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Abstract. Respiration patterns and growth of cyto-
kinin-dependent cell suspensions of Beta vulgaris
L., precultured in media with or without three dif-
ferent synthetic cytokinins [benzyladenine (BA), ki-
netin (KIN), and thidiazuron (TDA)], were com-
pared. The content of endogenous cytokinins, es-
pecially zeatin and isopentenyladenine, as well as

the dry mass yield, were dependent on the kind of
synthetic cytokinin present in the culture medium -

and decreased in the following order: thidiazuron,
kinetin, benzyladenine, no cytokinin. The apparent
capacity of the alternative pathway, as measured
after blocking of the cytochrome pathway by cya-
nide, was inversely proportional to the content of
endogenous cytokinins. Some synthetic cytokinins
{e.g., benzyladenine), when exogenously applied,
are known to inhibit selectively the alternative path-
way. However, this does not necessarily imply that
the mechanism of action of endogenous cytokinins
on the respiration pattern is limited to a single effect
on the alternative pathway. Multiple effects on ox-
idative processes cannot be excluded.

An inhibitory effect of cytokinin on plant respira-
tion was reported by Dedolph et al. (1961, 1962).
Later, Miller (1980) found that cytokinins selec-

tively affect the cyanide-resistant or alternative

pathway. Musgrave and Siedow (1985) reported
that benzyladenine (BA) at a concentration of 2040
uM could eliminate electron flow through the alter-
native pathway in intact tissue without inhibiting it
per se. These authors also found that disengage-
ment of the alternative pathway was correlated with
developmental responses to cytokinin application.
It has also been demonstrated that inhibitors of the
alternative pathway, such as salicylhydroxamic
acid and propyl gallate, exhibit cytokinin activity in

two antisenescence bioassays (Musgrave et al.
1987). The alternative pathway seems to be an in-
herent feature of cytokinin-dependent lines (Siedow
and Musgrave 1987) in higher plants.

Synthetic cytokinins are known to increase the
level of endogenous cytokinins (Hansen and Meins
1987, Vankova et al. 1987). Whether the change in
the level of endogenous cytokinins could affect the
respiratory pattern of the cells is not known. There-
fore, it is of interest to know whether a correlation
exists between the concentration of various endog-
enous cytokinins and the capacity of the alternative
pathway.

In this report the levels of different endogenous
cytokinins of cell suspensions of Beta vulgaris, cul-
tured in media containing BA, kinetin (KIN), or the
cytokinin-like compound thidiazuron (TDA) (Mok
et al. 1982), were determined. The results were then
compared with data on the respiratory patterns
measured on the same samples.

Materials and Methods

Cell suspensions originating from callus of Beta vulgaris leaf
discs were grown in the medium of Schenk and Hildebrandt
(1972) supplemented with 0.5 uM naphthaleneacetic acid (NAA)
and 1 uM BA. The suspensions were maintained at 20 = 2°C
under a 16-h photoperiod and a photon-flux density of 10-15
pwmol m~2 s~ ! for the wavelength band of 400700 nm, provided
by fluorescent tubes (Osram 136 W/77).

For the experiment, cells were washed with culture medium
lacking cytokinin, and then grown in this wash medium for 1
passage of 7 days before transfer to a medium containing 1 pM of
either BA, KIN, or TDA. Cells from suspensions in the linear
growth phase were harvested for analysis of their endogenous
cytokinins and for respiration measurements.

Cytokinins were extracted and purified by a procedure modi-
fied from Morris et al. (1982). Freeze-dried cells were extracted
with methanol (0.15 g with 10 ml of redistilled methanol) in the
presence of 200 pg ml~! of the antioxidant Na-diethyldithio-
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Table 1. Endogenous cytokinin levels in cell suspensions of Beta
vulgaris cultured in the absence of exogenous cytokinin (control)
or in the presence of 1 uM each of benzyladenine (BA), kinetin
(KIN), and thidiazuron (TDA).

Endogenous cytokinins, pmol (g dry wt) ™!

Cytokinin

(in media) Z (9R)Z iP (9R)P
None 122 64 87 74
BA 160 79 105 102
KIN 158 84 115 92
TDA 201 92 120 100

The data are mean values of two sets of duplicate experiments.

carbamate. Extracts were concentrated under vacuum at 40°C
and methanol was replaced with ammonium acetate buffer (40
mM, pH 6.5). Ribotides were hydrolyzed by acid phosphatase (7
mg g~ ! of cells, 27°C, 30 min). The samples’ pH was adjusted to
3 with acetic acid. Samples were then applied to a column of
phosphocellulose (5 mi). The column was washed with 10 vol-
umes of starting buffer and the cytokinins were eluted with 0.3 M
ammonium, pH 8.5. The effluent’s pH was adjusted to 6.5 and
the samples passed through a column of DEAE cellulose (5 ml).
Cytokinins were adsorbed on reverse-phase column cartridges of
Sep-Pak SiC,, (Waters, Milford, MA, USA), washed with water,
and eluted with 8 ml 80% methanol. Eluates were concentrated
under vacuum and stored at — 15°C. Samples were fractionated
by HPLC (Spherisorb 5§ ODS, 4 X 250 mm column) using a
gradient of methanol in water (10-80%, vol/vol) as a mobile
phase. Content of cytokinins in HPLC fractions was estimated
by ELISA.

Immunoassays were carried out as described by Weiler et al.
(1981) with the following modifications: IgGgr |, or IgGoryp (2
ug mi~') was used to coat the wells of microtiter plates, and
alkaline phosphatase conjugated either to (9R)Z or (9R)iP (2 pg
ml~') was used to detect the remaining free IgG-binding sites.

For respiration measurements, the cells were washed five
times with 0.1 M K-phosphate buffer (pH 6.0), resuspended in
the buffer, and placed on a rotary shaker for 30 min. Respiration
was measured at 25°C with a Hansatech oxygen electrode (Nor-
folk, England). The electrode was calibrated with air-saturated
distilled water. KCN and SHAM were dissolved in water and
dimethylsulfoxide, respectively.

Dry mass yield of different suspensions was determined by
right angle light scatter of cells suspended in a cuvette in a Shi-
madzu RF-5000 spectrofluorimeter (Sendai, Japan). Excitation
and emission monochromators were set at 560 nm with slits of
1.5 nm on both sides. Dry weight can be calculated from the
empirical linear equation y = 0.0975 + 8.50x (¥ = 0.998), where
y is the dry weight in mg ml~' and x is the intensity of scattered
light. Cells in their linear growth phase were sampled for cyto-
kinin assays and respiration measurements.

Results and Discussion

The levels of endogenous cytokinins in cell suspen-
sions grown in media with different synthetic cyto-
kinins are shown in Table I. All exogenous cytoki-
nins increased the levels of endogenous cytokinins.
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Fig. 1. SHAM titration curves in the presence (A) and absence
(@) of 1 mM KCN. Cell suspensions of Beta vulgaris were cul-
tured in the medium of Schenk and Hildebrandt (1972) containing
0.5 uM NAA and 1 uM TDA. Respiration was measured at 25°C.
The results are expressed as % of control with each point rep-
resenting a single measurement.

The greatest increase in the endogenous cytokinin
level was found in cells cultured in suspension in
the presence of TDA. BA and KIN influenced the
endogenous cytokinins less but to a quite similar
extent. The concentrations of cytokinin bases were
higher than that of ribosides in all cases. :

Typical SHAM titration curves of cytokinin-
dependent cell suspensions of Beta vulgaris are
shown in Fig. 1. In this case, the cells were cultured
in a medium containing TDA. The results demon-
strate that for the concentration range used, SHAM
has no side effects on either the cytochrome path-
way or the activity of peroxidase (Bingham and Far-
rer 1987). Therefore, SHAM was used at 5 mM for
the determination of the respiratory pattern (see be-
low). In order to eliminate the artifacts in respira-

" tion measurements involving the application of

KCN (Hsiao and Bornman 1989), we were careful
to wash the cells thoroughly with buffer before mea-
surements so as to replace the sugar-containing me-
dium that had been sterilized by autoclaving.

The cells cultured in the presence of TDA dis-
played no activity of the alternative pathway in the
absence of KCN (Fig. 1). This was consistently
found to be the case in cells either grown in media
containing the other cytokinins, BA and KIN, or in
media without exogenous cytokinin (results not
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Table 2. Dry mass yield and degree of inhibition of the alterna-
tive pathway by KCN or the combination of SHAM plus KCN,
in cells grown in media containing different exogenous cytoki-
nins (1 uM).

% inhibition Emax

Cytokinin Dry wt

(in media) KCN SHAM + KCN (mg mi~Y)
None 89 2.1 78 (2.9) 0.86 (0.03)
BA 23 (3.3) 81 (2.8) 1.21 (0.06)
KIN 26 (3.5) 80 (3.3) 1.38 (0.08)
TDA 34 (0.4) 83 (2.8) 1.52 (0.05)

BA, benzyladenine; KIN, kinetin; TDA, thidiazuron. The final
concentrations of KCN and SHAM were 1.0 and 5.0 pM, re-
spectively. Numbers in parentheses refer to SD (N = 2 or 3).

shown). The extent of inhibition by KCN applied
alone was greater for cells grown in media contain-
ing cytokinin (Table 2). It suggests that for cells
cultured in the presence of cytokinin, the capacity
of the alternative pathway is reduced. Sequential
application of SHAM and KCN results in an inhi-
bition of about 80% in all cultures (Table 2). It
shows that the apparent differences in the capacity
of the alternative pathway was not due to the dif-
ference in the oxygen consumption activity of other
terminal oxidases (Butt 1980).

The results (Tables 1 and 2) show that there exists
an inverse relationship between the capacity of the
alternative pathway and the level of endogenous cy-
tokinins. It was demonstrated by Dizengremel et al.
{1982) that SHAM and exogenous cytokinins act at
different sites when they inhibit the alternative
pathway in isolated mitochondria. SHAM and pro-
pyl gallate share no structural features known to be
required for cytokinin activity and cytokinins share
none of the structural features necessary for inhibi-
tion of the alternative pathway (Musgrave et al.
1987).

It seems possible that also synthetic and endog-
enous cytokinins may act at different binding sites,
as quite a large structural diversity exists among
them. However, besides a possible direct regula-
tory mechanism by site inhibition, one cannot rule
out that endogenous cytokinins may exert their ef-

fect by reducing the size of the alternative pathway -

through other metabolic processes.
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