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increased avai labi l i ty  of nu t r i en t s  to  the  t issue grown 
under  such condit ions.  As can be seen in Table II,  the  
a m o u n t  of A T P  con t en t  per  g ram of t issue increased wi th  
the  increase of g rowth  per iod as well as to the  a m o u n t  of 
k inet in  in the  l iquid nu t r ien t .  

I t  has  been  reportedS,  6 t h a t  var ious  amoun t s  of 
cytokinin,  in combina t ion  wi th  auxin,  m a y  affect  cell 
division and  rnorphogenesis  of t issue grown in vi tro.  
In  our work, it  was a p p a r e n t  t h a t  t issue p roduced  in the  
0.02 mg/1 of k inet in  was soft  wi th  large cells; callus 
p roduced  on m ed ium conta in ing  2 mg/1 of k ine t in  was 
compac t  in form and was composed  of small  cells. 

Different  concen t ra t ions  of k ine t in  a p p a r e n t l y  affect  the  
ra te  of cell divis ion and en largement .  Tissue on a med ium 
con ta in ing  2 mg/1 k ine t in  grew very  l i t t le  (Table I). 
However ,  as shown in bo th  Tables I and  II ,  the  a m o u n t  
of A T P  in th is  t issue was far grea ter  t h a n  in t he  t issue 
grown on o ther  media.  A possible  exp lana t ion  is t h a t  A T P  
consumpt ion  was no t  high, due to  lowered g rowth  ac t iv i ty  
bu t  t h a t  the  supply  of sugar  was grea t  enough  for t he  
fo rma t ion  of A T P  itself. 

I t  is suggested t h a t  t he  a m o u n t  of A T P  in the  p i th  
t issue grown in v i t ro  ve ry  likely relates  to the  a m o u n t  
of k inet in  in the  n u t r i en t  m e d i u m  and  m i g h t  also relate  
to the  g rowth  and  or cell d i f fe ren t ia t ion  t h a t  could be 
inf luenced by  the  exogenous  p l an t  hormones .  
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ATP content of tobacco pith tissue grown ill medium containing 
various concentrations of kinetin for 6 days (---) and for 14 days (--). 

Rdsumd. On a fair croi t re  du t issue de la moelle du 
t abac  (Nicotiana tobacum) dans  l ' agar  nour r i s san t  ou dans  
un l iquide c o n t e n a n t  des m in6raux bas ique  et  des hor-  
mones  v6g6tales. La croissance du t issu m6dullaire  se 
m o n t r a  d i r ec t emen t  d6pendan t e  de la kin6t ine con tenue  
dans  le milieu. La t eneu r  en A T P  du t issu a vari6. On 
es t ime que celle de la moelle d6pend de la croissance et  de 
la divis ion cellulaire affect6es pa r  la kin6t ine dans  le 
milieu nutr i t i f .  
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Glyoxalase II Activity in Tumours  

The glyoxalase enzyme sys tem,  d iscovered indepen-  
den t ly  by  DAKIN and  DUDLEY 1 and  by NEUBERG 2 in 
1913, was la ter  shown to  be a c o m p o u n d  sys t em of two 
enzymes  (RACKER 3) which cata lyzes  t he  following 
reac t ion  : 

glyoxalase I 
me thy lg lyoxa l  + g lu ta th ione  ~ S-lactoyl-  

E.C 4.4.1.5 

glyoxalase I I  
- g lu ta th ione  ~ D-lactate + g lu ta th ione  

E.C 3.1.2.6 

The role of the  glyoxalases  in t issues has no t  as ye t  
been el ucid ated.  Par t i cu la r ly  n o t e w o r t h y  is the  hypo thes i s  
fo rmula ted  by  SZENT-GYt3RGYI et  al. 4-6 which  pos tu la tes  
t h a t  the  glyoxalases  subs t ra te ,  methylg lyoxal ,  and the  
glyoxalases p lay  a s ignif icant  pa r t  in t he  mechan i sm of 
cell division. I t  should be s t ressed t h a t  me thy lg lyoxa l  
has also been shown to have  tu rnou t - inh ib i t ing  prop-  
ert ies  ~,s. Dur ing  inves t iga t ions  of the  d i s t r ibu t ion  of the  
glyoxalases  in normal  and  cancerous  t issues,  when  
de te rmin ing  the  ac t iv i ty  of the  whole glyoxalase sys tem,  
we have  observed t h a t  th is  is in general  lower in cancerous  
t h a n  in normal  t issues 9,13. Ear l ier  work  on th is  p rob lem 
showed values  e i the  r lower or h igher  t h a n  those  for normal  
tissuesl~,l~. W h e n  employ ing  more  precise spectro-  
p h o t o m e t r i c  methods ,  which  allow each enzyme to  be 

de t e rmined  separate ly ,  i t  was found t h a t  as a rule 
glyoxalase I I  was absen t  in cancerous t issues or cells, while 
glyoxalase I ac t iv i ty  was  e i ther  reduced  or was similar  
to  t h a t  in no rma l  t issues 9. Absence  of glyoxalase  I I  was 
observed by  us in several  an imal  t u mo u r s  and  also in 
opera t ion  sect ions f rom h u m a n  tumours .  This fact  
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w o u l d  a p p e a r  t o  be  of  p o t e n t i a l  s i g n i f i c a n c e  in  v i e w  of 
t h e  p o s t u l a t e d  ro le  of  t h e  g l y o x a l a s e  s y s t e m  in  cell  
d i v i s i o n  a n d  in  c a n c e r  g e n e s i s .  

Methods. G l y o x a l a s e  I I  we re  d e t e r m i n e d  i n  t h e  s u p e r -  
n a t a n t s  of  h o m o g e n a t e s  p r e p a r e d  f r o m  n o r m a l  a n d  
c a n c e r o u s  t i s s u e s ,  u s i n g  t h e  m e t h o d s  d e s c r i b e d  in ea r l i e r  
works~3,  t~. N o r m a l  a n d  c a n c e r o u s  t i s s u e s  w e r e  h o m o g -  
e n i z e d  in 0.15 M KC1 ( 1 + 5 ) ;  l e u k a e m i a ,  s a r c o m a  
Y o s h i d a  a n d  E h r l i c h  t u m o u r  cel ls  we re  h o m o g e n i z e d  as  
d e s c r i b e d  in  ~5. P r o t e i n  in  t h e  s u p e r n a t a n t s  of  t h e  cell  
h o m o g e n a t e s  w a s  d e t e r m i n e d  b y  t h e  s p e c t r o p h o t o m e t r i c  
m e t h o d 1 6  G l y o x a l a s e  I w a s  p u r c h a s e d  f r o m  B o e h r i n g e r .  
G l y o x a l a s e  I I  w a s  o b t a i n e d  b y  m o l e c u l a r  f i l t r a t i o n  as  
d e s c r i b e d  e a r l i e r l K  M e t h y l g l y o x a l  w a s  o b t a i n e d  f r o m  
g l y c e r a l d e h y d e ~ L  a n d  S - l a c t o y l - g l u t a t h i o n e  ( s u b s t r a t e  
fo r  g l y o x a l a s e  I I )  w a s  o b t a i n e d  f r o m  m e t h y l g l y o x a l  a n d  
g l u t a t h i o n e  (Merck)  b y  t h e  m e t h o d  d e s c r i b e d  b y  W I E -  
LAND tS. O t h e r  r e a g e n t s  w e r e  o f  a n a l y t i c a l  p u r i t y .  

Results and discussion. R e s u l t s  of  m e a s u r e m e n t s  a r e  
s e t  o u t  in  t h e  T a b l e .  T o g e t h e r  w i t h  t h e  a c t i v i t y  o f  t h e  
g l y o x a l a s e s  in  c a n c e r o u s  t i s s u e s  a n d  cells ,  s e v e r a l  e x a m p l e s  
of  v a l u e s  for  n o r m a l  t i s s u e s  a r e  g i v e n .  I t  is  w o r t h  n o t i n g  

Activity of glyoxalase II in some turnout tissues or cells and in some 
normal tissues in units ~ per mg of protein 

Samples Glyoxalase II 

activity b 

Tumours : 

Morris hepatoma 5123 D (rat) ~ 27 2_ 4 

Morris hepatoma 7777 (rat) r 0 

Kirkman- Robbins hepatoma (hamster) d 122_ 3 

Sarcoma 180 (mouse) d 25 • 6 

Sarcoma TW (hamster) ~ 9 2_ 2 
Guerin tumour  (rat) o 0 

MeIanoma malignum (hamster) t 0 

Melanoma malig~mm amelanoticum AL (hamster) ~ 0 

Ehrlich carcinoma cells (mouse) r 26 2_ 5 

Yoshida sarcoma cells (rat) a 0 

Leukemia 1210 cells (mouse) c 0 

Carcinoma infiltrans mammae (human) g 0 

Carcinoma hepatoeellulare (human) ~ 0 

Carcinoma papillare ovarii (human) ~ 0 

Glioblastoma multiforme (human) g 16 ~_ 2 

Fibroadenoma mammae  (human) g 8 J_ 2 

Normals : 

Liver (human) g 108 2_ 4 

laver (hamster) 246 2_ 21 

laver  (rat) 167 2_ 32 
Brain (human) ~ 245 2_ 47 

Muscle (human) g 108 2_ 21 

Enzyme unit:  enzyme activity is expressed as 1 nmol of substrate 
transformed/min at 25 ~ b The results are given as mean 2_ SE of 
3-5 measurements  of different samples. Zero (0) means values not 
detectable in the experimental conditions. Sources of turnouts: 
donor animals with turnouts were kindly supplied by: o Inst i tute of 
Oncology in Gliwice. a Dept. of Pathological Anatomy Medical 
Academy in Wroetaw. " Dept. of Pathological Anatomy Medical 
Academy in Krakow. r Dept. Biology Silesian Medical Academy in 
Katowice. g Human  turnout and normal samples were supplied 
(from operation sections) by Dept. of Pathomorphology Silesian 
Medical Academy in Katowice. 

t h a t  a c c u r a t e  t e s t s  w i t h  s p e c t r o p h o t o m e t r i c  m e t h o d s  o n  
t h e  d i s t r i b u t i o n  of g l y o x a l a s e  I I  in  n o r m a l  t i s s u e s  
s h o w e d  a c t i v i t y  o f  t h i s  e n z y m e  fo r  v a r i o u s  a n i m a l s  a n d  i n  
a l l  t y p e s  of  t i s s u e  i n v e s t i g a t e d ,  i.e. l iver ,  b r a i n ,  k i d n e y s ,  
sp l een ,  h e a r t  a n d  m u s c l e  t i s s u e ,  w i t h  t h e  e x c e p t i o n  of  
m u s c l e s  of  c e r t a i n  m a m m a l s ,  e .g.  r a t s ,  w h e r e  t h e  g l y o x a l a s e  
I I  c o n t e n t  w a s  v e r y  s m a l l  s, 13. T h i s  u n i v e r s a l  d i s t r i b u t i o n  
of  g l y o x a l a s e  is c o n f i r m e d  b y  ea r l i e r  r e s e a r c h ,  b e f o r e  t h e  
c o m p o u n d  n a t u r e  of  t h e  g l y o x a l a s e  s y s t e m  h a d  b e e n  
d e m o n s t r a t e d ,  w h e n  t h e  r e a c t i o n  o f  t h e  w h o l e  s y s t e m  
w a s  s t u d i e d ,  t h a t  is t h e  c o n v e r s i o n  of m e t h y l g l y o x a l  t o  
D- l ac t a t e .  G l y o x a l a s e  a c t i v i t y  h a s  b e e n  a s c e r t a i n e d  
t h r o u g h o u t  t h e  w h o l e  l i v i n g  w o r l d  19. 

F r o m  t h e  e v i d e n c e  of b o t h  p r e v i o u s  a n d  c u r r e n t  
i n v e s t i g a t i o n s  s h o w i n g  h i g h  a c t i v i t y  of  g l y o x a l a s e  
e n z y m e s  in n o r m a l  t i s s u e s ,  a h y p o t h e s i s  m a y  be  p u t  for -  
w a r d  t h a t  a b s e n c e  of g l y o x a l a s e  I I  a c t i v i t y  in  c a n c e r o u s  
t i s s u e s  is a c h a r a c t e r i s t i c  f e a t u r e  d i s t i n g u i s h i n g  s u c h  
t i s s u e s  f r o m  n o r m a l  t i s s u e s .  B a s e d  o n  a r e a s o n a b l y  l a r g e  
n u m b e r  of  o u r  o w n  o b s e r v a t i o n s ,  we  v e n t u r e  t o  p o s t u l a t e  
t h a t  in  n e o p l a s t i c  t i s s u e s  t h e  e n z y m e  s y n t h e s i s  m e c h a n i s m  
is  i m p a i r e d .  I t  m a y  be  t a k e n  t h a t  t h i s  is n o t  d u e  t o  t h e  
p r e s e n c e  of  s o m e  e n z y m e  i n h i b i t o r ,  s i n c e  n o n e  o f  o u r  
m a n y  e x p e r i m e n t s  w i t h  e x t r a c t s  f r o m  h u m a n  a n d  
a n i m a l  c a n c e r o u s  t i s s u e s  ( F i b r o a d e n o m a  m a m m a e ,  
C a r c i n o m a  i n f i l t r a n s  m a m m a e ,  Y o s h i d a  s a r c o m a ,  E h r l i c h  
c a r c i n o m a ,  G u e r i n  t u r n o u t ,  M e l a n o m a  m a l i g n u m  a m e l a -  
n o t i c u m  A L )  a d d e d  to  g l y o x a l a s e  I I  p r e p a r a t i o n s  s h o w e d  
a n y  e v i d e n c e  t h a t  t h e s e  e x t r a c t s  i n h i b i t  e n z y m e  a c t i v i t y .  
T h e  a b s e n c e  of m e t h y l g l y o x a l  ( s u b s t r a t e  for  g l y o x a l a s e s )  
in  n e o p l a s t i c  ce l ls  a s  r e p o r t e d  in o t h e r  p a p e r s  ~, p l u s  t h e  
a b s e n c e  of g l y o x a l a s e  I I  a s  s h o w n  b y  us ,  p r o v i d e s  a b a s i s  
fo r  a s s u m i n g  t h a t  a f u n d a m e n t a l  f a c t o r  in  t h e  c a n c e r  
p r o c e s s  is  a ' d i s l o c a t i o n '  of  t h e  r e g u l a t i n g  s y s t e m  (or o n e  
of  t h e  r e g u l a t i n g  s y s t e m s  ?) a s  e n v i s a g e d  in  t h e  h y p o t h e s i s  
of SZENT-GYORGYI 4, EGYUD e t  a l .5 ,K O u r  o b s e r v a t i o n s  
r e q u i r e  c o n f i r m a t i o n  o n  a b r o d e r  r a n g e  o f  t u r n o u t s .  

Rdsumd. L e s  a u t e u r s  o n t  c o n s t a t 4  q u e  l ' a c t i v i t 6  de  la  
glyoxalase II, t r~s  i n t e n s e  d a n s  les  t i s s u s  n o r m a u x ,  e s t  a u  
c o n t r a i r e  t r 6 s  f a ib l e  dar t s  les  ce l lu les  e t  t i s s u s  c a n c 6 r e u x ,  
o h  elle p e u t  m ~ m e  m a n q u e r  c o m p l 6 t e m e n t .  
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