
BIOCHEMISTRY AND BIOPHYSICS 

C H A N G E S  IN A C T I V I T Y  AND I S O E N Z Y M E  C O M P O S I T I O N  

O F  L A C T A T E  D E H Y D R O G E N A S E  D U R I N G  A S I N G L E  

C A R D I A C  C O N T R A C T I O N  

M.  F .  V y a l y k h  a n d  E o V .  B o g d a n o v a  UDC 612o171.015.11:577.158.347 

The total activity and isoenzyme composit ion of frog myocardia l  lactate dehydrogenase 
vary  during a single cardiac  cycle.  The total lactate dehydrogenase activity is high at the 
end of systole  and the end of diastole,  and low at the beginning of systole and at the be-  
ginning of diastole.  Changes in the relative proport ions of different molecular  forms of 
lactate dehydrogenase observed at various stages of the single cardiac  cycle are  mainly 
on account of i soenzymes of muscle type and are  exhibited as changes in the size and in- 
tensi ty of staining of the bands on e lec t rophores i s .  Par t icu la r ly  sharp changes in the a s -  
sor tment  of molecular  forms of lactate dehydrogenase are  observed at the beginning of 
systole ,  when the bands of the hybrid enzymes separate  into c lear ly  distinguishable na r -  
rower  bands. It is assumed that migrat ion of ions on excitation is one possible cause of 
the changes in activity and proper t ies  of the enzyme observed during the cycle.  

Comparison of changes in metabol ism in the myocard ium with the phases of e lec t r ica l  and mechan-  
ical activity of the hear t  is an important  step toward the elucidation of the biochemical  p rocesses  lying at 
the basis of the contract i le  activity of hear t  muscle .  In this connection the wr i te rs  have previously  studied 
the dynamics of changes in the concentrat ion of cer ta in  subst ra tes  of carbohydrate  metabol ism during a 
single cardiac  contract ion.  The results  showed that the concentrat ion of glycogen and of pyruvie and lac-  
tic acids var ies  considerably  at different phases of contract ion of the hear t  muscle [1]. To investigate the 
mechanism of these changes, in the presen t  study the activity and isoenzyme composit ion of lactate dehy- 
drogenase (LDH) in the frog myocard ium was investigated. This enzyme is responsible for the final r eac -  
tion of giyeolysis ,  catalyzing the convers ion of pyruvic into lactic acid. Although the principal  pathway of 
pyruvate convers ion in the hear t  is oxidation in the Krebs '  cycle,  the lacta te-dehydrogenase react ion 
largely determines  the subsequent fate of the pyruvate formed by glycolysis .  The role of this react ion in- 
c reases  in cer ta in  physiological states associa ted with hypoxia. 

Each organ and t issue has its own charac te r i s t i c  a s so r tmen t  of LDH isoenzymes,  in connection with 
differences in the functional role of the H- and M-subunits [7], which differ in their  enzymic proper t ies  
[5, 8]. 

I soenzymes of muscle type can function in the presence  of high concentrat ions of pyruvic and lactic 
acids,  as are usually found in hypoxia. 

The total act ivi ty and isoenzyme composit ion of LDH was determined in order  to explain the changes 
observed in the concentrat ions of pyruvic and lactic acids during a single cardiac  contract ion and to ob- 
tain some idea whether aerobic or  anaerobic metabol ism is predominant  in the myocard ium at par t icu lar  
phases of its contract ion.  
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Fig. 1. LDH isoenzymes at various 
stages of cardiac contract ion (electro-  
phoresis  of extracts  of f rogs '  hearts  
in polyacrylamide gel): 1) beginning 
of diastole; 2) end of diastole; 3) end 
of systole; 4) beginning of systole.  

E X P E R I M E N T A L  M E T H O D  

The hear t  was fixed in a cer tain phase of the contract ion 
cycle by means of a special device controlled by the R wave of 
the ECG and enabling the hear t  to be instantaneously frozen at 
any specified moment of the cycle [2]. The frozen t issue was 
ground into a powder, and extracted with 4 volumes of 0.15 M 
phosphate buffer ,  pH 7.4. LDH activity was determined in the 
extracts  spectrophotometr ical ly ,  using pyruvic acid as the sub- 
s t ra te .  To determine the isoenzyme spec t rum of LDH, the 
method of e lec t rophores is  in polyacrylamide gel as descr ibed 
by Davis [6] was used in the modification of Safonov and Safonova 
[3], with subsequent specific staining by Brody 's  method [4]. 

E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

The results  show that LDH activity var ies  during the 
cardiac cycle,  which in the frog lasts for 1600-2000 msec.  
The maximum LDH activity (3 40.45 =L 16.1 u n i t s / m i n / m g  tis sue) 
was observed at the end of systole .  Toward the beginning of 

diastole, the activity fell (265.38J=13 uni t s /min /mg) ,  and then rose  again to 304.56+11.8 un i t s /m in /mg  to-  
ward the end of diastole.  At the beginning of systole,  the activity of the enzyme was lower (265.55~9.8 
uni t s /min/mg)  than at the end of diastole.  

Determination of the relat ive percentages  of subunits of the muscular  and cardiac  type in hear t  mus-  
cle extract ,  and fract ionation of the extract  by e lec t rophores is  in polyacrylamide gel showed that during 
the cycle changes take place in the rat io between the various molecular  forms of LDH. LDH in the f rog ' s  
hear t  is represented by 5 isoenzymes (Fig. 1). In all 4 phases of the cardiac cycle,  i soenzymes of cardiac 
type predominate,  notably the isoenzyme H3M. The change in the assor tment  of LDH isoenzymes during 
the cycle is mainly due to isoenzymes of muscular  type: activity of the isoenzyme H 4 is the same at all 
phases of the cycle,  while activity of the isoenzyme H3M changes only ve ry  slightly. Pa r t i cu la r ly  sharp 
changes in the assor tment  of molecular  forms of LDH occur at the beginning of systole .  In this period the 
content of i soenzymes of muscu la r  type was very  low, especial ly in the case of hybrid forms H2M 2 and 
HM~. A charac te r i s t i c  feature of this phase of the cardiac cycle is splitting of the bands of the hybrid 
isoenzymes on e lec t rophores is .  The isoenzyme H3M is shown as severa l  bands lying close together ,  
while the other hybrid forms each appear  as two bands, lying close together.  Because of the low activity 
of these i soenzymes,  it is difficult to distinguish these subsidiary bands on the photograph, but in f resh 
specimens they are  c lear ly  visible. 

The causes  of the quantitative changes in the assor tment  of LDH isoenzymes during the cardiac  
cycle,  as well as the causes of splitting of the bands of the hybrid forms of LDH during e lec t rophores is  of 
the cardiac  ext rac t  at the beginning of systole must  next be considered.  Splitting of the bands of hybrid 
isoenzymes observed at the beginning of systole cannot be regarded as a technical  e r r o r  because the 
quantity of protein applied to the gel was the same in the case of all extracts  obtained f rom the hear ts  
fixed at different moments of the cardiac cycle.  Elect rophores is  of these extracts  was always ca r r i ed  out 
simultaneously,  in the same apparatus,  and at the same ionic s trength and pH. Splitting of the bands at the 
beginning of systole was observed in all experiments .  In all probabil i ty,  splitting of the bands was ob- 
served because of the existence of severa l  conformational  s tates of hybrid forms of LDH in this phase of 
the cycle.  Equilibrium is usually established on the side of the thermodynamical ly  most stable conforma-  
tion of the enzyme,  so that it is difficult to detect other conformational states of the enzyme experimental ly 
under ordinary conditions. However, by changing the salt composit ion of the medium, different conforma-  
tional states of hybrid forms of LDH can be obtained [9]. Very probably at the beginning of systole,  dur -  
ing depolarization of the membrane and a change in the concentration of K + and Na + ions in the cell, a 
situation ar i ses  which favors the onset and pers is tence  (for severa l  tens of milliseconds) of different con- 
formations of hybrid LDH isoenzymes.  

So far as changes in the quantitative ratio between LDH isoenzymes during the cardiac cycle are con- 
cerned,  it is hardly conceivable that the rate of synthesis of the individual subunits, which a re  polypeptides 
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of high molecular  weight, could change significantly in the course  of a few tenths of a second. More prob-  
ably at individual moments of the cycle,  because of changes in the intracel lular  medium, the conditions for 
the last  stage of formation of the enzyme,  namely the assembling of the enzymical ly active t e t r amer  f rom 
the subunits, a re  changed. 

The experiments  thus showed that during small  time intervals ,  measured  in tenths of a second, 
changes in the total activity and asso r tmen t  of LDH isoenzymes take place. Because of differences in the 
enzymic proper t ies  of i soenzymes of muscu la r  and cardiac type [10], a change in the relative percentages  
of the molecular  forms of LDH, reflecting significant changes in metabol ism in the course  of the cycle,  
affects the specific pat tern of convers ion of the end products of glycolysis ,  namely pyruvic and lactic 
acids.  The decrease  in LDH activity and the beginning of systole,  on account of isoenzymes of muscular  
type, may be the main cause of the increase  in pyruvic acid concentrat ion discovered previously,  a ccom-  
panied by a simultaneous decrease  in the concentrat ion of glycogen, but by no change in the lactic acid 
concentration.  In the remaining phases of the cardiac cycle,  LDH in all probabili ty does not play a de-  
cisive role in the conversions of pyruvic acid. 

It can accordingly be postulated that excitation, with the associa ted migrat ion of K + and Na § ions, 
gives r i se  to substantial changes even in those enzymic p rocesses  which are  not direct ly  connected with 
contract ion of the myofibr i ls .  
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