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Introduction and objectives

Cytokinins (CKs) represent a large group of plant hormones which affect various vital 

processes throughout plant growth and development. Natural CKs are derivatives of adenine

(Ade) containing isoprenoid or aromatic moiety at N6 position. Typical representatives of 

isoprenoid CKs are N6-(2-isopentenyl) adenine (iP) and its hydroxylated forms zeatin, 

dihydrozeatin including their derivates. Zeatin occurs in two isomers, cis (cZ) and trans (tZ), 

referring to the position of terminal hydroxyl group at the isoprenoid side chain. 

There is an ample information showing that CK signals in plants are able to delay leaf 

senescence [8, 14 and references therein], to promote shoot branching [27] and to affect 

specifically shoot and root growth [29]. In addition, CKs mediate signaling of availability of 

inorganic nitrogen to roots [17] seed germination and responses to pathogens [18]. 

In despite of presumed cZ inactivity as a free hormone, the presence of free cZ-type 

CKs (cZ, cZR – cZ riboside, cZRMP – cZR monophosphate, cZOG – cZ O-glucoside, 

cZROG – cZR-O-glucoside, cZ7G – cZ-N7-glucoside, cZ9G – cZ-N9-glucoside) in plant 

tissues was repeatedly reported. Some plant species contain detectable levels of cZ-type CKs, 

sometimes even as a predominant group of total CKs. Different cZ-type CKs were identified 

in a great number of seed plants encompassing monocotyledonous [28] and dicotyledonous 

[1, 5, 7] as well as in algae [26]. Moreover, enzymes catalyzing specifically cZ metabolic 

reactions, namely glucosyltransferases [15, 28] and cis-trans-isomerase [2], along with signal 

perception by particular histidine kinases specific for cZ and/or its riboside cZR [23, 25, 30]

were reported.

All these findings have indicated that cZ derivatives are more prevalent and more 

relevant to CK biology than previously thought, having probably unique functions in plant 

tissues and being synthesized in plant cells in (a) distinct way(s) compared to their 
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corresponding trans isomers [13]. However, a precise role of cZ-type CKs in plants still 

remains to be elucidated.

The aim of this study was to provide additional data about distribution of cZ-type CKs 

in plant kingdom, to examine cZ-type CK activity in tobacco callus bioassay, elucidate 

differences in metabolism of cZ and tZ in tobacco cells thus unravel role and fate of cZ in 

plants.

Materials and methods

Chemicals. Radiolabeled CKs [2-3H]iP (specific activity 1200 TBq mol-1), [2-3H]tZ 

(850 TBq mol-1) and  [2-3H]cZ (780 TBq mol-1) were synthesized by Isotope Laboratory, 

Institute of Experimental Botany AS CR, Prague, Czech Republic. 

Tobacco callus bioassay. The bioassay was performed using CK-dependent tobacco 

(Nicotiana tabacum cv. Wisconsin 38) calli according to [12].

Uptake and metabolism of [3H]cZ and [3H]tZ in tobacco BY-2 cell culture. 

Radiolabeled [2-3H]cZ and [2-3H]tZ (2 nM) uptake and accumulation were measured in CK-

autonomus tobacco (Nicotiana tabacum L. cv. Bright Yellow 2) cell suspension (0.5 mL 

aliquots) according to [4] as described in [21]. BY-2 cells were harvested immediately after 

addition of CK (20 nM) into liquid media (time 0 minutes) and after 5, 10 and 15 minutes. 

Radiolabeled CK metabolites were analyzed by HPLC coupled to on-line radioactivity 

detector as described by [10]. 

Analysis of cytokinins. Endogenous CKs were extracted by methanol/formic 

acid/water (15:1:4, v/v/v), homogenized in liquid nitrogen, and purified using the dual-mode 

solid phase extraction method [5]. Detection and quantification of individual CK derivatives 

were carried out by HPLC/MS/MS as specified elsewhere [12].

Determination of cytokinin oxidase/dehydrogenase activity and substrate 

specificity. The CKX activity in leaves of Nicotina tabacum L. cv. Samsun NN was 

determined in vitro using the radioisotopic method based on the enzymatic degradation of 

substrate CK [2-3H]N6-(2-isopentenyl)adenine, [2-3H]trans-zeatin  or [2-3H]cis-zeatin to 

[3H]adenine according to [19].

Results

Stimulation of cell division by cZ- compared to tZ-type cytokinins in tobacco 

calli. cZ and cZR were remarkably effective in promotion of tobacco callus growth displaying 

activities in the order cZ > cZR (based on E50 values; Fig.1). The most pronounced biological 
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response on callus growth was recorded for cZR at 4x10-7 M (over 90% of the highest activity 

observed for its trans counterpart). The maximum of cell division stimulatory effects of cZ 

was shifted to 2x10-6 M. These data suggest a possible interchangeability of tZ- by cZ-type 

CKs at least in terms of maintaining cell division.

A) B)

Fig. 1: Cis-zeatin type CKs maintain cell division of cytokinin-dependent tobacco W-38 callus. Calli were 
grown on CK-free medium containing cis- (full diamond) and trans- (open circle) zeatin (A) or its riboside (B). 

Uptake and accumulation of [3H]cZ and [3H]tZ by BY-2 tabacco cells. To acquire 

information about uptake and accumulation of cZ- and tZ-type CKs by plant cells, 

radiolabeled [2-3H]cZ and [2-3H]tZ were added into liquid media of BY-2 tobacco suspension 

culture. The results showed progressive accumulation of both cZ and tZ in cultured tobacco 

cells with no preference for any of the isomers (Fig. 2 A). Evidently, both zeatin isomers enter 

cells relatively rapidly and in the same or similar way.

Short-term metabolism of 3H [cZ] and 3H [tZ] in BY-2 tobacco suspension 

culture. In tobacco BY-2 cells, cZ was not metabolized effectively. It was predominantly 

ribophosphorylated although less efficiently when comparing to tZ and degraded into adenine

(Ade) at slightly higher rate than trans-isomer. No glucosylated metabolites of cZ were found 

after [3H]cZ treatment (Fig. 3A) whereas modest amounts of O- and N7- glucosides were 

detected after application of [3H]tZ (Fig. 3B). tZ underwent rapid and massive 

ribophosphorylation. No cZ ↔ tZ interconversion was observed during feeding experiments.
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A) B)

Fig. 2: Uptake of cis and trans zeatin by BY-2 tobacco suspension cells (A). CKX activity for different CK 
substrates in tobacco (B).

A) B)

Fig. 3: Metabolism of [3H]cZ and [3H]tZ in tobacco BY-2 cells

Cytokinin oxidase/dehydrogenase (CKX) activity and specificity in tobacco 

leaves. Specificity of total extracted CKX, the key degrading enzyme, towards cZ and tZ was 

determined. The best substrate of tobacco leaf enzyme was clearly isopentenyladenine (iP) but 

cZ seems to be more preferred CKX substrate than tZ (Fig. 2B).

Discussion

The fundamental activity of CKs is stimulation of cell division. Our results proved that 

cZ-type CKs are able to stimulate cell growth and division of CK-dependent tobacco callus 

W-38. As concerns the optimal concentrations of zeatin bases, our data are comparable to 
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those reported by [24]. Interestingly, unlike free base, cZR showed maximal effect in the 

same concentration as tZR. This finding suggests potential preference of ribosides rather than 

free bases in mediation of the extracellular signal transduction to initiate physiological 

effect(s). This hypothesis is in accordance with the data on elevated amounts of cZR, but not 

cZ, in potato tissue preceding the onset of tuberization [16] and cZR-dependent stimulation of 

growth of cultured pea embryos [22].

Our results imply that there is no preference in uptake and accumulation of cZ and tZ 

by tobacco BY-2 cells. It is, however, questionable whether they enter cells by a simple 

diffusion or via specific transporters. Unfortunately, knowledge on passive as well as active 

transmembrane CK transport is considerably limited so far. The effective competition of tZ 

and cZ with adenine for purine permease AtPUP1 [3] suggests that purine permeases may be 

involved in the transport of CK bases. 

Labeled tZ was glucosylated both at the side chain and at purine ring, while cZ was 

not. The fact that tobacco CKX has similar affinity to both isomers in in vitro assay does not 

explain higher amount of degradation products, adenine and adenosine found as metabolic 

products of exogenous cZ. It indicates that CKX play an important role in metabolism of cis-

isomer, though ribophosphorylation seems to be the most significant modification of 

exogenously applied zeatins and it is in consensus with experiments of [6].

Conclusion

We provide here up-to-date insight on cZ-type CKs and their metabolic conversion in 

tobacco. cZ- type CKs, their wide-occurrence in plant kingdom, as well as their affinity to 

some, but not all, CK receptors  indicate their specific physiological function, probably 

related to certain tissues, developmental stages or environmental conditions. Our data from 

bioassay proved that cZ-type CKs posses biological activity. Their unique role in plant 

metabolism, however, still needs to be elucidated.
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