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Effect of Nitrogen Fertilizer Application and Water
Stress on Bean Photosynthetic Productivity

Vassil Stanev, Tsonko Tsonev, Mitko Angelov,
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Summary)

The combined effect of nitrogen supply and water stress on bean plant photo-
synthetic productivity was investigated using the cultivar Dobroudzanski-2.

It was found that fertilizer application increased bean leal photosyn-
thetic rate about two times, retarded leaf ageing, enhanf:ed‘transplratlon and
reduced stomatal CO,-resistance. The biological productivity of plants pro-
vided with nitrogen fertilizer was 2-2.5 times higher than that of plants with
no nitrogen fertilizer application. )

Water stress inhibited the photosynthetic apparatus reaction of beans
to temperature rising from 20 to 35°C. After water stress ended plants provided
with nitrogen recovered their reaction and their photosynthetic rate maximum
was observed at 25°C. Plants to which no nitrogen fertilizer was applied did
not restore this ability.

Carboxylizing enzyme activity was also restored more fully after water
stress ended in plants to which nitrogen fertilizer was applied.

BBATAPCKA AKAJIEMHS HA HAVKMTE — BULGARIAN ACADEMY OF SCIENCES

®H3UOJIOTHS HA PACTEHHATA, Xil, 2 — PLANT PHYSIOLOGY, XIi, 2
Codun . 1986 . Sofia

Changes in Photosynthetic Parameters of Different
Bean Varieties Submitted to Water Stress

Tsonko Isonev, Vassil Stanev, Kalina Dobrinova,
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Summary)

The effect of water stress on the photosynthetic apparatus and its ability t
recover after a period of drought was investi in di e .
o e Dobru%janski-?. vestigated in dlfferent bean .varletles.

Photosynthetic rate, transpiration and stomatal conductance were mea-
surec}fm dynamics. )

It was found that under 40% full water holding capacity (FW i -
d1t10ns-th§: photosynthetic rate in D 81113 and %}arget vgr(ietie(s:)dsecz:fl}e;ggd
to 17—18% compared to the control plants cultivated under 60% FWC. The
photosynthetic rate of Dobrujanski-2 variety declined to 35%. The stomatal
conductance decreased to 18%, 36% and 26%, respectively. It was established
also that 36 hours after recovery of the soil humidity to 60% FWC the photo-
synthetic rate reached approximately 65% of the conirol in D 81113 and Garnet
varieties, and-90% in Dobrudjanski-2 variety. The stomatal conductance
i?r;tl:.{e?sed some 60% in the first two varieties and 80% in Dobrudjanski-2

iety, . .
It was concluded that the photosynthetic apparatus of Dobrudjanski-2
varicty bean plants had greater drought i'esislancepgnd' better recovery}--ability
compared to those of D 81113 and Garnet varieties. That is why the biological
g{icﬁ.:ctmty of the former variety is less affected by the soil humidity vari-
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Comparative Invesligations of Photosynthesis in Cultivated
and Wild Tomato Genotypes

Tsonko Tsonev, Vassil Sianev, Mitho Angelov,
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Summary)

Differences in photosynthesis and its dependence on temperature and light were stu-
died in some cultivated and wild tomato genotypes, namely: 1, line 6944 msms aa (ho-
mozygous for two recessive genes, plants — male sterile, stems and leaf petioles with-
~out antocyanine colour); 1a.line 6944 Msms Aa (heterozygous for two genes, plants —
fertile, stems and leaf petioles with antocyanine colour); 2. line 6944 MsMs AA (ho-
‘mozygous for two dominant genes, plants — fertile, stems and leaf petioles with an-
tocyamne. colour); 3. tine Ty, ps ¢ (plants functionally sterile, with potato type lea-
ves); 4. line ng, ps (plants functionally sterile with normal leaves); 5. L. pimpinel-
lifolium — wild species; 6. L. cheesmanii var. typicum — wild species. Seventy-day
old plants, pot grown in photothermostat conditions (26°4-1°C andP]SO W.m-?, were
investigated.

It was found that the photosynthetic rate (PR) of the wild tomato forms L. pim-
pinellifolium and L. cheesmanii var. typicum was 14=-30% lower than that of the cul-
tivatEd }?tnes t(1, la, 2, 3, 4).

ight saturation of photosynthesis for all genotypes investigated was attained
at 180—260 W. m~-2. The light curve plateau of the wi}{g forms wag considerably low-
er. This fact shows that the photosynthetic apparatus of cultivated tomatoes was adapt-
ed to higher light intensities. With the increase in light intensity to 260 W.m~? and
in temperature to 34°C stomatal resistance to CO, was reduced in all genotypes inve-
stigated and transpiration was enhanced.
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Effect of Drought and Nitrogen Fertilization on Photosynthesis,
Transpiration and Biological Productivity of Maize

Vasil P. Stanev, Tsonko D. Tsonev, Mitko N. Angelov,
Dimitar K. Velichkov, Kalina I. Dobrinova )

“M. Popou™ Institute of Plani Physiology, Sofia

Summary

The effect of drought on photosynthesis, transpiration and biological productivity
of maize plants at two levels of nitrogen nutrition was studied as well as the restoration
ability of photosynthesis and water deficiency of leaves ‘after norgalization of soil
humidity. The experiments were made with cv. 2-L-611, the plants were grown as
soil culture.

It was established that the drought increased the water deliciency and stomatal
resistance (r_) of maize leaves and decreased transpiration (Tr) and intensity of photo-
synthesis (IP) more strongly in fertilized plants. The rate of restoration of IP, Tr and
r, following irrigation was not influenced by the level of nitrogen nutrition. The younger

leaves had higher restoration ability. The drought decreased the activity of carboxylat-
ing enzymes (PEPC and RuBPC), but PEPC was affected more strongly. When soil
humidity was restored up to 60% FWC the activity of both enzymes was restored to
140% over that of non-dried fertilized with nitrogen plants, but the activity was not
restored in non-fertilized plants. The changes in water regime decreased the leal area of
maize plants almost in equal degree at the two level of nitrogen nutrition, but the dry
matter formed by one plant decreased more strongly in the variant with fertilization
because of the higher inhibition of photosynthesis of these plants.
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V. A. Sokolov, V. K. Shumniy,
Ts. Tsonev, V. Stanev, J, Danailov, K. Dobrinova

STOMATAL FREQUENCY, SIZE
AND FUNCTIONAL CHARACTERS IN HETEROSIS HYBRIDS OF PEA

Comparative study of morphological and functional characters of stomata in hete-
rosis hybrid and Parem's forms of pea has been carried out. Parents appeared to be
phenotypically different from their hybrid progeny by vne mutant gene weakening chlo-
ro hfl pigmentation, Stomatal morphology was studied on both sides of a comple-
tely formed top leaf the stage of 7—8, 10—11, 13—14, 16— 17 internodes,

.. Transpiration rate, stomatal resistance and photosynthesis under different light con-
ditions were taken as physiological parameters for study.

It became clear that the difference in stomatal qiantity on leal area unit depends
on the size of the epidermal cells, but not on the origin of the studied plants.

Heterosis hybrids did not reliably differ from normal parents in the stomatal size
and Iu\qngm‘y F, h,\:brids difl'er_m]t from their parents functionally. they had a higher
;;a:::;gt;;:l;:::‘ .rate, CO; conductivity, and as a consequence they had a higher photo-
at ]0“].):2;{;:""2?{;;:.1;“;!.1&% paramelres were especially noticeable in hvbrids maintained
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Changes in some photosynthetic parameters
in pea plants after treatment with cobal¢

M. ANGELOV, T. TSONEV, K. DOBRINOVA, V. VELIKOVA
and T. STOYANOVA

Institute of Plant Physiology, Bulgarion Academy of Sciences, 1113 Sofia, Bulgaria

Abstract

CO, (40, 200, 400 pM) was added to the root system of 10-d-old pea plants (Pisum
sativum L. cv. Ran). The Co?*-excess caused a reduction in the plant fresh and dry
masses and water and chlorophyll contents. The rates of photosynthesis and
transpiration decreased, while proline content and stomata resistance increased. The
dramatic effect of Co?*-toxicity was expressed both in an inhibition of ribulose 1,5-
bisphosphate (RuBP) carboxylase activity and a stimulation of RuBP-oxygenase and
phosphoenolpyruvate carboxylase activities on the 4% day of cultivation of plants in
a solution of 400 pM Co2+,
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COMPARATIVE EFFECTS OF METHYL ESTER OF JASMONIC
ACID, ABSCISIC ACID AND BENZYLADENINE ON
CHLOROPHYLL CONTENT AND PHOTOSYNTHESIS IN
BXCISED COTYLEDONS OF CUCURBITA PEPO L.
(ZUCCHINI)

E. D. Ananiev, K. I. Ananieva

(Submitted by Corresponding Member E. Karanov on March 3, 1999)

Jasmonates—jasmonic acid (JA) and related compounds represent a novel class
of plant growth regulators involved in different physiological and developmental pro-
cesses [%]. The role of JA and its methyl ester (MeJA) in promotion of leaf senescence
has been well documented in literature [12). Much data are available on the inhibitory
effect of MeJA on C]!IDIDPEEI] content in senescing leaf segments [11.12]. However, very
limited data exist on the effect of MeJA on chlorophyll accumulation in greening leaf
tissues. Excised epigeal cotyledons represent an appropriate mode! system for study-
ing jasmonate action on chlorophyll metabolism during their greening and formation
of functionally active photosynthetic apparatus. Cotyledons represent reserve organs
which undergo structural and functional differentiation during their transition into
photos}'ntheng organs after emerging abave the soil [1]. In addition, it is well known
that the genetic programme of this transition is under the positive control of cytokinins
whereas abscisic acid (ABA) acts as a cytokinin antagonist [15]. That is why, the aim
of this work was to study the differential effects of MeJA, ABA and benzyladenine
(BA) on development of photosynthetic apparatus during greening of excised marrow
cotyledons based on chlorophyll accumulation and photosynthetic activity.

Bulg. J. Plant Physiol., 2000, 26(1-2), 48-57
INTERACTION BETWEEN METHYL ESTER
OF JASMONIC ACID AND BENZYLADENINE DURING
THE GROWTH OF EXCISED GREENING COTYLEDONS
OF Cucurbita pepo L. (zucchini)

Kalina Ananieva*, Evgueni D. Ananiev

Acad. M. Popov Institute of Plant Physiology, Acad. G. Bonchev Stv, Bl. 21, 1113
Sofia, Bulgaria
Received 25 March 2000

Summary. Treatment of excised marrow cotyledons (Cucurbita pepo L.
(zuechini) growing under photoperiod with methyl ester of jasmonic acid
(MeJA) resulted in a decrease of their fresh weight. This effect did not depend
on the exogenously applied MeTA concentrations. Furthermore, in vivo label-
ling experiments showed an inhibition of the total protein synthesis. On the
other hand. specific quantitative changes were observed in the spectrum of
soluble proteins resulting in the formation of abundant jasmonate-induced
proteins (JIPs). Benzyladenine (BA) applied together with MeJA neutralized
the jasmonate action on the growth of the excised cotyledons, as well as on
the in vivo protein synthesis. Similar antagonistic interaction between BA
and MeJA was observed on the formation of JIPs both when the substances
were applied together and in the case of subsequent treatment of cotyledons.
The antagonism observed between the two plant growth regulators during
the growth and development of excised greening cotyledons can be consider-
ed as one possible mechanism in the maintenance of plant cell homeostasis
under stress conditions in the earlier stages of germination.
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EFFECT OF PHENYLMETHYLSULFONYL FLUORIDE -
AN INHIBITOR OF PROTEASES, ON THE GROWTH

AND POLYPEPTIDE PROFILE OF EXCISED COTYLEDONS
OF CUCURBITA PEPO L. (ZUCCHINI) AFTER TREATMENT
WITH BENZYLADENINE

Kalina Ananieva*, Evgueni D. Ananiev

Acad. M. Popov Institute of Plant Physiology, Aecad. G. Bonchev St, Block 21, 1113
Sofia, Bulgaria

Received September 14, 2001

Summary. Treatment of excised marrow ( Cucurbita pepo L., zuechini) cot-
yledons in darkness with 45 uM BA caused a marked stimulation of the
growth accompanied by a strong decrease in cotyledons relative dry weight.
PMSF — a well known inhibitor of both thiol- and serine-type proteases,
present in the aqueous solutions either alone or with the cytokinin, inhibited
significantly the growth of cotyledons and hindered the decrease in cotyl-
edons dry weight in all treatments. SDS-PAGE analysis of the protein profiles
showed that PMSF suppressed the gradual decline in the quantity of the 20—
2kDa polypeptide group and the low-molecular-weight polypeptide bands
(below 15kDa) both in the control and BA-treated cotyledons. On the other
hand, the polypeptide bands migrating in the higher molecular weight zone
of the profiles including the 97.4-kDa polypeptide and the LSU of Rubisco
(55kDa) decreased in quantity in the presence of PMSF. These results sug-
gest that the inhibitory effect of PMSF on the breakdown of storage proteins
in the excised marrow cotyledons may be due to an inhibition only of certain
PMSF-sensitive proteases taking part in this process during germination.

Acta Enthomologica Bulgarica, 2001, 7(1-2), 53-59
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EFFECTS OF ABAMECTIN ON PROTEIN AND RNA SYNTHESIS
IN PRIMARY LEAVES OF CUCURBITA PEPO L. (ZUCCHINI)

Evgueni D, Ananiev'*, Kalina Ammiemf, Galina Abduloval, ] eliya Christoval,
Evgeniya Videnova?

Ldcad. M. Popov Institute of Plant Physiology, Acad. G. Bonchev Str:, Bl. 21, 1113
Sofia, Bulgaria
2nstitute of Plant Protection, Kostinbrod

Received March 22, 2002

Summary. Abamectin 1s the active compound of the broad spectrum insec-
ticidal and acaricidal preparation Lirosect which 1s produced in Biovet JSC
— Peshtera. Spraying of intact 14-day-old seedlings of C. pepo with solutions
of Lirosect 1.5 EK, applied at different concentrations, resulted in a marked
stimulation of protein and RNA syntheses measured by the incorporation of
[*H]-uridine and [1*C]-lysine in total RNA and soluble protein, respectively.
The most significant increase of protein and RNA syntheses was observed
at 0.1% Lirosect. This stimulation was accompanied by an increase in leaf
dry weight. These results could be interpreted in view of the ability of abam-
ectin to act as a membrane-active complexone.
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ELECTROPHORETIC ANALYSIS OF METHYL
JASMONATE-INDUCED PROTEINS IN EXCISED
COTYLEDONS OF CUCURBITA PEPO L. (ZUCCHINI)

M. Tchorbadjieva, K. Ananieva*, E. D. Ananiev*
(Submitted by Corresponding Member E. Karanav on July 17, 2002)

Abstract

Treatment of excised marrow (Cucurbita pepo L., zucchini) cotyledons with
methyl ester of jasmonic acid {MeJA) resulted in an induction mainly of two abun-
dant polypeptide bands with Mr 43 and 53 kD and to a lesser extent of polypeptides
with Mr 60, 69 and 97.4 kD as revealed by sodium dodecy] sulphate polyacrylamide
gel electrophoresis (SDS-PAGE). Separation of these jasmonate-induced polypeptides
(JIPs) by denaturing two dimensional electrophoresis (2-D gel electrophoresis) showed
that the 53 and 43 kD polypeptides consisted of several charge-isomeric molecules
of the same molecular mass. The 53 kD polypeptides had pl values between 4.4 and
4.8 whereas the 43 kD polypeptide band consisted of 5 different polypeptides with
pls between 4.8 — 5.6. In contrast to MeJA abscisic acid . (ABA) did not induce the
synthesis of 43 and 53 kD polypeptides. Tt eould be supposed that the presence of
differently charged isomers of JIPs in cotyledons reflects their complex role as stress-
related proteins.
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Phenylmethylsulphonyl fluoride inhibits the formation
of jasmonate-induced proteins in cotyledons of Cucurbita pepo (zucchini)

K. ANANIEVA and ED. ANANIEV*

Frstitmee of Plane Physialogy “M. Popov®, Bulgarian Academy of Sciences,
Acad ¢ Bonchev streer, block 21, BG-1113 Safta, Bulzaria

Abstract

Fhenylmethylsalphonyl fluoride (PMSEF), a well known inhibitor of both thiol- and serine-type proteases, in aqueous
solutions either alone or with the plant growth regulators, methyl ester of jasmonic acid (MelA) and N -benzyl-
aminopurine (BAP), significantly inhibited the growth of exeised Cucnrebita pepo L. {zucchini) cotyledons. SDS-PAGE
analysis of the protein profiles showed that PMSF suppressed the gradual decline of the main 20 - 25 kDa polypeptide
group and the low molecular mass polypeptides (below 15 kDa) while leupeptine was not able 1o affect the
electrophoretic pattern of colyledon proteins. On the other hand, in the presence of PMSF, the coment of the
polypeptides with higher molecular mass including the 97.4 kDa polypeplide and the large subunit of ribulose-
I 5-bisphosphate carboxylasedoxypenase (35 kDa) decreased. Besides, when applied together with MelA, PMSF
prevented the appearance of the jasmonate-induced polypeptides (JIPs, 69, 60 and 43 kDa) thus suggesting that JIPs are
synthesized from aminoacids released during the breakdown of cotyledon storage proteins.
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EFFECT OF METHYL ESTER OF JASMONIC ACID, ABSCISIC
ACID AND BENZYLADENINE ON ENDOGENOUS NUCLEAR
RNA POLYMERASE ACTIVITY IN EXCISED COTYLEDONS OF
CUCURBITA PEPO L. (ZUCCHINI)

A. Athanassov, K. Ananieva, G. Abdulova, E. D. Ananiev

(Submitted by Academician E. Golavinsky on July 23, 2003)

Abstract

“Run-on” transcription experiments with isolated nuclei showed that treatment
of excised cotyledons of Cucurbita pepo L. (zucchini) with methyl ester of jasmonic
acid (MeJA) or abscisic acid (ABA) resulted in inhibition of RNA polymerase I and
RNA polymerase IT activities. The inhibitory effect of MeJA on RNA polymerase II
was more pronounced than on RNA polymerase I. ABA affected both RNA poly-
merases to the same extent but its effect was stronger than MeJA. No additivity in
the action of MeJA and ABA on RNA polymerase system was found when they were
applied in a mixture of equimolar concentrations. ABA neutralized the specific stim-
ulation of RNA polymerase I by cytokinin 6-benzyladenine (BA) when cotyledons
were treated with the mixture of their equimolar concentrations, whereas MeJA was
not able to eliminate the cytokinin effect in the first hours of treatment.



PHY SIOLOGIA PLANTARUM 122: 133142, 2004
Prinved in Denmark - all rights reserved

DOL: 10.1111fj.1399-30 54 2004.00378.x
Copyright © Physiologia Plantarum 2004

Changes in endogenous cytokinin levels in cotyledons of Cucurbita
pepo (zucchini) during natural and dark-induced senescence

Kalina _-\nanicv.'a"'"._ Jin .\lalbcckh._ Miroslay Kaminek” and J. v. Staden™*
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®Institute of Experimental Botany, Academy of Sciences of the Czech Republic, Rozvojova 135, CZ-16502 Prague 6, Czech Republic
'"Present address: Acad. M. Popov Institute of Plant Physiology, Acad. G. Bonchev Str., BI.21, Sofia 1113, Bulgaria

*Corresponding author, e-mail: vanstadenjia nuac.za

Received 23 March 2004; revised 19 April 2004

Cytokinin (CK) levels in cotyledons of Cucurbita pepo
L. (zucchini) were investigated through the processes of post-
germination, greening, natural senescence and subsequent
rejuvenation. The concentrations of the physiologically active
CK bases, ribosides and nucleotides, as well as the cis-isomers
of zeatin derivatives, decreased between the first and fifth
weeks of cultivation under controlled light conditions. At the
same time, the levels of storage CK O-glucosides and physi-
ologically inactive CK 7- and 9-glucosides increased with
senescence. With plant decapitation and subsequent cotyledon
rejuvenation, not only the chlorophyll content but also the
levels of physiologically active CKs, nucleotides and ecis-zeatin
derivatives increased. The levels of O-glucosides, however,
decreased. When 1-week-old seedlings were transferred to
the dark, there was a progressive reduction in cotyledon

PHYSIOLOGIAPLANTARUM 122: 496-503. 2004
Priated in Dermark — all rights reserved

chlorophyll content, deterioration of chloroplast ultrastructure
and a decrease in physiologically active CKs and their
nucleotides. In contrast with natural senescence, the storage
CK O-glucosides decreased under dark conditions, suggesting
different metabolic regulation of endogenous CK levels during
natural and dark-induced senescence of zucchini cotyledons.
The chlorophyll loss of dark-treated cotyledons could be
partially reversed, even after Sdays, with return to light
conditions. During this recovery, physiologically active CKs
and their nucleotides again increased, whereas the storage CK
O-glucosides and cis-zeatins decreased. The present results
suggest that dark-induced destruction and subsequent restora-
tion of chloroplasts during light fts are controlled by
changes in the levels of physiologically active CKs and their
nucleotides,

doi: 10.1111/j.1393:3054 2004 00425 x
Copyright © Physiologia Plantarum 2004

Methyl jasmonate down-regulates endogenous cytokinin levels in
cotyledons of Cucurbita pepo (zucchini) seedlings

Kalina ;\nanicva“"._ Jiri _\lalhcckh._ Miroslay Kaminek” and Johannes van Staden™*

* Research Centre for Plant Growth and Development, School of Botany and Zoology, University of KwaZulu-Natal Pietermariizburg,

Private Bag X01, Scottsville 3209, Republic of South Africa
P Institute of .
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Endogenous cytokinins (CK) were measured in Cwcurbita

xperimental Botany, Academy of Sciences of the Czech Republic, Rozvajovd 135, CZ-16502 Prague 6, Czech Republic
i Acad. M. Popov Institute of Plant Physivlogy, Acad. G. Bonchev Str., Bi.21, Sofia 1113, Bulgaria

9-glucosides were also markedly decreased whereas the con-

pepo L. (zucchini) cotyledons after spraying 7-day-old seed-
lings with methyl jasmonate (MeJA) to examine whether the
senescence-promoting action of MeJA is associated with
changes in metabolic regulation of CK levels. MeJA pro-
moted senescence as estimated by the loss of chlorophyll and
injury to chloroplast ultrastructure. This was already
detected one day after treatment. The contents of physiolo-
gically active CKs determined by high-performance liquid
chromatography-mass spectrometry (CK bases: trans-zeatin,
dihydrozeatin and isopentenyladenine and their ribosides),
especially trans-zeatin and its riboside declined considerably.
CK nucleotides and physiologically inactive CK 7- and

tent of storage CK O-glucosides as well as ecis-isomers of
zeatin declined only slightly. Chlorophyll content and the
normal chloroplast structure recovered 5 days after the
Meda treatment. The process of photosynthetic apparatus
recovery correlated with an increased concentration of phy-
siologically active CKs, especially Z. In contrast, the content
of CK nucleotides and storage CK O-glucosides decreased
further. We suggest that the ability of MelJA to promote
some aspects of senescence in intact zucchini cotyledons is at
least partially due to down-regulation of endogenous CK
levels and their interconversion between active and inactive
forms.
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TWO-DIMENSIONAL GEL ELECTROPHORETIC ANALYSIS Ol
PROTEINS IN EXCISED COTYLEDONS OF CUCURBITA PEP!1
L. (ZUCCHINI) AFTER HORMONE TREATMENT

M. Tchorbadjieva, K. Ananieva*, E. D, Ananiev*

(Submitted by Academician E. Karanov on July 28, 2004)

Abstract

Two dimensional electrophoretic analysis (2-D PAGE) of soluble proteins from
excised cotyledons of . pepe L. (zucchini) revealed approximately 70 polypeptides
within a wide range of molecular masses (10-120 kDa) and pls (3.5-0.5). About half
of them represented neutral and slightly acidic poly peptides (pls 5.5-7.5) with molec-
ular masses higher than 25 kDa. The other polypeptides corresponded to reserve pro-
teins and could be divided into three groups according to their charge and molecular
masses. The first set of polypeptides consisted of approximately 12 polypeptides with
low molecular masses and acidie nature (10-13 kDa and pls 3.5-5.2). These polypep-
tides were mostly accumulated in control and abscisic acid (ABA)-treated cotyledons
and less presented in cotyledons either treated with 6-benzylaminopurine (BAP) alone
or with the mixture of BAP+MeJA (methyl ester of jasmonic acid). The second group
comprised abont 15 polypeptides migrating between 19-25 kDa and situated in the
alkaline zone of the gel (pI 7.6-8.5). These polypeptide spots represented the main
products of proteolytic degradation of cotyledon reserve proteins (globuling). They
were accumulated in ABA-treated cotyledons and their content diminished mostly
in BAP-treated cotyledons. The large subunit of ribulose-1 5-biphosphate carboxy-
lase (Rubisco) was heavily reduced after cytokinin treatment together with other
polypeptides of higher molecular mass. The third polypeptide group consisted of sev-
cn]d pﬂl}'p]ﬂpti(l(‘ﬁ (8-10) with lower molecular mass (10-12 kDa) and basic nature
(pls 7-8.3).
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EFFECT OF METHYL ESTER OF JASMONIC ACID,
ABSCISIC ACID AND BENZYLADENINE ON
CHLOROPHYLL SYNTHESIS IN EXCISED COTYLEDONS
OF CUCURBITA PEPO (ZUCCHINI)

Evgueni D. Ananiev, Kalina Ananieva, Ivan Todorov

Institute of Plant Physiology “dcad. M. Popov”, Bulg. Acad Sci., "Acad. G. Bonchev”
str., block 21, Sofia 1113, BULGARIA

Received November 1, 2004

Summary. Except for the first stages of illumination, exogenous methyl es-
terof jasmonic acid (MeJA) inhibited much stronger than abscisic acid (ABA)
the accumulation of chlorophyll in excised cotyledons of C. pepo L. (zuc-
chini) exposed to controlled light conditions. Benzyladenine (BA) applied in
a combination with MelJA or ABA at equimolar concentrations completely
neutralized their inhibitory effect. In contrast to ABA. preincubation of coty-
ledons with MelJA in the dark increased its inhibitory effect on chlorophyll
synthesis while the effect of ABA remained almost unchanged, Determina-
tion of d-aminolevulinic acid (8-ALA) in greening colyledons revealed a
close correlation between the effect of phytohormones on chlorophyll con-
tent and 8-ALA accumulation, MelA inhibited to a greater extent than ABA
the synthesis of 8-ALA. Our results suggest different mechanisms of inhibi-
tion of chlorophyll synthesis by both inhibitors. MeJA preferentially inhibitied
chlorophyll accumulation at the level of chlorophyll precursors in the dark
while ABA exerted its efTeet on the light-dependent reactions of chlorophyll
synthesis.
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Short Communication

Some biochemical properties of cytokinin oxidase/dehydrogenase in
Cucurbita pepo L. (zucchini) leaves
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Cytokinin oxidase/dehydrogenase (CKX) was extracted
and partially purified from intact leaves of Cucurbita
pepo (zucchini) and its activity determined by an in vitro
assay based on the measurement of the rate of
conversion of [2-°H]iP to [2-°H] adenine. The eptimum
incubation time of the enzyme reaction under standard
assay conditions was 3h. Under these conditions the
conversion of the substrate was almost linear and did

complex to the assay mixture resulted in a significant
increase in the enzyme activity compared with the
standard assay, especially during the first 6h of incu-
bation. The partially-purified enzyme extract exhibited a
pH optimum at pH7.0-7.5 (Tris-HCI). The biochemical
properties of zucchini enzyme preparations are
discussed in view of the existing evidence for bio-
chemical diversity of CKX.

not exceed 20%. The addition of copper-imidazole
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SPECIFIC EFFECTS OF DARKNESS AND MeJA TREATMENT
ON SENESCENCE RELATED PHOTOSYNTHETIC
PARAMETERS IN INTACT CUCURBITA PEPO
(ZUCCHINI) COTYLEDONS

K. Ananieva, K. Georgieva, N. Tzvetkova®, S. Petkova, E. D. Ananiev

(Submitted by Corresponding Member O. Poljakova on September 28, 2005)

Abstract

Cotyledons of 7-day-old Cucurbita pepo L. (zucchini) seedlings were induced to
senescence either by transfer of the seedlings to darkness or spraying with methyl
jasmanate (MeJA). Measurements were done 24 h after treatment. Senescence was
quantified by the changes in functional activity of PSII (estimated by the F,/Fp,
ratio and the actual quantum yield of PSII electron transport in the light-adapted
state, ®PSII) as well as photosynthetic rate. While 24-h dark treatment did not affect
both senescence related parameters studied, MeJA caused a significant reduction in
photosynthetic rate without affecting the functional activity of PSIL. These results
indicate that MeJA is a more potent inducer of senescence compared to darkness. The
lack of effect of both stress factors used to promote senescence in zucchini cotyledons
on the photochemical efficiency of PSII could imply the existence of mechanisms
protecting the functional activity of PSII under definite stress conditions, thus making
this parameter more stable compared to others used to quantify senescence.



Journal of Plant Physiology 164 (2007) 11791187
iy

JOURNAL OF
PLANT PHYSIOLOGY

www.elsevier.de/ jplph

Avallable online at www.sciencediract.com

ELSEVIER ScienceDirect

Methyl jasmonate is a more effective
senescence-promoting factor in Cucurbita pepo
(zucchini) cotyledons when compared with
darkness at the early stage of senescence
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KEYWORDS Summary
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Gitorinine: The effects of short-term darkening and methyl jasmonate (MelJA) on cotyledon

senescence were studied 24h after transfer of intact 7-day-old Cucurbita pepo
(zucchini) seedlings to darkness or spraying with 100pM MelJA. The jasmonate
inhibitory effect on chlorophyll content and chloroplast transcriptional activity was
stronger compared with darkness. Further, MeJA reduced the photosynthetic rate
whereas darkness did not affect photosynthesis. Neither stress factor affected the
photochemical quantum efficiency of photosystem |1 (PSIl) estimated by the variable
fluorescence (F,)/maximal fluorescence (F,) ratio, suggesting the existence of
mechanisms protecting the functional activity of PSIl at earlier stages of senescence,
thus making this parameter more stable compared to others used to quantify
senescence. Both stress factors caused a decrease in the content of physiologically
active cytokinins, especially trans-zeatin (Z), with the jasmonate effect being much
more pronounced when compared to darkness. Our results indicate that MeJA is a

Dark treatment;
Methyl jasmonate;
Senescence
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Changes in photosynthetic capacity and polypeptide
patterns during natural senescence and rejuvenation
of Cucurbita pepo L. (zucchini) cotyledons

Kalina Ananieva - Evguéni D). Ananiev -
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Nikolina Tzvetkova - Johannes Van Staden
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Abstract  Natural senescence of Cucurbita pepo
(zucchini) cotyledons was accompanied by a gradual
degradation of reserve proteins (globulins) and an
intensive decrease in the content of both large subunit
(LSU) and small subunit (SSU) of ribulose-1.5-
bisphosphate carboxylasefoxygenase (Rubisco). The
net photosynthetic rate, the primary photochemical
activity of PSII, estimated by the variable fluores-
cence (F,)/maximal fluorescence (F,,) ratio (F/F,)
and the actual quantum yield of PSII electron
transport in the light-adapted state (PPSIT) also
progressively decreased during natural senescence.
In contrast, the fraction of the absorbed light energy.

K. Ananieva () - K. Mishev - K. Georgieva

Acad. M. Popov Institute of Plant Physiology, Bulgarian
Academy of Sciences, Acad. G. Bonchev str., bl. 21, 1113
Sofia, Bulgaria

e-mail: kalivanova @ yahoo.com

which is not used for photochemistry (LNU)
increased with progression of senescence. The
decline in the photosynthetic rate started earlier in
ontogenesis compared with the down-regulation of
the functional activity of PSII, thus suggesting the
existence of protective mechanisms which maintain
higher efficiency of the photochemical electron
transport reactions of photosynthesis compared with
the dark reactions of the Calvin cycle during earlier
stages of natural senescence. Decapitation of the
epicotyl above the senescing cotyledons resulted in
full recovery of the polypeptide profile in the
rejuvenated cotyledons. In addition, the photosyn-
thetic rate increased reaching values that exceeded
those measured in juvenile cotyledons. The photo-
chemical efficiency of PSII also gradually recovered.
although it did not reach the maximum values
measured in the presenescent cotyledons.



Physiologia Plantarum 2008 Copyright @ Physiclogia Plantarum 2008, ISSN 0031-9317

Senescence progression in a single darkened cotyledon
depends on the light status of the other cotyledon in
Cucurbita pepo (zucchini) seedlings: potential involvement
of cytokinins and cytokinin oxidase/dehydrogenase activity
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e-mall: ananiev@bio2 1 bas by that perceive the signal (leaves or cotyledons). As no data are available on the

Recelved 20 June 2008; revised 18 July potential role of darkness to promote senescence when applied to individual

2008 cotyledons, we have investigated how darkness affects the progression of sene-
scence in either a single or both individually darkened cotyledons of young
doi: 10.1111/].1399-3054.2008.01161 % 10-day-old Cucurbita pepo (zucchini) seedlings. Strong acceleration of senes-

cence was observed when both cotyledons were darkened as judged by the
damage in their anatomical structure, deterioration of chloroplast ultrastructure
in parallel with decreased photosynthetic rate and photochemical quantum
efficiency of PSIL In addition, the endogenous levels of cytokinins (CKs) and 1AA
were strongly reduced. In a single individually darkened cotyledon, the structure
and function of the photosy nthetic apparatus as well as the contents of endogenous
CKs and IAA were much less affected by darkness, thus suggesting inhibitory effect
of the illuminated cotyledon on the senescence of the darkened one. Apparently,
the effect of darkness to accelerate/delay senescence in a single darkened
cotyledon depends on the light status of the other cotyledon from the pair. The
close positive correlation between CK content and the activity of CK oxidase/
dehydrogenase (CKX; EC 1.4.3.18/1.5.99.12) suggested that CKX was essentially
involved in the mechanisms of downregulation of endogenous CK levels. Our
results indicated that CKX-regulated CK signaling could be a possible regulatory
mechanism controlling senescence in individually darkened cotyledons.
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Different effects of dark treatment on pigment composition
and photosystem I and II activities in intact cotyledons
and primary leaves of Cucurbita pepo (zucchini)
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Abstract
related responses depending on the targeting of dark
treatment {whole plants or individual leaves) and the
organs that perceive the signal (leaves or cotyledons).
In this study, we presented data on the differential
effects of 2-day dark treatment on progression of
senescence in cotyledons and primary leaves of 14-
day-old plants of Cucurbita pepo L. (zucchini). The
lack of changes in chlorophyll a, chlorophyll & and
carotenoid contents as well as in the PSI activity
measured by the far-red induced alterations in the
Prgo oxidation levels and the guantum yield of
clectron transport from Qs to PSI end acceptors
(g, ) indicated higher resistance of cotyledons to the
applied dark stress compared to the primary leaves. In
contrast to cotyledons, PSI activity in the primary
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Darkness mediates different senescence-

Kalina Ananieva -

leaves was significantly inhibited. Concerning the
activity of PSII analyzed by the changes in the JIP-
test parameters (the maximal efficiency of PSII
photochemistry, ¢p,; the performance index, Plags:
the efficiency of (4 reoxidation, iy and the
effective dissipation per reaction center, DI/RC),
no differences were observed between cotyledons and
primary leaves, thus suggesting that PSI activity in
the true leaves was more susceptible to the applied
dark stress. The transfer of the darkened plants to
normal light regime resulted in delayed senescence in
cotyledons which was in contrast to results on
Arabidopsis, thus implying the existence of specific
mechanisms of cotyledon senescence in different
monocarpic plants.
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Local induction of senescence by darkness in Cucurbita pepo
(zucchini) cotyledons or the primary leaf induces opposite effects

in the adjacent illuminated organ
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Abstract Local darkening of zucchini cotyledons or the
primary leaf affected in an organ-specific manner the
adjacent ones which remained under the initial light
regime. Individual darkening of either the pair of cotyle-
dons or the primary leaf led to acceleration of senescence
expressed by lowering of chlorophyll content and net
photosynthetic rate. Darkening of the pair of cotyledons
induced a reduction in total cytokinin (CK) levels and
increased CK oxidase/dehydrogenase (CKX) activity in
the adjacent illuminated primary leaf. In addition, abscisic
acid (ABA) content was increased which correlated with
reduced stomatal aperture leading to decreased stomatal
conductance and transpiration rate. In contrast, darkening
of the adjacent primary leaf led to increased metabolic
activity in the illuminated cotyledons including increased
total CK levels in parallel with decreased CKX activity,
decreased ABA content in correlation with increased sto-
matal aperture, stomatal conductance and transpiration
rate. On the other hand, the functional activity of the
photosynthetic apparatus as well as the transcript levels of

the three photosynthesis-related genes psbA, psaB and rbeL
remained almost unaffected in both illuminated organs.
Thus, compared with the primary leaves, cotyledons
appeared to be much more resistant to the dark stress
applied either directly or to the adjacent primary leaf.
Our results indicated the involvement of CKs and ABA
signalling in the control of the communication mechanisms
between cotyledons and the primary leaf that could operate
in response to changing environmental factors like shading
during earlier stages of plant development.

Keywords Abscisic acid - Cotyledons - Cytokinins -
Cytokinin oxidase/dehydrogenase - Dark treatment -
Primary leaves

Abbreviations

ABA Abscisic acid

CK Cytokinin

cisZ cis-Zeatin

cisZR cis-Zeatin riboside
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Review
Decapitation as an approach to study control mechanisms of leaf

senescence

D. Stefanov. K. Ananieva, I. Yordanov*

Institute of Plant Physiology and Genetics, Bulgarian Academy of Sciences, Acad. G. Bonchev Sri-,

Bldg. 21, Sofia 1113, Bulgaria

*Corresponding author

Abstract. The removal of the top stem bud independently or in combination with the leaves. known
as decapitation, can lead to changes in the physiological state of plants at the same age. The
decapitation procedure reverses the symptoms of senescence which makes it an effective
physiological approach to study the control mechanisms of delayed leaf senescence and
rejuvenation. The process of rejuvenation that develops in the decapitated plants is characterized by
increased pigment content and photosynthetic rate. In addition. photosynthetic electron transport,
Rubisco activity and changes in photorespiratory metabolism are recovered to the maximal values
observed in mature leaves. Thus, through decapitation leaf life span can be prolonged. Decapitation
leads to substantial changes in the biosynthesis. metabolism and transport of plant hormones,
especially auxin and cytokinins (CKs). Based on the model of the mutual interactions of auxin and
CKs in regulating correlative dominance. the effects of rejuvenation observed after decapitation of
plants could be explained by the increased levels of endogenous CKs due to the elimination of both
the auxin-inhibiting effect on CK supply from the roots and the competition from the epicotyl as a
sink for CKs. Thus, decapitation leads to elimination of the dominant phloem sink and causes
marked changes in sink-source relationships. Decapitation can be applied also as an approach for

investigation of defoliation. which is often induced by herbivores. insects, hail, etc., as well as in

BULG. J. PLANT PHYSIOL., 1997, 23(3—4), 80-90

COMPARATIVE STUDY OF THE EFFECTS OF METHYL
JASMONATE AND ABSCISIC ACID ON RNA AND PROTEIN
SYNTHESIS IN EXCISED COTYLEDONS OF CUCURBITA
PEPO L. (ZUCCHINI)

Kalina Ananieva*, Evgueni D. Ananiev

Acad. M. Popov Institute of Plant Physiology, Acad. G. Bonchev S, Bl. 21, 1113
Sofia, Bulgaria
Received 24 November 1997

Summary. The effects of methyl jasmonate and abscisic acid on the polypep-
tide pattern of soluble proteins as well as in vive protein and RNA synthesis
and endogenous nueclear RNA polymerase activity were compared in excised
marrow cotyledons grown in the light. Treatment of cotyledons with MeJA
resulted in the induction of two abundant polypeptide bands with Mr 43 and
60kDa and a significant accumulation of a polypeptide band with Mr
97.4kDa as analysed by SDS-PAGE. In conirast to MeJA, ABA did not
cause the formation of these specific polypeptide bands. Furthermore, the
inhibitory effect of ABA on protein and RNA biosynthesis as well as the act-
tvity of total endogenous RNA polymerases was much stronger than the ef-
fect of MeJA. Tt is suggested that in excised marrow cotyledons MeJA and
ABA act by different mechanisms in the regulation of cotyledon growth and
development during the earlier stages of germination.
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Methyl jasmonate(MelJa) and its related compounds are widespread in the plant
kingdom and regarded as putative plant growth regulators [1 2]. Two major hypotheses
have been put forward explaining the mode of action of jasmonates and their multiple
physiological effects in plants. The first one is based on the observation that MeJa is
involved in senescence promotion in excised leaf segments of a large number of mono-
and dicotyledonous plants [3-5]. The second hypothesis concerns their involvement in
major genetic and metabolic processes as putative effector molecules in the signal trans-
duction chain in some stress responses, especially desiccation, osmotic and woundin
stresses. It is supported by many experimental data that methyl jasmonate-induc
polypeptides (JIPs) accumulate upon jasmonate treatment in all plant species tested
so far [+9). JIPs-gene expression and protein accumulation can be considered as a
general response of the plant cell to certain stresses.

In the present work we studied the effect of exogenously applied MeJa in the
model system of excised zucchini cotyledons and its interaction with cytokinins which
are the major phytohormones regulating transition of cotyledons from reserve organs
to photosynthesizing leaves which occurs in the early stages of seed germination.

BIOLOGIA FLANTARUM 42 (4): 549-557, 1999

Effect of methyl ester of jasmonic acid
and benzylaminopurine on growth and protein profile
of excised cotyledons of Cucurbita pepo (zucchini)

K.I. ANANIEVA and E.D. ANANIEV

Institute of Plant Physiology "M. Pepov”, Bulgarian Academy of Seiences,
Acad. G. Bonchev ™ street, block 21, Sofia 1113, Bulgaria

Abstract

Treatment of excised marrow (Cucurbita pepo L., zucchini) cotyledons with methyl
ester of jasmonic acid (MeJA) had no effect on their growth in darkness. On the other
hand, MeJA induced the synthesis of three polypeptides (69, 60 and 43 kDa) and
stimulated the accumulation of other polypeptides (97.4 and 53 kDa). These changes
in the polypeptide profile were accompanied by a suppression of total protein and
RNA synthesis as well as the activity of nuclear RNA polymerases. In contrast to
MeJA, N°-benzylaminopurine (BAP) significantly enhanced cotyledon growth and
stimulated protein and RNA synthesis. Furthermore, BAP, when applied together
with MeJA, was able to counteract some effects of MeJA including the appearance of
specific MeJA-induced polypeptide bands.



