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Ab stract

The cu cum ber cot y le don green ing bioassay for cytokinins was 
mod i fied by us ing 95 % ac e tone -eth a nol in stead of 80 % ac e -
tone as ex trac tion sol vent. The cot y le dons were ex tracted di -
rectly with a 2:1 (v/v) ac e tone-eth a nol so lu tion in dark for 24
hours, omit ting the ho mog e ni za tion and centrifugation op er a -
tions of the pre vi ous bioassay. The mod i fied bioassay is more
con ve nient and es pe cially use ful in screen ing cytokinin-ac tive
sub stance from a large num ber of sam ples.

In tro duc tion

The cu cum ber cot y le don green ing bioassay is fre -
quently used for de tect ing cytokinins (Fletcher and
McCullagh 1971, Klepper and Mcquirk 1995,
Ricci et al. 2001, Wei-lun Chen et al. 1979).
Fletcher et al. (1980) made some ben e fi cial mod i fi -
ca tions of the bioassay by us ing 5-day-old cu cum -
ber cot y le don treated with com bi na tion of 40 mM
KCl and var i ous con cen tra tions of cytokinins. As
ho mog e ni za tion and centrifugation op er a tions are
still needed in the mod i fied bioassay, it is not con -
ve nient enough to screen cytokinin-ac tive sub -

stance from a large num ber of sam ples. Ac e -
tone-eth a nol so lu tion was re cently re ported to be a
better ex trac tion sol vent of chlo ro phyll from veg e -
ta ble leaves than aque ous ac e tone (Min-wen Yang
2002). It has the pe cu liar ity of quick ex trac tion
speed, high ex trac tion ef fi ciency, good chlo ro phyll
sta bil ity and de ter mi na tion ac cu racy. The ob jec tive 
of this study is to pres ent an im proved chlo ro phyll
ex trac tion method by us ing 95 % ac e tone-eth a nol
in stead of 80 % ac e tone as ex trac tion sol vent and
mod ify the op er a tion of the pre vi ous bioassay. As
most of the cytokinin-ac tive com pounds so far
found fall into two main struc ture groups: pu rine
and urea de riv a tives, two struc tur ally typ i cal
cytokinins ,  6-ben zyladenine (BA) and
N,N’-diphenylurea (DP), were se lected as rep re -
sen ta tives of cytokinins.

Ma te ri als and meth ods

Cu cum ber seeds (Luming yan 4#) were planted in
ver mic u lite and ger mi nated in dark at 28 °C. The
cot y le dons from 5-day-old plants were ex er cised in 
dim green light, weighed and uni formly  floated in
7-cm Petri dishes con tain ing 5 mL of test so lu tion
con tain ing 10-4 to 10-8 M  of  BA or 10-5 to 10-8 M 
DP and 40 mM KCl. BA or DP was dis solved in
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min ute quan tity of DMSO and di luted with dis -
tilled wa ter to given con cen tra tion. The DMSO
con tent in the test so lu tion was con trolled to be low
1 % (v/v), which was dem on strated hav ing lit tle or
no ef fect on chlo ro phyll syn the sis in the bioassay.
Cot y le dons placed in a so lu tion of 5 mL of 40 mM
KCl con tain ing less than 1 % (v/v) DMSO was used 
as con trol. Each plate of sam ple and con trol were
placed 10 pieces of cot y le dons with the adaxial face 
down. Their weight was on av er age 0.1700±0.0050 
mg. All the dishes were re turned to the dark at 28 °C 
for an in cu ba tion of 24 hours and then ex posed to
flu o res cent light with an in ten sity of 11
µmol·m-2·s-1 for 3 hours at 28 °C. The dishes of
each sam ple and con trol were ran domly di vided
into two groups. The cot y le dons of the first group
were ho mog e nized, ex tracted with 10 mL 80 %
(v/v) aque ous ac e tone, and centrifugated to get
supernatant li quor with Fletcher method (Fletcher
et al. 1980). The cot y le dons of the sec ond group
was ex tracted di rectly with 10 mL 95 % ac e tone -
-eth a nol 2:1 (v/v) so lu tion in dark for 24 hours (new 
method). UV spec tra of the ex trac tion so lu tions of
con trol within 600-700 nm were taken on a
Shimadzu UV-2100 spec trom e ter. The to tal chlo ro -
phyll con cen tra tion was mea sured ac cord ing to the
method of Arnon (1949). The absorbance of the ex -
trac tion so lu tions were mea sured us ing UV755B
spectrophotometer at 663 and 645nm. 

Re sults and dis cus sion

In a pre lim i nary ex per i ment, cot y le dons in cu bated
in 40 mM KCl and mi nor DMSO (con trol) were
treated with the Fletcher method and the new
method. The absorbance spec tra of the ex trac tion
so lu tions in the range of 600-700nm were sim i lar
(Fig ure), in di cat ing that the to tal chlo ro phyll con -
cen tra tion of the ex trac tions pre pared with the new
meth ods can also be de ter mined ac cord ing to
Arnon for mula. The to tal chlo ro phyll con tent (D)
of cot y le dons of each sam ple or con trol was there -
fore calculated according to the following formula:

D =
Cx10

Wx1000
(mg / g)

C - To tal chlo ro phyll con cen tra tion of the cot y le -
don ex trac tion, (mg/L)
W - Fresh weight of the cot y le dons, (g)

Fig ure. Absorbance spec tra of the con trol cot y le don ex trac -
tions ob tained with the Fletcher method and the new method,
Val ues are the means of three rep li cates.

In Fletcher method, chlo ro phyll con tent or absor -
bance at 663 nm was used to show the cytokinin ac -
tiv ity of the cor re spond ing sam ple. In or der to show 
cytokinin ac tiv ity of the sam ple more clearly and
quan ti ta tively, we take the rel a tive chlo ro phyll con -
tent of sam ple to con trol  (D/D0) to ex press its
cytokinin ac tiv ity. Three rep li cates of each sam ple
or con trol were treated with the Fletcher method
and the new method re spec tively. The re sults were
sta tis ti cally treated and sum ma rized in Ta ble.

D - to tal chlo ro phyll con tent of sam ple
D0 - to tal chlo ro phyll con tent of con trol
D - means of  to tal chlo ro phyll con tents of sam ple
de ter mined in par al lel ex per i ments
D

0
  - means of  to tal chlo ro phyll con tents of con trol

de ter mined in par al lel ex per i ments
Di - to tal chlo ro phyll con tent of sam ple or con trol
de ter mined in par al lel ex per i ment No.i
n - to tal num ber of the par al lel ex per i ments for each 
sam ple or con trol

The data in Ta ble showed that the new method, be -
sides its con ve nience of omit ting ho mog e ni za tion
and centrifugation op er a tions, is more ac cu rate and
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re li able than the Fletcher method, es pe cially for the
sam ples with weak cytokinin ac tiv ity. For in stance,
at the con cen tra tion of 10-8 mol/L of DP, the
Fletcher method gave a rel a tive chlo ro phyll con -
tent value (0.80) un rea son ably much lower than the 
con trol while the new method gave a value (0.98)
within the ad mis si ble de ter mi na tion er ror. We are
there fore pre sent ing an im proved cytokinin bio -
assay that is es pe cially use ful in screen ing cyto -
kinin-ac tive sub stance from a large num ber of sam -
ples, where an iden ti cal dis pose time is important to 
guarantee accurate evaluation.
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Ta ble. Rel a tive chlo ro phyll con tent of cot y le dons treated with var i ous con cen tra tions of BA or DP

Con cen tra tion (mol/L)                                                      D/D0

BA - Fletcher method BA - New method DP - Fletcher method DP - New method

10-4 1.71±0.21 1.96±0.14 - -

10-5 1.84±0.19 2.40±0.08 1.09±0.12 1.42±0.13

10-6 1.73±0.21 2.29±0.10 1.31±0.02 1.06±0.07

10-7 1.59±0.19 1.41±0.06 0.99±0.07 1.07±0.05

10-8 1.39±0.11 1.12±0.08 0.80±0.16 0.98±0.01

Con trol 1.00±0.11 1.00±0.09 1.00±0.11 1.00±0.09


