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Abstract: The impact of pretreatment with high temperature (45 °C for 45 min) on the UWV-B tolerance of 4 barley
cultivars (Hordevm vielgare L. “Billbiil-89, "Kalayc1-97, “Tarm-92] and “Tokak-157/377) was examined. The response of
the plants to treatment was evaluated by measuring the pigment content, chlorophyll a fluorescence, oxygen evolution,
fraction of oxygen-evolving complex, proline content, UV-B-absorbing compounds (A, and A ), and stress
markers (malondialdehyde, H.O., and UV-B marker). Regardless of high temperature pretreatment, UV-B irradiation
decreased the photosynthetic pigment content, photosystem IT activity, oxygen evolution, and the fraction of oxygen-
evolving complex in almost all of the barley cultivars, UV-B treatment significantly increased the proline content,
UV-B-absorbing compounds, and stress markers. According to the findings, it can be deduced that short-term high
temperature pretreatment might not provide a cross-tolerance to UV-B irradiation in the 4 barley cultivars studied; in
fact, such exposure was found to aggravate the responses. In addition, although plants substantially accwmulated the
UV-B-absorbing compounds, the photosynthetic process might not be adequately protected from UV-E radiation.
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Temperature dependence of resonance Raman spectra of carotenoids

A Andreeva®*, L. Apostolova®, M. Velitchkova®

* Safi University, Focuity of Physcs, Dapar tmmt of Condensed Mot ter Physics, 5, J. Bearchier bivd, 1 164 Sofia, By
® insrioute of Baaphysics and Biomedical E ngine aring, Bulgurion A cadiermy of Sckences, Acad. G, Banchevstr, b2 , 1 113 Saffa, Buigorka

ARTICLE INFO

ABSTRACT

A ticii héstory:

Receved 1 October 2010
Received in revised form

15 December 2010
Accepted 20 Decamber 2010

Enyrwords:

Rescnance Raman speciroscopy
B-Carctens

Lukein

Temperature

Photnsystem [

To understand the mechanizm of the photoprotective and anticxidative functions of carotenoids, it is
eszential to hawe a profound knowledge of their excited electronic and vibromic states, In the present
study we investigate the most powerful antioxidants; f-carotens and lutsin by mears of resorance
Raman spectroscopy. The aim was to studyin detail their Raman spectrain salution at room temperature
and their changes as a function of temperature, To measure the spectra in their natural environment
pyridine has been used 2= a solvent. It has been chosen because of its polarizability (n=1,5092) whichis
close to that of membrane lipids and proteirs, The tem perature dependence of the mostintensive v band
inthe range from 77 Kto 295K 2t 514, Snm excitation has been obtained, twas found that in pyridine the
G stretching frequency, its imtensity, line shape, and line width are very semsitive to the temperature
{the sensitivity being different for the teo studisd carctenoids ), The cbserved linear temperature depen-
dence of the CeC stretching frequency is explained by a mechanism imvolving changes of the vibromnic
ooupling and the extent of w-zlectron delocalization, The different behavior of the temperatune-induced
broadening of the 1y band and its intensity for the two stodied carotencids can be associated with the
different nature of their solid matrices; glassy for B-carotens and crystalline-like for lutein, cwing to
their different chemical structures,

© 2010 Elsevier B Y, All rights reserved.
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work the effect of different extent of desiccation on energy transfer properties and oxyeen evolving capactty of
different habitats m Bulgana are compared in respect to energy disinbution between. Energy distnbution and
spillover between both photosystems are studied by means of TTE chlovephyll flucrescence. The dependence of
flucrescence ratio F735/F685 on the degree of desiceation of plants was also followed. Functionality of PSI and
aspecially of oxypen-evelving apparatus wmder water deficit was estimated by flash coorgen yields amd mitial
ooygen burst of thylakoid membranes isolated from desiccatad to 50%: and 8% EWC plants from the four habitats.
Population of 5 states as well as the nusses and the double hits were calculated according non-cooperative Kok's
model and compared for plants from different habitats and desiceated to diffevent extent. Desiccation-induced
damages of Photosystem IT and oxygen evolving conmplex ave charactenzed by parameters of flash cooygen yields
and iwhal corygen burst. The results ave discussed in terms of mvolvemant of “fast™ and “slow”™ centers from
grama and stroma reglons m cxcygen evelotion and alteration of their contnbution as a result of desiccation.

Keywords: Desiccation, Energy transfer, Flash oxyzen vields, Haberlea Rhodopensiz, Resurmrection plants,
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UV-B induced stress responses in three rice cultivars
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Absiract

UV-B responses of dwes rice (Oryza sasve L) culivars (Sacamichiki Norin | and Surjamikhi) with different phitolyase
activity were investizated Carbon dioecde sssimilation dats support thet Sasaneshiki was less sensitve o UV-E than
Horn | and Surjamkhi UV-B mdiation sharply decreased the confent of Rubisco protein m Surjamkhi and has no effect in
Sasanishiki The photochemical activites of photosystem (P5) 1 and PS5 2 was slightly affected by UV-B treatment. The
content of HyO, and the sctivities of sntomidant eprymes, catalase (CAT), percocides (POX) and superoxide dismusase
(SOD) were ephanced after UV-B westment. The sctnites of CAT and POX iscenrymes m Sasamishiki were more
enhanced by UV-B radiation than those m Nonie | and Surjamkhi,

Addirional bey words: catalase, 00, Suation, bydropen peroxsde. peroxidase. Rubisco, superocide draornas
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ABSTRACT

Expanure gf lemves or chioraplasts to high light intensigy leads to imactivation of photagynthesis. Two processer are obsarved -
inkibition aof photochemical activity of both photorystems and photobleaching of pigments. Oxygen evohing complax, loecated
at the axidizing side of Photosystem IT iz the most sensitive component af photoryntheric apparanis to envirommental Soress
Jactars. In the present work the gffect af high light reatment at room and Jow temperanres on Hnetc parameters of fash
oxyeen yields and oxygen evolution ware sfudied. Iolated fiylakoid membranes were suljected to high Gght illumimation for
different periods of time af room (22°C) and fow (4"C) temperanmre. Flash oxyeen vields were determined wing fazt oxygen
rate @lectrode. Photochemical acthvity of photosystem IT was mensured by Clark oxvgen electrode using avtificial eleciron
accaptor. Data presented show that the damaging gffect of high gt treatment on axygen evolution is lower at 4°C than at
22°C Whem high light tramtmant was carried out in the presence of histiding and DMS0 - seavemgars of exysen roadicals, the
inhibition process waz retarded Data ane dizcussed in terms af different production rate and mobility of oxygen radicals at
room and low femperature.
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Chapter 13
IPhysiclogical Responses of ITigher I'lants
tor [T%-H Radiation

Ivannkzs 5. Foalinnn canwd Blay o W Velile hikaava

132.1 Imtrodmction

Seven percenl ol e slecocoramelic radiatcoon e lbed froan dae sun s o e seagps
of 200 Jkam. Ms it passes through the aumosphere. e wotol dux ransmitmed is
preatly rednecd, and tho oomipesition of the T radiation is sandificd . S hoet-seave
U radistion [2OH28 0 nm) is cormalet=ly abscrbed by atmosphzric gases. LINW-H
radiziion is offen dedned as 2alllMlnm. Howeewver, the legal debnition proosoded
v Lhee Tastervcatiescial Comarre s=ion a1 T petion sois Uuae TUW-E raediction reane o
ZED 315nm. UW B radicdon is moximslly absorbed by stmesphecic czone and
thus, enly o very small proporion s traasmined o the Barth™s surface, whereas
TI%-A radisrion (5 15—40W nm) is hardly shaorhed by crone. Toothe past S0 voars, the
concealration of crone has dzcrcasod by albout 5455, mainly = oo amthropose=mic
pollucmis, sucly as cldorcNwonscarbons, peleasimg: O atorns (lal cetaly Doeally reuaovs
exccare aplsculax Mmoo the winmsphere. The sarflace concenlration ol osone Bes cisen
from less than 10 ppb prior w the indastricl revohadon 1o o day tlooe mean concen
tration of apprex i matclby 40 oph csvce e h of the morthorm lomporate monce. TReanmrens
global mmission trends contimas, surtacs orons et rise over S0% by this copfar.
Urons desletion is pacrticalarly severs over the Aanferctic oontinent, witens o dyneam-
doedly isolamted pdx meass comsls dow o csawernely Low emnperalores dusiogg e acsioal
wincer, facililating o=zone phote destructidoen and formadon of the zo ¢alled spring
timc “oromc hol 7 Thepletinn of strafnaphoric orneoe hos incrcasced solar nltresriolzi-
T readiation at figh- anad mid-latitndes 0 hoth Seathera and Woethean homidsphc
tFredecck =1 al. 194, Hoarever, ozooe destmiction is neors infease over e South-
erm honispbecs with measared solor DWV-BE Dueces up o 509 aores ean (e ee o
comparczhie lotinades in ithe IMortherm hemisphere (Seckmerer ec al. 109351 Ton
saquently, eahanced solar 1'% B may have a grecter impoct on planes in agrical
tmral procnerinn and in namral coasysiems in the Sootheen tham im The MNorihoen
hemisphers [MMadronich =t all 19495 The global rend of increasing solar 1L1%-H
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Abstract

The role of exogenously applied phytohormone methyl pemonate (Me]A) in
cotitterdcting the uhtavielet B (UV-B) atress in barley seedlings was investi-
gated. Barley seedlings (Hondenm vulgare L, ov. Alf) 4 days old were supplied
with 5 107" m MeA through the roots for 3 duys and then exposed for
2 s for 5 h per day to UV-B (312 im, biological effectivenes of UV-B radi-
atiod 288 k] m~ day™ ") The rate of 00, Axtion, PS] and PSIT sctivities and
chlatophyll content decrased, but favonoids, H, 0o, malondialdehpede, proline
and UV-B induced compounds incresesd after UV-B treatment. The rate of
photosy nthetic copgen evolution was mone strongly inhibited by UV-Beirradia-
tiod thatt PST and PSIT efficiency. MelA itelf increated the ot of free
profine, which sctt 2z 2 stress protector due to its radical scavenging ability.
Ineressed superaxide dismmtaee, catabie and perocddae (POX]) acthities in the
lesves and in the moots and the POX isoforms induction revealad the Mela
invelverment in plant toletinoe to oxdditive stress crsed by UV-B irfad titiodn.
It was shown that pre-treatment with Me[A counteracted UV-E stres. There-
foxre, it was suggested that Me]A could acts 22 2 medistor in plnt defense
respoines to UV-B irradistion by enhancing the activity of antioxidant system
atid free madical scavenging capability of plinit cells.

Actz Basloptce Mumpanca &0 (2}, pp. P52 50 72009)
D0 PO TS5 SR bl &0, 2009 2.7

LUW-B RESPONSE

OF GREENING BARLEY SEEDLINGS
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The relationship hetwean the greeming stage o f barley seedlings and deir responise 1o UV-B irmadiasion
was stadied . Edolited barley seedbings (Hordaem wilpare L ov. AlR) greemed 12, 24 and 48 h wes
expoaed o LUV-D imadiation (312 mem) for £ b As a resak of UV tmatment dhe made of OO fiasion
and chlomphyll comtents decreased bar flavomoids, UV Buindaced compounds amd carotemaids
moreased. The mhivigon of photaenmiesis i green phnts was ower I comparison @0 greening ones.
The 1Ih greeming plants wes morme sansitive 1o UTV-E setment than the plamts gmening 24 h and pae-
tioalarhy 48 b, estimated by dhe quamtam efficiency of P11 photochemisery and the oxvgen podaction
rate. The kevels o Fflav omoi ds and UV-B induaced compounds enfanced o w8 increasing the g meming Sme.
Activity of anticocidant enzymes catalase, peroxidase and soperovide dismouse increased durning e
seedlings gmening and a5 a reiak of UV-B imadiation, bat the pasiern of isofms resmained similar oo
thome foand in dhe comirols. UW-B prefresdially induced Ca fn-superoxide dismatase. Imcraase of 1NV
B indoced synithesis of antiond dane escymes is i lime weidh dhedr impomtant role in e plant resporse o
UW-B simess. Data presented shoe that the respomse of harley scedlings 0 UV-B mad ingom is relaged &0
the development stage of photomymithesc appamtas.

Kaoywords: Ardondant enoymes ~ chlomphyll florsmcence ~ flavonoids ~ ox ygen evaladon ~ UV-H
radiatiom
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Protective effect of histidine against pigment
photobleaching in Photosystem I particles*
M. VELITCHEOVA®S. ABAROVA D LAZAROVA" K. STOITCHEOVA, D. STANOEVA®, A ANDREEVA®

Saffa Univarsity, Faculty of Physics, Deparmwant of Condansed Matrer Physics, 5, J Bourchier bhed, 1164 Soffa, Bulgaria
nstitute of Biophysics, Bulgarian Academy of Sciences, Acad. & Bonchey sir, 5121, 1113 Saffa, Bulgaria

PhioiosyEtem | [PSI) 5 3 supercomplex of a reaction cenire and ighi-narvesting complexes. Photosysteam | paricles isolated
from E{HHEH leavies were &ludied H}' means of absorbance, 77 K fuorescence, and resonance Raman ﬁpﬂlﬂmﬂﬂf
During projonged exposure i high-ight Intensibes, varous plgments In Photosystem | exfiblizd diferant susceptbliEles io
phoisdestrucsion. This work presents praliminary Invesiigations on the effect of histione on the photobleaching af pigments
In salated partices of pholosysiem 1. Resonance Raman speciroscopy allvwed us to oblain direct Informatian about the
effect of Nistidine on the photobleaching of the luteln molecules, upon excitalion with a 514.5 nm laser ine. Our results
showed that histidine reduces the phofobleaching of anfenna pligments and especially luteins and the most long-wavelength
absoriing chioraphylis located in the PSI antenna complex.

(Fecafved Novansber 5, 2008; accepted Decembar 13, 2008)

Eepwordr: Pignats, Raman spectroscopy, Photobleaching, Photesystem I
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Response of isolated thylakoid membranes with altered fluidity to
short term heat stress

Maya Velitchkova, Dessislava Lazarova and Antoaneta Popova

Institute of Biophysics, Bulgarian Academy of Sciemces, Acad. & Bomchev sir bl 21, 1113 Sofia, Bulgaria

ABSTRACT

The effect of alterations of lipid phase order of thylakoid membranes on the thermosensitiwity of photosystem I (PS5 I) and
photosystem 11 (PS II) was studied. Plant sterols stigmasterol and cholesterol were applied to decrease the fluidity in isclated
membranes. After sterol treatment. & decreass of the temperature of 50 % inhibition of PSII activity was observed. Heat stress-
induced stimulation of PSI-mediated electron transport mate was registered for control, but not for sterol-treated membranes.
Effect of altered lipid order on oxygen evolving complex was evaluated by means of flash oxygen yields revealing changes
in the stoichiometry of PSIly and PE1lg centers. The effect of sterol incorporation on the changes in the thermotropic behavior
of the main pigment-protein complexes was studied by differential scanming calorimetry (DSC). DSC traces of comtrol
thylakoids in the temperature range 20-98 2C exhibited several irreversible endothermic transitions. Incorperation of cholesterol
and stigmastercl results in superimposition of the transiions and only two main bands could be resclved. Whils high
temperature band peaks at the same temperature after treatment with both sterols, the band that combines low temperaturs
transitions shows differsnt melting temperaturs (T} : 70 °C for stigmasterol- and 65 °C for cholesterol-treated membranes.
The data presented here emphasise the crucial role of lipid order for the response of thylakoids to high temperatures, mediated
not cnly by changes in the fluidity of bulk lipid phase as result of sterol incorporation but alse by changes in the thermotropic
properties of pigment-protein complexes. [Physisl. Mol. Bicl. Plants 2000 15(1) 1 43-52] E-mail : mayav@Eiol]l. bas.bg

Key words ; Cholesterel, Fluidity, Heat stress, Oxypen flash vields, Thrigkeid membrame, Stigmanters!
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ARTICLE INFO ABSTRACT

A piclie s fory: Differences in tolerance to Mnexcess and amelicration by 5i were evaluated in two maize varieties, Dry
Received 23 June 2003 weeight, callose accumnulation, chloroplast ultrastructure, and photosymthesis parameters were used as
Received in revised form. 7 November 2008 stress indicators, Variety Kneja 605 was much more Mn-sensitive than variety Kneja 434, In Kneja 605
Accepted. 12 Raweober 2008 EXCESS H.'l'l.n:a.u.sed.mr: dlbwuphﬂdam:;:mﬂ:nh:.n:edcmlﬂuﬂ Fl.'nﬂl.u:ﬂm..:rmpuns similarto

a Min-i of the

those triggered by photainhibiton, In Mn-tok Kneja 434, in
ET,,"“E e carctenoid concentrations, and only slight alterations in the chlomplasts were chserved, Thess effects
i were similarto Hght Fa-deficiency symptams, The threshold tissue concentration for Mn-induced callase
Kan,g:nﬂaml.d.ty accumulation was much lowerin Kneja 805 thanin Kneja 434, Therefors toleranice toexcess Mn in Kne ja
Silican 434 was not due to more efficient exclusion but to more efficient detoxification and compartmentation

Zeamays of Mn, The constitutively thicker epidermal layers in Kneja 434 and the observation that Si-induced
amelicration of Mn towicity in Kneja 605 substantially increased the thickness of the epidermal layers
suggest that Mn storage in non-photosynthetic tissue could be a Mn tolerance mechanism in maize,

© 2008 Elsevier BV, All rights reserved.
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NaCl induced cross-acclimation to UV-B radiation in four Barley
(Hordeum vulgare L.) culiivars

Hilsnll Cakirlar - Nuran Cigek - Ivanka Fedina -
Katya Georgieva - Ali Dogru - Maya Velitchkova
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& Framdsrek Gorski hssinste of Plint Physiology, Polish Aodemy of Sciences, Kokaw 308

Abstract The effect of pre-treatment with 200 mM NaCl
o the response of four barley cultivars (Hondewm valpare
L. cv. Billbdil-89, Kalaycr-97, Tarm-92 and Tokak- | 57037)
w UV-B radiation was investigated. Salt stvess a5 well as
UV-B imradistion led to a decrease of the mtal chlorophyll
{chl) content in &l coltivars, except in Kalaye:-97. While
carotenodds are almost not affected by MaCl treatment,
UW-B imadiation caused an increase by 5-200% of carot
enoid contert of all cultivars. UV-B induced damages of
phoimaynthetic spparamws were eatimated by the rate of

phoinaynthetic electron ranspont measured by chl Auores-
cence and the rate of oxygen evolution, the lager being

mofe affected. Pre-treatment with NaCl alleviated harmful
effect of UV-B irradiation on F./F_ and ETR, but not on
oxygen evolution. UV-B-induced and UV-B-absorhing
compounds with sbsorpiion at 300 and 438 nm increased

o result of UV-B trestment The level of siress marker
prodine incressed considerably as a result of MaCl treat
ment, while UV-B iradistion resulied in & pronounced
incresse of the level of Ha0w MDA ephanced in the
seedlings subjected to salt and UV-B stress. Established
cross-acclimation to UV-B & & result of salt treatment
could be due o the increased free proline and the level of
UW-B absorbing compounds in berley seedlings subjeced
o NaCl.

Keywords Barley - Chlorophyll fluorescence -
MaCl - Omygen evolution - UV-B inducing compounds

Abbreviations
Chl Chiorophyll
ETR Electron transport rate

Foand Foo Initial and maximum fluorescence yield
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ABSTRACT

Photosystem [ particles (FS1-200) isolated lrom spinach leaves
were sindied by means of alsorhance, 77K Huorescence amd
resomance Raman (BB} spectroscopy. The aim was to abiain
better insight into the changes of the pigment speciral properiies
in those particles dwring prolonged exposure to  high-light
imtensities and to reveal the imolemen of these pigments in
the photoprotection af the P51 During prolonged exp [

LHCT are scarce and controversial bo some exbenl. Relatvely
low amounts of neoxanthin and higher level of lulem,
vielaxanthin and fecarolens ane reporied for LHCI and P51
core complex (rom barley, while low amounis of neoxanihin,
some frearolens snd higher content of lutedn and vielaxanthin
have been obisdned in Arabidopss thaliom ﬁ—li}. Diaia abaout
carolenosd composiion and configuration m gpinach P51
pnm:ka have been reporied recently (10). The knowledge of

high-light intemsities of spinach P51 paricles, a ks of a
significant amowunt of photosynthedic pigments wis olserved. It
was shown that variow pigments exhibited differen susceptibil-
ity to pholedamage. In addition to bleaching of chlorophyll &
{Chl al; hleaching of carotenaids was ako cearly uln'l"rri. RR
technigue allowed s to recognice the type and confy all

=1 il o ailion and orgamzstion of igli.-lwuulmg
and.wanmuphu 1% mporiant o understand m detsd the
mechansms of carolenosd funcions m the phodosynthetic
apparatus. The protection agansl high-Hght siress and reactive
ouygen species, realized vig the quenching of electronic exciied
siztes of Chl o molecules, i3 one of the mam functions of

photohleadhed carotenaid molscules. Raman data reveaksd a
nearly Mull photobleaching ol the long-waswelength lulein male
cules. The abserved similar bleaching rate of the lutein molecules
and the lrlu!.vn.'i shified long-wavelength Chl & located in the

ane protein Lhcad, sggesied that these male
culbes are located closely. Owr resalis showed thai the photo-
bleached anterma pigments and especially luteins and the most
lmg-wavdength alsarbing chloraphylls are imalved in photo-
protection af FSI core complex.

carotenodda (11-13)

Light & required for pholosynihesis, bul excessive light may
cause the mactivation of pholosynthesis. Pholosynthetic
apparsius has evolved multiple photoprotective mechans mes
a3 menboned above Lo cope with the potentially damsgmng
eflect of Bight. However, despite these photoprotective defenses,
photoinkibition occurs. Although it was beleved that PSI =
tolerant Lo sirong light, il has recendly been shown that P51 can
abio be photoinhibited (14,15). Besides the process of phodo-
inhibation, photobleaching of photosynthetic pigments was abo
observed under hish-lieht conditions. Phodobleaching of nhoe
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UV-B response of green and etiolated barley seedlings

I FEDINA*', M. VELITCHEOVA**, K. GEORGIEVA*, K. DEMIREVSKA* and L. SIMOVA*

Institute of Plant Physiology* and Institute of Biophyrics**, Bulgarian Academy of Sciences,
Avademic Georgi Bonchev Street 21, BG-1113 Sofia, Bulgaria

Abstract

T-d-old eticlated and green barley seedlings (Hordewm vlpare L. ov. Alfa) were imadiated with TT'V-B for 30 min and
then kept for 24 h in light or dadmess. Chlorophyll (Chl) synthesis was inhibited by about 30 % as a result of UV-B
iradiation, but there were no significant changes in photechemical activity measured by wvarisble to matimum
fluorescence ratio (F,/Fg), quantim yiald (@psz) and oxygen evolution rate. Electron transpaort of eticlated seedlings was

similar to that of green ones,

the Chl content was more then 2-fold lower. Ribulose- 1,5-bisphosphate

carboooylase’ cory genase large and small subunits were diminished as a result of U'V-B imadiation in etiolated and green
plants, especially in those kept in the darkmess. Catalase activity decreased and total superoxide dismutase activity
increased in green and etiolated plants following U'V-B treatment. When benzidine was used as a substrate, an isoform
hmedb«mmmmmdpcmﬂmuﬁmﬂﬂ@um&mlp&m:ﬂmﬂappmmd,whnhmapﬂmﬂn for UV-B
treatment. As a result of iradistion, the contents of LT'V-B absorbing and UV-B induced compounds increased in green

seedlings but not in etiolated seedlings.

Additional key words: chlorophyll fluorescence, flavemcdds, Hordewm wilgare, oxygen evolubion, ribulose-1,5-bisphosphate
Joxygenase.

carboy lese
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Quality control of Photosystem II: Cleavage and aggregation
of heat-damaged D1 protein in spinach thylakoids

Keisuke Komayama *, Mahbuba Khatoon ®, Daichi Takenaka ®, Junko Horie®, Amu Yamashita ®,
Miho Yoshioka ®, Yohsuke Nakayama ®, Mari Yoshida ®, Satoshi Ohira®, Noriko Morita ®,
Maya Velitchkova ® Isao Enami®, Yasusi Yamamoto **

* Graduse School of Nase al Sclence and Bowmology, (larama Ushersiny, (dmama A0LE5H), Jepas

" bessinae of Blophysics, Bulparien Academy of Scewees, 1113 Sofla, Bulperia
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Abstract

Muoderate heat siress (40 °C, 3 min) m spinach thylaknoids mduced olesvage af the D protem, producing an N mal 23-kDa fogment
C-temminal kD frag t, and aggregation of the D protein. A homologoe of Aabidopsis FsH2 profease, which is responsitile for degradation
of the demaged D1 pxiein, was abmcant in the stoma thylbkmds. Two procsses oocured m e thylakoids in respanse to heat siress:
dephosphorylation. af the D1 protein in the stroma thybloids, and aggregation of the phosphorylated D] protem in e gam. Heat siress ako
induced the release of the exirmic Psb(), P and ) protens fom Photosystem [, which affected 11 dugn'hunn and Igm:nn l:gmﬁnm]'_l,- The
cleavage and aggregation of the [ protein appear fo be two allemative pooeses influenosd by pofem phosphorylatondephosphorny btion,
dutribution of FisH, and mbciness of the thylakoids.
© 2007 Elsevier BV, All rights reserved

Keywards: Phodosystem 1I; DN proseis; FesH prosmses; Phospbarases; Protein agge gation; Spimackh

Light induced changes in Raman scattering of carotenoid molecules in
Photosystem I particles

Atanaska Andreeva**, Silviya Abarova®, Katerina Stoitchkova®, Maya Velitchkova®
*Sofia University, Faculty of Physics, Department of Condensed Matter Physics, 3, J. Bourchier
Blvd. 1164 Sofia, Bulgaria
"Institute of Biophysics, Bulgarian Academy of Sciences, Acad G. Bonchev Str., bl. 21, 1113 Sofia,
Bulgaria

ABSTRACT

The photosynthetic antenna systems are able fo regulate the light energy harvesting under different lizht conditions by
dynamic chanpes in their protein stchre protecting the reaction center complexes. The changes modulate the electronic
stmacture of the main antenna pigments (chlorophylls and carotenoids) and distort the characteristic planar struchure of
carotencids, allowing their forbidden out of plane vibrations. Elecironic sbscoption and low-temiperature resonance
Faman spectroscopy were nsed to smdy the changes in composition and speciral propertes of the major carotencids in
spinach Photosystem I particles duwe to high lizht treament. The duration of the applied mtensity of the white light (1800
LE m* 5 was 30, 60 and 120 mimares. We used F.aman scattering in an amempt to recognize the type and conformation
of photobleached carotencid molecules. The resonance Faman specta were messured at 488 and 5145 nm, coinciding
with the shsorption maxinwom positions of the carotenpids neoxanthin and otein, comespondingly. The results revealed
nearly a full photobleaching of the long wavelength ntein molecules, wheress the bleaching of necccantin molecales is
negligible. The involvement of these changes in the photoprotection and photoinactivation of the Photosystem I particles
was disoussed

Eeywords: carotencids, Photesystem I particles, photobleaching sbsorption, resonance Faman speciroscopy
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Effect of Membrane Fluidity on Photosynthetic Oxygen Production
Reactions
Antoaneta V. PFopova®, Maya Velitchkova, end Yuli Zanev

Institute of Blophyslcs, Bulgatian Academy of Sclences, Acad. G: Bobcher str. BL 21,
1113 Sofla, Bulgara. Fao +3 592971 2493, E-mall: popova@obzor b o2l basbg

* Anthor for corfespondenos ahd reptint requests
Z. Maturfomch, 62c, 253—260 (2007); recelved August 4/September 19, 3006

The effect of chabges of membrane fluldity ob the cxygen evolvng capabllity of Isolated
thylakaolds was Ivestigated. Alteratlon of the Hpld phase fluldity was achleved by lIncotpora-
tioh of the plant sterol stigmasterol. Incorpetation of sfgmasterol 1o the Hpld bilayer of
thylakold membianes results In dgldizatlon of the hydrophoble phase of thylakeld mem-
branes and decreases the degres of packing of the lpld head groups Thess chabges of Hpld
order are accompanled by a reductlon of coygen evolutlon, measured with 1 4-tezoquinche
m ab electroh acceptol, abd by a mofe probouboed Inhibitdon of PSI-mediated electron
transport. By analysls of the parameters of coygen flash ylelds and coygen bumst undet cob-
tnucus Mluminatlcn it was shown that after treatment with stigmastercl: 1.} the number of
motive oxygenrevoleing centres decteased; 2 the remalning active oxygen-evolsing centres
wele hot affected In respect to the asclllatich pattern; 3.) the contrlbution of the slow cxygen-
evolving centires In oxygen burst yleld was Increased. The effect of stigmasterol was compared
with the well-gudled sffect of cholesterol. Results were discussed In terms of determining
this role of lipld order for the ofgahlmatlon ahd funconihg of the photosyathetlc machinery.

EBey wordsr Thylakeold Membrane Fluldlity, Oxygen Evolutlon, Stigmasteral
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Effect of pretreatment of barley seedlings with different salts on
the level of UV-B induced and UV-B absorbing compounds

Ivanka Fedina®*, Katya Georgieva®, Maya Velitchkova®, Irena Grigorova ®

* Academic Metodi Popov Ingtitate of Plant Pleysiclogy, Buiporian Acadewsy of Sciences,
Academic Georgi Bonchey Strrer, Building 21, Softa 1113, Baigaria
® Instifate of Biopfysics, Bl parian Acsdewy of Sciences, Aodemic Georgi Bonchey Street, Building 21, Sofex 1113, Bulparic

Accepted 14 Febmary 2005

Abstroct

The relationship between the level of IN'V-B-induced andfor U'V-B-abs crbing compounds and stress tolerance of barley seedlings { Hordlewm
wirlgare L. ov. Alfa) was investigated. A physiclogical response tov UV-E imradiation was evaluated by measuring the oxygen evolution
rate and chlorophyll fuorescence. UV-B irmdiation led to an increase of the amount of UV-B absorbing compounds, including Havoncids,
measured in scidified methancl extract at 300 nm and of UV-B induced compounds, with maximum absorbance at 438 nm, extrcted in 0. 1%
trichlomoetic acid. The content of free proline, maloodialdehide and HaO; increased as a result of 4 days treabment with 150 mbd MaCl,
ECl or MalMOy. Salt pretreatment resulted in considemble decrease of the level of UV-induced and UV-B absorbing compounds. messuared
24 h after UY-B irmdiation. In the meantime chlorophyll luorescence parameters and cxygen evolution in salt pretreated seedlings werne less.
affected by UV-B in comparison to the control. Damaging effect of UV-B measured by the MDA and H:Oh genemtion and electron tmnsport
activity corresponded to the inoreased levels of UV-E induced and UV-E abscrbing compounds. We donot necessarily exclude U'V-inducing
compounds from an important role in overall UY-B protection but the dat presented here showed that the accumulation of thess compounds.
could be a consequence of stress-induced damage to the cells and probably they may serve as stress markers.
© 2005 Elsevier B.¥. All dghts reserved.

Keywords: Chlorophyll Buarescence; Flavonoids; Hordews waigare; Omygen evolution; Salt stress; UV.B induced compounds; UY-B abseching compounds
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EFFECT OF CHLORAMPHENICOL AND
CYCLOHEXIMIDE ON THE LEVEL OF UV-B
INDUCED COMPOUNDS IN BARLEY SEEDLINGS
Ivanka Fedina® ; Esmat Hassan" ; Katya Georgieva” ; Maya
Velitchkova® and Trena Grigorova®
*[nstitute of Plant Physiology, Bulgarian Academy of Sciences, Sofia, Bulgaria

" Botany Department, National Research Center, Cairo, Egypt
© Institute of Biophysics, Bulgarian Academv of Sciences, Sofia, Bulgaria
Corresponding author: Ivanka Fedina
E-mail: fedina@obzor.bio21. basbg
Tel.: +359 -2- 979 2620
Fax; +359 -2- 73 99 52
Key Words: Chlorophyll fluorescence: Flavonoids; Hordeum vidgare;
Oxygen evolution; UV-B: UW-B absorbing compounds
Abbreviations used: CHL, chloramphenicol; CHI cyclohexymide; Fo,
chlorophyll  fluorescence in dark-adapted state; Fm. maximal
fluorescence yield in dark-adapted state: Fm', maximal fluorescence
yield in light-adapted state; Iy, variable chlorophyll fluorescence; PPFD,
photosynthetic  photon flux density; PSII, photosystem 1, TCA,
trichloracetic acid.

ABSTRACT

Barley seedlings (Hordeum vulgare L., cv. Alfa) were treated with
25-pg ml™ cyclohexymide (CHI) or with 100-pg mi" chloramphenicol
(CHL) for 3 hand 24 h and then were irradiated with UV-B at the rate of
49KJ.m2.d" for 30 min. Both antibiotics had no effect on the level of
UV-B induced compounds (Ausss) and favonoids in non-irradiated
seedlings. In UV-B irradiated seedlings antibiotics had some non-specific
stimulating effect on the content of Aass and did not alter the level of
UV-absorbing compounds. CHI and CHL acts as a stress factors and
induced proline accumulation both in control and irradiated plants. The
photochemical efficiency of PSIL was not influenced by CHI and CHL
treatment but the oxygen evolution rate was decreased. UV-B irradiation
reduced both PSIL activity and oxygen evolution in non-treated barley
seedlings and no synergic effect in antibiotics-treated seedlings was
detected.

The data showed that UV-B induced compounds are not proteins
and their accumulation is not related with protein synthesis. It is possible
for these compounds to accumulate as a result of UV-B cell damage.

£va lebla cnliqe a7 wiwnawscienced rect.oom

ACIENCE @nlnEcT' Blaglecrrachentlstry

Bicelecrockemiary 67 (2005} £1-90

www clse vier e omlosae bice e bem

High light-induced changes of 77 K fluorescence emission of pea
thylakoid membranes with altered membrane fluidity

Maya Velitchkova®, Antoaneta Popova

Irsttinse of Mophysics, Bulparian Academy of Sclnces, Acad . Boweher s, bl 21, 113 Sola, Bulparia
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Abstract
The effiect of lipid phee arder of isolted thylbkoid ' mm f] i it
e effiect o i tics of bath pif during il huminats
with high ightintemsity at 22 °C and 4 °C was imvestigated For arfifici] modification of idity v m . .gm“n
: i ‘membrane flmdity two membrane periurbn
weme applied —cholesteral and benayl aloohol. 77 K f sion and excittion specira of contl, cholestenal - and hemeyl :mlml-

taratesd thrylaknid memhranes, wern amalysed in onder in delermine the kigh light-indnond change of emisxion bands atiriboted fo. diffren
:I:.Ilﬂl]ﬂj-pﬂ.l.lm mnph:u—FTEﬁ,l.lnihdl.nr.wmlym I—light-harvesting complex E and F&85 and F&95, nni.hdlryphluy-m:
ﬂ:l-lnn-nlmanl.qﬂn]l.ﬁnahun of emision hands showed that high light freatment leads to a decrease of the area of band at 695
:m.udanmmild. incease of intemsity of the hand at 735 nm The mvahement of di fferent pigment poals (chlarophyil @ and chiomphyil
) in the energy supply af bath pholosystens bedore and afier photomhibitory treatment was estimated m the hasi of excitation fuorescence
l[ﬂlmﬁpmh:mnfl.ln.nlim F735/F685 and the band areas at 685 and 695 mm n the illumination time was studied at both
I.mq:m.Dl.h thd:ndnl.u that chalestesn] monmpomation stabi lwed the infersysiem siructure in respect o light-induced changes of
ﬂin'unfn:unnmn.: af P51 and PSIL It was shown that the effiect of fluid properties of thy bkoid ' on the 77 K 4 -
d:mmm.nfm i gmenit praten oomplexes of pea thyalkomd ' d ds om the during high 13
© 2005 Elssvier BV, All rights reserved. ) ) i i Tght et

Kepwords: Baemyl aleokol; Chloropiyll fucrsemes; Chalastemt; Excitstion merngy Photoimaetvation; Thylakodd membrane fhaidity
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Resonance Raman spectroscopy of carotenoids in Photosystem 1 particles

Atanaska Andreeva™*, Maya Velitchkova®
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Abstract

Lanw-{=mperature resomnce Raman (RR) spectmscopy was wed fior the fst time jo stdy the specim] properties, binding sites and
oompesition af major camienoids in spinach Photesystem [ (P51} particles. Excitation was provided by an argem i lserat 4579, 4765,
4R, 495, 502 and 5145 mm. Raman specim oomtained the fiour known gmups af bands chamcteristic for carotennids (called from v to vl
Upn 5145, 4365 and 4755 nmm excitatioms, the v-¥; ﬁ'qnmm omncided with those esiablished for luten. Spoctrum upon 502-mm
exdiation ool be amigmed o origmate fmm violmanthing, at 488 nm to 9 neoxanthin, and at 4579 nm fo feoarotens and Qecis
nemanthm. The overal] omfiguration and composition of thess bomd carotenoid molecules m Photosystem | particles wes compared with
the compusition of pigment extracts. from the same P51 particles dissolved in pyridine, as well as to configumtion m the main chlorophydl af
lightharvesting protein complex of photosystem 1. The shsomtion tansitions fbr ltem, violmanthin and S.cis nenxanthin in spmach
phoksysiem | partides are charactertosd, and the hindmg sites of huiein and neouanthin are discused. Resmance Raman daty suggest that i
carotens malecules are ako pesent m allfmns and, pmbably, in 9-cir omfiguntims.

D 200 Elsevier BV, All rights reserved.

Keywonds: Rescesnce Raman specinscopy; Carctenclds; Photosysiem | partides
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UV-B-induced compounds as affected by proline and NaCl in
Hordeum vulgare L. cv. Alfa

Ivanka Fedina®* Maya Velitchlova®, Katya Georgieva®, Trena Grigorova?®

* Acadenie Mietods Papev Jnatiute of Plans Phynolagy, B feademy of o Acadassic Chorgl Bovnchre Sreat
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¥ fratisute of Biophyries, Bulgorian Academy of S Cheorgl Bowches Streat, Butlding 21, Sofla 1113, Bulgoria

Accupted § Faly 2004

Absiract

From the leawves of barley seedlings {Hordeum vuigare L. ov. Alfa) UV-B mduced compovmds, with masinmm absorbance at
438 vm (Apg) were exracted. The relationship between the level of UV-B méduced compounds and TV-B tolerance of barley
seadlings was investipated. The level of these compounds depended on the time of T'V-B imadiation. They increased 4h after
UV-B treatment, reached madomem afier 24 b and then declined. Conirary, the syntheses of UV-absorbing compounds exracted
in acidified methamol contismed for a long pertod after UV exposure and after 120 h the values of Ay are higher The content of
TNtindoced compoumds enhanced in the plants treated with proline before TV-B imadiation and decreased as a result of MaCl
pretreatment in a concentration depending manner A physiological response to UV-B imadindon was evaluated by measuring the
oxygen evolution rate, chioropiyll fiuorescence and chloropiyil carotencids ratio. Mo comelation was found between the kevel
of Apy and UV-B tolerance of barley seedlings. It s possible these compoumds to play a subde role in plant UV-B protection
than simple UV-B soreening or to serve as smess markers.
© 2004 Elsevier B Al rights reserved.

Keywords: Chlorophyll Snomescancs; Flaronoids; Hordeus wulgere; Oxygen evolution; TNES; TNCE absorbing compouemds
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EFFECT OF MEMBRANE LIFID ORDER ON THE DFGREE OF
FREELING DAMAGE OF THYLARKOID MEMBRANES

AV, Popova®, and MY, Velitchkova

Inslilute of Biophysics, Bulrarian Academy af Ascicnees, Acad. (5 Bonchey str. B 21, 1113
Rafia, Rulgaria, * popova@oberor o2 | ey by

Absiract

The exlent of [eesing damage of the photosynthetic epparatus of isplated thytakoid
membranes, control and after modification of their membrane fatty acid acyl chain ocder by
cholesternl and benzyl aleohol, was studied. The photechemical activite of photaystema [
and I und the energy trunsfer between the main pigment protein compleses had been
determined, Cholesterob-treated membranes ate Jess susceptible 10 freezing dumage, cxpressed
by minor changes of the photnchemical activity and retaining the 77K [uuorescent
characteristics Benzyvl aleohel incerporalion enbanced the degres of frepzing damage. The
photochemical ectivity of both photosystems was severely decreased dby E0%) and
cansiderable changes in the Huorescent properties were observed, mainly in the pigmant paol
wsspcwated with Photosyseem 1. The etfacts of different freezing media (antificial stroma
medivm, trehalose, glycine betaine and WaCl} were compared in respeet ta the maintaining of
the activity of photosynthetic apparanz

Keywords: thvlakood membranes, frocring damage. cholestarol, benzi] alocohol, Lipid acvl
cheain orded
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Photobleaching of photosynthetic pigments in spinach thylakoid
membranes. Effect of temperature, oxygen and DCMU

MY Vehtchkova*, R. Picorel
Estavion Experimental e Aula Dei, CSIC, Apdo. 202, 50059 Zaragozn, Spain

Focaivsd 23 My 2003; recaived iz muvised form 20 Fuly 2003; accepted 23 July 2003

Absiract

The tme dependence of photbleaching of photosynthetic pigments under high Light illumination of isolated
spinach thrylakoid membranes at 22 and 4 *C was investizated. At 22 °C, the bleaching at §78, 472 and 436 nm was
prominent but lowering the temperature up to 4 °C during illamination prevented the pigments from bleaching almaost
completely The accelerating effect on pigment photobleaching by the presence of 3-(3,4 dichlorophenyl)-1,1-
dimethyl-urea }—(DCMUT), a well-known mhibitor of the electron transport and known to prevent photosystem I
(PSI) and photosystem IT (PSII) against photoinhibitory damage, was alse suppressed at low temperature. At 12 °C
m the presence and absence of DCMU, the decrease of the abserption at 678 and 472 nm was accompaniad by a
shift to the shorer wavelenpths To check the involvement of reactive oxygen species in the process, pigment
photobleaching was followed in anaerobiosis. The effects of the three different environmental factors—IRhight,
temperature and DCMU—on the dynamics of photobleaching are discussed in terms of different susceptibility of the
main pigment-protein complexes o photoinhibiton
@ 2003 Elsevier BV, All rights reserved.

Keywords: Ezvironmental facsors; Photobleaching; Pigments; Spectroscopy; Thylakeids
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Different kinetics of photoinactivation of photosystem I-mediated electron
transport and P700 in 1solated thylakoid membranes
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Abstract

Photoinactivation kinetics of photosystem I (PST)-mediated electron ramsport rate was compared to that of PT00 comtent at room
(22 °C) and low (4 °C) temperanmes in isolated spmach thylakoid membranes. The kizh lipht treatment was carmed out umder arrobic and
anaerobic condibons. At 12 °C the decrease of electron tramsport rate showed first order exponential kinetics. The amount of BT700
decreased linearly, being less affected in the first hours of dlumination. Dhring photombdbition at 4 °C in the presence of oxygen, the
ﬁm;ﬁmﬁmmmﬂqmmmﬁmmﬁ.ﬂ'&mﬂ.ltmfmndﬁlti-[i.ﬂ-ﬂichhﬂpbmyl}-

1, 1-dimethyiurea {DCMILT) had differemt protective effect on the electron mamsport rate and on 700 content at both temperaumes.
Treamment with high lizht infensity under M. aimosphere had oo effect on the electron trapsport rate or P700 content. The possible
degradation of PSI reaction centre profeins was determined using immanoblot methods. In the presence of lmear eleciron transpart at
22°C comelation between formation of towic hydroxyl adicals and mbibition of oxyzen uptake was observed.

@ 2002 Elsevier Science B.V. All mghts reserved.

Erpwords: Electon meesport mis; Oxygen medicals; PT00; Photoinhibition; Photosystem I, Thylakoid membrezss




