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Summary

Presence and levels of cytokinins in both the tuberous roots and the fibrous as well as pencil-
like roots of sweet potato ([pomoea batatas Lam, cv. Kohkei No. 14) were determined at five differ-
ent stages during the tuberization process by means of mass spectrometry using deuterium-la-
beled standards. Trans-ribosylzeatin was maintained at a relatively high level throughout the de-
velopment, except for the 92nd day. The compound reached the maximum level at an earlier
stage, which shares approximately 78% of the amount of cytokinin found. The level of 9-
glucosyl-Né-isopentenyladenine was high in the fibrous and pencil-like roots. It was observed that
the level of trans-ribosylzeatin markedly decreased with increase of cis-ribosylzeatin level, and
the relative proportion of cis- and frans-isomer consequently varied on the 92nd day, but the phys-
iological significance of the phenomenon is not clear. It seems therefore that frans-ribosylzeatin
plays a causative role in the thickening of tuberous roots of sweet potato.

INTRODUCTION

The tuberization of sweet-potato and potato is known to be regulated by the combined action of
several phytohormones?)19,14),18).17 In particularly, cytokinins have often been considered to be
major principle in the tuberization, because which are known to stimulate cell division and in-
volve a sink-source relationship in crop®-7)8,1620) This is supported by findings that the en-
dogenous cytokinin activity is high in developing tuberous roots®12), Several workers previously
reported on the base of determination by EIA method and GC-MS that #rans-RZ content in the
roots of sweet potato increased rapidly when the thicken roots began to appear!?-17. In potato,
cis-RZ has been identified as the major cytokinin species, so cis-RZ appear to be a functional
cytokinin which plays a causative role in the tuberization process®:8.14.19), In this paper, at-
tempts have been made to determine the endogenous six cytokinins, which were #rans- and cis-
RZ, trans- and cis-Z, iPA and iPG, in both the tuberous roots and fibrous as well as pencil-like
roots, and to compare the quantitative changes in their levels in correlation with the tuberization

process of sweet potato.

* Part of this study was made at Tokyo University of Agriculture and Technology.

Abbreviations: Z, Zeatin; RZ, Ribosylzeatin; iP, N-isopentenyladenine; iPA, NS-isopentenyladenosine;
iPG, 9-Glucosyl-Nf-isopenenyladenine; HPLC, High performance liquid chromatography;
TLC, Thin layer chromatography; GC-MS, Gas chromatography-mass spectrometry; SIM,
Selected ion monitoring; TMS, Trimethylsilyl; EIA, Enzyme immunoassay.
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MATERIALS AND METHODS

Plants. Vine cuttings of sweet potato (Ipomoea batatas Lam cv. Kohkei No. 14) were planted at
the university farm of Tokyo University of Agriculture and Technology in Fuchu-shi on April 30,
1983. The plants grown under the field conditions were harvested five times from June 5 to Sep-
tember 27, and then divided into three parts; tuberous roots, fibrous and pencil-like roots, and
stem and leaves. The growth curve shown in Fig. 1 was presented as the average 50 plants
(36th), 10 plants (61st), 7 plants (92nd) and 5 plants (120th and 150th).

Extraction and purification of cytokinins. For cytokinin determinations were used maximal
tuberous-roots per a plant on each stages. They were 50 g (36th), 280 g (61st), 400 g (92nd),
400 g (120th) and 470 g (150th) by the fresh weight. Fibrous and pencil-like roots were also
used 160 g (36th), 100 g (61st), 200 g (92nd), 120 g (120th) and 100 g (150th) by the fresh
weight. Their samples were sliced and soaked in 99% ethanol for one month at 4°C. Further,
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Fig. 1 Growth curve of sweet-potato plant.
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Table I AMOUNTS OF THE ROOTS USED FOR CYTOKININ ANALYSIS.

Stage Tuberous roots (g, fw.) Fibrous and pencil-like roots(g, fw.)
36th day 50 80
61st day 70 100
92nd day 80 100
120th day 50 60
150th day 47 50

ethanol extraction was repeated three times every a week. Each of the ethanol extracts was com-
bined, respectively. To part of their extracts shown in Table I was added Z-ds(2.6 ug), RZ-ds
(4.7 ug), iPA-ds(2.8 ug) and iPG-ds(4.95 ug) as internal standards.

Cytokinin purification. The purification procedure of cytokinins is summarized Fig. 2.
Procedural details were described in previous papers?l-22),

THE ROOTS
l»ext.with 80° EtOH

EtOH Extract
L added 15(Z-dg, RZ-dg .iPA-dg ,iPG-dg)
L washed with n-hexane
Aqueous Solution
- Dowex 50w x8(NHy, form, pH 3.2)
L eluted with 3N-NH,O0H
Efftuent
- evaporated to dryness

- silica-gel p-TLC
| 1-BuQH- cNH4OH-H20,6:1:2.vlv.

Z+|PA RZ+|PG(|PA) Fractions

- HPLC (Microbondapak C18 )
solv. 50° Aq.MeOH

e b————y

Z RZ iPA iPG Fractions

FHPLC
soltv. 26 °Aq.MeCN, 33° Aq MeOH

-trimethylsilylated with HMDS & TMCS
in pyridine (Z: BSA & TMCS in MeCN)

GC-MS(SIM)

Fig. 2 Procedures for the separation of cytokinins from the roots extracts of sweet potato.
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Chemicals. Deuterium-labeled standards used for the experiments were prepared as described
previously? 2D, Z and RZ consisted of the trans-isomer(92%) and cis-isomer (8%).

High-performance liquid chromatography. A Shimadzu model LC 3A equipped with a UV detec-
tor (270 nm) was used. The column (30 cm X 7.8 mm i.d.) was prepacked with Microbondapak
C18 (Waters Associates Inc., USA). Elution was done with three kinds of solvent (40% aq.
methanol, 15% aq. acetonitrile and 30% aq. methanol) at a flow rate of 2 m//min.

Trimethylstlylation. Each fractions of RZ, iPA and iPG in a minivial was dried in vacuo over
phosphorous pentoxide at 90°C for 30 min. To the dry residues were added pyridine (35 ul), hexa-
methyldisilazane (10 u!) and trimethylchlorosilane (5 ul). The mixtures were heated at 120°C
for 1 hr. Fractions of each of ¢is- and trans-Z in a mini-vial were also dried over phosphorous pen-
toxide, and then silylated with a mixture of acetonitrile, bis(frimethylsilyl)acetamide and
trimethylchlorosilane (20 : 10 : 1 3 v/v) at 70°C for 10 min.

Selected ion monitoring. A Shimadzu LKB9000 gas chromatograph mass spectrometer
equipped with a multiple ion detector was used under the following conditions: ionizing energy,
20 eV; separating port temperature, 280°C; and ion source temperature, 290°C. OV-I (1.5%) on
silylated Chromosorb in a glass column (1 m x 3 mm i.d.) was used at 30 m/ of helium/min. The
column oven temperatures were at 210°C(Z), 250°C(iPA), 260°C(RZ) and 270°C(iPG).

RESULTS

Determination of cytokinins

To the ethanol extracts presented in Table I was added deuterium-labeled cytokinins as inter-
nal standards. The aqueous solution shown Fig. 2 was purified by a cation exchange resin. The
ammoniacal eluate was subjected to preparative TLC to fractionate two fractions. Each of the
two fractions was further purified by HPLC to recover the four internal standards together with
endogenous cytokinins. Furthermore, the stereoisomers of Z and RZ were separated by HPLC.
The trimethylsilylated products of the fractions recovered are analyzed by GC-MS and SIM. The
identification of the peaks was made by the retention time with those of the authentic compounds
and complete mass spectra. Peak height ratios of the endogenous cytokinins to the internal stan-
dards using the ions summarized in Table II were determined on SIM chromatograms. Fig. 3

Table II IONS MONITORED USED FOR QUANTITATIVE MEASUREMENTS.

m/z
compound Ion identity
Unlabeled Internal standard
Z-3TMS M+ 435 440
RZ-4TMS [M-15]1+ 624 629
iPA-3TMS M+ 551 557
iPG-4TMS M+ 653 659
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Fig. 3 SIM of RZ fractions recovered from the ethanol extracts of the tuberous roots.

shows the SIM chromatograms of the RZ fraction recovered. Trans- and cis-isomer was equal to
their peak height at the 92nd day throughout the development of sweet potato. The levels of en-
dogenous cytokinins determined were summarized in Fig. 4 and 5. The values given in the both
Fig. are the means from three measurements. The errors inherent in the measurement were a
few % in the iPG, iPA and Z fractions as a percentage standard deviations, while those of RZ frac-
tion were the range of 5% to 13%. Therefore, we are also able to demonstrate the presence and
levels of six cytokinins, namely trans- and cis-Z, trans- and cis-RZ, iPA and iPG in both the
tuberous roots, and the fibrous as well as pencil-like roots.

Changes of endogenous cytokinin levels in tuberous roots during development

Fig. 4 shows the quantitative changes in endogenous cytokinin levels during the development
of tuberous roots. The content of iPG was a maximum in the tubers harvested at the 36th day,
and then the level gradually decreased during the development. The level of iPA also gradually
decreased during development. Trans-RZ reached the highest content at the 61st day, which
shares approximately 789% of the amount of cytokinins found. After one month (92nd day), the
level suddenly decreased, and conversely ¢is-RZ increased. The level of cis-RZ became approxi-
mately equal to that of trans-RZ. The content of trans-RZ hereinafter increased during develop-
ment, wherase ¢is-RZ decreased. The levels of iPA and frans-Z were relatively high level at the
36th day to the 61st day, while c¢is-Z was very low level during the development.
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Changes of endogenous cytokinin levels in fibvous and pencil-like roots during development

As shown Fig. 5, the quantitative changes of the levels of endogenous cytokinins, except for
iPG, was likely to those of tuberous roots. It was also confirmed to decrease the level of trans-RZ
with increase of ¢is-RZ at the 92nd day. Furthermore, the ratio of both isomer of RZ levels varied
to increase of cis-isomer. The fluctuation of iPG level was different from that of another cytoki-
nins. The level was much higher throughout the development, with a share of over 70% of total
cytokinin contents.

DISCUSSION

The present data indicated that six cytokinins were identified in both tuberous roots and
fibrous as well as pencil-like roots, and that iPG levels was relatively high in the fibrous and
pencil-like roots. However, the cytokinin activity of iPG is demonstrated to be one thousandth of
that of 6-benzylaminopurine on Amaranthus betacyanin bioassay®. It seems, therefore, that iPG
do not play important physiological functions in the tuberization process. The rest of endogenous
cytokinins, in particclarly frans- and cis-RZ, trans-Z, and iPA which have a high cytokinin activity
in Tobacco callus bioassay!l, was relatively high levels in the tuberous roots. These compounds
appear to be functional cytokinins which play a causative role in the tuberization process during
the development of sweet potato.

The levels of iPA, RZ and Z in the tuberous roots are higher than those in the fibrous and
pencil-like roots at the 36th day. Among of these compounds, trans-RZ was relatively higher level
than other compounds. Therefore, trans-RZ may be presumed to be a functional cytokinin spe-
cies, but #rans-Z was not negligible because the cytokinin activity of #zaxns-Z is the highest, whose
activity is about ten fold higher than that of #rans-RZ!V, Furthermore, cis-RZ and iPA were less
active than that of frans-RZ1D, It seems that the thickening in tuberous roots at the 36th day may
be stimulated by franz-isomers of both Z and RZ on the base of their levels.

Thereafter, trans-RZ increased markedly, and reached a maximum level which share about
789 of total cytokinin contents of the tuberous roots throughout the development. In the fibrous
and pencil-like roots, frans-RZ achieved a maximum level at this stage. It should be noted that
trans-RZ associated with the thickening of tuberous roots as well as growth of fibrous and pencil-
like roots of sweet potato.

Matsuo et al*213), and Nakatani and Komeichi!® pointed out that the cytokinin activity and
trans-RZ level in the tuberous roots significantly decreased at late in July that correspond to the
92nd day in this study. The present data noted that trans-RZ markedly decreased with increase of
cts-RZ level and consequently the relative proportion of c¢is- and trans-RZ varied at the 92nd day.
There is no report deal with the variation of ratio in stereoisomers during the development of
plants. The physiological significance is not clear now. In potato, cis-RZ appears to be a function-
al cytokinin species which play an important role in tuberization process®, but the compound is
not primary stimulator for tuber initiation, and specific primary stimulator has been
characterized?. It is presumed that c¢is-RZ functions to stimulate the sink potential in tuberous
roots like in the tuber of potato.

Trans-RZ was only cytokinin species to increase its level at both the 120th and the 150th day
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during the development. The levels in tuberous roots were 2—4 times higher than those of in the
fibrous and pencil-like roots. It is known that the thickening activity in tuberous roots mostly in-
crease at two stages, namely, on June and at late in August®. It is indicated that trans-RZ levels
increased with increase of thickening activity of tuberous roots in this study. [t can be, therefore,
concluded that frans-RZ stimulates the activation of the primary and secondary cambium!®, and
consequently functions the thickening of tuberous roots in sweet potato.

Acknowledgement: I am grateful to Professor N. Watanabe of the University farm of Tokyo
University of Agriculture and Technology for supplying the samples.
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