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Inhibition by Phenolic Compounds of Cytokinin-Stimulated
Betacyanin Synthesis in Amaranthus caudatus

J.'S. CHALLICE

Long Ashton Research Station, University of Bristol*

Abstraet. A number of phenolic compounds have been tested for ability to inhibit the eyto-
kinin-induced synthesis of betacyanin in Amaranthus coudatus cotyledons. Under the conditions
employed, the compounds responded thus: (1) no inhibition with up to 1 mg ml™! (quercetin
3-rthamnosylglucoside and chlorogenic acid), (2) partial or no inhibition up to 0.1 mg mi™1 with
greater inhibition at 1 mg mi~1 (phloridzin, arbutin, caffeic acid, p-hydroxybenzoic acid snd
3,4-dihydroxyphenylalanine) and (3) partial or no inhibition up to 0.1 mg ml™! with complete,
inhibition at 1 mg ml~! (o-coumarie, m-coumaric, p-coumaric, protocatechuic and ferulic acids
and phenylalanine). The results show that if the Amaranthus betacyanin bioassay for cytokinins
is to give reliable results, then certain contaminafing phenolics must be removed beforehand;
some difficulties involved in this are briefly discussed.

The most widely accepted criterion for the presence of cytokinin activity
in plant extracts is the ability (in the presence of auxin) to induce growth
by cell-division in callus cultures of soya bean cotyledon or tobacco pith
(e.g. WarEING and Prrrirps 1970). However, due to the experimental dif-
ficulties encountered with this method, the quicker and more convenient
Amaranthus betacyanin bioassay has gained increased acceptance recently
(e.g. CoNrAD 1971, 1974, BippINGTON and THOMAS 1973, THOMAS ¢f al. 1975a,b
Borrowska and Rupnickr 1975, REpa and RasMUSSEN 1975).

The Amaranthus bioassay is based upon the cytokinin-induced formation
of betacyanin pigment in the cotyledons and hypocotyls of A. caudatus
seedlings, incubated in the dark in the presence of tyrosine (KOHLER and
Coxnrap 1966, Brcor 1968, CoNvraD 1971, BippinaToN and THOMAS 1973).
During routine use of the Amaranthus bioassay for detecting cytokinin ac-
tivity in plant extracts at varying stages of purification it was found that
some fractions, known to contain cytokinins, gave negative bioassay results.
Eventually the reason for this was traced to the presence of contaminating
phenolic compounds, although not all instances of such contamination gave
rise to inhibition in the bioassay. The present investigations were designed
to clarify this situation by finding which phenolics are inhibitory in the bio-
assay, and at what concentrations.

Received November 22, 1976
* Address: Bristol BS 18 9AF, U.K.

212



BETACYANIN SYNTHESIS 213

Material and Methods

The procedure used for the Amaranthus bioassay was a slightly modified
version of that described by BippinaTox and THomAS 1973, based on work
of KoHLER and CoNRrAD 1966 and Bicor 1968. The cytokinin sample dissolved
in methanol was applied to a 4.25 cm diam. circle of Whatman No. 1 filter
paper and air-dried in a 4.8 em diam. x 1.5 cm deep glass Petri dish with cover
(bioassay dish). Ten explants (upper hypocotyl plus cotyledons) of 4. cau-
datus seedlings were placed in each bioassay dish on the filter paper circle,
previously moistened with 1 ml M/75 phosphate buffer at pH 6.3 containing
1 mg mi~! tyrosine (soln. had to be warmed to dissolve tyrosine).

The following phenolic compounds were tested for their inhibitory proper-
ties in the bioassay: chlorogenic acid, rutin (quercetin 3-rhamnosylglucoside),
phloridzin (2’, 4/, 6', 4-tetrahydroxydihydrochalkone 2’-glucoside), arbutin
(hydroquinone 0-glucoside), caffeic acid, p-hydroxybenzoic acid, 3,4-di-
hydroxyphenylalanine (DOPA), o-coumaric acid, m-coumaric acid, p-cou-
maric acid, phenylalanine, ferulic acid, protocatechuic acid. Each phenolic
was run at standard levels 1, 10,100 and 1000 ug plus a blank (20 replicates
each) with a single level of 100 ng N8-benzyladenine used throughout. A set
of N¢-benzyladenine standards alone (1, 10, 100 and 1000 ng) was run with
each batch for the calibration graph. After extraction of the betacyanin
pigment, the amount was determined by measurement of the difference be-
tween optical densities at 542 nm and 620 nm, with an appropriate deduction
for the blank readings.

Results

Figs. 1 —13 show the extent of inhibition of bétacyanin synthesis by a range
of phenolic compounds, the inhibition being expressed as the apparent con-
centration (ng m]-1) of N6 benzyladenine compared with the actual con-
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Figs. 1—13. Bioassay of cytokinin activity by
the Amaranthus betacyanin method: inhibition
of response to 100 ng N6.benzyladenine by phe-
nolic compounds. In each bioassay 1 mg of tyro-
sine was present, with the phenolic inhibitors
present at 1, 10, 100 and 1000 pg.

Inhibition of betacyanin pigment synthesis is
expressed as the apparent conec. [ng ml™] of
NS.benzyladenine compared with the actual
conc. of 100 ug. Results are plotted on loga-
rithmic scales and 959, confidence limits are in-

10 100 1000 dicated by vertical bars.
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centration of 100 ng ml-1. Because of the wide scatter of results it was
necessary to run 20 replicates at each level of phenolic inhibitor and to
transform the data to a logio (1 4 =) scale, prior to computation of the
means and 95%, confidence limits. The data in Figs. 1 —13is plotted on a log;o
(1 4+ n) scale where n = pg ml-! phenolic inhibitor (horizontal axis) and
n = ng ml~! Né-benzyladenine (vertical axis); for convenience of presentation
the original values of » are indicated on the axes. The 959, confidence limits
are indicated by vertical bars.

Under the conditions employed there were three general types of response:
(1) no inhibition with up to 1 mg ml-! (rutin and chlorogenic acid), (2) partial
or no inhibition up to 0.1 mg ml-1 with greater inhibition at 1 mg ml-1
(phloridzin, arbutin, caffeic acid, p-hydroxybenzoic acid and DOPA) and
(3) partial or no inhibition up to 0.1 mg ml-1 with complete inhibition at
1 mgml-! (o-coumaric acid, m-coumaric acid, p-coumaric acid, proto-
catechuic acid, ferulic acid and phenylalanine).
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There is no significant stimulation of cytokinin-induced pigment synthesis
by any of the phenohcs tested. Results with the highest levels of p-hydroxy-
benzoic acid and DOPA showed a particularly wide scatter; the reason for
this is not clear, but the low solubility in aqueous medlum could be re-
sponsible.

Discussion

It is evident that some, but not all, phenolics act as potent inhibitors of
cytokinin-induced betacyanin synthesis from tyrosine in cotyledons and
hy pocotyls of Amaranthus seedlings. The inhibition is of two-fold significance
because the results indicate a posmble new function for certain phenolic
compounds; and because the results mean that the Amaranthus betaovanln
bioassay for cytokinin activity could give false negative results if the fractions
tested are contaminated by certain phenolic compounds. It would need
further investigations to establish the existence of in vivo inhibition.

A complicating factor is that cytokinins replace light in inducing beta-
cyanin synthesis: within the genus Amaranthus some species synthesize
betacyanins in the dark, others only in light (KOHLER 1972b). It is interest-
ing that with chloramphenlcol only the hght induced betacyanin synthesis
is inhibited; the cytokinin-dependent synthesis is not blocked (KGHLER
1972a).

In Amaranthus, Giuvpici DE NicorLa et al. (1975) found that DOPA
functioned as a better precursor of betacyanin than tyrosine whereas GARAY
and TowERs (1966), GURUPRASAD and LALorAYA (1976) found the converse.
In the present experiments, each bioassay dish contained 1 mg mi-! of
tyrosine and Fig. 7 shows that adding the same amount of DOPA results in
much less betacyanin synthesis. There is evidently an optimum amount of
tyrosine, necessary for the maximum pigment synthesis; a 10-fold reduction
in the amount of tyrosine in each bioassay dish gave a considerable reduction
in the pigment synthesized (in the presence of 100 ng N6-benzyladenine) and
a 5-fold increase in the amount of tyrosine (under the same conditions)
completely suppressed pigment synthesis.

Phenylalanine (Fig. 11) is, of course, non-phenolic but would be expected
to precede tyrosine in the biosynthetic sequence to betacyanins; note the stron-
gly inhibitory properties of this compound. It is interesting to note that while
free caffeic acid (Fig. 5) is quite inhibitory at the highest level, the quinic acid
ester i.e. chlorogenic acid (3-0-caffeoylquinic acid) (Fig. 1) is without any
significant inhibitory effect. In the living plant, free phenolic acids (and other
phenols) are usually present in either esterified or glycosylated forms,
thought to be less toxic to the plant.

A possible criticism of the Amaranthus bioassay is that it does not measure
that property which is the accepted criterion of cytokinin activity, ¢.e. the
ability (as the name implies) to induce cell-division in the presence of auxin.
However, it is now known that this is only one of the many other functions
of cytokinins. Hirr (1973) listed the following additional gross effects
dependent on cytokinins: germination of light-requiring seeds, delay of
senescence, promotion of lateral bud growth, cell- enlargement in tissue
cultures and the control of differentiation (in the presence of auxin). Other
apparent functions are described by STEINHART et al. (1964), FEIERABEND
(1969), FLETCHER (1971), HasrzuME and Irzuka (1971), SERVETTAZ et al.
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(1975), Arvim et al. (1976), Borriss (1967) and Das et al. (1976). Thus the
induction of cell-division is only one of many functions of cytokinins, and
the Amaranthus bioassay would appear to be just as valid a criterion of
cytokinin activity as the callus culture bioassay. Phenolics also inhibit the
response to cytokinins in the soya-bean callus bioassay; our results indicate
that there is marked inhibition when p-coumaric acid, phloridzin, arbutin
and chlorogenic acid are present (CHALLICE 1977).

A common step, used during the isolation of cytokinins from plant
material, is that of streaking an extract along the end of a sheet of thick
chromatography paper, running with a suitable solvent (e.g. 2%, acetic acid
in water), drying, dividing the sheet into 10 segments and the bioassay of
each segment. If the cytokinins which are present run to an R¢ region not
occup1ed by phenolics, this is fortunate, and the cytokinins will readily
be detected by bioassay and high pressure liquid chromatography (HPLC)
(CraLLIcE 1975, 1976). However, often the contaminating phenolics run
to the same general region as the known cytokinins (e.g. Rt ~ 0.6 t0 0.9 in
29/, acetic acid-water); in which case quite high cytokinin levels could remain
undetected if the phenolics are present in sufficient concentrations. As many
common phenolics occur in plants in amounts about a 1000-fold greater than
that of endogenous cytokinins, such masking of cytokinin activity could be
quite common.

Since cytokinin assay by HPLC depends upon UV-detection, the cytokinin
peaks are often obscured by phenolics peaks, of much greater intensity with
similar retention times. Some of the phenolic contaminants in leaf extracts
of sweet corn (Zea mays), field bean (Vicia faba), pear (Pyrus communis cv.)
strawberry (Fragaria ananassa cv.) and spring cabbage (Brassica oleracea)
run to the same general regions as common cytokinins on paper chromato-
grams run with 29, acetic acid-water and sec-butanol : acetic acid : water
(70 : 2 : 28), and on HPLC columns.

Phenolics can be readily detected on paper chromatograms by inspection
under a UV-lamp for the presence of fluorescent or absorption spots; ad-
ditional confirmation can be obtained by use of the diazonium colour reagent
(FREEMAN 1952) or Gibb’s colour reagent (SmiTH 1963). Preliminary absorp-
tion of the cationic constituents (which include cytokining) of a crude leaf
extract onto a strong cation-exchange resin, washing with aqueous ethanol
and followed by NH4;OH-elution at low temperature is generally successful
in removing many of the phenolics originally present, but several cinnamic
acid derivatives elute with the cationic fraction (CHALLICE 1976) and their
ultimate separation from endogenous cytokinins can be quite difficult. It is
therefore regrettable that so many investigations in this field fail to include
tests for contaminating phenolics prior to bioassay for cytokinin activity.
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