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Leukemia  cel ls  sensi t ive to Coxsactde and pol iomyel i t i s  v i ru se s  and ce l l s  r e s i s t an t  to these v i r u s e s  
d i f f e r i n  ~he ac t iv i ty  of the i r  g lucose -6 -phospha te  dehydrogenase and NAD-diaphorase  l s o z y m e s .  

By the action of ~5ruses on t ransp lan tab le  ce l l s  of r e t i cu l a r  type,  V. D. Solov 'ev  and N. E. Gulevtch 
obtained subcul tures  res i s tan t  to the cytopathic action of these v i r u s e s  [5]. The r e s i s t ance  acquired by the 
cel ls  was specif ic  against  a definite ~Jrus and was t r ansmi t t ed  by heredi ty  to s e v e r a l  genera t ions  of ce l l s ,  
a f te r  which it was spontaneously lost .  Special invest igat ions failed to r evea l  the p r e sence  of v i rus ,  ant ibod-  
ies ,  or  subs tances  of in te r fe ron  t:~2~e [4] in th~ r e s i s t an t  ce l l s .  The r e su l t s  of l a t e r  invest igat ions showed 
that, r e g a r d l e s s  of thei r  origin (from human leukemia  cel ls  or  f rom monkeys '  tonsil  cel ls)  or  of the v i rus  
producing r e s i s t ance  (Coxsackie B 3 v i rus  or  type I pol iomyel i t i s  v i rus) ,  the r e s i s t an t  subcul tures  p o s s e s s e d  
diminished abifity to reproduce,  diminished act ivi ty  of s eve ra l  enzymes ,  and a reduced content of RNA and  
prote in  St l -groups [1, 6]. 

These  authors  accordingly postulated that the r e s i s t ance  of the cul tures  studied by them is  based  on 
mechan i sms  s i m i l a r  to those of na tura l  immunity  to cer ta in  infections,  cons is t ing  of a t e m p o r a r y  r e p r e s -  
sion of the production of ce r ta in  ingredients  essent ia l  for  ent ry  of the v i rus  into the cell  or  for  i ts  Intr-a- 
ce l lu lar  development .  However,  the impor tant  question of the speci f ic i ty  of this acqui red  r e s i s t ance  is  
left  open. 

The object  of the p re sen t  invest igat ion was to study cer ta in  enzymes  and pro te ins  contained in e x -  
t r a c t s  of leukemia  ce l l s  sensitix~e or r e s i s t an t  to two different  v i ru se s  by the method of f ract ionat ion on 
po lyacry lamide  gel .  

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

Three  l ines  of cel ls  were  used in the investigation: or iginal  s t r a in  L-96 (!solated by Osgood and 
Brooks f rom a pat ient  with subacute monocyt ic  leukemia),  sens i t ive  to Coxsackie  and pol iomyel i t i s  v i ru se s ,  
and s t ra in  L-41, obtained f rom it andthe  r e s i s t an t  to Coxsackie  B 3 v i rus ,  and s t ra in  P-123, r c s i s t a n t t o t ~ p e  
I pol iomyel i t is  ~jrus.* Both s t r a i n s  were  highly res i s t an t  and to le ra ted  infcc t ionexceeding 10 PFU/cel l .  

The cel ls  were  grown in Roux f l a s k s o n m e d i u m  No. 199 with 10% bovine s e r u m .  On the 4th-5th day of 
gro~th  the ce l l s  were  removed  with 0 . 0 ~  ve r sene  solution, washed 2 t imes  with cold physiological  sa l ine ,  
and centrifuged in the cold at 1000 rpm.  The cel ls  which set t led were  resuspcnded  in 1 ml dist i l led wa te r  
and dis in tegra ted  by f reezing t u a  mix ture  of d ry  ice and acetone and thawing 3 t imes ,  a f te r  which they were  
centrifuged for  30 rain at  4500 r p m .  The res idue  was removed.  The pro te in  content was de te rmined  s p e c -  

"The  res i s t an t  s t r a in s  were  obtained by N. E. Gulevich and T. Cr isp in  by t r ea t ing  ce l l s  of line L-96 with 
Coxsackie B ~ and type I pol iomyel i t i s  v i ru se s ,  and made avai lable  to use .  

Labora tory  of I t i s tochemis t ry ,  Insti tute of Ituman Morphology, Academy of Medical Sciences of  tho 
USSR; Labora tory  ef Cytopatholog-y, Insti tute of Epidemiology and Microbio!ocs,,  Academy of Medical Sci-  
ences  of the USSR, Moscow (Presented  by Active M e m b e r  of the Academy of Medical Sciences of the USSR 
A. P. A~+.syn). Trans la ted  f rom Byulleten '  Ekspe r imen ta l ' no i  Biolegii i .Meditsiny, Vol. 65, No. 3, pp. 66-69, 
March,  1968. Original  a r t i c l e  submit ted  March 26, 1967. 

$98 



i .  i:/l 

,I 

Fig. 1 Fig* 2 

Fig.  1. E lec t rophores i s  of ex t r ac t s  of sens i t ive  and r e s i s t a n t  ce l l s .  I s o z y m e s  of g lucose -  
6-phosphate  dehydrogenase ,  a) On the left, ex' tract  of sens i t ive  L-96 cel ls ,  3 i s o z y m e s  of 
the enzyme visible;  on the right,  ex t r ac t  of L - 4 I  ce l l s  r e s i s t an t  to pol !omyel i t t s  ~lrus,  
cons iderable  reduction in intensi ty  of t i r s t  i sozyme  vis ib le .  Prote in  (50 pg) applied t o e a c h  
column; b) on the left, or iginal  L-96 cel ls ,  on the r ight  P-123 ce l l s  r e s i s t an t  to po l iomye l -  
i t is v i rus ,  no d i f fe rences  in enzyme act ivi ty .  Pro te in  (200 #g) applied to each column.  

Fig.  2. NAD-diaphorase  detected by e l ec t ropho re s i s  of cel l  ex~tracts, a) On the left, ex t r ac t  
of sens i t ive  L-96 cel ls ;  on the right,  ex t rac t  of ce l l s  r e s i s t an t  to Coxsackie  B ~ v i rus ;  b) on 
the left, ex t r ac t  of sensi t ive  L-96 cel ls ,  on the right,  ex t r ac t  of ce l l s  r e s i s t an t  t o  po l iomye l i -  
t i s  vir~9.  

t ropho tomet r i ca l ly  in the supernatant ,  the prote in  concentra t ion in the tubes was equalized, and the ex t r ac t  
was mixed with an equal  volume of 60% suc rose  solution. 

E lec t rophores i s  in po lyacry lamide  gel was c a r r i e d  out by Dav i s ' s  method [9] in 8 columns m e a s u r i n g  
6 x 70 ram, with an initial voltage of 300 V and cu r ren t  50 mA, for 3 h. P ro te in  was applied to the column 
at  the ra te  of 50-200 pg in a volume of 0.1 ml.  The appara tus  for  e l ec t ropho re s i s  was cooled with d ry  ice .  
Glucose-6-phospha te  dehydrogenase  (G6PD) [2, 8], and NAD-diaphorase  (ND) [3, 7] i s o z y m e s  were  d e t e r -  
mined e lec t rophore t ica l ly .  In sepa ra t e  s e r i e s  of e l ec t rophore t i c  invest igat ions staining was c a r r i e d  out for  
pro te in  [9]~ The e lec t rophore t ic  mobil i ty Rf of the i s o z ) m e s  was de te rmined  as the ra t io  between the d i s -  
tances in m i l l i m e t e r s  moved by the i sozyme and the dis tance moved by the yellow band mark ing  the chang-  
ing boundary between gel and buffer .  All de te rmina t ions  for  each s t r a in  of cel ls  were  made on m a t e r i a l  
f r o m  5-8 f lasks,  f rom 2-4 para l le l  t e s t s  being c a r r i e d  out with ma t e r i a l  f rom each f lask.  In each  s e r i e s  
of expe r imen t s  s imul taneous observa t ions  were  made on sens i t ive  and r e s i s t an t  ce l l s .  

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

E lec t rophores i s  of ex t rac t s  of the or iginal  cel ls  (s train L-96) r evea led  3 i s o z y m e s  of G6PD with Rf 
values  of 0.21 for  the f i r s t  i sozyme (the fa r thes t  f rom the a tar t ing  line), 0.14 for  the second, and 0.09 for  
the th i rd .  The 2nd i sozyme was the mos t  act ive  In these  cel ls ,  occupying an a r e a  1-2 m m  in width which 
was stained mos t  intensively.  The color  appeared  in the ea r l i e s t  s ~ g e s  of incubation with the s u b s t r a t e  
mixture  compared  with the appearance  of color  of the o ther  i s o z y m e s .  The f i r s t  i sozyme l ikewise guve a 
wide band, but this was l ess  intensively stained than the second. The 3rd l sozyme was the leas t  act ive ,  
giving a na r row band of pale  color .  In individual e x p e r i m e n t s  the l e t  and 2nd t sozymes  were  spl i t  int~ two. 

Some weakening of activity of the 3rd l sozyme  and a cons iderable  d e c r e a s e  in act ivi ty  of the f i r s t  
were  cha r ac t e r i s t i c  of the cel ls  r e s i s t an t  to CoxsackJe B ~ v i rus  (s t rain L-41).  In some s e r i e s  of e x p e r i -  
ments  the 1st t sozyme  could not be found. It i s  in te res t ing  to note that  ac t iv i ty  of the 2nd i sozyme  was u n -  
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changed In these circumstances (Fig,, la). With loss of resistance by the L-41 cells, their C~PD activity 
rose to its level in L-96 cells.  

No decrease in activity of the isozymes of G6PD could be observed in the cells resistant to polio- 
myelitis virus (strain P-123; Fig. lb). Moreover, in some experiments an increase in the intensity of 
staining of the Ist isozyme was observed. 

Hence, the two resistant strains of cells differed in their GGPD activity. It is interesting to note the.t. 
the loss of activity of this enzyme in cells resistant to Coxsackie B 3 virus was observed mainly in one of 
the 3 isozymes of the enzyme. That viruses can cause varlous c.hanges in the isozymes of the same enzym~ 
was demonstrated by the findings of Lather and co-workers [10], who studied changes in lactate dehydro- 
genase in a culture of monkey's kidney cells infected with poliomyelitis viruses and adenovirus. 

During electrophoresis of extracts of the original cells (strain L-96), NAD-dlaphorase (ND) appeared 
as a single, very weakly stained band with a mobility of 0.46. In cells resistant to Coxsaclde B ~ virus 
(strain L-41) the ND activity was much higher (Fig. 2a). In 2 experiments we observed the appearance of 
a 2nd isozyme with mobility 0.37. Loss of specific resistance to virus by the cells was accomparJed by 
weakening of ND activity. Strain P-123, resistant to poliomyelitis virus, also showed increased .ND activity 
compared with the sensitive line L-96 (Fig. 2b). However, in contrast to the cells resistant to Coxsackie 
virus, no additional isozyme appeared. In earlier histochemlcal investigations of a number of enzymes in 
differcnt cell lines resistant to Coxsackie and poliomyelitis viruses, the only change found was a decrease 
in enzyme activity [1, 6 I. The activation of ND - an enzyme of the oxidative cycle - may be one of the signs 
of the relatively greater differentiation of cells of resistant lines than of the original line L-96, which, like 
other tumor cells, is characterized by predominance of anaerobic glycolysls over respiration. 

When staining for protein was carried out aRer electrophoresis, more than 20 l~tnds of color of dif- 
ferent intensities were found. Comparison of the sensitive and resistant cells showed differences in the 
intensity of staining of individual proteins. Some bands of resistant cells were weakened, others strength- 
ened. However, the results were not clear enough for definite conclusions to be drawn regarding changes 
in the properties of proteins in the resistant cells. 

Hence, since both strains resistant to viruses were obtained from a single maternal cell Hne, the 
cnange in G6PD activity in the cells resist.~nt to Coxsacl~ie B 3 virus and the absence of such changes in cells 
resistant to poliomyelitis virus suggest that certain stages of metabolic processes in the resistan~ cells 
undergo different chan~es depending on the virus to which these cells are resistant. 
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