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HexoMnase (EC 2.7.1.1) act ivi ty was studied in the soluble nuc lea r  f rac t ion  and cy top lasm of r a t  
embryonic  f ib rob las t s  (p r imary  cultures)  in the cour se  of contact  with infect ious (A6) and onco-  
genie (A12) human adenovi ruses .  Higher  act ivi ty  of the enzyme was obse rved  in the cy top lasmic  
f rac t ion  than in the nuclear  in both no rma l  and expe r imen ta l  s amples .  Fo r  the action of the type 
6 infect ious adenovirus  this act ivi ty  did not d i f fer  s ignif icantly f r o m  no rma l .  Sharp changes in 
enzyme act ivi ty  were  obse rved  on contact  between the cel ls  and the oncovirus .  They o c c u r r e d  
both in the nucleus and in the cy top lasm on the f i r s t  days a f t e r  infection with the v i rus ,  they 
gradual ly  i nc reased  with an i n c r e a s e  in the per iod of infection,  and they r eached  the i r  h ighest  
va lues  on the 18th and 24th days.  These  d is turbances  were  m o r e  m a r k e d  in the cy top lasm than 
in the nucleus.  I t  is  pos tu la ted  that  these  changes may  be connected with uncontrol labi l i ty  of 
the p r o c e s s  of cel l  p ro l i fe ra t ion .  
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A compara t ive  study of in te rac t ion  of infectious and oncogenic v i r u s e s  with the cell  is an impor tan t  p rob -  
l em in modern  oncovirology,  for  i t  is an approach  that can shed some  light on the poss ib le  specif ic  c h a r a c t e r  of 
d i f ferences  in the express ion  of the cell  genome.  

Invest igat ion of the changes in energy  m e t a b o l i s m  during t r an s fo rma t ion  of cel ls  is  in te res t ing  s ince the 
recons t ruc t ion  and red is t r ibut ion  of i so fo rms  which pa r t i c ipa te  in such t r ans fo rma t ion  take place  immedia te ly  
a f t e r  p r i m a r y  contact  between v i rus  and cell  [1, 2]. 

The enzyme hexokinase  (EC 2.7.1.1), which ca ta lyzes  the phosphoryla t ion  of glucose to g lucose -6 -phos -  
phate  andis  one of the enzymes  which de t e rmines  the i n c r e a s e d  ra t e  of g lycolys is  in t umor s  [7],has a t t r ac ted  
p a r t i c u l a r  attention. 

The object  of this invest igat ion was to study the act ivi ty of nuc lea r  and cy toplasmic  hexokinase  of cell  
cul tures  during p r i m a r y  contact  with the cel ls  of infect ious and oncogenie v i ru se s .  

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

Hexokinase act ivi ty  was inves t iga ted  in the soluble f rac t ion  of the nucleus and cy top lasm of p r i m a r y  
t ryps in ized  r a t  embryonic  f ib rob las t s  (REF). Tes t s  were  c a r r i e d  out under  no rma l  conditions and a f t e r  infec-  
tion with A6 adenovirus  and A12 oncogenic v i rus .  T ryps in i zed  cul tures  were  grown in 1 .5 - l i t e r  f lasks  in nu t r i -  
ent medium No. 199 with 10% bovine s e r u m .  On the th i rd  day a f t e r  mono laye r  fo rmat ion  the cul ture  was in-  
fected with the adenovi ruses  in t i t e r s  of 4.5 log CPD56/ml. The cul ture  was tes ted  on the f i r s t ,  th i rd ,  fifth, 
eighth, 18th, and 24th days.  An REF  cul ture  of the s ame  age as the expe r imen ta l  s amples  s e rved  as the control .  
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Fig. i. Hexokinase activity in soluble fract ion of  nuclei and 
cytoplasm of cells  of intact REF culture (1) and af ter  infec- 
tion with infectious A6 (2) and oncogenic A12 (3) human ade- 
novi ruses :  a) nucleus; b) cytoplasm. Abscissa ,  t ime af ter  
infection with virus (Jn days); ordinate,  enzyme activity (in 
pmoles g lucose /g  prote in/ ra in-  10 -2) . 

The cell monolayer  was removed with 0.02% versene  solution, centr ifuged at l l 0 g  for  15 rain, and washed with 
physiological  saline. Nuclei were isolated by the method of Chauveau et al.,  in the modification of Zbarskii  
and Georgiev [6]. The degree of  puri ty was verif ied microscopica l ly .  The globulin fract ion was extracted 
f rom the nuclei with 0.03 MTr i s -g lye inebu f f e r  in the cold [4, 6]. To obtain the cytoplasm the cells were ho-  
mogenized in the cold in the  same buffer (1:1) and allowed to stand for 15 h at 2~ after  which they were cen- 
tr ifuged at 750g for  30 rain. 

Total hexokinase activity in the result ing extracts  was determined spectrophotometr ical ly  at 340 nm 
from the quantity of NADPH formed in medium containing 0.01 M po ta s s ium-phospha te  buffer,  pH 7.4, 5 mM 
NADP, 5 mM ATP, 5 mM MgC12, 0.4 IU glucose-6-phosphate  dehydrogenase,  and 5.5 ram glucose [6] and ex- 
p re s sed  in pmoles g lucose /g  p ro t e in /min .  

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

Hexokinase activity in the soluble fraction of the cell nuclei of normal  REF cultures was unchanged 
throughout the investigation, its mean value being 3 .7 .10 - 2  pmole g l u c o s e / g  pro te in / ra in .  Total hexokinase 
activity in the cytoplasm of the normal  culture was ra ther  higher than in the soluble nuclear  fraction. It r e -  
mained vir tually constant throughout the period of cultivation, with a mean value of 5.5 - t0  -2 praote g l u c o s e / g  
pro te in / ra in .  

In the nuclear  fract ion of REF from rats  infected with infectious A6 adenovirus the hexokinase activity 
was almost  indistinguishable f rom normal  at all t imes of the investigation. The mean enzyme activity (6.3 �9 
10 -~ pmoles g l u c o s e / g  pro te in /min)  in the cytoplasm likewise did not differ significantly f rom normal  (Fig. 1) 
and hardly any change was observed in the course  of time. 

Increased  hexokinase activity in the cytoplasm compared with the nuclear  fraction in normal  cultures and 
after  infection with the A6 infectious adenovirus evidently reflects  the higher level of glycolysis  in the cyto- 
plasm. 

The study of the soluble f ract ion of the nucleus and cytoplasm of cells of an REF culture infected with 
oncogenic A12 adenovirus revealed substantial changes in enzyme activity. For  instance,  under the influence of 
the virus the mlelear hexokinase began to change on the third day of interaction between virus and cell. Activity 
of the enzyme was sharply increased  in the soluble nuclear  fract ion on the 18th day, when loci of t r ans fo rma-  
tion (the beginning of morphological  transformation) appeared in the cytoplasm (Fig. 1). Its activity was twice 
as high as the mean  value both under normal  conditions and in REF infected with A6 aden~virus. On the 24th 
day of interaction between virus and cell (when the culture was completely t ransformed) the total activity in 
the nucleus was 3.5 t imes g rea t e r  than normal  (P < 0.001) and 3.3 t imes g rea t e r  (P < 0.001) than in REF in- 
fected with A6 adenovirus.  

Total hexokinase activity in the cytoplasm of an REF culture infected with the oncogenic virus rose  
sharply on the fifth day of infection with the virus (by 2.6 t imes  compared  with normal  and 2.2 t imes compared 
with REF infected with A6 adenovirus) (Fig. 1). A substantial increase  of activity (by 6.6 t imes compared with 
normal  and by 5.8 t imes compared with the cytoplasm of REF infected with A6 adenovirus) was discovered on 
the 18th day. On the 24th day of infection with oncogenic virus the cytoplasmic hexokinase activity was almost  
14 t imes higher than normal  and 12 t imes higher than in REF infected with A6 adenovirus.  These findings 
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conf i rm the hypothesis  of the i nc rea sed  potential  capaci ty  for  glycolysis  connected with mal ignant  t r a n s f o r m a -  
tion of the cel ls  [8]. 

Total  hexokinase act ivi ty  was much higher  in the cy top lasm than in the nue iea r  f rac t ion  of the cul ture  
infected with oncogenic v i rus .  

Hexokinase act ivi ty in cul tures  of no rm a l  REF cel ls  in the nuc lear  f rac t ion  and cy top lasm thus did not 
change with t ime.  The mean  values  of the enzyme act ivi ty in the cy toplasm were  r a t h e r  higher  than in the 
nucleus.  Under the influence of A6 infectious adenovirus  the enzyme act ivi ty in the nucleus and cy toplasm 
showed no apprec iab le  change. Sharp changes in hexokinase act ivi ty  were  obse rved  during in terac t ion  between 
the oneogenic v i rus  and the cell.  They occu r r ed  both in the nucleus and in the cy toplasm a f t e r  the f i r s t  days of 
infection with the v i rus ,  they i nc rea sed  gradual ly  with an i nc rea se  in the per iod  of infection, and reached  the i r  
highest  values  on the 18th and 24th days.  

The sharp  changes in hexokinase act ivi ty in the nuc lear  f rac t ion  and cy toplasm of the REF culture t r a n s -  
fo rmed  by oncogenic DNA-containing v i rus  (compared  with the infect ious virus)  in the course  of t ime  c o r r e l a t e  
with changes in the p a r a m e t e r s  of ca rbohydra te  me tabo l i sm  in the ex t r ace l lu l a r  medium [5]. 

The wr i t e r s  [3] p rev ious ly  obse rved  an i nc r ea se  in the act ivi ty of cer ta in  enzymes  of g lycolys is  in the 
cy toplasm of REF cul tures  infected with an oncogenie va r ian t  of A12 adenovirus  compared  with cul tures  in- 
fected with va r ian t  A3, with weak oncogenic p r o p e r t i e s ,  and infectious A6 adenovirus .  

The higher  hexokinase act ivi ty in the cy toplasm than in the nuclear  f rac t ion  a f t e r  infection with infectious 
and, in pa r t i cu l a r ,  oncogenic v i ru ses  can probably  be explained by the higher level  o fg lyco lys i s  s t imulated in 
cel ls  t r a n s f o r m e d  by the oncogenic Virus. 

The r e su l t s  of these expe r imen t s  thus es tab l i shed  an i nc r ea se  in hexokinase act ivi ty in the soluble nu- 
c l ea r  f ract ion and in the cy toplasm of REF cel ls  in cul ture  under  the influence of DNA-containing oncovirus ,  
indicative of the intensif icat ion of glycolyt ic  p r o c e s s e s  c h a r a c t e r i s t i c  of t i s sue  undergoing mal ignant  t r a n s -  
format ion .  Consequently,  the changes obse rved  can be used  as object ive c r i t e r i a  of cell  t r ans fo rma t ion .  

The i nc r ea se  in hexokinase act ivi ty  and the intensif icat ion of glycolysis  in the ea r ly  s tages  of t r a n s f o r m a -  
tion of REF cel ls  under the influence of oncogenic v i rus  can be p r e s u m e d  to be fundamental  p rope r t i e s  of m a -  
lignant growth,  poss ib ly  connected with the uncontrol labi l i ty  of the p r o c e s s  of cell  p ro l i fe ra t ion .  
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