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Zusammen/c~ssung. Nach  Bebr i i tung  yon  <~Erythro- 
cyten~ mi t  D H E A  oder  D H E A  Sulfat id  konn t e  eine 
A b n a h m e  des in t racel lu lgren  c -AMP' s  fes tges te l l t  werden.  
E ine  a n g e n o m m e n e  Akt iv ie rung  der  Phosphod ies t e ra se  
1tess sich d u t c h  die verst~trkte Hydro lyse  VOlt c -AMP zu 
Y-AMP in Gegenwar t  yon  D H E A  bes tg t igen.  Auf der  
anderen  Seite bewi rk te  D H E A  fiber die H e m m u n g  der  
G - 6 - P D H  auch  eine ind i rek te  H e m m u n g  der  Phospho-  
diesterase,  die auf e inem ger ingeren Verb rauch  inhibieren-  

den G-6-P 's  beruht .  U n t e r  phys io logischen Bed ingungen  
scheint  le tz tere  W'irkung vorzuher rschen .  
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P r e s e n c e  of A d e n o s i n e  T r i p h o s p h a t e  in  T o b a c c o  (Nicotiana tobacum) T i s s u e  G r o w n  in Nutr i en t  
M e d i u m  C o n t a i n i n g  V a r i o u s  C o n c e n t r a t i o n s  of Kinet in  

Kine t in  has been  known  to  affect  cell division,  differen- 
t ia t ion,  and  organ d e v e l o p m e n t  1. K ine t i n  (cytokinin) has 
also been r epo r t ed  to. be an inh ib i t ing  agen t  for t he  
p roduc t ion  of glycolyt ic  kinases,  hexokinase ,  and  pyruv ic  
kinase 2. Fu r the rmore ,  i t  is k n o w n  t h a t  cy tok in ins  induce 
R N A  syn thes i s  and consequen t ly  affect  p ro te in  syn thes i s  ~. 
Whi le  logic would make  one assume t h a t  A T P  con ten t s  of 
t issues would  va ry  according  to  t he  k ine t in  concen t ra t ion  
present ,  th is  pape r  sets down the  c o m p u t e d  A T P  con ten t s  
of t issues grown in v i t ro  w i th  var ious  concen t ra t ions  oI 
kinet in .  

Materials and methods. Cylinders  of fresh t issue were cut  
t h rough  the  s t em of Nicotiana tobacum vat .  Wiscons in  38 
wi th  a cork borer  (6 m m  Z). 5-mm segments  were t h e n  
cut  f rom the  cylinder.  E a c h  piece of t issue weighed  
0.31 ~ 0.02 g. 3 pieces of such t issue were grown in a 
125 ml flask conta in ing  50 ml  nu t r i en t  agar  medium.  The 
m e d i u m  con ta ined  the  basic subs tances  prev ious ly  used 3 

Table I. Changes of ATP content and fresh weight of tobacco pith 
tissue grown in vitro comparing to fresh pith 

Kinetin in medium Increase of Increase of 
(mg/1) fresh weight (%) ATP content in tissue (%) 

0 174 300 
0.02 266 150 
0.20 550 720 
2.00 145 658 

Each number (for either fresh weight or ATP content of tissue) was 
calculated from 3 pieces of pith tissue in 1 flask comparing same 
number of fresh pith of tobacco stem. 

Table II. Changes of ATP content in tobacco pith tissue grown in 
liquid nutrient medium containing various concentration of kinetin 

Kinetin in medium 
(mg/1) 

Increase of AT P in pith tissue (%) 

8 days~ 14 days~ 

0.02 33 120 
0.20 337 820 
1.00 718 929 

ATP content was calculated based on 1 g of tissue comparing to the 
fresh pith (0 day growth in medium). ~ Growth period in medium. 

P l a n t  ho rmones  in the  m e d i u m  included 2 mg/1 of indole 
acetic  acid and var ied concen t ra t ions  of kinet in .  All of 
t he  flasks were placed in a g rowth  c h a m b e r  w i th  a 
t e m p e r a t u r e  of 27 ~ and ap p ro x i ma t e l y  100 Lux  of l ight.  

The l iquid cul ture  was ident ica l  to  t he  solid m e d i u m  
excep t  for t h e  agar.  F lasks .  con ta in ing  p i t h  t issue in 
n u t r i en t  solut ion were placed on a shaker  in a room kep t  
a t  a co n s t an t  t e m p e r a t u r e  of 24~ and approx .  350 L u x  
of l ight.  

Adenos ine  t r i p h o s p h a t e  was  ex t r ac t ed  f rom the  p i th  
t issue (2 g) wi th  5 ml  of boil ing wa te r  for a per iod of 10 rain. 
The ex t rac t  was  cooled and the  A T P  co n t en t  was analyzed 
by  the  luciferin-luciferase m e t h o d  4 and  an Aminco  
Chem-Glow Pho tome te r ,  The luciferin-luciferase was  
p repa red  f rom the  commercia l  f i refly l an t e rn  ex t r ac t  
(Sigma Chemical  Co., St. Louis, Mo.). The A T P  s t a n d a r d  
and  the  N-2-hydroxye thy lp ipe raz ine -N ' -2 -e thanesu l fon ic  
ac id /magnes ium buffer  were also f rom the  same source. 

Pe rcen tage  of increases  of A T P  co n t en t s  or f resh  
weights  shown by  Tables  I and I I  was ca lcula ted  as: 

Pe rcen t  increase = 

Tissue grown in v i t ro  - -  Fresh  p i th  t issue 
•  

F resh  p i th  t issue 

Results and discussion. The Figure  shows the  changes  of 
A T P  con ten t s  of tobacco  p i th  t issue grown ill n u t r i e n t  
agar. Dif ferent  expe r imen t s  ut i l ized d i f fe rent  concent ra -  
t ions  of k ine t in  in t he  nu t r ien t .  Tissue grown in t he  
m e d i u m  conta in ing  0.2 or 2 rag/1 of k inet in  p roduced  more  
A T P  t h a n  t issue grown on the  med i u m w i t h o u t  k ine t in  
(control). Tissue grown for 6 days  in m e d i u m  con ta in ing  
0.02 mg/1 of k ine t in  con ta ined  m u c h  less A T P  per  g 
of fresh weigh t  of t issue t h a n  the  control .  The longer  
g rowth  per iod (14 days) m a d e  the  difference even more  
dramat ic .  

Table  I shows a compar i son  of the  fresh weigh t  and  
A T P  con ten t s  of t he  t issue grown in v i t ro  w i t h  t h a t  of 
p i t h  t issue f reshly  cut  f rom tobacco  s tem.  Af te r  14 days  
of growth,  it  can  be seen t h a t  k ine t in  in t he  m e d i u m  
enhanced  the  growth,  b o t h  by  weight  and  overall  size. 
H igh  concen t ra t ions  of k ine t in  (2 mg/1) r e t a rd ed  the  
growth  when  co mp ared  to  t issue grown in the  absence 
of kinet in.  The grea tes t  A T P  co n t en t  was  found  in t issue 
grown in such m e d i u m  (2 rag/l). 

Similar  expe r imen t s  were pe r fo rmed  using l iquid media.  
The overall  g rowth  ra tes  of t issue in any  of these  media  
were fas ter  t h a n  those  grown on agar, p ro b ab l y  due to  
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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 .  

K. A. F~NG and J. W. UNoER ~ 

Department o/Biology, University o/ Wisconsin, 
Oshkosh (Wisconsin 5d901, USA), 30 July 7974. 

R. MURASItlGE and F. SKOOG, Physiologia PI. ?'5, 473 (1962). 
6 A. C. HILDEBRANDT, Symposia Int. Soe. Ceil Biology (Acadenfie 

Press, New York 1970), vol. 9, p. 147. 
7 Acknowledgments. This research was supported by the James F. 

Duncan Research Grant; gratitude is herewith expressed. 

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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