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DET 
ION 

'ERMINATION OF CYTOKININS BY 

HIGH PERFORMANCE LIQUID 
CHROMATOGRAPHY 

SUPPRESSION-REVERSE PHASE 

KARIN F. NIETO AND 
WILLIAM T. FRANKENBERGER, JR. 

Departnieitt o f  Soil arid Eriviroitnietital Sciences 
University o f  California 

Riverside, Cali forriia 92521 

ABSTRACT 

A method f o r  the separation o f  cy tok in ins  has been developed by 
t h e  use o f  i o n  suppression-reverse phase h igh performance l i q u i d  
chromatography (IS-RP HPLC) w i t h  h igh e f f i c i e n c y ,  s p e c i f i c i t y  and 
low s e n s i t i v i t y .  Four reverse phase chromatographic columns were 
compared f o r  t h e i  r abi 1 i t y  t o  separate and quanti f y  s i x  cy tok i  n i  ns 
w i t h  respect t o  s ignal  response, reso lu t i on  (R ) ,  capacity f a c t o r  ( k ' )  
and e f f i c i e n c y ,  N (number o f  t heo re t i ca l  p la tes) .  The optimal aqueous 
and organic phase components f o r  t he  reso lu t i on  o f  these cy tok i  n ins  
were determined w i t h  respect t o  pH, i o n i c  s t rength and the p ropor t i on  
o f  the organic solvents, methanol and a c e t o n i t r i l e .  Heptane s u l f o n i c  
ac id  was used as an organic modi f ier .  The optimal HPLC operat ing 
condi t ions were appl ied t o  separate and quan t i f y  t he  cy tok in ins  
present i n  a c u l t u r e  supernatant o f  Azotobacter chroococcum. 

INTRODUCTION 

Cytokinins, one o f  the f i v e  major p l a n t  hormones, are def ined as 

N6-subst i tu ted amino purines and occur as a f r e e  base, rfbonucleoslde, 

r i bonuc leo t i de  and glucosylated forms. 

o f  nanogram q u a n t i t i e s  o f  these compounds found i n  b i o l o g i c a l  samples 

The i s o l a t i o n  and q u a n t i f i c a t i o n  
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2908 NIETO AND FRANKENBERGER 

has rendered analys is  d i f f i c u l t .  

cy tok in ins  from i n t e r f e r i n g  substances, an accepted c r i t e r i o n  f o r  the 

de tec t i on  o f  n a t u r a l l y  occurr ing cy tok in ins  i s  t h a t  o f  b i o l o g i c a l  

a c t i v i t y ,  as measured by several bioassays. A m a j o r i t y  o f  researchers 

have re1 i ed upon b i  oassays f o r  q u a n t i f i c a t i o n  of these compounds ; 

however, several disadvantages e x i s t  i nc lud ing :  l i m i t a t i o n s  i n  

s e n s i t i v i t y  and r e l i a b i l i t y ,  i n a b i l i t y  t o  d i s t i n g u i s h  c y t o k i n i n  

species, and observed responses can be the  net r e s u l t  o f  both i n h i b i t o r y  

and promotive substances. Conventional a n a l y t i c a l  methods f o r  cyto- 

k i n i n s  i n c l u d i n g  solvent e x t r a c t i o n  and p a r t i t i o n i n g ,  i o n  exchange, 

column chromatography, TLC GC and GC-MS have been reviewed extens ive ly  

by Horgan (1) and w i l l  not be discussed here. 

Because o f  the l i m i t e d  separation o f  

High performance l i q u  d chromatography (HPLC) o f f e r s  many advantages 

f o r  the separation and q u a n t i f i c a t i o n  o f  p l a n t  growth regulators  (PGRs) 

i nc lud ing :  speed o f  analysis, h igh s e n s i t i v i t y ,  e f f i c i e n c y ,  minimal 

sample preparat ion and wide scope of app l i ca t i ons  (2) .  

k i n i n s  was f i r s t  introduced by Carnes and co-workers (3 )  and has found 

wide app l i ca t i ons  i n  the  separation o f  f r e e  bases and t h e i r  conjugates. 

Most o f  t he  published work on HPLC o f  cy tok in ins  has invo lved the  use 

of reverse phase systems because of the ease of separation o f  these 

r e l a t i v e l y  po la r  compounds under gradient  e lu t i on .  Considerable work 

has been performed using the  UBondapack C,, (4), Nucleosi l  ( 5 ) ,  

Hypers i l  (4,6,7) and the octadecyl Ultrasphere packings (8,9). How- 

ever, many of these s tud ies have no t  reported reso lu t i on  among isomers 

and de tec t i on  l i m i t s .  

Adsorbosphere-type columns f o r  t h e i r  s u i t a b i l i t y  i n  the separation o f  

cytok in ins.  

s u p e r f i c i a l l y  s i m i l a r  reverse phase mater ia ls .  

HPLC o f  cyto- 

This i s  the f i r s t  study t o  assess the  

There i s  a need t o  i n v e s t i g a t e  the d i f f e r e n t  p roper t i es  o f  

The minor d i f f e rences  
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CYTOKININS BY IS-RP HPLC 2909 

i n  t he  bonded phase used i n  various reverse phase columns r e s u l t  i n  

va r ied  e l u t i o n  times o f  s i m i l a r  cytok in ins,  such t h a t  one column type 

may be more e f f i c i e n t  than another w i t h  respect t o  sample type, 

e x t r a c t i o n  method o r  corresponding e luant  combination. 

s i m i l a r  species on a bonded phase column can be enhanced by the  use o f  

organic  mod i f i e rs  (10). The equ i l i b r i um constant o f  t he  reac t i on  f o r  

each species i s  a lso dependent upon pH, the  i o n i c  s t rength and the  

concentrat ion o f  t he  organic solvent i n  the mobile phase. 

Separation o f  

This  paper repor ts  the op t im iza t i on  o f  I S - R P  HPLC f o r  t he  separa- 

t i o n  o f  cy tok in ins  w i th  UV de tec t i on  under gradient  condit ions. Four 

reverse phase chromatographic columns [Versapack (10 v) , Adsorbosphere 

C,, (10 u), Adsorbosphere HS C18 (7 u) and Adsorbosphere Nucleoside/ 

Nucleotide (7 u ) J  were compared f o r  t h e i r  e f f i c i e n c y ,  s e n s i t i v i t y ,  

s i  gnal response and r e s o l u t i o n  capabi 1 i ti es w i t h  respect t o  pH, 

organic  solvent, organic mod i f i e r  concentrat ions, and i o n i c  strength. 

- MATERIALS AND METHODS 

Reagents 

The fo l l ow ing  reagents were used: zea t in  r i bos ide  (io6Ado), 

d ihydrozeat in  r i bos ide  (H,-io6Ado), t - z e a t i n  (t- io6Ade), c - z e a t i n  

(c-io6Ade), isopentenyl adenosine (i6Ado), isopentenyl adenine ( i  6Ade), 

a l l  obtained from Sigma Chemical Co. (St. Louis, MO); ammonium acetate 

(NH,OAc) from Fisher  S c i e n t i f i c  (P i t tsburgh,  PA);  heptane su l fon ic  

ac id  sodium s a l t  (HSA) from Eastman Kodak (Rochester, NY); HPLC-grade 

methanol (MeOH) and a c e t o n i t r i l e  from Burdick and Jackson (Muskegon, 

MI); HPLC-grade water was prepared as described by Karlson and 

Frankenberger (11). 
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2910 NIETO A N D  FRANKENBERGER 

HPLC Apparatus 

The inst ruments used inc luded:  a Beckman Model 421 HPLC C o n t r o l l e r ,  

two Beckman Model l l O A  pumps, a s i l i c a  (50 u) [ A l l t e c h  Associates,  

D e e r f i e l d ,  I L ]  p r e - s a t u r a t i o n  column (250 x 4.6 mm), Beckman Model 210 

Sample I n j e c t o r ,  20 U L  s t a i n l e s s  s t e e l  sample loop, an Adsorbosphere HS 

C,, (5 u )  guard column ( A l l t e c h  Associates),  Beckman Model 165 Var iab le  

Wavelength Detector  (constant  x = 275 nm; scan 200-350 nm), Kipp & 

Zonen BD 40 Char t  Recorder and a Hewlet t  Packard 3390A I n t e g r a t o r .  

De tec to r  response was recorded i n  terms o f  peak area and was l i n e a r l y  

p r o p o r t i o n a l  t o  t h e  amount o f  c y t o k i n i n s  i n j e c t e d  over severa l  orders 

o f  magnitude. 

S t a t i o n a r y  Phases 

Four reverse-phase chromatographic columns, obta ined from A1 1 t e c h  

Associates,  were t e s t e d  f o r  t h e i r  separat ion c a p a b i l i t i e s  o f  severa l  

c y t o k i n i n s .  

Versapack (10 u) (250 x 4.6 mn; batch no. 081684-6) c o n s i s t s  o f  

i r r e g u l a r l y  shaped s i l i c a  and accord ing t o  A l l t e c h  Associates has 

s i m i l a r  p r o p e r t i e s  t o  t h a t  o f  Waters Associates UBondapack C,, 

column. 

l o a d  o f  10% and a pore diameter o f  80 A. 

may occur  w h i l e  u s i n g  t h i s  column. The s i l i c a  suppor t  f u n c t i o n s  n o t  

o n l y  by reverse phase p a r t i t i o n  b u t  a l so  serves as a s o l i d  adsorbent 

and as a molecular  s i z e  separa t i on  packing. 

The s i l i c a  support  has a surface area of 200 m 2  g-', a carbon 

Three modes o f  separat ion 

Adsorbosphere C l ,  (10 II) (250 x 4.6 mn; batch no. 062585-H) i s  

a spher i ca l  s i l i c a  packing w i t h  an average pare diameter o f  80 a, 

200 m2 g-' su r face  area, a 12% carbon l o a d  and an e f f i c i e n c y  ra ted  

a t  45,000 N m-'. 
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CYTOKININS BY IS-RP HPLC 291 1 

Adsorbosphere HS C,, (7  p )  (250 x 4.6 m; batch  no. 080686-K) 

i s  a spher i ca l  s i l i c a  pack ing  w i t h  an average pore diameter o f  60 &, 

350 m2 g-' su r face  area and a carbon load  o f  20%. 

Adsorbosphere Nuc leos ide /Nuc leo t ide  (7  p )  (250 x 4.6 mn; ba tch  

no. 012887-1) i s  a spher i ca l  s i l i c a  packing, a l s o  e x h i b i t i n g  a h i g h  

su r face  area of 350 m2 g- I ,  average pore d iameter  o f  60 A and a carbon 

l o a d  o f  20%. It has been s p e c i f i c a l l y  adapted f o r  t h e  separa t i on  o f  

nuc leos ides  and nuc leo t i des .  

The h i g h e r  carbon l o a d  and su r face  areas o f  t h e  Adsorbosphere HS 

c,, ( 7  p )  and Nuc leos ide /Nuc leo t ide  (7  u )  columns g e n e r a l l y  enhance 

separa t i on  and e f f i c i e n c y ,  l eng then  column l i f e  and a r e  p a r t i c u l a r l y  

adapted f o r  I S - R P  HPLC. 

Mob i l e  Phase 

The i o n i c  s t r e n g t h  o f  t h e  aqueous phase was a l t e r e d  v i a  t h e  use o f  

ammonium ace ta te  rang ing  from 5 t o  30 mz, i n  increments o f  5 m!. 

c o n c e n t r a t i o n  o f  t h e  o rgan ic  mod i f i e r ,  HSA, was a l t e r e d  by va ry ing  t h e  

c o n c e n t r a t i o n  f rom 0.5 t o  2 in!, i n  increments cif 0.5 m!. 

aqueous phase was va r ied  between 2.5 and 7.0; b o t h  extremes be ing  

l i m i t e d  by t h e  s t a b i l i t y  o f  t h e  bonded phase on t h e  columns used. 

The 

The pH o f  t h e  

The o rgan ic  phases t e s t e d  f o r  t h e i r  s u i t a b i l i t y  i n  separa t i ng  

c y t o k i n i n s  i nc luded :  methanol , a c e t o n i t r i l e ,  and aceton i  t r i  1e:methanol 

[40:60, 50:50, 60:40 ( v : v ) l .  Several i s o c r a t i c ,  l i n e a r  and non l i nea r  

g r a d i e n t  p r o f i l e s  were c rea ted  w i t h  t h e  o rgan ic  phase rang ing  f r o m  

0-80% w i t h i n  t h e  aqueous phase over va r ious  t i m e  pe r iods ,  up t o  45 

minu tes  i n  d u r a t i o n .  

B a c t e r i  a1 Growth 

The c u l t u r e  o f  Azotobac ter  chroococcum (ATCC 9043) was grown i n  

100 mL o f  medium #14 ATCC i n  250 mL side-arm c u l t u r e  f l a s k s  a t  27OC f o r  
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2912 NIETO AND FRANKENBERGER 

72 h under dark cond i t i ons .  C u l t u r e  supernatan ts  (2'C) were f i l t e r e d  

(0.22 ,,), and p a r t i t i o n e d  3x (25 mL) w i t h  e t h y l  ace ta te  (pH 2.5). 

e t h y l  ace ta te  f r a c t i o n s  were pooled and e x t r a c t e d  3x (25  mL) w i t h  

wa te r -sa tu ra ted  n-butanol  (pH 7.0). The bu tano l  f r a c t i o n s  were poo led  

and a l lowed t o  d r y  under N, (40'C) 

c y t o k i n i n s .  

7.0), f i l t e r e d  (0.22 p )  and analyzed by HPLC u s i n g  t h e  developed 

methodology f o r  c y t o k i n i n  separa t i on  w i t h  t h e  Adsorbosphere Nucleoside/ 

Nuc leo t i de  ( 7  11) column, UV spec t romet ry  and t h e  r a d i s h  co ty ledon  

bioassay (12).  

The 

t o  p reven t  o x i d a t i o n  o f  t h e  

Samples were r e c o n s t i t u t e d  i n  5 mL o f  1.0 K,HPO, (pH 

RESULTS AND DISCUSSION 

S t a t i o n a r y  and Mob i le  Phases 

The mob i l e  phase cons is ted  o f  b i n a r y  m ix tu res  o f  methanol (P I ,  

p o l a r i t y  index  = 5.1) o r  a c e t o n i t r i l e  (P' = 5.8) and ammonium ace ta te  

b u f f e r ,  o r  a t e r t i a r y  m i x t u r e  o f  a c e t o n i t r i l e ,  methanol and t h e  aqueous 

b u f f e r .  Whi le  t h e  s o l v e n t  p o l a r i t y  i n d i c e s  a r e  s i m i l a r ,  a c e t o n i t r i l e  i s  

somewhat more po la r ,  hence be ing  s l i g h t l y  more e f f e c t i v e  i n  e l u t i n g  t h e  

p o l a r  c y t o k i n i n s .  

ace ton i  t r i l e /NH40Ac  b u f f e r  caused t h e  r e s o l u t i o n  of cis- and trans- 
z e a t i n  t o  decrease. 

t h e  peaks o f  t h e  separated c y t o k i n i n s .  The t e r t i a r y  m i x t u r e  o f  aceto- 

n i t r i 1e :me thano l  [60:40 (v:v)!/NH,OAC b u f f e r  was t h e  most e f f e c t i v e  i n  

p r o v i d i n g  symmetr ical  peaks f o r  bo th  t h e  Adsorbosphere HS C,, ( 7  11) and 

t h e  Adsorbosphere Nuc leos ide /Nuc leo t ide  ( 7  U) columns. Whi le  a gradual  

i nc rease  i n  t h e  percentage o f  t h e  o rgan ic  s o l v e n t  over  t i m e  w i t h i n  t h e  

b u f f e r  inc reased t h e  r e t e n t i o n  volume o f  t h e  so lu tes ,  an i nc rease  i n  

Fo r  most o f  t h e  s t a t i o n a r y  phases, t h e  use o f  

The mob i l e  phase, methanol/NH,OAc tended t o  broaden 
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CYTOKININS BY IS-RP HPLC 2913 

e f f i c i e n c y  and r e s o l u t i o n  were achieved i n  t h e  case o f  a l l  t h e  columns 

tes ted .  F igu re  1 d e p i c t s  op t ima l  separa t i on  o f  t h e  sample c y t o k i n i n s  

f o r  t h e  four  reve rse  phase chromatographic columns. C l e a r l y ,  t h e  

Adsorbosphere Nuc leos ide /Nuc leo t ide  (7  11) column p rov ides  symmetr ical  

peaks o f  a l l  s i x  c y t o k i n i n s  w i t h  op t ima l  r e s o l u t i o n .  

The e f f e c t s  o f  v a r y i n g  t h e  i o n i c  s t r e n g t h  and pH o f  t h e  aqueous 

phase (NH,OAc b u f f e r )  were tes ted .  

aqueous s o l u t i o n  approximate 4.0 (13).  

7.0 ( t h e  pH l i m i t a t i o n s  o f  t h e  columns used) and found t h a t  t h e  s igna l  

response and peak shape were op t ima l  a t  t h e  f o l l o w i n g  pH va lues  f o r  each 

r e s p e c t i v e  column: 

Nuc leos ide /Nuc leo t ide  (7 p ) ;  4.00, Adsorbosphere c 1 8  (10  II); 4.75, 

Versapack (10 11). For  a l l  t h e  columns tes ted ,  except f o r  Versapack 

(10  u), r e s o l u t i o n  improved as pH increased up t o  pH 4.0. 

pH values, separated c y t o k i n i n s  began t o  coel  Ute. 

The pKa6s o f  most c y t o k i n i n s  i n  

We v a r i e d  t h e  pH f rom 2.6 t o  

3.50, Adsorbosphere HS c l 8  ( 7  p); 3.50, Adsorbosphere 

A t  h i g h e r  

On t h e  Adsorbosphere Nuc leos ide /Nuc leo t ide  ( 7  11) column, t h e  pH o f  

t h e  e l u a n t  a f f e c t e d  t h e  s i g n a l  response {peak area) o f  r i b o s y l a t e d  c y t o -  

k i n i n s  d i f f e r e n t l y  t han  i t  d i d  f r e e  base c y t o k i n i n s .  The peak areas  o f  

r i b o s y l a t e d  c y t o k i n i n s  were g r e a t e r  a t  pH values 5 3.25, w h i l e  t h e  peak 

areas o f  non - r i bosy la ted  c y t o k i n i n s  were g r e a t e r  a t  pH va lues  2 3.25 

(F ig .  2). 

The a c i d i c  ammonium ace ta te  b u f f e r  served t o  suppress s o l u t e  i o n i -  

z a t i o n  o f  t h e  c y t o k i n i n s  and produced sharper zone e l u t i o n  p r o f i l e s .  

Care must be taken, however, as t h i s  b u f f e r  may damage t h e  bonded phase 

o f  t h e  chromatographic columns a t  h i  gh concen t ra t i ons  over  pro1 onged 

use. The op t ima l  c o n c e n t r a t i o n  o f  NH,OAc f o r  enhancing t h e  s i g n a l  

response o f  separa ted  c y t o k i n i n s  was 20 rn! f o r  t h e  Versapack (10  p ) ,  

Adsorbosphere C,, (10 u ) ,  and Adsorbosphere HS C18 (7 11) columns. The 
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Adsorbosphere Nucleoside/Nucleotide (7 p) column was more s e n s i t i v e  t o  

the NH,OAc concentrat ion; 0.75 m! was optimal f o r  enhancing the peak 

area o f  H2-io6Ado; 1 m! f o r  i6Ado, i6Ade, io6Ado and c-io6Ade; 2 $l 

f o r  t - io6Ade (Fig. 3). 

The organic mod i f i e r ,  HSA, may form a s tab le  complex w i t h  e i t h e r  

t h e  cy tok in ins  o r  w i t h  the  bonded phase, a l lowing f u r t h e r  r e s o l u t i o n  o f  

t he  solutes. The concentrat ion o f  HSA enhancing the  signal response o f  

most o f  the separated cy tok in ins  on a l l  t he  columns tes ted  was 1 mfi, 

except f o r  i6Ado and i6Ade on the  Adsorbosphere Nucleoside/Nucleotide 

(7 p) column (Fig. 4). Capacity f a c t o r s  ( k ' )  f o r  t he  separated cy tok in ins  

(i6Ado, c-io6Ade, t- io6Ade, Ha-io6Ado, and io6Ado) decreased as t h e  

concentrat ion o f  HSA increased. Resolut ion was not s i g n i f i c a n t l y  

a f fec ted  over t h e  concentrat ion range tested, except f o r  t h a t  between 

i6Ado and i6Ade. 

occurred on a l l  t h e  columns tested. 

Without t he  use o f  HSA, coe lu t i on  o f  several peaks 

Chromatographic Parameters: [K, CV, Rs, k ' ,  N] 

The d i s t r i b u t i o n  c o e f f i c i e n t s  (K ) ,  p rec i s ion  o f  t he  s ignal  

response ( c o e f f i c i e n t s  o f  va r ia t i on ,  CV) and column reso lu t i on  (RS) 

f o r  each o f  t he  s i x  so lutes w i t h  the  fou r  s ta t i ona ry  phases under t h e i r  

respect ive optimal e l u t i o n  condi t ions are shown i n  Table 1. Although 

t h e  Adsorbosphere Nucleoside/Nucleotide (7 p) column e x h i b i t s  l a r g e r  

r e t e n t i o n  volumes f o r  the cy tok in ins  (depicted by l a r g e  K values), 

t he  CV values are a l l  5 5.4% and r e s o l u t i o n  ranged from 1.15 t o  8.48. 

Resolut ion o f  these compounds on the  Adsorbosphere C,, (10 p) column was 

not  as e f f e c t i v e  and CV values ranged from 1.75 t o  14.31. The Rs values 

f o r  t he  Versapack (10 u) and Adsorbosphere HS C,, ( 7  p )  are too  low f o r  

r e l i a b l e  a n a l y t i c a l  chromatography. 
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The k '  values o f  the cy tok in ins  on the fou r  s ta t i ona ry  phases 

ranged from 5.09 t o  12.78 (Table 2). 

i n  terms o f  t h e o r e t i c a l  p la tes  (N) f o r  each o f  the cy tok in ins  on t h e  

fou r  chromatographic columns. 

( 7  p )  column was the  most e f f i c i e n t  i n  terms o f  N, by a t  l e a s t  one 

order o f  magnitude, i n  comparison t o  the other  chromatographic columns. 

For t h i s  column, the  number o f  t heo re t i ca l  p la tes  ranged from 71,856 

t o  216,039. 

o f  cy tok in ins  when consider ing column leng th  are ranked as fo l lows:  

Column e f f i c i e n c y  was ca lcu lated 

The Adsorbosphere Nucleoside/Nucleoti de 

The b e t t e r  columns i n  terms o f  e f f i c i e n c y  f o r  the separation 

Adsorbosphere Nucl eoside/Nucl e o t i  de ( 7  

Adsorbosphere C,, (10 p )  > Versapack 

S e n s i t i v i t y  

Detect ion l i m i t s  var ied w i t h  each 

p )  >> Adsorbosphere HS C,, ( 7  ,,) > 

10 11). 

c y t o k i n i n  on the  fou r  s ta t i ona ry  

phases tes ted  from 1.0 I,J! f o r  t he  Versapack (10 p) t o  0.1 pz f o r  the 

Adsorbosphere Nucleoside/Nucleotide (7 11) column. 

a s e n s i t i v i t y  diagram f o r  the Adsorbosphere Nucleoside/Nucleotide (7 p) 

column and the e l u t i o n  sequence o f  the s i x  cytok in ins:  

H,-io6Ado > - t-io6Ade > c-io6Ade > i6Ado > i6Ade. 

o f  the Adsorbosphere Nucleoside/Nucleotide (7 p) column, ca lcu lated 

by a th ree - fo ld  s ignal - to-noise r a t i o  (S/N = 3) a t  the basel ine, 

ranged from 44 t o  93 ng ml- ' .  

Figure 5 depic ts  

io6Ado > 

The de tec t i on  l i m i t  

Detect ion o f  Cytokinins by HPLC i n  an Azotobacter Cul ture 

C y t o k i n i n - l i k e  a c t i v i t y  was found i n  the  c u l t u r e  supernatant o f  

Azotobacter chroococcum us ing the  rad ish cotyledon bioassay. 

l o g a r i t h m i c  standard curve (R2 = 0.98) predic ted approximately 0.02 pg 

o f  zea t in  equiva lent  a c t i v i t y  per mL o f  l i q u i d  cu l tu re ,  corresponding 

t o  91.2 nfl o f  z e a t i n - l i k e  compounds. 
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The developed method described w i t h  the  Adsorbosphere Nucl eoside/ 

Nucleotide (7 U )  column was used t o  speciate and quan t i t a te  cy tok in ins  

i n  the  b a c t e r i a l  supernatant (Fig. 6). The fo l l ow ing  q u a n t i t i e s  o f  

cy tok in ins  were detected, expressed i n  m o l a r i t y  o f  t he  c u l t u r e  super- 

natant: 

- c-io6Ade (0.505 n!), and i6Ade (6.70 nM). 

by matching UV spect ra o f  t he  so lutes w i t h  standard references. 

io6Ado (88.5 @), H,-io6Ado (9.18 @), t - io6Ade (61.8 n?), 

I d e n t i f i c a t i o n  was v e r i f i e d  

CONCLUSIONS 

This paper h i g h l i g h t s  the  chromatographic p roper t i es  o f  f ou r  

reverse phase ma te r ia l s  i n  the separation o f  cytok in ins.  

ology described f o r  i o n  suppression-reverse phase h igh performance 

l i q u i d  chromatography (HPLC) us ing the  Adsorbosphere Nucleoside/ 

Nucleotide ( 7  U )  column al lows the  immediate separation and quant i ta-  

t i o n  o f  t he  m u l t i p l e  cy tok in ins  present i n  b i o l o g i c a l  samples. The 

procedure i s  h igh l y  sensi t ive,  spec i f i c ,  prec ise and e x h i b i t s  h igh 

e f f i c i e n c y .  Isopentenyl adenine, *-and t rans-zeat in  as we l l  as 

t h e i  r ri bosyl ated and d i  hydro-deri v a t i  ves are readi l y  resolved from 

each other. 

concentrat ion of acetonitri1e:methanol (60:40) i n  an a c i d i c  acetate 

buffer, using heptane su l fonate as the organic modi f ier .  Analysis 

t ime  was approximately 35 minutes. 

The method- 

The cy tok in ins  are e lu ted w i th  a l i n e a r l y  increas ing 
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