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The dynamics of redis t r ibut ion of the isozyme spect rum of lactate and malate dehydrogenases 
in ra t  embryonic  f ibroblasts  (REF) in contact with type 12 human adenovirus was studied and 
compared with the dynamics  of changes in the fine s t ructure  of the mitochondria  of the same 
cell models.  The action of the oncogenic virus was shown to produce changes in the tsozyme 
spec t ra  of lactate and malate dehydrogenases  in both the nucleus and cytoplasm.  These dis-  
turbances began after  the f i rs t  days of interaction between the REF culture and the oncogenic 
virus and were not connected with prol iferat ive growth of the cell culture, but were due to the 
action of the virus on the cell. Comparison of the kinetics of changes in the enzymes studied 
with the resu l t s  of quantitative analysis  of the u l t ras t ruc ture  of the mitochondrial  apparatus 
showed that the biochemical  changes ar ise  much sooner, virtually at the moment of infection. 
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Much attention has recent ly  been paid to the study of changes in the [sozyme spectrum of several  en- 
zymes in the course  of carc inogenesis .  The reason is that [sozymes,  while functionally homogeneous, are 
charac te r i zed  by some degree of genetic ind[viduality, i.e., the synthesis of molecular  forms of a part icular  
enzyme is controlled by different genes [9, 10, 14]. Since the process  of vi rus- induced carcinogenesis  is ac- 
companied by considerable  changes in the genetic apparatus of the cell  as a resu l t  of integration of the viral 
and cell genomes,  it can be postulated that the specific redis t r ibut ion of i sozymes charac te r i s t ic  of tumor cells 
and observed during vi rus- induced carcinogenesis ,  is a regular  process .  

The dynamics of redis t r ibut ion of the i sozymes  of the enzymes of energy metabolism, notably lactate 
(LD) and malate (MD) dehydrogenases ,  during virus- induced carcinogenesis  have so far hardly been studied, 
despite the fact that their presence  in the cytoplasm and in the nucleus has frequently been demonstrated.  

The object of this investigation was to study changes in the isozyme spect rum of LD and MD in cells of 
an intact culture and of a culture in contact  with type 12 human adenovirus (A-12) and also to compare the 
dynamics of changes in the isozyme spec t rum with the dynamics of changes in the mitoehondrial  ultras~ruc- 
ture in the same cell model. 

EXPERIMENTAL METHOD 

A culture of rat embryonic fibroblasts (REF), studied on the 1st, 3rd, 5th, 8th, 18th, and 24th days after 

infection with A-12 virus, was used as the model. An intact REF culture was studied at the same time. 

The nuclei were isolated by the method of Chauveau et al. in the modification of Zbarski[ and Georgiev 

[4]. Proteins were fractionated by disk eleetrophoresis in polyacrylamide gel [11], after which activity of the 
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Fig. 1. Dynamics  of changes in LD and MD isozyme activity in globulin f r ac -  
tion of cell  nuclei of REF culture.  A) Control, B) experiment.  Abscissa ,  iso- 
zyme activity in relat ive units; ordinate, days after infection of REF culture 
with adenovirus A-12. Curves 1-3 represen t  activity of LD-1, LD-2, and 
LD-3, respect ively;  curves  4-6 r ep resen t  activity of MD-1, MD-2, and MD-3, 
respect ively .  

LD and MD isozymes was determined [9] f rom their relat ive density recorded  by densi tometry.  The isozymes 
were numbered in accordance with increasing e lect rophoret ic  mobility f rom cathode to anode [13].  The ex-  
per imental  resu l t s  were subjected to s tat is t ical  analysis  [7] .  

Material  for e l ec t ron-mic roscop ic  investigation was fixed, dehydrated, embedded in epoxide res ins ,  and 
stained by the usual methods and examined in the I(i)EM-7A electron microscope .  Mitochondrial s t ruc ture  

M M was analyzed by morphometry ,  with determination of the surface to volume ra t io  of the mitochondria  (S V / V  V), 
the ra t io  of surface a rea  of the cr is tae  to volume of the mitochondria  (S~T), the coefficient of fragmentat ion of 

-Tcr/T. cr  N~r L~ r the c r i s tae  (K~r), calculated as "'A I~A ' where is the number of c r i s tae  and the length of the cr is tae  
per unit a rea  of section through the cytoplasm. Confidence intervals of the mean values were obtained with a 
probabili ty of 95% [5].  

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

Investigation of LD and MD at d[ffer'ent periods in cells of the intact REF culture showed some increase  
in the activity of each LD isozyme in the cytoplasm of the REF cells in the late s tat ionary phase (the changes 
were not s tat is t ical ly significant). No significant changes in LD [sozymes were found in the nuclear  fraction. 
The study of the MD isozyme spect rum showed a significant increase in MD-2 activity in the cytoplasm of the 
REF in the late s ta t ionary phase. In the nuclear fraction a significant increase  in the content of MD-i  was ob- 
served.  

It follows from data in the l i terature that the charac te r  and distribution of LD and MD [sozymes are 
specific for each organ and tissue under normal  conditions in the various sys tems  of animals and m a n  
[2, 8, 13, 15]. Changes d iscovered in the LD and MD isozymes in the cytoplasm and nucleus of intact REF 
were therefore probably connected with growth of the cells  in vitro. 

In the next se r i e s  of experiments  in which the REF culture was exposed to the action of oncogenic adeno- 
virus A-12 a significant increase in activity of isozyme LD-1 in the nuclear  fract ion of the REF cells was ob- 
served on the 5th and 18th days (Fig. 1). [sozyme LD-5 disappeared from the cytoplasm, and later so also did 
LD-4. A substantial fall in LD-1 activity and a considerable decrease  in the LD-3 content were observed on 
the 24th day. 

Oncogenic A-12 virus caused a significant increase in the MD-1 content in the nucleus on the 5th and 18th 
days. MD-3 activity was significantly increased on the 3rd and 24th days (Fig. 1). An increase in the MD-3 
level in the cytoplasm was found on the 3rd and 24th days. 

It can accordingly be concluded f rom the resul ts  of these experiments  that exposure to the oncogenic 
virus caused changes in the isozyme spec t ra  of LD and MD in both the nuclear fract ion and the cytoplasm. 
These dis turbances  began from the f i rs t  days of interaction between the REF culture and the virus.  The r e -  
sults agree with those of previous investigations on the REF sys tem during exposure to human adenoviruses 
A-12, A-3, and A-6 [ 1], in which aerobic and anaerobic glyeolysis  and total aldoiase and LD activity in the 
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TABLE 1. Morphometr ic  P a r a m e t e r s  of Mitochondrial Ul t ras t ruc ture  of Ceils of Intact 
REF Culture (I) and of Culture Trans fo rmed  by Human Type 12 Oncogenic Adenovirus 
(A-12) (M • m) 

Day of investigation 
Pararneter 1st 3rd 5th 8th I8th 24th 

{i 
A-12 

l A-12 
cr / I 

Kf ~ A-12 

2,3+0,4 
1,8-+0,4 

10,9+l,l 
10,94-0,74 
2,2_4"0,15 
1,94-0,13 

1,34-0,2 
2,3+0,32 

13,6+0,8 
10,3.4-0,7 
1,9__+0,14 
2,2+0,13 

2,4+0,4 
2,5_+0,5 

14,2___1,0 
15,6• 
2,0• 
2,2-+0,11 

1,7_+0,3 
1,7_+0,34 

14,3-+0,98 
15,2-+__1,1 
2,24-0,t9 
2,3_+0,15 

0,8• 
1,5-+0,28 

15,0!-1,2 
15,9~+1,6 
2,1+0,16 
2,2-+0, [ 4 

1,9-+0,5 
1,0__~0,24 

13,1-+1,5 
15,2__. 1,2 
2,14.~.:0,16 
2,44-0,14 

cytoplasm were determined,  and also with the resu l t s  of a study of some indices of carbohydrate  metabolism 
in the cytoplasm, including changes in the LD isozyme spectrum in a sys tem consist ing of hamster  embryonic 
f ibroblasts  infected with human adenoviruses  A-12 and A-1 [3, 6]. Changes d iscovered in the regulation of 
synthesis  of the i sozymes studied were not connected with proliferat ive growth of the cell culture,  but were due 
in fact to the action of the virus on the cell. They perhaps were the resu l t  of changes in the epigenome pro-  
duced by the action of the oncogenic virus.  

Infection of the REF culture with oncogenic A-12 adenovirus subsequently led to a small  increase in the 
surface area  of the mitochondrial  c r i s tae  (S~ r) on the 3rd day followed by a decrease  on the 24th day of the 

M M investigation. A significant decrease  in the surface to volume ratio of the mitochondria  (S~]/V V) was found on 
the 3rd day, and a small  increase  in this ra t io  on the 24th day (Table 1). 

Comparison of the kinetics of the changes in LD and MD in cells  of the REF culture after t ransformation 
by A-12 virus with the resu l t s  of quantitative analysis of the mitochondrial  u l t ras t ruc tu re  of these cells  showed 
that the biochemical  changes began to appear virtually from the moment of infection, whereas  changes in the 
u l t ras t ruc ture  of the mitochondria  in the ea r ly  stages could not be detected even by quantitative methods. 

To detect specific changes in the pat tern of energy metabolism of the cell  in the ear ly  stages of v i rus-  
induced carc inogenes is  the most  accura te  and penetrating methods can be regarded  as those which study the 
kinetics of total activity and redis t r ibut ion of the isozyme spectrum of the key enzymes of the energy metabo-  
l ism of the cell, notably LD and MD. 
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