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t he se  a n d  re la ted  e x p e r i m e n t s  will be g iven  in  due  course  in  t h e  Collection of Czechos lovak  Chemica l  
C o m m u n i c a t i o n s .  
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On the importance of a-glycerophosphate dehydrogenase in 
glycolysing insect muscle* 

The  D P N - l i n k e d  a -g l yce rophospha t e  d e h y d r o g e n a s e  ca ta lyzes  t h e  r educ t i on  of d i h y d r o x y a c e t o n e  
p h o s p h a t e  accord ing  to  t he  reac t ion :  

D i h y d r o x y a c e t o n e  p h o s p h a t e  + D P N H  ~ a - g l y c e r o p h o s p h a t e  + D P N  + 

Th i s  reac t ion  is of l i t t le s ignif icance in ve r t eb r a t e -musc l e  glycolysis  because  i t  is t h e  r educ t i on  
of p y r u v a t e  wh ich  is l inked w i t h  t he  ox ida t ion  of g lyce ra ldehyde -3 -phospha te .  However ,  i t  is k n o w n  
t h a t  g lycolysis  in insect  musc le  lacks t he  proper  s to i ch iomet ry l ,  2, wh ich  m a y  be  due  to  t h e  im-  
pa i red  ac t i v i t y  of  lact ic  d e h y d r o g e n a s e  a. 

The  ac t iv i t ies  of lactic a n d  a - g l y c e r o p h o s p h a t e  d e h y d r o g e n a s e s  in  b o t h  coxa l  a n d  tho rac ic  
musc le s  of t h e  A m e r i c a n  cockroach,  Periplaneta americana, are  seen  in Tab le  I. 

T h e  resu l t s  clearly show t h a t  t he  lact ic d e h y d r o g e n a s e  level in b o t h  t y p e s  of musc le  is 
u n u s u a l l y  low. On  t h e  o the r  hand ,  t h a t  of  a - g l y c e r o p h o s p h a t e  d e h y d r o g e n a s e  is e x t r a o r d i n a r i l y  
high,  Consequen t ly ,  m o s t  of t he  D P N  is p robab l y  regenera ted  b y  t he  r educ t ion  of d i h y d r o x y a c e t o n e  
phospha t e .  

I n  order  to check  t he  physio logica l  s ignif icance of t he se  act ivi t ies ,  t h e  f o rma t ion  of lac ta te ,  
p y r u v a t e  and  a -g lyce rophospha t e  f rom hexose  d i p h o s p h a t e  was  s tud ied  u n d e r  anae rob ic  cond i t ions .  
Typica l  resu l t s  p resen ted  in Tab le  I i  ind ica te  t h e  s t o i ch iome t ry  of hexose  d i p h o s p h a t e  convers ion .  

For  eve ry  mole of H D P  uti l ized,  one mole  of a - g l y c e r o p h o s p h a t e  a n d  p y r u v a t e  was  formed.  
The  s lower ra te  of a c c u m u l a t i o n  of p y r u v a t e  s u g g e s t s  t h a t  t h e  r eac t ions  p r o d u c i n g  p y r u v a t e  via 
t h e  E m b d e n - M e y e r h o f  s cheme  a p p e a r  to  be  ope ra t i ng  b u t  one or more  m a y  be  ra te - l imi t ing .  

The  convers ion  of H D P  requ i red  D P N  wh i ch  could no t  be replaced  b y  T P N .  A D P  alone a n d  
A D P  p lus  inorganic  p h o s p h a t e  h a d  a s l igh t ly  s t i m u l a t o r y  effect on t h e  m e t a b o l i s m  of H D P .  

In  s u m m a r y ,  therefore ,  t he  r educ t ive  s tep  r ep re sen t ed  by  lact ic d e h y d r o g e n a s e  appea r s  to  be 
of negligible i m p o r t a n c e  in glycolysis  of coxal  musc les  of t h e  roach.  In s t ead ,  t h e  a - g l y c e r o p h o s p h a t e  
d e h y d r o g e n a s e  s y s t e m  a s s u m e s  t he  m a j o r  role in r egene ra t i ng  D P N  f rom D P N H .  The  p r e d o m i n a n t  
e n d - p r o d u c t s  of roach -musc l e  glycolysis  appea r  to  be a - g l y c e r o p h o s p h a t e  a n d  p y r u v a t e .  Con- 
s e q u e n t l y  we h a v e  here  a n o r m a l  s i t ua t i on  s imi la r  to  N e u b e r g ' s  so-called second fo rm of f e r m e n t a -  
t ion  wh ich  m a y  be also induced  in musc le  w i t h  t h e  a id  of " ' s teer ing s u b s t a n c e s  ''8. 

* The  following abb rev i a t i ons  are  used :  D P N ,  d i p h o s p h o p y r i d i n e  nue leo t ide ;  D P N H ,  reduced  
d iphosphopyr id ine  nucleot ide ;  ADP ,  adenos ine  d i p h o s p h a t e ;  H D P ,  hexose  d i p h o s p h a t e ;  T P N .  
t r i p h o s p h o p y r i d i n e  nuc leo t ide ;  Tris,  t r i s ( h y d r o x y m e t h y l ) a m i n o m e t h a n e ,  
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T A B L E  I 

A C T I V I T Y  O F  L A C T I C  A N D  ~-GLYCEROPHOSPHATE DEHYDROGENASES IN THE MUSCLES OF 

Periplaneta americana 

Lactic dehydrogenase: The react ion cuvet te  contained z.o #moles  Na p y r u v a t e ;  0.2 #mole  D P N H ;  
IOO #moles  phospha te  buffer, p H  7-4; I.O ml enzyme p repa ra t ion  (approximate ly  17 mg  t i ssue /M)  
and distilled wa te r  to 3.o ml. Blank cuvet tes  contained no subs t ra te .  The act ivi ty  in the  tes t  
cuvet tes  was  corrected for the  appreciable act iv i ty  in the  blanks.  

a-Glycerophosphate dehydrogenase : Each  tes t  cuvet te  conta ined 1.8 #moles  d ihydroxyace tone  
phospha t e ;  0.2 #mole  D P N H ;  Ioo #moles  Tris buffer  p H  7-4, o . Io  ml enzyme prepara t ion  
(approximate ly  5 mg tissue/ml) and distilled wate r  to a vol. of 3.o ml. At  th is  t issue concentra t ion  
no act iv i ty  could be detected in the  blanks during the period of measurement .  

The activities of bo th  enzymes were assayed by  the  ra te  of oxidat ion of D P N H  at  34 ° m/z. All 
activit ies were p ropor t iona l  to  the  enzym~ concentrat ion.  A uni t  of enzyme is defined as t ha t  
a m o u n t  which  causes an  initial rate  of oxidat ion of o.oi  #mole  D P N H / m i n .  All readings were t aken  
a t  3 ° sec intervals  for 5 rain. The react ions were run  at  25 ° and measuremen t s  were made  in a 
Beckman  model  D U  spec t rophotomete r .  

The t issue was  p repared  by  grinding 17 ° mg  of muscle for the  lactic dehydrogenase  and 5 ° mg  
for the  a -g lycerophosphate  dehydrogenase  s tudy.  The homogenizat ion was carried out  in a Pot ter -  
E lve jhem homogenizer  for 2 rain in IO ml of ice-cold o.9 % KCI. The brei was  t hen  centrifuged for 
I o min at  app rox i m a t e l y  I o a t  16,ooo × g in a Servall angle-head centrifuge. The bulk  of the enzyme 
act iv i ty  remains  in the  s u p e r n a t a n t  x. 

Aaivi~ (t~n~slg wet va.lmin) 
Tissue a-glyceropkospale 

lacti~ dehydrogenase delrydrogenase 

Coxal muscles io  3206 
Thoracic muscles 21 4824 

TABLE II 

S T O I C H I O M E T R Y  O F  H E X O S E  D I P H O S P H A T E  C O N V E R S I O N  

Each Thuube rg  tube  conta ined 95.0 ~moles  "Iris buffer, p H  7.6; 48.6 #moles  MgCls; 30.0 #moles  
magnes ium H D P ,  p H  7.6; 2.o #moles  D P N  and  2.0 ml enzyme. Total  vol. 6.o ml. 

The muscle ex t rac t  was  prepared  as described previously.  The tubes  were evacuated  for 5 min 
wi th  a wa te r  a~pirator. After  deproteinizat ion by  boiling for 5 rain, appropr ia te  al iquots  were used 
for analysis  of H D P  4, lactate 5, p y r u v a t e  6 and a-glycerophosphate  7. Similar results  were obta ined  
wi th  homogena tes  which were not  centrifuged. 

Time o/ HDP utilized 
incubation ( h) ( #meles / g tissue) 

Products appearing (gtmoles/g tissue) 

lactate pyruva te  a-glyceropkospate 

i 230. 7 18. 4 21.8 2oo.8 
2 465.6 IO.O 48.4 427.3 
8 532.8 lO. 4 452. 4 533.1 
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