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SUMMARY

Kinetin, zeatin or zeatin riboside applied to parts of excised leaves of Sagittaria graminea
change the distance profile of !*C-a-amino-iso-butyric acid translocation in these leaves. They
probably enhance the rate of accumulation of the basipetally translocated amino acid. The
metabolic inhibitor carbonyl cyanide m-chlorophenylhydrazone (CCCP) appeared to act ina
very similar way on amino acid translocation; it also caused chlorophyll retention.

Some possible cytokinin-CCCP relations are briefly discussed.

1. INTRODUCTION

Cytokinins are known to cause a great number of growth effects in plants.
Together with some other plant hormones they appear to play important parts
in the regulation of RNA, DNA and protein synthesis, the regulation of physio-
logical effects in respect with morphogenesis, the retention of chlorophyll in
detached leaves and the accumulation of amino acids. Their molecular mode
of action, however, is still largely unknown.

From studies on the influence of kinetin in tobacco leaves, MOTHES et al.
(1961) have reported that the increased accumulation of the ‘“‘non-protein
amino acid” a-amino-iso-butyric acid (AIB) in the presence of cytokinins was
an evidence for a direct effect on accumulation. SK00G & ARMSTRONG (1970)
have suggested another explanation for this observation: cytokinins might
have an effect on the synthesis of proteins that are involved in uptake and
accumulation. BRAUTIGAM & MULLER (1973) have proposed, from their experi-
ments with Vallisneria leaves, that kinetin alters the source-sink relationship
rather than that it acts directly on the translocation mechanism. In their studies
on the senescence of detached leaves, which may be understood as transport
processes in the view of redistribution of organic and inorganic materials,
SHIBAOKA & THIMANN (1970) have found evidence that the primary action of
kinetin is the inhibition of proteolysis, rather than the promotion of protein
synthesis.

In the present paper, the biological activity of 6-furfurylaminopurine (kine-
tin) and the natural cytokinin, 6-(4-hydroxy-3-methyl-trans-2-butenylamino)
purine (zeatin) and its riboside is tested on the uptake and translocation of AIB
in leaf strips of Sagittaria graminea. These effects will be compared with similar,
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but unexpected effects of carbonyl cyanide m-chlorophenylhydrazone (CCCP),
generally known as an effective uncoupler of oxidative phosphorylation and
also as an inhibitor of photophosphorylation ((HEYTLER 1963 ; KiMIMURA et al.
1971).

2. MATERIAL AND METHODS

The experiments were carried out with leaf strips of Sagittaria graminea Michx.,
cut to a lenght of about 18 cm. The leaf strips were placed in distilled water for
about four hours. In previous experiments (SCHENK 1972) the leaves were
“aged” in distilled water for 18 hours, or in 10~* M CaSO, (according to
EPSTEIN 1961, to maintain intact membranes with normal permeability). Since
“aged” and freshly cut leaves have remarkably similar translocation profiles,
only the last ones were used. The leaves were placed in a flat perspex box on a
layer of wet “kleenex” tissue. The use of wet “kleenex” has certain advantages
with the application of the chemicals to the leaves. Using agar, the drug has to
be dissolved in the molten agar just before it coagulates at about 50°C, a
temperature that may be harmful to the chemical structure of the drug.

The experiments were carried out in series of three leaf strips. The leaf strips
were divided into three zones by means of “kleenex’ segments separated from
each other by a small ring of paraffin, thus preventing them to come into con-
tact with each other. When using drugs, the respective zone was moistened
with that drug. A small agar block, containing the radioactive amino acid
(AIB) was placed on the tip of each leaf strip. After 48 hours the agar blocks
were removed and the leaf strips were freeze dried. Since the experiments were
carried out in triplicate, the three leaf strips were scanned together. In a pre-
vious paper (SCHENK 1972) more details and advantages' of this method have
been described.

All experiments took place in light.

Kinetin, zeatin and zeatin riboside were dissolved in dimethylsulphoxide
(DMSO) and stored at 4°C. When used, fresh preparations were made to a
final concentration of 1 or 2 mg/l in 0.1 9, DMSO. Zeatin and zeatin riboside
were obtained from Calbiochem. CCCP was dissolved in a small amount of
959 ethanol. The final concentration was prepared immediately before use
because CCCP is hydrolyzed in aqueous solutions fairly rapidly according to
LeBLaNc Jr. (1971).

CCCP was obtained from Calbiochem and the labelled AIB from the Radio-
chemical Centre Amersham.

3. RESULTS

3.1. The effect of kinetin on AIB translocation

When AIB is applied to the tip of a Sagirtaria leaf strip, there is a distinct
basipetal transport with an enhanced accumulation at the basal end (SCHENK
1972). In order to study the effects of cytokinins in a more quantitative manner,
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the leaf strips of the present experiments were divided into three zones: (I) an
apical part, (II) a middle part and (III) a basal part.
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Fig. 1. Distance profiles of apically applied AIB (small arrow) in the leaf strips after 48 hours
of translocation. (a) control 0.1 % DMSO (b) kinetin 1 mg/l in zone I (¢) kinetin 1 mg/l in zone
11 (d) kinetin 1 mg/l in zone III.
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Table 1. Relative distribution in percentages of the total amount of apically applied AIB in
the leaf strips after 48 hours of translocation. The influence of kinetin (2 mg/l), when applied
to zone I, II and HI, respectively. All percentages are averages of the amounts of AIB in the
respective zones in three series of three leaf strips.

zone 1 zone 11 zone 111
control (0.1, DMSO) 74 5 . 21
kinetin in zone I 100 - -
kinetin in zone I1 67 33 -
kinetin in zone II1 62 6 31

Fig. 1 (a—d) shows distance profiles of AIB translocation, determined 48
hours after its application, either in the presence or in the absence of kinetin.
Table 1 demonstrates the relative distribution of the total AIB content over
three zones when one of these zones was treated with kinetin. Note that fig. 1
(kinetin 1 mg/l) does not correspond with zable 1 (kinetin 2 mg/1).

When kinetin was applied to zone I (fig. 1b, table 1), a distinct increase of the
AIB content compared to the same zone in the control (fig. 1a) occurred. Out
of this zone hardly any translocation took place.

When zone II was treated with kinetin the effect was considerably stronger
(fig. Ic, table 1). From table 1 we see an increase from 5% (control) up to 33 %.
When zone III was treated an increase was found from 219, up to 31%; of the
total amount of AIB. With respect to this enlarged accumulation we have to
keep in mind that normally (control) the absolute amount of AIB in zone II is
remarkable low (generally between 5 and 15 %).

Fig. 1d and table 1 show an increase in zone III above the normally enhanced
accumulation owing to the effect of kinetin. Apparently this extra increase
gives rise to a decrease of AIB in zone I (see also table 2 for the same effects of
other cytokinins).

3.2. The effect of zeatin and zeatin riboside on AIB translocation
Since kinetin is probably not a natural cytokinin, two in plants occurring cyto-
kinins were tested, viz. zeatin and its riboside. Table 2 shows the relative distri-
bution of AIB in the three zones found after application of these substances. In
spite of a possible tendency to stronger accumulation effects there appeared to
be no essential difference with the AIB translocation pattern found in the
presence of kinetin.

3.3. The effect of CCCP on AIB translocation

A remarkable observation was a cytokinin-like action of CCCP, at concentra-
tions lower than 10~% M, especially with respect to the translocation of AIB
and the retention of chlorophyll. Fig. 2 (b—d) shows the influence of CCCP on
the course of the AIB distance profiles, when applied to zone I, II and III
respectively. The effects strongly resemble the effects found with cytokinins
although possibly some minor differences might exist.
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The effect of three concentrations of CCCP is shown in table 3. With respect
to the application in zone I and II, there is a distinct effect on accumulation.
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Fig. 2. Distance profiles of apically applied AIB (small arrow) in the leaf strips after 48 hours
of translocation. (a) control 0.05 % ethanol (b) CCCP 7,5.10-¢ M in zone I (c) CCCP 7,5.10-¢
M in zone I1 (d) CCCP 7,5.10-¢ M in zone III.
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Table 2. Relative distribution in percentages of the total amount of apically applied AIB in
the leaf strips after 48 hours of translocation. The influence of zeatin and zeatin riboside
(2 mg/l), when applied to zone I, I and III, respectively.

All percentages are averages of the amounts of AIB in the respective zones in three series of
three leaf strips.

zone 1 zone 11 zone (II
control (0.1%; DMSO) 67 10 23
zeatin in zone I 100 - -
zeatin in zone I1 66 33 - 1
zeatin in zone II1 29 9 62
zeatin riboside in zone I 100 - -
zeatin riboside in zone I1 57 . 38 5
zeatin riboside in zone III 50 14 36

In zone III this effect is less clear, probably because an increased accumulation
of amino acids is normal in the basal regions of the leaf strips after 48 hours of
translocation.

4. DISCUSSION

4.1. The action of cytokinin

When parts of detached leaves of Sagittaria are treated with cytokinin, there
is a change in the distance profiles of basipetally transported AIB. In those
zones there is a distinct accumulation of AIB. These findings are in accordance
with those of BRAUTIGAM (1971), who worked with Vallisneria leaves. Although
the remarkable observation can be made that hardly any AIB is transported out
of a cytokinin-treated part, it appears from fig. I (¢ and d) that cytokinin

Table 3. Relative distribution in percentages of the total amount of apically applied AIB in
the leaf strips after 48 hours of translocation. The influence of different concentrations of
CCCP, when applied to zone I, IT and III, respectively.

All percentages are averages of the amounts of AIB in the respective zones in three series of
three leaf strips.

zone zone II zone III
control (0.05 % ethanol) 63 14 23
CCCP 5.10-° M in zone I 71 14 15
CCCP 5.10-¢ M in zone II 52 22 26
CCCP 5.10-% M in zone I1I 56 16 28
CCCP 7,5.10~¢ M in zone I 95 4 1
CCCP 7,5.10-° M in zone IT 53 35 12
CCCP 7,5.10-¢ M in zone III 44 21 35
CCCP 1073 M in zone I 100 - -
CCCP 105 M in zone 1T 42 47 11

CCCP 10-* M in zone III 49 25 26
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favours accumulation of AIB rather than preventing its translocation. The lack
of transport out of a cytokinin-treated area may consequently be considered to
be a secondary effect, because of the drastically increased accumulation, which
hardly leaves any AIB to be transported. These findings are confirmed by the
work of BRAUTIGAM & MULLER (1973) who have suggested that the primary
action of kinetin is an alteration in source-sink relations, rather than a direct
influence on the translocation mechanism.

Although no conclusions can be made as to the possible mode of action of
cytokinin, the present results might indicate that the increased accumulation
regularly found in the basal region of the control leaf strips has been caused
by the presence of a cytokinin, which concentration is higher in the leaf basis
than in its apex. This might also explain the observed polarity in amino acid
translocation (SCHENK 1972).

42. The action of CCCP

None of the CCCP characteristics mentioned in the introduction seem to explain
the resemblance between CCCP and cytokinin action. The studies of YAMA-
MOTO & OHYAMA (1962) and KURAISHI et al. (1968), however, may link their
stimulating effect on AIB accumulation. The first authors have found increased
levels of NAD in leaves after treatment with cytokinins, the latter, in a study
on the interactions between cytokinins and metabolic inhibitors, which might
affect the levels of NAD, have found that the morphogenetic effect of cytokinins
is stimulated by certain metabolic inhibitors. These inhibitors alone did not
have an effect. They have suggested that lower concentrations of inhibitors
produce suitable conditions for the action of cytokinins. In the present work,
CCCP alone already had distinct effects. These effects are very similar to those
of cytokinins although there are some differences.

Comparison of the CCCP and kinetin effects in zone III (fig. Id and 2d)
shows that for kinetin, AIB increase is related to a decrease in zone I, which
does not apply to CCCP. Besides, less AIB is transported from a cytokinin-
treated zone II to zone III, then from a CCCP-treated one (tables 1, 2 and 3).

From these observations it appears that cytokinins and CCCP, though
weaker, have similar effects on AIB translocation and accumulation. The
results obtained so far do not exclude a cooperation of CCCP and endogenous
cytokinins (KuUrAIsHI et al. 1968). The similarity in action of cytokinins and
CCCP is not only restricted to effects on AIB translocation but has also been
shown to exist with regard to their action on the turnover of proteins. CCCP-
treated leaf strips remained just as green as cytokinin-treated ones after 72
hours and thus exhibited clear chlorophyll-retention activity.
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