Acta Bot. Croat. 58, 39-47, 1999 CODEN: ABCRA 25
ISSN 0365-0588

Dedicated to Prof. dr. Mercedes W rischer
on the occasion of her 70th birthday.

UDC 581.13:582.951

THE INTERACTION OF JASMONIC ACID, SUCROSE AND LIGHT IS
REFLECTED IN PHOTOSYNTHETIC PIGMENT METABOLISM IN
POTATOES GROWN IN VITRO
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We previously demonstrated that sucrose and jasmonic acid (JA) interact
duringin photosynthetic in the regulation of development and pigment metab-
olism of the potato (Solanum tuberosum L cv. Sante) grown in vitro. In this
study, the research was extended to the effect of light irradiance and quality on
sucrose and JA mediated changes. Potato plantlets grown from stem node cul-
ture were grown on a medium supplemented with 30 mM or 90 mM sucrose
and 0.1, 1, or 10 pM JA at 55-70 pmol m-2 s_| (Osram Cool White lights) or
at 80-100 pmol nr2s”1(Osram Fluora lights). Higher amounts of chlorophyll
were detected in plants grown at lower irradiance while there was no signifi-
cant difference in carotenoid levels. Sucrose and JA both enhanced root
growth and inhibited photosynthetic pigment accumulation. Most effective
was 1pM JA at higher sucrose concentrations. In these growth conditions the
plantlets were hyperhydric and had the most developed root system. The pres-
ent study demonstrates that the growth of plants in vitro and the photosynthet-
ic pigment metabolism are highly dependent on the interaction of a number of
environmental factors such as sucrose and plant growth regulators in the medi-
um, and light irradiance and quality. This result supports our previous findings
that the reduction of photosynthetic pigment accumulation in cv. Sante potato
plantlets induced by JA could be mainly the consequence of enhanced import
of sucrose from the medium.
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Introduction

Plantlets grown in vitro exhibit both a modified structure and modified phys-
iological functions of the photosynthetic apparatus as a result of the particular
conditions: low irradiance, low C02, and a high sucrose level. The regulation of
chlorophyll synthesis by saccharides and light irradiation in tissue cultures has
already been reported (EDELMANand Hanson 1971, Schafer and Schmidt 1991,
PosPiSILOVA et al. 1992, Ticha et al. 1998).

Jasmonates are endogenous regulatory substances, ubiquitous in the plant
kingdom. Putative roles of jasmonic acid (JA) and other jasmonates range from
involvement in response to wounding and pathogens, to the control of plant
development (reviewed in Sembdner and Parthier 1993). Whereas high con-
centrations of JA often lead to growth inhibition and senescence, lower concen-
trations result in stimulatory effects. Many data are available on the influence of
jasmonates on chlorophyll and fewer on carotenoid content. In most cases their
decrease was observed in relation to growth inhibition and senescence (U eda et
al. 1981, Miersch et al. 1986, Weidhase et al. 1987, Herrmann et al. 1992).

In our previous investigations we demonstrated that JA can beneficially influ-
ence the growth of plants in tissue culture as shown by enhanced axillary shoots
and lateral root growth of the potato, bean, and grapevine, enhanced rhizoid for-
mation in fern gametophytes, and stimulated shoot and bud development of iso-
lated basal plates of garlic (Ravnikar et al. 1992, Ravnikar et al. 1995, Camloh
et al. 1996). However, in the potato cultivar Sante, JA in interaction with sucrose
can induce hyperhydricity of shoots (Kovag and Ravnikar 1994). According to
our previous results sucrose and JA interact in the regulation of development and
photosynthetic pigment metabolism in the potato cv. Sante grown in vitro
(Kovag and Ravnikar 1998). In this study the research was extended to take in
the effect of light irradiance and quality on sucrose- and JA- mediated changes.

Material and methods
Plant material

Potato (Solatium tuberosum L., cv. Sante) stem node cultures were grown on
Murashige and Skoog (MS) medium (MURASHIGE and SKOOG 1962) supple-
mented with 30 or 90 mM sucrose and 0.1, 1, or 10 pM () rac-jasmonic acid
(Apex Organix, UK). Medium withoutjasmonic acid (JA) was used as the control.
Cultures were kept at 20+2 °C, with a photoperiod of 16 h at 55-70 pmol nr_|
(Osram Cool White lights), the lower irradiance, or 80-100 pmol mr2s_| (Osram
Fluora lights), the higher irradiance. After four weeks of cultivation, the leaves
of axillary shoots were cut from the plantlets and immediately frozen.

Pigment analysis

The photosynthetic pigments were extracted with cold acetone (10
mL/0.25-1g fresh weight) and analysed by reversed phase HPLC as described by
Kova¢ and Ravnikar (1998). The calculated pigment contents are the means of
the measurement of three extracts obtained from two experiments. Student’s
t-test was used to assess the significance of differences in values measured
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between plants grown on control medium and on media supplemented with JA.
The symbols used in the figures and tables are: * p<0.05, ** p<0.01, ***
p<0.001.

Results

In Figure 1the effect of sucrose and light irradiation on photosynthetic pig-
ment metabolism is shown. The inhibition of photosynthetic pigment accumula-
tion by sucrose was somewhat less pronounced at the lower than at the higher
irradiance. Application of JA also resulted in a decrease of both chlorophyll and
carotenoid types of pigments; only in the plantlets grown with the lower amount
of sucrose and 0.1 pM JA were pigment levels unaffected (Tabs. | and 2).
Plantlets grown with the higher amount of sucrose contained particularly low
amounts of pigment, in particular if grown with 1 pM JA. At these growth con-
ditions approximately 50 % lower amounts of chlorophylls and carotenoids were
detected. However, while overall pigment accumulation was always inhibited by
JA, the amounts of the xanthophyll cycle pigments antheraxanthin and zeaxan-
thin tended to increase in the plantlets grown in the presence of the higher con-
centration of sucrose and 0.1 pM JA or 1pM JA (Tab. 2). Figure 2 illustrates the
influence of growth conditions on the pool of xanthophyll cycle pigments. JA
treatment resulted in enhanced de-epoxidation only in the plantlets grown on
media with a higher concentration of sucrose supplemented with 0.1or 1 pM JA,
as indicated by a decrease in violaxanthin content and an increase in antherax-
anthin and zeaxanthin. Treatment with JA did not significantly change the
chlorophyll a/b ratio, although the lowest ratio was found in the plantlets with
enhanced de-epoxidation.

Fig. I. Chlorophyll (J) and carotenoid (%) contents in the leaves of potato plantlets
grown at higher (A) or lower irradiance (B) on media supplemented with 30 mM
or 90 mM sucrose. The calculated pigment contents are the means of the meas-
urement of three extracts obtained from two experiments (means+SE).
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The biochemical changes induced by different sucrose and JA concentrations
are also reflected by changes of plantlet morphology, which were more pro-
nounced in the plantlets grown with 90 mM sucrose and 1pM JA, in which case
hyperhydric symptoms appeared. The growth conditions also affected the root
dry weight (Fig. 3). Sucrose and JA both enhanced root growth. The concentra-
tion of 1 pM JA was most effective at both sucrose concentrations.

Discussion

The results of the present study show that the effect of sucrose and JA in the
media is influenced by the light conditions in the growth chambers. Plantlets
grown at lower irradiation on the medium supplemented with less sucrose con-
tained the highest level of photosynthetic pigments. Diminishing one of the
sources of energy, that is: either the sucrose in the medium or the irradiance, led
to an increase of photosynthetic pigments. The effect of irradiance on chloro-
phylls was expected. In many species one of the key factors that permit plants to
tolerate low irradiance is the ability efficiently to harvest available photosyn-
thetically active radiation. Regulation by light quantity and light quality is high-
ly complex, and changes in both parameters occur simultaneously in nature (Liu
et al. 1993). Also, numerous physiological and biochemical studies with sugar
feeding suggest a feedback inhibition of photosynthesis (Edelman and Hanson
1971, Krapp et al. 1991, Schafer et al. 1992, Eckermann and Baumann 1995).

The effect of different concentrations of JA and sucrose on plant morpholo-
gy and individual photosynthetic pigments was studied in the plants grown at
lower irradiation (55-70 pmol itt2s_i). Except at low concentrations of JA (0.1
pM) and sucrose (30 mM), JA induced a proliferation of the root system and a
decrease in carotenoids and chlorophylls, A similar but more pronounced effect
of JA on plant morphology and photosynthetic pigments metabolism was found
in our previous study when the plants were grown at 80-100 pmol irrZ_i
(Kovag and Ravnikar 1998). The effect of JA is dependent on sucrose level in
the media. The most highly expressed changes were observed in the plantlets
grown with 90 mM sucrose and 1 pM JA. In these growth conditions an increase
in the level of the carotenoids antheraxanthin and zeaxanthin, the result of
enhanced de-epoxidation of violaxanthin, was observed. These compounds are
included in the xanthophyll cycle, or violaxanthin cycle, which is involved in the
dissipation of excess excitation energy (Demming-Adams and Adams 1996).
This result thus suggests that even though the plantlets were grown at very low
irradiance, a high sucrose level and the 1 pM JA present in the medium might
result in conditions such that more light was being absorbed than could be
utilised in photosynthesis. At these concentrations of sugar and JA the plantlets
also had the most developed root system, which might be the reason for the over-
-accumulation of sucrose. We previously demonstrated that exogenously applied
1 pM JA significantly stimulated radioactive sucrose uptake into potato plantlets
cv. Sante grown at 80-100 pmol m_2s_i (Kovaé and Ravnikar 1998).

In conclusion, the results of this study support our previous findings (Kovaé
and Ravnikar 1998) that the reduction of photosynthetic pigment accumulation
and xanthophyll cycle pigment de-epoxidation in cv. Sante potato plants induced
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Fig. 2. The effect 0f 0.1, I,and 10 pM jasmonic acid (JA) on violaxanthin (V, ), anthe-
raxanthin (A,!l ) and zeaxanthin (Z, | ) expressed in % of (V*A+2Z) in the leaves
of potato plantlets grown at lower irradiance on media supplemented with 30 mM
(A) or 90 mM (B) sucrose. Medium without JA was used as the control medium
(0).

JA(PM)

Fig. 3. The effect of 0.1, 1, and 10 pM jasmonic acid (JA) on adventitious roots’ dry
weight of potato plantlets grown at lower irradiance on the media supplemented
with 30 mM (O) or 90 mM (U) sucrose. Medium without JA was used as the
control medium (0). Each value represents the mean of the measurements o f twenty-
-two plants (meanszSE). Significance (t-test): * p<0.05, ** p<0.0l, ***p<0.00l.
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by JA might be mainly the consequence of enhanced import of sucrose from the
medium. The light irradiance affects the JA-induced changes, which are similar
at low and high irradiance, but less pronounced, at low irradiance. The present
study also demonstrated that the growth of plants in vitro is highly dependent on
the interaction of a number of environmental factors such as sucrose and plant
growth regulators in the medium, and light irradiance and quality.
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