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1. Introduction 

It has been reported that the administration of 
auxins, gibberellins and cytokinins to plants affects 
nuclear transcription [l-7]. Other observations sug 
gest that cytokinins also have an effect at the trans- 
lational level [8]. Cytokinin binding to the ribosomes 
of Chinese cabbage [9], wheat germ and tobacco 
callus [lo] has been described and isolation of the 
specific receptors has been attempted. 

Based on our knowledge of sexual differentiation 
of the dioecious plant Mercurialis annua [ 111, we 
believe that genetically male meristem is a specific 
target organ of cytokinins. Exogenous cytokinins 
provoked obvious changes of these male meristems, 
including the appearance of certain tRNA species and 
enzymes specific to female flowers [ 121. 

The purpose of the present study was to detect 
differential cytokinin binding to ribosomes in male 
and female target cells. The binding of BAP, FAP, 
2IP and Z, as well as their less active ribosides, were 
compared in order to detect any relation between 
physiological action and binding efficiency. 

2. Materials and methods 

[8-14C]BAP (spec. radioact. 13.4 mCi/mmol, 

Abbreviations: [I-‘%]BAP, radioactive 6-benzylaminopurine; 
BAP, 6-benzylaminopurine; FAP, 6-furfurylaminopurine; 
2IP, 6~,~dimethylallylamlnopurine; Z, zeatin; STMP, 
0.1 M Tris-HCl (pH 7.0), 0.4 M sucrose, 0.05 M MgCl,, 
0.05 M 2-mercaptoethanol, 50 Mg polyvinyl sulfate/ml; TMP, 
0.01 M Tris-HCl (pH 6.8), 1 mM MgCl,, 50 c(g polyvinyl 
sulfate/ml 
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60 &i/mg) was purchased from the Radiochemical 
Centre, UK. BAP, RBAP, FAP, RFAP, Z, RZ, 21P 
were purchased from Sigma (USA). All other prod- 
ucts were Reagent Grade. 

2.1. Cell disruption, fractionation and purification 
Young male and female flower buds of the 

dioecious plant Mercurialis annw L. (2 n = 16) 
(Euphorbiaceae) were collected in the field, rapidly 
frozen in liquid nitrogen and stored at -20°C. The 
purification of subcellular components [ 13-151 
was performed at 0-4”C. Plant tissue (60 g) in 90 ml 
STMP buffer was homogenized in a Waring blendor, 
the homogenate was pressed through 4 layers of 
cheesecloth and was centrifuged at 700 X g for 
1.5 min. A 15 min centrifugation of the above super- 
natant (1 g plant tissue = 1.75 ml) at 18 000 X g 
sedimented organelles. The 18 000 X g supernatant 
of this step was then centrifuged at 150 000 X g for 
2 h and the ribosomal pellet thus obtained was stored 
at -20°C until the assay. Ribosomes prepared accord- 
ing to this technique remain fully active for 3 months 
at -20°C [16]. 

2.2. (8-‘4C]BAP binding to ribosomes 
Stored ribosomal pellets (1 vol.) were suspended in 

TMP buffer (1 vol.) immediately prior to assay. After 
a gentle homogenization in a Kontes glass homogenizer, 
the suspension was clarified by centrifugation at 
23 500 X g for 5 min. The ribosome concentration 
was estimated by AZ@. The A260/AZJ5 and A260/AZM) 
ratios were found to be 1.30-l .60 and 1.70-l .90, 
respectively. These values agree fairly well with cor- 
responding figures for plant [9,17] and animal ribo- 
somes [ 15-171. The final yield of these ribosomes 
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(1 g plant material = 1 SO ml ribosome suspension) 
was 13.7 A 260 units/ml. 

The binding assay was a modification of the assay 

of auxin binding to particulate corn fractions [ 18,191. 

The ribosome suspension (10 ml) was added to nitro- 

cellulose centrifuge tubes with the same capacity and 
0.1 vol., i.e., 1 ml test solution (6 X lo-’ M) was 
then added. The test solution consisted of 6 X 10-s M 
of [8-14C]BAP in the absence or in the presence of 
unlabeled BAP added in increasing quantities from 
1.4 X lo-’ M to 1.6 X lo-’ M. After a 5 min incu- 
bation, the tubes were centrifuged at 150 000 X g 
for 2 h in a Beckman T 50 rotor. After removal of 
the aqueous phase, the ribosome pellet was carefully 
washed with 1 ml ice-cold TMP to remove residual 
material, e.g., protein, was drained of excess moisture 
and was left overnight at 4°C. Bound BAP/mol ribo- 
somes was calculated as in [6], assuming that 1 mg 
ribosomes/ml was A 260 = 16 and that 1 unit ofAzm 
corresponded to 15 pmol/ribosomes, based on a ribo- 
somal mol. wt 4.0 X 106. 

Determination of radioactivity: a 0.3 ml aliquot of 

the supernatant, as well as the entire ribosome pellet, 
obtained by cutting the bottom ofthe centrifuge tube, 
were added to scintillation vials containing 10 ml Bray’s 
solution [20]. A Beckman LS 3 133 P liquid scintilla- 
tion counter at room temperature was used with a 
14C counting efficiency >90%. Total and specific 

binding were calculated as in [ 18,211. 

The binding constant was determined by the 
Scatchard method [22]. The binding constant of the 
other cytokinins was calculated by plotting the quan- 

tity of [8-14C]BAP bound versus the logarithm of the 
increasing quantities of the free hormones, BAP, FAP, 
2IP, Z (fig.5). The linear distance along the X-axis 
between the [8-‘4C]BAP curve and the other curves 

was measured at the optimum cf= 4 X lo-‘, 642 cpm) 
calculated from Scatchard plots to saturate 50% of 
the binding sites. This distance furnishes an approxi- 
mation of log K,. Standard BAP is then defined with 
K, BAP = 1 [23]. 

3. Results 

3.1. Characterization of cytokinin binding 
Binding of BAP was very rapid (table I), a pheno- 

menon also observed for auxin binding [ 181 and for 
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Table 1 
Kinetics of BAP binding toM. annua ribosomes 

Incubation with Incubation time (min) 

[ 8-14C]BAP 2 
751 
785 

[8-14C]BAP + 8.6 X lo-’ M 589 
unlabeled BAP 591 

Numbers represent cpm bound/reaction 

5 20 
748 737 
760 773 

590 597 
558 578 

chloramphenicol binding to Bacillus megatherium 
ribosomes [24]. The rate of binding was temperature 
dependent, being most rapid at 4°C and was pH 
dependent (fig.1). Specific and non-specific binding 
were both pH dependent, but specific binding was 
optimal at pH 6.2, suggesting a specific interaction. 

We next studied comparative binding between male 

and female ribosomes, because the specific binding only 
appeared to be reliable in the ribosome fraction and 
since the properties of our ribosome suspensions were 

in good agreement with published criteria [9,15-171. 

3.2. Binding to male and female ribosomes 
Binding of [8-‘4C]BAP to male and female ribo- 

Fig.1. [ 8-14C]BAP binding to M. unnuu ribosomes as a func- 
tion of pH. Homogenates were adjusted with HCl or NaOH 
to pH 4-8 then total and specific binding were assayed. 
Binding (%) = (bound cpm/free cpm) X 100. Specific binding 
= % binding of [ 8-14C]BAP alone minus binding % of the 
highest assay in the presence of unlabeled BAP. The data 
are the average values of 4 independent determinations. 
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Unlabelea BAP (Moles) 

Fig.2. Inhibition profiles of [ 8-“C]BAP binding to male (solid 
circles) and female (open circles) ribosomes in the presence 
of increasing concentrations of unlabeled BAP. Each point is 
the mean value of 5 independent determinations. 17 000 cpm/ 
ml supernatant. 

somes in the presence of increasing concentrations of 
unlabeled BAP is shown in fig.2,3. The initial amount 
of 6 X lo-* M was chosen because it is suitable for 
specific binding assays in a wide concentration range 
(S.R.C., unpublished results). It appears from the 
data that BAP in increasing concentrations effectively 
compete with the labeled compound up to 2 X 10m6 M 
on either male or female ribosomes. Female ribosomes 
initially bound about half as much BAP as male ribo- 
somes and were less sensitive to competition. In the 
related Scatchard plot (fig.4) the number of binding 

‘-habelsd SAP (MOLES) 

Fig.3. Saturation kinetics of specific binding to male (solid 
circles) and female (open circles) ribosomes. 

l Kaz2.3 x lo6 Ml’ 

Fig.4. Scatchard plot of BAP binding to male (solid circles) 
and female (open circles) ribosomes. Data obtained from fig.3. 
r = mol cytokinins,f= mol free cytokinin, K, = binding con- 
stant, n = quantities bound. 

sites, expressed as mol BAP fixed, was estimated by 
the distance between the origin and the X-intercept 
and was found to be 3.9 X lo-” mol in male ribo- 
somes and 2 X lo-” mol in female ribosomes. Molar 
binding ratios were calculated as 1.85 mol/male ribo- 

some and 0.94 mol/female ribosome, with respective 
bindingconstantsof2.36X lo6 M-’ and 3.6X lo6 M-r. 
Only one of the two binding sites described [lo] 

could be demonstrated, since the concentration of 
[8-14C]BAP was too low to enable weak binding sites 
to be detected. Thus, only the site with the highest 
affinity was expressed. 

3.3. Inhibition of [8-14CJBAP binding to male ribo- 
somes by free cytokinin bases (FAP, 2IP, Z) 
and their corresponding ribosides 

It can be seen from the data shown in fig.5 that 
all 3 bases competed actively with [8-14C]BAP with 
Z being the most effective, as shown by saturation 
kinetics for specific binding sites. The greatest inhi- 
bition at the lowest concentration was exhibited by 
Z. The binding constants determined are 2.3 X lo6 M-r 
for BAP, 3.9 X 10” M-’ for FAP, 1.6 X 10’ M-’ 
for 21P and 2.0 X 10’ MS1 for Z. Thus, the highest 
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Fig.5 audition of [ 8-r4C]BAP binding to male ribosomes by 
increasing concentrations of unlabeled free bases (solid fignres) 
and their corresponding ribosides (open figures). 

affinity corresponds to the greatest physiological 
effectiveness expressed by bioassays, i.e., the activity 
of Z. The ribosides of these bases exhibited no inhi- 
bition of BAP binding. 

4. Discussion 

The amount of BAP bound by male ribosomes 
was twice that bound by female ribosomes. Analysis 
of the endogenous cytokinin contents of buds with 
a computerized gas chromatography-mass spectrom- 
etry system showed that the levels of free Z were 
higher in female apeces than in either male of mono- 
eocious apeces [26-29 1. Endogenous Z cannot be 
removed from its ribosomal sites as a result of its high 
natural binding constant. The observed difference in 
site numbers thus agrees with the saturation of more 
female sites by higher Z concentrations. 

Even though genotypic~y male cells contain very 
low quantities of Z, they nonetheless contain specific 
receptors. If confirmed, these results would suggest 
that the receptors evidenced here in both male and 
female apical cells would be expressed in a manner 
similar to that of the steroid receptors involved in 
rn~rn~an sexual development [30]. 

The binding constant is apparently sex dependent. 

Certain non-histone proteins purified from chromatin 
of Af. anlz~a specifically bind BAP and similar differ- 
ences of site numbers and binding constant have 
been shown by the same method [31]. This suggests 
a structural difference between male and female recep- 
tors and so sexual differentiation might imply the syn- 
thesis of sex-specific receptors. 

A differential sex-specific RNase activity that would 
partially change female ribosomes does not appear 
capable of explaining the observed differences. Results 
remained constant after several repeated extractions 
and bind~g assays, ultraviolet absorption spectra 
remained unchanged and there were no detectable 
differences in the properties of male and female ribo- 
somes from one extraction to another. 

The ribosides of the hormones tested were inactive. 
Only the free bases effectively bound to ribosomes 
and among these synthetic or natural compounds, the 
most actively bound was Z which was also the most 
active in specific bioassays. IPA and RZ, ribosides 
which exist in almost equal quantities in male and 
female apeces [28,29 J did not compete for BAP 
binding sites, which is consistent with their lower 
phy~ologic~ activities in specific bioassays. Thus, 
free bases may have a primordial role in the mani- 
festation of physiological effects. 

These results may help to explain how cytokiniis 
exert their physiological effects. It appears that the 
nature of hormonal response is conditioned by the 
specific nature of the binding site in target cells as 
well as by the related hormone. The difference usu- 
ally pointed out between the actions of plant and 
animal hormones now appears to be less clear-cut. 
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