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Preliminary Notes 

els 1OO27 
A c t l v a t l o n  o f  e t - g l u c a n  p h o s p h o r y l a s e  a n d  r e l a t e d  m e t a b o l i c  c h a n g e ~  i n  d o g  

m y o c a r d i u m  f o l l o w i n g  a r r e s t  o f  b lood  f l o w  

A r e c e n t  r e p o r t  b y  KI.ARWEIN, LAMPRECHT AND I.OH3IAN~ 1 m a k e s  it e v i d e n t  t h a t  
t he  w a r m - b l o o d e d  h e a r t  r e s p o n d s  to  s u d d e n  i .~ 'hemia  w i th  a r a p i d  sh i f t  in t he  p a t t e r n  
of  i t s  m e t a b o l i s m .  M a r k e d  increa.~:s  in t he  a c t i v i t y  of  u - g l u c a n  p h o s p h o r y l a s e  a 
(EC 2 . 4 . L x )  a n d  in t h e  l eve l s  tlf g lucose  6 - p h o s p h a t e ,  t t - g l y c e r o p h o s p h a t e ,  an t i  l a c t a t e  
a re  a m o n g  t h e  c h a n g ~  w h i c h  w e r e  n o t i c e d  b y  these  a u t h o r s  in t he  d o g  h e a r t  a f t e r  
0.5 m i n c f  i ~ h e m i a .  T h e  p u b l i c a t i o n  of  t h e ~  f ind ings  is p r o m p t i n g  us  to  p r e s e n t  
r e su l t s ,  t a k e n  f r o m  t h e  d r a f t  o f  a d o c t o r a l  thes i s  (E. -G.  K. ) ,  w h i c h  a g r e e  q u a l i t a t i v e l y  
w i t h  s o m e  o f  t h e  d a t a  o f  KLARS, VEIN e~ al., b u t  (l ifter f rom t h e m  in .several i m p o r t a n t  
q u a n t i t a t i v e  r e s p e c t s .  

P i eces  o f  t h e  lef t  v e n t r i c u l a r  m u s c l e  ( I f  a d u l t  ( togs ,  w h o s e  t h o r a x  a n d  per i -  
c a r d i u m  w e r e  o p e n e d  u n d e r  p e n t o b : t r b i t . ' d  ( N e m b u t a l ,  k i n d l y  d o n a t e d  b y  I)r .  i;~. K. 
RICHARDS. A b b o t t  L a l ~ ) r a t o r i e s ,  N o r t h  Ch icago ,  I11.) a n e s t h e s i a  a n d  p o s i t i v e  p r e s s u r e  
b r e a t h i n g ,  were  i n s t a n t l y  f rozen  in  s i t .  b y  b e i n g  fo rce fu l ly  c o m p r e s s e d  t o  a l a y e r  
m a x i m a l l y  z. 5 m m  in t h i c k n e s s  b y  m e a n s  of  a pa i r  of  a l u m i n u m  t o n g s  p r e c o o l e d  t o  
a b o u t  - .-x9 o~ (ref.  z). S i m u l t a n e o u s l y  w i t h  th i s  x a a n o e u v r e ,  e x e c u t e d  a t  t he  t i m e  
d e s i g n a t e d  a~s o see.  t he  a o r t a  a s c e n d e n s  w a s  .*.evered. A d d i t i o n a l  p ieces  o f  t h e  teft  
v e n t r i c l e ,  w h i c h  c o n t i n u e d  t o  c o n t r a c t ,  were  f rozen  b y  t h e  s a m e  m e t h o d  a p p r o x .  5, 

TABLE I 

P I I O K P I I O R Y L A S E  a C O N T E N T  OF THF. I,F, FT VF.NTRICLF. OF T I l E  [')OG H E A R T  

Portions of the frozen ventricular muscle sp~,cimens wt-ighinlr. 5o- loo  mg were rcdue~|  to micro- 
scopic particlen by a ! o-see t reatment  in the "Ultra~urrax" disintegrator* in the presence of 20 vol+ 
of an ice-cold solution, o.oz M in NaF and o.oo2 M in EI)TA and containing I m g  of wastawl 
Dowex-I X8 (2oo-4oo mesh. CI- form) per mg muscltJ~ Phosphorylase activitic--q were me,Lsured 
according to Coal M--o ]LLINGsgg'ORTli | in the 8-fold diluted supcrnatant  of the: centrifuged particle. 
suspension+ The orttxophc~phatc til~eratcd by ph::::phoryla~,~e w'a.s measured by the method of 
I ' - ]SKE A.'~ID S u n l i t . R O W  s. T h e  f i g u r e . ~  f o r  p h t m p h < ) r y l a s e  a a £ : t i ~ - i t y ,  r e p r ~ . s c n t h l l g  t h e  r c s u l t ~  o f  e x -  

perimmtts on 4 dogs. are the means .L standard de~-iations. 

Ttn~t (sic) a [ l~  ~ctiomn~ Pho~porylase a (% g¢ 
~Tm4r a~rta, n~4ns ~-'.~ pk~ t l~o~4as¢  

o (o) o . o  = o . o  
5 - 4  1 3 - 7 - 6 . 5 )  l I .O ~ 1 . 8  

;4-7 -- 54 -8"" 
x9.5 (18.3 zo.o) 45-3 .~ .5.0 
3z.8 - - 3 5 . L ' "  
07.  5 (61.  7 7~.t~) zo .~  ~ 7"7 

° Janke und Kunket, Staufen i .  Br . ,  W e s t  Germany. 
*" ] d o g .  
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20, 35, and 65 .~(: thereafter .  The t ime of cempression of the tissae~ in the cooling 
tong.~ w-a~ determined to the neare-~t o. r sec from the electrocardiographic tracings. 

Aoaly.-e~ of the froz~en muscle specimens revealed, first of all, t ha t  phosphorylase 
a ac t iv i ty  at o t ime was nil (Table I). Thus  it appears t ha t  in the well-oxygenated 
cardiac ventricle of the anesthet ized and r~%ting dog all of  the enzyme is present in 
t h -  h fiJrm. Rapid conversion to the a form occurred upon arresting the blood flow, 
x 5 see after cut t ing the aor ta  the phosphotylase a content  of the muscle had  risen to 
a peak value of  55 ~/o of  the tota l  enzyme and began then  to decline. Prior adminis t ra-  
tion of  dichloroisoprotercnol (obtained through the ccurtesy of Dr. K. K. CH~:N, Eli 
Lilly and Company,  Indianapolis ,  Ind.) in concentrat ions blocking the phosphorylase- 
act ivat ing effect of  epinephrine and  sympathe t ic  nerve s t imulat ion e reduced *he 
a~_tivati,n of the enzyme. Total  phosphoryla2~ (a -b b) conter, t remained unciaanged 
throughout  the period of  the  exper iment  at  values averaging 12. 9/xmoles P per g 
heart lx~.r rain (4t5 Cori units/g).  

In preli.m:'nary exper iments  it had been a ~ e r t a i n e d  tha t  the amoun t  of  Dowex-x 
added to the solution used for ex t rac t ing  phosphorylase from dog-heart  muscle did 
not alter the total  phosphorylase aetivi*v. I t  was found, hnwever, in confirmation 
and extensio~ of  an observation made by I-IAUGAARD el al. =, t ha t  the ion-exchange 
resin, which is added for the purpose of r emoving .  ,MP, lowers the  )field of  the enzyme 
from rat and guinea-pig hear t  m u ~ l e .  Using an , I t e rna t ive  means  of  avoiding act iva-  
tion of phosphorylase b by AMP ext rac ted  from the tissue or formed in the extract ,  
namely,  high dilution (4oo--8o3 m u g  ti.~sue) of  the  ex t rac t  s, phosphorylase a was 
found, as in the experiments  in Table 1, to be absent  in non- i~hemic  dog-heart  
mu.~cle. 

Activation ofa -g lycan  phosphoryla.~, in the ischemie ventricles was accompanied 

0 . 6 - -  6 

0.~ //7- 5 

0.4 ~ n 

V o  1o 2 o  3 0  4 o  ' " ' ~ , ~ -~o  
Time (see1 

Fig.  x. Motto levels  of  e n d  producL~ tin(| o f  eorne b r t t e rmedia tes  o f  g lyco lys i s  in t i le  le f t  v e n t r i c l e  
of  4 doffs befur,:  a n d  ~tfter t h e  o n s e t  ~af myocard ia l  i~chemta .  I-~/eces o f  t he  f rozen  ntu~cle ~rtmp|es  
w e i g h i n g  300-5<)0 m g  were  p u l v e r i z e d  a.lci e x t r a c t e d  txt o ° w i t h  5 vo]. o f  0.5 ~4 HClO4-o .ooz25  M 
E D T A  .~o]uti(>n. Fo l l owing  neu t r a i i -~ t i zm ~fith .t • t~'Otl t h e  m e t a b o l i t e s  l i s ted  in  t h e  g r a p h  were  
d e t e r m i n e d  b y  e n z y m i c  m e t h o d s ' ,  T h e  r i g h t - h a n d  sca le  o f  t h e  o r d i n a t e  r e fe r s  o f  t h e  t i s sue  c o n t e n t  

of  l ac ta t e ,  t h e  l e f t - h a n d  ~¢ale to t h e  c o n t e n t  o f  t h e  o t h e r  met~b<3Ut.~÷ 
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by  a rapid rise "n lactate and a-glycerophosl)hate, while p)Tuvate  and d ihydroxy-  
acetone phosphate  remained at  aerobic s teady-s ta te  levels (Fig. x). Th_, rise in 
glucose h-phosphate followed tha t  of  !a~-tate and a-glycerophosphate witi~ a delay 
of 2o sec. I t  m a y  be notext tha t  the aerobic s teady state  level of  a-glycerophosphate  
in the  dog ventricle is so low as to escape detection by the present analyt ical  method.  
This  might  be related to the further  finding tha t  the mitochondria  of the dog hear t  
are capable of  oxidizing a-g!ycerophosphate at a relatively higil rate. 

The arrest of  bloo-3 flow and oxygen delivery to the heart ,  resulting presumably 
in quick cessatiotl of aerobic ATP synthesis,  entailed a rapid dLsaplmacance of  
phosphocreat ine (o.5/~mole/sec/g mu.~rl~ ,!,,rin,~; th,, r i f t  5 ~e,') and a c,,ncom':tant 
rise in or thophosphate ,  while adenine nuclcotide levcls were hardly  changed (Fig. 2). 
Of  relevance to the problem of control of a-glycan phosphorvla.~ ~. ac t iv i ty  in hear t  
m u ~ l e  k~ the observation (Fig. z) t ha t  the concent ra t i -n  of or thophosphate  ta~urning  
the compound to be evenly dis t r ibuted in the tim,sue; did not reuch the value of the 
Km fi)r phosphorylase a, which is 7 mM (ref. 9). until  z rain of anoxia had elapsed. 
On the other  hand.  as noted also by KLaRWEZS et al. t, AMP is p r e ~ n t  in aerobically 
beat ing dog my0card ium in a c, ,ncentrat ion (o.2 raM) allowing for more than  half- 
m a x i m u m  ac t iv i ty  of  phosphorylase b. Whether  such act ivi ty  is po~-~ible at  the h~w 
aerobic o r thophospha te  concentra t ion in the tis.~ue remains ;tt pre,~,nt a ~ ; t t t e r  
of conjecture,  since the Kr ,  value of or thopho~phate  for phosphoryhtse b i~ not  
known. 

A word of commen t  is called for concerning the large discrepancy between the 
present value of  t~5 Corl units  of total  phosphoryla-~- per g dog myocard ium and the 
values for the total  pho.~l)h~rylase cotttent of  dog and rat heart  muscle reported in 
the l i te ra ture t ,e :  u, which range from 675o-~o 2~x) Cori unit~/g, thus exceeding the 

.42 

2, 

' A l d ~  

q b ~ : ~ ~ ~o ~'o ~ 70 
T~me (.see } 

Fig. 2. Mean levels o f  principal hlgh-~ner~y ph~hatc~ and  ~ f  A M P  an,[ orthol~hosphate in th~  
l e f t  v e n t r i c o t a r  m u s c u l a t u r e  o f  4 d o g s  ~ f o r ¢  ~tnd a f t e r  t h e  o n s e t  of  myocaxcl ia i  i s chemia .  A T P .  
A D P ,  a n d  A M P  were  d e t e r m i n e d  b y  e n z y m i c  mcthod,q ( " T ~ t  c o m b i n a t i o n " ,  C. F. B o e h r t n s e r  
a n d  S o e h n e .  M e m n h c i m )  in  t h e  neutr,~Hzc~! HCIO t c x t r a e t  o f  t h e  m u s c l e  (see Fig. I) .  O r t h o -  
p h o s p h a t e  a n d  p h o s p h o c r e a t i n e ,  t h e  l a t t e r  a s  a c i d - m o l y b d a t e - l a b i l o  p h c ~ h a t e ,  were  d e t e r m i n e d  
i n  t h e  u n n e u t r a l i z e d  p o r t i o n  o f  t h e  e x t r a c t  b y  t h e  m e t h o d  of  WAHLER &ND ],VOLLRNBXRG l~l~s. 
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f igure  o f  4000 u n i t s / g  g i v e n  for  r a t  s k e l e t a l  muscle*.  R e c a l c u l a t i o n  o f  t h e  t o t a l  phos -  
p h o r y l a s e  c o n t e n t  f r o m  d a t a  on  e n z y m e  a c t i v i t y  in  t h e  c a r d i a c  t i ~ u e  e x t r ; , c t s ,  
p r e s e n t e d  in two  o f  t h e  p u b l i c a t i o n s  j u s t  ci ted~,  t°, y i e l d s  v a l u e s  o f  408 a n d  675 Cori  
u n i t s / g  for  d o g  v e n t r i e u l a r  m u s c l e  a n d  who le  r a t  h e a r t ,  r e s p e c t i v e l y ,  in e x c e l l e n t  
a g r e e m e n t  w i t h  v a l u e s  o b t a i n e d  in t h e  p r e s e n t  a n d  o t h e r  e x p e r i m e n t s  p e r f o r m e d  
in th is  l a b o r a t o r y ,  I t  w o u l d  be  s u r p r i s i n g  i n d e e d  t o  f ind  c a r d i a c  m u s c l e  to  be  r i che r  
in  p h o s p h o r y l a s e  t i t a n  s k e l e t a l  musc l e ,  s ince  i t  is c o m p a r a t i v e l y  p o o r l y  e q u i p p e d  
w i t h  o t h e r  g l y c o l y t i c  e n z y m e s .  M o r e o v e r  (see ref.  xz), i t s  g l y c o g e n o l y t i c  p o w e r  in  
vivo does  no t  c o m p a r e  to  t h a t  o f  s k e l e t a l  m u m l e .  

Deutsche A kademie dee Wissensehaflen z u  Berlin, 
A rbeitsslelle f i ir grei,¢laufforschung, 

Berlin-lduch ( D D R )  
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P x  x o o 2 5  

The purif4cation of n i t ra te  reductasl  of Achromobaccer ~schet'l 

"file p u r i f i c a t i o n  a n d  p r o p e r t i e s  of  t h e  n i t r a t e  r e d u c t a s e  ( c y t o c h r o m e :  n i t ra te ,  o x i d o -  
r e d u c t a s e ,  EC I .%6.x)  of  Achromobacter fischer| h a v e  b e e n  de . scr ibed  in an  e a r l i e r  
c u m m u n i c a t i o n L  E v i d e n c e  w a s  p r e d a t e d  to  show t h a t  t h e  sequenct :  o f  e l e c t r o n  
t r a n s w * r t  for  n i t r a t e  r e d u c t i o n  in A..fischer| is a s  fo l lows :  

I)I>NI{ I;MN Ign.cteHal 
or --~ or ~ I:c t+ --~ cytoehrome --~ L) t 

T I ' N | I  FAD 
¢ 

Reduced Nltrato 
beazyl viologen --~ rcdu,'taa0 

N ~  a- 

q 'he  pur i f i ed  e n z y m e  .so o b t a i n e d  w a s  s t r o n g l y  c o l o r e d  a n d  s h o w e d  a b s o r p t i o n  
bancLs a t  55o m/~, 52o m/z a n d  4x9 m/~ in  t h e  r e d u c e d  s t a t e .  A l t h o u g h  a c e r t a i n  
a m o u n t  o f  i n d i r e c t  e v i d e n c e  ( i n h i b i t o r  s t ud i e s )  w a s  o b t a i n e d  w h i c h  i n d i c a t e d  t h a t  
t h e  t e r m i n a l  n i t r a t e  r e d u c t a s e  f r o m  A.flscheri does  n o t  c o n t a i n  i ron  p o r p h y r i n ,  i t  w a s  
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