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IDENTIFICATION OF c is -ZEATIN-D-RIBOSIDE 

FROM THE TOP OF TOBACCO PLANT 

T&&i Hnzhizvme: Kp&@psp Klmyrp, and Tgp iJ l  s!&m! 
Laboratory of Bioorganic Chemistry, Tokyo I n s t i t u t e  o f  Ag r i cu l tu re  

and Technology, Fuchu, Tokyo, 183, Japan 

One o f  the cy tok in in -ac t i ve  r ibonucleosides,  c is-zeat in-D-r iboside 

has been p u r i f i e d  and i d e n t i f i e d  from the  top  o f  tobacco p l a n t  (Nicot iana 

tabacum L. cv. Shiroenshu) by means of gas chromatography-mass spectrometry 

o f  the p u r i f i e d  ex t rac t .  The l e v e l  of the endogenous c y t o k i n i n  i n  the top 

of tobacco p l a n t  was est imated t o  be the  order o f  10 ug/kg. Furthermore, 

r e l a t i v e l y  simple techniques employed i n  t h i s  study are a lso  discussed. 

Tobacco p lan ts  seem t o  grow s lowly  a t  t h e i r  e a r l y  age because the  seeds 

and the  seedlings are extremely small.  However the growth proceeds r a p i d l y  

i n  a  c e r t a i n  age a f t e r  the t ransp lanta t ion .  As an usual c u l t u r a l  p rac t i ce ,  

growing top o r  crown o f  t he  p l a n t  i s  pruned away a t  an e a r l y  stage of 

f lower ing.  The ob jec t  o f  t h i s  p r a c t i c e  i s  t o  p ro tec t  them from producing 

seed, and thus fo rce  the synthesized carbohydrates and nitrogenous compounds 

t o  remain i n  the  leaves f o r  f u r t h e r  growth and enrichment. This p r a c t i c e  

c a l l e d  topping thus r e s u l t s  i n  l a rge r ,  t h i cke r ,  and darker leaves t h a t  

* Author t o  whom i n a u i r i e s  should be addressed. 



mature fas te r  and more un i fo rmly  than on untopped p lants .  This p rac t i ce  may 

suggest t h a t  the growth o f  the p lants  depends l a r g e l y  upon the  l e v e l  o f  the 

p l a n t  growth regu la tors  which are present i n  the top.  Nevertheless, e s s e n t i a l l y  

no i nves t i ga t i ons  have been made on the  endogenous regu la tors  except a  water 
1  so lub le  g i b b e r e l l i n .  

The endogenous cy tok in ins  of the tobacco p lants  have a l so  been the  sub jec t  

2 of on l y  a  few inves t i ga t i ons .  For example, Upper e t  a1 attempted t o  detec t  

and measure the cy tok in ins  i n  ex t rac ts  o f  tobacco p lan t ,  bu t  they d i d  no t  a t t a i n  

a  c l e a r  resu l t s .  

I d e n t i f i c a t i o n  and q u a n t i t a t i o n  of t he  endogenous c y t o k i n i n  of tobacco 

p l a n t  are s i g n i f i c a n t  no t  on l y  from the  standpoint  of the growth regu la t i on  of 

tobacco p l a n t  bu t  a l so  f o r  the eva luat ion  o f  c y t o k i n i n  bioassay method. From 

an e a r l i e r  per iod of cy tok in in  researches u n t i l  present time, t he  presence and 

l e v e l s  o f  cy tok in ins  have been measured by var ious bioassays. The most widely 

used i s  the tobacco ca l l us  bioassay, i n  which the  di f ference between the 

growth o f  the ca l l us  t issues exposed t o  the  cy tok in in ,  and t h a t  of the con t ro l  

t issues,  provides a  measure o f  the potency and concentrat ion o f  t he  cy tok in in -  

a c t i v e  compounds. 

This comun ica t i on  repor ts  on the  p u r i f i c a t i o n  and i d e n t i f i c a t i o n  of c i s -  

zeat in-D-r iboside from the top  o f  tobacco p lan t .  

The tops of tobacco p lan ts  (N icot iana tabacum cv. Shiroenshu) w i t h  some 

flowers (3.3 kg) c u l t i v a t e d  i n  the  f i e l d  o f  Nasu area, Tochigi  Prefecture,  

Japan were harvested i n  Ju l y  1977 and dipped immediately i n t o  99% ethanol 

(8 l i t e r s ) .  The sample was s tored a t  6°C f o r  30 days. Af ter  f i l t r a t i o n ,  

t he  residue was ex t rac ted tw ice  w i t h  80% ethanol (10 l i t e r s )  under s i m i l a r  

condi t ions.  The ethanol ex t rac ts  were combined and f rac t i ona ted  as shown i n  
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Fig.  1. Procedures f o r  t he  p u r i f i c a t i o n  of c is -zeat in -D-r ibos ide 
from the  top o f  tobacco p l a n t  



Fig. 1. The e thano l  e x t r a c t s  were evaporated below 45"C, and t h e  r e s i d u a l  

s o l u t i o n  was e x t r a c t e d  w i t h  400 m l  of n-hexane f i v e  t imes.  The aqueous l a y e r  

was ad jus ted  t o  pH 3.4 w i t h  2N-acet ic  ac id,  and passed through a column of 
+ 

Dowex 50W x 8 (NH4-form, 100-200 mesh, 50 cm x 2 cm i. d.). The column was 

then washed w i t h  d i s t i l l e d  water  u n t i l  n e u t r a l .  The e l u a t e  and washings were 

combined and evaporated ( f r a c t i o n  A ) .  The column was subsequently e l u t e d  w i t h  

4 l i t e r s  of 1.5N-aqueous amnonia and t h e  e l u a t e  was evaporated t o  dryness below 

45'C under reduced pressure.  The dark-green s o l i d  was e x t r a c t e d  w i t h  300 m l  o f  

80% h o t  e thano l  t h r i c e .  Cy tok in i n  a c t i v i t y  o f  t h i s  e thano l  e x t r a c t  ( f r a c t i o n  B), 

t he  s o l i d  r es i due  ( f r a c t i o n  C), and t he  f r a c t i o n  A was assayed by tobacco c a l l u s  

3 method . The s t r onges t  a c t i v i t y  was observed i n  t h e  f r a c t i o n  B. Th is  r e s u l t  was 

a l s o  confirmed by a mod i f i ed  Amaranthus be tacyan in  b ioassay,  based on t h e  cy to -  

k i n i n - i nduced  fo rmat ion  o f  betacyanins i n  t h e  coty ledons and hypocoty ls  o f  

4 Amaranthus caudatus seedl ings.  

F r a c t i o n  B was sub jec ted  t o  s i l i c a - g e l  dry-column chromatography (Merck 

s i l i c a  ge l  60 F254 70-230 mesh; 40cm x 3cm i. d.; so l ven t ,  upper l a y e r  o f  e t h y l -  

acetate-n-propanol-water  4:1:2 v / v ) .  A f t e r  e l u t i o n ,  t h ree  UV absorbing bands 

c a l l e d  t e n t a t i v e l y  1, 3, and 4 f rom the  s o l v e n t  f r o n t  were observed. The column 

was then d i v i d e d  i n t o  four  p a r t s  i n c l u d i n g  t h e  t h r e e  UV absorbing bands and a 

non-UV absorbing zone between bands 1 and 3. Each o f  f o u r  p a r t s  was e l u t e d  

w i t h  80% e thano l  and t h e  e l u a t e  was evaporated t o  dryness. An a l i q u o t  of each 

res i due  was d r i e d  over  phosphor ic  anhydr ide a t  90°C i n  vacuo (2m Hg) f o r  30 

5 min, and s i l y l a t e d  according t o  t he  procedure repo r ted  e a r l i e r  . An a l i q u o t  

of t he  s i l y l a t e d  p roduc t  was i n j e c t e d  i n t o  a Shimadzu-LKB 9000 gas chromato- 

graph-mass spectrometer  w i t h  i o n i z i n g  e l e c t r o n  energy o f  70 eV and 20 eV. 

The column was 1.5% 0V-1 on s i l y l a t e d  C e l i t e  545, and temperature was program- 

med f rom 180°C t o  270' a t  a r a t e  o f  6'C pe r  minute.  Since an i n d i c a t i o n  o f  
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Fig. 2. A Typical  TIM c h r o m a t o g ~ m  o f  TNS d e r i v a t i v e s  of the fraction d. 
Column: 1.5; OV-l on s i l y l a t e d  C e l i t e  X 545. 
Temperature: programed from 180' t o  270°C a t  a r a t e  of 6'C p e r  min. 

Table 1. Relative retention values of cis- and trans-zeatin-riboside 

cytokinin retention time relative retention 
mi n time 

ipA-TMS3 13.4 1 .OO 
cis-ZR-TMS4 17.0 1.27 
trans-ZR-TMSq 18.0 1.34 
sample 16.9 1.26 

ZR denotes zeatin-riboside. 



the  presence of z e a t i n - r i b o s i d e  i n  t he  f r a c t i o n  3 was recognized by an a l t e r -  

n a t i v e  ana l ys i s  of t h e  h is togram o f  Amaranthus bioassay, t h e  mo lecu la r  i o n  peak 

(M, m/e 639) and M-15 i o n  peak o f  z e a t i n  riboside-4TMS were moni tored respec t ive-  

l y  by us ing  technique of s i n g l e  i o n  mon i to r ing .  The r e s u l t s  i n d i c a t e d  t h a t  t he  

f r a c t i o n  3 con ta ins  a compound i n  which t he  m/e o f  t he  mo lecu la r  i o n  i s  639 and 

t h a t  of M-15 i o n  i s  624. The f r a c t i o n  3 was then evaporated and s to red  i n  a r e f -  

r i g e r a t o r .  A f t e r  removal of t h e  f i r s t  c r y s t a l s  (166 mg) i d e n t i f i e d  as adenine, 

t he  f i l t r a t e  was evaporated and t he  syrup was sub jec ted  t o  p repa ra t i ve  TLC 

(20cm x ZOcm, th ickness  0.75mm;Merck s i l i c a  ge l  GF254 t ype  60; so lven t ,  t h e  same 

as t he  above). A zone o f  t he  R f  va lue 0.3-0.4 corresponding t o  t h a t  of zea t i n -  

r i b o s i d e  and zea t i n ,  was scraped and e l u t e d  w i t h  80% ethanol .  The e l u a t e  was 

evaporated t o  dryness, s i l y l a t e d ,  and then sub jec ted  t o  GC-MS under t he  condi-  

t i o n s  descr ibed before. A t y p i c a l  chromatogram (F ig .  2 )  and t he  mass spectrum 

t (20 eV, M m/e 639; M-15 624; M-TMSO 550; M-TMSOH 549; 536; 508; 483; 406; 348; 

320; 292; 276; 259; 245; 230; 217; 201; 188; 156) i n d i c a t e d  t he  presence o f  

z e a t i n - r i b o s i d e  and t h e  r e t e n t i o n  value corresponded t o  t h a t  of t he  c is- isomer.  

Although mass spec t romet r i c  d i f f e r e n t i a t i o n  o f  c i s -  and t rans- isomers o f  t h i s  

compound i s  imposs ib le  a t  t he  present ,  t he  bo th  isomers a re  r e a d i l y  separated 

6 by gas chromatography . Thus assignment of t h e  c i s - c o n f i g u r a t i o n  was made by a 

comparison of t he  r e l a t i v e  r e t e n t i o n  values o f  bo th  s y n t h e t i c  standards and 

t h a t  of t h e  sample(see Table 1) .  

Th is  compound was o r i g i n a l l y  r epo r ted  as t h e  c o n s t i t u e n t  nuc leos ide  o f  

7 sweet corn  tRNA and then  tobacco c a l l u s  ~ R N A ~ " ,  wheat germ ~ R N A ~ O ' ~ ~ ,  and 

Pisum shoot  ~RNA" ,  though z e a t i n  was f i r s t  i s o l a t e d  f rom young ke rne l s  o f  

13 Zea mays . C o n t r a r i l y ,  a m i x tu re  of bo th  c i s -  and t rans- isomers was i d e n t i f i e d  

14 from t h e  tRNA Of  young pea shoots. However t he  i d e n t i f i c a t i o n  o f  t h e  f ree  
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form of c i s -zea t i n - r i bos ide  from p l a n t  t i s s u e  appear t o  be one o f  the ra re  

example1! I n  t h i s  connection, i t  should be noted t h a t  t rans-zeat in  and i t s  r i b o -  

s ide were i s o l a t e d  and i d e n t i f i e d  from the spr ing sap of sycamore(Acer pseudo- 

platanus L.)': the shoot apices o f  ~ e r c u r i a l i s ' ~ ,  and t rans-zeat in  from the r o o t  

of rad ish  (Raphanus sat ivus  L. cv. Sakurajima)'! whereas c i s -zea t i n  was i d e n t i -  

18 f i e d  from the c u l t u r e  of Corynebacterium facians, I n  add i t ion ,  c i s -  and t rans- 

unspeci f ied z e a t i n  and i t s  r i bos ide  were i d e n t i f i e d  from the cone of hop p l a n t  

(Humulus lupu lus  L.)." Meanwhile, the geometry o f  the s ide chain of t h i s  mole- 

cu le  i s  i n t e r e s t i n g  from the v iewpoint  o f  t he  evo lu t i on  o f  tRNA molecules. 

20 According t o  Kaminek's postu la te  concerning t h i s  problem, c is -zeat in - r ibos ide 

i d e n t i f i e d  here may be i n te rp re ted  as t h a t  o f  tRNA o r i g i n .  But, t he  p o s s i b i l i t y  

o f  the biosynthesis o f  t h i s  compound no t  i n v o l v i n g  the  degradation of tRNA s t i l l  

remains . 
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