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e n d o s p e r m  is devo id  of t h i s  e n z y m e  a c t i v i t y  and  t h e  
e m b r y o  axis  con t a in s  m u c h  h ighe r  e n z y m e  level  t h a n  t he  
scute l lum,  i t  can  be  conc luded  t h a t  G A D  of d r y  seeds is 
loca ted  in d ry  embryos .  Cons i s t en t  resu l t s  were r e p o r t e d  
for GAD of ba r l ey  seeds 3. T he  G A D  ac t iv i t i e s  of e m b r y o s  
were t h e n  d e t e r m i n e d  a t  d i f fe ren t  t imes  of  seed ge rmina -  
t ion ,  b o t h  in t he  absence  and  in t h e  presence  of PLP .  As 
shown  in t he  Figure,  d u r i n g  t he  f i rs t  3 it of ge rmina t ion ,  
t he  e n z y m e  a c t i v i t y  m a i n t a i n s  va lues  close to those  of t h e  
d r y  embryos .  A s ign i f ican t  increase  is obse rved  a f t e r  6 h 
of ge rmina t ion ,  w h e n  t he  G A D  specific a c t i v i t y  a t t a i n s  
i ts  m a x i m u m  value .  T h e n  t he  e n z y m e  levels p rogress ive ly  
decrease  d u r i n g  t he  fol lowing g e r m i n a t i o n  t ime .  P L P  
enhances  s ign i f i can t ly  t he  G A D  a c t i v i t y  t h r o u g h o u t  all 
t h e  g e r m i n a t i o n  t ime,  w i t h  h igher  effect  in t h e  l a t e  per iod.  
A l t h o u g h  th i s  a c t i v a t i o n  c a n n o t  d i r ec t ly  a c c o u n t  for the  
v a r i a t i o n s  of GAD  a c t i v i t y  d u r i n g  ge rmina t ion ,  as 
obse rved  in t he  Figure ,  t h e  poss ib i l i ty  could be ra i sed  of a 
con t ro l  of GAD level  t h r o u g h  t h e  r egu la t ion  of syn thes i s  
a n d  b r e a k d o w n  of t he  apoenzyme ,  t h a t  was  shown  in 
m a m m a l i a n  o rgans  to  unde rgo  p re fe ren t i a l  a t t a c k  b y  
group  specific p ro teases  10. An  a l t e r n a t i v e  or a d d i t i o n a l  

r egu la t i on  m e c h a n i s m ,  exp la in ing  t he  v a r i a t i o n s  of GAD 
a c t i v i t y  d u r i n g  t he  seed l i fe-span,  could be  p rov ided  b y  
t he  c o n c e n t r a t i o n  of nuc leo t ides  a n d  Pi. I n  fact ,  pa r t i a l l y  
pur i f ied  p r e p a r a t i o n s  of G A D  f rom w h e a t  e m b r y o s  were 
found  to  be  sens i t ive  to  'phys io logic '  c o n c e n t r a t i o n s  of 
these  me tabo l i t e s  11. A deeper  i n s igh t  in to  these  p rob l ems  
seems to  be  cond i t ioned  b y  f u r t h e r  pu r i f i ca t i on  a n d  
c h a r a c t e r i z a t i o n  of t he  p l a n t  GAD, as well  as b y  f u r t h e r  
i nves t iga t ions  on  amino  acid and  nuc leo t ide  m e t a b o l i s m  
in p l a n t s  TM. 

Riassunto. La  g l u t a m m i c o  decarboss i las i  8 loca l izza ta  
n e l l ' e m b r i o n e  di semi  secchi  di  Triticum durum, m e n t r e  
l ' e n d o s p e r m a  ne  r i su l t a  p r a t i c a m e n t e  pr ivo.  D u r a n t e  la 
ge rminaz ione  si h a  u n  a u m e n t o  d e l l ' a t t i v i t ~  specif ics  G A D  
al la  ses ta  o r s  di  imbib iz ione ,  segu i ta  da  n n a  l en t a  e 
p rogress iva  d i m i n n z i o n e  pe r  le seguen t i  24 ore. L ' e n z i m a  
a t t i v a t o  dal  p i r idossa l -5 ' - fosfa to ,  m a l e  va r i az ion i  di 
attivitS~ GAD d u r a n t e  Ia ge rminaz ione  n o n  s e m b r a n o  
d ipende re  d i r e t t a m e n t e  da l la  concen t r az ione  del coenzima.  
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Material GAD specific activity Relative 
(~d C%/min/mg protein) percentages 

Embryo 9.8 100.0 
Embryo axis 7.3 74.4 
Seutellum 2.6 26.7 
Endosperm Not detectable -- 

9 ]:~. INATOMI and J. C. SLAUGHTER, J. exp. Bot. 22, 561 (1971). 
10 •. KATUNUMA, E. KOMINAMI, S. t(OMINAMI and K. KITO, Adv. 

Enzym. Reg. 10, 289 (1972). 
11 ~. COZZANI, F. SGARRELLA and L. GALLRSCHI, Boil. Soe. ital. Biol, 

sper. 48, 20 (1972). 
12 This work was supported by a grant from the Consiglio Nazio- 

hale delle Ricerehe. 
la Institute of Biochemistry, University of Pisa, Italy. 

Effects  of  D H E A  or i ts  S u l f o c o n j u g a t e s  u p o n  c - A M P  P h o s p h o d i e s t e r a s e  

Only  r ecen t l y  t he  i n t e r r e l a t i o n s h i p  b e t w e e n  DHI? ;A 
(dehydroep iand ros t e rone ,  3f l -hydroxy-  5 -andros ten -  17- 
one), G - 6 - P D H  (g lucose-6-phospha te  dehydrogenase ,  EC 
1.1.1.49) a n d  c -AMP (cyclic a d e n o s i n e - 3 ' , 5 ' - m o n o -  
p h o s p h a t e )  u n d e r  phys io log ica l  cond i t ions  ha s  been  
r epo r t ed  1. Accord ing  to these  inves t iga t ions ,  decreased  
p l a s m a  levels of su l focon juga ted  D H E A  m a y  be  a t  leas t  
in  p a r t  respons ib le  for t he  e l eva ted  a c t i v i t y  of red  b lood 
cell G - 6 - P D H  in psoriasis ,  h y p e r l i p o p r o t e i n e m i a ,  or t he  
m e n o p a u s a l  syndrome ,  as well  as for  lowered concen t r a -  
t ions  of c -AMP in p l a s m a  or e ry th rocy te s .  I n  o rder  to  
s u b s t a n t i a t e  t he  in f luence  of D H E A  or i ts  su l foconjuga tes  
u p o n  t he  c o n c e n t r a t i o n s  of c-AMP, t h e  e r y t h r o c y t e - r i c h  
co rpuscu la r  f r ac t ion  f rom b lood  of n o r m a l  sub jec t s  was  
i n c u b a t e d  w i t h  D t t E A ,  i ts  su l fa te  or su l fa t ide  (d ipa lmi toy l  
g lycerosulfa te)  a n d  t he  i n t r ace l lu l a r  c o n t e n t  of c -AMP 
de t e rmined .  F u r t h e r m o r e ,  t he  hydro lys i s  of 8-14C-c-AMP 
in p r o t e i n  f r ac t ions  f rom h e m o l y s a t e s  in  t h e  presence  of 
DH]?;A as well  as t he  c o m p o n e n t s  of t he  G - 6 - P D H  
s y s t e m  was s tudied .  

Material and methods. The  corpuscular ,  e r y t h r o c y t e -  
r ich  f r a c t i o n  f rom n o r m a l  sub jec t s  - hence - f o r t h  cal led 
' e r y t h r o c y t e s '  - was  p r e p a r e d  as p rev ious ly  described2.  
Dup l i ca t e  samples ,  cons i s t ing  of 3.0 ml  of t h e  ' e ry th ro -  
cy t e '  suspens ion  in 0 .9% sod ium ch lor ide /0 .025% E D T A  
a n d  0.02 ml  d ioxane  w i t h  7~-3H-DHEA,  i ts  sulfate,  or 

s y n t h e t i c  su l fa t ide  were i n c u b a t e d  for 30 m i n  a t  37~ 
t he  f inal  c o n c e n t r a t i o n  of s tero id  s u b s t r a t e  co r re spond ing  
to a 10 .6 to  10 .4 M solut ion.  The  ' e r y t h r o c y t e s '  were 
washed,  hemolyzed ,  cen t r i fuged ,  a n d  t he  a m o u n t  of 
i n t r ace l lu l a r  s u b s t r a t e  m e a s u r e d  b y  i ts  ~H-ac t iv i ty .  I n  
t he  second s e r i e s o f  expe r imen t s ,  t h e  label led s u b s t r a t e s  
were replaced  b y  co r r e spond ing  c o n c e n t r a t i o n s  of non-  
label led  c o m p o u n d s  and  t he  c o n c e n t r a t i o n  of i n t r ace l lu l a r  
c -AMP d e t e r m i n e d  b y  t he  p r o t e i n - b i n d i n g  as say  of 
GILMAN 3. 

I n  add i t ion ,  hemo lysa t e s  f rom washed  ' e r y t h r o c y t e s '  
were s u b m i t t e d  to  f r a c t i o n a t e  a m m o n i u m  sul fa te  pre-  
c ip i t a t ion  a n d  t he  p ro t e in  f rac t ions ,  o b t a i n e d  a t  25%, 
50%, a n d  75% sa tu ra t i on ,  i n c u b a t e d  w i t h  8-14C-c-AMP 
in t he  absence  or p resence  of D H E A  a n d  t he  c o m p o n e n t s  
of t h e  G - 6 - P D H  s y s t e m  as i nd i ca t ed  in t h e  Table .  The  
i n c u b a t e s  were e x t r a c t e d  w i t h  ch lo ro fo rm-me thano l ,  t he  
aqueous  m e t h a n o l i c  e x t r a c t s  lyophi l ized,  a n d  t he  res idues  
s u b m i t t e d  to t h i n  l aye r  c h r o m a t o g r a p h y  on  P E I -  
cellulose in 0.25 M l i t h i u m  chlor ide  for s e p a r a t i o n  of 
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30  Specialia EXPERIENTIA 31/1 

Hydrolysis of 8-~4C-c-AMP in different protein fractions from 'erythrocytes '  of human  blood in absence or presence of DHEA and components 
of the G-6-PDH system 

Fraction Protein/sampIe c-AMP Concentration of added compounds (M) Hydrolysis b 
(mg) ~ (M) DHEA NADP G-6-P (%) 

' H e m o l y s a t e '  2 5 . 2  0 . 1 6 5  x 10  8 _ - -  - -  1 . 4 3  

0 . 1 6 5  x 10  -8  5 • 10  -5  - -  - -  4 . 4 5  

2 5 %  s a t u r a t i o n  2 . 0 1  0 . 1 6 5  x 10  a _ - -  - -  4 . 6 1  

0.165 • 10 -3 5 • 10 -5 --  8.27 

50~o saturation 1.96 0.165 x 10 "'3 - -  - -  --  4.43 
0.165 x i0 5 5 x 10 -5 - -  --  7.45 

75% saturation 18.9 0.165 X 10 -3 --  -- - -  2.38 
0.165 x 10 -s  5 • 10 ~ --  --  4.57 

50% saturation 1.96 0.165 • 10 -8 --  --  10 -3 2.57 
0.165 • 10 -3 --  10 -~ 2.31 
0.165 X 10 -a --  10 -2 10 -a 4.45 
0.165 • 10 -a 5 • 10 -5 10 -2 10 -3 3.15 

Equivalent to 1 ml whole blood, b Mean of duplicate analyses. 

c - A M P  a n d  Y - A M P  as  p r o d u c t  of  t h e  h y d r o l y s i s .  B o t h  
f r a c t i o n s  we re  e l n t e d  w i t h  m e t h a n o l  a n d  t h e i r  14C-ac t iv i ty  
m e a s u r e d .  

Results  and discussion. F r o m  t h e  F i g u r e  i t  b e c o m e s  
a p p a r e n t  t h a t ,  in  c o n t r a s t  to  t h e  low p e n e t r a t i o n  r a t e  of  
t h e  h y d r o p h i l e  D H E A  s u l f a t e ,  a p p r e c i a b l e  a m o u n t s  of  
t h e  l i p o p h i l e  D H E A  s u l i a t i d e  h a d  e n t e r e d  t h e  ' e r y t h r o -  
c y t e s ' .  T h e  i n t r a c e l l u l a r  c o n c e n t r a t i o n  of  c - A M P ,  in  
t u r n ,  w a s  f o u n d  to  be  d e c r e a s e d  in  t h e  p r e s e n c e  o f  p e n e -  
t r a t e d  D H E A  or  D H E A  s u l f a t i d e ,  w h i l e  D H E A  s u l f a t e  
f a i l ed  t o  i n f l u e n c e  t h e  i n t r a c e l l u l a r  n u c l e o t i d e .  A f t e r  
i n c u b a t i o n  of  10 l~ ' e r y t h r o c y t e s '  in  a 10 - s  M s o l u t i o n  of 
D H E A  s u l f a t i d e  o n l y  4 .4  p M o l  of  c - A M P  w e r e  d e t e c t e d  
as  c o m p a r e d  to  8.1 p M o l  in  a p p r o p r i a t e  c o n t r o l s .  A l t h o u g h  
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t h e  c o r p u s c u l a r  f r a c t i o n  u s e d  c o n t a i n e d  a l so  l e u k o c y t e s  
a n d  t h r o m o b o c y t e s ,  k n o w n  to  be  r i ch  in  p h o s p h o d i e s t e r a s e  
a c t i v i t y  ~, i t  r e p r e s e n t s  t h e  f r a c t i o n ,  u s u a l l y  d e s i g n a t e d  
as  ' e r y t h r o c y t e s '  a n d  e m p l o y e d  for  G - 6 - P D I t  a s s a y s .  
T h e  a s s u m e d  s t i m u l a t i o n  of  i n t r a c e l l n l a r  p h o s p h o d i e s t e r a s e  
a c t i v i t y  b y  D H E A  or  D H E A  s n l f a t i d e  c o u l d  be  v e r i f i e d  
b y  a n  i n c r e a s e d  f o r m a t i o n  o f  Y - A M P  f r o m  14C-labelled 
c - A M P  d u r i n g  i n c u b a t i o n  of p r o t e i n  f r a c t i o n s  in  t h e  
p r e s e n c e  of D H E A .  S ince  n o  f u r t h e r  z~C-label led c o m -  
p o u n d s  c o u l d  be  d e t e c t e d  o n  t h e  c h r o m a t o g r a m s ,  t h e  
r e c o v e r e d  l ~ C - a c t i v i t y  of  Y - A M P  a n d  c - A M P  r e p r e s e n t i n g  
8 9 - 9 1 %  of  t o t a l  r a d i o a c t i v i t y  a p p l i e d ,  a n d  t h e  a s s a y  for  
n u c l e o t i d a s e  5 p r o v e d  n e g a t i v e  t h e  r a t e s  of  h y d r o l y s i s ,  
g i v e n  in  t h e  T a b l e ,  m a y  be  c o n s i d e r e d  va l id .  T h e  p h o s p h o -  
d i e s t e r a s e  a c t i v i t y  w a s  f o u n d  t o  be  h i g h e s t  in  p r o t e i n  
f r a c t i o n s ,  s e d i m e n t e d  a t  2 5 %  a n d  5 0 %  s a t u r a t i o n  w i t h  
a m m o n i u m  s u l f a t e .  W h e n  G - 6 - P  w a s  a d d e d  to  s u c h  
i n c u b a t e s ,  t h e  r a t e  of  h y d r o l y s i s  of  c - A M P  w a s  r e d u c e d  
b y  n o n - c o m p e t i t i v e  i n h i b i t i o n  of p h o s p h o d i e s t e r a s e  ~. T h e  
i n t r o d u c t i o n  of N A D P  t o g e t h e r  w i t h  G-6 -P ,  e.g.  t h e  
c o m p o n e n t s  of  t h e  G - 6 - P D H  s y s t e m ,  a p p a r e n t I y  l ed  to  a 
r e m o v a l  of  G - 6 - P  b y  a f u n c t i o n i n g  G - 6 - P D H ,  a n d  h e n c e  
t o  a r e d u c e d  i n h i b i t i o n  of  p h o s p h o d i e s t e r a s e .  O n  t h e  o t h e r  
h a n d ,  in  p r e s e n c e  of  D H E A  t h e  i n h i b i t i o n  o f  G - 6 - P D H  
b y  t h i s  s t e r o i d  6 c a u s e d  a s i m u l t a n e o u s  i n h i b i t i o n  of 
p h o s p h o d i e s t e r a s e  b y  u n u s e d  G-6 -P .  I t  s e e m s  t h a t  t h e  
d i r e c t  a c t i v a t i o n  of p h o s p h o d i e s t e r a s e  b y  D H E A  a n d  
e s p e c i a l l y  b y  D H E A  s u K a t i d e  is c o u n t e r a c t e d  b y  a n  
i n d i r e c t  i n h i b i t i o n  of  t h i s  e n z y m e  v i a  i n h i b i t i o n  of G-6-  
P D H ,  t h e  l a t t e r  e f f ec t  a p p a r e n t l y  p r e v a i l i n g  u n d e r  
p h y s i o l o g i c a l  c o n d i t i o n s  1. 

4 S.-J. SONG and W.-Y. CHEUNG, Biochim. biophys. Acta 242, 593 
(1971). 

5 U. OERLACH and W. HIB'Z, in Methoden der e~r Analyse 
( E d .  H .  U .  B E R G M : E Y E R ;  V e r l a g  C h e m i c ,  W e i n h e i m  B R D  1 9 7 0 ) ,  

p .  8 3 3 .  
6 p. A. MARKS and J. BANKS, Proe. natn. Acad. Sci. d6, 447 (1960) 
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Intracellular c-AMP after incubation of 'erythrocytes'  with DHEA or 
its sulfoconjugates. 
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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 .  

G. W. OERTEL, P. BENES, A. RAIJEI~ and  H. RAUER 

A bteilung /gtr Experimentelle Endokrinologie, 
Universitiits-Frauenklinik, Langenbeckslrasse l, 
Post/ach 3980, D-65 Mainz (German Federal Republic, 
BRD),  26 August 197d. 

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  

1 I). S. LETHAI~r A. Rev. PL Physiol. 78, 349 (1967). 
]). N. BUTCHER and H. E. STREET, Physiologia PI. 13, 46 (1960). 

8 K. A. F ~ G  and A. J. LI•CK, P1. Cell Physiol. 77, 589 (1970). 
J. B. SR. JOHN, Anaiyt. ]3iochem. 37, 409 (1970). 


