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Invest igat ion of re la t ionships  between the N and M subunits in lactate  dehydrogenase (LDH) 
t e t r a m e r s  showed that  the calculated values  of type H LDH act ivi ty  in h e t e r o t e t r a m e r s  
f rom the spinal  ganglia di f fer  s ignif icantly f r o m  the obse rved  values .  This r a i s e s  doubts 
about  the val idi ty of the a s sumpt ion  in the l i t e ra tu re  that  the H and M subunits in LDH i s o -  
enzymes  a r e  mutual ly  independent.  

According to the t e t r a m e r  theory  [5, 13] each i soenzyme of lac tase  dehydrogenase  (LDH) consis ts  of 
four polypeptide H and M subunits .  By the i r  hybr idizat ion in vi t ro  five molecu la r ly  he terogeneous  isoen-  
z y m e s  a r e  formed:  LDHI (HHHH), LDH 2 (HHHM), LDH~ (HHMM), LDH 4 (HMMM), and LDH 5 (MMMM) [12]. 
On the ba s i s  of this theory  the enzyme act iv i ty  dependent on the p resence  of the H (or M) subunit is ca lcu-  
lated by the equation: H = LDH1 + 0.75 LDH 2 + 0.50 LDH 3 + 0.25 LDH 4 [8]. It is a s sumed  that the ac t iv i ty  of 
the subunits in the h e t e r o t e t r a m e r s  (LDH2,3,4) is independent.  Since the s p e c t r u m  of LDH i soenzymes  is 
r e l a t ive ly  constant  for  each o rgan  and since it changes reproduc ib ly  in the var ious  s t a t e s  of that o rgan  
[8, 11, 15], de te rmina t ion  of the LDH s p e c t r u m  may  be an impor tan t  t e s t  to judge the state of oxidative 
me tabo l i sm .  A spec ia l  case  of this p rob l em is the study of enzyme act ivi ty  dependent on the p r e s e n c e  of 
the H or  M subunit.  Another  equally impor tan t  fact  is that  the LDH s y s t e m  is widely used as a model  for  
the study of the m e c h a n i s m  of function of enzyme prote ins  [2, 7, 17]. For  the r ea sons  given above,  ve r i f i -  
cat ion of the a s sumpt ion  that  the subunits in LDH h e t e r o t e t r a m e r s  a re  independent becomes  a m a t t e r  of 
g r ea t  impor tance .  

However ,  there  is some evidence aga ins t  the assumpt ion  that  subunits in LDH t e t r a m e r s  a r e  indepen- 
dent. F i r s t .  LDH1 and LDH 5 a r e  known to change the i r  enzyme act ivi ty  under the influence of a l l o s t e r i c  
agents  [7, 17]. Second, LDH i soenzymes  pos se s s  a qua t e rna ry  s t ruc tu re ,  and this is bound to be re f lec ted  
in the conformat ion  of the subunits and the enzyme act iv i ty  of the t e t r a m e r  [2, 9, 14]. It thus follows that 
the contr ibution of each subunit to the total  act iv i ty  of the t e t r a m e r  is inde te rmina te .  It has been  shown 
[16] that  the calcula ted values (relat ive ac t iv i t ies  of the h e t e r o t e t r a m e r s  calculated f r o m  LDH1 act ivi ty  in 
two dif ferent  concentra t ions  of pyruvate)  differ  f r o m  the obse rved  values in a nonl inear  manner .  

Consider ing the impor tance  of this p rob lem it may  prove useful  to desc r ibe  the r e su l t s  of o b s e r v a -  
tions concerning the a s sumpt ion  of mutual  independence of the subunits in LDH h e t e r o t e t r a m e r s .  

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

The ac t iv i t ies  of the LDH i s o e n z y m e s  were  de te rmined  by a h i s tochemica l  method with n i t r o - B T  
a f t e r  disk m i c r o e l e c t r o p h o r e s i s  of homogenates  of the spinal  ganglia of Wis ta r  r a t s  and of single m e c h a n o -  
r e c e p t o r s  (Pacinian corpusc les )  of the cat  m e s e n t e r y  on po lyacry lamide  gel [10]. In para l le l  t es t s  to d e -  
t e rmine  type H LDH act iv i ty ,  2M urea  was added to the s a m e  incubation medium.  The act ivi ty  of LDH 5 in 
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Fig. 1: Isoenzyme spec t rum of LDH (A) and type H 
LDH (B) of spinal ganglia of Wistar  ra t s .  Above, 
densi tograms;  below, e lee t rophores t s .  Numbers de- 
note ser ia l  numbers  of i soenzymes .  
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Fig. 2. Activity of LDH isoen- 
zymes of spinal ganglia ofWistar 
rats: i) observed activity of 
LDH isoenzymes; 2) calculated 
values of type H LDH; 3) ob- 
served values of type H LDH. 
Abscissa, LDH isoenzymes; or- 
dinate, activity (in conventional 
units of optical density). 

TABLE 1. Activity of Isoenzymes of LDH 
and Type H LDH in Spinal Ganglia af ter  
Tempera ture  Stimulation of Skin (in con- 
ventional units of optical density) 

Conditions of ] 
of stimula- ] 
tion (20 ob- [ 
servations for[ LDHI 
each type of[ ] 
stimulation) I I 

LDH2 ~ ~ ~ ' LDHz 

30 min 
60 rain 
30 min + 
60 min 
rest 

K<0 
K=0 

K=0 

K<0 
K=0 

K=0 

K<0 K=0 
K>0 1 K=0 

K=0 / K=0 

K=0 
K<0 

K=0 

K=0 
K=0 

K=0 

Legend: K) relat ive res t ,  0) st imulation of 
the skin. 

vitro is completely inhibited in this concentration of urea, whereas 

the activity of LDH t is slightly increased [6]. Homogenates of the 
spinal ganglis were studied in animals in a state of relative rest and after the following experimental pro- 
cedures: temperature stimulation of the skin by alternation of baths at temperatures of 5 and 35~ for 30 
and 60 rain, and stimulation for 30 rain followed by a rest of 60 rain. The Paeinian corpuscles were tested 
in a resting state and 30-60 sec after stimulation by means of a pressure-sensitive element [3]. The activi- 
ties of the LDH enzymes, converted in accordance with the tetramer theory to values for the content of the 
H subunit in each isoenzyme, were compared with the observed values for the type H isoenzymes. For 
comparison of the data, normal sampling was assumed [4] and the nonparametric criterion X [i] with levels 
of significance ~ = 5 and 1% was used. 

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

The spec t rum of the LDH isoenzymes of intact ganglia is shown in Fig. 1. The calculated values of 
act ivi ty dependent on the content of the H subunit in LDHi_ 4 and the observed values of the LDH and type H 
LDH activity a re  given in Fig. 2. Values of the activity of the i soenzymes during st imulation of the skin 
under different  conditions are  given in Table 1. 

The Pacinian of the i soenzymes  in homogeaates of spec t rumcorpusc l e s  (N = 34) in a state of relat ive 
r e s t  was as  follows: LDH i : LDH 2 : LDH 3 : LDH 4 = 45.2 : 31.5 : 11.4 : 2.4 (in conventional units of optical den- 
sity) and 50.2 : 36.7 : 12.0 : 1.4 (in percent).  Values of type H LDH did not differ f rom these f igures by a 
s ta t is t ical ly  significant margin  although af ter  st imulation of the meehanoreceptors  there was a significant 
increase  in the activity of LDHI_ 2 (conventional units). 

The experimental  resu l t s  suggest  that the assumption that the subunits in LDH he te ro t e t r amers  are  
independent is evidently incor rec t .  Under these experimental  conditions (Fig. 2, Table 1), for instance,  
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the changes in act ivi ty of LDH2, 3 were  evidently brought about by changes in activity dependent on the p res -  
ence of the M subunit, which could not be establ ished by the use of the accepted method of detecting activity 
of LDH isoenzymes  and by subsequent calculat ion in accordance  with the t e t r a m e r  theory.  On the cont ra ry ,  
it was ne c e s sa ry  to postulate that the increase  in act ivi ty took place on account  of the H subunit, especia l ly  
if it is taken into account that with the u rea  concentrat ion used there  is an increase  in LDH~ activi ty.  In 
this r e spec t  the increase  in act ivi ty of LDH1, 2, whose isoenzyme spec t rum according to the t e t r a m e r  theory 
consis ts  prac t ica l ly  ent i re ly  of H subunits (84%, act ivi ty of LDH 5 was absent  in most  cases) observed a f te r  
st imulation of the Pacinian corpusc les ,  while at  the same time the LDH 2 h e t e r o t e t r a m e r  (HHHM) was de -  
tec ted his tochemical ly  in the homogenates of the l~tcintan corpuscles  and changed its act ivi ty depending on 
the functional s tate  of the mechanorecep tor ,  also is demonst ra t ive .  
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