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CHARACTERISTICS OF NAD-DEPENDENT ~-GLYCEROPHOSPHATE 

DEHYDROGENASE FROM MUSCLES OF SOME VERTEBRATES AND 

MAN DETERMINED BY ELECTROPHORESIS AND ISOELECTRIC 

FOCUSING IN POLYACRYLAMIDE GEL 

S. A. Tumakov, I. V. Sidorenkov, UDC 612.744.015.12:577.152.1]-087.4 
and S. V. Pervushkin 

KEY WORDS: electrophoresis;  isoelectric focusing; red and white skeletal muscles;  isozyme 
spectrum of NAD-dependent a-glycerophosphate dehydrogenase. 

Stable electron transport  in the respira tory chain and oxidative phosphorylation in the mitochondria are 
maintained by preservation of the reduced state of the mitochondrial pyridine-nucleotlde pool at a sufficiently 
high level. In muscles one of the m o s t  important systems responsible for the uninterrupted supply of hydro- 
gen to the mitechondria [7] is the ~-glycerophosphate dehydrogenase (a-GPD) system. 

Two forms of a-GPD are found in mammalian cells [8]. The first  is located in the cytosol and requires  
WAD as coenzyme (L-glycerol-3-phosphate, NAD-oxidoreductase). The mitochondrial form of the enzyme is 
considered [12] not t o r e q u i r e  NAD: As its coenzyme it uses flavin-adenine dinucleotide (FAD) (L-glycerol-  
3-phosphate acceptor-oxidoreductase)~ Despite many investigations devoted to the study of the molecular 
forms of a-GPD, the number of its isozymes and their  distribution in different t issues have not yet been finally 
explained. 

The aim of the present investigation was accordingly to study the distribution of isozymes of WAD-de- 
pendent a-GPD in the muscles of some vertebrates and man. 

EXPERIMENTAL M E T H O D  

Supramitochondrial supernatants from red (m. soleus) and white (m. quadratus lumborum) muscles of 
intact~animals (hens, rats ,  rabbits) were used for analysis. Investigations of a-GPD from human muscles were 
carr ied out on autopsy material  obtained from 10 persons dying from accidents at the age of between 20 and 
28 years .  The time between death and taking samples for analysis did not exceed 12 h. A commercial prepa- 
ration of a-GPD from rabbit muscles was f i rs t  dialyzed against isotonic NaC1 solution for 48 h at 4~ Mito- 
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Fig. 1. Dens i tog rams  of five m o l e c u l a r  f o rms  of cy toplasmic  c~-GPD f rom hen 
(A), r a t  ( B ) ,  and rabb i t  (C) m u s c l e s ,  and f rom human red  musc le  (m, soleus) (D, 
e), and c rys ta l l ine  c~-GPD f rom rabbi t  musc l e  (D, f) 

TABLE 1. Electrophoretic Mobility 
(Rf) of ~-GPD Isozymes from Muscles 
of Some Vertebrates arid Man (mean 
results of ten determinations) 

cr isozymes, Rf 
Test subject, 

2 3 4 5 

Hen I 0,36 0,28 0,21 0,17 0,12 
Rat 0,40 0,32 0,2.4. 0,19 0,09 
Rabbit 0,56 0,47 0133 0,26 0,13 
Man 0,55 0,41 0124 0,12 - -  

i 

ehondria  were  isola ted by d i f fe rent ia l  eentr i fugat ion by the method in [11] in med inm containing 0.2 mM EDTA-  
Na 2 and 12.5% t ryps in .  I s o z y m e s  of NAD-dependent  ~ - G P D  f rom the different  sou rces  were  f rae t iona ted  by 
e l e e t r o p h o r e s i s  in flat  blocks of  po l yac ry l am ide  gel (PA G) [13] and by i soe lee t r t e  focusing w i n  amphol ines  in 
a thin l a y e r  of  9% PAG [14] on an appara tus  of our  own design [5]. At  the end of e l e e t ropho re s i s  and i soe lee t r i e  
focusing,  the local izat ion of the a - G P D  iso zymes  was de te rmined  by the phenazine m e t h i o s u l f a t e - t e t r a z o l i u m  
reac t ion  [91. I soe lee t r i e  p rof i l es  were  obtained by removing  appl icat ion r ep l i ca s  f rom the gel m a t r i x  [6]. The 
eleetropl~oretie and i soe lee t r i e  p rof i l es  were  analyzed on the ERI -65m automat ic  integrat ing dens i tomete r .  
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Fig. 2. I soe lec t r i c  prof i les  and densi to-  
g r a m s  of m o l e c u l a r  f o r m s  of cy top las -  
mic  ~ -GPD f rom red  musc le  (m. soleus) 
of  intact rabbi t ,  pH gradient  3.0-9.5. 
Durat ion of i soe lec t r i c  focusing 140 
rain. Voltage 1080 V. T e m p e r a t u r e  
5~ 

E lec t rophore t i c  mobi l i ty  (Rf) of the ~ -GPD i sozymes  was calcula ted re la t ive  to bromphenol  blue, as the r e f -  
e rence  dye [3]. To rule  out the poss ibi l i ty  of nonspecif ic  nonenzymic reac t ions ,  control  development  of the 
gels  a f t e r  e l ec t ropho re s i s  and i soe lec t r i c  focusing was c a r r i e d  out by the use  of an incubation medium not 
containing ~-g lyce rophospha te .  

E X P E R I M E N T A L  R E S U L T S  

The r e su l t s  (Fig. 1, Table  1) show that  NAD-dependent  ~ -GPD f rom hen, ra t ,  and rabbi t  m u s c l e s  be -  
haved on e l ec t ropho re s i s  in PA G as  f ive m o l e c u l a r  f o r m s  posses s ing  identical subs t ra te  specif ic i ty ,  but dif-  
fer ing in e lec t rophore t ic  mobi l i ty .  Under the s ame  conditions a - G P D  f rom human m u s c l e s  s epa ra t ed  into 
four  m o l e c u l a r  f o r m s .  The r e su l t s  of de terminat ion  of the e lec t rophore t ic  mobi l i ty  of the different  f o rms  of 
a - G P D  a re  given in Table  1. 

Analys is  of the dens i tog rams  (Fig. 1) obtained under  identical conditions (sensi t ivi ty  of scanning 1, f i l t e r  
560 ram, sl i t  width 0.3 ram) showed conclusively  that  the i sozyme  spec t rum of a - G P D  in m o s t  of the t i s sues  
studied was c h a r a c t e r i z e d  by a high content  of the m o s t  mobi l e  anodal f o r m s  (~-GPDI_s) , ~vhich evidently de-  
t e rmine  the total  act ivi ty of the enzyme.  It  is genera l ly  accepted  [2-4] that  cy top lasmic  ~ -GPD f rom m a m m a l i a n  
m u s c l e s  cons is t s  of two subunits and that  during e l ec t ropho re s i s  it s e p a r a t e s  into th ree  act ive enzyme f rac t ions .  
One of these  f rac t ions  is m o r e  act ive in t i s sues  of  the bra in ,  l iver ,  and kidneys,  another  in hear t  and ske le ta l  
m u s c l e s .  The th i rd  f rac t ion  is in te rmedia te  in act ivi ty and i ts  content va r i e s  in different  t i s sue s .  The  r e su l t s  
conf i rmed  the exis tence  of these  th ree  prev ious ly  known m o l e c u l a r  f o r m s  of a - G P D  in the cy top lasm of v e r t e -  
b ra t e  m u s c l e s .  At the same  t ime,  in all the s amples  of m u s c l e s  studied (except human musc le s )  the p r e sence  
of two additional m o l e c u l a r  f o r m s  of the enzyme also was d i scovered  (Fig. 1). On the bas i s  of t he i r  e l e c t r o - .  
phoret ic  mobi l i ty ,  these  f o r m s  were  descr ibed  as ~ -GPD 4 and a - G P D  5. It  is  in teres t ing  that  the dis tr ibut ion 
of the newly d i scovered  f o r m s  of a - G P D  in red  and white m u s c l e s  obeys a definite ru le .  In red  m u s c l e s  (m. 
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soleus), differing from white (m. quadratus lumborum) both functionally and by their lower rate of glycolysis 
[i], their activity was considerably lower. The difference in activity of the cathodal forms of the enzyme de- 
pending on the predominant type of carbohydrate o~idation could be seen most clearly in relation to fractiona- 
tion of cytoplasmic ~-GPD from rabbit muscles (Fig. IC). Changes in the isozyme spectrum of cytoplasmic 
~-GPD which were observed in the test samples during keeping must now be considered. For instance, on 

repeated electrophoresis of preparations kept for 24 h in the cold at 4~C, cathodal forms of the enzyme could 
be found in the form of hardly distinguishable zones of specific activity, only if the concentration of the sample 
under analysis was increased by 1.5-2 times. A similar picture also was observed when electrophoresis was 
carried out at 20~ in the absence of effective cooling of the electrode buffer solution, and consequently in the 
gel blocks themselves. Total inactivation of the cathodal forms of the enzyme and redistribution of activity 
of the anodal forms took place 48h after the time of isolation and later during keeping. Under these circum- 
stances activity of ~-GPD 3 and ~-GPD 2 was considerably reduced whereas activity of ~-GPDI was increased. 
These changes evidently determine the marked differences between the isozyme spectra of native and crystal- 
line ~-GPD from rabbit muscles (Fig. IC, D, f). 

When the results of fractionation of isozymes of cytoplasmic ~-GPD from red (m. soleus) muscle of 
rabbits by methods of electrophoresis and isoelectric focusing are compared (see Figs. IC and 2), the existence 
of definite correlation between the electrophoretic mobility of individual isozymes in PA G and their distribution 
in the pH gradient during isoelectric focusing will be noted. Fractions of the enzymes from ~-GPD I to ~-GPD 5 
occupy successive regions from the weakly acid through the neutral to the weakly alkaline region of the pH 
gradient. During isoelectric focusing, just as during electrophoresis, the bulk of the activity of the enzyme 
was accounted for by anodal forms - ~-GPD I and ~-GPD 2. 

The results of this analysis of the isozyme composition of NAD-dependent ~-GPD in red and white muscle 
of a series of vertebrates and man show that it is one of the most important enzymes regulating the utilization 
of key metabolites of glycolysis. Accordingly the study of the distribution of ~-GPD isozymes, reflecting the 
velocity and direction of the ~-GPD reaction, may provide an objective indicator of the changes taking place 
in relations between aerobic and anaerobic processes in the tissues of the body in different states. 

LITERATURE CITED 

i. V.S. ]/'in and M. S. Usatenko, Biokhimiya~ No. i, 127 (1972) 
2. L.I.  Korochkin et al., Genetics of Isozymes [in Russian], Moscow (1977). 
3. L.T.  Litwinenko, M. F. Gulyi, R. D. Antonenko, et al., Vopr. Med. Khirnii, No. 5, 638 (1977). 
4. L, T, Litvinenko, M. F. Gulyi, and N. I. Polilmrpova, Ukr. BioLhirn. Zh., 3_.99, 620 (1967). 
5. S.A. Tumakov and S. V. Pervushkin, in: Technical Creativity and Problems in Cardiology [in Russian], 

Kuibyshev (1975), pp. 80-83. 
6. S.A. Tumakov and S. V. Pervashkin, Lab. Delo, No. 7, 408 (1977). 
7. I. Vo Sidorenkov and F. N. Gil'miyarova, Biokhimiya, No. 6, 1192 (1969). 
8. H.D. Brown and S. K. Chattopadhyay, in: Chemistry of the Cell Interphase (ll.D. Brown, ed.) NewYork 

(1971), p~ 73-203. 
9. F. Leibenguth, Bioehem. Genet., 133, 263 (1975). 

10. U.E. Loening, Biochem. J., 102, 251 (1967). 
11. H.R. Scholte, P, J. Weijers, and E. M. Wit-Peeters, Biochim. Biophys. Acta, 29__.!1, 764 (1973). 
12. T.P.  Singer, Methods in Biochemical Analysis, Vol. 22, New York (1974), pp. 123-175. 
13. M. Szylit, Path. Biol., 16, 247 (1968). 
14. O. Vesterberg, Biochirn, Biophys. Acta, 25__.77, 11 (1972). 

1069 


