ZAGARDO, BRIDGET

All Rights Reserved



PLEASE NOTE:

In a l l  cases t h i s  m a te r i a l  has been f i lm ed  1n th e  b e s t  p o s s ib l e  
way from the  a v a i l a b l e  copy. Problems encountered  w ith  t h i s  
document have been I d e n t i f i e d  here  w ith  a check mark .

1. Glossy photographs ^
2. Colored I l l u s t r a t i o n s  _________

3. Photographs with dark background \ S
4. I l l u s t r a t i o n s  a re  poor copy _________

5. Dr 1 n t  shows through as th e re  1s t e x t  on both s id e s  o f  page ________

6. I n d i s t i n c t ,  broken o r  small p r i n t  on severa l  pages

7. T ig h t ly  bound copy w ith  p r i n t  l o s t  in sp ine  _________

8. Computer p r i n t o u t  pages with i n d i s t i n c t  p r i n t  _ _ _ _ _

9. Page(s)  lack ing  when m a te r ia l  r e c e iv e d ,  and n o t  a v a i l a b l e  
from s c t n o l a r a u t h o r

10. Page(s )  _________seem to  be m iss ing  1n numbering on ly  as t e x t
fo l lows

11. Poor carbon copy _________

12. Not o r i g in a l  copy, severa l  pages with b lu r r e d  type  _________

13. Appendix pages a re  poor copy _________

14. O r ig ina l  copy with  l i g h t  type  _________

15. Curling and wrinkled  pages _________

16. Other __________________________________________________________________

University
Microfilms

International
WHI N  /(I H U M  , iH.'i I--' ’H J :  <’I>1 1/ilM



STUDIES OF HUMAN ACID p-GLUCOSIDASE
AND TYPE 1 GAUCHER DISEASE

by

BRIDGET SHAFIT-ZAGARDO

A d i s s e r t a t i o n  subm it ted  t o  th e  Graduate  F a c u l ty  1n Biomedical Sciences  

in p a r t i a l  f u l f i l l m e n t  of  the  requ i rem en ts  f o r  th e  degree  of  Doctor of  

Ph i lo sophy ,  The C i ty  U n i v e r s i t y  of  New York.

1981



0  Copyr igh t  by 

BRIDGET SHAFIT-ZAGARDO 

1981



This m anu sc r ip t  has been read and accep ted  f o r  th e  Graduate  F acu l ty  1n Bio­
medical Sc iences  in s a t i s f a c t i o n  of th e  d i s s e r t a t i o n  requ irem ent  fo r  th e  
deg ree  of  Doctor  o f  Ph i losophy .

/ / r y y /

d a te  Chairman o f  Examining Committee

11 * 3  /  &  (  \  Qa
date  Executive  O f f i c e r

Kurt J J i r schhorn  /'■> 

Moyra^U-h-— 7 7 ^
J P e W t

Georgy Acs

Supe rv iso ry  Committee

The C i ty  U n iv e r s i ty  of New York



STUDIES OF HUMAN ACID B-GLUCOSIDASE AND
TYPE 1 GAUCHER DISEASE

by: B r id g e t  S h a f i t -Z ag a rd o

Advisor:  P r o f e s s o r  R.J .  Desnick

ABSTRACT

Human p l a c e n t a l  ac id  a -g l u c o s i d a s e  (EC 3*2 .1 .4 5 )  was p u r i f i e d  3900- 

fo ld  to  a s p e c i f i c  a c t i v i t y  o f  270,000 nmoles/h/mg p r o t e i n  and was found 

t o  be f r e e  of 12 lysosomal h y d ro la s e s .  Included among th e  s ta n d a rd  p u r i ­

f i c a t i o n  s t e p s  and hydrophobic chromatography were chromatography on 

d e x t r a n  s u l f a t e - S e p h a r o s e  and su c rose  g r a d i e n t  u l t r a c e n t r i f u g a t i o n .  Pa r ­

t i a l l y  p u r i f i e d  enzyme bound to  d ex tran  s u l f a t e - S e p h a r o s e  was e lu t e d  with 

c rude t a u r o c h o l a t e ,  r e s u l t i n g  in a high y i e l d  and a 1 0 - fo ld  p u r i f i c a t i o n .  

Sucrose g r a d i e n t  u l t r a c e n t r i f u g a t i o n  was use fu l  a t  the  l a t e r  s t a g e s  o f  

p u r i f i c a t i o n ,  s e p a r a t i n g  e - g l u c o s i d a s e  from th e  two ma.ior con tam ina t ing  

h y d r o l a s e s ,  e -g lu c u r o n id a s e  and s -hexo sam in idase  B.

A f l u o r e s c e n t  n a tu r a l  s u b s t r a t e  assay  was developed using the  com­

pound 1 2 - [ N - m e th y l - N - ( 7 - n i t r o b e n z - 2 - o x a - l ,3 - d i a z o 1 - 4 -y l ) ] - a m in o  dodecanoic  

a c id - g lu c o s y l  ceramlde (NBD-glucer).  This s u b s t r a t e  was s p e c i f i c  f o r  a c id  

e - g l u c o s i d a s e ,  was s e n s i t i v e  1n th e  plcomole range and was e a s i l y  syn­

t h e s i z e d .  The r a t i o  of  th e  amount o f  n a t u r a l : a r t i f 1 c a l  (4-methylumbel- 

U f e r y l - e - D - g l u c o p y r a n o s l d e ,  4MUG) s u b s t r a t e  hydrolyzed  was ^ 1 0 : 1 .  The 

a p p a ren t  K^'s o f  a c id  e -g lu c o s1 d a se  f o r  th e  n a tu r a l  and a r t i f l c a l  sub­

s t r a t e s  were 0.285 mM and 2.65 mM, r e s p e c t i v e l y .  The observed with th e
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n a tu r a l  s u b s t r a t e  was in agreement w ith  pub l ished  va lues  f o r  th e  enzyme 

u t i l i z i n g  the  r a d i o l a b e l e d  n a tu r a l  s u b s t r a t e .

An e l e c t r o p h o r e t i c  system us ing  c e l l u l o s e  a c e t a t e  has been developed 

f o r  th e  r e s o l u t i o n  of  ac id  and n e u t r a l  B-glucos1dase  in human t i s s u e  

homogenates. E l e c t r o p h o r e s i s  of  homogenates from norm?'1 and Type 1 Gaucher 

d i s e a s e  t i s s u e s  r e v e a le d  two f l u o r e s c e n t  bands o f  B -g lu co s ld a se  a c t i v i t y  

which corre spond  to  th e  ac id  and n e u t r a l  enzymes s e p a r a t e d  by concanava lln  

A-Sepharose chromatography. The a c id  enzyme had on ly  B-glucos1dase  a c t i ­

v i t y ,  hydro lyz ing  both th e  n a tu r a l  (NBD-glucer) and the  a r t i f i c a l  (4MUG) 

s u b s t r a t e s .

Neutra l  e - g l u c o s i d a s e  (EC 3 .2 . 1 . 2 1 )  a l s o  e x h ib i t e d  a -L - a r a b in o s id a s e  

(EC 3 . 2 . 1 . 5 5 ) ,  e -D - g a l a c to s id a s e  (EC 3 .2 .1 . 2 3 )  and e -D -xy los idase  (EC 

3 .2 . 1 . 3 7 )  a c t i v i t i e s ,  and did  not  hydrolyze  the  n a tu r a l  s u b s t r a t e ,  NBD- 

g l u c e r .

In homogenates of  c u l t u r e d  sk in  f i b r o b l a s t s ,  only ac id  e - g l u c o s i d a s e  

was observed which c o -e l e c t r o p h o r e s e d  with th e  a c i d i c  a c t i v i t y  in o t h e r  

t i s s u e  homogenates. The a c i d i c  a c t i v i t y  in t i s s u e  and f i b r o b l a s t  homo­

gena tes  from Type 1 Gaucher d i s e a s e  appeared to  c o - e l e c t r o p h o r e s e  with the  

a c id  e - g l u c o s i d a s e  1n normal t i s s u e s ,  but  had markedly reduced a c t i v i t y .

Acid B-g lucos1dase  e f f e c t o r  I s o l a t e d  from normal and Type 1 Gaucher 

f i b r o b l a s t  and sp leen  homogenates was found to  r e t a r d  p u r i f i e d  a c id  e - g l u ­

c o s id a s e  m ig ra t io n  du r ing  e l e c t r o p h o r e s i s  on c e l l u l o s e  a c e t a t e .  Following 

a 55% ammonium s u l f a t e  c u t ,  t h e  e f f e c t o r  was s e p a r a t e d  from a c id  e -g lu c o -

s i d a s e .  Sucrose  g r a d i e n t  u l t r a c e n t r l f u g a t l o n  demons tra ted  t h a t  the  e f ­

f e c t o r ,  I s o l a t e d  from normal and Type 1 Gaucher sp le en  homogenates, bound 

to  th e  p u r i f i e d  enzyme and In c reased  I t s  s p e c i f i c  a c t i v i t y .

F i n a l l y ,  th e  s t r u c t u r a l  gene f o r  human ac id  B -n lu co s id a se  has been

v



ass ig n e d  to  chromosome 1 us ing  somatic  c e l l  h y b r i d i z a t i o n  techn iques  f o r  

qene mapping. The human enzyme was d e te c te d  1n mouse RAG cell-human 

f i b r o b l a s t  c e l l  hybr ids  by a s e n s i t i v e  double an t ib o d y  Immunoprecip i ta t lon  

a ssay  using a mouse antl -human a d d  e -g l u c o s i d a s e  an t ib o d y .  No c r o s s ­

r e a c t i v i t y  between mouse e - g l u c o s i d a s e  and human ac id  o r  n e u t r a l  e -g lu c o -  

s id a s e  was observed .  F i f ty - tw o  p r im ary ,  secondary ,  and t e r t i a r y  man-mouse 

hybrid  l i n e s ,  d e r iv e d  from t h r e e  s e p a r a t e  f u s io n  exp er im en ts ,  were ana­

lyzed f o r  human ac id  e -g l u c o s i d a s e  and enzyme markers f o r  the  human c h ro ­

mosomes. Without e x c e p t io n ,  th e  p resence  of  human a d d  e - g l u c o s i d a s e  in 

t h e s e  hybrid  c lones  was c o r r e l a t e d  with the  presence  of human chromosome 1 

o r  i t s  enzymatic  m arke rs ,  phosphoglucumutase-1 {PGM1) and fumarate  hydra- 

t a s e  (FH). All o t h e r  human chromosomes were e l im in a te d  by th e  Independent  

s e g r e g a t io n  o f  a d d  p -g lucos1dase  and t h e i r  r e s p e c t i v e  enzyme markers  and/  

o r  chromosomes. Using a RAG x human f i b r o b l a s t  l i n e  with mouse-human r e ­

arrangement  o f  human chromosome 1, th e  locus f o r  a d d  p -a lu c o s1 d a se  was 

l im i t e d  to  the  r e g io n  l p l l  t o  l q t e r .
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BACKGROUND AND RATIONALE

I .  Gaucher D i s e a s e :

A. Subtypes and C l in i c a l  A s p e c t s : Gaucher d i s e a s e  i s  a family  of

d i s o r d e r s  r e s u l t i n g  from th e  d e f i c i e n t  a c t i v i t y  of  th e  lysosomal hydro­

l a s e ,  ac id  p -g lucos1dase  o r  g lu c o c e r e b r o s id e :6 - g lu c o s 1 d a s e  {EC 3 .2 1 .4 5 ) ,  

and th e  subsequent  accumulat ion  of  I t s  s u b s t r a t e ,  g lucosy l  ceramlde (F ig ­

u re  1) .  There a re  3 c l i n i c a l l y  d i s t i n c t  sub types  of  Gaucher d i s e a s e .  The 

f e a t u r e s  sha red  by p a t i e n t s  with each of t h e s e  forms in c lu d e  an autosomal 

r e c e s s i v e  mode of  i n h e r i t a n c e ,  hepatosplenomegaly  and Gaucher c e l l s  1n the  

bone narrow ( 1 , 2 ) .

The Gaucher c e l l  i s  an e n la rg ed  l i p i d - l a d e n  h i s t i o c y t e  t h a t  i s  found 

d i s p e r s e d  th roughou t  th e  r e t i c u l o e n d o t h e l i a l  system, e s p e c i a l l y  1n the  red 

pulp of  the  s p l e e n ,  t h e  s in u so id s  and m edul la ry  p o r t io n s  of  lymph nodes,  

s in u s o id s  of the  l i v e r  and th e  bone marrow.

Under phase m icroscopy ,  the  c h a r a c t e r i s t i c  Gaucher c e l l  ranges  from 

20 to  100 um in d iam e te r  with an e c c e n t r i c  n u c leus .  The cytoplasm con­

t a i n s  f i b r i l s  with  a " c r in k l e d  paper"  appea rance .  Rod shape in c lu s io n

bodies a r e  d i s c e r n i b l e  by Normarskl I n t e r f e r e n c e  microscopy. The Gaucher 

c e l l s  s t a i n  p o s i t i v e l y  f o r  a c id  phospha tase  when phenyl phosphate  i s  used

as s u b s t r a t e .  The c e l l s  w i l l  a l s o  s t a i n  f o r  c a rb o h y d ra te s  when th e  p e r io d ­

ic  a d d  S c h l f f  re a g e n t  1s p r e s e n t  (2 ) .

The most common form of  Gaucher d i s e a s e  1s Type 1 o r  t h e  a d u l t  form. 

This subtype was f i r s t  d e sc r ib e d  by P h l l U p e  Gaucher 1n 1822, and h i s  

o r i g i n a l  d e s c r i p t i o n  was recognized  by th e  use of  h i s  name as  th e  eponym 

f o r  th e  d i s e a s e .  Although Type 1 Gaucher d i s e a s e  1s about  30 t imes more 

p r e v a l e n t  1n Ashkenazi Jews than  In a l l  o t h e r  g roups ,  1t  has a p a n e thn ic  

d i s t r i b u t i o n .  The Inc idence  in  I n d i v i d u a l s  o f  Ashkenazi a n c e s t r y  i s  1 1n
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every  2500 b i r t h s  and th e  h e te ro z y g o te  f requency  1s about  1 1n 25. The 

age of  o n s e t  v a r i e s  from th e  f i r s t  week o f  l i f e  t o  th e  e ig h th  decade,  and 

th e  c l i n i c a l  e x p re s s io n  1s h ig h ly  v a r i a b l e ,  rang ing  from mild to  se v e re .  

There 1s no n e u ro lo g ic a l  Involvement 1n p a t i e n t s  w i th  Type 1 d i s e a s e .  The 

p r o g r e s s iv e  accum ula t ion  o f  th e  g ly c o s p h ln g o l lp id  s u b s t r a t e ,  g lucosy l  

ceram lde ,  1n Gaucher c e l l s  1n t h e  bone marrow and the  lysosomes of  r e t i c u ­

l o e n d o t h e l i a l  c e l l s  causes  the  p a th o lo g ic  a l t e r a t i o n s  which lead to  the  

c l i n i c a l  m a n i f e s t a t io n s  of  th e  d i s e a s e .  Accumulation o f  Gaucher c e l l s  1n 

t h e  bone marrow r e s u l t s  t y p i c a l l y  1n ch ron ic  bone pa in  and p a th o lo g ic

f r a c t u r e s .  S u b s t r a t e  accum ula t ion  In th e  sp leen  causes  splenomegaly ,  and 

t h e  hematologic  consequences o f  thrombocytopenia  and anemia. Other  organs 

whose fu n c t io n  1s Impaired by p r o g r e s s iv e  s u b s t r a t e  d e p o s i t i o n  Inc lude  th e  

lu n g s ,  lymph nodes, I n t e s t i n e s  and U v e r .  Severe  Involvement can lead  to  

d e b i l i t a t i n g  and I n c a p a c i t a t i n g  d i s e a s e .

Type 2 o r  I n f a n t i l e  Gaucher d i s e a s e  occurs  1n a l l  e th n i c  groups and 

symptoms a r e  u s u a l ly  a p p a re n t  by 6 months of  l i f e .  Severe n e u ro lo g ic a l  

Involvement leads  to  dea th  in  e a r l y  c h i ld h oo d .  The n e u ro lo g ic  s ig n s  

Inc lude  s t r a b i s m u s ,  muscular  h y p e r t o n l c l t y  and r e t r o f l e x i o n  of  the  head;  

some p a t i e n t s  have s e i z u r e s .  In a d d i t i o n ,  th e s e  I n f a n t s  have s e v e re  In ­

volvement of th e  r e t i c u l o e n d o t h e l i a l  system with remarkable  h ep a to sp len o -  

megaly.

The t h i r d  c l i n i c a l  su b ty p e ,  Type 3 o r  j u v e n i l e  Gaucher d i s e a s e ,  1s 

c h a r a c t e r i z e d  by n e u ro lo g ic  Involvement o c c u r r in g  1n l a t e  ch i ldhood o r  

a d o le sc e n c e .  Convuls ive  e p i s o d e s ,  abnormal e le c t ro e n c e p h a lo g ra m s ,  hyper­

t o n l c l  t y ,  s t r a b is m u s  and c o o r d i n a t i o n  d i f f i c u l t i e s  a r e  seen 1n p a t i e n t s  

w i th  t h i s  sub type .  These p a t i e n t s  a l s o  have marked r e t i c u l o e n d o t h e l i a l  

Involvement .  Type 3 Gaucher d i s e a s e  occurs  p r i m a r i l y  In a g e n e t i c  I s o l a t e

2



Figure  1: C a ta b o l i c  Pathway of  th e  S p h in g o l ip id s

The p o s i t i o n  o f  each g e n e t i c a l l y  determined m etabo l ic  block 

and th e  r e s u l t i n g  s p h l n g o H p i d o s i s  1s i n d i c a t e d .  Gaucher d i s e a s e  

i s  shown as a d e f i c i e n c y  of  ac id  p - g l u c o s id a s e .  Normally, th e  

enzyme hydro lyzes  g lucosy l  ceramlde (GL-1) to  ceramide ( c e r ) .

GL-4: g lo b o s id e ;  GL-3: g l o b o t r l g l y c o s y l  ceram ide ;  GL-2:

l a c t o s y l  ceram ide;  GM1: I I  - a - N - a c e ty ln e u r a m 1 n o s y l - g a n g l io t e t r a -
3

g ly c o s y lc e r a m ld e ; GM2: I I  - a - N - a c e t y l n e u r a m i n o s y l - g a n g l i o t r l g l y -

c o sy lc e ra m id e ; GM3: I I  - a - N - a c e t y l n e u r a m i n o s y l - l a c to s y l c e r a m id e ;

NANA: n -ace ty lneu ram 1n ic  a c i d ;  SO^H-galcer: s u l f a t i d e ;  g a l - c e r :

g a la c to s y lc e r a m id e .
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among I n d i v i d u a l s  of  a h igh ly  consanguineous community 1n N o r rb o t ten ,  

Sweden ( 2 ,3 ) .

B. Enzymatic D e f e c t : Gaucher d i s e a s e  i s  c h a r a c t e r i z e d  by th e  d e f ­

i c i e n t  a c t i v i t y  of th e  lysosomal h y d r o la s e ,  a d d  B -g lu co s ld a se  ( 1 , 2 ) .  

Normally t h i s  membrane-bound enzyme c a t a l y z e s  the  c leavage  o f  g lucosyl  

ceramide to  g lu co se  and ceramide (F igure  2) .  Glucosyl ceramide i s  com­

p r i s e d  of  a long cha in  f a t t y  ac id  l ink ed  t o  the  n i t r o g e n  atom on carbon-2 

of sp h in g o s in e  forming a complex s p h i n g o l ip i d  c a l l e d  ceramide.  A molecule 

o f  g lucose  1s l in k e d  by a e -g ly c o s1 d ic  bond to  carbon 1 of  the  sph ingos ine  

moiety of  ceramide (F ig u re  3 ) .  The primary source  of  accumulat ing  g lucosy l  

ceramide 1s s e n e s c e n t  g r a n u l o c y te s ,  s in c e  l a c t o s y l  ceram ide ,  i t s  m etabo l ic  

p r e c u r s o r ,  1s th e  major g lycosphlngol1p1d in polymorphonuclear  leukocytes  

( 1 , 2 ;  F igure  1 ) .  The c l i n i c a l  symptoms observed 1n Gaucher d i s e a s e  a re  

due to  e x c e s s iv e  in t r a ly so so m a l  accum ula t ion  of  th e  glycosph1ngol1p1d,  

g lucosy l  ce ram ide ,  in r e t i c u l o e n d o t h e l i a l  c e l l s  (4 - 7 ) .

C. Acid B -G lu c o s id ase :

Assay Systems: The d e f i c i e n c y  of  a d d  B-g lucos1dase  in Gaucher

d i s e a s e  was f i r s t  demonstra ted  by Brady e t  aj_. (1)  us ing  chem ica l ly  syn­

th e s iz e d  g lucosy l  ceramide which was r a d i o l a b e l e d  in th e  carbon 1 o f  the  

g lucose  moie ty .  Reduced l e v e l s  of  a d d  B -g lu co s id a se  a c t i v i t y  were found 

in the  sp le en  o f  p a t i e n t s  with  Gaucher d i s e a s e  (Table  1 ) .  Using n o n la b e l ­

ed g lu c o c e r e b r o s ld e  and an a r t i f i c i a l  s u b s t r a t e ,  p -n1 t ro p h en y l -p -D -g lu c o -  

p y ra n o s ld e ,  P a t r i c k  confirmed th e s e  f i n d in g s  (18) .

The f l u o r o g e n ic  s u b s t r a t e ,  4 -m ethy lum be l l1 fe ry l -e -D -g lucopyranos1de  

( 4MUG) I s  th e  most  commonly used a r t i f i c i a l  s u b s t r a t e .  In th e  p resence  of 

B - g lu c o s ld a s e ,  4MUG i s  c leaved  to  g lucose  and f l u o r e s c e n t  4-methyl umbel-  

l l f e r o n e  (F ig u re  4) which 1s s e n s i t i v e l y  q u a n t i t a t e d  us ing  a f lu o ro m e te r .
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Figure  2: Degredat lon  of  g lucosy l  ceramide t o  ceramide and g l u ­

cose by membrane-bound a c id  B -g lu c o s ld a se .
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Figure  3: The s t r u c t u r e  of  g lucosy l  ceram ide ,  the  n a tu r a l  sub­

s t r a t e  of a d d  p -g lu co s1 d ase .

Ceramide c o n s i s t s  of  the  long cha in  amino a l c o h o l ,  s p h in g o s in e ,  to  

which a long chain  f a t t y  a c id  1s jo in e d  by an amide bond a t  the  

n i t r o g e n  atom on carbon 2 of  sp h in g o s in e .  A g lu cose  molecule  Is

l in k e d  to  carbon 1 of  th e  sp h in go s in e  moiety of  ceramide by a 

B-anomer1c bond (2 ) .
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Table 1

A dd B-Glueosldase Specific  A c tiv i ty  Observed in Control 
and Type 1 Gaucher (ad u l t  form) Spleens.*

Condition P a tien t Age Sex Enzymatic A ctiv ity

S ick le  c e l l  anemia MS
(years)

12 F
mumoles cleared/mg pro te ln /h  

0.11
Conqenital hemolytic anemia HP 76 F 0.13
Henolytlc anemia OS IS F 0.10
A plastic  anemia FB 6ft F 0.13
Tetralogy of F a l lo t CO 11 F 0.08
M itral s tenosis JO 40 K 0.09
Congenital spherocytosis FA 4 M 0.15
Id iopa th ic  thrombocytopenia 91 37 F 0.11

purpura
Congenital henolytlc  anemia CF 14 F 0.10
Chronic n e p h r i t is RP 21 H 0.12

Gaucher's d isease . GH 33 F

Mean 0.11 t  0.001 SE 

0.008
a d u l t  form

Gaucher's d isease . AK 3 F 0.0C6
a d u l t  form

Gaucher's d isease . SZ 1 M 0.001
I n f a n t i l e  form

Gaucher's d isease . SG 39 H 0.022
a d u l t  form

Gaucher's d isease . SL 3 M 0.010
a d u lt  form

Gaucher's d isease . PA 4 K 0.020
ad u lt  form

Gaucher's d isease . JR 13 M O.OOS
a d u lt  form

Gaucher’s d isease , TH 5 M 0.01S
ad u lt  form

Gaucher's d isease . HU 12 F 0.019
ad u lt  form

Gaucher's d isease . GK 14 F 0.021
ad u lt  form

Gaucher's d isease . SK IS F 0.032
a d u l t  form

Mean 0.015 ± 0.002 SE

•The Subs tra te  U ti l ized  was D - [ l - l *C]-G1ucosyl Ceramide (1 ).

10



Figure  4: The s t r u c t u r e  of  4-methy1umbel 11fe ry l -B -D -g lucopyrano-

s i d e  (4MUG), th e  a r t i f i c i a l  s u b s t r a t e  f o r  e -g lu c o s1 d a se .  In the  

p resence  of e - g l u c o s i d a s e ,  th e  s u b s t r a t e  i s  hydrolyzed to  g lucose  

and f l u o r e s c e n t  4-methyl umbel 1i f e r o n e ,  which can be q u a n t i t a t e d  In 

a f lu o ro m e te r  (2 ) .
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Using 4MUG, reduced p - g l u c o s id a s e  a c t i v i t y  i s  found 1n l i v e r ,  sp leen  (9 ,  

2 4 ) ,  leukocy tes  (11-15) and f i b r o b l a s t s  (16-20) from p a t i e n t s  w ith  Types 

1, 2 and 3 Gaucher d i s e a s e .  In a d d i t i o n ,  a chromogenlc s u b s t r a t e ,  2 -hexa-  

docanoyl- a m ln o -4 -n l t ro -B -g lu c o p y ra n o s id e  r e c e n t l y  has been used f o r  th e  

d e t e c t i o n  of  I n d i v id u a l s  a f f e c t e d  w ith  Gaucher d i s e a s e  ( 2 1 ,2 2 ) ;  however, 

t h i s  s u b s t r a t e  o f f e r s  no advantages  over  th e  4MUG s u b s t r a t e .

D. D i f f e r e n c e s  in Acid e -G lu c o s id a se  A c t i v i t y  Observed in Subtypes 

o f  Gaucher D ise a s e : Acid B -g lu cos id ase  from c u l t u r e d  sk in  f i b r o b l a s t s  can

be s o l u b i l i z e d  in an a c t i v e  form by t r e a tm e n t  of  c e l l  homogenate p re p a ra ­

t i o n s  with T r i to n  X-100 and t a u r o c h o la t e .  This s o l u b i l i z a t i o n  of f i b r o ­

b l a s t  B -g lu cos id ase  caused a s h i f t  In the  pH optimum from pH 4 .5  (mem­

brane-bound enzyme) t o  pH 6 .0  ( s o l u b i l i z e d  enzyme) (17 ) .  When compared 

w i th  th e  enzyme from c o n t ro l  f i b r o b l a s t s ,  the  ac id  p - q l u c o s ld a s e  a c t i v i t y  

from Type 1 Gaucher p a t i e n t s  of  Ashkenazi o r i g i n  was r a p i d l y  i n a c t i v a t e d  

a t  50°C (17 ) .  As shown in F igure  5, t h e  enzymatic  a c t i v i t y  from c o n t ro l  

f i b r o b l a s t s  underwent a r a p id  l o s s  of a c t i v i t y  with an average  h a l f - l i f e  

of  18.1 m inu te s .  The enzymatic  a c t i v i t y  from a l l  Jewish Type 1 Gaucher 

p a t i e n t s  t e s t e d  was i n a c t i v a t e d  more r a p i d l y .

F ib r o b la s t*  from Ashkenazi p a t i e n t s  w i th  Type 1 d i s e a s e  were a l s o  

found to  have an a l t e r e d  pH cu rve .  As shown in  F igure  6, the  pH curve f o r  

a c id  B-g lucos1dase  in Type 1 s o l u b i l i z e d  f i b r o b l a s t s  showed a more a l k a ­

l i n e  pH optimum than t h a t  found 1n normal f i b r o b l a s t s  (17 ) .  In c o n t r a s t ,  

t h e  B -g lu c o s ld a se  from p a t i e n t s  with Types 2 and 3 d i s e a s e  was q u a l i t a t i v e ­

ly  I n d i s t i n g u i s h a b l e  from the  normal enzyme in terms of  pH optima and 

thermal s t a b i l i t y .  No d i f f e r e n c e  in  was observed among th e  Gaucher

sub types  (17) .

When compared w i th  c e l l  homogenates from normal i n d i v i d u a l s  the

13



Figure  5: T h e r m o s ta b i l i ty  o f  d e t e r g e n t - s o l u b i l i z e d  f i b r o b l a s t

6 - g lu c o s id a s e  a t  50°C.

A c t iv i t y  i s  expressed  as  a p e rcen tag e  of the  a c t i v i t y  of  the  

unheated sample .  Each p o in t  r e p r e s e n t s  an average o b ta ined  from 

s e v e r a l  d i f f e r e n t  expe r im en ts .  V e r t i c a l  b a rs  r e p r e s e n t  ± 1 s t a n ­

dard d e v ia t io n  (17 ) .  Chronic Form = Type 1 Gaucher homozygote o f  

Ashkenazi a n c e s t r y .
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Figure  6: E f f e c t  of pH on a c t i v i t y  o f  s o l u b i l i z e d  6 -g lucos1dase

from c o n t r o l  (n=7) and Type 1 Gaucher ( c h r o n ic )  f i b r o b l a s t s  (n=8).  

For each sample , the  0 -g lucos1dase  a c t i v i t y  was c a l c u l a t e d  as  a 

p e rcen tag e  of  the  a c t i v i t y  a t  the  pH optimum. V e r t i c a l  ba rs  

r e p r e s e n t  + 1 s t a n d a rd  d e v ia t i o n  (1 7 ) .
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r e s i d u a l  e -g lu c o s id a s e  a c t i v i t i e s  observed in Types 1, 2 and 3 Gaucher 

d i s e a s e  a r e  20-30%, 10% and 10-15%, r e s p e c t i v e l y .

E. Heterozyqote  D e te c t io n  f o r  Gaucher D is e a s e : Heterozygote  d e t e c ­

t i o n  can be performed by a ssa y in g  a c id  p - g lu c o s id a s e  a c t i v i t y  in leuko­

c y te s  (15 ,18)  and c u l t u r e d  sk in  f i b r o b l a s t s  (17) .  Although some o v e r lap  

does occu r  with the  va lues  observed fo r  normal i n d i v i d u a l s ,  the  m a jo r i ty  

of h e te ro zy go tes  t e s t e d  f o r  Gaucher d i s e a s e  demonstra ted  a c t i v i t y  i n t e r ­

m edia te  between t h a t  of normal and a f f e c t e d  i n d i v i d u a l s .  These enzyme 

assays  were opt imized  f o r  th e  g r e a t e s t  d i f f e r e n c e  in s p e c i f i c  a c t i v i t y

between normal and o b l i g a t e  h e te ro z y g o te s  (15 ,1 7 -18 ) .

I I . B-Glucosidase  Isozymes:

A. T issue  Isozymes: e -G lucos idase  isozymes have been i d e n t i f i e d  in

normal human t i s s u e s  by v a r iou s  c o l o r i m e t r i c  and f l u o ro g e n ic  a r t i f i c i a l  

s u b s t r a t e s  ( 8 , 9 , 1 1 ,1 6 ,  2 1 ,2 2 ) .

Two isozymes of  membrane-bound B -g lu co s id a se  with a c t i v i t y  towards 

4MUG have been r e p o r t e d  in c u l t u r e d  long term lymphoid l i n e s  (12 ) ,  p e r ip h ­

e ra l  blood leukocy tes  (12 ,13)  and sp leen  (23 ) .  One of  th e s e  isozymes has

a pH optimum of  5 .0 ,  a o f  0 .4  nfl and i s  r a p id ly  i n a c t i v a t e d  a t  pH 4 .0

(12) .  The f u n c t io n  of  t h i s  isozyme i s  unknown. The second isozyme has a 

pH optimum of  4 .5 ,  a o f  0 .8  mM, i s  s t a b l e  a t  a c i d i c  pH (12) and i s  

known as  g lu c o c e r e b r o s ld e :  B -g lu co s id a se  (EC 3 . 2 .1 .4 5 )  o r  ac id  B-gluco­

s i d a s e .  Only t h i s  isozyme i s  expressed  in c u l t u r e d  sk in  f i b r o b l a s t s  

(1 6 ,1 7 ,2 2 ) .  Acid B -g luco s id a se  i s  p r e s e n t  in lysosomes,  i s  a c t i v a t e d  in 

the  presence  of  a n io n ic  d e t e r g e n t s  and ac id  phoshp h o l ip id s  ( 1 7 ,2 4 ) ,  and 

has a s t ro n g  a f f i n i t y  f o r  concanava l in  A (25 ,26)  i n d i c a t i n g  t h a t  th e  

enzyme i s  a g ly c o p r o t e i n .  Acid B -g lu cos id ase  c leav es  both the  a r t i f i c i a l
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s u b s t r a t e s  ( 8 ,1 6 ,1 7 ,2 1 ,2 2 )  and i t s  n a tu ra l  s u b s t r a t e ,  g lucosy l  ceramide 

( 1. 8 ).

Neutra l  B -g lu co s idase  (EC 3 .2 . 1 .2 2 )  i s  a so lu b le  enzyme which 1s not  

ex p ressed  in f i b r o b l a s t s  but  1s found 1n kidney,  s p l e e n ,  U v e r  and b ra in  

e x t r a c t s  ( 9 ,2 7 , 2 8 ) .  I t  has a broad pH optimum from 5 .5  t o  6 . 5 ,  i s  i n h i b i ­

ted  by sodium t a u r o c h o l a t e  (24) and 1 t  hydrolyzes  s t e r o i d  g lu c o s id e s .  The 

fu n c t io n  of  the  so lu b l e  B -g lu c o s ld a se  i s  unknown a l though  1t 1s found to  

have a broad s u b s t r a t e  s p e c i f i c i t y  and 1n a d d i t i o n  t o  B-glucos1des (9 ,2 7 ,  

28) w i l l  hydro lyze  p - g a l a c t o s i d e s ,  B -x y lo s ld e s ,  B -fucos ides  and a - a r a b i n o -  

s l d e s .

B. E l e c t r o p h o r e t i c  S e p a ra t io n  of  B-G1ucos1dase Isozymes: Three

e l e c t r o p h o r e t i c  systems have been d e sc r ib e d  to  s e p a r a t e  and v i s u a l i z e  th e  

isozymes of  B-glucos1dase  (29 -31) .  The n e u t r a l  isozyme has been e a s i l y  

d e te c t e d  on s t a r c h  gel and c e l l u l o s e  a c e t a t e  gel e l e c t r o p h o r e s i s .  E l e c t r o ­

p h o r e t i c  a n a l y s i s  of th e  a c id  isozyme has been h indered  by the  i n a b i l i t y  

of the  n a t i v e  enzyme to  m ig ra te  1n conven t iona l  e l e c t r o p h o r e t i c  sys tems.

Recent m o d i f i c a t io n s  have al lowed m ig ra t io n  and v i s u a l i z a t i o n  of  the  ac id  

isozyme 1n po lyacry lam ide  ( 2 9 ) ,  c e l l u l o s e  a c e t a t e  gel e l e c t r o p h o r e t i c  (30) 

and i s o e l e c t r i c  focus ing  gel (31) sys tem s.  However, none of  th e s e  methods 

s im u l ta n eo u s ly  re so lv ed  th e  ac id  and n e u t r a l  Isozymes.

The p resence  o f  two B -g lu co s id a se  isozymes 1n leukocy tes  was con­

firmed by c e l l u l o s e  a c e t a t e  e l e c t r o p h o r e s i s  (3 0 ) ,  a l though  th e  same In v es ­

t i g a t o r s  were unable  t o  r e s o lv e  th e  Isozymes in o t h e r  t i s s u e  e x t r a c t s .  

The po lyacry lam ide  gel system (2 9 ) ,  and th e  i s o e l e c t r i c  fo cus ing  system 

(31) were ab le  t o  v i s u a l i z e  normal and Type 1 Gaucher a c t i v i t i e s  in f i b r o ­

b l a s t  e x t r a c t s .  No d i f f e r e n c e s  1n the  m ig ra t io n  o f  normal o r  Type 1 

Gaucher f i b r o b l a s t  a c t i v i t i e s  was observed in th e  polyacry lam ide  gel
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e l e c t r o p h o r e s i s  system. I s o e l e c t r i c  focus ing  of T r i t o n  X-100 s o l u b i l i z e d  

a c t i v i t y  from normal f i b r o b l a s t s ,  r ev e a le d  a major Isozyme with an i s o ­

e l e c t r i c  p o in t  a t  pH 4 .8 0  and two very minor f r a c t i o n s  w i th  I s o lo n l c  

p o in ts  a t  4 .67 and 4 .55 .  The minor pH 4 .55  enzyme appeared 1n Types 1 and 

2 Gaucher f i b r o b l a s t  e x t r a c t s ,  however, th e  major  band was a b sen t  1n th e se  

e x t r a c t s  (31).

I I I .  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 e-G1ucos1dase:

A. Normal, Human Acid e - G lu c o s id a s e : Severa l  I n v e s t i g a t o r s  have

p a r t i a l l y  p u r i f i e d  a d d  p -g lu c o s id a s e  (3 2 -39 ) .  Attempts to  p u r i f y  and 

c h a r a c t e r i z e  human a d d  p - g lu c o s id a s e  have been hampered by I t s  l i p o p h i l i c  

n a tu r e  and s t rong  a s s o c i a t i o n  with th e  lysosomal membrane. By co n v en t io n ­

al and hydrophobic chromatography, Pentchev d  a K  (32) were ab le  to  

p u r i f y  human p l a c e n t a l  a d d  p - g lu c o s id a s e  4 ,0 0 0 - f o l d  w i th  a y i e l d  of  S%. 
Glycerol  and d i t h l o t h r e i t o l  were r e q u i r e d  to s t a b i l i z e  th e  p u r i f i e d  

enzyme. Ho (40) r e p o r te d  an a f f i n i t y  techn ique  employing an immobilized 

g ly c o p r o te in  e f f e c t o r ,  p u r i f i e d  from th e  sp le en  of  a p a t i e n t  wi th  Gaucher 

d i s e a s e  ( se e  S e c t io n  IV).  This immobilized e f f e c t o r  s p e c i f i c a l l y  bound 

a d d  p - g lu c o s id a s e  in  th e  p resence  of p h o sp ho l ip id  and a 190-fo ld  p u r i f i ­

c a t i o n  was ach ieved .  Although s u c c e s s f u l ,  th e  a p p l i c a b i l i t y  of  t h i s  

method to  l a r g e - s c a l e  p u r i f i c a t i o n  was l im i te d  by th e  a v a i l a b i l i t y  of th e  

e f f e c t o r  g ly c o p r o te in  and i t s  lack of  s t a b i l i t y  ove r  prolonged s t o r a g e .

R ece n t ly ,  h ig h e r  y i e l d s  have been ach ieved  by a f f i n i t y  chromatography

on concanava l ln  A-Sepharose (34 ,41)  and on hydrophobic g e l s  such as o c t y l - 

and d e c y l - a g a r o s e  (36) and phospha t idy l  s e r i n e - a g a r o s e  (34 ) .  These a f f i n ­

i t y  methods a re  r e l a t i v e l y  n o n - s p e c i f i c  but  can be used 1n sequence to  

o b ta in  good p u r i f i c a t i o n .  Braidman and G re g o r ia d i s  (41) combined concana-
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v a l i n  A-Sepharose chromatography and an e th a n o l / c h lo ro fo rm  p r e c i p i t a t i o n  

to  p u r i f y  human a c id  e - g l u c o s i d a s e  1500-fold  with a f i n a l  y i e l d  of  1.4*. 

Dale and B e u t l e r  (34) a l s o  e x p lo i t e d  th e  hydrophobic and g ly c o p ro te in

n a tu r e  of th e  enzyme 1n t h e i r  p u r i f i c a t i o n  p rocedure .  The enzyme was 

chromatographed on th e  hydrophobic s u p p o r t ,  phosphat idy l  s e r in e -S e p h a ro s e  

4B, as well as on th e  g l y c o - a f f i n i t y  s u p p o r t ,  co ncan ava l in  A-Sepharose.  

They ob ta in ed  a 6 ,0 0 0 - f o ld  p u r i f i c a t i o n  with a 60* y i e l d .  They noted (34) 

t h a t  th e  60* y i e l d  r e p re se n te d  a "modest e x a g g e ra t io n "  s in c e  the  pH s h i f t ­

ed from pH 5 .0  t o  6 .0  du r ing  the  p u r i f i c a t i o n  while  a l l  th e  enzymatic  

a s sa y s  were performed a t  pH 6 .0 .  Fur thermore ,  con-A con tam ina t ion  of  the  

a c id  e - g l u c o s i d a s e  p r e p a r a t i o n  proved to  be h ig h ly  t o x ic  to  c e l l s  and, 

t h e r e f o r e ,  no t  s u i t a b l e  fo r  a d m i n i s t r a t i o n  in enzyme rep lacement  th e rapy  

t r i a l s  (36 ) .  Furb ish  e t  al^. (36) u t i l i z e d  butanol  e x t r a c t i o n  and hydro­

phobic chromatography t o  p u r i f y  p l a c e n t a l  a c id  e - g l u c o s i d a s e .  A 30* y i e l d  

was o b ta ined  w i th  a 3 ,0 0 0 - f o l d  p u r i f i c a t i o n .  Table 2 summarizes the  s p e c i ­

f i c  a c t i v i t i e s  o b ta in ed  using the  above p u r i f i c a t i o n  p ro ced u res .  The 

degree  of  p u r i t y  of  th e s e  p r e p a r a t io n s  could  not  be de termined on n a t iv e  

po lyacry lam ide  gel e l e c t r o p h o r e s i s  s in c e  th e  enzyme would not e n t e r  the  

g e l .  On SDS gel  e l e c t r o p h o r e s i s ,  Dale and B e u t l e r  (34) found m u l t i p l e  

bands and Furb ish  e t  al_. (36) observed two major bands each with an ap­

p a re n t  m o le cu la r  weigh t  o f  approx im ate ly  67,000.  Pentchev e t  a K  (32) 

noted t h a t  the  d ena tu red  enzyme migra ted  as a s i n g l e  band with a m olecu la r  

weigh t  of  60,000.  Following Sephadex G-200 chromatography,  the  m olecu la r  

weight of  a c id  B -g lu c o s id a s e  v a r ie d  from 60,000 -  300,000 depending on th e  

method of  e x t r a c t i o n  (3 2 ,3 6 ) .  Fu rb ish  e t  al_. e s t im a te d  the  m o lecu la r  

weight  t o  be 87,000 - 92,000 (36 ) .  The ap p a ren t  1^ o f  B -g lu co s ld a se  with 

t h e  n a tu r a l  s u b s t r a t e  was re p o r te d  t o  be 65 uM (32) and 87 uM (36) and th e
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Table 2

S p e c i f i c  A c t i v i t y  Obtained Using 
The Pub l ished  P u r i f i c a t i o n  P r o to c o ls

4MUG

S p e d f  1c A c t iv i t y *

0 - [ 1 - ^ C ] - G l u c o s y l
Ceramide

P u r i f i c a t i o n
( f o l d )

Yield
(*) Reference

0 .078 1.0 4 ,000 5.0 32

— 0.03 190 60.0 40

0.15 — 6,000 60.0 34

— 0.165 1,500 1.4 41

1.1 3,000 30.0 36

*106 nmoles/h/mg p r o t e i n
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pH range extended from pH 4 .5  t o  7 .5  (36) .

8. Comparison o f  A d d  p -G lucos idase  from Normal and Gaucher S p le e n s : 

Using butanol  e x t r a c t i o n  and hydrophobic chromatography, ac id  e - g l u c o s i ­

dase was p u r i f i e d  from normal and Gaucher p a t i e n t s '  sp leen  with s p e c i f i c  

a c t i v i t i e s  of 8 .5  X 10^ and 5 .4  X 10^ nmoles/h/mg p r o t e i n ,  r e s p e c t i v e l y  

(38) .  Although th e  ac id  B -g lu co s id a se  a c t i v i t i e s  from the  two sources  

c o - p u r i f i e d ,  t h e  s p e c i f i c  a c t i v i t y  of  th e  Gaucher sp le en  enzyme was 6% of  

th e  s p e c i f i c  a c t i v i t y  of  th e  normal B-g lucos1dase .  Table 3 shows t h a t  th e  

enzyme p r e p a r a t i o n s  were s i m i l a r  w i th  r e s p e c t  to  pH optimum and s u b s t r a t e  

s p e c i f i c i t y .  A n t i -B -g lu c o s ld a s e  a n t i b o d i e s  from the  normal and Gaucher 

enzyme demonstra ted  e q u iv a l e n t  amounts of  c r o s s - r e a c t i n g  immunological 

m a te r i a l  in  Type 1 Gaucher sp le e n .  This da ta  su g g e s t s  the  m o lecu la r  

d e f e c t  in Type 1 Gaucher d i s e a s e  in v o lv e s  a s t r u c t u r a l  a l t e r a t i o n  o f  acid  

R-glucos1dase r e n d e r in g  the  enzyme c a t a l y t l c a l l y  d e f i c i e n t  (40) .

IV. Acid p -G lu co s ld ase  E f f e c t o r  M olecu le :

A. 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 : A low m olecu la r  weight

(10 ,000 to  2 0 ,0 0 0 ) ,  hea t  s t a b l e  g l y c o p r o t e i n ,  i s o l a t e d  from normal and 

Gaucher p a t i e n t s '  t i s s u e s ,  has been shown to  s t i m u l a t e  crude as well as 

p u r i f i e d  a d d  B -g lucos1dase  a c t i v i t y  ( 4 0 ,4 2 - 4 5 ) ,  us ing  both the  a r t i f i c i a l  

s u b s t r a t e ,  4MUG (42-44) and the  n a tu ra l  s u b s t r a t e ,  g lucosy l  ceramide 

(4 0 ,4 3 ,4 5 -4 7 ) .  Using 4MUG, Ho e t  al^. (42) found t h a t  th e  e f f e c t o r  s t im ­

u la t e d  a d d  B -g luco s id a se  a c t i v i t y  over  a wide pH range as well as  s h i f t ­

ing th e  pH optimum from pH 6 .0 - 6 .5  t o  approx im ate ly  pH 4 .5 .  This  a c t i v a ­

t i o n  was a l s o  observed with the  n a tu r a l  s u b s t r a t e  (45) .  The e f f e c t o r  was 

r e s i s t a n t  t o  o rg an ic  s o l v e n t  e x t r a c t i o n ,  h e a t  (100°C, 10 m1n), TCA p r e c i p ­

i t a t i o n  and pronase d i g e s t i o n  (42) .
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Table 3

K in e t ic  P r o p e r t i e s  o f  P u r i f i e d  Human 
Spleen Acid e -G lu c o s id a se  (38)

Enzyme
Parameter Normal Gaucher

K , M X 10"5 m
G1ucocerebros ide* 10.9 ± 0.9 12.6 ± 0.6

4-Methumbel11f e r y 1 - 
p -D-g lucopyranos ide 89 ± 6 178 ± 45

Maximum v e l o c i t y ,
nmol/mg p ro te1 n /h

G lucoce reb ro s id e 8 .5  X 105 5.4 X 104

4-Methyl umbel 11f e r y l - e - D -  
g lucopyranos ide 4 .2  X 105 3.1 X 104

pH optimum with g lu c o c e re b ro s id e 5 .0  - 6 .0 5 .0  - 6 .0

*G lucoce reb ros ide  = Glucosyl ceramide
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The e f f e c t o r  s t im u la te d  ac id  B-glucos1dase a c t i v i t y  in the  presence  

of  ac id  p h o sp h o l ip id s  such as p h o sp h a t ld lc  a c i d ,  p h o s p h a t ld y l s e r ln e  and 

p h o s p h a t l d y l l n o s l t o l , and T r i to n  X-100, but  no t  1n t h e  p resence  of  sodium 

t a u r o c h o l a t e  ( 4 2 ,4 5 ,4 8 ,4 9 ) .  However, P e te r s  d  alk  (44) observed no

a d d i t i o n a l  s t i m u l a t i o n  o f  ac id  B-g lucos1dase  a c t i v i t y  by th e  e f f e c t o r  1n 

th e  presence  of  p h o sp h o l ip id s .

The e f f e c t o r  appears  to  s t i m u l a t e  a d d  e -g lu c o s1 d a se  a c t i v i t y  by

b ind ing  d i r e c t l y  t o  th e  enzyme (40) .  P u r i f i e d  e f f e c t o r  coupled to  cyano­

gen b ro m id e -a c t iv a te d  Sepharose  s e l e c t i v e l y  bound a d d  B-glucos1dase  in  

t h e  presence  of  p h o s p h a t l d y l l n o s l t o l  (F igure  7) .  The enzyme was e lu te d  by 

a l t e r i n g  th e  pH ( 4 . 5 +  7 .0 ) .  The a c id  p - g lu c o s id a s e  did  no t  bind to

Sepharose 4B a lo n e .  The e f f e c t o r  column did  not  bind p - g a l a c t o s i d a s e  o r

B -N -ace ty l -g lucosam 1n idase ;  fu r th e r m o r e ,  B - g a l a c t o s i d a s e  a c t i v i t y  was 

i n h i b i t e d  90% in th e  p resence  of e f f e c t o r  (0 .1  mg/ml) (40) .

Using conven t iona l  ion exchange chromatography, th e  h e a t  s t a b l e

e f f e c t o r  was p u r i f i e d  from normal and Gaucher sp leen  (44) .  The two e f f e c ­

t o r s  d i f f e r e d  in m o lecu la r  weight  (8 ,803  and 11,044 r e s p e c t i v e l y ) ,  amino 

a c id  and c a rb oh y dra te  composit ion  and 1n t h e i r  a b i l i t y  t o  a c t i v a t e  human

l i v e r  a d d  p -g lu c o s 1 d a se .  The e f f e c t o r  from normal sp leen  was only  6% as 

a c t i v e  (on a p r o t e in  b a s i s )  as t h a t  from Gaucher sp le e n .  Amino a d d  

a n a l y s i s  determined t h a t  Gaucher e f f e c t o r  con ta ined  approx im ate ly  2 t imes 

more l e u d n e ,  m e th io n in e ,  and h a l f - c y s t i n e  r e s id u e s  than  the  normal e f f e c ­

t o r .  C onverse ly ,  the  normal e f f e c t o r  co n ta ined  h ig h e r  amounts o f  a l a n i n e ,  

a r g i n i n e ,  g l y d n e ,  g lu tam ic  ac id  and p r o l i n e ,  i n d i c a t i n g  s t r u c t u r a l  d i f f e r ­

ences  between th e  two e f f e c t o r  m o lecu les .  The e f f e c t o r  sub s ta n c e  from 

c o n t r o l  sp leen  c o n ta in e d  n e g l i g i b l e  amounts of  c a rb oh y dra te  whereas t h e  

Gaucher e f f e c t o r  co n ta in e d  s u b s t a n t i a l  q u a n t i t i e s  of  g lucosam ine ,  mannose,
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Figure  7: Chromatography of ac id  g ly c o s id a s e s  (40) .

(a)  ac id  p - g lu c o s id a s e  e f f e c t o r  coupled to  Sepharose.

(b)  Sepharose column.

0-0 = hexosaminidase

0-0 - p - g a l a c t o s i d a s e

= a c id  p - g lu c o s id a s e  a c t i v i t y  assayed with
_td _
[ C j - s t e a ro y lg lu c o s y l s p h in g o s 1 n e

+ i n d i c a t e s  d i f f e r e n t  b u f f e r s  

— — — p r o t e in
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fu c o s e ,  g a l a c t o s e  and s i a l i c  a d d  (44) .  To d a t e ,  t h t j e  r e s u l t s  have not  

been s u b s t a n t i a t e d  by o t h e r  I n v e s t i g a t o r s .

B. P h y s io lo g ic a l  Role o f  th e  E f f e c t o r  M olecu le : I t  1s g e n e r a l l y

accep ted  t h a t  Gaucher sp leen  c o n ta in s  an e f f e c t o r  which i s  ab le  to  i n t e r ­

a c t  with ac id  B-g lucos1dase  from normal t i s s u e s  and s t i m u l a t e  enzymatic 

a c t i v i t y  Jn^ v i t r o . However, the  p h y s io lo g ic a l  r o l e  of  th e  e f f e c t o r  In th e  

d e g ra d a t io n  of  g lycosy l  ceramide has not  been de te rm ined .  A c t iv a t in g  

f a c t o r s  have been d e s c r ib e d  f o r  c e r e b r o s id e  s u l f a t a s e  (51) and 6 -hexos-  

amln idase  (5 2 -5 4 ) ;  th e  p h y s io lo g ic a l  s i g n i f i c a n c e  o f  th e s e  f a c t o r s  a l s o  

remains unknown. In c o n t r a s t  to  th e  e f f e c t o r - s u b s t r a t e  complexes observed 

f o r  and g a n g l i o s i d e  and s u l f a t i d e  ( 5 1 -5 4 ) ,  the  ac id  e - g l u c o s i d a s e -  

e f f e c t o r  complex 1s the  f i r s t  example of  an e n z y m e -e f f e c to r  I n t e r a c t i o n  

known f o r  a lysosomal enzyme.

Ho sugges ted  t h a t  the  e f f e c t o r ,  a long w i th  an a c i d i c  p h o sp h o l ip id ,  

was an im por tan t  component in th e  c leavage  of  g lucosy l  ceramide by a c id  

B -g lu c o s id a se  (48) .  Others  have argued t h a t  sodium t a u r o c h o l a t e  o r  acid  

p h o sp h o l ip id s  a lone  s t i m u l a t e  a c id  B -g lu co s id a se  a c t i v i t y  more than  th e  

Gaucher e f f e c t o r  and t h a t  th e  f a c t o r  does no t  p lay  a s i g n i f i c a n t  r o l e  1n 

t h e  metabolism of  g lu co sy l  ceramide (4 4 ,5 0 ) .  The f i n d in g s  o f  P e te r s  e £

a l . (44) t h a t  t h e  e f f e c t o r s  from normal and Gaucher sp le en  d i f f e r  does not 

suppor t  a p h y s io lo g ic  r o l e ,  e s p e c i a l l y  with th e  reduced s t i m u l a t o r y  e f f e c t

of  the  normal e f f e c t o r .

P o s s i b l y ,  t h e  f u n c t io n  of  t h e  e f f e c t o r  in  Gaucher sp leen  1s t o  se rve  

as a n a tu r a l  d e t e r g e n t  in o rd e r  t o  i n c r e a s e  c a t a l y s i s  o f  g lucosy l  ceramide 

by the  a l t e r e d  r e s i d u a l  a d d  B -g lu c o s id a se .
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V. Somatic Cell  H y b r i d i z a t i o n :

A. Chromosomal L o c a l i z a t i o n  of  Human Genes: Somatic c e l l  h y b r i d i ­

z a t i o n  p rov ides  a powerful approach to  human chromosome mapping (55 ,5 6 ) .  

The f i r s t  s t e p  1n the  p rocess  i s  c e l l  f u s io n  of  human somatic  c e l l s  with 

c e l l s  from a n o th e r  s p e c i e s  (mouse, r a t ,  Chinese ham ster)  (57 ,58)  f a c i l i ­

t a t e d  by i n a c t i v a t e d  v i r u s e s  such as Sendai v i r u s  (59) o r  chemical agen ts  

such as  p o ly e th y len e  g lycol  (60) .  As shown in  F igure  8 , th e  n u c le i  of  th e  

hybr id  c e l l s  c o n ta in  th e  chromosomes o f  both  p a re n t  c e l l  t y p e s .  S ince  

hybrid  c e l l s  c o n s t i t u t e  on ly  a small p ro p o r t io n  of  the  c e l l s  1n mixed 

c u l t u r e s ,  a s e l e c t i o n  system f o r  th e  I s o l a t i o n  o f  hybrid  c e l l s  f r e e  from 

both p a re n ta l  c e l l  types  1s used. In th e  HAT (hypoxyanth lne ,  a m ln o p te r ln ,  

and thymidine)  system (6 1 ) ,  one p a re n ta l  c e l l  l i n e  1s d e f i c i e n t  1n thy ­

midine k in ase  (TK), an enzyme of the  py r im id ine  sa lv ag e  pathway, whi le  the  

o t h e r  p a r e n t a l  c e l l  l i n e  1s d e f i c i e n t  1n hypoxan th lne-guan lne  phosphorlbo-  

s y l - t r a n s f e r a s e  (HGPRT), an enzyme of  the  pur ine  sa lv ag e  pathway. The 

a d d i t i o n  of  am ln op te r ln  to  th e  medium b locks  both p u r in e  and py r im id ine  de 

novo s y n t h e s i s  1n th e s e  c e l l s ,  and exogenous preformed pur ine  (hypoxan- 

t h l n e )  and py r im id ine  ( thym id ine)  1s needed.

Thus, in  th e  p resence  o f  HAT medium, only  complemented hybrid  c e l l s  

s u r v i v e .  Once f r e e  of  p a re n ta l  c e l l s ,  th e  hybrid  c lo n e s  can be I s o l a t e d  

and used f o r  gene mapping. In f u r t h e r  c e l l  d i v i s i o n s ,  t h e r e  1s p r e f e r e n ­

t i a l  l o s s  of  human chromosomes from man-rodent  hybrid  c e l l s .  The I d e n t i ­

f i c a t i o n  o f  human and rod en t  chromosomes i s  p o s s ib l e  by s p e c i f i c  banding 

te c h n iq u e s  In c lu d in g  Glemsa 11 s t a i n i n g  (62) and qu1n1cr1ne (6 3 ) .

For a c t u a l  mapping of  the  gene to  the  human chromosome, 1n te rspec1es  

gene p ro d u c ts  must be I d e n t i f i a b l e  by some c e l l u l a r  v a r i a t i o n ,  I . e . ,  

e l e c t r o p h o r e t i c  v a r i a t i o n  1n enzyme m o b i l i t y ,  v a r i a t i o n  in  I s o e l e c t r i c
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Figure 8: The formation of hybrid cells by cell fusion.

Using e i t h e r  chemical agen ts  o r  v i r u s e s ,  he te rok a ryo n s  a r e  formed, 

each c e l l  r e t a i n i n g  i t s  nuc leus .  Following m i t o s i s ,  t h e  chromo­

somes combine w i th in  a s i n g l e  nuc leus  to  form a synkaryon. By 

p r e f e r e n t i a l  l o s s  of  human chromosomes, p o p u la t io n s  o f  hybr id  

c e l l s  a r e  formed (56) .
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p o i n t ,  o r  d e t e c t i o n  of  a s p e c ie s  s p e c i f i c  an t ibody  and the  subsequent  de­

s ign  of  an a ssay  to  de te rmine  p r e d p l t a b l e  p roduct  (Ouchter lony ,  Immuno- 

p r e d p l t a t l o n ) .  Ruddle and Creagan (56) and o th e r s  have developed c lone  

panels  fo r  gene mapping* Clone pane ls  a s s i s t  1n th e  ass ignm ent  of a 

locus  to  a chromosome. The l o c a t i o n  of  a s p e c i f i c  gene p roduct  t o  a p a r ­

t i c u l a r  human chromosome can be demonstra ted  by synteny t e s t i n g ,  I . e . ,  th e  

concordance between the  p resence  o r  absence  of  a s p e c i f i c  chromosome and 

th e  s p e c i f i c  human gene product  1n each hybrid  c lo n e .

For r eg io n a l  mapping, i . e . ,  mapping o f  a human gene locus t o  a s p e c i ­

f i c  segment of a chromosome, a human c e l l  with a chromosomal rearrangem ent  

1s used. This  rearrangem ent  can involve  a segment o f  a human chromosome 

t r a n s l o c a t e d  onto a roden t  chromosome. D e le t ion s  o r  d u p l i c a t i o n s  of  a

s p e c i f i c  segment of  the  chromosome, i . e . ,  the  long o r  th e  s h o r t  arm, a r e  

a l s o  u s e f u l .

B. The Use of Antibody f o r  Gene Product  I s o l a t i o n : R ecen t ly ,  th e

use of  a n t i se ru m  s p e c i f i c  fo r  a human p r o t e i n ,  1n c o n ju n c t io n  with an 

Ouchter lony double d i f f u s i o n  o r  a double an t ib o d y  1mmunoprecipttat1on 

a ssay  has become a powerful to o l  f o r  gene mapping (64) .  P u r i f i e d  human

p r o t e i n s  I n j e c te d  su bcu taneous ly  o r  I n t r a p e r l t o n e a l l y ,  I n t o  e i t h e r  r a b b i t s  

o r  more p r e f e r a b l y ,  a roden t  s p e c i e s  a r e  capab le  of  making s p e c i f i c  human 

a n t i se rum  (6 4 ,6 5 ) .  A human enzyme-antlbody complex can be v i s u a l i z e d  by 

s t a i n i n g  f o r  p r o t e i n  (Coomassle Blue) fo l low ing  Ouchter lony double d i f ­

f u s io n  (6 4 ,6 5 ) .  The observed p r e c i p i t i n  band showing a l i n e  of  complete  

I d e n t i t y  confi rms th e  p resence  of th e  s p e c i f i c  human p r o t e i n  In th e  human 

c o n t ro l  and th e  hybr id  c lo n e s .  No p r e c i p i t i n  band should be observed In 

e i t h e r  th e  ro d en t  c o n t ro l  o r  hybr ids  lack ing  the  s p e c i f i c  human p r o t e i n  

and human chromosome. In the  double 1mmunoprec1p1tat1on a s s a y ,  a second
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an t ib o d y  1s used to  form l a r g e  a g g re g a te s  t h a t  w i l l  p r e c i p i t a t e  enzyme- 

a n t i  body complexes which can then  be a ssayed  f o r  enzymatic  a c t i v i t y .  

Thus, t h e  s e l e c t i v e  p r e c i p i t a t i o n  of  th e  human p r o t e i n  and no t  th e  roden t  

p r o t e in  1n human-rodent somatic  c e l l  h y b r id s ,  can de te rmine  th e  l o c a t i o n  

o f  the  human gene on I t s  chromosome.
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OBJECTIVES

The o v e r a l l  o b j e c t i v e  of  t h i s  re sea rch  was t o  I n v e s t i g a t e  th e  biochem­

ic a l  and g e n e t i c  c h a r a c t e r i s t i c s  of th e  human lysosomal h y d r o l a s e ,  ac id

8- g l u c o s id a s e  o r  g l u c o c e r e b r o s i d e : p - g l u c o s i d a s e  (EC 3 . 2 . 1 . 4 5 ) .  I t  was 

reasoned t h a t  c h a r a c t e r i z a t i o n  of the  normal enzyme would provide  I n s i g h t

I n to  th e  n a tu re  of  th e  enzymatic d e f e c t ( s )  observed in each of  th e  sub- 

types o f  Gaucher d i s e a s e .  Biochemical ,  g e n e t i c  and Immunologic t ech n iqu es  

were developed 1n o r d e r  to  accomplish  t h i s  r e s e a r c h .  The s p e c i f i c  r e ­

sea rch  o b j e c t i v e s  were:

1 ) t o  p u r i f y  ac id  p -g lu c o s id a s e  from human p l a c e n t a ,

2 ) to  develop a s e n s i t i v e  and s p e c i f i c  n a tu r a l  s u b s t r a t e  a ssay  f o r  

ac id  p - g l u c o s i d a s e ,

3) to  develop an e l e c t r o p h o r e t i c  system to  d e t e c t  e l e c t r o p h o r e t i c  

d i f f e r e n c e s  in the  r e s id u a l  a c t i v i t i e s  in type 1 Gaucher d i s e a s e  

and normal t i s s u e s ,

4) to  p u r i f y  th e  ac id  p - g lu c o s id a s e  e f f e c t o r  molecule  from Gaucher 

and normal t i s s u e s  and to  de te rmine  i t s  e f f e c t  on a d d  e -g lu c o -  

s i d a s e ,

5) t o  produce a n t i b o d i e s  to  the  p u r i f i e d  human a d d  B -g lu co s id a se  

by immunization of  Balb/C mice,  and

6 ) t o  de te rm ine  th e  chromosomal l o c a l i z a t i o n  of  the  human gene f o r  

a c id  e - g l u c o s 1dase .
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MATERIALS AND METHODS

I . e -G lu c o s id a se  A c t i v i t y  Using 4 -M e thv lum benife ry l -B -D -G lucopyrano- 

s i d e  (4MUG) As S u b s t r a t e :

A. e -G lucos Idase  Assay: e -G lucosIdase  a c t i v i t y  was assayed with  

t h e  f lu o r o g e n ic  s u b s t r a t e ,  4MUG (RPI C orp . ,  Elk Grove V i l l a g e ,  IL).  The 

r e a c t i o n  m ix tu re  co n ta in ed  th e  s u b s t r a t e  s o l u t i o n  ( 5 .0  mM 4MUG, 60 u l ; 0 .2  

M sodium p h o s p h a t e - c i t r i c  ac id  b u f f e r ,  pH 6 . 0 ,  30 u l ;  0.12% T r i to n  X-100 

and 1% crude  sodium t a u r o c h o l a t e ,  10 u l ) and column f r a c t i o n s  o r  s o l u b i l ­

ized c e l l  e x t r a c t  (20 u l ) .  The r e a c t i o n  mixture  was Incuba ted  f o r  15 min 

a t  37°C and then  was te rm in a te d  w ith  4 .0  ml of  0 .085 M g l y c i n e - c a r b o n a t e  

b u f f e r ,  pH 10.0. The l i b e r a t e d  4-methyl umbel H f e r o n e  was q u a n t i t a t e d  in  a 

T urner  Model 111 f lu o r o m e te r  (G.K. Turner  A sso c . ,  Palo A l to ,  CA). One 

u n i t  (0)  o f  enzymatic  a c t i v i t y  r e p r e s e n te d  1 nmol o f  4MUG hydrolyzed per  h

a t  37 °C.

B. pH D e te r m in a t io n : For pH ve rsus  a c t i v i t y  d e t e r m i n a t i o n s ,  the  pH

of th e  sodium p h o s p h a t e - c i t r i c  ac id  b u f f e r  was v a r ie d  from 4 .5  t o  7 .0  by 

mixing 0 .2  M sodium phosphate  and 0 .1  M c i t r i c  ac id  to  the  r eq u i re d  pH.

C. 1̂  D e te rm in a t io n : For d e te rm in a t io n  of th e  p u r i f i e d  ac id

B -g lucos1dase ,  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  was v a r ie d  from 0 .25  nfi t o  5.0  

mM. The r e s u l t s  were graphed as  a 1/v vs .  1 / [S ]  p l o t .

I I . P u r i f i c a t i o n  of  Human P la c e n ta l  Acid 6 -G 1u co s id ase :

A. T is su e  P r e p a r a t i o n : P la c e n ta l  t i s s u e  was homogenized in two

volumes of  d i s t i l l e d  w a te r  and c e n t r i f u g e d  f o r  30 m1n a t  10,000 x g. All 

s t e p s  were c a r r i e d  o u t  a t  4°C. The p e l l e t  was washed 1n d i s t i l l e d  w a te r ,  

resuspended in a volume of  t h e  e x t r a c t i o n  b u f f e r  (0 .0 5  M p h o s p h a t e - c i t r i c  

a c i d ,  pH 6 . 0 ,  c o n ta in i n g  0.06% T r i t o n  X-100 and 0.1% crude  sodium t a u r o -
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c h o la t e )  equal to  t h r e e  times the  o r i g i n a l  weigh t  of  t i s s u e ,  and was 

c e n t r i f u g e d  as  above. The s o l u b i l i z e d  e x t r a c t  was f i r s t  p r e c i p i t a t e d  with 

33% ammonium s u l f a t e  and then th e  su p e r n a ta n t  was p r e c i p i t a t e d  w i th  55% 

ammonium s u l f a t e  (18 ) .  The p e l l e t  was resuspended In 0.06% T r i to n  X-100 

and then  d ia ly ze d  o v e r n i g h t  a g a i n s t  5 .0  mM sodium p h o s p h a t e - c 1 t r i e  ac id  

b u f f e r ,  pH 4 .0 ,  c o n ta in in g  5 .0  mM 2-mercaptoethanol  (2-ME) and 5 .0  mM 

e t h y l e n e d i a m i n e t e t r a c e t i c  a c id  (EDTA). The d ia ly z e d  s o l u t i o n  was e x t r a c t ­

ed with n -bu tano l  by th e  gradual a d d i t i o n  o f  20% (v /v )  n -bu tano l  with 

rap id  s t i r r i n g  a t  2°C. A f te r  mixing 30 min, the  e x t r a c t  was c e n t r i f u g e d  

(10,000 x g ,  30 min) and th e  lower aqueous l a y e r  was removed and d ia ly ze d  

a g a i n s t  Binding b u f f e r  ( 0 .0 5  M p h o s p h a t e / c i t r i c  a c i d ,  pH 6 .5 ,  0.02% T r i to n  

X-100).

B. Dextran S u l f a t e  Chromatography:

1. P r e p a r a t i o n  of  Dextran S u l f a t e - S e p h a r o s e : Dextran s u l f a t e

(Pharmacia Fine Chemicals ,  I n c . ,  P lsca taw ay ,  NJ) was bound to  Sepharose 4B 

v i a  a l y s i n e  sp a c e r  us ing  a method based on t h a t  d e sc r ib e d  by Elchmann and 

G r e e n b la t t  ( 6 6 ). In a t y p ic a l  p r e p a r a t i o n ,  10 g of cyanogen-brom ide-ac t ­

iv a te d  Sepharose 4B (Pharmacia) was sw ollen  In 1 mM HC1 and washed sequen­

t i a l l y  w ith  1 L 1 n#1 HCL and 100 ml 0 .5  M NaHC03, pH 8 .5 .  The a c t i v a t e d  

Sepharose  was suspended In 40 ml 0 .5  M NaHCO^, pH 8 . 5 ,  c o n ta in in g  20 mg/ml 

l y s i n e .  The pH was a d ju s t e d  t o  8 .5  and the  m ix tu re  s t i r r e d  g e n t ly  o ve r ­

n i g h t  a t  room tem p era tu re .  The gel was then  washed w ith  500 ml a l i q u o t s  

of  0 .2  M NaHC0g> pH 8 .5 ;  0 .1  M sodium a c e t a t e ,  pH 4 . 5 ;  d i s t i l l e d  w a te r  and

0 .5  M NaHC03, pH 8 .5 .  The washed gel was resuspended in 40 ml of  0 .5  M 

NaHCO^, pH 8 .5 .  A c t iv a t io n  of  d ex tran  s u l f a t e  was c a r r i e d  o u t  by mixing 

20 ml of  cyanogen bromide ( P i e r c e  Chemical Co . ,  Rockford, IL ) ,  100 mg/ml 

1n w a te r ,  with 20 ml of  dex tran  s u l f a t e ,  a l s o  a t  100 mg/ml 1n w a te r .  The
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m ix tu re  was s t i r r e d  f o r  15 min a t  room tem p era tu re .  The pH was then 

r a i s e d  to  1 1 .0 -1 1 .5  by a d d i t i o n  o f  1 N NaOH and m ain ta ined  a t  t h i s  pH. 

When the  pH had s t a b i l i z e d  (5-10 m in) ,  the  m ix tu re  was added to  the  

ly s in e -S e p h a ro se  suspens ion  and s t i r r e d  g e n t ly  a t  room tem p era tu re  f o r  

8-16 h. Unreacted s i t e s  were then blocked by a d d i t i o n  of 2 volumes of 1 M 

g ly c in e  and the  gel was put through th e  washing cyc le  d e sc r ib e d  above. 

The gel was washed e x t e n s i v e l y  with b ind ing  b u f f e r  p r i o r  t o  use .

2. Chromatography of  p -G lu c o s id a s e : The enzyme was a p p l ie d  t o

a 100 ml a f f i n i t y  column of  d e x t r a n  s u l f a t e .  The flow r a t e  was 80-100 

m l/h .  The column was washed with b ind ing  b u f f e r  u n t i l  absorbance a t  280 

nm f e l l  to  b a s e l i n e .  The enzyme was then  e lu t e d  with  a crude sodium

t a u r o c h o la t e  g r a d i e n t ,  0-5 mg/ml in b ind ing  b u f f e r .  F ra c t io n s  c o n ta in in g  

p - g lu c o s id a s e  a c t i v i t y  were pooled ,  d i l u t e d  1:1 w i th  d i s t i l l e d  w a te r  and 

a d ju s te d  t o  pH 4 .5  w ith  0 .5  M c i t r i c  a c id .

C. Butanol T rea tm en t : n-Butanol  e x t r a c t i o n  was performed as  above. 

The sample was d ia ly z e d  a g a i n s t  0.1  M sodium c i t r a t e  b u f f e r ,  pH 5 .0 ,  

c o n ta in in g  2% (v /v )  n - b u t a n o l ,  5 .0  mM EDTA and 5 .0  mM 2-ME.

D. O cty l-Sepharose  Chromatography: The d ia ly ze d  p r e p a r a t i o n  was

a p p l i e d  t o  an o c ty l -S e p h a ro s e  column (Pharmacia) (3 6 ) ,  prewashed w ith  0,1 

N NaOH and o c ty l -S e p h a ro s e  b u f f e r  (0 .1  M sodium c i t r a t e ,  pH 5 .0 ,  c o n t a i n ­

ing 5 .0  mM EDTA and 5 .0  mM 2-ME). The column was washed with t h i s  b u f f e r  

u n t i l  the  absorbance a t  280 nm reached b a s e l i n e .  Bound enzyme was e lu t e d  

w i th  80% (v /v )  e th y le n e  g lyco l  in o c ty l -S e p h a ro s e  b u f f e r .  F r a c t io n s

c o n ta in in g  p - g lu c o s id a s e  a c t i v i t y  were c o n c e n t r a te d  (Amicon YM10) and 

d ia ly z e d  in su c rose  u l t r a c e n t r i f u g a t i o n  b u f f e r  (0 .15  M p h o s p h a t e - c i t r i c  

a c id  b u f f e r ,  pH 6 .0 ,  c o n ta in i n g  0.02% T r i to n  X-100, 5 .0  mM EDTA, 1 .0  mM 

2-ME).
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E. Sucrose  Densi ty  C e n t r i f u g a t i o n : The enzyme was laye red  on

l i n e a r  sucrose  g r a d i e n t s  (5 t o  20%, w/w). Tubes were c e n t r i f u g e d  1n a 

Beckman Model L5-75 u l t r a c e n t r i f u g e  a t  82,000 x £  1n a SW-27.1 r o t o r  f o r  

48 h a t  4°C to  a f i n a l  w2t  of  1 .1 x 10*2 r a d 2/  s e c .  F r a c t i o n s  ( 0 .5  ml) 

c o n ta in in g  B -g lu co s idase  a c t i v i t y  were c o n c e n t r a te d  (Amlcon YM10), d i a l ­

yzed o v e rn ig h t  a g a i n s t  the  u l t r a c e n t r i f u g a t i o n  b u f f e r  c o n ta in in g  25% 

g ly ce ro l  and then s to re d  a t  -20°C.

F. P r o t e in  D e te rm in a t io n s :

1. Lowry Method ( 6 7 ) :

R eagen ts :

S o lu t io n  1 : 1.0 ml 1% CuSO^'SH^O; 1 .0  ml 2% Na,K T a r t r a t e ;

98 .0  ml 2% Na2C03 in  0.1 N NaOH.

Phenol Reagent S o l u t i o n : (2N) ( F i s h e r  S c i e n t i f i c  P ro du c ts ,  

P i t t s b u r g ,  PA). (F o l1n -C ioca l teau  Reagent) 1:1 d i l u t i o n  

w ith  d i s t i l l e d  w a te r .

Assay:

In a 12 X 75 mm t e s t  tube:  200 ul a p p r o p r i a t e l y  d i l u t e d

enzyme or  p r o t e in  s ta n d a rd  was mixed with  2 .0  ml o f  So lu t io n  1. A f te r  15

min, 0 .2  ml of phenol r ea g en t  was added while  v ig o ro u s ly  v o r tex in g  the

tu b e .  A f t e r  30 min, th e  sample was read in a G i l fo rd  spec t ropho tom e te r  a t

750 nm. The p r o t e i n  c o n c e n t r a t i o n  was determined from a s ta n d a rd  curve 

(mg/ml) u s ing  bovine serum albumin as the  p r o t e in  s t a n d a rd .

2. Fluorescamine  Method (68 ) :

Equipment: F i l t e r s  f o r  Turner  f lu o ro m e te r :  pr imary -

Corning 7-51 ,  390 nm peak;  secondary - Wratten #4, 465 nm 

c u t o f f ;  Wrat ten  10% o r  1% n e u t r a l  d e n s i t y  f i l t e r .
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R eagen ts :

Bora te  B u f f e r : 0 .2  M sodium b o r a t e  b u f f e r ,  pH 9 .0  (12 .4  gm

b o r ic  a c i d ,  MW * 61.84 d i s s o lv e d  in  840 ml of  d i s t i l l e d  

w a t e r ,  pH t o  9 .0  w ith  about 6 .5  ml 10 N NaOH, d i l u t e  to  1 

l i t e r ) .

F luorescamine Reagent : 300 ml of  a c e t o n l t r l l e  (Burdick and

Jackson L a b o r a to r i e s ,  I n c . ,  Muskegon, MI) was sw ir le d  in a 

dry  500 ml Erlenmeyer f l a s k  c o n ta in in g  about  100 gm w h i t e ,  

n o n - i n d i c a t i n g  d r i e r i t e .  (The blue  i n d i c a t i n g  d r l e r l t e  1s 

u n s u i t a b l e  as th e  b lue  dye i s  s o l u b l e  1n a c e t o n i t r i l e . )

A f t e r  about  5 min, the  a c e t o n i t r i l e  was f i l t e r e d  through a

cone of  d r i e r i t e  in  Whatman #1 p ap er .  Dry a c e t o n i t r i l e  

(200 ml) i s  then  added t o  60 mg of  f luram ( P ie r c e )  and 

s to r e d  1n a dry reag en t  b o t t l e .

Assay:

In a 10 X 75 mm t e s t  tube mix: 0 .1  ml o f  a p p r o p r i a t e l y  d i l u t e d

enzyme o r  p r o t e i n  s t a n d a r d ,  and 0.9 ml of  b o ra te  b u f f e r .  While v o r t e x i n g ,  

0 .35  ml of f luo re sc am in e  reagen t  was added to  each tube .  A f t e r  5 t o  15 

m1n, f l u o r e s c e n c e  was de termined on th e  f lu o ro m e te r  and th e  p r o t e in  c a l c u ­

l a t e d  [ ( d i l u t i o n )  ( t u r n e r  u n i t s )  ( c o n s t a n t s )  = ug p r o t e i n ] .

I I I .  Assay of  Acid p -G lu co s idase  Using 12-[N-Methy1-N-(7-Nitrobenz 2-0xa-  

1 ,3-D1azol-4-YL)]-Amino Dodecanoic Acid (NBD)-Glucosyl Ceramide:

A. S y n th es is  o f  NBD-Glucosyl Ceramide: The f l u o r e s c e n t  n a tu r a l

s u b s t r a t e ,  NBD-glucosyl ceramide (NBD-glucer),  has been sy n th e s iz e d  in

c o l l a b o r a t i o n  with  Dr. S. G a t t ,  P r o f e s s o r  o f  Neurochemis try ,  Hebrew Univer­

s i t y ,  Je rusa lem .
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The n a tu ra l  f a t t y  a d d  of  g lucosy l  ceramide was removed by c o n t r o l l e d  

a c id  h y d ro ly s i s  to  y i e l d  g lucosy l  phychoslne (69 ) .  By condensing  the  

f l u o r e s c e n t  f a t t y  a d d ,  NBD-dodecano1c a d d  (Molecular  P robes ,  P la n o ,  TX) 

with g lu co sy l  phychoslne ,  NBD-glucosyl ceramide was s y n th e s i z e d .  The 

co n den sa t ion  was done accord ing  to  th e  p rocedure  of  Hammastron (70) us ing  

th e  carbod l im ide  l in k a g e ,  N -e thy l-N '- (3 -d ia -e thy lam 1 no p ro py l) -ca rb od 1 1m 1 de  

h y d ro c h lo r id e .  The NBD-glucosyl ceramide was p u r i f i e d  by p r e p a r a t i v e  

t h i n - l a y e r  chromatography on 0 .5  mm t h i c k  p l a t e s  of s i l i c a  gel HR (Ana- 

l a b s ,  Newark, DE) in  a so lv e n t  system c o n s i s t i n g  of  c h l o r o f o m r m e t h a n o l : 

Ĥ O ( 8 5 : 1 5 :1 .5 ) .  When chromatographed, t h e  NBD-glucosyl ceramide m igra ted  

w ith  the  same as  g lucosy l  ceramide i s o l a t e d  from the  sp le en  of  a 

Gaucher p a t i e n t .

B. NBD-Glucosyl Ceramide Assay:

1- R eag e n ts : NBD-glucosyl ce ram ide :0 .0 2 5  mM 1n c h lo ro fo rm /

m ethanol ,  2 :1 ,  v /v ;  g lucosy l  c e r a m id e :0.225 mM in ch lo ro fo rm /m ethano l ,  

2 :1 ,  v / v ;  cutscum ( F i s h e r  S c i e n t i f i c ) ,  5% (w/v) in ch lo ro fo rm /m ethano l ,  

2 :1 ,  v / v ;  0 .2  M sodium p h osp h a te /  c i t r i c  ac id  b u f f e r ,  pH 5 .3 ,  c o n ta in in g

5 .0  mg/ml sodium t a u r o c h o l o a t e ;  h e p ta n e ,  i sopropy l  a lcoho l  ( F i s h e r )  - a l l  

r e a g e n t s  were r e d i s t i l l e d .

2. Assay: 0 .1  ml of  NBD-glucosyl ceram ide ,  0 .1  ml g lucosyl

ceramide and 10 ul cutscum were p i p e t t e d  i n t o  13 X 100 mm t e s t  tu bes .  The 

m ix tu re  was evapora ted  under n i t r o g e n  gas and resuspended 1n 100 ul of 

p h o s p h a t e / c 1 t r i e  a c id  b u f f e r  c o n ta in in g  5 .0  mg/ml t a u r o c h o l a t e  which was 

pre-1ncuba ted  a t  37°C. Enzyme and w a te r  were added to  a f i n a l  volume of  

0 .2  ml and th e  tubes  were Incubated  f o r  1 h a t  37°C. Heptane ( 2 .0  ml) was 

added fo l lowed by 0 .6  ml of  Isopropyl  a lcoho l  and 0 .4  ml o f  w a te r .  A f t e r  

each a d d i t i o n ,  th e  tube was v ig o ro u s ly  vo r tex e d .  The tubes  were then
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c e n t r i f u g e d  a t  room tem p era tu re  In a bench-top  c e n t r i f u g e  a t  8 ,000 x A

2 .0  ml u pper ,  heptane  phase ,  c o n ta in in g  c leaved  ce ram ide ,  was removed and 

t h e  f lu o r e s c e n c e  was de termined using a Perk ln-Elmer  f l u o r o m e te r ,  Model 

204-A (Perk ln -E lm er  C orp . ,  Elmwood, NJ) with an e x c i t a t i o n  wavelength o f  

460 nm and an em iss ion  wavelength  of  515 nm. Uncleaved f l u o r e s c e n t  g lu c o ­

syl ceramide remained in th e  lower phase.

C. C a lc u l a t io n  of  Plcomoles of  F lu o re sc e n t  Ceramide Produced: A

m ix tu re  of  h e p ta n e : I so p ro p y l  a lc o h o l r w a te r  ( 2 .0  m l : 0 .6  m l : 0 .6  ml) was

c e n t r i f u g e d  and the  upper phase was removed as d e sc r ib e d  above. Varying
3

c o n c e n t r a t i o n s  of  NBD-ceramide (6 .5  X 10 picomoles/ml + 4 .0  p icom oles /

ml) were d i s s o lv e d  in th e  upper phase and th e  f l u o r e s c e n c e  measured in the  

Perkin-Elmer  f lu o ro m e te r .  NBD-ceram1de was gene ro us ly  su p p l ied  by Dr. S. 

G a t t .  A s ta n d a rd  curve  of  plcomoles NBD-ceramide vs.  f lu o r e s c e n c e  was 

c o n s t r u c t e d  fo r  each sc a le  o f  the  f lu o ro m e te r .  For each s c a l e  o f  th e  

s ta n d a rd  c u rv e s ,  th e  f l u o r e s c e n t  va lue  f o r  100 plcomoles of NBD-ceram1de 

was no ted .  Thus,

plcomoles ceramlde/ml * f l u o r e s c e n c e  o b ta in ed  (2 ml volume) ( 10) ( 100)
from assay

f lu o re sc e n c e  of  100 picomoles NBD- 
ceramide

The 10 r e p r e s e n t s  th e  1 0 - fo ld  d i l u t i o n  of  t h e  NBD-glucosyl ceramide by the  

n a tu r a l  g lucosy l  ceramide 1n th e  a c tu a l  a s sa y .

D. pH D e te rm in a t io n : The pH of  t h e  p h o s h p a t e / c l t r i c  a c id  b u f f e r  

was v a r ied  from pH 3 .5  t o  7 .0  w ith  0 .5  Increments  over  th e  t o t a l  range and

0 .1  increm ents  from pH 5 .0  t o  6 .0  a s  d e sc r ib e d  in  S e c t io n  I I IB .

E. Sodium T au ro ch o la te  D e te rm in a t io n : The assay  was performed as
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d e sc r ib e d  1n S e c t io n  11 IB. The t a u r o c h o la t e  c o n c e n t r a t i o n  was v a r i e d  !Yom

2.5 to  40 mg/ml.

F. D isc r im in a t io n  Assay Between NBD-Glucosyl Ceramide and Non- 

F luo rogen ic  Glucovsl Ceramide: The a s sa y  was performed as d e sc r ib e d  1n

S ec t io n  11 IB with the  fo l low ing  m o d i f i c a t io n :  the  m o la r i ty  of  the  g lu co ­

syl ceramide was v a r i e d  from 0.250 mM to  0 .125 n#1 while  th e  NBD-glucosyl 

ceramide v a r ie d  from 0.125 mM to  0 .0  mM. The r e s u l t s  were p l o t t e d  as 

f l u o r e s c e n t  s u b s t r a t e  hydrolyzed vs. t h e  % f l u o r e s c e n t  NBD-glucosyl 

ceramide p r e s e n t  1n the  assay .

6 . The a ssay  was performed as  d e sc r ib e d  above however, the

t o t a l  g lucosy l  ceramide c o n c e n t r a t i o n  was v a r i e d  from 0.0125 mM to  0.250 

mM. The r e s u l t s  were p l o t t e d  acco rd ing  to  Lineweaver-Burke graphs as 

1/v v s .  1 / [ S ] .

IV. Acid B-G1ucos1dase C h a r a c t e r i z a t i o n :

A. I s o e l e c t r i c  focus ing  column: I s o e l e c t r i c  focus ing  columns were

run accord ing  to  th e  method o f  Behnke (71) .

Gel P lu g : A m ix tu re  o f  0.23% t e t r a m e th y le n e -d ia m in e  (TEMED, Bio-Rad,

Richmond, CA) in HgO, 1 ml; 8% acry lam lde  s o l u t i o n  (38 .8  gm acry lam ide ,  

1.2 gm BIS-acrylam1de [Bio-Rad] t o  100 ml HjO), 1 .2  ml;  and 1 .8  ml o f  1^0 

was g e n t ly  s t i r r e d  and degassed w i th  Ng f o r  30 s e c ;  ammonium p e r s u l f a t e ,

1.5 mg/ml; 4ml, was added. A gel plug was poured In to  a 0 .8  cm X 15 cm 

g l a s s  t u b e ,  whose bottom was covered w ith  p a ra f l lm  and laye red  with  w a te r .  

Upon p o ly m e r iz a t io n ,  th e  p a ra f l lm  was removed and th e  gel was soaked in 31

s u l f u r i c  a c id  o v e rn ig h t .  A 5 .2  ml g r a d i e n t  of  0-75% e th y le n e  g lyco l  1n 

HgO c o n ta in i n g  5 mM EDTA, 5 mM 2-ME, 0.05% T r i t o n  X-100, 1.85% of  pH 

3 .5 -1 0  amphollnes (Pharm ac ia ) ,  0.15% o f  pH 4-6 and pH 3 .5 -5  amphollnes ,
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and 0.3% o f  pH 9-11 amphollnes were added t o  th e  tube and 200 ul o f  ac id  

8-g1ucos1dase was then laye red  on top .  The column was I n s e r t e d  I n to  a 

r e s e r v o i r  h o ld e r  and unused ho les  were plugged w ith  rubber  s to p p e r s .  The 

upper po r t io n  of th e  r e s e r v o i r  (ca thode)  was f i l l e d  with 3% e t h y l e n e d l -  

amlne s o l u t i o n  (250 ml) and th e  lower r e s e r v o i r  (a g l a s s  beaker)  was 

f i l l e d  w ith  250 ml 3% H2SO4 (anode) .  The v o l ta g e  was c o n s t a n t  a t  200 

v o l t s .  The s o l u t i o n s  were focused f o r  5 hr  a t  4°C. A f t e r  f o c u s in g ,  the  

e thy lened lam lne  s o l u t i o n  was removed, th e  column was a t t a c h e d  to  a r in g

s tand  and sample was removed from th e  bottom by punc tu r ing  the  gel w i th  a

22 gauge ne ed le .  Approximately 22 f r a c t i o n s  of  0 .2  ml each were c o l l e c t e d  

and assayed f o r  ac id  e -g lucos1dase»  B-hexosam1n1dase B and p -g lucu ron 1 dase ;  

the  l a t t e r  two a c t i v i t i e s  were assayed as  markers .  The pH was determined 

f o r  each tube us ing  a m ic r o e le c t ro d e  ( F i s h e r  S c i e n t i f i c  Company).

B. SDS-gel e l e c t r o p h o r e s i s : SDS-gel e l e c t r o p h o r e s i s  was performed

acco rd in g  to  t h e  p rocedure  of  Laemmll (7 2 ) .

1. R eagen ts :

30% acry lam lde  ( s t o c k ) : 29.2% acry lam ide  (Bio-Rad) and

0.8% N ,N *-b is -ac ry lam lde  (Bio-Rad).

Lower gel b u f f e r : 1.5  M Tr1s-HCl,  pH 8 . 8 , c o n ta in in g

0.4% sodium d o d e c y l - s u l f a t e  (SOS, B1o-Rad).

Upper gel b u f f e r : 0 .5  M Tr1s-HCl, pH 6 . 8 , c o n ta in in g

0.4% SDS.

Coomassle B r i l l i a n t  Blue s t a i n : Coomassie B r i l l i a n t  Blue

(Becton Dickinson and Co.;  Orangeburg, NY) 1.25 grams, was 

d i s s o lv e d  1n 227 ml methanol ,  46 ml g l a c i a l  a c e t i c  a c id  and 

brought  t o  500 ml volume with  d i s t i l l e d  w a te r .  The s t a i n  

was f i l t e r e d  through #1 Whatman f i l t e r  paper .
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D e s t a i n : Methanol,  50 ml; g l a c i a l  a c e t i c  a c i d ,  75 ml,

brought  t o  1 1 volume with d i s t i l l e d  w ater .

2. P ro c ed u re : A 10% g e l ,  c o n s i s t i n g  of  s tock  ac ry lam lde ,  4 ml; 

lower gel b u f f e r ,  3 ml;  H20,  5 ml,  was de-gassed  and 10% ammonium p e r s u l ­

f a t e  in H20,  40 ul and TEMED, 6 ul were added.  A t h i n  v e r t i c a l  gel (11 cm

X 15 cm X 0 .5  mm) was poured and H20 was g e n t ly  laye red  on top .  The gel

was polymerized a t  room tem p era tu re .  Upon p o ly m e r iz a t io n ,  th e  H20 was 

removed and s t a c k in g  g e l ,  c o n s i s t i n g  of s tock  a c ry lam ld e ,  1 .5 ml; u fp e r  

gel b u f f e r ,  2.5 ml;  TEMED, 10 ul ; 10% ammonium s u l f a t e ,  30 u l ;  and HgO, 6 

ml, was layered  on top  of  t h e  g e l .  Water was aga in  laye red  on top of  the  

g e l .  Each sample con ta ined  5 ug p r o t e i n  1n a f i n a l  c o n c e n t r a t i o n  of 

0.0625 M Tr1 s-HCl, pH 6 . 8 , 2% SDS, 10% g l y c e r o l ,  5% 2-ME and 0.001% bromo- 

phenol b lue .  P r o t e in  markers were from th e  m o lecu la r  weight  c a l i b r a t i o n  

k i t  (Pharmacia) .  The p r o t e i n s  were d i s s o c i a t e d  by b o i l i n g  f o r  2 m1n. 

E le c t r o p h o r e s i s  was performed w i th  a c o n s ta n t  c u r r e n t  of  15 ma u n t i l  th e  

bromophenol blue marker reached th e  bottom of  th e  gel { ^ 2  h ) .  The gel 

was emersed 1n Coomassie Blue s t a i n  f o r  1 h and d e -s ta1n ed  o v e rn ig h t .  

R esu l ts  were p l o t t e d  as  log m olecu la r  weight  vs.  th e  amount of  cm the  

p r o t e i n  samples m igra ted  from th e  top o f  the  g e l .

V. Other G lycos ldases  Assayed:

A. F luorom etr lc  A ssays : Enzymes were a l l  assayed with 4 -m ethyl-

um bel l i fe ry l - (4M U )-g lucos1des  (RPI).  S u b s t r a t e  and b u f f e r  c o n c e n t r a t i o n s  

were as  fo l lows (7 3 ,7 4 ) :

a - l - a r a b 1 n o s 1 d a s e  (EC 3 . 2 . 1 . 5 5 ) : 0 .4  mM 4MU-a-L-arab1nopyranos1de 1n

0 .2  M sodium c i t r a t e  b u f f e r ,  pH 5 .0 ,  100 u l ;  20 ul enzyme.

B-P-xy losIdase  (EC 3 . 2 . 1 . 3 7 ) : 0 .4  mM 4MU-p-D-xylopyranoside 1n 0 .2  M
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sodium c i t r a t e ,  pH 5 .0 ,  100 u l ; 20 ul enzyme.

B -D -q a la c to s id a se  (EC 3 . 2 . 1 . 2 3 ) : 0 .8  mM 4MU-B-D-galactopyranos1de 1n

0 .2  M sodium a c e t a t e  b u f f e r ,  pH 4 .5  and pH 7 .0 ,  100 u l ; 20 ul enzyme.

u-D-mannosidase (EC 3 . 2 . 1 . 2 4 ) : 6 mM 4MU-g-D-mannopyranoside 1n 0 .3  M

sodium p h o s p h a t e - c i t r i c  a c id  b u f f e r ,  pH 4 .2  and 6 .0 ,  100 u l ; 20 ul enzyme.

B-D-hexosam1nidase (EC 3 . 2 . 1 . 3 0 ) : 3 mM 4MU-s-D-n-acetyl-B-D-gluco-

saminlde  in 0 .04  M sodium p h o s p h a t e - c i t r i c  a c i d ,  pH P . 4 ,  100 u l ; 20 ul

enzyme.

B-P-glucuron1dase  (EC 3 . 2 . 1 . 3 1 ) : 10 mM 4MU-B-D-glucuronide 1n 0 .1  M

a c e t a t e  b u f f e r ,  pH 4 . 8 ,  100 u l ;  20 ul enzyme.

c t-D -g a lac to s Idase  (EC 3 . 2 . 1 . 2 2 ) : 10 mM 4MU-a-D-galactopyranoside In

0 .15  M sodium p h o s p h a t e - c i t r i c  a c i d ,  pH 4 . 6 ,  100 u l ;  20 ul enzyme.

g - L - f u c o s id a s e  (EC 3 . 2 . 1 . 5 1 ) : 1.2 mM 4MU-g-L-fucopyranoside in 0 .1  M

sodium p h o s p h a t e - c i t r i c  a c i d  b u f f e r ,  pH 4 . 8 ,  100 u l ;  20 ul enzyme.

n e u t r a l  6 -D -d lu c o s id a se  ( EC 3 . 2 . 1 . 2 1 ) : 5 nfl 4MUG 1n w a te r ,  60 u l ;

0 .2  M sodium p h o s p h a t e - c 1 t r i e  a c id  b u f f e r ,  pH 6 . 0 ,  30 u l ;  w a te r ,  10 u l ;  20

ul enzyme.

All a ssays  were incuba ted  a t  37°C f o r  15-30 m1n and then t e rm in a ted  

with  4 ml 0 .085  M g ly c in e / so d iu m  ca rb o n a te  b u f f e r ,  pH 10,0 .  Samples were 

read 1n th e  Turner  f lu o r o m e te r  a s  d e sc r ib e d  above.

B. S p e c t ro p h o to m e t r lc  A ssays : All s p e c t ro p h o to m e t r tc  assays  were

read  in the  G i l f o r d  sp e c t ro p ho to m e te r .

a r y l s u l f a t a s e s  (EC 3 . 1 . 6 . 1 ) :  a r y l s u l f a t a s e  A and B (ASA and ASB)

( 7 5 ) :

ASA: 10 mM p - n 1 t r o c a te c h o l  s u l f a t e  1n 0 .5  M sodium a c e t a t e  b u f f e r ,

pH 5.2 c o n ta in in g  0 .0 5  M sodium pyranophosphate  and 1.7 M sodium c h l o r i d e ,  

200 u l ; 200 ul enzyme.
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ASB: 50 mM p - n i t r o c a t e c h o t  s u l f a t e  in 0 .5  M sodium a c e t a t e  b u f f e r ,

pH 6 . 0 ,  c o n ta in i n g  10 n#1 barium a c e t a t e ,  200 u l ;  200 ul enzyme.

ASA samples were incuba ted  a t  37°C f o r  30 min. ASB samples were

incuba ted  f o r  30 min and 90 min and the  two rea d in g s  s u b t r a c t e d  to  c o r r e c t  

f o r  h y d r o ly s i s  of  s u b s t r a t e  by ASA. The r e a c t i o n s  were s topped w i th  2 N 

NaOH, 600 u l .  Samples were read a t  an absorbance  of  515 nm.

g - g l u c o s id a s e  (EC 3 . 2 . 1 . 2 0 ) ( 7 6 ) : Acid and n e u t r a l  a - g l u c o s i d a s e

a c t i v i t i e s  were measured a t  pH 4 .0  and 6 .3 ,  r e s p e c t i v e l y .  The r e a c t i o n  

mix tu re  f o r  the  assay  w i th  m al tose  as  s u b s t r a t e  c o n ta in ed  5-20 ug o f  

c e l l u l a r  p r o t e i n ;  20 itW m al tose  in 0 .05  M p h o s p h a t e - c i t r i c  a c id  b u f f e r ,  pH

4 .0 ,  40 u l ; in  a t o t a l  volume of 50 u l .

A f t e r  In cub a t ion  f o r  60 min a t  37°C, the  r e a c t i o n  was stopped with

0.1 M Tris-HCl b u f f e r ,  pH 7.0 .  Released g luco se  was measured with a

m o d i f i c a t io n  of  the  g lucose  c o l o r i m e t r i c  enzymatic  method, p rocedure  no. 

510 (Sigma Chemical Co.,  S t .  Lou is ,  M0). Glucose ox id ase  (10 U/ml),  h o r s e ­

r a d i s h  p e ro x id a se  (4 U/ml) and o -d ia n i s id in e - d iH C l  (1 .25  mg/ml) were added 

to  th e  Tris-HCl b u f f e r  used to  t e r m in a t e  th e  a - g l u c o s i d a s e  r e a c t i o n .  

A f t e r  30 min i n c u b a t io n ,  the  r e a c t i o n  was stopped with 4 N HC1, 30 u l ; and 

th e  absorbance  was read  a t  420 nm.

VI. T is sue  C u l tu r e  C o n d i t i o n s :

A. Growth C o n d i t i o n s : All f i b r o b l a s t  l i n e s  (human and mouse) were

grown in  RPM1 1640 medium c o n ta in i n g  10% f e t a l  c a l f  serum (GIBC0, Grand 

I s l a n d ,  NY), 1% L-g lu tam ine  (GIBC0) and 1% p e n c i11 in - s t r e p to m y c in  (GIBC0) 

using  s t a n d a r d  t i s s u e  c u l t u r e  t e c h n iq u e s  ( 12 ).
2

B. Maintenance of  Cell  C u l t u r e s : C onf luen t  c e l l s  from one 75 cm

f l a s k  were exposed to  0.25% t r y p s i n  (GIBC0) f o r  10 min, t r a n s f e r r e d  to  a
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s t e r i l e  15 ml con ica l  tube and c e n t r i f u g e d  a t  room tem p era tu re  f o r  10 m1n 

a t  1000 x £ .  The p e l l e t  was resuspended in  4 ml of c u l t u r e  medium, and 1 

ml was t r a n s f e r r e d  to  each of  fo u r  75 cm f l a s k s .  10 ml o f  c u l t u r e  medium 

(10 ml) was added and the  c e l l s  were gassed f o r  10 sec  with 5% C0^ (12) .

C. H arves t ing  of  Cell  C u l t u r e s : Ear ly  c o n f lu e n t  c e l l s  were h a r ­

vested  by s e q u e n t i a l  exposure  t o  0.25% t r y p s i n  (GIBC0) and 0.2% EDTA 1n 

0.9% NaCl approx im ate ly  24 h a f t e r  a change of  medium. The c e l l s  were 

t r a n s f e r r e d  to  a 15 ml co n ic a l  tube and c e n t r i f u g e d  a t  room tem p era tu re  

f o r  10 m1n a t  1000 x £ .  The p e l l e t  was washed tw ice  1n 0.9% NaCl and the  

dry p e l l e t  s t o r e d  a t  -4°C (12) .

VII. S o l u b i l i z a t i o n  of  Acid p-G1ucos1dase In F i b r o b l a s t  E x t r a c t s :
2

The c e l l  p e l l e t  from one 75 cm f l a s k  was suspended 1n 0 .3  ml of 

d i s t i l l e d  w a te r  and f reeze / thaw ed  f i v e  c y c le s  In an a c e to n e -d ry  Ice  

s l u r r y .  A 0 .2  ml a l i q u o t  was mixed with 0 .7  ml o f  0 .05  M sodium phos­

p h a t e - c i t r i c  ac id  b u f f e r ,  pH 6 .0 ,  c o n ta in in g  0 .1  ml of  0.6% T r i to n  X-100 

and 1% crude  sodium t a u r o c h o l a t e  (Lot No. 6420410, Gal l a rd  and S c h le s ln g e r  

Chemical Mfg. C o rp . ,  Car le  P la c e ,  NY). The suspens ion  was Incubated  f o r  

15 min a t  25°C, c e n t r i f u g e d  f o r  30 min a t  30,000 x c[ a t  4°C, and then t h e  

s u p e r n a ta n t  was removed f o r  a ssay .

VIII .  T is sue  Sample P r e p a r a t i o n :

T is su e s  from normal I n d i v id u a l s  and homozygotes with Type 1 Gaucher

d i s e a s e  were c o l l e c t e d  a t  su rge ry  o r  au topsy  (w i th in  2 h of  d e a th )  and 

were processed  Immediately o r  f ro ze n  a t  -70°C p r i o r  t o  use .  Optimal 

r e s u l t s  were o b ta ined  with  f r e s h  t i s s u e s ,  s i n c e  f r e e z i n g  reduced th e  a c id  

6 -g lu cos1 d ase  a c t i v i t y .  Skin f i b r o b l a s t s  were o b ta in e d ,  c u l t u r e d ,  and
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h a rv e s te d  as  d e sc r ib e d  above.

A. For Chromatography on ConcanavaHn A-Sepharose (Con A -Sepharose ) : 

T is sues  were minced and homogenized In d i s t i l l e d  w a te r  (3 :1 ,  w/v) c o n t a i n ­

ing 0.05% T r i t o n  X-100 and c e n t r i f u g e d  a t  15,000 x £  f o r  30 m1n a t  4°C. 

The s u p e r n a t a n t s  were d i l u t e d  1n 3 vo ls  0 .05  M sodium c i t r a t e ,  pH 6 .0  with 

1 M NaCl, 5 mM each of MgClj, MnC^, and CaCl^ and 0.02% NaNg ( s t a n d a rd  

chromatographic  b u f f e r ) .

B. C e l lu lo s e  A ce ta te  E l e c t r o p h o r e s i s : T is sues  were homogenized 1n

40 mM sodium phosphate  c o n ta in in g  20% e th y le n e  g lyco l  and 0.05% T r i to n  

X-100; th e  b u f f e r  was a d ju s te d  t o  pH 7 .0  w ith  0 .5  M c i t r i c  ac id  ( s ta n d a rd  

e l e c t r o p h o r e t i c  b u f f e r ) .  A f te r  homogeniza t ion ,  1 vol of  e t h a n o l / c h l o r o ­

form ( 2 : 1 , v /v )  was added dropwise t o  2 vo ls  of the  homogenate, g e n t ly  

mixed f o r  5 min a t  25°C, and then  c e n t r i f u g e d  a t  4 ,000 x £  f o r  10 min a t  

4°C; t h e  s u p e r n a t a n t s  were e le c t r o p h o r e s e d  immediate ly . F i b r o b l a s t s  were 

f reeze / th a w e d  f i v e  t imes in th e  s ta n d a rd  e l e c t r o p h o r e s i s  b u f f e r ,  e t h a n o l /  

ch loroform  t r e a t e d  and the  whole c e l l  homogenate was Immediately used f o r  

e l e c t r o p h o r e s i s .  Optimal s e p a r a t i o n  of  the  a c id  and n e u t r a l  isozymes were 

a t tem pted  by s y s t e m a t i c a l l y  varying e l e c t r o p h o r e t i c  c o n d i t i o n s  Inc lud ing  

1on1c s t r e n g t h  (20 mM-50 itM p h o sp h a te ) ,  pH ( 6 . 0 - 8 . 0 ) ,  th e  c o n c e n t r a t i o n s  

o f  T r i t o n  X-100 (0-0.15%) and e th y le n e  glycol (0-50%). In a d d i t i o n ,  the  

presence  of p h o sp h a t id lc  a c id  ( 0.1  mg/ml) o r  sodium t a u r o c h o l a t e  (0 . 02%) 

had no e f f e c t  on Isozyme m ig ra t io n .

IX. Chromatographic S e p a ra t io n  of  A d d  and Neutra l  e -G lu c o s id a s e :

S u p e rn a ta n ts  from about  5 g o f  t i s s u e  were d i l u t e d  1n the  s ta n d a rd  

chromatographic  b u f f e r ,  mixed with 2 ml of  con A-Sepharose (Pharmacia) a t  

25°C f o r  2 h and then  poured i n t o  a d i s p o s a b le  po lypropy lene  column. The
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column was washed with  t h i s  b u f f e r  (about  20 ml) u n t i l  no B-g1u co s1dase  

a c t i v i t y  was d e te c t e d  1n th e  e l u a n t .  Bound e - g l u c o s l d a s e  a c t i v i t y  was 

then  e lu t e d  w i th  20 ml of  b u f f e r  c o n ta in in g  1 M of  1 -0 -m ethy l-a -D -g luco-  

pyranos ide  (Sigma); over 90% of  th e  bound a c t i v i t y  was recovered  In th e

f i r s t  5 ml f r a c t i o n .  The b u f f e r  wash and 1 -0 -m ethy l-a -D -g lucopyranos lde  

f r a c t i o n s  were pooled s e p a r a t e l y  and d ia ly ze d  o v e rn igh t  a g a i n s t  2 1 of 

s ta n d a rd  e l e c t r o p h o r e t i c  b u f f e r .  Pooled f r a c t i o n s  were c o n c e n t r a te d  by 

u l t r a f i l t r a t i o n ,  using an Amlcon PM10 f i l t e r .

X. E l e c t r o p h o r e t i c  S e p a ra t io n  of The Acid and Neu tra l  p - G lu c o s id a s e s :

A. E l e c t r o p h o r e t i c  C o n d i t i o n s : A c e l l u l o s e  a c e t a t e  s la b  gel (17 X

16 X 0 .35  cm, C e l lo g e l )  was immersed 1n the  s ta n d a rd  e l e c t r o p h o r e t i c  

b u f f e r  f o r  a minimum o f  15 min, b l o t t e d  with Whatman No. 1 f i l t e r  paper 

and Immediately placed on th e  e l e c t r o p h o r e s i s  a p p a ra tu s .  Ce l loge l  and the  

h o r i z o n ta l  e l e c t r o p h o r e s i s  tank  were purchased from Kalex S c i e n t i f i c  Co.,  

Manhasset ,  NY. Samples w i th  a t  l e a s t  6 U of  p - g lu c o s id a s e  a c t i v i t y  were 

a p p l i e d  to  th e  g e l .  A c o n s ta n t  v o l ta g e  of  240 V and an I n i t i a l  c u r r e n t  of 

25 mA were a p p l i e d  f o r  2 . 5 - 4 .0  h a t  4°C.

B. Enzyme A c t i v i t y  S t a in s  f o r  C e l lu lo s e  A ce ta te  Gel E l e c t r o p h o r e s i s : 

The g e ls  were s t a in e d  f o r  e - g l u c o s i d a s e  a c t i v i t y  with a f i l t e r  paper 

ov e r la y  c o n ta in in g  3 mM 4MUG in  0 .06  M phosphate c i t r a t e  b u f f e r ,  pH 4 .0  o r

6 .0 ,  c o n ta in in g  0.12% T r i t o n  X-100 and 0.2% sodium t a u r o c h o l a t e ;  f o r  

8 -ga1 ac to s1 d ase  w i th  0 .8  mM 4-methyl u m b e l1 1 fe ry l - e -0 -g a la c to p y ra n o s id e  1n 

0 .2  M sodium a c e t a t e ,  pH 4 . 5 ;  f o r  6 -x y lo s1 d ase  with 0 .4  mM 4-methylumbel- 

I1 fe ry l - p - 0 - x y lo p y r a n o s 1 d e  In 0 .2  M sodium c i t r a t e ,  pH 5 .0 ;  o r  f o r  a -L-  

a r a b i n o s i d a s e  with 0 .4  mM 4-methylumbel H fe ry l - a -L -a ra b 1 n o p y ra n o s1 d e  1n 

0 .2  M sodium c i t r a t e ,  pH 5 .0 .  The gel was p laced  1n a s e a l e d ,  m ois t
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chamber and Incubated  a t  37°C f o r  1-2 h. A f t e r  I n c u b a t io n ,  the  gel was 

p laced  in an NĤ OH chamber f o r  3 m1n a t  25°C. A c t i v i t y  bands were v i s u a l ­

ized  with long wave u l t r a v i o l e t  l i g h t  and photographs were taken with 

P o la ro id  Type 51 f i lm  us ing  a Wratten No. 4 f i l t e r .

IX. E f f e c t o r  S t u d i e s :

A. Assay f o r  th e  E f f e c t o r : One u n i t  of  e f f e c t o r  1s d e f ined  as  t h a t  

amount which would s t i m u l a t e  ac id  e - g lu c o s id a s e  a c t i v i t y  tw o - fo ld .  The 

e f f e c t o r  was assayed as  fo l low s :  5 mM 4MIIG in 0 .2  M sodium a c e t a t e  b u f f e r ,  

pH 5 . 5 ,  100 u l ;  a d d  B -g lu c o s id a s e ,  20 ul and e f f e c t o r  10-30 u l .  The 

a ssay  was performed as d e sc r ib e d  in Methods S e c t io n  IIA.

B. I s o l a t i o n  of  Crude E f f e c t o r  from Normal and Gaucher F i b r o b l a s t s :
2

Cell  p e l l e t s  from one 75 cm f l a s k  were suspended in 0 .2  ml of  d i s t i l l e d  

water  and f r e e z e /  thuwej f i v e  c y c les  in an a c e to n e - d r y  ice  s l u r r y .  The 

homogenate was then  hea ted  a t  100°C f o r  10 min and su b seq uen t ly  d ig e s te d  

f o r  4 hrs  a t  50°C w ith  1 mg/ml of  pronase (grade  B, Calbiochem, L a J o l l a ,  

CA) (42) .

C. I s o l a t i o n  o f  E f f e c t o r  from Gaucher and Normal S p le e n : This

p ro to co l  was e s s e n t i a l l y  t h a t  o f  P e te r s  et_ a K  (44) :  One hundred grams o f

t i s s u e  were minced 1:1 (w/v) 1n cold  d i s t i l l e d  w a te r ,  homogenized in a 

Waring b len d e r  a t  high speed f o r  2 m1n, and c e n t r i f u g e d  1n a S o rv a l l  RC-2B 

a t  40,000 x ^  f o r  60 m1n. The su p e r n a t a n t  was b o i le d  a t  100°C f o r  4 min, 

f i l t e r e d  through gauze and c e n t r i f u g e d  a t  4°C f o r  10 m1n a t  10,000 X £ .  

The pH was brough t  t o  4 .4  w i th  1 .0  M a c e t i c  a c i d ,  a l lowed to  s t i r  a t  room 

te m p era tu re  f o r  15 min and c e n t r i f u g e d  as above. The s u p e r n a ta n t  was con­

c e n t r a t e d  5 - f o l d  (Amicon UM-2), e thano l  p r e c i p i t a t e d  (1 :9  v /v )  and c e n t r i ­

fuged a t  20,000 X £  f o r  20 min. The p r e c i p i t a t e  was resuspended in d i s -
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t i l l e d  w a te r ,  made 2% w i th  12% TCA, c e n t r i f u g e d  (20 ,000 X £ ,  20 m1n) and 

th e  su p e r n a t a n t  d la ly z e d  a g a i n s t  d i s t i l l e d  w a te r  using benzoy la ted  d i a l y ­

s i s  tub ing  (Sigma). All f u r t h e r  s t e p s  were performed a t  4°C. The e f f e c ­

t o r  was a d ju s te d  to  pH 7 .0  us ing  s o l i d  d i b a s i c  sodium phosphate  and ap­

p l i e d  to  a DEAE-cellulose column (2 .5  X 8 cm) p r e - e q u l l I b r a t e d  w ith  10 mM 

sodium phosphate  b u f f e r ,  pH 7 .0 .  The e f f e c t o r  was e lu t e d  using a 500 ml 

l i n e a r  g r a d i e n t  of  sodium c h lo r i d e  ( 0 - 0 .5  M) in th e  above b u f f e r .  F ra c ­

t io n s  c o n ta in in g  th e  e f f e c t o r  were determined by s t i m u l a t i o n  of a c id  

8 -g lucos1dase  a c t i v i t y  du r ing  th e  s ta n d a rd  a ssay .  The above f r a c t i o n s  

were poo led ,  d la ly ze d  a g a i n s t  10 rrW sodium ph o sp h a te ,  pH 7 .0 ,  and ap p l ied  

to  a 0 .8  X 8 cm DEAE-cellulose column. The e f f e c t o r  was e lu t e d  w ith  a 300 

ml sodium c h lo r i d e  g r a d i e n t  (0 .1  to  0 .25 M) and a c t i v e  f r a c t i o n s  were

pooled and d la ly z e d  as  above.

D. S t im u la t io n  o f  Acid 6 -G lucos idase  Using Control  and Gaucher 

F i b r o b l a s t  E f f e c t o r : E f f e c t o r  from f i b r o b l a s t  c e l l  e x t r a c t s  were assayed

f o r  p r o t e i n  us ing  th e  f luram method (Methods, S ec t io n  IC).  E f f e c t o r  was 

added to  p u r i f i e d  enzyme from 0 . 0 - 0 .6  mg p r o te in / s a m p le .  As c o n t r o l s ,  

e q u iv a l e n t  amounts of  BSA 1n w a te r  were added t o  one s e t  of samples and

d i s t i l l e d  Ĥ O was added to  a second. The a s sa y  was performed as de sc r ib e d

above .

F. L ipase  Treatment  of  E f f e c t o r : E f f e c t o r  was t r e a t e d  w ith  4 mg/ml

tr1 acyl  g ly c e ro l  U p a s e  (EC 3 . 1 . 1 . 3 )  (Type VI, Sigma) in  0 .2  M sodium 

phosphate-c1 t r i e  a c i d ,  pH 7 .7 ,  f o r  1 h a t  37°C and d la ly ze d  o v e rn ig h t  1n

0 .2  M sodium a c e t a t e  b u f f e r ,  pH 5.5 .  The e f f e c t o r  was added to  p u r i f i e d  

ac id  e - g l u c o s i d a s e ,  a s sa y ed ,  and e le c t r o p h o r e s e d  as  d e sc r ib e d  below.

F. E l e c t r o p h o r e s i s  of  Acid p -G lucos idase  1n th e  Presence  of 

E f f e c t o r :  C ond i t ions  f o r  e l e c t r o p h o r e s i s  of  ac id  B -g lu co s id a se  homogen-
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a t e s  from f i b r o b l a s t s  and p u r i f i e d  p la c e n ta  were I d e n t i c a l  to  S ec t io n  X. 

One U o f  e f f e c t o r  was added to  the  enzyme p r i o r  t o  a p p l i c a t i o n  of  th e  

sample t o  th e  c e l l o g e l .

G. E f f e c t  of  P hospho l ip ids  v s .  E f f e c t o r  on Acid B-G1ucos1dase 

A c t i v i t y : The s t a n d a rd  e f f e c t o r  a s sa y  was done in the  p resence  and ab­

sence of 1% crude sodium t a u r o c h o l a t e ,  0.015% T r i t o n  X-100.

H. Sucrose  U l t r a c e n t r i f u g a t i o n  o f  E f f e c t o r  and Acid e -G lucos1dase : 

A d d  p - g lu c o s id a s e  w ith  and w i tho u t  e f f e c t o r  were laye red  on l i n e a r  su­

c ro se  g r a d i e n t s  (5% to  20%, w/w) 1n 0 .2  M sodium a c e t a t e  b u f f e r ,  pH 5 .5  

c o n ta in in g  0.05% T r i to n  X-100, 1 mM 2ME and 5 mM EDTA. Tubes were c e n t r i ­

fuged in a Beckman Model L5-75 u l t r a c e n t r i f u g e  a t  120,000 X £  1n a SW-56 

r o t o r  fo r  18 hr  a t  4°C to  a f i n a l  w2t  of  0 .843 X 1012 r a d 2/ s e c .  0 .5  ml 

f r a c t i o n s  were c o l l e c t e d  and th e  a c id  e - g lu c o s id a s e  a c t i v i t y  p lus  and 

minus e f f e c t o r  were compared.

I .  Heat S t a b i l i t y  S t u d i e s : To de te rm ine  whether  t h e  e f f e c t o r

s t a b i l i z e s  a d d  e - g l u c o s i d a s e  a c t i v i t y ,  h e a t  s t a b i l i t y  curves  were p e r ­

formed in the  p resence  and absence o f  e f f e c t o r .  The b u f f e r  s o l u t i o n  f o r  

h e a t in g  exper iments  was made up accord ing  to  the  procedure  of  Turner and 

Hirschhorn  (17) as  f o l lo w s :  0 .2  M sodium p h o s p h a t e - c i t r i c  a c i d ,  pH 6 . 0 ,  5

v o l s ;  d i s t i l l e d  w a te r ,  4 v o l s ;  0.6% T r i to n  X-100, 1 v o l ; BSA was added to  

a f i n a l  c o n c e n t r a t i o n  of  2 mg/ml. Equal volumes of t h i s  b u f f e r  s o l u t i o n  

and p u r i f i e d  p l a c e n t a l  a c id  e -g l u c o s i d a s e  were mixed and 100 ul a l i q u o t s  

d ispensed  in to  g l a s s  tu b es .  1 U of  e f f e c t o r  o r  e q u iv a le n t  p r o t e i n  was 

a l s o  added,  s e a le d  and hea ted  in  a 50°C w a te r  ba th  f o r  up t o  30 min. 

Heat ing was t e rm in a te d  by p la c in g  th e  tubes  on 1ce. Acid e - g l u c o s l d a s e  

a c t i v i t y  was assayed  as  d e sc r ib e d  1n Methods, S e c t io n  IIA.
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XII. Antiserum A ga ins t  Human Acid e - G lu c o s id a s e :

A. P r e p a r a t io n  o f  Antiserum Agains t  Human Acid e - G lu c o s id a s e :

Balb/C mice (Jackson L a b o r a t o r i e s ,  Bar Harbor, ME) were In o cu la te d  w i th  

fou r  b i -weekly  I n t r a p e r i t o n e a l  I n j e c t i o n s  of  5 ug of  p u r i f i e d  enzyme 1n 

F reund 's  complete  a d ju v a n t .  When 2 U of ac id  p - g lu c o s id a s e  a c t i v i t y  from 

human f i b r o b l a s t  e x t r a c t s  were t i t r a t e d  a g a i n s t  In c r e a s in g  amounts of  t h e  

a n t i s e r u n ,  optimal p r e c i p i t a t i o n  of  a c id  p - g lu c o s id a s e  was o b ta in ed  w i th  2 

ul of  a n t i se ru m  and 20 ul o f  r a b b i t  an t i -m ouse  Ig .  The p r e c i p i t a t e d  

enzyme-antibody complex r e t a i n e d  c a t a l y t i c  a c t i v i t y  and was q u a n t i t a t e d  by 

the  s t a n d a r d  enzymatic  a s sa y  f o r  e - g l u c o s i d a s e  as d e sc r ib e d  in S ec t io n  I I .  

The an t l se rum  s e l e c t i v e l y  p r e c i p i t a t e d  human ac id  B -g lu c o s id a s e ;  no e - g l u -  

c o s id a s e  a c t i v i t y  was p r e c i p i t a t e d  from mouse, r a t ,  o r  Chinese hamster  

f i b r o b l a s t s .

B. Antibody S p e c i f i c i t y  f o r  Human Acid B-G1ucos1dase: To de te rmine

th e  s p e c i f i c i t y  of  the  im m unoprec ip l ta t ion  a ssay  f o r  a c id  B -g lu c o s id a se ,  

p a r t i a l l y  p u r i f i e d  n e u t r a l  B -g lu co s1dase I s o l a t e d  from human l i v e r  as 

d e sc r ib e d  in  S e c t io n  V I I I ,  was used in p lace  o f  f i b r o b l a s t  c e l l  e x t r a c t s .  

No n e u t r a l  e -g lu c o s1 d a se  a c t i v i t y  was d e te c te d  in  t h e  im m unoprec ip l ta te .  

Assays of th e  f i b r o b l a s t  enzyme-antibody complex f o r  th e  p resence  o f  o t h e r

enzymes, in c lu d in g  B -g lu c u ro n id a s e ,  B-hexosam1n1dase, a - g l u c o s i d a s e  a t  pH

4 .0  and 6 . 0 ,  e - g a l a c to s 1 d a s e  a t  pH 4 .5  and 7 .0 ,  c t-L-arab1nos1dase,  and 

6-D -x y lo s id a s e  as  d e sc r ib e d  in S e c t io n  V, proved n e g a t iv e ,  thus  f u r t h e r  

dem ons tra t ing  th e  s p e c i f i c i t y  of  the  an t ibody  f o r  human a c id  e - g l u c o s 1- 

dase .

X I I I .  S tandard  Im m unoprec ip l ta t ion  Assay For Human Acid e -G lu c o s i d a s e :

Cell e x t r a c t s  from p a r e n t a l  l i n e s  of  i n d iv id u a l  hybr id  c lon es  were
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assayed f o r  a c id  B -g lu co s id a se  a c t i v i t y ;  2 U were added to  each assay  

tu be .  The volume was brought  t o  200 ul with  th e  im m unoprec ip i ta t ion  

b u f f e r  [ 0 .2  M sodium p h o s p h a t e - c i t r i c  a c id  b u f f e r ,  pH 6 .0 ,  c o n ta in in g

0.05% T r i to n  X-100, 10.0  mM 2-ME, 1.0 mM EDTA and 1.0 mg/ml bovine serum 

albumin (BSA)]. A n t i - a c id  B -g lu co s id a se  an t ibody  (2 u l ) was added and the  

m ix tu re  incuba ted  f o r  30 min a t  37°C. Rabbit  an t i -mouse  immunoglobulin 

was added and th e  mixture  incubated  f o r  1-2 h a t  37°C. Blanks con ta in ed  2

ul of  normal mouse serum i n s t e a d  of the  anti-GBA a n t i  serum. Samples were 

c e n t r i f u g e d  in 1 .0  ml con ica l  po lypropy lene  tubes  a t  27,000 x £  f o r  20 min 

in a S o rv a l l  RC-2B c e n t r i f u g e .  The su p e r n a t a n t  was r e t a in e d  and assayed 

f o r  B -g lu co s id a se  a c t i v i t y .  The p e l l e t  was washed w ith  0 .5  ml of  immuno- 

p r e c i p i t a t i o n  b u f f e r  and c e n t r i f u g e d  as above. The p e l l e t  was assayed fo r  

B -g lu co s id a se  a c t i v i t y  w ith  the  fo l low ing  m o d i f i c a t io n s :  100 ul of  sub­

s t r a t e  s o l u t i o n  (see  above) was added d i r e c t l y  to  the  p e l l e t  and incuba ted  

f o r  1 h a t  37°C. The r e a c t i o n  m ix tu re  was stopped with 1 .0  ml o f  0 .085 M 

g ly c i n e - c a r b o n a t e  b u f f e r ,  pH 10 .0 ,  the  m ix tu re  was t r a n s f e r r e d  to  a 10 X 

75 mm g l a s s  t e s t  tube and f l u o r e s c e n c e  was de te rmined .  For each hybrid  

c lo n e ,  th e  background f lu o r e s c e n c e  in the  blank was s u b t r a c t e d  and the  

a c t i v i t y  in  th e  im m unoprec ip i ta te  was ex pressed  as the  p e rc e n t  of  t o t a l  

a c t i v i t y  recovered  in su p e r n a t a n t  and p e l l e t .

XIV. Cell  F u s io n :

A. Human and Mouse P a ren ta l  C e l l s : The p a re n t a l  l i n e s  used f o r

h y b r i d i z a t i o n  were the  mouse RAG c e l l  l i n e  (77) and t h r e e  human f i b r o b l a s t  

l i n e s  ( f e t a l  lung ,  f e t a l  l i v e r  and f e t a l  k idney)  from d i f f e r e n t  sou rc e s .  

P a ren ta l  c e l l s  were grown in RPMI 1640 medium as  d e sc r ib e d  above.

B. Somatic Cell  H yb r id s : The hybr ids  were generous ly  prov ided  by
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Dr. Moyra Smith. The p r e p a r a t i o n  of  th e se  hybr ids  were as fo l low s :  

P a ren ta l  c e l l s  were fused  by c e n t r i f u g a t i o n  through a 7-50% p o ly e th y len e  

g lyco l  g r a d i e n t  (78 ) .  Heterokaryons were c u l t u r e d  in the  hypoxanth ine /  

ami n o p te r in / th y m id in e  s e l e c t i v e  medium (79 ) .  Hybrid c e l l s  were then  

cloned us ing  th e  techn ique  of  Ham and Puck (80 ) .  A f te r  10-20 passages* 

s e l e c t e d  primary hybrid  c lo nes  were r e c lo n e d ,  g iv in g  r i s e  to  secondary 

c lo n e s ,  and f o r  some h y b r id s ,  t e r t i a r y  c lones  were rec lo n ed  from sub­

c lo n e s .

C. D e te rm ina t ion  of  The Human Chromosomal C o n s t i t u t i o n  of  Hybrid 

C lo n es : Marker enzymes f o r  s p e c i f i c  human chromosomes were determined by

e s t a b l i s h e d  e l e c t r o p h o r e t i c  methods (81-88) .  Metaphase sp reads  were 

prepared  (89) and the  chromosomes were banded to  d i s t i n g u i s h  mouse from 

human chromosomes with  the  Giemsa 11 tech n iqu e  (90) and subsequen t ly  

d e s t a in e d  and banded with q u in a c r in e  h y d roch lo r ide  f l u o r e s c e n c e  (91) .  

Human chromosomal c o n s t i t u t i o n  of  in d iv id u a l  hybrid  c lon es  was based on 

enzyme marker da ta  a n d /o r  c y to g e n e t i c  a n a l y s i s  in which a t  l e a s t  20% of  

th e  metaphase spreads  c o n ta ined  a s p e c i f i c  chromosome. Human a c id  &-glu-  

c o s id a s e  im m unoprec ip l ta t ion  a s s a y s ,  marker enzyme e le c t r o p h o r e s e s  and 

c y to g e n e t i c  a n a ly se s  were performed on c e l l  h yb r ids  h a rv e s te d  from the  

same passage.
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RESULTS

I . P u r i f i c a t i o n  of  Human A d d  e -G lucos1dase :

A. P u r i f i c a t i o n  P ro c ed u re : The r e s u l t s  of  a t y p i c a l  p u r i f i c a t i o n

a r e  shown 1n Table 4. The procedure  In c o rp o ra te s  two novel s t e p s .  These 

a r e  chromatography on d e x t ra n  s u l f a t e - S e p h a r o s e  and su c ro se  d e n s i t y  g rad ­

i e n t  u l t r a c e n t r l f u g a t l o n .

Human ac id  B -g lu co s id a se  was s t r o n g l y  I n h i b i t e d  by d e x t ra n  s u l f a t e

and t h i s  I n h i b i t i o n  was found to  be a l l e v i a t e d  by crude  sodium tau ro c h o -

l a t e .  A d e x t r a n  s u l f a t e  a f f i n i t y  column was sy n th e s iz e d  and e f f i c i e n t l y  

bound human a c id  e - g l u c o s i d a s e .  As shown in Figure  9 ,  e - g lu c o s id a s e  

a c t i v i t y  was e lu t e d  by a sodium t a u r o c h o l a t e  g r a d i e n t  (0-5 mg/ml) w i th  a 

sharp  peak of a c t i v i t y  a t  2 mg/ml t a u r o c h o l a t e .  Most of  th e  UV-absorb1ng 

m a te r i a l  was a t t r i b u t a b l e  t o  t h e  t a u r o c h o la t e  and a d i s c r e t e  peak c o i n c i d ­

ing with enzyme a c t i v i t y  was not  d e te c t e d .  Subsequent e l u t i o n  with 5 M

NaCl gave a sharp  peak of UV-absorbing m a te r i a l  but  did  no t  r e l e a s e  ad­

d i t i o n a l  enzyme.

Dextran s u l f a t e  chromatography provided  a 1 0 - fo ld  p u r i f i c a t i o n  s tep  

with a 60-70% recovery .  More s i g n i f i c a n t l y ,  the  procedure  se p a ra te d  

B-glucos1dase from se v e ra l  o t h e r  h y d ro la s e s  Inc lu d in g  a -a rab 1 n o s1 d ase ,  

B - x y lo s ld a s e ,  a-mannos1dase, a - g a l a c t o s 1 d a s e ,  B -g a la c to s 1 d a s e ,  a - f u c o s 1 -  

d a s e ,  a r y l s u l f a t a s e  A and B and a - g l u c o s i d a s e .  Recovery of  B -g lu cu ro n l -  

dase and B-hexosam1n1dase B (two major co n tam in an ts )  was l e s s  than  20% of  

t h a t  a p p l i e d ,  r e s p e c t i v e l y .  I t  was n o tab le  t h a t  e f f i c i e n t  b ind ing  o f  ac id  

B-g1ucos1dase to  the  column could  be ach ieved  only  a f t e r  butanol e x t r a c ­

t i o n  o f  t h e  sample.

Chromatography on o c ty l -S e p h a ro s e  r e s u l t e d  In a 4 0 - fo ld  p u r i f i c a t i o n  

o f  th e  enzyme e lu t e d  from th e  dex tran  s u l f a t e  column, however, the  sample
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Table 4
Purification of Acid e-Glucos1dase from Human Placenta (1.3 kg)

frac tion

Activity Protein Specific A ctivity Total Units 
Vol nmoles/ mg/ml nmoles/h/mg protein nmoles/h t -  Fold-
(ffll) h/ml Yield Purification

Extract 2,850
Homogenized In 
(2X d is t i l le d  H£0

331 Ammonium 3,100
Sulfate
Supernatant

551 Aiwonium 112
5uHate P recip ita te ,
{resuspended)
Post-Acid
Dialysis

20t (v/v)
Butanol
Extraction

287 4.16

225 1.68

5,364 8.7

110 5,460 9.2

69

134

617

593

817,000 100

697,000 85

601,000 73

601,000 74

Dextran
Sulfate
Chromatography

20: (v/v)
Butanol
Extraction

3,520 0.529

93 2,110 0.397

6,660

5.300

310,000 38

196,000 24

97

77

Octyl- 
Sepharose 
Chroma tograpty

Sucrose Gradient 
U ltracentrifuga­
tion

5.2 18.400 0.085

2.7 19,100 0.070

217,000

270.000

95.800 12

51,600

3,140

6.3 3,920



Figure  9: E lu t io n  of human p l a c e n ta l  e - g l u c o s i d a s e  from d e x t r a n -

s u l f a t e - S e p h a r o s e  (30 ml bed volume) by c rude  sodium t a u r o c h o la t e  

(0-5 mg/ml). The sample p re v io u s ly  was butanol e x t r a c t e d  and 

d la ly ze d  o v e rn ig h t  a g a i n s t  b ind ing  b u f f e r .  Sample volume was 100 

ml; 9 .2  mg p r o t e in /m l .  The ac id  e - g l u c o s i d a s e  a c t i v i t y  was 5460 

nmol/h/ml. F ra c t io n  volume was 5 .5  ml. The column was run a t  

4°C.
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remained contamina ted  w i th  B-hexosaminldase B and e~glucuron1dase  a c t i v i ­

ty .  The f i n a l  p u r i f i c a t i o n  s t e p ,  suc rose  d e n s i t y  u l t r a c e n t r i f u g a t i o n ,  

gave only  a s l i g h t  In c r e a s e  1n s p e c i f i c  a c t i v i t y ,  but  more Im p o r ta n t ly ,  

removed a l l  t h e  e-hexosam1n1dase B and B-glucuron1dase a c t i v i t y .

The procedure  o u t l i n e d  In Table 4 gave a 3 900-fo ld  p u r i f i c a t i o n  o f

a c id  e -g l u c o s i d a s e  with  a y i e l d  of  6*. C ons ide rab le  lo s s  of  a c t i v i t y  

occurred  dur ing  th e  f i n a l  s t a g e s  of  p u r i f i c a t i o n .  However, the  p u r i f i e d

enzyme r e t a i n e d  a c t i v i t y  f o r  s e v e ra l  months when s to r e d  a t  -20°C in  25%

g l y c e r o l .

B. I n h i b i t i o n  o f  Enzyme A c t i v i t y  by S u l f a t e s : Dextran s u l f a t e  was 

found to  be an e f f e c t i v e  i n h i b i t o r  o f  p u r i f i e d  a c id  B -g lu co s id a se .  In ­

h i b i t i o n  was Independent of s u b s t r a t e  c o n c e n t r a t i o n ,  but  was found to  be 

s e n s i t i v e  to  th e  c o n c e n t r a t i o n  of  e i t h e r  p h o sp ho l ip id  o r  crude sodium 

t a u r o c h o l a t e .  Typical  r e s u l t s  a r e  shown in Table 5. S im i la r  r e s u l t s  were 

o b ta in ed  with  c h o n d r o l t ln  s u l p h a t e ,  a su lph a ted  m ucopolysacchar ide ,  where­

as sodium su lp h a te  had l i t t l e  e f f e c t .

C. NBD-Glucosyl Ceramide Assay vs .  4MUG Assay: F igure  10 shows the  

scheme f o r  th e  s y n t h e s i s  of  f l u o r e s c e n t  NBD-glucer. The f a t t y  a c id  was 

c leaved  by ac id  h y d r o ly s i s  and su b sequ en t ly  e x t r a c t e d  from the  g lucoys l

phychoslne with hexane.  NBD-dodecano1c ac id  was jo in e d  to  th e  g lucosy l

phychoslne v ia  h y d r o ly s i s  and a ca rbod l lm lde  l in k a g e .  NBD-glucer was 

p u r i f i e d  by chromatography on s i l i c a  gel HR p l a t e s .  The assay  was optim­

ized f o r  l i p i d  ( t a u r o c h o l a t e ,  2 .5  t o  40 mg/ m l) ,  d e t e r g e n t  (cutscum, 0 to  

10%) and pH (3 .5  t o  7 .0 ) .  The pH optimum f o r  a c id  B -g lu c o s id a se  was 5.3 

and the  f i n a l  cutscum and sodium 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 s  were 0.25% 

and 2 .5  mg/ml, r e s p e c t i v e l y .  The a s sa y  was l i n e a r  with r e s p e c t  t o  both 

time (0 -30  m1n) and p r o t e i n .
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Table 5

E f f e c t  o f  S u l f a t e s  and Phosphat idyl  I n o s i t o l  on 
P u r i f i e d  Acid e -G lu c o s id a se  A c t iv i t y

I n h i b i t o r s  f 4 mg/ml)

S u b s t r a t e  
(5 irfi)

P h osp h a t id y l -  
I n o s i t o l  

(mg/ml) None

IT o f  Control  A c t iv i t y

Dextran Chondro i t in  
S u l f a t e  S u l f a t e

Sodium
S u l f a t e

4MUG 0.1 100 60 83 99

0 .05 100 24 73 83

0.02 100 12 37 76
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Figure  10: S y n th es is  of NBD-glucosyl ceramide.

Glucosyl ceramide undergoes ac id  h y d ro ly s i s  t o  c leave  the  f a t t y  

a c id .  Glucosyl phychosine i s  then l inked  to  th e  f l u o r e s c e n t  f a t t y  

a c i d ,  NBD-dodecano1c a c i d ,  v ia  a ca rbod l im ide  l in k ag e .  The f i n a l  

p r o d u c t ,  NBD-glucosyl ceram ide,  1s f u r t h e r  p u r i f i e d  by s i l i c a  gel 

t h i n  l a y e r  chromatography.
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Synthesis of NBD-Glucosyl Ceramide

Spttmgoain* *[* *j* 
A A A A A /W C -C -C H ,~  I I 

HO NHI
A A AAA AAA A/yOO 
Fatty Acid oh

CHjOH

~ C r
OH 

Glucot*

Glucosyl Csrom id*

1
A c i d  H y d r o l y t i t

I
H H

A W W W C - i - C H .- 0  I I *
HO NH

CHjOH

Glucosyl Phychosins

CH\,^A/WV\Ac/Oh

1
C o f b o d i i m i d t  L i n k a g e  

 1

A W W W C

HO NH CHj |>W\W\c«o

t V / 0_\«
C - C - C H , - o V  )

CHjOH

OH

OH

NBD-Dodoconoic Acid

NBD-Glucosyl C srom idt

NBO* l2 -[N -m « th y l-N -(7 -n itrob«n i'2 -O M a-l,3 -d ia io l-4 -y l)]-am ino-
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To conserve th e  f l u o r e s c e n t  NBD-glucer, n a t u r a l  s u b s t r a t e  assays  were 

performed by d i l u t i n g  th e  NBD-glucer 10 - fo ld  with n a tu r a l  g lucosy l  c e r a ­

mide. F igure  11 d em ons t ra te s  the  r e s u l t s  of  a m ix tu re  of  f l u o r e s c e n t  

NBD-glucer with n a tu r a l  g lucosy l  ceramide.  A l i n e a r  r e l a t i o n s h i p  was 

observed between th e  degree  o f  NBD-glucer and f l u o r e s c e n c e .  A d d  B -g lu ­

c o s id a s e  hydrolyzed th e  NBD-glucer and the  n a tu r a l  s u b s t r a t e  with equal 

e f f i c i e n c y .  This confirmed t h a t  NBD-glucer was a s u i t a b l e  s u b s t r a t e  f o r  

a c id  B -g lu co s id a se .

Table 6 shows a small s c a le  (0 .7  Kg) p u r i f i c a t i o n  o f  a c id  B - g lu c o s i ­

dase assayed with  both th e  n a tu r a l  s u b s t r a t e ,  NBD-glucer, and the  a r t i ­

f i c i a l  s u b s t r a t e ,  4MUG. Both s u b s t r a t e s  demonstra ted  p u r i f i c a t i o n  o f  ac id  

B -g lu co s id a se .  The a d d  B -g lu cos id ase  had a 1 0 - fo ld  h ig h e r  s p e c i f i c

a c t i v i t y  when assayed with  NBD-glucer than  w i th  4MUG. Apparent v a lues

o f  0.285 mM and 2.65 mM were observed f o r  a c id  B-glucos1dase  us ing  NBD- 

g l u c e r  and 4MUG, r e s p e c t i v e l y .  The d i f f e r e n c e  in r e f l e c t s  th e  s t r o n g e r  

a v i d i t y  of  the  enzyme f o r  the  n a tu ra l  s u b s t r a t e  compared to  the  a r t i f i c i a l  

s u b s t r a t e .

11 . C h a r a c t e r i z a t i o n  of  Human A d d  e -G lu c o s l d a s e :

A. E f f e c t  o f  Phospho l ip id  on Acid B-G1ucosidase A c t i v i t y : E i t h e r

p h o sph o l ip id  o r  crude sodium t a u r o c h o l a t e  s t i m u l a t e s  p u r i f i e d  ac id  B -g lu ­

c o s id a s e  a c t i v i t y  with th e  a r t i f i c i a l  s u b s t r a t e  as well  as the  n a tu ra l  

s u b s t r a t e .  Using 4MUG as  s u b s t r a t e ,  p h o sp h a t ld ic  ac id  was th e  most e f f e c ­

t i v e  of t h e  p h o sp h o l ip id s  t e s t e d ,  1n t e r n s  of  both maximum a c t i v i t y  and 

a c t i v i t y  a t  low c o n c e n t r a t i o n s  of p h o sp h o l ip id .  Maximum a c t i v i t i e s

ach ieved  with p h o s p h a t l d y l s e r l n e ,  pho sph a t id y l  I n o s i t o l  (both a t  0.2  mg/ml)
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Figure  11: I n d i s c r im in a n t  h y d r o ly s i s  of  NBD-glucosyl ceramide and

g lucosy l  ceramide by a c id  p - q l u c o s id a s e .

The m o la r i t y  of g lucosy l  ceramide v a r i e d  from 0 .250  mM to  0.125 

irW; th e  NBD-glucosyl ceramide v a r i e d  from 0.125 mM t o  0 .0  mM. 

Final  s u b s t r a t e  c o n c e n t r a t i o n  in the  assay  was 0.250 mM.
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Table 6

Small Sca le  P u r i f i c a t i o n  of  P l a c e n ta l  A d d  g-Glucos1dase 
( 0 .7  kg) with  both the  Natura l  S u b s t r a t e ,  NBD-glucer, 

and the  A r t i f i c i a l  S u b s t r a t e ,  4MUG

S p e c i f i c  A c t iv i t y (nmol/h/mg p r o t e i n )

Step 4MUG NBD-glucer

E x t r a c t  1 15 184

33% Ammonium S u l f a t e 34 422

55% Ammonium S u l f a t e  S u pe rn a tan t  
Post-Acid  D ia ly s i s 209 2,220

20% (v /v )  Butanol E x t ra c t io n 305 3,040

Dextran S u l f a t e  Chromatography 3,400 25,100

O c ty l -S epharose  Chromatography 36,200 370,000

Sucrose G rad ien t  U l t r a -  
c e n t r i f u g a t i o n 37,100 416,000
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and w i th  crude t a u r o c h o l a t e  (1 mg/ml) were 80%, 65% and 70%, r e s p e c t i v e l y ,  

of t h a t  o b ta in ed  with p h o sp h a t ld ic  a c id  ( 0 .2  mg/ml). A ddi t ion  of  both 

p h o sp h o l ip id s  and t a u r o c h o l a t e  t o g e t h e r  to  t h e  r e a c t i o n  caused no f u r t h e r  

I n c re a se  in a c t i v i t y .  All a s sa y s  in which th e  c o n c e n t r a t i o n  of  phospho­

l i p i d  was v a r ie d  con ta ined  0.02% T r i to n  X-100.

The e f f e c t  of  p r e - in c u b a t io n  with p h o sp h o l ip id s  and t a u r o c h o la t e  on 

t h e  se d im e n ta t io n  of  p u r i f i e d  ac id  e -g lu c o s1 d a se  through su c ro se  g r a d i e n t s  

was s t u d i e d .  G rad ien ts  were run 1n the  presence  and absence o f  T r i to n  

X-100. As shown 1n Figure  12A, when T r i t o n  X-100 was p r e s e n t  in the  

g r a d i e n t ,  pre-1ncubat1on with e i t h e r  p h ospho l ip id  o r  t a u r o c h o la t e  had no 

e f f e c t  on e i t h e r  recovery  of  a c t i v i t y  o r  s e d im e n ta t io n  r a t e .  However, 1n 

the  absence o f  T r i t o n  X-100 (F igure  12B), recovery  of  enzyme a c t i v i t y  was

ex trem ely  low excep t  1n th e  sample p re - in c u b a te d  with p h o sp h o l ip id ;  the

sample a l s o  sedlmented more r a p i d l y  than  th e  enzyme run in th e  presence  of 

on ly  T r i to n  X-100, I t  was c l e a r  t h a t  t a u r o c h o l a t e  e f f e c t s  n e i t h e r  the  

s t a b i l i t y  of the  enzyme nor i t s  sed im e n ta t io n  r a t e  t o  th e  same e x t e n t  as 

p h o sp h o l ip id s .  Thus, p r e - i n c u b a t io n  In th e  p resence  of  ph o sp h o l ip id  both

s t a b i l i z e d  th e  enzyme and caused an In c re ase  1n se d im e n ta t io n  r a t e .  The

l a t t e r  e f f e c t  was rev e rsed  by T r i t o n  X-100, Thus, whi le  p h ospho l ip id  and

ta u r o c h o la t e  had s i m i l a r  e f f e c t s  on enzymatic  a c t i v i t y ,  they  d i f f e r e d  1n 

t h e i r  e f f e c t s  on s t a b i l i t y  and se d im en ta t ion  p r o p e r t i e s .

B. I s o e l e c t r i c  Focusing : Figure  13 shows th e  s e p a r a t i o n  o f  ac id

e -g lu c o s id a s e  from e-hexosam1n1dase B and e -g lu cu ro n 1d ase  by I s o e l e c t r i c  

fo cu s in g .  The g r a d i e n t  was l i n e a r  from pH 3 .5  to  7 .7 ,  and 95% of  th e  a c id  

e - g lu c o s id a s e  a c t i v i t y  was r ecovered .  The pi  o f  a d d  e -g lu c o s1 d a se  was 

app rox im ate ly  4 .3 5 .  e-Glucuron1dase and e-hexosamin1dase B have p i ' s  

of  approx im ate ly  7 .3  and 7 .5 ,  r e s p e c t i v e l y .  V a r ia t io n  from one I s o e l e c -
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Figure  12: P r e p a r a t i v e  su c ro se  g r a d i e n t  u l t r a c e n t r i f u g a t i o n  of

a c id  p - g l u c o s id a s e .

A. P u r i f i e d  p l a c e n t a l  a c id  B -g tu co s ld a se  was p re - ln c u b a te d  

with  0.02% T r i to n  X-100 ( • - #  ) and T r i t o n  X-100 c o n ta in in g  1.0 

mg/ml crude sodium t a u r o c h o l a t e  ( v—w ) ,  o r  0 .2  mg/ml phosphat idy l  

s e r i n e  (X-X).

B. Acid B -g lu co s id a se  was p re-1ncubated  w ith  suc rose  g rad ­

i e n t  b u f f e r  ( ) ,  c rude  sodium t a u r o c h o l a t e  { ) o r  phospha­

t i d y l  s e r i n e  (X-X). Note t h a t  in the  absence  of  T r i t o n  X-100 

th e r e  1s reduced enzymatic  a c t i v i t y  as well as a s h i f t  In the  

m ig r a t io n  of  t h e  g r a d i e n t  c o n ta in in g  phospha t idy l  s e r i n e .
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Figure  13: I s o e l e c t r i c  focus ing  of  p a r t i a l l y  p u r i f i e d  ac id  e - g l u -

c o s ld a s e  from human p l a c e n t a .

An I s o e l e c t r i c  focus ing  column was run with  a l i n e a r  g r a d i e n t  from

pH 3 .5  t o  7 .5 .  Acid e - g l u c o s i d a s e  a c t i v i t y  ( • —• ) ;  e - g l u c u r o n l -

dase  a c t i v i t y  ( ) ;  e-hexosam1n1dase B a c t i v i t y  ( • - ■ ) ;  pH

v a lu es  (X-X).
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t r i e  focus ing  run to  a n o th e r  v a r ie d  in pi  by approx im ate ly  0 .05 .  The 

va lues  ob ta ined  f o r  e -g lu c u r o n ld a s e  and B-hexosaminidase B c o in c id e d  with 

p re v io u s ly  pub l ished  va lues  (9 2 ,9 3 ) .  S r lv a s ta v a  e t  al^ (93) observed a pi 

o f  7.9 f o r  B-hexosam1n1dase B and G lase r  et_ al_. (92) found th e  pi  of

B -g lu cu ro n id ase  t o  be 7 .0 - 7 .5 .  This column was u se fu l  no t  only in determ­

in ing  the  pi of a d d  B -g lucos idase  but  a l s o  in t o t a l l y  s e p a r a t i n g  the  

enzyme from 8-g lucu ron1dase  and B-hexosaminidase B.

C. SDS gel e l e c t r o p h o r e s i s : M u l t ip l e  bands were observed f o r  th e

p u r i f i e d  ac id  B -g lu co s id a se  upon SDS-polyacrylamide gel e l e c t r o p h o r e s i s .  

Two major bands were p re s e n t  with m olecu la r  weights  of  about  67,600 and

79,400.  Three minor bands with m o lecu la r  weights  of  61 ,700,  39,000 and 

26 ,000,  r e s p e c t i v e l y  were a l s o  p r e s e n t .  Ovalbumin, a l d o l a s e ,  r ib o n u c le a s e  

A, and chymotrypsin were used as  p r o t e in  markers as shown in Table 7. The 

p u r i f i e d  enzyme p r e p a r a t i o n  was assayed f o r  12 d i f f e r e n t  lysosomal hydro­

l a s e s  and found to  be f r e e  of  any of th e s e  enzymatic  a c t i v i t i e s .

I I I .  C e l lu lo s e  A ce ta te  E le c t r o p h o r e s i s  and Chromatographic S epa ra t io n  of 

Acid and Neu tra l  B-G1ucos1dases:

F igure  14 shows th e  c e l l u l o s e  a c e t a t e  e l e c t r o p h o r e s i s  p a t t e r n  of 

B -g lu co s id a se  a c t i v i t y  from crude  homogenates of  normal U v e r ,  k idney ,  

b r a i n ,  and c u l t u r e d  sk in  f i b r o b l a s t s .  Two f l u o r e s c e n t  bands o f  B - g lu c o s i ­

dase a c t i v i t y  were v i s u a l i z e d  in l i v e r ,  k idney ,  s p l e e n ,  and b ra in  homo­

g ena tes  w i th  4MUG. In t h e s e  t i s s u e s ,  t h e  maior band was the  more anodal 

( f a s t )  band. In c u l t u r e d  sk in  f i b r o b l a s t s  only one band was observed 

which corresponded t o  th e  l e s s  anodal (slow) a c t i v i t y .

Two peaks o f  B -g lu co s id a se  a c t i v i t y  from s p l e n i c  and h e p a t i c  homo­

g e n a te s  were s e p a r a te d  by chromatography on con A-Sepharose and f u r t h e r
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Table 7

SDS Polyacry lamide  Gel E l e c t r o p h o r e s i s  of 
P u r i f i e d  P la c e n ta l  Acid e -G lucos idase

P r o t e in  Markers 
and

Acid e -G lu co s idase

mm Migrated 
during  

E le c t r o p h o r e s i s Log MW
Subunit

MW*

Ovalbumin 31 4.63 45,000

Aldolase 36 4 .60 40,000

Ribonuclease  A 54 4.14 13,700

Chymotrypsin 61 4.04 11,000

52 4.11 13,000

Acid p -G lucos idase  
major  bands 24 4.90 79,433

26 4.83 67,608

minor bands 42 4.42 26,303

37 4.59 38,905

29 4.79 61,650

♦Subuni t  m o lecu la r  w e igh t  f o r  ac id  e - g l u c o s i d a s e  was e x t r a p o l a t e d  from 

a p l o t  of  th e  log of th e  p r o t e i n  m a rk e r ' s  m o lecu la r  weight vs .  the  mm 

th e  s u b u n i t s  m igra ted  during  e l e c t r o p h o r e s i s .
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Figure  14: F lu o re sc e n t  bands of  p -g lucos1dase  a c t i v i t y  in normal

human t i s s u e  homogenates a f t e r  e l e c t r o p h o r e s i s  on a c e l l u l o s e  

a c e t a t e  gel and s t a i n i n g  w i th  4MUG.

Lane 1, b r a i n ;  l an e  2, l i v e r ;  lane 3, k idney;  l an e  4, c u l t u r e d  

sk in  f i b r o b l a s t s ,  Arrow = p o in t  of a p p l i c a t i o n ;  A -  a c i d i c  B -g lu-  

c o s i d a s e ;  N - n e u t r a l  e - g l u c o s i d a s e .
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c h a r a c t e r i z e d .  As shown 1n F igure  15, the  a c t i v i t y  e lu t e d  1n th e  b u f f e r  

wash e l e c t r o p h o r e s e d  as a s i n g l e  a c t i v i t y  band which co-m1grated with th e  

f a s t  band of  p -g lu co s1 d ase  a c t i v i t y  in the  crude homogenates. The e - g l u -  

c o s id a s e  a c t i v i t y  which bound to  th e  l e c t i n  column was e lu t e d  with 1 .0  M 

of 1 -0 -m eth y l-a -D -g lu co py rano s id e  and e l e c t r o p h o r e s e d  a s  a s i n g l e  band 

which co-m1grated with th e  slow a c t i v i t y  band observed 1n the  crude t i s s u e  

homogenates.

The B-g lucos1dase  a c t i v i t y  e lu t e d  1n th e  b u f f e r  wash did n o t  have 

a c t i v i t y  f o r  th e  n a tu r a l  s u b s t r a t e ,  NBD-glucer, a l though 1t  demonstra ted  

a c t i v i t y  f o r  4MUG. A l t e r n a t i v e l y ,  t h e  e - g l u c o s l d a s e  a c t i v i t y  e l u t e d  with 

1 -0 -m ethyl-a -D-g lucopyranos1de  had a c t i v i t y  with  both NBD-glucer and 4MUG 

s u b s t r a t e .

F igure  16 shows th e  pH p r o f i l e s  f o r  6 - g lu c o s id a s e  a c t i v i t y  from th e  

crude homogenate, th e  b u f f e r  wash and the  l -0 -m e thy l -a -D -g lucopyranos1de  

e lu a n t  from con A-Sepharose chromatography of  normal l i v e r  and sp leen

homogenates. In each t i s s u e ,  th e  e -g lu c o s1 d a se  a c t i v i t y  which bound to  

th e  l e c t i n  column had an ac id  pH optimum 5 .0 )  and c o -e l e c t r o p h o r e s e d  

with th e  slow a c t i v i t y  band observed 1n c rude  homogenates. The h e p a t ic  

and s p l e n ic  a c t i v i t i e s  which e lu t e d  in th e  b u f f e r  wash had a b ro a d e r ,  more 

n e u t r a l  pH optima ( ^ 6 . 3 )  and c o -e l e c t r o p h o r e s e d  with th e  f a s t  a c t i v i t y  

band of  t i s s u e  homogenates. Based on th e se  r e s u l t s ,  th e  f a s t e r  m ig ra t in g  

a c t i v i t y  band was I d e n t i f i e d  as  n e u t r a l  £ -g lu co s1d ase  and th e  s lower 

m ig ra t in g  a c t i v i t y  band as ac id  6 -g lu co s1 d ase .

The e l e c t r o p h o r e t i c  p r o f i l e s  of  the  s p l e n i c  and f i b r o b l a s t  homogen­

a t e s  from homozygotes w ith  Type 1 Gaucher d i s e a s e  and normal I n d i v id u a l s  

a re  shown 1n F igure  17. When equal amounts o f  p r o t e in  were e l e c t r o p h o r ­

e se d ,  the  ac id  e -g lu c o s1 d a se  1n th e  Gaucher t i s s u e  homogenates appeared
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Figure  15: E l e c t r o p h o r e s i s  of  normal h e p a t ic  B -g lu co s id a se s  be­

fo re  and a f t e r  s e p a r a t io n  by chromatography on con A-Sepharose.

Lane 1, t o t a l  l i v e r  homogenate; lanes  2 and 3, b u f f e r  wash; lane  

4 ,  1 -0 -m ethy l-a -D -g lucopyranos ide  e l u a n t .
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Figure  16: pH p r o f i l e s  o f  8 -g lu cos1 d ase  a c t i v i t y  from normal

human h e p a t i c  ( a - c )  and s p l e n i c  ( d - f )  homogenates b e fo re  and a f t e r  

chromatography on Con A-Sepharose.  Tota l  t i s s u e  homogenates (a 

and d ) ;  b u f f e r  wash (b and e ) ;  1 -0 -m ethy l-a -D -g lucopyranos ide  

e lu a n t  (c and f ) .
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F igure  17: F lu o re sc e n t  bands of p - g lu c o s id a s e  a c t i v i t y  a f t e r

c e l l u l o s e  a c e t a t e  e l e c t r o p h o r e s i s  of homogenates from normal and 

Type 1 Gaucher d i s e a s e  t i s s u e s .

Lanes 1 and 2, normal and Type 1 Gaucher s p l e e n ,  r e s p e c t i v e l y ;  

la n e s  3 and 4, Type 1 Gaucher and normal sk in  f i b r o b l a s t s ,  r e s p e c ­

t i v e l y .  Equal amounts of t o t a l  p - g lu c o s id a s e  a c t i v i t y  from normal 

and Gaucher t i s s u e  homogenates were a p p l i e d .
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t o  m ig ra te  w i t h ,  but  had markedly d imin ished  a c t i v i t y  compared to  th e  

a c i d i c  a c t i v i t y  1n normal t i s s u e  homogenates. Prolonged e l e c t r o p h o r e s i s  

(> 4 h) r e s u l t e d  1n I n a c t i v a t i o n  of  th e  ac id  enzyme from Type 1 Gaucher 

t i s s u e  homogenates. In c o n t r a s t ,  the  n e u t r a l  a c t i v i t y  1n h e p a t i c  and 

s p l e n i c  homogenates from Gaucher and normal t i s s u e s  co-m1grated and a p p e a r ­

ed to  have s i m i l a r  a c t i v i t i e s  when th e  same amounts of homogenate p r o t e i n  

were a p p l i e d .  The n e u t r a l  e -g lu c o s1 d a se  a c t i v i t y  c o -e l e c t r o p h o r e s e d  w ith  

a -L -a ra b 1 n o s1 d a se ,  p -D -xy los1dase ,  and th e  more anodal B -D -g a la c to s id a se  

a c t i v i t i e s  when v i s u a l i z e d  with  the  a p p r o p r i a t e  s u b s t r a t e .  Following 

e l e c t r o p h o r e s i s ,  normal f i b r o b l a s t  homogenates r e v e a le d  only  a c id  p -g lu co -  

s i d a s e  a c t i v i t y  when s t a in e d  with 4MUG; when Incubated  w ith  I t s  s u b s t r a t e ,  

B - g a la c to s id a s e  a c t i v i t y  band d id  not c o -m ig ra te  with th e  a c id  B -g lu co s1- 

dase  a c t i v i t y  band. Fur therm ore ,  w i th in  th e  s e n s i t i v i t y  o f  the  method, no 

bands of  a c t i v i t y  were v i s u a l i z e d  when incuba ted  with s u b s t r a t e s  f o r  

8-D -x y lo s id a s e  o r  a -L -a ra b in o s1 d a se  (d a ta  not  shown).

IV. S tud ies  of th e  E f f e c t o r  Molecule f o r  Acid p - G lu c o s ld a s e :

In homogenates of c u l t u r e d  sk in  f i b r o b l a s t s ,  only  ac id  e - g l u c o s i d a s e  

1s e x p re ssed .  As noted  In S ec t io n  I I I  R e s u l t s ,  t h e  a c id  B-glucos1dase  

a c t i v i t y  In t i s s u e  and f i b r o b l a s t s  from Type 1 Gaucher d i s e a s e  appeared to  

c o -m ig ra te  with th e  a c id  Isozyme 1n normal t i s s u e s  but  had markedly r e ­

duced a c t i v i t y .

As shown in F ig u re  18, the  ac id  B-g lucos1dase  a c t i v i t y  band from Type 

1 Gaucher f i b r o b l a s t  homogenates ( l a n e  1) o c c a s i o n a l l y  m igra ted  s l i g h t l y  

l e s s  a n o d a l ly  than  th e  homogenates from normal I n d i v id u a l s  ( l a n e s  2 ).  

When mixing exper im en ts  were performed, th e  samples c o n s i s t e n t l y  m igra ted  

to  th e  a c t i v i t y  band of  the  Gaucher i n d i v i d u a l s .  P u r i f i e d  ac id  p - g l u c o s i -
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dase from p la c e n ta  m ig ra ted  more a n o d a l ly  than  the  f i b r o b l a s t  samples 

( lan e  3) .  When th e  p l a c e n t a l  enzyme was mixed with the  f i b r o b l a s t  homo­

genates  of  normal ( l a n e  5) and Type 1 Gaucher p a t i e n t s  ( l a n e  4 ) ,  the  

a c t i v i t y  band remained a t  th e  p o s i t i o n s  noted fo r  normal and Type 1 f i b r o ­

b l a s t  homogenates, r e s p e c t i v e l y  ( l an e s  2 , 1 ).

As demonstra ted  in  Figure  19, e l e c t r o p h o r e s i s  of f r a c t i o n s  o b ta ined  

from the  p u r i f i c a t i o n  of  ac id  B-g1u c o s 1dase  were found to  m igra te  more 

anodal ly  fo l low ing  a 55% ammonium s u l f a t e  f r a c t i o n a t i o n  ( lan e  2 ) .  The 

s u p e r n a t a n t  from th e  55% ammonium s u l f a t e  cu t  was c o n c e n t r a te d ,  TCA-trea t-  

ed and mixed with th e  resuspended p e l l e t  c o n ta in in g  ac id  B-glucos1dase  

a c t i v i t y ;  fo l low ing  e l e c t r o p h o r e s i s ,  the  enzyme once again  migra ted  l e s s  

an o d a l ly  (da ta  no t  shown). The a l t e r a t i o n  1n e l e c t r o p h o r e t i c  m ig ra t io n  of 

p u r i f i e d  a c id  e - g l u c o s i d a s e  was a l s o  observed in the  p resence  of e f f e c t o r  

I s o l a t e d  from th e  sp le e n s  of  a Type 1 Gaucher homozygote and a normal 

in d iv id u a l  ( l an e s  6 and 7, r e s p e c t i v e l y ) .  The p u r i f i e d  e f f e c t o r  r e t a r d e d  

th e  e l e c t r o p h o r e t i c  m ig ra t io n  of  a c id  f i -g lu c o s1dase r e g a r d l e s s  of  whether  

o r  not  th e  e f f e c t o r  was b o i l e d ,  U p a s e -  o r  p r o n a s e - t r e a t e d .

F igure  20 shows t h a t  e f f e c t o r  I s o l a t e d  from normal and Type 1 Gaucher 

homozygote f i b r o b l a s t s  in c re a sed  th e  s p e c i f i c  a c t i v i t y  of  the  p u r i f i e d  

ac id  0 - g l u c o s ld a s e .  As more e f f e c t o r  was added,  enzymatic  a c t i v i t y  a l s o  

in c r e a s e d .  Equal amounts of  bovine serum albumin (BSA) added to  th e  

p u r i f i e d  enzyme had no e f f e c t  on I t s  a c t i v i t y .  P u r i f i e d  a c i d  B-glucos1dase  

mixed with e f f e c t o r ,  I s o l a t e d  from normal and Type 1 Gaucher homozygote

sp leen  homogenates, demonstra ted  In c reased  s p e c i f i c  a c t i v i t y .  However, 

th e  e f f e c t o r  from Gaucher sp leen  homogenates was more e f f e c t i v e  than  th e

e f f e c t o r  from normal sp leen  homogenates 1n s t i m u l a t i n g  enzymatic  a c t i v i t y  

(d a ta  not  shown). Sucrose  g r a d i e n t  u l t r a c e n t r l f u g a t l o n  demonstra ted  t h a t
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Figure 18: Cellulose acetate electrophoresis of normal and Type 1
Gaucher f i b r o b l a s t  homogenates and p u r i f i e d  p l a c e n ta l  a c id  e - g l u -  

c o s id a s e .

Lane 1, Type 1 Gaucher f i b r o b l a s t  homogenate; l an e  2, normal 

f i b r o b l a s t  homogenate; lan e  3, p u r i f i e d  p l a c e n ta l  a c i d  p - g l u c o s i -  

d a s e ;  lane  4, Type 1 Gaucher f i b r o b l a s t  homogenate and p u r i f i e d  

a c id  e - g l u c o s i d a s e ;  lan e  5, normal f i b r o b l a s t  homogenate and 

p u r i f i e d  a c id  e - g l u c o s i d a s e .  Equal amounts o f  t o t a l  e - g lu c o s id a s e  

a c t i v i t y  were a p p l i e d .  Samples were e q u a l iz e d  f o r  p r o t e in  using 

BSA.

86



+

o

1 2 3 4 5

87



Figure 19: Cellulose acetate electrophoresis of placental acid
S - g lu c o s id a s e  f r a c t i o n s  and p u r i f i e d  enzyme in th e  presence  and 

absence  of  e f f e c t o r .

Lane 1, p l a c e n ta l  a c id  B-glucos1dase  1n crude e x t r a c t ;  l an e  2, 33%

ammonium s u l f a t e  f r a c t i o n a t i o n ;  lan e  3, 55% ammonium s u l f a t e

f r a c t i o n a t i o n  ( resuspended p e l l e t ) ;  lane  4 ,  20% (v /v )  butanol  

e x t r a c t i o n ;  lane  5, p u r i f i e d  enzyme p o s t - s u c r o s e  g r a d i e n t  u l t r a c e n ­

t r i f u g a t i o n ;  lane  6 f p u r i f i e d  enzyme w ith  e f f e c t o r  i s o l a t e d  from 

Type 1 Gaucher sp leen  homogenate; lan e  7, p u r i f i e d  enzyme with  

e f f e c t o r  I s o l a t e d  from normal sp le en  homogenate. One u n i t  of  

e f f e c t o r  was u t i l i z e d .  One u n i t  of e f f e c t o r  I s  d e f in e d  as t h a t  

amount which would s t i m u l a t e  a c id  $ - g l u c o s 1dase  a c t i v i t y  tw o- fo ld .
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Figure 20: Human placental acid 6-glucos1dase activity observed
in th e  p resence  and absence of  e f f e c t o r .

E f f e c t o r  from normal ( )  and Type 1 Gaucher ( a - a  ) f i b r o b l a s t  

homogenates. BSA ( • - • )  was added to  th e  p u r i f i e d  enzyme as  a 

c o n t r o l .  The amount of  e f f e c t o r  p r o t e i n  was v a r ie d  from 0 .0  to  

0 .5 mg/sample.
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Figure 21: Sucrose density ultracentrifugation of purified acid
B -g lu co s id a se  from human p la c e n ta  1n th e  presence  and absence o f  1 

U of  e f f e c t o r .

F r a c t io n s  {0.5  ml) were assayed f o r  ac id  e - g l u c o s i d a s e  a c t i v i t y  

us ing  the  a r t i f i c i a l  s u b s t r a t e ,  4MUG. P u r i f i e d  a c i d  e -g lu co s1 dase  

minus e f f e c t o r  { ) .  P u r i f i e d  a c id  B -g lucos1dase  p re - in c u b a te d

with e f f e c t o r  ( * - *  ).
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t h e  e f f e c t o r  bound to  p u r i f i e d  ac id  e - g l u c o s i d a s e .  The enzyme was run 1n 

th e  p resence  and absence of  e f f e c t o r  (1 U) and as  shown In f i g u r e  21, 

enzyme a c t i v i t y  in c re a s e d  tw o-fo ld  1n th e  p resence  of  th e  e f f e c t o r .  The 

e f f e c t o r  did  not  a l t e r  the  se d im e n ta t io n  r a t e  o f  th e  enzyme.

Heat s t a b i l i t y  s t u d i e s  performed w ith  p u r i f i e d  ac id  e - g l u c o s i d a s e  

minus I t s  e f f e c t o r  molecule demonstra ted  a t j ^  of  4 .5  m inu tes .  A ddi t ion  

of  e f f e c t o r  to  e i t h e r  normal o r  Type 1 Gaucher f i b r o b l a s t s  had no e f f e c t  

on th e  enzymatic  s t a b i l i t y  a t  37°C o r  50°C. Fur thermore ,  p re - in c u b a t io n  

w ith  the  e f f e c t o r  f o r  5 min a t  37°C f o r  30 m1n a t  room tem p era tu re  or  30 

min on 1ce had no e f f e c t  on e i t h e r  enzyme s t a b i l i t y  o r  on a c t i v i t y .

V. Gene Happing:

A. S p e c i f i c i t y  o f  Anti-Human Acid p -G lu co s id ase  In Hybrid Clones:

A double an t ib o dy  imm unoprec lp i ta t lon  a s sa y  f o r  human a c id  B -g lu co s id a se  

was developed (Table 8 ) .  In t h i s  system, p u r i f i e d  human p l a c e n t a l  ac id  

6- g l u c o s 1dase a c t i v i t y  was d e p le te d  from th e  su p e rn a n ta n t  and 45% of  th e  

t o t a l  recovered  a c t i v i t y  was p r e s e n t  1n th e  1mmunoprec1p1tate. Acid 

e - g lu c o s id a s e  a c t i v i t y  in s o l u b i l i z e d  human f i b r o b l a s t  e x t r a c t s  was a l s o  

p r e c i p i t a t e d  by th e  a n t i s e r u m ;  t y p i c a l l y  33-45% o f  the  t o t a l  recovered

a c t i v i t y  was p r e c i p i t a t e d .  In th e  absence o f  the  a n t i - a c i d  e - g l u c o s i d a s e  

a n t ib o d y  a n d /o r  the  r a b b i t  an t i -m ouse  Ig ,  no ac id  e - g l u c o s i d a s e  a c t i v i t y  

was d e te c t e d  1n th e  im m u n o p r e d p l t a t e .  P a r t i a l l y  p u r i f i e d  n e u t r a l  e -g lu c o ­

s i d a s e  from human U v e r  was no t  immunoprec ip l ta ted  nor was any e - g l u c o s i ­

dase a c t i v i t y  p r e c i p i t a t e d  from mouse (RAG), r a t ,  o r  Chinese hamster  

f i b r o b l a s t s .  In a d d i t i o n ,  th e  Immunopredpl t a t e  showed no enzymatic  

a c t i v i t y  when assayed  f o r  th e  p resence  of  o t h e r  g ly c o s ld a s e s  In c lu d in g ,  

a - L - a r a b i n o s i d a s e ,  e - g a l a c t o s i d a s e  a t  pH 4 .5  and 7 . 0 ,  a - g l u c o s i d a s e  a t  pH
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Table B

S p e c if ic i ty  of the  Imnunopreclpitatlon Assay 

For Hunan Acid A-Glucosidase {GBA)

Enzyme
Ant 1- 

GBA
R a b b i t  

Anti-House
X Total A ctiv ity  P- 

Recovered
GlucosIdas#

Source Antibody ig Supernatant P e l le t

P u r i f ie d  Human Placenta GBA ♦ + 6S 35

Human F ibrob las t  Extract ♦ * 72 28
• ♦ 100 NO *
• - ♦ 100 •

■ NMS* ♦ 100 m

P a r t i a l l y  P u r if ied  Hunan 
Liver GBN*

f ♦ 100 •

RAG F ib ro b la s t  Extract ♦ ♦ 100 •

RAT F ib ro b la s t  Extract ♦ * 100 m

Chinese Hamster 
F ib ro b la s t  Extract

♦ a 100 •

•CBN ( n e u t r a l  n-glucosIdase) was p a r t i a l ly  pu r if ied  fron human l iv e r  as described 
In Methods and used as the e-g lucosidase  source in th is  assay.

f  NMS ■ normal mouse serum

A NO * not de tec tab le
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4 . 0  and 6 .0 ,  6- g lu c u r o n f d a s e ,  B-hexosam1n1dase B and $-D-xylos1dase .  

Thus, the  a n t i se rum  was s p e c i f i c  only f o r  th e  human a c id  e - g l u c o s i d a s e  

Isozyme.

For d e t e c t i o n  o f  human ac id  e - g l u c o s i d a s e  1n hybr id  c lo n e s ,  the  

s e n s i t i v i t y  of  th e  c o m p e t i t iv e  Immunopredpl t a t e  a s sa y  f o r  human a d d  

e - g l u c o s i d a s e  was determined 1n th e  p resence  of  mouse e - g l u c o s i d a s e  a c t i ­

v i t y .  F igure  22 shows t h a t  the  anti -human a d d  e -g lu c o s1 d a se  an t ibody  

p e rm i t te d  the  s e n s i t i v e  and s p e c i f i c  p r e c i p i t a t i o n  of  human ac id  e -g lu c o -  

s i d a s e  1n m ix tu res  c o n ta in in g  vary ing  percen tages  of  human and mouse 

f i b r o b l a s t  e x t r a c t s .  The a ssay  was l i n e a r  over  th e  e n t i r e  range o f  0 t o  2 

U of  the  human enzyme and allowed th e  s e n s i t i v e  d e t e c t i o n  of human a c id

6- g l u c o s 1dase  in man-mouse hybr id  c lo n e s .

For each s e t  of tmm unoprec lp l ta t lon  a s s a y s ,  d i p lo i d  human f i b r o b l a s t  

e x t r a c t s  were used as  c o n t r o l s .  A mean va lue  of  37.8% (range 30.6-44.9%, 

n=1 2 ) of t o t a l  r ecovered  e - g l u c o s i d a s e  a c t i v i t y  was found in th e  human 

c o n t r o l  i r rn n un o pred p l ta te s .  On th e  b a s i s  of  gene dosage,  1t  was e s t im a te d  

t h a t  homogeneous hybr id  l i n e s  c a r r y i n g  a s i n g l e  human chromosome coding 

f o r  ac id  6 - g l u c o s id a s e  would have about  1/3 o f  th e  t o t a l  recovered  e - g l u ­

c o s id a s e  a c t i v i t y  in the  1mmunoprecip1t a t e  compared to  c o n t r o l  d ip lo i d  

human f i b r o b l a s t s .  Clones which were not  homogeneous f o r  t h e  chromosome 

c o n ta in i n g  th e  a c id  B -g lu co s id a se  s t r u c t u r a l  gene would c o n ta in  fewer 

m olecu les  o f  human a c id  B-g lucos1dase .  Only c lones  c o n ta in in g  a human 

chromosome 1 1n a t  l e a s t  30% of  th e  metaphases s tu d i e d  were con s id e re d  

p o s i t i v e  f o r  t h a t  chromosome. T h e r e fo r e ,  t h e  maximal expec ted  p e rc e n t  

1mmunoprec1pitated a c t i v i t y  1n a he te rogeneous  c lone  w i th  30% of the  

metaphase sp reads  c o n ta in in g  human chromosome 1 would be 30% t im es  th e  

maximal % 1mmunoprec1p1tated a c t i v i t y  1n d i p l o i d  human f i b r o b l a s t s  (37 .8 )

9 6



Figure  22. Im munoprec lp i ta t lon  o f  human a c id  e - g lu c o s id a s e  in 

m ix tu res  of  p a re n ta l  mouse and human f i b r o b l a s t  e x t r a c t s .

The t o t a l  amount of a c id  e - g l u c o s i d a s e  a c t i v i t y  (2 U) 1n th e  

assay  was the  same in a l l  c a s e s ;  however, the  m ix tu res  con ta ined  

th e  in d ic a t e d  p e rcen tage  of  human f i b r o b l a s t  e x t r a c t .

97



% 
OF

 
TO

TA
L 

RE
CO

VE
RE

D 
A

C
TI

V
IT

Y

45

30

0 *
10060 804020

%  HUMAN GBA ACTIVITY IN ASSAY

98



t imes 1/3 t o  a d j u s t  f o r  gene dosage in the  hybrid c e l l ,  I . e . ,  0 .3  X 3 7 .8* 

X 1/3 = 3.78% of t o t a l  recovered  a c t i v i t y .  Thus, hybr ids  were scored pos­

i t i v e  f o r  human a d d  e - g l u c o s i d a s e  when th e  % of  1mmunoprec1 p i t a  t ed  a d d  

B -g lucosIdase  was g r e a t e r  than  4% of  t o t a l  recovered  a c t i v i t y  [o r  g r e a t e r  

than  10% o f  th e  human d ip lo id  f i b r o b l a s t  c o n t ro l  a c t i v i t y  p r e c i p i t a t e d  

( see  Table 10 ) ] .

B. S eg rega t io n  A n a ly s i s  of  Human A d d  e-Glucos1dase  In Cell

Hybrids:  S eg reg a t io n  of human a d d  e -g lu co s1d ase  and the  enzyme markers

f o r  th e  human chromosomes 1n primary and secondary hybrid  c lon es  Is  shown 

in  Table 9. Table  10 shows the  human chromosome complements and the  

im m u n o p re d p l t a t io n  d a ta  In r e p r e s e n t a t i v e  secondary  or  t e r t i a r y  c lones  

s e l e c t e d  fo r  the  presence  o r  absence of  human a d d  B -g lu co s ld a se .  Based 

on th ese  a n a l y s e s ,  a l l  human chromosomes e x cep t  chromosome 1 were excluded

from gene ass ignm ent  f o r  human a c id  B-glucos1dase.  The s e g r e g a t io n  of  

human a d d  B-g lucos1dase  a c t i v i t y  1n th e  hybr ids  demonstra ted  100% concor­

dant  ex p re s s io n  of the  enzyme with  phosphoglucomutase 1 (PGM 1 ) ,  fumarate  

h y d ra ta se  (FH) and th e  i n t a c t  chromosome 1. All the  o th e r  chromosomes had 

a d i s c o r d a n t  f requency f o r  a d d  B-glucos1dase  rang ing  from 0 .26 to  0 .75  

and t h e r e f o r e ,  cou ld  be e l im in a te d .

C. Regional L o c a l i z a t io n  o f  Acid p-G1ucos1dase on Chromosome 1: A

hybrid c e l l  l i n e  (R/K1dAl 0 ) a human-mouse rearrangement  invo lv ing

human chromosome 1 was used t o  f u r t h e r  l o c a l i z e  the  gene f o r  a d d  B-gluco­

s l d a s e .  As shown 1n F igures  23 and 24, th e  chromosomal rearrangement  was 

c y t o g e n e t i c a l l y  de f in e d  a s  human I p t e r  pi  1 t o  a mouse chromosome by 

Glemsa 11 and Q-bandlng. C o n s i s te n t  with th e  c y to g e n e t i c  a n a l y s i s ,  th e  

hybr id  l i n e  was p o s i t i v e  f o r  human chromosome 1 s h o r t  arm m arke rs ,  e n o la se  

1 (EN01), PGM1 and a - f u c o s i d a s e  (FUCA), and was n e g a t iv e  f o r  the  long arm
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Table 9

Segregation  of Human Chromosome Markers and Human Acid fi-Glucosldase 
In Primary and Secondary Somatic Cell Hybrids

Enzymes* Chromosome

Concordant
-/*

P+ S + P S

Discordant

* /-  . -/+  
P S  P S

frequency
Discordant

PGM1, Fti 1 14 19 8 11 0 0 0 0 0.00
M0M1 2 1 0 3 0 7 1 0 1 0.69
GIB1 3 7 0 0 2 0 4 4 0.43
PGM2 4 3 4 1 0 3 3 3 1 0.56
HEXB 5 3 8 1 4 3 2 4 3 0.43
S0D2, ME1 6 3 4 4 0 7 0 4 1 0.52
GUS8 7 1 2 0 0 5 0 2 0 0.70
GSR 8 4 S 1 2 3 2 2 0.47
AK1, AK3, AC0N1 9 14 4 2 4 4 7 0 0.31
GOT1 10 3 0 1 1 4 1 4 0 0.64
LOHA 11 1 1 5 4 7 S 2 2 0.59
LOHB. PEPB 12 7 5 5 3 4 0 2 1 0.26
ESD 13 4 3 0 1 2 2 4 0 0.50
HP 14 3 5 1 5 4 1 3 0 0.36
HEXA, KPI 15 5 7 1 0 S 2 S 6 0.58
PGP 16 2 4 3 3 2 2 3 0 0.37
GLUA, GALK 17 * 4 - 2 - 1 - 0.75
PEPA 18 7 4 2 1 1 0 5 1 0.33
GPI 19 10 8 5 9 1 s 2 3 0.26
AOA 20 5 1 4 2 4 2 1 1 0.40
S001 21 3 1 1 0 6 3 0.39
AC0N2 22 4 0 2 3 2 3 4 0 0.50
G6PD X 2 - 1 * 2 - 3 * 0.63

*Enzyme markers were performed by starch  o r  c e llu lo se  a c e ta te  gel e lec tropho res is  as 
p rev iously  described (81>88).

* P ■ Prim ary;1, S * Secondary

100



Table 10
Seoreoation o f Humh G6A and Hunan Chromosomes In HAG X Human F ib ro b last 

Secondary and T e rtia ry  Hybrid Clones

H u m a n  6 8 A

Cell Line X Immuno- X C h r o m o s o m e s  _________
o rec lo i- Human Pns/

ta te*  Control i  Heg* 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Human F ib rob last 37.8 100.0

RAG 0 .0  0 .0

RAG X f i  L iver:
R/FiLi IB 14.7 38.8
A/FiL1 IC 17.0 44.9
R/FjLi IE 8 .7  23.0
R /F ili IF 5 .0  13.2
ft/F2U  IG 13.7 36.2
R/FjU  F3 2.4 6 .3

RAG X F, lung:
R/F3Lu EnG 7.3 19.3
R/F3Lu E,H 0 .9  2.3
R/F3Lu Ei * 2.9 7.6

RAG X F, Kidney;

+
♦
4
+
*

4 4 * 4
4 . 4 4

*  *  * *
*  -  + ♦

+
4

4
4

♦
♦

4 - ♦ 4
4 -

4 - 4 - - - -

4 4

4 4 .

R / f  jKid  A[ 7.3 19.3 + 4 - - 4 * * 4 - - - -
R / F 3Kid A„ 7.5 19.8 ♦ 4 ♦ - 4 - 4 4 - * - ♦ -
R / F 3Kid A12 5.6 14.3 ♦ 4 » m * m 4 - 4 4 * 4 4
R / F 3Kid Q, 13.7 36.2 ♦ 4 4 . 4 m - - - 4 4 - 4
R / F 3Kid 03 7.4 19.5 + 4 4 . 4 - 4 - - 4 • 4 •
R /F jX id  Aj 0.0 0 .0  * * 4 * 4 ♦ * * * • • • * *
R / F 3Kid U3 0.5 1.3 - * 4 4 4 • 4 4 - * • * 4 4

4
4

•Percen tage of to ta l  recovered a c tiv i ty  tn immunoprecipitate.
1 GBA a c tiv i ty  In iw m m oprecipitate o f  hybrids expressed as a percentage o f  a c t iv i ty  iw nunoprecipitated from human 

fib ro b la s t  co n tro ls .
♦ Hybrids scored as p o s itiv e  had »10X control human paren tal f ib ro b la s t G8A a c tiv i ty  in im munopreciplUtes,



Figure  23. Metaphase chromosome spreads  showing th e  human 1 {p 11 

-+ p t e r ) /  mouse chromosome t r a n s l o c a t i o n  c a r r i e d  in th e  mouse- 

hybr id  l i n e  R/KidAjQ.

A) Giemsa 11 banding and B) Q uinacr ine  f l u o r e s c e n t  banding. 

The t r a n s l o c a t i o n  chromosome i s  i n d i c a t e d  by the  arrow.
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Figure  24. Chromosome 1 from metaphase sp reads  of  normal human 

c e l l s  and t h e  R/K1dAjQ hybr id  c lone c a r r y i n g  the  mouse-human ch ro ­

mosome 1 ( p l l - *  p t e r )  t r a n s l o c a t i o n .

A) Normal human chromosome 1 banded by Giemsa 11 and q u i n i ­

c r i n e ,  r e s p e c t i v e l y ;  B and C) The t r a n s l o c a t e d  chromosome banded

w ith  Giemsa 11 and q u i n i c r i n e ,  r e s p e c t i v e l y .  The d a rk ly  s t a i n i n g  

mouse chromosomal m a te r i a l  i s  d e t e c t e d  by th e  Giemsa 11 s t a i n  

while  th e  q u i n i c r i n e  banding demonstra ted  th e  t r a n s l o c a t i o n  t o  

invo lve  t h e  p r e g io n  of  human chromosome 1 .

1 0 4





Figure  25. S ta rch  gel e l e c t r o p h o r e s i s  of enzymatic  markers fo r  

chromosome 1.

F i b r o b l a s t  e x t r a c t s  of  mouse (M), human (H),  R/Lung (Hy 1) and 

R/K1dAjQ (Hy2) were e l e c t r o p h o r e s e d  and s t a in e d  f o r  enzymatic  

a c t i v i t y  o f  v a r io u s  chromosome 1 enzyme markers .  The mouse-human 

hybrid  l i n e ,  Hyl, which c a r r i e s  an I n t a c t  human chromosome, demon­

s t r a t e d  both mouse and human isozymes f o r  a l l  th e  chromosome 1 

markers t e s t e d .  The Hy2 hybrid  H n e ,  which c a r r i e s  th e  chromosome 

1 ( pi 1 -► p te r ) /m o use  t r a n s l o c a t i o n ,  was p o s i t i v e  f o r  th e  s h o r t  arm 

m arke rs ,  e n o la s e  1 (EN01) and phosphoglucomutase 1 (PGM1) and 

n e g a t iv e  f o r  t h e  long arm m arker ,  p e p t id a s e  C (PEPC). These r e ­

s u l t s  confirmed the  c y to g e n e t i c  d a ta .  The isozyme p a t t e r n  of  each 

gel 1s shown d 1 a g ra m a t i c a l ly  below.

1 0 6
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m arkers ,  p e p t id a s e  C (PEPC) and FH. R e p r e s e n ta t i v e  ge ls  f o r  ENOl, PGM1 

and PEPC a re  shown in F igure  25. The absence of  d e t e c t a b l e  a c id  p -g lu co -  

s l d a s e  irmnunoprecipltable  a c t i v i t y  1n t h i s  hybrid  e l im in a te d  assignment of 

t h e  a c id  e -g lu co s1 dase  s t r u c t u r a l  gene to  th e  r eg ion  l p t e r  -► p l l .
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DISCUSSION

I. Purification of Human Placental Acid B-G1ucos1dase:
Acid B~glucos1dase was e n r i c h e d  3900-fo ld  over th e  I n i t i a l  p l a c e n ta l  

e x t r a c t ,  and the  f i n a l  enzyme p r e p a r a t i o n  was f r e e  from 12 o t h e r  hydro­

l a s e s .  A f f i n i t y  chromatography on dex tran  s u l f a t e - S e p h a r o s e  proved to  be 

a usefu l  s te p  in th e  p u r i f i c a t i o n  of  ac id  e -g lu c o s1 d a se .  Butanol e x t r a c ­

t i o n  o f  the  p a r t i a l l y  p u r i f i e d  B-glucos1dase  p r e p a r a t i o n  enhanced enzyme 

b inding to  the  dex t ra n  s u l f a t e  column. This  enhanced b ind ing  may be 

exp la ined  by th e  exposure of  some hydrophobic s i t e s  which were p re v io u s ly  

sh ie ld e d  by l i p i d s  o r  o t h e r  membrane components. The column would be 

expected  to  bind c a t i o n i c  p r o t e i n s  and ,  d e s p i t e  a t t e m p ts  to  minimize t h i s  

type of  i n t e r a c t i o n ,  c o n s id e r a b le  1on1c b ind ing  did occu r .  The enzyme 

I t s e l f  could be e lu t e d  with s a l t  g r a d i e n t s ,  but  such e l u t i o n  gave only a 

2 - f o ld  p u r i f i c a t i o n  and low y i e l d .  In c o n t r a s t ,  a crude sodium tau ro c h o -  

l a t e  g r a d i e n t  (0-5 mg/ml) gave a 1 0 - fo ld  p u r i f i c a t i o n .  Thus, th e  a b i l i t y  

o f  the  column to  give good p u r i f i c a t i o n  was dependent  upon th e  s p e c i f i c i t y  

of the  e l u a n t .  Following the  a d d i t i o n  of  crude  sodium t a u r o c h o l a t e ,  a 

major  peak of  UV-absorbing m a te r i a l  was e lu t e d  w ith  5M NaCl, but no a d d  

B -g lu co s id a se  a c t i v i t y  was d e t e c t e d .

The I n h i b i t i o n  of  B-glucos1dase  a c t i v i t y  by s u l f a t e d  macromolecules 

might be a t t r i b u t e d  t o  the  I n t e r a c t i o n  of th e s e  compounds with e i t h e r  the  

enzyme o r  a c t l v a t o r ( s )  which enhance th e  a c t i v i t y  of  th e  s o l u b i l i z e d  

enzyme. However, t h e  b ind ing  of  th e  enzyme to  Immobilized d ex tran  s u l f a t e  

and I t s  s p e c i f i c  e l u t i o n  w ith  crude sodium t a u r o c h o l a t e ,  su g g e s t s  a d i r e c t  

I n t e r a c t i o n  between th e  I n h i b i t o r  and th e  enzyme I t s e l f .

The suc rose  d e n s i ty  g r a d i e n t  u l t r a c e n t r l f u g a t l o n  was u se fu l  1n l a t e r
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s t a g e s  of  th e  p u r i f i c a t i o n ,  s e p a r a t in g  th e  ac id  B-glucos1dase  from both 

major lysosomal c o n ta m inan ts ,  0 -hexosaminidase  B and 6 - g lu c u r o n id a s e .  

p -G lucuron ldase  was e a s i l y  s e p a ra te d  from the  ac id  B-g lucos1dase  using a 

h y d ro x y ap e t l t e  column. However, e -hexosam in idase  B remained,  and only  a 

tw o -fo ld  In c re a s e  1n s p e c i f i c  a c t i v i t y  was observed .  Con-A Sepharose,  

wheat germ l e c t i n  and phenyl-Sepharose  a l s o  were u nsuccess fu l  in s e p a r a t ­

ing ac id  6 -g lucos1dase  from B-hexosamlnidase B. Rechromatography on 

o c ty l -S e p h a ro s e  did no t  i n c re a s e  th e  s p e c i f i c  a c t i v i t y  of the  enzyme and 

1on exchange and Sephadex chromatography were not u se fu l  as  a d d  B -g lu-  

c o s id a s e  a c t i v i t y  was r a p i d l y  l o s t .

Although th e  y i e l d  of  the  p u r i f i e d  enzyme was low ( 6 ^ ) ,  t h e  a d d i t i o n  

of g ly ce ro l  and 2-ME s t a b i l i z e d  t h e  p u r i f i e d  a d d  p - g lu c o s id a s e  and s t a b i l ­

i t y  was r e t a in e d  f o r  months when s to re d  a t  -20°C. The f i n a l  p r e p a r a t i o n  

had a s p e c i f i c  a c t i v i t y  of  0 .27 X 10® nmoles/h/mg p r o t e in  as compared to  

s p e c i f i c  a c t i v i t i e s  of  0 .078  X 10® nmoles/  h/mg p r o t e in  (32) and 0 .15  X 

10® nmoles/h/mg p r o t e i n  (34) r e p o r te d  f o r  th e  enzyme us ing  the  a r t i f i c i a l  

s u b s t r a t e ,  4MUG. The p u r i t y  o f  th e  enzyme p r e p a r a t i o n  was d i f f i c u l t  to  

e s t a b l i s h  s in c e  a d d  B -g lu co s id a se  does not  m ig ra te  I n t o  n a t i v e  po ly ­

acry lam ide  g e l s  and when t a u r o c h o l a t e  was added to  a l low m ig r a t i o n ,  t h i s  

compound I n t e r f e r e d  with p r o t e in  s t a i n i n g  (29) .  Upon SDS-polyacrylamlde 

e l e c t r o p h o r e s i s ,  m u l t i p l e  bands were obse rved ,  i n d i c a t i n g  t h a t  the  enzyme 

was n o t  homogeneous. The two major bands observed had m o lecu la r  weights 

of  67,600 and 79 ,400,  s i m i l a r  t o  th e  d o u b le t  observed by Furb ish  e t  a l . 

(36 ) .  I t  1s no t  known whether  th e  t h r e e  minor bands r e p r e s e n t  breakdown 

p roduc ts  o r  o t h e r  con tam inan ts .
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11. Evaluation of NBD-Glucosyl Ceramide A c t i v i t y :

A f l u o r e s c e n t  n a tu r a l  s u b s t r a t e  f o r  B-glucos1dase  has been r e c e n t l y  

s y n th e s i z e d .  The procedure  1s s t r a i g h t f o r w a r d ,  and th e  f l u o r e s c e n t  d e r i v ­

a t i v e ,  NBD-glucer, I s  f a r  e a s i e r  t o  p repa re  than  the  r a d i o a c t i v e  s u b s t r a t e  

(94) .  The NBD-glucer a ssay  was r a p i d ,  very  s e n s i t i v e  and much l e s s  enzyme 

was needed s in ce  th e  f l u o r e s c e n t  p roduct  was d e t e c t a b l e  in picomole q u a n t i ­

t i e s .  This  s e n s i t i v i t y  was achieved with a 1 0 - fo ld  d i l u t i o n  of  the  NBD- 

g lu c e r  with the  n a tu r a l  g lu cosy l  ceramide p e rm i t t i n g  c o n se rv a t io n  of  th e  

f l u o r e s c e n t  s u b s t r a t e .  The l i n e a r  r e l a t i o n s h i p  observed between I n i t i a l  

enzyme r a t e s  and the  r a t i o  o f  NBD-glucer:glucosyl  ceramide demonstra ted

th e  I n a b i l i t y  of  th e  ac id  8 -g luco s1 dase  to  d i s c r im i n a t e  between the  two 

n a tu r a l  s u b s t r a t e s  (F igure  11). I t  was shown (Table 6) t h a t  ac id  e - g l u -  

c o s id a s e  r e a d i l y  hydrolyzed NBD-glucer. Fur thermore ,  the  r a t i o  of NBD- 

glucer:4MUG a c t i v i t i e s  ( ^ 1 0 :1 )  s ta y ed  f a i r l y  c o n s t a n t  th roughout  th e  

p u r i f i c a t i o n  dem ons tra t ing  t h a t  th e  same enzyme was being p u r i f i e d  and 

a ssayed  with both s u b s t r a t e s .  S i m i l a r l y ,  Pentchev e t  (32) found a 

1 3 - fo ld  d i f f e r e n c e  In s p e c i f i c  a c t i v i t y  between th e  n a tu r a l  s u b s t r a t e
14

D-[1-  CJ-glucosyl  ceramide and 4MUG. The 3-4 fo ld  h ig h e r  app a ren t  

observed using  the  NBD-glucer (0 .287 mM) vs .  th e  r a d io l a b e l e d  n a tu r a l  

s u b s t r a t e  (0 .0 6 5 -0 .8 7  mM) could be exp la ined  by th e  d i f f e r e n t  d e t e r g e n t  

c o n d i t i o n s  (32 ,36)  used 1n th e  r e s p e c t i v e  a s sa y s .  I t  has been well docu­

mented t h a t  p r o t e i n ,  enzyme and d e te r g e n t  c o n c e n t r a t i o n s  can each a f f e c t  

t h e  1^ when the  s u b s t r a t e  i s  a l i p i d  ( 9 5 ,9 6 ) .  The NBD-glucer assay  was 

l i n e a r  with t ime (up t o  30 mln) and with i n c r e a s in g  enzyme c o n c e n t r a t i o n  

a t  th e  l e v e l s  used 1n th ese  exper im en ts .  The enzyme demonstra ted  a Km of

0.287 mM when assayed from 0.0125 rM t o  0.250 mM t o t a l  g lucosy l  ceramide.  

S u b s t r a t e  was not  so lu b le  a t  g r e a t e r  than 0 .250  mM using th e  d e sc r ib e d
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b u f f e r  and t a u r o c h o la t e  m ix tu re .  T h e re fo re ,  the  a s sa y s  were performed 

with a s u b s t r a t e  c o n c e n t r a t i o n  below th e  1^. To o b ta in  an a c c u r a t e  sp e ­

c i f i c  a c t i v i t y  f o r  each enzyme sample , d i l u t i o n s  of  each sample were 

assayed f o r  10 min. For t h i s  s h o r t  in cu b a t io n  p e r io d ,  only a small p o r ­

t i o n  ( ^20%) of  the  s u b s t r a t e  was hydro lyzed ,  a s s u r in g  t h a t  f i r s t - o r d e r  

k i n e t i c s  were m a in ta ined .

I I I .  S tu d ie s  o f  the  E f f e c t s  of  Phospho l ip ids  on P u r i f i e d  Acid b - G 1 u c o -  

s i d a s e :

Various p u r i f i e d  p h o sp h o l ip id s  have been shown t o  be e f f e c t i v e  a c t i ­

v a to r s  of the  p u r i f i e d  a c id  e - g l u c o s i d a s e  and to  g ive  a maximum s p e c i f i c  

a c t i v i t y  comparable t o  t h a t  o b ta in ed  with t a u r o c h o la t e  p r e p a r a t i o n s .  

Ph osp h a t id ic  ac id  was found to  be s l i g h t l y  more e f f e c t i v e  than th e  sub­

s t i t u t e d  p h o sp h o l ip id s ,  phospha t idy l  s e r i n e  and phosphat idy l  i n o s i t o l .  

Phosphol ip ids  were a l s o  e f f e c t i v e  in a l l e v i a t i n g  i n h i b i t i o n  of the  enzyme 

by dex t ra n  s u l f a t e  su g g e s t in g  t h a t  th e  i n h i b i t o r y  e f f e c t  of  s u l f a t e d  

macromolecules on p u r i f i e d  a c id  e -g l u c o s i d a s e  may occur  through b ind ing  t o  

a s i t e  involved in b ind ing  the  n e g a t iv e l y  charged phosphate  moiety of  th e  

p ho sp h o l ip id .  This c o n c lu s io n  was c o n s i s t e n t  with  th e  o b se rv a t io n  t h a t  

th e  n e u t r a l  p h o sp h o l ip id s ,  phospha t idy l  e thanolam ine  and phospha t idy l  

c h o l i n e ,  were i n e f f e c t i v e  a c t i v a t o r s  of a c id  e -g l u c o s i d a s e  (4 5 ,9 7 ) .

I t  would be expec ted  t h a t  hydrophobic s i t e s  would a l s o  p lay  a r o l e  in 

s t a b i l i z i n g  th e  enzyme-phospholip id  i n t e r a c t i o n .  Evidence f o r  t h i s  can be 

deduced from th e  e f f e c t s  o f  the  n o n - io n ic  d e t e r g e n t  T r i t o n  X-100 on a c id  

e - g l u c o s i d a s e .  The in f lu e n c e  of t h i s  d e t e r g e n t  on th e  sed im e n ta t io n  r a t e  

of th e  p u t a t i v e  enzyme-phospholip id  complex (F ig u re  12) and th e  i n h i b i t i o n  

of enzyme a c t i v i t y  by r e l a t i v e l y  low d e te r g e n t  c o n c e n t r a t i o n s  may both be
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a t t r i b u t a b l e  t o  d i s r u p t i o n  o f  the  enzyme-phosphol1p1d I n t e r a c t i o n .  These 

s t u d i e s  I n d i c a t e  t h a t  th e  s t a b i l i t y  and a c t i v i t y  of  human a c id  6 -g lu c o -  

s id a s e  a r e  dependent on a complex a r r a y  of  Ion ic  and non-1on1c I n t e r a c ­

t i o n s .

IV. S ep a ra t io n  of  Acid and Neutra l  p - G lu c o s id a s e s :

E le c t r o p h o r e s i s  on c e l l u l o s e  a c e t a t e  s l a b  g e ls  p e rm i t ted  the  r e s o l u ­

t i o n  of  both the  ac id  and n e u t r a l  B -g lu co s id a se s  in normal t i s s u e  homogen- 

a t e s .  This was Important  1n de te rm in ing  whether  r e s i d u a l  n e u t r a l  o r  ac id  

B-g lucos1dase  a c t i v i t y  was p r e s e n t  1n p u r i f i e d  p r e p a r a t i o n s  s in c e  th e  

a r t i f i c i a l  s u b s t r a t e ,  4MUG cannot  d i s t i n g u i s h  between the  two enzymes. The 

i d e n t i t y  o f  the  a d d  and n e u t r a l  enzymes was based on th e  fo l low ing  e x p e r ­

imental  f i n d i n g s :  (1) Chromatography on con A-Sepharose r e s u l t e d  in the

s e p a r a t i o n  of  th e  two B -g lu co s ld a se  a c t i v i t i e s  and p e rm i t te d  c h a r a c t e r i z a ­

t i o n  of t h e i r  r e s p e c t i v e  pH p r o f i l e s .  The a c i d i c  a c t i v i t y  bound to  t h i s  

l e c t i n  I n d i c a t i n g  I t s  g ly c o p r o te in  n a tu r e ,  s i m i l a r  t o  o t h e r  a c i d i c  l y s o ­

somal h yd ro la se s  (25) .  The more n e u t r a l  a c t i v i t y  did  no t  bind su g g e s t in g  

a d i f f e r e n t  c a rb o h y d ra te  s t r u c t u r e  o r  th e  lack of  p o s t - t r a n s l a t i o n a l  

g l y c o s y l a t i o n .  Following e l e c t r o p h o r e s i s ,  th e  a c i d i c  and n e u t r a l  a c t i v i ­

t i e s  r e s o lv e d  by con A-Sepharose each co-m lgra ted  w ith  only one of  th e  

a c t i v i t y  bands p r e s e n t  1n h e p a t i c  o r  s p l e n i c  homogenates. (2)  Only th e  

a c i d i c  a c t i v i t y  band was observed in  normal f i b r o b l a s t s ,  c o n s i s t e n t  wi th  

th e  p rev ious  dem ons tra t ion  t h a t  only  th e  a c i d i c  a c t i v i t y  1s expressed  1n 

th e s e  c u l t u r e d  c e l l s  ( 1 2 ,1 7 ) .  In a d d i t i o n ,  (3)  th e  markedly reduced 

a c t i v i t y  of  the  s lower m ig ra t in g  band 1n t i s s u e  homogenates from Type 1 

Gaucher homozygotes su p p o r t s  t h e  I d e n t i f i c a t i o n  of  t h i s  e l e c t r o p h o r e t i c  

band as a c id  B -g lu co s id a se  r e s p o n s i b l e  f o r  r e s i d u a l  g lu c o c e r e b r o s ld a s e
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a c t i v i t y .  (4)  The n e u t r a l  p -g lucos1dase  a c t i v i t y  band e x h ib i t e d  a c t i v i t y  

with o t h e r  a r t i f i c i a l  g ly c o s id e  s u b s t r a t e s  as  p re v io u s ly  r e p o r t e d  (2 8 ) ,  

whereas the  a c i d i c  a c t i v i t y  band only had a c t i v i t y  toward 4MUG. F i n a l l y ,  

(5)  only a c id  e -g lu c o s1 d a se  a c t i v i t y ,  which bound t o  con A-Sepharose had 

a c t i v i t y  towards th e  n a tu r a l  s u b s t r a t e ,  NBD-glucer. The n e u t r a l  enzyme 

had no a c t i v i t y  toward th e  n a tu r a l  s u b s t r a t e .

The a c i d i c  a c t i v i t y  band in Type 1 Gaucher t i s s u e  homogenates was 

v i s u a l i z e d  and appeared to  c o -m lg ra te  with the  a c i d i c  a c t i v i t y  1n normal 

t i s s u e  homogenates. The most l i k e l y  e x p la n a t io n  f o r  the  l o s s  of  a c t i v i t y  

observed on e l e c t r o p h o r e s i s  I s  a p o in t  m u ta t ion  which a l t e r e d  t h e  s t a b i l ­

i t y  as  well as the  a c t i v i t y  of  th e  r e s id u a l  a d d  e -g lu c o s1 d a se  in Type 1 

Gaucher d i s e a s e .  Support  f o r  t h i s  hy p o th es is  was d e sc r ib e d  by Turner and 

Hlrschhorn  (17) .  They found t h a t  f i b r o b l a s t  homogenates from Type 1 

Gaucher p a t i e n t s  were more t h e r m o la b l l e  than  homogenates from normal 

c o n t r o l  s .

This  e l e c t r o p h o r e t i c  method d i f f e r s  markedly from a r e c e n t l y  d e s ­

c r ib e d  system f o r  f l -g lucos1dase  (30) 1n which (1) only one a c t i v i t y  band

was v i s u a l i z e d  1n normal h e p a t i c  and s p l e n i c  homogenates,  (2) a d d  and 

n e u t r a l  &-g1ucos1dases were not I d e n t i f i e d ,  and (3)  no a c t i v i t y  was ob­

served  1n Gaucher f i b r o b l a s t  homogenates. In p a r t ,  t h i s  might be e x p l a i n ­

ed by the  use  ( in  t h e s e  s t u d i e s )  of  e th y l e n e  g lyco l  In th e  e l e c t r o p h o r e t i c  

b u f f e r  and th e  e th a n o l - c h lo ro fo rm  t r e a tm e n t  which enhanced th e  e n t r a n c e  

and m ig ra t io n  In to  th e  gel o f  th e  a c i d i c  a c t i v i t y  from normal and e sp ­

e c i a l l y  from Type 1 Gaucher t i s s u e  homogenates. This  f i n d in g  may be 

r e l a t e d  to  t h e  known I n t e r a c t i o n  of  th e  membrane-bound a d d l e  a c t i v i t y  

w i th  p h o sp h o l ip id s  ( 2 4 ,4 9 ) ,  and su g g e s t s  t h a t  t h e  d e f e c t i v e  ac id  B-g luco-  

s i d a s e  in  Type 1 Gaucher d i s e a s e  may a l s o  have an a l t e r e d  b ind ing  to
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c r u c i a l  I1p1ds,  s u b s t r a t e ,  e f f e c t o r  molecules  o r  o t h e r  hydrophobic moie­

t i e s  1n the  membrane. A more r e c e n t  r e p o r t  (2 9 ) ,  d e sc r ib e d  a method f o r  

th e  po lyacry lam ide  gel e l e c t r o p h o r e s i s  of  only th e  ac id  enzyme. Unfor­

t u n a t e l y ,  t h i s  system r e q u i r e s  l a r g e  amounts of enzyme a c t i v i t y  and t a u r o ­

c h o l a t e  which s e l e c t i v e l y  I n h i b i t s  n e u t r a l  B-g lucos1dase  (24) .

The enzymes, I d e n t i f i e d  by th e  e l e c t r o p h o r e t i c  and l e c t i n - b i n d i n g  

s t u d i e s ,  co rrespond  t o  th e  ac id  membrane-bound a c t i v i t y  which 1s d e f ­

i c i e n t  1n Type 1 Gaucher d i s e a s e  and th e  more n e u t r a l ,  so lu b le  a c t i v i t y  

which may be Involved in th e  p o s t - t r a n s l a t i o n a l  p ro c e s s in g  of  g lycop ro ­

t e i n s .  The e l e c t r o p h o r e t i c  s e p a r a t i o n  of  t h e s e  enzymes should  provide  th e  

means to  I n v e s t i g a t e  the  m o lecu la r  n a tu re  and I n t e r r e l a t i o n s h i p s  of  the  

B -g lucos id ase  d e f i c i e n c i e s  1n Gaucher d i s e a s e  sub types .

V. E v a lu a t io n  of  t h e  Role o f  th e  A d d  g -G lu co s id ase  E f f e c t o r :

Mixtures  of  e f f e c t o r  I s o l a t e d  from e i t h e r  normal o r  Type 1 Gaucher 

homogenates ( f i b r o b l a s t s  o r  s p le e n )  bound to  p u r i f i e d  p l a c e n ta l  a d d  

B -g lucos id ase  and a l t e r e d  th e  enzyme's e l e c t r o p h o r e t i c  m ig ra t io n .  When 

p u r i f i e d  a d d  B-g lucos1dase  was mixed w i th  e f f e c t o r  th e  enzyme c o n s i s t e n t ­

ly  migra ted  l e s s  a n o d a l ly .  When m ix tu res  of  enzyme and e f f e c t o r  were 

s u b je c te d  to  su c ro se  g r a d i e n t  u l t r a c e n t r i f u g a t i o n  (F ig u re  2 1 ) ,  enzyme- 

e f f e c t o r  complexes were d i s t i n g u i s h a b l e  by a tw o-fo ld  i n c r e a s e  1n a c id  

£ -g lu cos1 d ase  a c t i v i t y  observed 1n th e  presence  of  e f f e c t o r  as  opposed to  

enzyme a lo n e .  This e f f e c t  was no t  caused by a d d i t i o n a l  p r o t e i n  In t h e  

p r e p a r a t i o n  s in c e  equal amounts of  BSA did n o t  s t i m u l a t e  enzyme a c t i v i t y .  

When enzyme f r a c t i o n s  from th e  p u r i f i c a t i o n  of  a d d  6 -g luco s1 dase  a c t i v i t y  

were monitored e l e c t r o p h o r e t l c a l l y ,  t h e  enzyme appeared to  l o s e  I t s  e f f e c ­

t o r  molecule  a f t e r  a 55% ammonium s u l f a t e  f r a c t i o n a t i o n  s t e p .  The r e s u s ­
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pended p e l l e t  from th e  ammonium s u l f a t e  cu t  con ta in ed  ac id  6 - g lu c o s ld a s e  

a c t i v i t y  while  th e  s u p e r n a t a n t ,  which had no enzyme a c t i v i t y ,  con ta ined  

th e  e f f e c t o r  molecule .  The e f f e c t o r  was p a r t i a l l y  p u r i f i e d  from the  

s u p e rn a ta n t  and th e  presumed e f fec to r -enzym e  complex was r e c o n s t i t u t e d .  

Upon e l e c t r o p h o r e s i s ,  the  e n zy m e-e f fec to r  complex migra ted  l e s s  ano d a l ly  

than  the  enzyme a lo n e .  Furthermore ,  t h i s  complex m igra ted  t o  th e  same 

p o s i t i o n  as  the  ac id  e - g l u c o s i d a s e  a c t i v i t y  p r i o r  to  the  55% ammonium 

s u l f a t e  f r a c t i o n a t i o n .

The a l t e r a t i o n  in m ig ra t io n  of  t h e  enzyme caused by a d d i t i o n  o f  th e  

e f f e c t o r  molecule may be caused by (1)  a change 1n the  ne t  charge of th e  

e n zy m e-e f fec to r  complex as opposed to  enzyme a lo n e  o r  (2)  a conformational  

change in the  enzyme caused by b ind ing  of  th e  e f f e c t o r  molecule .  During

th e  ac id  e - g l u c o s i d a s e  p u r i f i c a t i o n ,  p h o sp h o l ip id s  o r  l i p i d s  may be s t r i p ­

ped o f f  and the  enzyme may have more n e g a t iv e l y  charged s i t e s  exposed on 

I t s  s u r f a c e .  These s i t e s  may be masked when the  e n zy m e-e f fec to r  complex 

i s  formed, or  a conform ationa l  change occured making the  e n zy m e-e f fec to r  

complex l e s s  e l e c t r o n e g a t i v e ,  thus caus ing  i t  to  m ig ra te  l e s s  ano d a l ly .

E f fe c to r  from normal and Type 1 Gaucher t i s s u e  was found to  In c re a s e  

th e  enzyme a c t i v i t y  o f  p u r i f i e d  ac id  p - g lu c o s id a s e  (F igure  20) .  As th e

amount o f  e f f e c t o r  In c r e a s e d ,  enzyme a c t i v i t y  a l s o  in c r e a s e d .  On a

p r o t e i n  t o  p r o t e i n  b a s i s ,  th e  e f f e c t o r  from normal and Gaucher f i b r o b l a s t s  

s t im u la te d  enzyme a c t i v i t y  t o  th e  same e x t e n t .  When e f f e c t o r  was i s o l a t e d  

from the  sp leen s  of  a c o n t ro l  and a Type 1 Gaucher I n d i v i d u a l ,  more e f f e c ­

t o r  a c t i v i t y  was observed In th e  Gaucher sp leen  than th e  normal sp le e n .  

P e t e r s  e t  al_. ( 44) observed t h a t  the  Gaucher e f f e c t o r  I s o l a t e d  from Type 

1 Gaucher sp leen  homogenate gave a h ig h e r  s p e c i f i c  a c t i v i t y  than  t h a t  o f  

th e  e f f e c t o r  from normal sp le e n .  The normal e f f e c t o r  was only  6% as
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e f f e c t i v e  as the  Gaucher sp leen  e f f e c t o r  In s t i m u l a t i n g  a c id  e - g lu c o s id a s e  

a c t i v i t y  of  human U v e r  homogenates (44) .  I t  1s p o s s ib l e  t h a t  d i f f e r e n t  

c o n c e n t r a t i o n s  of  e f f e c t o r  a r e  p r e s e n t  1n d i f f e r e n t  o rgans .  Since the  

sp leen  1s one of  th e  ma.lor t a r g e t  organs a f f e c t e d  1n Gaucher d i s e a s e ,  a 

h ig h e r  c o n c e n t r a t i o n  of  e f f e c t o r  might be p r e s e n t .  The e f f e c t o r  could 

bind to  th e  enzyme and by d i r e c t  I n t e r a c t i o n  the  e n z y m e :e f fe c to r  complex 

might s o l u b i l i z e  and hydro lyze  th e  s u b s t r a t e .  However, when e f f e c t o r  from 

th e  sp le e n s  of f i v e  p a t i e n t s  w i th  Type 1, 2 and 3 Gaucher d i s e a s e  were 

I s o l a t e d  and s tu d i e d  (9 8 ) ,  no c o r r e l a t i o n  between the  amount of  e f f e c t o r  

p re s e n t  and th e  s e v e r i t y  of  th e  d i s e a s e  o r  age of  o n se t  was found.

Although a c i d i c  ph o sp h o l ip id s  and t a u r o c h o l a t e  s t i m u l a t e  ac id  e - g l u -  

c o s ld a s e  more e f f e c t i v e l y ,  th e  e f f e c t o r  may s t i l l  p lay  a r o l e  1n a m e l io r ­

a t i n g  th e  p h y s io lo g ic a l  pa tho logy  of  Gaucher d i s e a s e .

VI. Chromosomal L o c a l i z a t io n  of  th e  Human Acid e -G lu c o s ld a se  Gene:

The s t r u c t u r a l  gene f o r  human a c id  e - g l u c o s i d a s e  has been l o c a l i z e d  

to  chromosome 1 us ing  somatic  c e l l  h y b r i d i z a t i o n  techn iq ues  and a double  

an t ib o dy  1mmunoprec1p1tat1on assay  s p e c i f i c  f o r  th e  human a d d  e - g l u c o ­

s id a s e  isozyme. This i s  t h e  f i r s t  time a chromosomal ass ignment  has been

d es ig n a ted  f o r  t h i s  enzyme. In a l l  52 hybr id  c lones  examined, 100J 

concordan t  e x p re s s io n  of  human a c id  e -g1ucos1dase  and the  enzymatic  mark­

e r s  f o r  chromosome 1, PGM1 and FH, was observed (Table 9 ) .  Cy togene t ic  

a n a l y s i s  of  th e s e  hybrid  l i n e s  a l s o  demonstra ted  s e g r e g a t io n  of  a c id  

B-glucos1dase  w i th  an I n t a c t  chromosome 1 (Table  10).  All o t h e r  human 

chromosomes showed d isco rdancy  f o r  ac id  e -g lu c o s1 d a se  as  de termined by

e i t h e r  enzyme marker o r  c y to g e n e t i c  a n a ly s e s .

The ass ignm ent  of  a d d  e -g l u c o s i d a s e  to  chromosome 1 was s t r e n g th e n e d
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by the  fo l low ing  f a c t o r s .  F i r s t ,  the  somatic  c e l l  hybr ids  used were de­

r ived  from th e  fu s io n  of a mouse RAG c e l l  l i n e  with human f i b r o b l a s t s  from 

t h r e e  d i f f e r e n t  i n d i v i d u a l s .  This  exc ludes  a p o t e n t i a l  source  of  e r r o r  

a r i s i n g  from a s i n g l e  fu s io n  c o n ta in in g  a l a rg e  number of  hybrid  subc lones  

(99) .  Second, only th e  ac id  e - g l u c o s i d a s e  Isozyme was expressed  1n human

f i b r o b l a s t  c e l l  l i n e s  (1 7 ) ,  th e re b y  e l im in a t i n g  t h e  p o s s i b i l i t y  of  p r e c i p i ­

t a t i n g  th e  human n e u t r a l  6 -g lucos1dase  Isozyme. In su p p o r t ,  p a r t i a l l y  

p u r i f i e d  h e p a t i c  n e u t r a l  B -g lu co s id a se  was no t  p r e c i p i t a t e d  by the  a n t i ­

serum. T h i rd ,  the  an t ibody  to  human a c id  B-glucos1dase  was prepared  1n 

Balb/C mice which decreased  th e  p r o b a b i l i t y  o f  any c r o s s - r e a c t i v i t y  be­

tween th e  human and mouse ac id  B-g lucos1dase  Isozymes. In f a c t ,  no c r o s s ­

r e a c t i v i t y  between th e  mouse, r a t ,  o r  Chinese hamster  f i b r o b l a s t  e - g l u c o ­

s i d a s e  and the  human enzyme was observed .  Fur thermore ,  the  1mmunoprec1p1- 

t a t i o n  assay  proved to  be a s e n s i t i v e  and r e l i a b l e  method to  d e t e c t  human 

a d d  B-g lucos1dase  a c t i v i t y  in th e  p resence  of  th e  mouse isozyme.

In a d d i t i o n  to  a s s ig n in g  th e  s t r u c t u r a l  gene f o r  human a d d  B-g luco-  

s l d a s e  to  chromosome 1, th e  gene locus has been f u r t h e r  l o c a l i z e d  using a 

hybrid l i n e  with a human chromosome 1 ( p t e r +  p l l ) /m o u se  chromosome t r a n s -  

l o c a t i o n .  Enzyme marker a n a ly se s  s u b s t a n t i a t e d  th e  c y to g e n e t i c  d a t a ;  a s  

EN01, FUCA and PGM1, which a r e  a l l  w i th in  th e  t r a n s l o c a t e d  reg ion  l p t e r  

-+ p l l ,  were p r e s e n t  1n t h i s  hybrid  l i n e ,  whi le  PEPC and FH ( l o c a l i z e d  a t  

lq25 lq42 and a t  q42 -*■ q t e r ,  r e s p e c t i v e l y )  were a b sen t .  No a c id  e - g l u -  

c o s ld a s e  a c t i v i t y  was d e t e c t e d  in  t h i s  hybr id  I n d i c a t i n g  t h a t  th e  t r a n s l o ­

ca ted  segment o f  chromosome 1 d id  no t  have th e  locus  f o r  a c id  e -g1ucos1-  

d ase .  Thus, t h e  r eg io n  on human chromosome 1 t o  which th e  s t r u c t u r a l  

locus  f o r  a c id  p - g lu c o s ld a s e  has been l o c a l i z e d ,  l p l l  ■* q t e r ,  i s  I l l u s ­

t r a t e d  1n F ig u re  26.
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Figure  26. Regional ass ignm ent  of human ac id  e - g l u c o s i d a s e  to  

chromosome 1.

Human chromosome 1 and i t s  enzymatic  markers a r e  shown d iag ram at-  

i c a l l y  on th e  l e f t .  The l o c a t i o n  of the  b re a k p o in t  of th e  t r a n s ­

l o c a t i o n  c a r r i e d  1n th e  hybrid  l i n e  R /K idA ^  i s  d e s ig n a te d  by the  

broken l i n e .  The s t r u c t u r a l  gene locus f o r  human a c id  e - g l u c o s i ­

dase  has been mapped to  the  reg ion  l p l l  + q t e r  and i s  d e p ic te d  

d i a g r a m a t i c a l l y  on th e  r i g h t .
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CONCLUDING REMARKS

I. Accomplishments:

These s t u d i e s  have prov ided  a u se fu l  founda t ion  f o r  f u r t h e r  s t u d i e s  

on a c id  B-g lucos1dase .  Severa l  biochemical  t o o l s  have been developed and 

u t i l i z e d .  (1) A d e x t r a n  s u l f a t e  a f f i n i t y  column which b inds 6 - g lu c o -

s l d a s e .  (2)  The s y n th e s i s  and th e  development o f  a s e n s i t i v e  a ssay  f o r  

a c id  e -g lu c o s1 d a se  a c t i v i t y  us ing  NBD-glucer. (3) The development o f  a 

c e l l u l o s e  a c e t a t e  e l e c t r o p h o r e t i c  system to  I d e n t i f y  a c id  and n e u t r a l  

e -g lu c o s1 d a se s  in v a r io us  human t i s s u e  homogenates. (4) The 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  of th e  normal and Type 1 Gaucher e f f e c t o r  molecule us ing  

c e l l u l o s e  a c e t a t e  e l e c t r o p h o r e s i s  and su c ro se  d e n s i t y  u l t r a c e n t r i f u g a t i o n .  

(5) The p roduc t ion  of  h ig h ly  s p e c i f i c  human a c id  B-glucos1dase r a i s e d  in  

Balb/C mice.  F i n a l l y ,  ( 6 ) t h e  development of  a double an t ibody  Immunopre- 

c i p l t a t l o n  a ssay  to  s e l e c t i v e l y  p r e c i p i t a t e  human ac id  B -g lu co s ldase  1n 

man-mouse hybrid  c e l l  l i n e s .

I I .  Fu ture  S t u d i e s :

The p u r i f i e d  ac id  6 -g lu co s1d ase  w i l l  be u se fu l  f o r  many f u r t h e r  

s t r u c t u r a l  and biochemical  s t u d i e s  of  the  normal enzyme and the  mutant 

fo rm (s )  o f  th e  enzyme found 1n th e  Gaucher sub types .  The dex t ra n  s u l -  

f a t e - S e p h a r o s e  column which b inds th e  normal a d d  B-glucos1dase may not  

b ind th e  mutant  enzyme and thus  g ive  some I n s i g h t  to  th e  b a s ic  m uta t ion .  

In t h i s  manner, t h e  d e x t r a n - s u l f a t e  b ind ing  s i t e  may a l s o  be i d e n t i f i e d .  

P u r i f i e d  enzyme can be used to  make a d d i t i o n a l  an t ibody  both from th e  

normal enzyme and enzyme from t h e  Gaucher sub types .

The n a tu r a l  s u b s t r a t e ,  NBD-glucer, may be u s e fu l  f o r  d e t e c t i o n  of
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c a r r i e r s  and homozygotes f o r  Gaucher d i s e a s e .  The n e u t r a l  enzymatic  

a c t i v i t y ,  p r e s e n t  In l e u k o c y te s ,  w i l l  no t  I n t e r f e r e  with h e te ro zy g o te  

d e t e c t i o n  in t h i s  assay  as  1t  does w i th  th e  4MUG assa y .

C e l lu lo s e  a c e t a t e  e l e c t r o p h o r e s i s  may be h e lp fu l  fo r  s t u d i e s  of  th e  

o t h e r  sub types  o f  Gaucher d i s e a s e .  The e l e c t r o p h o r e t i c  m ig ra t io n  of 

t i s s u e  homogenates from Type 2 and 3 Gaucher d i s e a s e  i s  y e t  to  be s t u d i e d .  

Fur therm ore ,  the  I s o l a t i o n  and e l e c t r o p h o r e t i c  c h a r a c t e r i z a t i o n  of  t h e i r  

r e s p e c t iv e  e f f e c t o r  molecules  w i l l  be of  I n t e r e s t .

Highly s p e c i f i c  a n t i b o d i e s  t o  a c id  p - g lu c o s id a s e  r a i s e d  in mice 

a g a i n s t  p u r i f i e d  enzyme, may enab le  t h e  f i n e r  mapping of  th e  gene f o r  a c id  

e - g l u c o s i d a s e  t o  th e  long arm o f  chromosome 1. This  can be accomplished 

using c e l l  l i n e s  c o n ta in in g  t r a n s l o c a t i o n s  and d e l e t i o n s  o f  segments o f  

th e  long arm of chromosome 1 .

A n t l - 8 - g l u c o s idase  a n t i b o d i e s  may a l s o  be used f o r  Immunochemical 

s t u d i e s  of  a c id  e - g l u c o s i d a s e  from normal and Gaucher sub types .  Spleen 

c e l l s  from Dalb/C mice making a n t i - e - g l u c o s i d a s e  an t ibo d y  have a l r e a d y  

been fused with an NS1 Balb/C mouse myeloma c e l l  l i n e  and hybrldomas have 

been e s t a b l i s h e d .  These hybrldomas each producing monoclonal a n t i b o d i e s ,

i . e . ,  an t ib o d y  to  the  a c t i v e  s i t e ,  p h o sp h o l ip id  s i t e ,  e t c . ,  may lend some 

i n s i g h t  to  the  m uta t ions  of the  Gaucher sub types .  Using ro c k e t  Immuno­

e l e c t r o p h o r e s i s ,  th e  presence  of c r o s s - r e a c t i n g  Immunologic m a te r i a l  

(CRIM) may be de te rm ined .

In a d d i t i o n ,  c e l l s  grown In tun lcam yc in ,  which I n h i b i t s  g l y c o s y l -  

a t l o n ,  would document whether  any o f  the  a n t i b o d i e s  a r e  s p e c i f i c  f o r  th e  

p o s t -  t r a n s l a t i o n a l  m o d i f i c a t io n s  o f  th e  a c id  e - g l u c o s 1dase .
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