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Fig. 2. Der Einfluss von Natrium-Acetat, -Phosphat, -Borat, -Ascorbinat und Kalium-Natrium-Tartrat auf die Aktivit~tt der Cholera-Neura- 
minidase. 

g r a d i e n t e n  yon  N a - P y r u v a t ,  Na-Ci t ra t ,  N a - O x a l a t  und  
N a - E D T A .  Ausse rdem is t  in  F igu r  2 der  E inf luss  yon  
Acetat ,  P h o s p h a t  (l inkes Bild),  Bora t ,  A s c o r b i n a t  und  
T a r t r a t  ( rechtes  Bild) auf  Cho le ra -Neuramin idase  dar-  
gestell t .  

Die Aktivi t /~t  der  N e u r a m i n i d a s e n  wurde  f iber enzyma-  
t i sch  frei  gesetz tes  N - A c e t y l n e u r a m i n a t  m i t  Hilfe der  
T h i o b a r b i t u r a t - M e t h o d e  n a c h  WARREn b e s t i m m t  1~ 
Die N e u r a m i n i d a s e n  yon  Erysipelothrix insidiosa, Pasteu- 
rella multocida n n d  Streptococcus viridans w u r d e n  yon  
Bak te r i en -  S t ~ m m e n  gewonnen,  die aus  k l in i schem Mater ia l  
s t a m m t e n .  Bei  der  Cho le ra -Neuramin idase  h a n d e l t e  es 
sich .um ein kommerz ie l les  P r o d u k t .  

Aus den  E r g e b n i s s e n  der  F i gu r en  1 u n d  2 geh t  hervor ,  
dass die Anionen ,  die m i t  Ca lc ium- Ionen  unl6sl iche Salze 
oder  K o m p l e x v e r b i n d u n g e n  bi lden,  also Ci t ra t ,  E D T A ,  
Oxala t ,  P h o s p h a t  u n d  T a r t r a t  zu g le ichs inn igen  H e m m -  
ef fek ten  bei  Cho le ra -Neuramin idase  ffihren. Dagegen  
f inder  sich kein  Einf luss  der  Ca- . -b indenden  A n i onen  bei  
den  N e u r a m i n i d a s e n  yon  Erysipelothrix insidiosa u n d  
Streptococcus viridans, bei  de r  Pasteurella multocida-Neu- 
r a m i n i d a s e  is t  der  E f fek t  n u r  s chw ach  ausgepr~Lgt. 

A b e t  ausse rha lb  der  Re ihe  yon  A n i onen  m i t  h o h e r  Ca- 
Ionen-Aff in i t / i t ,  die n u t  bei Cho le r a -Neuramin idase  voll  
w i r k s a m  waren ,  i n h i b i e r t  auch  das  P y r u v a t  in  den  e twas  
h 6 h e r e n  K o n z e n t r a t i o n e n  yon  e twa  60-250 m M  die 
A k t i v i t ~ t  al ler  v ier  u n t e r s u c h t e r  N e u r a m i n i d a s e n  u n a b -  
h&ngig yon  ih re r  I n a k t i v i e r b a r k e i t  d u t c h  Ca lc ium-Kom-  
p lexbi ldner .  Es  di i r f te  s ich h ie r  u m  e inen  spezif ischen 
H e m m e f f e k t  hande ln ,  der  ke ine  Bez i ehung  zu der  bei 
Cho le ra -Neuramin idase  b e o b a c h t e t e n  I o n e n a k t i v i e r b a r -  
keifi bes i tz t .  E ine  unspezi f i sche  H e m m w i r k u n g  1/tsst s ich 
z u m i n d e s t  ausschl iessen,  denn  weder  A c e t a t  noch  B o r a t  
noch  NaC1 e n t f a l t e n  bei  gleich h o h e n  oder  h 6 h e r e n  mola-  

ren  K o n z e n t r a t i o n e n  de ra r t ige  H e m m w i r k u n g e n .  A u c h  
C i t r a t  s che in t  in  ~hn l icher  Weise  wie P y r u v a t  zu wirken,  
d e n n  es zeigt  im Gegensa tz  zu den  i ib r igen  Calcium- 
K o m p l e x - b i l d e n d e n  An ionen  a u c h  eine H e m m w i r k u n g  
bei  Streptococcus viridans-Neuraminidase u n d  in gerin- 
gereln ~ a s s  a u c h  bei  Erysipelothrix insidiosa-Neuramini- 
dase, die d u r c h  Ca- Ionen  n i c h t  a k t i v i e r t  werden.  In te res -  
san terweise  h a n d e l t  es sich sowohl  bei  P y r u v a t  als auch  
bei  C i t r a t  u m  wich t ige  S to f fwechse lp roduk te  des Citro- 
nens~ure-Zyklus .  

Das  P r o b l e m  der  H e m m u n g  yon  N e u r a m i n i d a s e n  
p a t h o g e n e r  M i k r o o r g a n i s m e n  m a g  desha lb  einige Be- 
d e u t u n g  haben ,  weil s ich v ie l le icht  du rch  gezielte Steu-  
e rung  des Stoffwechsels  oder  d u r c h  A p p l i k a t i o n  wi rksan le r  
S u b s t a n z e n  die E n z y m a k t i v i t & t  s enken  und  d a m i t  p a t h o -  
gene W i r k u n g e n  v e r r i n g e r n  lassenl~. 

Summary. I t  was shown  t h a t  n e u r a m i n i d a s e  of Vibrio 
comma is i n a c t i v a t e d  b y  Ca . . -b ind ing  an ions  l ike c i t ra te ,  
E D T A ,  oxala te ,  p h o s p h a t e  or t a r t r a t e .  There  is, however ,  
no i nh ib i t i on  of t he  newly  descr ibed  enzymes  of Erysi- 
pelothrix insidiosa a n d  Streptococcus viridans. P y r u v a t e  
and,  to  a lesser ex ten t ,  also c i t r a t e  i n a c t i v a t e  all  t h e  
n e u r a m i n i d a s e s  i n v e s t i g a t e d  i n d e p e n d e n t l y  of t he i r  
a c t i v a t i o n  b y  Ca.. ions. 
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Purification of N-Acetyl -Hexosaminidase  from Boar Epididymis by Mfinity Chromatography 

Of the  several  m a m m a l i a n  t i ssues  examined ,  t h e  epidid-  
ymis  of t h e  a d u l t  m a m m a l i a n  male  p rov ides  the  r i ches t  
source of N - a c e t y l h e x o s a m i n i d a s e  (fi-2 ace t amido-2  
deoxy-D-glucopyranos ide  a c e t y l a m i n o d e o x y g l u c o h y d r o -  
lase, E.C. 3.2.1.30) 1,~. F r o m  t he  obse rva t ion ,  t h a t  the  
ep id idymis  of t he  a d u l t  ma le  con ta ins  a b o u t  10-fold t he  
e n z y m e  c o n c e n t r a t i o n  of t he  in fan t i l e  t issue,  i t  can  be  
de r ived  t h a t  th i s  glycosidase is u n d e r  endocr ine  c o n t r o l .  

Based  on  t h e  f ind ings  b y  WEIL a, t h a t  p - a m i n o p h e n y l -  
N-acetyl- /~-D-thioglucosaminid is a p o t e n t  revers ib le  
i n h i b i t o r  of N - a c e t y l h e x o s a m i n i d a s e  f rom b o a r  ep id idymis ,  

1 j .  CONCmE and T. MANN, Nature, Lond. 179, 1190 (1957). 
J. CO~r J. FINDLAY and G. A. L~vvY, Biochem. J. 71, 318 
(1959). 
R. WEIL, personal communication (1973). 
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we h a v e  deve loped  a n  a d s o r b e n t  w i t h  p - a m i n o p h e n y l - N -  
ace ty l - f l -D- th ioglucosaminide  as l igand  of p a r a m o u n t  
usefulness  for a f f in i ty  c h r o m a t o g r a p h y  of t he  e n z y m e  in  
o rder  to  fac i l i t a te  pu r i f i ca t ion  of N-ace ty lhexosamin idase .  

The  l igand (p -aminophenyl -N-ace ty l - f l -D- th iog lucosam-  
inide) was  a gif t  of Dr.  WElL a n d  t he  syn thes i s  was  
pe r fo rmed  accord ing  to a p u b l i s h e d  m e t h o d  for the  
syn thes i s  of t h e  co r r e spond ing  oxygen  analogueS.  

Ace toch lo rog lucosamine  (25 g, 68,5 mmoles) ,  p r epa red  
accord ing  to  LEABACK 4, a n d  p - n i t r o t h i o p h e n o l  (14,25 g, 
102.5 mmoles)  were s h a k e n  for  10 ra in  w i t h  250 ml  ace- 
tone ;  1 N N a O H  (102.5 mI) was  t h e n  added.  The  so lu t ion  
was left  for 16 h a t  4~ t he  c rys ta l l ine  solid collected,  
washed  w i t h  0.02 N N a O H  u n t i l  t h e  wash ings  were 
colourless  a n d  dr ied to  give p -n i t ropheny l -2 ,  3, 4, 6- 
t e t r aace ty l - f l -D- th iog lucosamin ide  (10-11 g, m.p.  (dec.) 
185-188 ~ wh ich  can  be used w i t h o u t  f u r t h e r  pur i f ica t ion .  
The  t e t r a a c e t a t e  (1 g) in  50 ml  m e t h a n o l  was  r educed  in a 
P a r r  a p p a r a t u s  (6 h, 40 m m  pressure ,  in  Par r )  in  t h e  
p resence  of 100 m g  Pd /C  (10%).  The  r eac t i on  m i x t u r e  
was cent r i fuged ,  t h e  pe l l e t  w a s h e d  w i t h  me thano l /HC1  
(2% v / v  1.0 M HC1) a n d  t he  m e t h a n o l  e x t r a c t s  dr ied  in 
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Fig. 1. Activity and protein elution profile for the affinity chromato- 
graphy of N-aeetyI-fl-D-hexosaminidase. 

vacuo.  The  m a t e r i a l  was redissolved in m e t h a n o l  a n d  
d eace t y l a t ed  in t h e  presence  of 0.01 M m e t h a n o l i c  sod ium 
methox ide .  The  p r e c i p i t a t e d  m a t e r i a l  was redissolved  in 
10 ml  ice cold 0.1 M s o d i u m p h o s p h a t  buf fer  p H  7.5 and  
added  to  a 1:1 suspens ion  in d ioxane  of 100 ml  of t he  
N - h y d r o x y s u c c i n i m i d e e s t e r  of succ iny la ted  a m i n o a l k y l  
agarose  d e r i v a t i v e  ~. T h e  f i l tered,  s u b s t i t u t e d  agarose  
was washed  w i t h  m e t h a n o l ,  d i o x a n  a n d  water .  Before  
use, t h e  res in  was equ i l i b r a t ed  w i t h  0.1 M c i t r a t e  phos-  
p h a t e  buffer,  p H  4.5. 

E p i d i d y m e s  were o b t a i n e d  a t  c a s t r a t i o n  or s l augh te r  of 
a d u l t  boars ,  cu t  in to  s egmen t s  an d  s tored  a t  - -20 ~ un t i l  
used. The  t i ssue  was homogen ized  in 10 m M  p o t a s s i u m  
p h o s p h a t e  buffer  w i t h  an  U l t r a - T u r r a x  homogenizer ,  
cen t r i fuged  a t  105,000 •  a n d  t h e  clear  s u p e r n a t a n t  was  
used a f te r  dialysis  for t h e  expe r imen t s .  P ro t e i n  was 
d e t e r m i n e d  b y  t h e  m e t h o d  of LowRY et  al. 6 w i t h  crys ta l -  
l ine  bov ine  se rum a l b u m i n e  as s t anda rd .  The  enzyme  
assay  was a s l ight  mod i f i ca t ion  of t h e  m e t h o d  descr ibed 
b y  LEVVY an d  CONCHIEL One un i t  of enzyme  a c t i v i t y  is 
def ined as t h a t  a m o u n t  wh ich  is r equ i red  to ca ta lyze  t he  
f o r m a t i o n  of 1 ~mol  p - n i t r o p h e n o l / m i n  u n d e r  t h e  assay  
condi t ions .  The  specific a c t i v i t y  of t h e  e n z y m e  was 
expressed  as un i t s  pe r  m g  of p ro te in .  

F igure  1 shows t h e  e lu t ion  p a t t e r n  of t h e  e n z y m e  f rom 
t h e  a f f in i ty  co lumn.  0.7 ml  of boa r  ep id idymis  h o m o g e n a t e  
c o n t a i n i n g  5 m g  of p ro t e i n  were d ia lyzed  for  16 h a t  4~ 
aga ins t  severa l  l i ters  of 0.1 M c i t r a t e  p h o s p h a t e  buffer ,  
p H  4.5. This  m a t e r i a l  was  app l ied  to  a 0.97<13 cm 
c o l u m n  c o n t a i n i n g  t h e  adsorben t .  Af te r  w as h i n g  the  
c o l u m n  w i t h  t h e  c i t r a t e  p h o s p h a t e  buffer  e lu t ion  was 
ach ieved  w i t h  12.5 m M  b o r a t e  buf fe r  p H  10.0 (arrow) a t  
a flow r a t e  of a p p r o x i m a t e l y  20 ml /h .  The  p H  of t he  
Muted sample  was i m m e d i a t e l y  lowered to  p H  4.5 w i t h  
10 vo lumes  of 0.1 M c i t r a t e  p h o s p h a t e  buffer .  W h e n  a 
h o m o g e n a t e  f rom boa r  ep id idymis  was passed  t h r o u g h  t he  
a f f in i ty  co lumn,  N-acetyl- /3-D-hexosaminidase  was selec- 
t i ve ly  r e t a r d e d  on  t h e  column.  

In i t i a l l y  4 o t h e r  glycosidases are p r e s en t  in  t h e  epi- 
d idymis  h o m o g e n a t e :  f l-galactosidase,  e -mannos idase ,  
/~-glucuronidase a n d  e-fucosidase.  These  enzymes  were no t  
b o u n d  b y  t h e  a d s o r b e n t  to  t h e  co lumn  an d  were e lu ted  
in t h e  f i rs t  p e a k  (Figure  1.) The  s epa ra t i on  of these  
enzymes  b y  c o n v e n t i o n a l  pur i f i ca t ion  p rocedures  are 
t ed ious  an d  cumbersome .  Th i s  m e t h o d  of s e p a r a t i o n  the re -  
fore offers g rea t  advan tages .  T h e  h o m o g e n a t e  showed  a 
specific a c t i v i t y  of 53 un i t s  N - a c e t y l - h e x o s a m i n i d a s e / m g  
pro te in ,  w h i c h  was increased  a b o u t  35-fold in t h e  f r ac t ion  
w i t h  t h e  e lu ted  enzyme,  where  t h e  specific a c t i v i t y  was 
a b o u t  1750 U/ r ag  pro te in .  

Purification of N-acetyl-/~-D-hexosaminidase (NAH) 

Sample NAH Protein Specific activity 
(U/ml) (mg/ml) (U/mg) 

Original 372.5 7.05 53.0 
Fraction 2 + 3 0.012 0.17 0.07 
Fraction 13 24.0 0.016 1750.0 

Fig. 2. Polyacrylamide gel of 10 [~g N-acetyl-fl-D-hexosaminidase run 
in the basic OR~STEI~ DAVIS 9 buffer system (7% gel). 

4 D. H. LEABACK, Biochemical Preparations (Ed. G. B. BROWN; 
Wiley, New York 1963), vol. 10, p. 118. 

5 p. CUATRECASAS and J. PARIKH, Biochemistry 17, 2291 (1972). 
S O. H. LOWRY, N. J. ROSEBROUGH, A. L. FARR and R. J. RANDALL, 

J. biol. Chem. 193, 265 (1951). 
: G. A. LEVVY and J. CONeHIE, Meth. Enzym. 8, 571 (1966). 
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Fig. 3. Gel electrofocusing of N-acetyl-fl-D-hexosaminidase according 
to AWDEH et al. I~ The enzyme and carrier ampholytes (range pH 
3 10) were set in the gel. Gels were removed and fixed in 5% tri- 
chloroaeetic acid after focusing for 150 rain at 50 mA (decreasing to 
28 mA) at a voltage of 210 V (increasing to 1080 V). Aftdr the run, 
the pH gradient established was determined with a combined 
mierosurface electrode. 

D u r i n g  t he  pur i f i ca t ion  p rocedure  an  apprec iab le  
a m o u n t  of p r o t e i n  p r e c i p i t a t e d  in t he  a f f in i ty  gel. 
Desp i te  th i s  fac t  we h a d  an  overa l l  r ecovery  of more  t h a n  
40% of t h e  e n z y m a t i c  ac t iv i ty .  

The  d ia lyzed f r ac t ion  No. 13 was lyophi l ized  and  f u r t h e r  
charac te r ized .  On a S e p h a d e x  G 200 co lumn,  c a l i b r a t e d  
accord ing  to  ANDREWS s, t he  pur i f ied  e n z y m e  sepa ra t ed  in 
2 d i s t i nc t  peaks  of M W  140,000 a n d  65,0O0 dal tons .  Most  
of t he  e n z y m e  a c t i v i t y  was assoc ia ted  w i t h  t he  p e a k  of 
140,000 da l tons .  

Po lyac ry lamide -ge l  e lec t rophores is  9 showed i t  st i l l  to  be  
he t e rogenous  and  revea led  2 m a j o r  b a n d s  in close v i c in i t y  
(Figure 2.) Af te r  c u t t i n g  t h e  gel in to  1 m m  discs an d  
e lu t ing  t h e m  w i t h  0.1 M C P B  p H  4.5, two  f rac t ions  w i t h  
enzyme  a c t i v i t y  were de tec tab le ,  wh ich  co r responded  
w i t h  t he  p ro t e in  b a n d s  in t h e  gel. I soe lec t rofocus ing  in 
th in- layer-polyacrylamide-ge110 revea led  mic rohe te ro -  
gene i ty  of t he  e n z y m e  p repa ra t i on ,  showing  a p I  region 
of p H  4.7-5.0 (Figure 3). 

BULLOCK a n d  WINCHESTER 11 and  WINCHESTER 12 
d e m o n s t r a t e d  several  c o m p o n e n t s  of N-ace ty lhexosamin i -  

dase  in r a m  ep id idymis  b y  isoelectr ic focusing. T h e y  
found  in d i s t i nc t  a n a t o m i c a l  sect ions  of t h e  r a m  epid idy-  
mis  d i f fe ren t  p r e d o m i n a n t  N - a c e t y l h e x o s a m i n i d a s e  com- 
ponen ts .  I n  our  case, us ing  a p -aminopheny l -N-ace ty l - f l -  
D- th iog lucosaminid  as t h e  i n h i b i t o r  coupled  to Sepharose  
4 B, we ga ined  a 35-fold pur i f i ca t ion  of N-ace ty lhexos-  
amin idase  f rom b o a r  ep id idymis .  

W i t h  th i s  m e t h o d  of a f f in i ty  c h r o m a t o g r a p h y ,  we 
devized  a t e c h n i q u e  to isola te  m i n u t e  a m o u n t s  of N- 
a c e t y l h e x o s a m i n i d a s e  to a fa i r  degree of p u r i t y  f rom the  
d i f fe rent  s egmen t s  of t h e  boa r  ep id idymis  a n d  to s t u d y  
t h e i r  possible  s ignif icance on  spe rm m a t u r a t i o n .  

Zusammen/assung. Aus d e m  N e b e n h o d e n  v o m  E b e r  
gewonnene  N - A c e t y l h e x o s a m i n i d a s e  (EC 3.2.1.30) wurde  
mi t t e l s  A f f i n i t ~ t s c h r o m a t o g r a p h i e  e twa  35fach gereinigt .  
An  einen T r i g e r  gebundenes  p -Aminopheny l -Th iog lucos -  
a m i n i d  d ien te  als revers ib les  Adsorbens  fiir das  E n z y m .  
Ein ige  phys i cochemische  C h a r a k t e r i s t i k a  w u r d e n  be- 
s t i m m t  : Moleku la rgewich t  140.000 ; p I - B e r e i c h  4,7-5,0. 

E.  BAMBERG, F.  DORNER u n d  W.  ST6CKL 

Insti tut  /i~r Biochemie der Tieriirztlichen Hochschule 
Wien, Ludwig  Boltzmann Insti tut  ~fir Veteriniirmedizi- 
nische Endokrinologie und Sandoz Forschungsinstitut 
Wien, Linke Bahngasse 77, A - 7 0 3 0  Wien  (Austria), 
9 December 1974. 

a p. ANDREWS, Biochem. J. 96, 595 (1965). 
9 L. ORNSTEIN, Ann. N.Y. Acad. Sci. 121, 321 (1964). 

lO Z. L. AWDEH, A. R. WILLIA~SON and B. A. ASKONAS, Nature, 
Lond. 219, 66 (1968). 

n S. BULLOCK and B. G. WINCHESTER, Biochem. J. 133, 593 (1973). 
12 B. G. WINCHESTER, Biochem. J. 124, 929 (1971). 

Enhanced Calcium Accumulation Related to Increased Protein Phosphorylation in Cardiac 
Sarcoplasmic Reticulum Induced by Cyclic 3', 5 ' -AMFor Isoproterenol 

Catecho lamines  h a v e  been  d e m o n s t r a t e d  to  increase  
C a - t r a n s p o r t  in  card iac  sa rcoplasmic  r e t i cu lum (SR), as 
shown  b y  EBASI~I a n d  ENDO 1, SHINEBOURNE et  al. ~ an d  
others .  This  effect  i nvo lved  the  fol lowing sequence  of 
processes:  a c t i v a t i o n  of a d e n y l a t e  cyclase, cyclic adeno-  
sine 3', 5 ' - m o n o p h o s p h a t e  (cAMP) syn thes i s  and  a c A M P  
a n d  p ro t e in  k inase  (PK) EC.2.7.1.37 P K - m e d i a t e d  
p h o s p h o r y l a t i o n  of SR p ro t e in  ~-~. The  l a t t e r  s tep  is 
be l ieved to be d i rec t ly  respons ib le  for  changes  in t h e  
r a t e  of ca lc ium t r a n s p o r t  * s. 

I n  t he  p r e sen t  s tudy ,  ev idence  is g iven  of t he  q u a n t i t a -  
t i ve  r e l a t ionsh ip  be tween  d e m o n s t r a t i o n  of the  above  
sequence  of processes  in v i t ro ,  w h e n  a p p l y i n g  c A M P  to  
t he  isola ted vesicles of SR a n d  t he  effects of in v ivo  
app l i ca t ion  of i sopro te reno l  (ISO). 

Material and methods. Male a d u l t  mongre l  dogs were 
used, in jec ted  w i t h  a single dose of 7.5 m g / k g  ISO in 
saline.  Cardiac  mic rosomes  were p r e p a r e d  f rom t h e  
ven t r ic les  b y  t he  m e t h o d  of HARIGAYA and  SCI-tWARTZ 9. 
E l ec t ron  microscopic  e x a m i n a t i o n  of t he  m e m b r a n e s  show- 
ed homogenous  vesicles w i t h o u t  ev idence  of m i tochondr i a .  

The  ac t iv i t i es  of t h e  m a r k e r  enzymes  glucose-6- 
p h o s p h a t a s e  EC.3.1.3.9, 5 ' -nuc leo t idase  EC.3.1.3.5 an d  
c y t o c h r o m e  c oxidase  EC.1.9.3.1 were d e t e r m i n e d  
accord ing  to t he  m e t h o d  of BERGMEYER 1~ MUIR et  al. 11 
a n d  SMITH a n d  CAMERINO 12. 

The  ac t iv i t i es  of these  en zy mes  in p r e p a r a t i o n s  of h igh  
p u r i t y  showed  no s ign i f ican t  differences (p > 0.05) b e t ween  
t h e  p r e p a r a t i o n s  i so la ted  f rom tile con t ro l s  an d  f rom 

1 S. EBASHI and M. ]~NDO, Progr. Biophys. molec. Biol. 78, 125 
(1968). 

2 ]~. A. SHINEBOURNE, M. L. HESS, R. J. WHITE and J. NAMER, 
Cardiovasc. Res. 3, 113 (1969). 

s M. L. ENTMAN, G. S. LEVEY and S. E. EPSTEIN, Circulation Res. 
25, 429 (1969). 

4. ~]Vf. FEDELESOV,~, A. ZIEGELHOFFER, O. LUKN~,ROV~- and S. 
KOSTOLANSK~, Myocardial Ceil Damage. VI. Annual Meeting of 
the International Study Group for Research in Cardiac Metabo- 
lism. Freiburg i. Br. Germany, 25.-28. Sept. 1973, abstract No 186. 

5 A. IiATZ and f. REPKE, Am. J. Cardiol. 31, 193 (1973). 
6 L. H. WRAY, R. R. GRAY, R. A. OLSSON, J. biol. Chem. 2d8, 1496 

(1973). 
r M. A. KIRCHBERGER, M. TADA and A. M. KATZ, J. biol. Chem. 249, 

6166 (1974). 
8 M. TADA, M. A. KIRCHBERGER, D. I. REPKE and A. M. KATZ, J. 

biol. Chem. 249, 6174 (1974). 
9 S. HARIGAYA and A. SCHWARTZ, Circulation Res. 25, 781 (1969). 

10 H. U. BERGMEYER, Methods of Enzymatic Analysis (Verlag Chemie, 
-Weinheim, and Academic Press, New York and London 1963), 
p. 744. 

n j .  MVIR, N. S. DHALLA, J. ORTEZA and R. OLSON, Circulation Res. 
26, 429 (1970). 

1~ L. SmTH and P. CAMERINO, Biochemistry 2, 1428 (1963). 


