
The changes in the polypeptide patterns of soluble proteins of wheat flag leaves after treatment with two
synthetic cytokinin-like substances 3-CP-2-PU [1-(3-chlorophenyl)-3-(2-pyridyl)urea] and 3-CP-4-MPU
[1-(3-chlorophenyl)-3-(4-methyl-2-pyridyl)urea] was studied. Both compounds increased differentially
in quantity and composition most individual polypeptides identified compared to the non-treated leaves.
While 3-CP-2-PU increased only the polypeptide quantity, 3-CP-4-MPU led to the appearance of new
polypeptide with Mw of 51 kDa.
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Cytokinins as plant growth regulators participate in the regulation of many physio-
logical and biochemical processes, including protein synthesis, seed germination,
leaf senescence, stomatal function and photosynthesis [4]. Some phenylurea com-
pounds with cytokinin activity such as 4PU-30 stimulated the synthesis [14] and
the quantitative differences between some relevant polypeptides of soluble proteins
[11, 12].

In the present work we studied the effects of two cytokinin-like compounds 3-CP-
2-PU and 3-CP-4-MPU on the composition and the quantity of polypeptide patterns
in soluble fraction isolated from treated wheat flag leaves. An attempt has been made
to identify specific polypeptides having important role in some physiological
processes.

Wheat (Triticum aestivum L. cv. Sadovo-1) plants were grown on field (“stand
with a dense canopy”) under natural conditions. When the flag leaves were fully
expanded, the plants were foliar sprayed with water (control), and aqueous solutions
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of 3-CP-2-PU (100 μmol/L) and 3-CP-4-MPU (100 μmol/L) containing Tween 80
emulsifier (0.02%, v/v) (240 L · ha–1). Samples for analysis were taken on the 14th

day after the treatment. The two substances used 3-CP-2-PU [1-(3-chlorophenyl)-3-
(2-pyridyl)urea] and 3-CP-4-MPU [1-(3-chlorophenyl)-3-(4-methyl-2-pyridyl)urea]
have been synthesized in our laboratory [15].

Wheat flag leaves (1 g FW) were homogenized in 10 mL extraction buffer con-
taining 0.01 mol Tris-glycine buffer (pH 8.3) and 5% (w/v) sucrose. The homogenate
was centrifuged at 8000 g for 20 min, and the supernatant was used directly for elec-
trophoretic separation. Soluble protein was determined according to Bradford [2]
with bovine serum albumin as a standard. SDS-PAGE was performed using 1D gel
electrophoresis after [8] on 15% (w/v) acrylamide slab gels containing 0.1% (w/v)
SDS and 375 mM Tris-HCl, pH 8.7. An aliquot of the leaf extract was mixed with
sample buffer (3 : 1, v/v) containing 62.5 mM Tris-HCl (pH 6.8), 2% (w/v) SDS, 5%
(v/v) β-mercaptoethanol and 10% (v/v) glycerol. Samples with 45 μg protein were
boiled for 3 min in sample buffer and loaded on the gels. After electrophoretic sepa-
ration (30 mA per gel using mini-dual vertical gel electrophoresis apparatus – Sigma-
Aldrich, Germany), the gels were fixed with 0.25% (w/v) Coomassie Brilliant Blue
R-250 in methanol/acetic acid/water (4 : 1 : 5, v/v/v) overnight. Stained gels were
transferred to destaining solution of methanol/acetic acid/water (4 : 1 : 5, v/v/v) and
then kept in distilled water. Coomassie blue-stained gels were scanned at 560 nm to
quantity the separated polypeptides by Shimadzu Dual-Wavelength Chromato-
Scanner CS-930 (Japan). Molecular weight markers were estimated from standard
plot using lysozyme (14.1 kDa), soybean trypsin inhibitor (21.5 kDa), bovine car-
bonic anhydrase (30 kDa), ovalbumin (45 kDa), bovine albumin (67 kDa), phospho-
rylase A (94 kDa), (Amersham Pharmacia Biotech, Uppsala, Sweden).

Polypeptide patterns of the SDS-extractable proteins are shown in Fig. 1. About
27–29 polypeptide bands with molecular weight (Mw) from 114 to 14 kDa were
resolved in the soluble fractions (Table 1). The major polypeptide bands in the non-
treated leaves (control) had Mw of 114, 89, 67, 55, 29, 16.4 and 14.3 kDa.
Treatments with 3-CP-2-PU and 3-CP-4-MPU showed the following changes. Both
substances led to an increase in the content of 55 and 14.3 kDa polypeptides corre-
sponding to the LSU and SSU of ribulose-1,5-bisphosphate carboxylase /oxygenase
(Rubisco, EC 4.1.1.39). The position of both subunits of Rubisco and CA protein
were previously identified by running purified barley Rubisco and pea CA as a mark-
ers (data not shown). The quantity of LSU increased from 25.3% in the non-treated
leaves to 33.6% in 3-CP-2-PU and 37.1% in 3-CP-4-MPU. For SSU, this increase
was from 6% in the control to 7.4% in 3-CP-2-PU and 12.8% in 3-CP-4-MPU.
Evidently, both substances had specific influence upon both subunits of Rubisco.
3-CP-2-PU increased the quantity of both subunits but slightly more that of LSU,
while 3-CP-4-MPU increased also the quantity of both subunits but the strongest
SSU. The protein band with Mw of 29 kDa in the control leaves was 3.1%, increased
to 4.7% in 3-CP-2-PU variant (by 52%) and 6.4% in 3-CP-4-MPU variant (double
increased). The polypeptide that may contribute to occurrence of bands in this region
is the protein of carbonic anhydrase (CA, EC 4.2.1.1), a key enzyme in photosyn-



thetic process [1]. Both substances increased significantly the relative abundance of
CA polypeptide that correlated to our results upon the promoting effect of the same
compounds on the in vivo CA activity in wheat flag leaves (data not published). In
the range of the higher molecular weight polypeptides, an increase in the relative
share of bands 67, 78, 89, 98, 108 and 114 kDa was also observed. Polypeptides with
Mw of 98, 100 and 108 kDa are in a range characterized with the localization of the
cytoplasmic proteins, especially of the phosphoenolpyruvate carboxylase (PEPC, EC
4.1.1.31) with Mw of 100 kDa [8]. We established earlier that the treatment with both
substances increase greatly the in vivo PEPC activity in wheat flag leaves (data not
published). The present results are in accordance with the report that exogenous
cytokinin is necessary for the nitrogen-dependent accumulation of PEPC and CA
mRNAs in detached maize leaves [13]. The polypeptides with Mw of 41 and 45–47
kDa are the subunits of Rubisco activase [10]. Rubisco holoenzyme assembly in the
stroma of higher plant chloroplast is impossible without the participation of the
Rubisco binding protein (114 kDa) [5]. These polypeptides were significantly
expressed by the 3-CP-2-PU-treatment.

The polypeptide with Mw of 51 kDa was only detected in the 3-CP-4-MPU vari-
ant while it was unidentified in the control and the 3-CP-2-PU variant (Fig. 1). We
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Table 1

Major polypeptide differences between the non-treated (control) and the treated wheat flag leaves

3-CP-2-PU-treated 3-CP-4-MPU-treated
Polypeptide, Non-treated
Mw [kDa] %

%
% of the

%
% of the

control control

114 2.6 3.7 142 2.9 112
108 1.3 2.1 162 2.1 162
100 1.0 1.1 110 1.4 140

98 0.9 1.2 133 1.2 133
89 2.6 3.2 123 4.6 177
78 0.8 1.3 163 2.3 288
67 5.7 6.6 116 6.1 107

55 Rubisco-LSU 25.3 33.6 133 37.1 147
51 n. d. n. d. 4.3
47 1.6 2.5 156 1.9 119
43 1.1 3.6 327 2.6 236
33 1.3 2.5 192 3.1 238

29 Carbonic anhydrase 3.1 4.7 152 6.4 206
21.4 1.3 2.0 154 1.7 131
18 1.4 2.0 143 2.0 143
16.4 2.5 3.7 148 2.8 112

14.3 Rubisco-SSU 6.0 7.4 123 12.8 213

The content of each individual polypeptide was expressed as percentage (%) of the total scanning area
(100%) of all polypeptides. The values correspond to those represented graphically in Fig. 1 (n. d. – not
detectable)



504 GALIA LAZOVA and PETRANKA YONOVA

Acta Biologica Hungarica 59, 2008

Fig. 1. Polypeptide profiles and gel scans of soluble protein from wheat flag leaves after 15% 1D-PAGE:
(a) non-treated; (b) 3-CP-2-PU-treated; (c) 3-CP-4-MPU-treated. The major protein differences are indi-
cated in kDa with vertical arrows. Positions of Mw markers in kDa are indicated to the right and on the

horizontal basic line, respectively. Data are representative of three independent experiments



suggested that this new polypeptide could be a cytokinin-binding protein (CBP) what
was characterized from wheat grains with Mw of 54 kDa binding a single cytokinin
molecule [3]. This assumption is ground to the report that phenylurea/thiourea
cytokinins have relatively high affinities for CBPs from different plants [6]. Such a
CBP appears on SDS-PAGE only after cytokinin treatment [9].

The results presented here indicate that both cytokinin-like substances may selec-
tively affect the composition and the relative quantities of the individual proteins in
soluble fraction isolated from treated wheat flag leaves.
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