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S P E C I A L I A  
Les a u t e u r s  son t  seuls r e sponsab le s  des op in ions  expr imdes  d a n s  ces b r~ves  c o m m u n i c a t i o n s .  - F i i r  die K u r z m i t t e i l u n g e n  
is t  ausschl iess l ich  de r  A u t o r  v e r a n t w o r t l i c h .  - P e r  le b r e v i  c o m u n i c a z i o n i  8 r e sponsab i l e  solo l ' au to re .  - The  ed i to r s  
do n o t  ho ld  t h e m s e l v e s  respons ib le  for  t he  op in ions  expressed  in  t h e  a u t h o r s '  b r i e f  repor t s .  - OTBeTcTneHH0CTb 3a 

K0p0TKHe coo6meHna HeC'dT ttC~O~IOqHTeJ1bH0 aBT0p. -- E] r e sponsab le  de los i n f o r m e r  reducidos ,  estA el au to r .  

Synthes i s  and Cytokin in  Act iv i ty  of the 3 - ,  7 -  a n d  

A s u b s t a n c e  t h a t  p r o m o t e s  g r o w t h  ( t e rmed  a cy tok in in )  
was  i so la ted  f rom sweet  co rn  (Zea mays) kerne ls  a n d  
n a m e d  zea t i nL  I t s  s t r u c t u r e  was c o n f i r m e d  as 6-(4- 
hydroxy-3-methylbut-Trans-2-enylamino) p u r i n e  (I) b y  
s y n t h e s i s  f rom 6-ch lo ropur ine  a n d  t he  a m i n o  a lcohol  (II)2. 
On ly  a smal l  p r o p o r t i o n  of t he  a c t i v i t y  of sweet  co rn  
e x t r a c t s  is due  to  zeat in ,  s ince more  of t h e  t o t a l  a c t i v i t y  
is a t t r i b u t a b l e  to  t he  nuc leo t ide  (III)  wh ich  occurs  in 
m u c h  g rea t e r  q u a n t i t y  t h a n  t he  aglycone  or i ts  r ibos ide  
b u t  is r epo r t ed  to be  less ac t ive  t h a n  zea t in  a t  s imi la r  
c o n c e n t r a t i o n s  3. The  syn thes i s  of b o t h  t h e  nuc leos ide  2 
and  nuc leo t ide  4 h a v e  been  descr ibed.  
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The  n a t u r a l  occur rence  of 9-f l -D-r ibofuranosyl  de r iva-  
t ives  of zea t in  m i g h t  sugges t  t h a t  t he  h o r m o n a l  a c t i v i t y  
of t he  m a t e r i a l  is in some w a y  c o n n e c t e d  w i t h  the  nucleo-  
t ide  s t r u c t u r e  e i t he r  as p a r t  of a n  e n z y m e  co- fac to r  u n i t  
or  as a p recu r so r  to  i ts  i n t r o d u c t i o n  i n to  a nucle ic  acid 
molecule .  T h e  r e l a t ed  6-N-y, - l -d ime thy l  a l l y l aden ine  
w h i c h  h a s  h i g h  c y t o k i n i n  a c t i v i t y  is a k n o w n  c o n s t i t u e n t  
of ser ine  5 a n d  t y ro s ine  6 specific t - R N A  b u t  no  co r re l a t ion  
of th i s  w i t h  c y t o k i n i n  a c t i v i t y  ha s  ye t  b e e n  made .  

As p a r t  of a p r o g r a m m e  of e x p e r i m e n t s  to  re la te  
s t r u c t u r e  a n d  biological  a c t i v i t y  i t  was  of i n t e r e s t  to  
p r e p a r e  zea t in  ana logues  in which  t he  r ing  p r o t o n  was 
s u b s t i t u t e d ,  so m a k i n g  r i bo t i de  f o r m a t i o n  unl ike ly .  The  
d e r i v a t i v e s  chosen  were t he  3-, 7- a n d  9 - m e t h y l  zeat ins .  
9 -Methy l  zea t in  (IV) was  p r e p a r e d  b y  r eac t i on  of 9- 
m e t h y l - 6 - c h l o r o p u r i n e  w i t h  t he  a m i n e  II ,  7 -me thy l  zea t in  
(V) b y  r eac t i on  of t he  a m i n e  I I  w i t h  t he  m i x t u r e  of 
6-chloro-7- a n d  9 - m e t h y l  p u r i n e  which  resu l t s  f rom 
m e t h y l a t i o n  of 6 -ch loropur ine  w i t h  d i m e t h y l s u l p h a t e  7, 

9 - M e t h y l  Der ivat ives  of Zeat in 

a n d  s e p a r a t i o n  of t h e  2 (7- a n d  9- ) Ine thyl  zea t ins  formed,  
a n d  3 - m e t h y l  zea t in  (VI) b y  m e t h y l a t i o n  of zea t in  w i t h  
d i m e t h y l  s u l p h a t e  in d i lu te  aqueous  s o d i u m  h y d r o x i d e  
solut ion.  
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The  s t r u c t u r e s  of t he  3 m e t h y l a t e d  d e r i v a t i v e s  were 
conf i rmed  in each  case b y  e l e m e n t a l  ana lys i s  a n d  cha rac -  
te r i s t ic  U V - a b s o r p t i o n  spec t r a  (see Tab le  I). 

Tes t s  of t h e  a c t i v i t y  of t h e  3 m e t h y l a t e d  zea t ins  in  
c o m p a r i s o n  w i t h  t h a t  of zea t in  were m a d e  b y  t he  s t an -  
da rd i zed  p rocedures  in  use in  t he  l a b o r a t o r y  of one of us 
(F.C.S.). S t a n d a r d  e x p l a n t s  are r e m o v e d  asep t i ca l ly  
f rom a g iven  c a r r o t  roo t  a t  a g iven  d i s t ance  f rom the  
c a m b i u m .  These  are  exposed  in specia l ly  des igned  cu l tu re  

Table I. UV-absorption spectra of some methylated adenine deriva- 
tives 

Compound 2ma n (nm) at pH 

1 7 11 

Zeatin 274 269 275 
Zeatin riboside 265 269 269 
3-Methyl zeatin 286 290 290 
7-Methyl zeatin 284 278 278 
9-Methyl zeatin 267 270 270 
1, N~-Dimethyladenine s 261 276 274 
3, Ne-Dimethyladenine 9 28t 287 
7, N6-Dimethyladenine 1° 280 275 
9, N6-Dilnethyladenine u 265 268 
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Table II. Growth promoting activity of zeatin and its 3-, 7- and 9-methyl derivatives in the carrot assay test 
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Activity at 1.0 ppm indicated by Activity at 0.1 ppm indicated by 

Compounds tested Fresh Cells]explant Average Fresh Cells/explant 
weightlexplant cell size weight/explant 

Structure (rag) (thousands) (jig/cell) (rag) (thousands) 

Average 
cell size 
(Jig/cell) 

3-Methyl zeatin (VI) 53.1 1386 0.04 65.3 1273 0.05 
7-Methyl zeatin (V) 48.5 1012 0.05 44.0 813 0.06 
9-Methyl zeatin (IV) 52.7 1295 0.04 61.3 1212 0.05 
Zeatin (I) 42.6 1219 0.04 46.9 1356 0.04 

Controls Fresh Cells]explant Average 
weight/explant cell size 
(mg) (thousands) (~xglcell) 

Initial explants 
After growth in B + CH + IAA + inos 
After growth in 13 + CH + CM 

2.8 29 0.10 
26.1 443 0.06 

147.1 1620 0.09 

B, basal nIedium; IAA, indoleacetic acid at 0.5 ppm; CH, casein hydrolysate at 250 ppm; inos, inositol at 25 ppm. 

tub~s to  10 ml  of med ium.  The  init ial  exp lan t s  are de- 
scr ibed by  the i r  average  fresh we igh t  in rag, by  the  
n u m b e r  of ceils t h e y  con ta in  (this being d e t e r m i n e d  a f te r  
m a c e r a t i o n  under  s t a n d a r d  condi t ions) ,  and  b y  the  aver-  
age size of t h e  cells (~tg/cell). The  ac t iv i ty  of t he  g rowth  
subs t ances  to  wh ich  the  ca r ro t  t issue readi ly  responds  is 
d e m o n s t r a t e d  in t he  basal  med ium,  p a t t e r n e d  a f te r  t h a t  
of WroTE ~2 bu t  now modif ied  for rou t ine  use in th is  work.  
The basal  med ium,  however ,  is used wi th  the  add i t ion  of 
(a) indoleacet ic  acid (0.5 ppm) ,  wi th  which  aden ine  
g rowth  subs tances  are synergis t ic ,  (b) inosi tol  (25 ppm) ,  
w i t h  wh ich  cer ta in  na tu ra l ly  occurring,  non -aden ine  
g rowth  subs tances  are  synergis t ic ,  and  (c) casein hyd r o -  
lysa te  (250 ppm) ,  which  subs tan t i a l ly  accen tua t e s  t he  
g rowth  t h a t  occurs.  Therefore ,  t he  essent ial  con t ro l  which  
descr ibes  t he  m a x i m u m  capac i ty  for g rowth  in the  
absence  of the  g rowth  p r o m o t i n g  subs t ance  under  t e s t  is 
t he  response  of t he  t issue to  the  basal  m e d i u m  (B) + casein 
hyd ro ly sa t e  (CH) + indoleacet ic  acid (IAA) + inosi tol  
(inos). Final ly ,  and  as a measure  of t h e  reasonab le  
m a x i m u m  g r o w t h  to  be expec t ed  of t h e  pa r t i cu la r  b a t c h  
of ca r ro t  exp lan t s  under  tes t ,  t he i r  behav iou r  in the  basal  
m e d i u m  plus casein h y d r o l y s a t e  plus Coconut milk  (10% 
by  vol.), is m o s t  useful, The  r e l evan t  d a t a  are in Table  II .  

The  po in t s  to  be no ted  are :  
(1) All 4 c o m p o u n d s  t e s t ed  caused  a subs t an t i a l  re- 

sponse  b y  g r o w t h  of the  e x p l a n t e d  car ro t  t issue.  E x c e p t  
in 1 case (7-methyl  zeatin),  t h e  ac t iv i ty  was  s o m e w h a t  
g rea te r  a t  0.1 p p m  t h a n  a t  1.0 p p m .  

(2) All t he  m e t h y l a t e d  zeat ins  here  t e s t ed  gave ac t iv i ty  
of the  same order  as t h a t  due  to  zeatin,  and  the  3- and  
9 -methy l  s u b s t i t u t e d  c o m p o u n d s  m a y  even be more  
act ive  t h a n  zea t in  itself. 

(3) Zeat in  and  i ts  3 m e t h y l  de r iva t ives  af fec ted  cell 
divis ion conspicuously ,  b u t  t h e y  did n o t  p r o m o t e  sub-  
s equen t  cell e n l a r g e m e n t  to  t he  same degree.  This  is a 
famil iar  fea tu re  of  th is  so r t  of response,  and  the  less 
ac t ive  t he  c o m p o u n d  is in fos ter ing  cell d ivis ion the  more  
likely i t  is to  p e r m i t  more  cell expans ion  (cf. 7 -methy l  
zea t in  w i th  zeatin).  

(4) These  aden ine  c o m p o u n d s  (zeatin and  i ts  m e t h y l  
subs t i tuen t s )  are  all ac t ive  by  p r o m o t i n g  cell d ivis ion in 
t h e  ca r ro t  assay t es t  a long w i t h  t he  a p p r o p r i a t e  synerg is t s  
(e.g. IAA). The  complex  of  fac tors  p re sen t  in ce r ta in  

na tu ra l  sources of g rowth  p r o m o t i n g  ac t iv i ty  (e.g. coconu t  
milk) induce  g rea te r  g r o w t h  ra tes  t h a n  these  subs t ances  
seem able to  induce.  

The resul ts  imp ly  t h a t  t h e  m e c h a n i s m  of cy tok in in  
ac t iv i ty  in s u b s t i t u t e d  aden ines  does  n o t  require  pr ior  
f o rma t ion  of nuc leo t ide  de r iva t ives  I3. 

Zusammenfassung. Die 3-, 7- und  9 -Monomethy lde r iva -  
t ive  des Cytokin ins  Zeat in  w u r d e n  herges te l l t  und  ihre 
Akt iv i t / i t  in der  K a r o t t e n w u r z e l  nachgewiesen.  Die Er -  
gebnisse zeigen, dass  die Nuk leo t idde r iva t i ve  n i ch t  not -  
wendige  S tufen  im W i r k u n g s m e c h a n i s m u s  dars te t len .  
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