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The  samples  were t a k e n  b e t w e e n  08.00 a n d  09.00 h a n d  
used  up  for ana lys i s  w i t h o u t  delay.  S t a r c h  was d e t e r m i n e d  
on  o v e n d r y  (80~ samples  accord ing  to t he  m e t h o d  of 
S e n s a b a u g h  a n d  Rush% 
P h o s p h o r y l a s e  a c t i v i t y  was e s t i m a t e d  fol lowing t he  pro~ 
cedure  descr ibed  b y  M a d h a v  S ingh  e t  al. 1~ A 10% (w/v) 
leaf  h o m o g e n a t e  in  neu t r a l i s ed  cys te ine  so lu t ion  (0.015 M) 
fo rmed  t he  e n z y m e  source. O t h e r  t h i n g s  r e m a i n i n g  t h e  
same,  t he  a s say  s y s t e m  compr i sed  0.4 ml  c i t r a t e  buf fe r  
(0.1 M, p H  6.2), 0.3 ml  1% soluble  s ta rch ,  0.15 m l N a F  
(0.3 M), 0.5 ml  h o m o g e n a t e  and  0.15 ml  G-1-P (0.05 M, 
p H  6.2). Pi  l i be r a t ed  was e s t i m a t e d  b y  c h l o r o s t a n n o u s  
acid reagen t .  The  e n z y m e  ac t i v i t y .w as  expressed  as ~zg Pi  
l i be ra t ed /100  m g  t i ssue /30  m i n  u n d e r  t he  cond i t ions  of 
t he  expe r imen t .  
W i t h  respec t  to  p h o s p h o g l u c o m u t a s e ,  t he  e n z y m e  e x t r a c t  
(10% leaf h o m o g e n a t e )  was  p r e p a r e d  fol lowing t he  pro-  
cedure  descr ibed  b y  Card in i  11, a n d  t he  a c t i v i t y  was 
e s t i m a t e d  accord ing  to  t he  m e t h o d  of R a m a s a r m a  e t  al. 1~. 
The  r eac t i on  m i x t u r e  (1.5 ml  e n z y m e  p r e p a r a t i o n  
+ 0.5 ml  ve rona l  buf fer  (pH 7.5) c o n t a i n i n g  8.25 ~zmoles 
G - I - P  and  0.07 ~moles  G-1,6-di  P and  1.7 ~xmoles MgSO~) 
was i n c u b a t e d  for 30 m i n  a t  36 ~ a f t e r  wh ich  t he  r eac t i on  
was s t opped  b y  a d d i n g  1 ml  5N H2SO 4 and  t he  i n c u b a t i o n  
t u b e s  were k e p t  in  boi l ing  w a t e r  b a t h  for 10 m i n  to 
hyd ro ly se  res idua l  G-1-P.  T he  t u b e s  were t h e n  cen t r i fuged  
a n d  t h e  s u p e r n a t a n t  was  s e p a r a t e d  a n d  m a d e  up  to 25 ml.  
Pi  was  e s t i m a t e d  in an  a l i quo t  of this .  I n  t he  control ,  t h e  
H~SO~ was added  to t he  r eac t ion  m i x t u r e  before  t h e  s t a r t  
of i ncuba t i on .  The  e n z y m e  a c t i v i t y  was expressed  as ~zg Pi  
c o n v e r t e d / 1 5 0  m g  t i ssue /30  m i n  u n d e r  t he  cond i t ions  of 
t h e  expe r imen t .  
Results a~cd discussion. T he  resu l t s  o b t a i n e d  are p r e s e n t e d  
in t h e  tab le .  I t  c an  be  seen t h a t  in t he  diseased leaves,  
c o m p a r e d  to t he  hea l t hy ,  whi le  p h o s p h o r y l a s e  a c t i v i t y  

increased,  p h o s p h o g l u c o m u t a s e  a c t i v i t y  decreased,  more  
so a t  m a t u r e  s tage.  Diseased  leaves  showed  h i g h  s t a r c h  
c o n t e n t  p a r t i c u l a r l y  a t  m a t u r e  stage.  
I n  t he  h e a l t h y  leaves,  p h o s p h o r y l a s e  a c t i v i t y  r e m a i n i n g  
s t a t i ona ry ,  t h e  increase  in p h o s p h o g l u c o m u t a s e  a c t i v i t y  
a n d  decrease  in s t a rch  c o n t e n t  f rom y o u n g  to m a t u r e  
s tage,  seemed to  h a v e  a corre la t ion .  In  t he  diseased leaves,  
increased  p h o s p h o r y l a s e  a c t i v i t y  and  decreased  p h o s p h o -  
g lucomutase  a c t i v i t y  could cause  G-1-P  to accumula t e .  
Though ,  in  t he  p l an t ,  G-1-P  undergoes  convers ion  to  
sucrose for t r ans loca t ion ,  t h i s  convers ion  seemed n o t  to  
be  f reely occur r ing  in t he  sp iked  sanda l  due  to r e s t r i c t ed  
p h l o e m  t r ans loca t ion .  On t h e  o the r  h a n d ,  m u c h  of t h e  
G - I - P  in these  leaves  a p p e a r e d  to be  unde rgo ing  recon-  
vers ion  to  s t a r c h  for t he  r eason  t h a t ,  of the  s u b s t r a t e  
(adenos ine  d iphosphog lucose /u r id ine  d iphosphoglucose)  
a n d  t he  accep to r  (o l igosacchar ide /mal tose)  needed  for 
s t a r c h  synthes is4 ,  la,14, t h e  fo rmer  can  arise f rom the  
a c c u m u l a t i n g  G- l -P ,  a n d  t h e  h i g h  d i a s t a t i c  a c t i v i t y  in t he  
s t a r ch - loaded  diseased leaves  could m a k e  t he  l a t t e r  
read i ly  avai lable .  Thus ,  a cons iderab le  decl ine in t h e  
a c t i v i t y  of p h o s p h o g l u c o m u t a s e  appea red  to be  a con-  
t r i b u t i n g  fac to r  for t he  s t a r c h  a c c u m u l a t i o n  in t he  sp iked  
sanda l  leaves.  
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Summary. A m e t h o d  to m a n u f a c t u r e  specific an t i s e r a  w i t h  a m i n u t e  a m o u n t  of pure  e n z y m e  is p resen ted .  The  inf luence  
of an t ibod ie s  on  a c t i v i t y  a n d  i n h i b i t i o n  of an  a l los ter ica l ly  r egu l a t ed  e n z y m e  was s tud ied .  

N - a c e t y l g l u t a m a t e  5 -phospho t rans fe ra se  (E2, EC 2.7.2.8) 
ca ta lyzes  the  second s tep  in t he  b io syn thes i s  of t he  amino  
ac id  a rg in ine  (arg.). I n  P s e u d o m o n a s  ae rug inosa  t h i s  
e n z y m e  possesses t h e  key  pos i t ion  of the  whole anabo l i c  
sequence.  I t  is i n h i b i t e d  a l los ter ica l ly  b y  t he  e n d p r o d u c t  
arg. 
I t  was  of i n t e r e s t  to  i nves t i ga t e  the  inf luence  of specific 
a n t i b o d i e s  on  t h e  enzymic  a c t i v i t y  a n d  t he  a l los ter ic  
p rope r t i e s  of t h e  e n z y m e  in v i t ro .  I m m u n o c h e m i c a l  t ech-  
n iques  are cons idered  va luab l e  tools  in  all sectors  of bio-  
chemica l  research.  Therefore ,  i t  was  h o p e d  to  add  to t he  
m e t h o d o l o g y  in me tabo l i c  regu la t ion .  The  a rg  b iosyn-  
thes i s  was  chosen  as a mode l  p a t h w a y  because  m u c h  work  
ha s  been  d e v o t e d  to  t he  knowledge  of t he  r e spec t ive  en- 
zymes  a t  t h i s  i n s t i t u t e  (e.g.a-7). 
P s e u d o m o n a s  ae rug inosa  PAO-1,  a w i l d t y p e  s t ra in ,  was  
c u l t i v a t e d  b y  t h e  m e t h o d  of H a a s  a n d  Leis inger  3 w i t h  
s l igh t  modi f ica t ions .  T he  as say  p rocedure  for E2 a c t i v i t y  
was descr ibed  3 as:  T he  r eac t ion  ca t a lyzed  b y  t h e  e n z y m e  
yields  N - a c e t y l g l u t a m y l  5 - phos pha t e  a n d  A D P .  H y d r o x -  

y l a m i n e  p r e sen t  in t he  a s say  m i x t u r e  t r a p s  t he  p r o d u c t  
f o rming  N - a c e t y l g l u t a m y l  h y d r o x a m a t e  wh ich  in t u r n  is 
complexed  w i th  Fe  a+ to  p roduce  a b r o w n i s h  colour  
m e a s u r a b l e  a t  540 rim. 
The  pu r i f i ca t ion  p rocedure  a was  followed, excep t  for t h e  
ea r ly  h e a t  d e n a t u r a t i o n  s tep.  E2 in t h e  c rude  e x t r a c t  was  
obse rved  to  be  more  h e a t - s t a b l e  in t he  presence  of N-  
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a c e t y l - g l u t a m a t e  (20 mM) alone t h a n  w i t h  20 m M  sub-  
s t r a t e  a n d  5 m M  arg. Therefore ,  a more  eff ic ient  h e a t  
t r e a t m e n t  a t  72~ ( ins tead  of 65~ could be  conce ived  
wh ich  e n a b l e d  us to  scale up  t he  pur i f i ca t ion  to  1200 g of 
bac t e r i a  as s t a r t i n g  ma te r i a l .  The  e n z y m e  was pur i f ied  
1700fold (over t he  c rude  s u p e r n a t a n t  of t he  cell homog-  
ena te)  to  a f ina l  specific a c t i v i t y  of 76.5 I U / m g  of p ro te in .  
2 an t i s e r a  were ra i sed :  a) an t i -E2 ,  a specific a n t i b o d y  
aga in s t  p u r e  E2  was  o b t a i n e d  f rom mice  v ia  t he  i.p. r ou t e  
(4 in jec t ions  w i t h  10 days  in te rva l s ,  each  w i t h  150 ~1 E2  
so lu t ion  c o n t a i n i n g  90 ~g of pu re  e n z y m e  + 150 ~l of 
comple te  F r e u n d  a d j u v a n t ) ,  b) an t i -pp t ,  a r a b b i t  was  
i m m u n i z e d  i n t r a d e r m a l l y  wi th  t h e  m e t h o d  p roposed  b y  
Axelsen  e t  al. 8. The  i m m u n o g e n  was an  i m m u n o p r e c i p i -  
t a r e  r e su l t i ng  f rom the  r eac t ion  of t he  above  mouse  an t i -  
E2  w i th  t he  enzyme.  P r e c i p i t a t i o n  was ach ieved  b y  mix-  
ing 30 ~1 E2  so lu t ion  c o n t a i n i n g  54 ~g of e n z y m e  w i t h  
70 ~l of p h o s p h a t e  buf fe red  sal ine (PBS)  and  50 ~1 of an t i -  
E2  s e r u m  (d i lu ted  1 : 5 w i t k  PBS) .  The  p rec ip i t a t e  fo rmed  
i m m e d i a t e l y  a n d  was w a s h e d  3 t imes  w i t h  P B S .  T h e  
a m o u n t  of E2  a d m i n i s t e r e d  was b e t w e e n  30 and  50 ~g/kg 
b. w t  of t h e  r a b b i t  pe r  in jec t ion .  The  an t i s e ra  were dia-  
lyzed aga ins t  P B S  to  r e m o v e  smal l  molecu la r  c o m p o n e n t s  
(e.g. arg) before  t h e y  were sub j ec t ed  to  f u r t h e r  exper i -  
m e n t s .  
I n  O u c h t e r l o n y  doub le  di f fus ion a s say  9, a n t i - E 2  dis- 
p l ayed  1 s h a r p  p r e c i p i t a t i o n  line as r u n  aga ins t  t h e  E2 
p r e p a r a t i o n  pur i f ied  as descr ibed  a b o v e  (figure 1). 

Fig. 1. Ouchterlony assay of pure E2 against mouse anti-E2. 1, 2, 
antisera from 2 different mice; center well, pure E2 (1.7 mg/ml). 
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Fig. 2. Ouchterlony assay of preincubated E2 against anti-E2. 1, 
pure E2 (1.7 mg/ml); 2, pure E2 + 200 ram N-aeetylglutamate; 
3, pure E2 + 143 mM argininium chloride; 4, mouse anti-E2 diluted 
1 : 5 with PBS. 

T h e  inf luence  of t h e  s u b s t r a t e  an d  t h e  a l los ter ic  effector  
a rg  on  t h e  an t i g en  a n t i b o d y  reac t ion  was inves t iga t ed .  I t  
could  be  s h o w n  t h a t  t h e  e n z y m e  i n c u b a t e d  w i t h  140 m M  
arg  deve loped  a second p rec ip i t a t i on  b a n d  nea r  t h e  an t i -  
b o d y  well  co r re spond ing  to a n  an t igen ic  e n t i t y  w i t h  a 
g rea te r  d i f fus ion coeff ic ient  t h a n  the  n a t i v e  e n z y m e  and ,  
therefore ,  w i t h  a smal le r  molecu la r  size. A l though  i t  was  
r epo r t ed  t h a t  a l loster ic  m e c h a n i s m s  are based  on ly  r a re ly  
on  d issoc ia t ion  processes  of ol igomeric  enzymes1~ in t h i s  
e x p e r i m e n t  t h e  i n h i b i t o r  in  non-phys io log ica l  excess h a d  
a d i ssoc ia t ing  effect  on  t h e  t e t r a m e r i c  enzyme~.  200 m M  
N-ace ty l  g l u t a m a t e ,  on  t h e  o the r  hand ,  d id  n o t  af fec t  t h e  
p r e c i p i t a t i o n  p a t t e r n  (f igure 2). This  is a c o n f i r m a t i o n  of 
t h e  resu l t s  of Haas  a n d  Leis inger  3 who,  b y  m e a n s  of gel 
f i l t ra t ion ,  found  molecu la r  weights  of 230,000 d in pre -  
sence of t h e  s u b s t r a t e  a n d  of 65,000 d in  p resence  of arg. 
I n  severa l  ins tances ,  t h e  f o r m a t i o n  of 2 d i s t i nc t  p re -  
c ip i t a t ion  l ines in  O u c h t e r l o n y  dif fus ion was  observed ,  
i r respec t ive  of t h e  degree  of pur i f i ca t ion  of t h e  e n z y m e  
a n d  w i t h o u t  a n y  p rev ious  t r e a t m e n t  of t h e  an t igen ic  
solut ion.  Th i s  p h e n o m e n o n  was p r o b a b l y  due  to disso- 
c ia t ion  assoc ia t ion  processes  of t h e  t e t r a m e r i c  enzyme,  for  
immunoe l ec t ropho re s i s  11 revea led  a p a t t e r n  of para l le l  
(concentr ic)  p rec ip i t in  b a n d s  showing  t h a t  t h e  2 an t i gens  
possessed iden t i ca l  e lec t r ica l  behav iour .  
T h e  second a n t i s e r u m  (ant i -ppt )  showed bispecif ic i ty ,  as 
expec ted ,  d i rec ted  t o w a r d s  mouse  i m m u n o g l o b u l i n s  on  
t h e  one h a n d  an d  a g a i n s t  E2 on  t h e  o ther .  T h e  i m m u n i -  
za t ion  t e c h n i q u e  app l ied  was deve loped  recent ly .  I t s  
special  a d v a n t a g e  is t h a t  on ly  smal l  a m o u n t s  of pure  im-  
m u n o g e n  are  requi red .  T h e  a c t i v i t y  of t h e  a n t i s e r u m  
h a r v e s t e d  a f t e r  3 in j ec t ions  was s t rong  aga ins t  mouse  im-  
m u n o g l o b u l i n  an d  w e a k  t o w a r d s  E2. I t  ap p ea r s  t h a t  for  
t h e  case of i m m u n i z a t i o n  w i t h  i m m u n o p r e c i p i t a t e s ,  t he  
a m o u n t  of e n z y m e  in j ec t ed  should  be  inc reased  up  to  
70-100 ~xg/kg b. wt .  T h e  fac t  t h a t  the  t i t r e  of a n t i - E 2  
a c t i v i t y  in  t h i s  s e rum was low can  be  u n d e r s t o o d  f rom our  
knowledge  of t h e  s t r u c t u r e  of i m m u n o p r e c i p i t a t e s .  P a r t  
of the  an t igen ic  d e t e r m i n a n t s  of t h e  e n z y m e  molecules  are  
occupied b y  an t ibod ie s  and,  therefore ,  w i t h d r a w n  f rom 
t h e  c o n t a c t  w i t h  i m m u n o c o m p e t e n t  cells. I n  a d d i t i o n  t h e  
i m m u n o g e n i c  i n t e r a c t i o n s  are  s ter ica l ly  h i n d e r e d  b y  t he  
i m m u n o g l o b u l i n  molecules  b o u n d  to t h e  sur face  of t h e  
enzyme.  I n  s u c h  d e t e r m i n a n t - d e p r i v e d  sys tems ,  low-zone 
to le rance  m a y  be found  in h ighe r  c o n c e n t r a t i o n  ranges  of 
t h e  appl ied  i m m u n o g e n  t h a n  would  be  the  case w i t h  free 
molecules.  
D u r i n g  t h e  s tepwise  a d d i t i o n  of t h e  2 a n t i s e r a  to  E2  
solut ions,  b o t h  e n z y m e  a c t i v i t y  a n d  al loster ic  i nh ib i t i on  
decreased  in  a n  a s y m p t o t i c a I  m a n n e r .  I n  solid p rec ip i t a t e s  
ha l f  of t h e  e n z y m a t i c  a c t i v i t y  was conserved  (50 •  
2 %  of t h e  or ig ina l  a c t i v i t y  r e m a i n e d  in t h e  s u p e r n a t a n t .  
I n h i b i t i o n  b y  a rg in ine  of t h e  e n z y m e  in t h e  p rec ip i t a t e  
was  r educed  b y  a b o u t  10%. 
Since t h e  effects  of t h e  2 an t i s e r a  on  t h e  ca t a ly t i c  p ro-  
pe r t i e s  of t h e  e n z y m e  were  t h e  same,  i t  was  conc luded  
t h a t  t h e i r  specif ic i ty  was  iden t ica l  or a t  l eas t  v e r y  s imilar .  
T h u s  i t  is possible  to  o b t a i n  monospeci f ic  a n t i s e r a  aga ins t  
en zy mes  or o t h e r  p ro te ins ,  u s ing  on ly  v e r y  smal l  a m o u n t s  
of pur i f ied  i m m u n o g e n .  I n  t h e  e x p e r i m e n t s  p r e s e n t e d  
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here,  t h e  f i rs t  a n t i s e r u m  (ant i -E2)  was monospecif ic .  How-  
ever,  a m e t h o d  could  be  conce ived  which requi res  on ly  
p a r t i a l l y  pur i f ied  e n z y m e :  A f i r s t  ol igospecif ic  s e rum can  
be  r eac t ed  w i t h  a p repur i f i ed  an t i gen  solut ion.  The  pre-  
Cipi ta t ion b a n d  of t h e  desi red a n t i g e n  is i so la ted  (e.g. f rom 

i m m u n o e l e c t r o p h o r e s i s  slides) a n d  used for i m m u n i z a t i o n .  
F u r t h e r  i nves t iga t ions  on  a n o t h e r  e n z y m e  of a rg in ine  
b io syn thes i s  will be  r epo r t ed  in a s u b s e q u e n t  p u b l i c a t i o n  12. 
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Summary. Mouse an t ibod ie s  w i t h  specif ici ty  t owards  a c e t y l o r n i t h i n e  5 -amino t r ans fe ra se  (ACOAT) f rom P s e u d o m o n a s  
ae rug inosa  were used  to  s t u d y  t h e  s t r u c t u r a l  s imi lar i t ies  of se rvera l  i so func t iona l  en zy mes  f rom d i f fe ren t  sources.  W i t h  
t he  a n t i b o d y  d i rec ted  aga in s t  ACOAT, t he  a m o u n t s  of e n z y m e  p r e s e n t  in cells g rown  u n d e r  d i f fe ren t  cond i t ions  were 
d e t e r m i n e d .  These  e x p e r i m e n t s  e s t ab l i shed  t h a t  t he  enzyme  is  i nduced  b y  a rg in ine  a n d  is sub jec t  to  repress ion  b y  
c a r b o n  sources.  

I n  a p rev ious  p a p e r  8 i m m u n o c h e m i c a l  s tud ies  on  N- 
a c e t y l g l u t a m a t e  5 -phospho t rans fe rase ,  t h e  second en- 
zyme  of a rg in ine  b i o s y n t h e s i s  were presen ted .  This  com- 
m u n i c a t i o n  deals  w i t h  N*-ace ty lo rn i t h ine  5 - a m i n o t r a n s -  
ferase (ACOAT, EC 2.6.1.11) which  ca ta lyses  the  f o u r t h  
s tep  in a rg in ine  b iosyn thes i s .  

N-acetylglutamate 5-semialdehyde / ~ ~ N~-acetylornithine 

glutamate ~ 2-oxoglutarate 

A couple  of i m p o r t a n t  ques t ions  could be  answered  b y  
immuno log i ca l  expe r imen t s .  

Fig. 1. Ouehterlony assay of pure ACOAT against mouse anti- 
ACOAT. 1 through 4, dilution series of mouse auti-ACOAT with 
PBS 1:1, 2, 4, 10; center well, pure ACOAT (0.5 mg/ml). 

Fig. 2. Ouchterlony assay of 1, pure ACOAT preparation; 2, crude 
extract from Pseudomonas aeruginosa PAO1 against; 3, mouse 
anti-ACOAT. 

A n t i b o d i e s  were ra ised  in  3 mice  us ing  the  p rocedure  
desc r ibed  p rev ious ly  3. ACOAT which  was pur i f ied  4 b y  
acid f r ac t iona t ion ,  a m m o n i u m  sul fa te  p rec ip i t a t i on ,  gel- 
f i l t r a t i on  on  s e p h a d e x  G-100, a n d  ionexchange  c h r o m a t o -  
g r a p h y  on  DE-52  (90% pure)  se rved  as i m m u n o g e n .  1.3 ml  
of a n t i s e r u m  were  ob t a ined .  The  a n t i b o d y  d i sp layed  1 
s h a r p  p r e c i p i t a t i o n  b a n d  in O u c h t e r l o n y  doub le  d i f fus ion 
as say  5 w h e n  r u n  ag a i n s t  pu re  A C O A T  (figure 1). Devel-  
o p m e n t  ag a i n s t  t h e  i m m u n o g e n i c  so lu t ion  as well  as 
ag a i n s t  c rude  e x t r a c t s  revea led  2 d i s t a n t  b a n d s  in-  
d i ca t ing  n o n - m o n o d i s p e r s i t y  of t h e  so lu t ions  (figure 2). 
The  second w e a k  a n t i b o d y  p o p u l a t i o n  w i t h  specif ic i ty  
ag a i n s t  a n o n - A C O A T  an t igen ,  however ,  d id  n o t  d i s t u r b  
t i le  e x p e r i m e n t s  to  be repor ted .  
Speci f ic i ty  a n d  c ros s - r eac t iv i ty  of t h e  a n t i s e r u m  were 
examined .  The  P. ae rug inosa  w i ld type  s t r a in s  PAC1 and  
P A T 2  possessed a n  a n t i g e n  wh ich  c o m p l e t e l y  cross- 
r eac t ed  w i t h  ACOAT f rom s t r a i n  PAO1.  This  r e su l t  is 
i nd i ca t i ve  for t h e  s t r u c t u r a l  i d e n t i t y  of t h e  en zy mes  f rom 
d i f fe ren t  sources.  Since t h e  a m i n o t r a n s f e r a s e s  f rom E. 
coli a n d  P. ae rug inosa  d i sp l ay  s imi la r  s t r u c t u r a l  and  
k ine t i c  p roper t i e s  (4,~, u n p u b l i s h e d  o b s e r v a t i o n s  f rom 
th i s  l abo ra to ry ) ,  i t  was  of i n t e r e s t  to  l ea rn  a b o u t  c o m m o n  
an t igen ic  specif ici t ies  of t h e  enzymes .  No vis ible  i m m u n o -  
p r ec i p i t a t e  was  fo rmed  w i t h  e x t r a c t s  of E.  coli K12. This  
r e su l t  i nd ica tes  t h a t  t h e  surfaces  of t h e  en zy mes  f rom the  
2 species are n o t  v e r y  s imilar .  T h e  ques t i on  is l eg i t ima te  
w h e t h e r  or n o t  a t  l eas t  t h e  ca t a ly t i c  s i tes  of t h e  iso- 
f u n c t i o n a l  en zy mes  h a v e  closely r e l a t ed  shape.  These  
c o m m o n  an t igen ic  d e t e r m i n a n t s  shou ld  lead to  cross- 
r e a c t i v i t y  t o w a r d s  a specific an t i s e rum.  I m m u n o c h e m i c a l  
a n d  enzymolog ica l  s tud ies  d e m o n s t r a t e  t h a t  b o t h  t h e  
a n t i g e n  b i n d i n g  s i tes  of i m m u n o g l o b u l i n s ,  as well as ac t ive  
s i tes  of enzymes ,  are concave  in shape,  t h u s  exp la in ing  
wi ly  an t ibod ie s  ag a i n s t  ac t ive  s i tes  are  n o t  l ike ly  to be 
raised.  
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