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. S U M M A R Y  

Ant i -enzyme  to c i t ra te-condensing enzyme, from pig imart was prepared in rabbits .  
The in te rac t ion  of the  enzyme  and  an t i - enzyme was not  dev;-:,dent on pH between 
6. 3 and  8. 9 nor  was it dependen t  ol,. t empera tuae  at o U or j;7 °. The reaction was 
comple te  wi th in  xo m;.n of  mixing the enzyme  an(I its anti-enz3qne. The presence of 
hea t - i nac t i va t ed  enzyme,  acetyl-CoA, CoA or c i t ra te  did not  affect the interact ion 
of  act ive enzyme  and  an t i - enzyme;  enzyme  inr.ct ivated by  aee ty la t ion  re ta ined 
some reac t iv i ty  for an t i -enzyme,  p-Mereur ibcnzoate- t rea ted  enzyme in te rac ted  wi th  
the  an t i - enzyme  in a m a n n e r  indistingudshabte from un t rea ted  enzyme.  The enzymes  
f rom pig liver and  k idney  and  pigeon hear t  and  breast  mn.~cle could not  be dis- 
tinguLshed from pig-heart  enzyme  on the b~_sis of their  r eac t iv i ty  with the pig-lmart 
an t i - enzyme ;  enzyme  from pigeon Liver and  dog hear t ,  llvt~r and  ki(iney reacted 
par t ia l ly  whereas  t ha t  from m o t h  flight mu:;cle and  rabbi t  hear t  remained com- 
ple te ly  un inh ib i t ed  in the presence of pig-heart  an t i -enzyme.  The suggestior, is made 
t h a t  the  ca ta ly t i c  cen te .  and the ant igenic  de t e rminan t  m a y  occupy n ~ i g h , ~ o r i r l g  

are.a~5. 

I N' r  R OD UCT ION 

E n z y m e - a n t i - e n z y m e  sys tems  provide means  for s tudy ing  the  in teract ions  between 
an an t igen  a n d  its a n t i b o d y  t.t and  a l ~  between an enzyme and its ~ubstrates ~-~. 
Similar  s tudies  have yielded informat ion  regarding cnzyTne s t rm:ture  8.°, and the  
re la t ionship  between enzymes  f rom different .~ources t-7, zo-z~. The foUowing studies  
were a preliminary, a t t e m p t  to character ize  certain features of the  pig-heart  ci trate-  
condensing e n z y m e - r a b b i t  an t i -enzvme system.  

.ME'rii(II),-~ A N t )  .~ [ATE~IAI .S  

Ant i - enzyme  to c i t r a t e<ondens ing  enzyme  from pig hear t  was prepared in New 
Zea land  albino rabbi ts  by  in jec t ing t h e m  with an enzyme  prepara t ion  tha t  was 
approx.  5 %  pure (see below). 75 mg uf  t h e  impure enzyme were given a.~ 6 injection.~ 
over  3 weeks; each dose wa_~ in jec ted  in part  by  the s u b c u t a n e o ~ ,  intracutmneous,  

Riochi~n. S~to~h~s. , 4e ta .  67  ( I ~ 3 )  bz7-6',z.5 
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i n t r a p e r i t o n e a l  a n d  i n t r a v e a o u s  rou tes .  O n e  w e e k  a f t e r  t h e  l as t  in j ec t ion  the re  w a s  
no d e m o n s t r a b l e  a n t i - e n z y m e  a c t i v i t y  in t he  r a b b i t  s e rum.  A s u b s e q u e n t  cou r se  o f  
3 w e e k l y  s u b c u t a n e o u s  i l l je~t ions o f  8 m g  o f  t h e  c r u d e  e n z y m e  emuls i f i ed  in a n  
equa l  v o l u m e  ot  c o m p l e t e  F r e u n d ' s  a d j u v a n t  ( to t a l  v o l u m e  4 ml) w a s  fo l lowed  b y  
tile a p p e a r a n c e  ot low levels  o f  a n t i - e n z y m e .  A f t e r  a s imi la r  c o u r ~  o f  4 w e e k l y  in- 
jec t ions ,  4o m l  o f  b l o o d  w e r e  r e m o v e d  f r o m  e a c h  r a b b i t .  One  m o n t h  l a t e r  a s ingle 
bocxster in jec t ion  in a d j u v a n t  w a s  g i v e n  a n d  a n o t h e r  4 ° rnl o f  b lood  col lec ted .  T w o  
m o n t h s  l a t e r  a n o t h e r  cou r s e  o f  4 w e e k l y  i n j e c t i o n s  o f  e n z y m e  in a d j u v a n t  were  
a d m i n i s t e r e d  a n d  a f u r t h e r  4o  m l  o f  b l o o d  o b t a i n e d .  T h e  l i t e r  o f  a n t i - e n z y m e  dlci 
no t  vary_ a p p r e c i a b l y  in t h e  se ra  ox i n d i v i d u a l  r a b b i t s  o v e r  t h e  course  o f  t hese  3 
b lcedings .  All of  tile s tud ies  to  be  r e p o r t e d  w e r e  c a r r i e d  ou t  w i t h  t h e  poo led  se ra  
f r o m  the  r a b b i t  w i th  the  h ighes t  t i l e r :  x m l  o f  th is  s e r u m  w a s  c a p a b l e  o f  i n a c t i v a t i n g  
x.2 un i t s  :6 of  c ry s t a l l i ne  e n z y m e  ( a p p r o x .  40/~g).  M e r t h i o l a t e  (final c o n c e n t r a t i o n  o f  
I : I o  ¢×ua) was  a d d e d  to  b o t h  c o n t r o l  a n d  i m m u n e  sera .  aald t h e y  w e r e  s t o r e d  in 
4 -mi  lo ts  a t  a p p r o x .  - - z o  °. T h e  a n t i - e n z y m e  a c t i v i t y  r e m a i n e d  s t a b l e  for  a t  lea~t 
6 m o n t h s .  

T u b e  p rec ip i t in  test~ 17 (4 -32 /~g  e n z y m e  a n d  o.25 ml  s e rum)  a n d  OUCHTERLO~'¢ 
d o u b l e  di f fus ion t e s t s  IB (x6o/~g e n z y m e  a n d  o . I  m l  s e rum)  w e r e  m a d e  u s i n g  3 t i m e s  
rec t~ ' s ta l I ized  enz.3wne. N o  specif ic  p r e r J p i t a t e  cou ld  be  d e t e c t e d .  

T h e  i n t e r a c t i o n  b e t w e e n  e n z y m e  a n d  a n t i - e n z y m e  w a s  s t u d i e d  us ing  t h e  c a p a c i t y  
o f  t h e  i m m u n e  s e r u m  to  i nh ib i t  e n z y m e  a c t i v i t y .  F o r  e a c h  d e t e r m i n a t i o n  one  t u b e  
w i t h  n o r m a l  r a b b i t  s e r u m  a n d  a n o t h e r  w i t h  i m m u n e  s e r u m  were  u s e d ;  t h e  c o n t r o l  
se rmr t  h a d  no a n t i - e n z y m e  a c t i v i t y .  E a c h  t u b e  c o n t a i n e d  o .2o ml  o f  d i l u t e d  s e r u m  
(x : 8 w i t h  o.x 5 M s o d i u m  ch lo r ide  in o.o~ M p o t a s s i u m  p h o s p h a t e  ( p H  7-4)), a n d  
o.o 5 ml  o f  e n z y m e  a d j u s t e d  to  : h e  a p p r o p r i a t e  c o n c e n t r a t i o n  w i t h  x : 5o n o r m a l  
r a b b i t  s e r u m .  T h e  v o l u m e  o f  r e a c t a n t s  was  i n c r e a s e d  p r o p o r t i o n a l l y  w h e n  l a rge r  
t o t a !  volum~,~ w e r e  r equ i r ed .  E = c e p t  w h e r e  o t h e r ~ . s e  indicated0 t h e  p H  o f  t h e  r eac -  
t ion  m i x t u r e  was  7.3, t h e  t e m p e r a t u r e  w a s  m a i n t a i n e d  a t  o ° a n d  t h e  t i m e  b e t w e e n  
m i x i n g  a n d  a s s a y  d id  no t  e x c e e d  5 h. N e i t h e r  the  c o n t r o l  no r  i m m u n e  se ra  c o n t a i n e d  
c i t r a t e - c o n d e n s i n g  e n z y m e  a c t i v i t y .  

E n z y m e  a c t i v i t y  w a s  a s s a y e d  a t  34o n ~  (see ref.  x9) in a B e c k m a n  DU s p e c t r o -  
p h o t o m e t e r  w i th  a Minneapo l i s  H o n e y w e U  r e c o r d e r  a n d  a Gi l fo rd  a b s o r b a n c y  con-  
r e f e r  a n d  a u t o m a t i c  c u v e t t e  change r .  T h e  a c t i v i t y  m e a s u r e d  in t h e  p r e s e n c e  o f  
i m m u n e  s e r u m  was  e x p r e s s e d  as  a p e r c e n t  o f  t h a t  in t h e  c o n c u r r e n t l y  a s s a y e d  c o n t r o l ;  
th i s  is r e f e r r ed  t'~ as  t h e  " p e r c e n t  r e s i dua l  a c t i v i t y " .  T h e  c u v e t t e  c h a m b e r  wa~ m a i n -  
t a i n e d  a t  a p p r o x .  25 * ; t h e  final c u v e t t e  t e m p e r a t u r e  w a s  m e a s u r e d  w i t h  a t h e r m i s t o r  
a n d  e n z y m e  a c t i v i t y  c o r r e c t e d  to  ~5 ° (see ref .  16). 

T h e  c h a n g e  in a b s o r b a n c y  w a s  fo l lowed  fo r  xo m i x  a n d  t h e  a c t i v i t y  comput~ ,d  
on t h e  bas i s  o f  t h e  f irst  8-m~ in t e rva l .  As t i t t l e  as  4 '  xo -~ un i t  o f  e n z y m e  ( a p p r o x .  
I.Z n~ug) cou ld  be  m e a s u r e d  w i t h  r e l a t i ve  ease.  

T h e  p r e p a r a t i o n  o f  p i g - h e a r t  c i t r a t e - c o n d e n s i n g  e n z y m e  used  in i m m u n i z i n g  t h e  
rabbit_~ c o n t a i n e d  m a l a t e  d e h y d r o g e n a s e  ~ a n d  t h e  i m m u n e  s e r u m  ~but n o t  the  con-  
trol)  ~vas found  to  h a v e  a n t i - e n z y m e  t o  p i g - h e a r t  m a l a t e  d e h y d r o g e n a ~ .  Since  t he  
a s s a y  for  c i t ra te-condensi~ag e n z y m e  w a s  a c o u p l e d  one  d e p e n d e n t  on m a l a t e  d e h y -  
~ o g e n a s e ,  a c o n c e n t r a t i o n  o f  m a l a t e  d e h y d r o g e n a s e  w a s  t a k e n  t h a t  w a s  t e n - f o l d  
h ighe r  t h a n  t h a t  u s e d  for  s tea ldaxd  a s s a y s  a n d  g r e a t l y  e x c e e d e d  the  a n t i - m a l a t e  
d e h y d r 0 g e n a s e  c a p a c i t y  o f  t h e  s e r u m .  B o t h  t h e  c o n t r o l  a n d  i m m , m c  ~ r a  c o n t a i n e d  

ldiochim, l~ioph~'~, A¢Ca, 67 ~i963) 6~7-45z5 
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m a l a t e  dehydrogena~ge a c t i v i t y ;  this  ac txv i ty  ".dt,ne wnnLd h av e  been  ~ufficient to  
s u p p o r t  t he  usua l  coup led  assay.  

B oe h r inge r  malace  dchy , i r ogenase  and  Ct)A we.re used  a n d  ace ty i -CoA was  
p r e p a r e d  acco rd ing  to  the  m e t h o d  of  Sz.~tox A~Z) $~t,"~ll.X to. T h e  an t igen  used for  
in j ec t ing  the  rabb i t s ,  r e f e r r ed  to  as the  5o--7~.0 a m m o n i u m  sul fa te  f rac t ion ,  was 
p r e p a r e d  &s de ~ . r i bed  ear l ier  '8. Cry-.~talline condens ing  e n z y m e  was p r ep a red  f rom 
pig he a r t  e i t he r  as p rev ious ly  de~cribed ~e or  b y  a recetzt modi f ica t ion  o f  the  m e t h o d .  
C i t r a t e - c o n d e n s i n g  e n z y m e s  f rom o the r  tissue5 were p r ep a red  in the  fol lowing w ay :  
the t issue wa~ h o m o g e n i z e d  for  5 - t o  min  in a V~'aring B len d o r  wi th  4 vo lume~ o f  
5o°.~, a m m o n i u m  sul fa te .  T h e  suspens ion  was cen t r i fuged  a n d  a m m o n i u m  sul fa te  was 
a d d e d  to  t h e  .~upernatant  so lu t ion  to  7o°/~, s a tu r a t i o n .  Th e  p rec ip i t a t e  was c~fllected 
a n d  dissolved in a smaLl q u a n t i t y  o f  o.o2 M po ta s s ium p h o s p h a t e  (pH 7.4)- Th i s  
so lu t ion  was  d i a lyzed  o v e r n i g h t  a g ~ n s t  o .oo2 M po.*as~+t,m p h o s p h a t e  (pH 7 4 ) -  ? .ny  
p r e c i p i t a t e  f o r m e d  d u r i n g  dia lys is  was  r e m o v e d  by  cent r i fugaxion  an d  the  super -  
n a t a n t  so lu t ion  used  as a ~ource of  condens ing  enz~'mt-. T h e  c rys ta l l ine  p igeon b reas t  
a n d  m o t h  f l ight  musc le  e n z y m e s  were p r e p a r e d  wi th  m e t h o d s  sinxilar to  t h a t  u..~ed 
for  the  p ig -hear t  e n z y m e .  

RESULTS 

Time-course of the enzyme-anti-enzyme interaction 

C r ude  e n z y m e  (3o-70".o a rnmt ,n ium s u l p h a t e  f ract ion)  and  3 t imes  rec rys ta l l i zed  
e n z y m e  were  a d d e d  in v l t ry ing  c o n c e n t r a t i o n s  to  toner<, l ~,nd i m m u n e  sera  ( ' i 'abie I). 

TABLE I 

T ' I M I - ' - C O U I . t t 4 F -  O~F " T H ~  E N Z Y M E - - A ~ ' f I - E ] q Z Y M K  I N T F . R A C " t ' I O N  

Conditions at o ~ and at pII 7-3 

PtrCtmt ce,ci~mat O.tg'gr.~y 

U'Jti|s added Crm,4~ en.:~a¢' 
o . :  m l  . . . . . .  

mr,* ¢ .¢ day~ 
O" t o  

d4hy~ ,/ay~ ~,~-~ 

0 .344  9~ 8:} 86 65 92 
o . t 2 5  ~ )  77 .58 53 b4 58 
o .o6x  49  4z 38 35 42 42 34 
,0.037 1 3  I 2  go I o  I 

/ f¢ce~l t  mrcd ca rym¢ 

0.349 9t 9z xoo 74 8.5 8.5 8 t  
o . z 3 4  68 7 ° 7z Or~ 64 6 7 
0 .066  55 35 46 49 44 42 43 
0 .038  Z2 ZO ~2 z9 23 

62 

67 

t3  

W i t h i n  6 - z o  min  a t  o ° t he  r eac t ion  was comple te .  Crude  a n d  r ec rys t a ! lDed  e n z y m e  
b e h a v e d  sLm_ i!~rly. T h e  e x p e r i m e n t  was  also r e p e a t e d  wi th  t h e  m i x t u r e  first  a t  37 ° for  
3o min  a n d  s u b s e q u e n t l y  a t  o °. Smal l  d i f ferences  were  o b t a i n e d  which  d id  no t  exceed  
t he  v a r i a t i o n  i n h e r e n t  in t he  m e t n o d .  

B ~ o c h l m +  ~ i o ~ h y s ,  .'[~a, 67 (~903) 6z7-0~5 
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Effect of centrifugation 

E n z y m e - a n t i - e n z y m e  mix tures  were assayed before and after  centr i fuging at  
4o0o rev. /min for 30 rain. No decrease was observed in residual enzyme  ac t iv i ty .  

S'landard curve 

A plot of all da ta  ob ta ined  within 5 h of  mixing enzyme and an t i - enzyme  at o ~ 
(t~H 7-31 is shown in Fig. x. These results  were obta ined  dur ing a & m o n t h  in terva l  
and show a repr t~uc ib i l i ty  of  +_ x5%.  The  effect of cer ta in  variables on the  e n z y m e -  
anti-enzyme, react ion was always compared  with this  s t andard  curve, 

:! 
l~O a 

GO" 

" o ~ ~> o o O o - -  

ENZ'rlaE b~LTS ~ 0  I'~, 0 2 0  I ~  OF" I ~, ~ 

Ir ' ig. I .  l n r . e r a c t i t ~ l  o f  t :n~v,~l t -  ~ ,nd  ~ t n t i - t : i t z y m e  a t  O"  a n d  p H  7 -3 .  ~÷o5 m l  o f  e c l z y m c  w a s  a d d o : !  
t o  ¢~,zo rn l  o f  t : S c o n t r t f l  a n d  i t n m u t l ~ :  r a b b i t  s e r u m  a n d  t h e  t w o  w e r e  a .~ t~ tyed  c o n c u r r e n t l y  

w i t h i n  5 h o f  a d d i n g  e n z y m e .  

Effect ~j pH 

The  s tabi l i ty  of this enzyme  with regard to  pH over  short  in tervals  of  t ime has  
been previously described 2a. The  enzynte  was stable between the pH ' s  of  6,3 and 
8 9 over  Lhe longer periods of  t ime which this work  required.  The  react ion m i x t u r e  
wa.s ad ius ted  to pH  levels within this range by  a l t e~ng  the  pH of  the di luents  for the 
serum and enzyme  with an appropr ia te  o.oz M Tris--citrate or o,oz M p o t a ~ i u m  
phospha te  buffer. At pH  8. 9. 6.6 and 6.3 enzyme  was inhibi ted by  an t i -enzyme to  
the same ex ten t  as Pt pH  7.3, with no apparen t  effect of different buffer  compo-  
sitions. 

Effect of hea, denatured ~nzyme ¢~n the enzyme-anti-enzyme reaction 

A s~lution of  c i t ra te-condensing enzyme  ~ n t a i n i n g  23.2 tmits /ml  was inac t iva ted  
at  ~8 ° for 5 rain. WI,en 0.05 m! o f  the  original ~ l u t i o n  (h~fore hea t  inact ivat ion)  
was added to b.4o m|  of  = : 8 immune  ~rum0 xoo% residual ac t iv i ty  was found;  

BiofAim. Biop]~y5...4c~, 07 (1963} 61~'-6~t.$ 
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t h i s  r e s u l t  i n d i c a t e d  an  e x c e s s  o f  e n z y m e  o v e r  t h e  q u a n t i t y  o f  a n t i - e n z y m e ,  i n t e r -  

a c t i o n  b e t w e e n  h e a t - d e n a t u r e d  e n z y m e  a n d  a n t i - e n z y m e  wa~ a s s e s s e d  b y  d e t e r m i n i n g  

i f  t h e  p r i o r  a d d i t i o n  o f  o .o  5 m l  o f  t h i s  i n a c t i v a t t x l  e n z y m e  to  i m m u n e  s e r u m  p r o d u c e d  

a r e d u c t i o n  in  t h e  c a p a c i t y  s u b s e q u e n t l y  t o  i n h i b i t  a c t i v e  e n z y m e .  ,No a l t e r a t i o n  o f  

t h i s  c a p a c i t y  c o u l d  be  d e t e c t e d  (F ig .  z) .  V~rhen enzvmL" w a s  5o~,,~ i n a c t i v a t e d  b y  

h e a t i n g  a t  480 for  5 r a in ,  t h e  r e m a i n i n g  a c t i v e  e n z y m e  r e a c t e d  w i t h  a n t i - e n z y m e  to  
t h e  .~trne e x t e n t  as  u n h e a t e d  e n z y m e .  

Interaction o[ p-mercuribenzoate-tmated enzyme wdh anti-enzyme 

# - M e r c u r i b e n z o a t e  (3-55 m g )  w a s  d i s s o l v e d  in o. 9 rnl o f  w a t e r  b y  a d d i n g  s e v e r a l  
d r o p s  o f  5 M po ta .~s ium h y d r o x i d e .  T h e  p H  w a s  t h e n  a d j u s t e d  tc~ 8 w i l h  H E ]  a n d  tht .  
m a l t i n g  p r e c i p i t a t e  r e m o v e d  by  c e n t r i f u g a t i o n .  A p r e p a r a t i o n  o f  c r y s t a l l i n e  e n z y m e  

w a s  s p e c t r o p h o t o m e t r i c a l l y  t i t r a t e d  a t  255 mkt w i t h  a x : 5 d i l u t i o n  o f  t h e  p - m e r c u r i -  
b e n z o a t e  u n t i l  t h e  i n c r e m e n t  in a b s o r b a n c y  ~-i th e a c h  a d t l i t i o n  o f  p - m e r c a r i b e n z o a t e  

w a s  e q u a l  t o  t h a t  in  t h e  b l a v k  w h i c h  c o n t a i n e d  no  f ree  ~ H h y d r y l  g r o u p s m .  C r y s t a l l i n e  

c o n d e n s i n g  cnzy..-~e c o n t a i n s  2 - 3  f ree  su ! f l ayd ry i  g r o u p ~  pe r  n t o l e c u l e  o f  e n z y m e  ~ .  

p - M e r c u r i b e n z o a t e - t r e a t e d  e n , - y m e  r e t a i n e d  ful l  e n z y m i c  a c t i v i t y  a n d  r e a c t e d  w i t h  

a n t i - e n z y m e  to  t h e  s a m e  e x t e n t  as  r a n t r e a t e d  e n z y m e  (Fig .  z). 

s o .  

3 0 ~  

2 0 ,  

t O -  

O "  , • • . .  ~ o  
o o o 

,, /4/ / f  ~" 

o / / / / ~ / /  

- _ J / / "  .~ 

F i  8 .  2. R e ~ : ~ v i t y  of  al tered enzyme ~ : h  anti-enzyme:. Tile. da ta  obtained are illustratud in 
relation to the s tandard  curve  and its -!- 15% limits, i [eat  inact ivated enzyme ( ~ - - L ) :  
citrate-condon~ing enzyme wa.~ t~t~lly ~nactivated in 5 man at 58% o.o5 ml of  this preparation 
wPs added to 0.40 ml o f  ! : 8 control  and immune s e r . m  at o ~ (prior to inact ivat ion,  when thi~ 
~Itlonnt o f  enzyme w~m ~]ded to o.4o m] el- I : 8 immune ~er~m, too~/o re~(|u~L] ~Ct/~rity could 
subsequent ly  be measure<t): following this. 0.05 ml of active enzyme was added÷ The enzyme 
~ t i v i t y  in the c~ntrol ~ d  i~0mune ser~ were th~n mc~.sured ~ d  the ]~tter expressed as x percent 
o f  t he  former, p-Mer¢or~benzoar~-t-reat-d cnzymv (~__~--A): ci t rate-condensing enzyme re- 
ta lned full a c t i v i t y  a f te r  complete  t i t ra t ion  with p-merc.r iben~oate,  o.o 5 ml of  t reated enz~rme 
w ~  s~dded to 0.20 ml o f  i : 8 control  and immune serum and the percent  residual ac t iv i ty  deter- 
mined as above.  Accty la tcd  eozyme (~'~ ..-O}: ci~'ate-condens/n8 enzyme was to ta l ly  i ~ c -  
t i v l i t e d  by ~ t m e n t  with acetic anhydride at  a pH ~lo~e to neutral i ty .  Thi~ preparat ion wa~ 

then used in an exper iment  .~imilxr to t ha t  described for heat - i rmct iv i ted  enzyme. 
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Effect of  acaylatgd enzyme on ~ enzyme-anti-enzyme reaction 

Acetic anhydr ide  (0.05 ml) was added  t~ o.? ml o f  water  and  qtticldy neutra l ized 
with solid potass ium bicarbonate .  The  f leshly prepared  anhydr ide  was used to 
ace ty la te  a solution of  enzyme  containing ~3.z units/ml.  The  nex t  morn ing  the  
mdution wa.s found t~> be only slightly acidic and  to  show no residual enz>arnic ac t iv i ty .  
Vehen equal amounts  of  the ace ty la ted  and act ive enzyme  were mixed and allowed to 
s tand fc-  i h, no ]o.~s of  enzyme  ac t iv i t y  resulted,  The  in terac t ion  be tween ace ty l a t ed  
enzyme and an t i -enzyme was then  assessed in a similar manner  to  tha t  d ~ c r i b e d  for 
hea t - inac t iva ted  enzyme.  Addi t ion o f  the  aee ty la t ed  enzyme produced  a small bu t  
significant reduct ion in the  capac i ty  o f  :.rnmune serum to inh;blt  act ive enzyme  
sub.~eqazently (Fig. z). 

i nflz~ence of substvates on the enzyme-anti-enzAwne reaction 

The enzyme (0.004 pmole  or  less) in a volume of 0.05 ml was t r ea t ed  for 5 rain 
at  room t empera tu re  with an equal  vo lume o f  e i ther  acetyl-CoA (o.~ 5 and 9.50 p m o l ~ )  
or coenzyme A (o.xo, o.z5 and o .5opmoles)  or Tr i s -c i t r a t e  (pH 7.4) (z..~ and z.o 
i~moles); 0 4  ml of  z : 8 serum was then added  and  enzy~ne ac t iv i ty  a ~ a y e d .  The  
da ta  in Table  1I show tha t  t he  presence of e i ther  o f  t h e e  3 subs t ra tes  singly, pro- 
duced no de tec tab le  in terference with the  e n z y m e - a n t i - e n z y m e  reaction.  These  were 
not  tes ted in pairs or all 3 toge the r ;  it  was not  possible to  s t udy  the effect of  oxalo- 
ace ta te  with the assay used in this work. 

TABI.E II 

I N F L U E N C t "  O ~ '  S U D q T R A ' r ~ . s  0 : 4  T I I E  Y . . N Z Y M E - A N T I - E N Z Y . M  'P I [ ¢ E A C T I O N  

C]rld~) 4 ~4[m[~ or  l e ~  o f  cnz .vmc  in  a v o | u m e  o f  0 .05  ml  w a s  a d d e d  to  0.05 m l  o f  s u b s t r ~ t e ,  a n d  
a l l o w e d  tt~ .~ta,~¢l a t  roona t e m p e r a t u r e  fo r  5 ra in ,  o .4o  ml  o f  r : 8 ~ r u m  wa,~ t h e n  a d d e d  a n d  1the 

pe r~amt  ~ s i d u a l  ac t i~ ' i t y  c o m p a x e d  w i t h  t h a t  f o u n d  u n d e r  s t an f l a t rd  c o n d i t i o n s .  

N,O~slra~¢ 

U~as o/ tnt)mc R ~ d ~  P~e~dlcted 
~¢n-~ lc~ tack srdt~y .f~,om 
o.=o m / o / r  : ~ ~ c~n't 

o. 25 p r n o l e  Acetyi-C~>A ~>.o42 23 15 
0 .50  p m o l e  A c e t y l - C o A  0 . ° 7 3  39 46 
~.z5 p m o l e  C o A  o .o3~  3 5 
0 5 0 / ~ r n o l e  C o A  0 . ° 3 5  4 4 
t .o $~mole e i t r n t e  0 .045 ~7 I 8  
z , o /~ r~o l e s  c i t r a t e  0 .059  29 34 

Reaaivily of condensing enzymes from oth~ tissues ~ith rabbit anti-enzyme to l~'g- 
heart conden~ng enzyn~ 

The jo--7o~' o a m m o n i u m  sulphate  fract ion from pig k idney  or l iver ex t r ac t  was 
added to I : 8  rabbi t  serum under  similar condit ions to  those used for  pig-heaxt 
enzyme.  The  da t a  in Table  I I I  show t h a t  enzyme  f rom these o the r  pig tissues reac ted  
wi th  hear t  an t i -enzyme to the same ex t en t  ~ d id  the  hea r t  enzyme.  

The condensing enzymes f rom pigeon hea r t  and  pigeon b~east muscle also 

Biochim. BiopJ, ys. Aaa. ~,7 (x9~3) 6~7-625 



IMMUNOCHEMICAL STUDIES ON CONDENSING ENZYM~ 6Z 3 

TABLE II l  

" ~ E A C T I V I T V  OF C O N D E N S I N G  E ~ Z Y I M E 5  F R O M  O T H E R  S O U R C  n .~  W H E N  A ~ T I - I ~ Z * t e ~ I E  

T O  P I G  I ' I E A H T  I S  C O M P A . R E D  W I T H  T H A T  O F  Y H E  P I G - H E & R . - -  E N Z W H  I" 

A. x. Pig liver o.139 74 72 
0 . 0 3 7  o 5 

Pig kidney o . ~  248 7o 72 
o.o38 0 7 

z. Pigeon heart 0.079 44 5 ° 
o . o I 8  0 o 

Pig~n  breast o.o72  36 45 
o.oxg o o 

B. x. Pigeon liver 0.0¢ 7 S o 
o.oow) i i o 

o.oo 5 8 o 
2. Dog heart 0044 g9 I7 

o , o 1 7  8= o 
0.o06 59 o 

Do~, klcincv n o56 ~¢) 3] 
u . o z o  75 o 

o + o o 4  7 3  o 

Dog liver 0.03 x ~ o 
o.oo8 ,$~ o 
0.004 51 o 

3 .  Moth flight 0.033 9z z 
muscle 0.003 t 03 o 

Rabbit heart 0-033 xo4 
o. o o  5 99 o 

r e a c t e d  w i t h  t he  a n t i - e n z y m e  to  Vii  h e a r t  in a m a n n e r  i n d i s t i n g u i s h a b l e  f rom pig- 
h e a r t  e n z y m e ;  r a b b i t  h e a r t  a n d  m o t h  f l igh t -musc le  e n z y m e s  wexe no t  i n h i b i t e d  b y  
t h e  a n t i - e n z ) m e ;  e n z y m e s  f r o m  p igeon  l iver  a n d  d o g  hea r t ,  k i d n e y  and  l iver  were  
o n l y  p a r t i a l l y  i n h i b i t e d  b y  the  a n t i - e n z y m e .  T h e  l a t t e r  g r o u p  a p p e a r e d  t o  r e a c h  a 
p l a t e a u  o f  i nh ib i t i on  w h i c h  d i d  no t  c h a n g e  u p o n  r e d u c i n g  t h e  r a t io  o f  v n z v m e  to 
a n t i - e n z y m e .  W h e n  p i g - h e a r t  e n z y m e  was  a d d e d  to  i m m u n e  s e r u m  c o n t a i n i n g  m o t h  
f l i g h t - m u s c l e  e n z y m e ,  t h e  p i g - h e a r t  e n z y m e  was  i n h i b i t e d  t o  t be  s a m e  e x t e n t  as  i f  
t h e  o t h e r  were  n o t  p r e s e n t .  

DISCUSSION 

T h e  p o o r  a n t i g e n i c  p r o p e r t y  o f  p i g - h e a r t  c i t r a t e - c o n d e n s i n g  e n z y m e  n o t e d  here  
m a y  h a v e  r e s u l t e d  f r o m  t h e  use. o f  a c r u d e  e x t r a c t  in i m m u n i z i n g  t h e  r a b b i t s :  p o s s i b l y  
a m o r e  s a t i s f a c t o r y  r e s p o n s e  w o u l d  h a v e  been  f o u n d  in t he  a b s e n c e  o f  o t h e r  an t i gen i c  
s t imul i .  

T h e  r e su l t s  p r e s e n t e d  here  sugges t  a c l o ~  r e l a u o n s h i p  b e t w e e n  the  c a t a l y t i c  
c e n t e r  a n d  t h e  a n t i g e n i c  d e t e r m i n a n t .  T h e  e n z y m e  b e c a m e  totally i n a c t i v e  a f t e r  
b e i n g  a d d e d  to  an  a p p r o p r i a t e  a m o u n t  o f  a n t i - e n z y m e  ; t he  r a p i d i t y  o f  i n a c t i v a t i o n ,  
t h e  a b s e n c e  o f  a n  effect  b y  c e n t r i f u g i n g  a n d  t he  l ack  o f  d e m o n s t r a b l e  p r e c i p i t a t e  
m i n i m i z e  t h e  p o ~ i b i l i t y  t h a t  e n z y m e  was  u n a v a i l a b l e  t o  s u b s t r a t e  th rc , agh  s e d i m e n -  

Biochim. Biopkys. A ~ ,  67 (x963) 6t7-6z5 
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tat ion from solution in the immunological  complex. This suggests t ha t  the ca ta ly t ic  
center m a y  have become stericaUy inaccessible to substrate  following the inter- 
action of enz3~me and ant i -enzyme;  it  is a l ternat ively  F, ossible tha t  loses of  enzymic 
act ivi ty following union with ant i -enzyme m a y  have been due to a resulting distot 
lion of the cata lyt ic  center z~t~. In some other  enzyme-an t i -enzyme systems, the 
immunolo~:ical ct)mplex reta ined a t  least some enzymic activity4,X4, ~-s°. Both  the 
enzymic act ivi ty  and capaci ty  to react  with ~nti-enzyme were los~ in parallel when 
enzyme was t rea ted  with hea t ;  however, this m a y  have been related to al terat ion of 
different parts  of  the molecule. A free sulfl lydryl group is not  impor tan t  in either 
site since p-mercuribenzoate t r ea tmen t  did not affect ei ther  enzymic ac t iv i ty  or 
the interaction of enzyme and anti-enzyme. Acetylat ion of the enzyme d ~ t r o y e d  
its ac t iv i ty  and great ly  reduced its capaci ty  to react wi th  anti-enzyme. These ob- 
servations suggest tha t  the  ca ta ly t ic  center  and antigenic de te rminan t  m a y  be re- 
presented in a similar area of the molocular surface, bu t  "*_~ an overlapping .rather 
than  identical manner.  

I t  would be anticipat~ d from the foregoing tha t  the presence of  the substrate~ 
might  interfere with the enzyme-an t i - enzyme  reaction. Of  other e n z y m e - a n t i -  
enzyme syst~m.~ in which similar studies were carried out,  subs t ra te  and  cofactors 
were demonst ra ted  to interfere in some4-7, *m,~° and  not  in others*-e,D,~s,~4.z~,~m, ~. 
Since d~e i ,d iv idua  1. substrates did not  affect the  enzyme-a , i t i -enzyme interact ion 
it is lm.~sible t ha t  the av id i ty  of the enzyme for ant i -enzyme is considerably stronger 
than  for substrate,  or as found by  others z6. tha t  substra te  pairs mus t  be present 
before bindin~ of either occurs. Previous equilibrium dialysis expe lhnen ts  between 
condensing enz3~rne and oxaloacetate  or []4C]-acetyl-CoA gave no evidence for binding 
c.f either material  by the cnzym es3. 

Pigeon-heart and breast-muscle enzyme were indistinguishable from the  pig- 
heart  enz~mae by these immunological  mearm. However.  the pigeon-breast muscle 
enzyme behaved qui te  differently from the pig-heart  enzyme in starch-gel electro- 
phoresis, wa-~ more soluble in ammonium sulphate,  could be eluted from I )EAE-  
cellulose with a lower ionic s t rength phosphate  buffer and  was more heat  stable t4. 
This clearly indicates that  the  presence of  c~mplete immunological  iden t i ty  does not  
necessarily imply the exis*.ence of complete molecular identityZ°,ts, 16. 

The plateau of  inact ivat ion tha t  occurs with pigeon Liver and  dog heart ,  k idney  
and liver enzymes m a y  be due to (a) the an t i -enzyme covering only a fixed proport ion 
of the catalyt ic  centers, (b} mor* than  one form of  ci trate-condensing enzyme being 
pre~ent in these preparations and not  all of them being inlfibited by  ant i -enzyme,  or 
nlut-e likely. (c ) the  dissociation cor, s tan t  between the ant i -enzyme and t h e e  en- 
zymes being higher. 

The findings with rabbi t -hear t  enzyme ~-e of  fur ther  interest.  I f  in the pig-heart 
system the  ca ta ly t ic  center  and antigenic de te rminan t  overlap, the failure of  the  
rabbit  enzyme to cross react suggests tha t  a comparable detetTninant is ei ther  not  
pre~ent in thi~ molecule or is present but  sterically unavai lable to the  anti-enzyme. 
The former might  be ant icipated to be more likely and the  rabbi t  produces anti-  
enzyme which is specific for some portion of  the pig enzyme not  present in the  rabbi t  
enzyme;  however, MARSII&LL AND COHllN I1 f o u n d  t ha t  rabbit  an t i -enzyme to hete t~-  
logous  earbamyl  phosphate  synthetase  inac t iva ted  the homologous enzyme. 

~io~htns. Bights_ .4an, 67 (t963) 6t7-62 ~ 
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