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Heterologous immunoadsorption in the purification of enzymes: N-acetyl-/5-glucosaminidase 

R. P. ERICKSON a n d  R. SANDMAN 
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Summary. A n  i m m u n o a d s o r b e n t  co lumn  was p r e p a r e d  us ing  a specific a n t i b o d y  to N-ace ty l - f l -g lucosaminidase  of 
h u m a n  origin. A l t h o u g h  no  p rec ip i t a t i ng  a c t i v i t y  of the  an t i s e r a  was found  w i t h  mouse  or r a t  l iver  ex t rac t s ,  e n z y m e  
was easi ly e lu ted  f rom t he  co lumn  wh ich  p rov ided  a b o u t  50fold, s ingle-s tep  pur i f i ca t ions  of these  he te ro logous  enzymes .  

I m m u n o a d s o r p t i o n  has  been  f r e q u e n t l y  used in t he  
pur i f i ca t ion  of enzymes.  The  t e c h n i q u e  ha s  usua l ly  in- 
vo lved  pur i fy ing  a smal l  a m o u n t  of enzyme,  p r epa r ing  a 
specific a n t i b o d y  to  t he  enzyme,  a n d  p repa r ing  a n  im- 
m u n o a d s o r b e n t  co lumn  b y  coupl ing  a n t i b o d y  to CNBr-  
a c t i v a t e d  Sepharose.  W e  p rev ious ly  r e m a r k e d  on  some 
of the  a d v a n t a g e s  of us ing  he te ro logous  i m m u n o a d s o r p -  
t ion  in t h e  pur i f i ca t ion  of enzym es  1. An t i s e ra  to  pur i f ied  
enzymes  f r e q u e n t l y  cross- reac t  w i t h  t he  same e n z y m e  in 
even  qu i t e  d i s t a n t l y  r e l a t ed  species and  t he  lower af- 

Elution of liver extracts from column of anti-human N-acetyl-~- 
glucosaminidase 

Source of enzyme Units/ml of Original Retained Puri- 
immuno- specific specific fication 
adsorbent activity activity factor 
retained KU/nlg h KU/mg h 

Human 
acid extract 
(NH4)2SO 4 ppt 0.8 3.7 113 30.6 

Mouse crude extract 1.5 0.23 18.1 79 

Rat crude extract 1.16 0.4 17.6 44 
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Elution of N-acetyl-~-glucosaminidase from immunoadsorption 
column prepared with antibody to human N-acetyl-~-glueosamini- 
dase. 4.5 ml fractions were collected from a 10 ml bed volumn 
column: �9169 mouse liver homogenate (2 runs); A---zX, rat liver 
homogenate; � 9  � 9  calf liver homogenate. 

f in i ty  of a n t i b o d y  for t he  he te ro logous  h a p t e n  can  be  of 
a d v a n t a g e  in e lu t ing  t he  e n z y m e  - the  cond i t ions  of h igh  
sa l t  or d i lu te  acid somet imes  necessa ry  in the  homologous  
s i tua t ion ,  wh ich  usua l ly  invo lves  a h igh  a v i d i t y  s i tua t ion ,  
f r e q u e n t l y  leads to  d e n a t u r a t i o n  of the  e n z y m e  a n d / o r  
a n t i b o d y  2. Aerobacter cloacae f l-galactosidase was e tu ted  
f rom a c o l u m n  of a n t i b o d y  to Escherichia coli fl-galacto- 
sidase b y  t he  buffer  in  wh ich  t he  e n z y m e  was appl ied  to 
the  c o l u m n  b u t  m u c h  a f te r  t he  exc luded  vo lume  1. Such  
he te ro logous  i m m u n o a d s o r p t i o n  was r ecen t ly  used to 
pur i fy  h u m a n  f l -glucuronidase 3 b u t  is no t  in genera l  use S. 
W e  r e p o r t  t he  use of a n t i - h u m a n  N-acety l - f l -g lucosamini -  
dase ( this  is the  e n z y m e  def ic ien t  in  T a y - S a c h ' s  disease) 
to  pa r t i a l l y  pur i fy  t he  l iver  e n z y m e  f rom 2 r o d e n t  species. 

H u m a n  N-ace ty l - f l -g lucosaminidase  was pa r t i a l ly  pur i -  
fied f rom l iver  b y  acid ex t rac t ion ,  a m m o n i u m  sul fa te  
p rec ip i t a t ion ,  molecu la r  sieve-gel c h r o m a t o g r a p h y ,  and  
ion exGtmnge c h r o m a t o g r a p h y * .  W e  ach ieved  h ighe r  
spec i f~  ac t iv i t i es  t h a n  here to fore  descr ibed  b y  s t a r t i n g  
w i t h  p o s t - m o r t e m  l iver  of a p a t i e n t  w i t h  mucopo lysac -  
char idos is  I I I b  (San  Fi l ippo syndrome ,  N-ace ty l -~-  
g lucosamin idase  deficiency) which  was 10fold enr iched  
in t he  e n z y m  e. 27 [xg of t he  pa r t i a l ly  pur i f ied  N-acetyl- f l -  
g lucosamin idase  was homogen ized  w i t h  F r e u n d ' s  ad-  
j u v a n t ,  comple te  for t h e  f i rs t  i n j ec t ion  a n d  incomple t e  
the rea f t e r ,  and  in jec ted  s u b c u t a n e o u s l y  3 t imes  a t  1 week  
in t e rva l s  in to  a New Zea land  whi te ,  male  r abb i t .  Af te r  
1 week, 18 ~xg of an t i gen  in. sal ine was in jec ted  in t r a -  
venous ly  a n d  the  r a b b i t  was  b led  1 week  later .  The  an t i -  
b o d y  showed on ly  one p rec ip i t a t i on  b a n d  w i t h  e x t r a c t s  
of h u m a n  liver. Af te r  ex tens ive  wash ing  of t he  doub le  
di f fus ion gel, t h e  b a n d  s t a ined  in t ense ly  w i t h  t he  h is to-  
chemica l  s u b s t r a t e  (N-ace ty l - f l -g lucosamine-4-methyl -  
umbel l i ferone) .  The  g a m m a - g l o b u l i n s  of t he  a n t i s e r u m  
were p a r t i a l l y  pur i f i ed  b y  t a k i n g  t he  33% (NH4)2SO ~ 
p rec ip i t a t e  (two t imes ,  each  t ime  t he  p rec ip i t a t e  was  
t a k e n  up  in, and  d ia lyzed  agains t ,  0 .9% NaC1). 50 m g  of 
t he  p r ec ip i t a t ed  g a m m a - g l o b u I i n s  were  coupled  to  25 ml  
of washed ,  C N B r - a c t i v a t e d ,  Sepharose  4B as p rev ious ly  
descr ibed  1. Ve ry  smal l  co lumns  of 1 ml  v o l u m e  were 
p r e p a r e d  in P a s t e u r  p ipe t t e s  or smal l  co lumns  of a b o u t  
10 ml  v o l u m e  were p r e p a r e d  in a 0.9 cm dia. glass co lumn.  

Crude  h o m o g e n a t e s  or  a m m o n i u m  sul fa te  p rec ip i t a t e s  
of l iver  acid e x t r a c t s  were dissolved in 0.01 M,  p H  7.0 
p h o s p h a t e  buffer  for app l i ca t i on  to t he  co lumn.  Af te r  t he  
sample  h a d  been  appl ied ,  t he  co lumn  was w a s h e d  w i t h  
t he  0.01 M,  p H  7.0 p h o s p h a t e  buf fe r  u n t i l  no  e n z y m e  
a c t i v i t y  was e luted,  i ml  f rac t ions  be ing  col lected f r o m  
the  smal l  co lumn  a n d  4.5 ml  f rac t ions  f rom the  la rger  
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column.  E lu t ion  was t h e n  per fo rmed  wi th  0.01 M, p H  4.6 
c i t ra te  buffer,  1 M in NaC1. E n z y m a t i c  ac t iv i ty  was as- 
sayed wi th  the  4-methyl -umbel l i fe rone  subs t ra te  as pre-  
viously descr ibed 5. 

Double diffusion analyses  showed the  precipi t in  line 
wi th  crude ex t rac t s  of h u m a n  liver bu t  no t  wi th  r ab b i t  
(the source of t he  an t ibody) ,  sheep, calf, mouse or ra t  
liver. Nonetheless ,  we suspected  t h a t  a cross-react ion 
wi th  some of these  species migh t  be p resen t  bu t  t h a t  the  
av id i ty  of the  a n t i b o d y  would be insuff icient  for a pre-  
c ip i ta t ion react ion (cross-reaction wi th  a single h a p t e n  
per  enzyme molecule seemed less likely). Such low av id i ty  
ant ibodies  m a y  allow elut ion f rom i m m u n o a d s o r b e n t  
columns a t  mi lder  condit ions.  As seen in the  figure, r a t  
and mouse  liver N-acetyl- /~-hexosaminidase were re- 
ta ined  by  the  i m m u n o a d s o r b e n t  co lumn and readi ly 
eluted in 1.0 M NaC1. However ,  calf, sheep (not shown),  
and r abb i t  (as expected)  l iver  N-acetyl -~-glucosaminidase  
were no t  re ta ined  b y  the  column.  Despi te  large var ia t ions  
in the  a m o u n t  of enzyme appl ied to the  columns,  similar 
amoun t s  were re ta ined  by  the  i m m u n o a d s o r b e n t  co lumn 

suggest ing t h a t  each of the  ant igenic  p repara t ions  sa tu-  
r a ted  the  available an t ibody-combin ing  sites a b o u t  
equal ly  well. As seen in the  table,  the  i m m u n o a d s o r b e n t  
co lumn capac i ty  was roughly  similar for human ,  mouse  
and  ra t  l iver N-acetyl-f l -glucosaminidase.  The 79-(mouse) 
and 44-(rat)fold pur i f ica t ions  achieved wi th  the  he tero-  
logous ant igens  were ac tua l ly  higher  t h a n  those  achieved 
wi th  the  homologous  an t igen  bu t  th is  is expla ined be- 
cause the  h u m a n  liver s t a r t ing  mater ia l  was par t i a l ly  
purified.  

I m m u n o a d s o r p t i o n  pur i f icat ion of enzyme  f rom o the r  
species ex tends  the  usefulness of an a n t i b o d y  p repared  
to  a purif ied enzyme of one species. Similar  capaci t ies  and 
pur i f icat ion factors  are achieved and  elut ion m a y  occur  
more  readi ly 6. 
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Summary. In  the  acid-soluble fract ion ex t r ac t ed  f rom embryos  t rea ted  wi th  cycloheximide,  t hymid ine  t r i p h o s p h a t e  
was largely accumula ted  and DNA polymerase  ac t iv i ty  decreased,  while b o t h  act ivi t ies  of t h y m i d i n e  kinase and 
t h y m i d y l a t e  kinase remained  unchanged.  

I t  has been d e m o n s t r a t e d  t h a t  the  in i t ia t ion of in vivo 
DNA synthes is  is d e p e n d e n t  on prote in  synthes is  2 1~. 
The present  s tudy  was conduc ted  to inves t iga te  which 
step in the  react ion sequence of DNA synthes is  f rom 
deoxyr ibonucleosides  requires  prote in  synthesis .  
Materials and methods. E m b r y o s  of the  sea urchin,  Hemi-  
cen t ro tus  pulcherr imus,  were cul tured to the  b las tu la  
s tage a t  a popula t ion  dens i ty  of 3.5 • 104 per  ml  in artifi-  
cial sea wa te r  conta in ing  300 uni ts  of penicillin and 50 txg 
of s t r ep tomyc in  per  ml for 20 h a t  20~ Then the  suspen-  
sion was divided into 2 par ts .  One pa r t  was allowed to 
develop as before (control) and the  o ther  was incuba ted  

wi th  10 mM cycloheximide.  60 minu tes  af ter  add ing  
cycloheximide,  samples  (10 ml, 3.5 • 105 embryos)  of each 
suspension were exposed to 25 txCi, 2.38 nmoles  of ~aH]- 
t h y m i d i n e  for 10 rain a t  20~ After  reaction,  radio- 
act ivi t ies  in the  medium,  the  acid-soluble and D N A  
fract ions  were measured,  and  then  the  acid-soluble frac- 
t ion was ch ro ma t o g rap h ed  and  the  f ract ions  separa ted  
were analyzed as descr ibed previous ly  la. The act ivi t ies  of 
D N A  polymerase,  t h y m i d i n e  kinase and t h y m i d y l a t e  
kinase were assayed as descr ibed previously  la. 
Results and discussion. In  normal  embryos  (control), much  
added  [aH]thymidine was taken  up in to  the  acid-soluble 

Table 1. Effect of cycloheximide on the uptake and incorporation of 
[aH]thyinidine in blastulae and relative proportions of [3H]thymidine 
and its phosphorylated derivatives in the acid-soluble fraction 

Control 10 nlM cyclohexinfide 
(cpm • 10 -a) % (cpm • 10 -~) % 

4.5.06 23.4 67.82 35.6 
Medium after 
incubation 

Acid-soluble 
fraction 
dTTP 
dTDP 
dTMP 
TdR 

DNA fraction 

Total 

96.25 50.0 98.25 51.5 
8.76 (9.11) 45.85 (46.60) 
2.32 {2.41) 3.55 (3.61) 
2.52 (2.62) 4.38 (3.45) 

82.50 (85.80) 44.92 (45.65) 

51.02 26.6 24.39 12.9 

192.34 190.46 
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