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STRUCTURE AND FUNCTION OF BIOPOLYMERS

Lipids and pigment-protein complexes of photosynthetic
apparatus of Deschampsia antarctica Desv. plants under
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Aim. To investigate structural and functional modifications of major components of photosynthetic membranes
of endemic antarctic species D. antarctica under UV-B radiation. Methods. For quantitative determination of
photosynthetic membrane components we used Arnon’s method (for chlorophylls and carotenoids); separation
of carotenoids was carried out by Merzlyak’s method; polar lipids were isolated by Zill and Harmon method in
modification of Yakovenko and Mihno; glycolipids separation and identification we carried out by Yamamoto
method; and sulfoquinovosyl diacylglycerol content was determined by Kean method. The separation, disinteg-
ration and determination of pigment-protein complexes of chloroplasts were carried out by Anderson method.
Authenticity of differences between the mean arithmetic values of indices was set after the Student criterion.
Differences were considered as reliable at p <0.05. Results. We determined structural and functional changes in li-
pids, carotenoids and pigment-protein complexes at the photosyntetic apparatus level in D. antarctica plants un-
der UV-B radiation. Conclusions. Adaptation of D. antarctica plants to UV-B radiation is accompanied by a
cascade of physiological and biochemical rearrangements at the level of photosynthetic apparatus, manifested
as the changes in pigment, lipid and pigment-protein complexes content.

Keywords: Deschampsia antarctica, UV-B radiation, photosynthetic apparatus.

Introduction. D. antarctica Desv. is the only native spe-
cies of Poaceae found in Antarctica. These plants are
naturally adapted to the cold maritime Antarctic cli-
mate and high level of natural UV-B [1-4]. The ra-
diation may result in the damage of the genetic system
and cell membranes, and affect several metabolic pro-
cesses. Many authors noted that the action of UV-B
radiation on plants caused the reduction of biomass,
leaf area, growth rate, and photosynthesis [5, 6]. UV-B
radiation influenced the plant development not only at
the physiological and biochemical levels, but also at the
genetic one [7].

There was observed the growth inhibition of D. an-
tarctica plants at Palmer station at the Antarctic Penin-
sula under conditions of Antarctic solar UV-B in com-
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parison with the plots, where solar UV-B radiation was
filtered out [8]. Low temperature, high light (illumina-
tion) increased the degradation of ozonosphere. It cau-
sed enhancement of UV-B radiation level and induced
the intensive formation of reactive oxygen species (ROS).
Carotenoids, tocopherols and ascorbate are known to
protect the photosynthetic apparatus from ROS [9-13].

Besides, there were noted the changes of fluores-
cence parameters and content of pigments [6], lipids
[14] and pigment-proteins complexes [15] in plants
under UV-B radiation. Therefore we that investigation
of these parameters is expedient to explain the me-
chanisms of D. antarctica plant resistance to UV-B
radiation.

Materials and methods. Photosynthetic tissues of
D. antarctica plants selected from territories of Antarc-
tic islands were investigated. Control and experimental
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Fig. 1. The content of pigments (a), xanthophylls (b) and glycolipids
(c) inleaves of D. antarctica plants under UV-B radiation: / — control;
2-UV-B

plants were grown under conditions of constant tempe-
rature (10 °C), relative humidity (60 %), CO, concen-
tration of 330 ppm and daily illumination by lumines-
cent lamps (L 30W/77, Fluora, 450-650 nm) for 10
days (23 W/m’, photoperiod 16 h).

The experimental plants were grown under the sa-
me conditions, but on the fifth day of growing they we-
re irradiated by UV-B for 20 h in five expositions (4 h
in every light period). The UV-B lamp with absorption
filter (TL 20BB/12RS («Philips», USA), 280-300 nm)
was used for illumination of plants. The dose of UV-B
radiation was 6.17 kJ-m ™~ d"'. The distance from the sour-
ce of illumination to plants was 10 cm. The pigment con-
tent in leaves was determined according to Arnon [16].
The separation of carotenoids was carried out by TLC
method [17]. Polar lipids were isolated according to Zill
and Harmon method [18] in modification of Yakovenko
and Mihno [19]. Glycolipids were separated by TLC and
content of monogalactosyl diacylglycerol (MGDG) and
digalactosyl diacylglycerol (DGDG) was determined
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by densitometring TLC plates [20]. Content of sulfo-
quinovosyl diacylglycerol (SQDG) was determined ac-
cording to Kean [21].

Separation of thylakoid membranes was carried out
in nondenaturing polyacrylamide gel for their disinteg-
ration [22]. Content of chloroplast pigment-protein
complexes was determined by Anderson method [23].

The experiments were fourfold reproduced; authen-
ticity of differences between the mean arithmetic va-
lues of indices was set after the Student’s criterion. Dif-
ferences were considered as reliable at p < 0.05.

Results and discussion. The significant changes in
photosynthetic pigment composition in leaves of D. an-
tarctica plants under UV-B radiation were noted. It in-
duced degradation of chlorophylls (Chls) a, b and -ca-
rotene. However, the Chl a/b ratio, lutein + zeaxanthin
(Lu + Zea), violaxanthin (Vio) and neoxanthin (Neo)
pools were unchanged. The total content of carotenoids
(Cars) in D. antarctica plants under UV-B light was al-
so stable.

The molar Chls/Cars ratio was lower in plants un-
der UV-B radiation (1.62) in comparison with control
one (2.36) (Fig. 1, a, b). The Chls/Cars ratio is an im-
portant characteristic of the pigment complex. Our data
agree with the results of other authors which showed
that total Chl concentration was significantly lower in
the plants grown under UV-B radiation [24].

UV-B radiation induces the decrease in content of
two galactolipids, MGDG and DGDG, in photosyn-
thetic membranes by 40 and 22 %, respectively. At the
same time MGDG/DGDG ratio decreased by 28 %
(Fig. 1, ¢). SQDG content was unchanged in these con-
ditions. The ratios between MGDG and xanthophylls in
leaves are important characteristics of adaptation of li-
pid-pigment complexes. In particular, the MGDG/(Lu +
+ Zea) and MGDG/Vio ratios decreased by 38 % and
45 %, respectively, under UV-B action (Fig. 2).

The distribution of Chl in pigment-protein comp-
lexes (CP) of plants under UV-B radiation was presen-
ted in Table. The percentage of Chl in pigment-protein
complexes of photosystem I (PSI) (CP1a+ CP1) increa-
sed by 22 % in chloroplasts of irradiated plants. UV-B
radiation induced the decrease in percentage of Chl by
34 % in photosystem II (PSII) reaction centre comple-
xes. It was proved, that PSII in photosynthetic appa-
ratus is the most susceptible part to UV-B radiation [25].
These data indicate a direct disruption of PSII re- action
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MGDG/(Lu+Zea) MGDG/Vio

Fig. 2. MGDG/(Lu + Zea) and MGDG/Vio ratios in leaves of D. an-
tarctica plants under UV-B radiation (2); / — control

Distribution of chlorophyll in the pigment-protein complexes of
thylakoids (data presented as means £ SEM)

Pigment-protein
complexes and their

Chlorophyll content in the gel, %

ratios Control UV-B
CPla+ CPI 15.10+0.41 19.30+£0.23
LHCPI 11.10 £ 0.69 11.89+0.34
CPa 8.53+0.31 5.67+0.17
LHCP3 28.11 +0.21 27.43+0.22
Free pigment 37.16 = 1.18 35.71 +0.78
LHCP1/LHCP3 0.40 £ 0.03 0.43 +£0.06
LHCP1 + LHCP3 39.22+0.48 39.32+£0.25

centers in leaves of UV-B irradiated plants. The relative
amount of oligomeric (LHCP1) and monomeric
(LHCP3) forms did not changed under UV-B radiation.
Total relative amount of the main Chl a/b-protein comp-
lex LHCII (sum of its oligomeric and monomeric forms,
LHCP1 + LHCP3) was similar in control and in UV-B
irradiated plants (Table).

We obtained experimental results, which argue for
degradation of B-carotene in carotenoid pool of leaves
of irradiated plants (Fig. 1, b). B-Carotene is localized
in antenna and reaction centers of PSII. Quenching of
triplet state of the primary donor (°P,) and deoxida-
tion of the oxidized form (P,") play an important role
in photoprotection. Singlet oxygen ('O,) and triplet ex-
cited chlorophyll (Chl*) are quenched also by B-caro-
tene [26—30]. The protection mechanism of photosyn-
thetic apparatus against 'O, leads to the destruction of
[B-carotene molecules [31-34].

Under UV-B radiation the decrease in non-bilayer
lipid content induces the decrease of MGDG/DGDG ra-
tio in chloroplast membranes and chlorophyll-protein
complexes. Therefore, photosynthetic membranes are

more susceptible to UV-B radiation. The similar data
were obtained in our previous investigations of wheat
plants response to heat stress [35]. In our previous
publications the dependence between the decrease in
MGDG content and the stable content of Vio and Zea in
leaves of drought resistant cultivars of Triticum aesti-
vum L. under conditions of drought stress was descri-
bed for wheat plants [36].

Stable SQDG content against the background of ga-
lactolipids decrease in photosynthetic membranes can
be considered as an adaptive reaction. It is known, that
SQDG provides the maintenance of normal functional
state of the PSII reaction center [37]. Therefore, it is
possible to presume, that under conditions of UV-B ra-
diation SQDG may support optimum conditions for
light phase of photosynthesis. It is established, that the
changes in the ratios of different lipid groups, induced
by various stress factors are the reflection of a passive
adaptation. An active adaptation is associated with the
intensity of fatty acids desaturation [33, 38, 39].

Under UV-B radiation MGDG content decreased
whereas xanthophyll pool was unchanged. The decrea-
se in B-carotene content may influence the thylakoid
membrane fluidity and activate free radical oxidation
of lipids that leads to a decrease in MGDG and DGDG
content.

Our data coincide with the results of Sakaki [38],
who found out the pigment and lipid (mainly MGDG)
decrease at the oxidative stress caused by ozone action.
However, the anionic lipid content was stable during
the whole exposition period. UV-B action upon D. an-
tarctica plants induced the photoinhibition process (de-
gradation of D1 protein of PSII reaction centre) [14]. It
is possible that SQDG localized on the surface of the
native D1/D2 heterodimers stabilizes it at stress condi-
tions [40, 42].

UV-B action causes different responses including
functional changes and changes of pigment-protein con-
tent in photosynthetic apparatus [43]. Pigment-protein
composition in chloroplasts treated by UV-B radiation
changed. Especially, the content of Chl in pigment-pro-
tein complexes of PSI (CPla + CP1) increased (by
22 %), while it decreased (by 34 %) in pigment-pro-
teins complexes of PSII reaction centre. As it has been
above mentioned PSII is known as the most susceptible
part of the photosynthetic apparatus to UV-B radiation
[25] that affects both the donor and acceptor sides of
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PSII. Inhibition of PSII electron transport after UV-B
irradiation was studied in isolated spinach PSII memb-
rane particles, using low-temperature EPR spectrosco-
py and chlorophyll fluorescence measurements. There
were noted inhibition of oxygen evolution, decline of
variable chlorophyll fluorescence and degradation of
DI protein in reaction center after UV-B radiation ac-
tion [43].

Thus, we described the structural changes at the le-
vel of photosynthetic apparatus of endemic antarctical
plant D. antarctica under the action of UV-B radiation.
The results of our work are essential for deeper under-
standing of adaptation mechanisms of this unique an-
tarctical plant under stress conditions.

Conclusions. Adaptation of D. antarctica plants to
UV-B radiation is accompanied by a cascade of physio-
logical and biochemical rearrangements at the photo-
synthetic apparatus level manifested as the changes in
pigment, lipid and pigment-protein complex composi-
tion. It may be associated with genetically determined
resistance of this species to the prolonged influence of
UV-B radiation in Antarctic region.

H. IO. Tapan, B. O. Cmopoacenxo, H. b. Ceemnosa, H. M. Tonuiii

Jliniy 1 KOMIIEKCH MIrMEHT—O1JIOK Ha piBHI OTOCHHTETHYHOTO
anapary y pociut Deschampsia antarctica 3a yMoB
yIbTPadioneTOBOTO BUIPOMIHIOBAHHSI

Pestome

Mema. /locniodcenns cmpykmypHux i oyHKYioHanbHUX MOOUPiKayii
20106HUX KOMNOHEHMIE POMOCUHMEMUUHUX MeMOPAH eHOeMIYHO20
anmapkmuynoeo eudy D. antarctica 3a ymoe scopcmrozo yrsmpagio-
1emoso2o eunpominiosants. Memoou. KinvKiche 6usHaueHHs KOMNO-
HeHmig (homoCUHMEeMUYHUX MEMOPAH NPOBOOUNU 34 MEMOOOM ApHO-
Ha (0113 xa0poghinis i kKapomuHoiois), po3dineHHs KapomuHoidie — 3a
Memooom Mepsisika, 6udinents nOISAPHUX Ninidie —3a memooom 3iuia
i Xapmona 3 moougpixayicio HArxoeenxa i Mixno, po30inenus 2niKoui-
nioie ma ixus idenmugpiayis — 3a memoodom fAmamomo, a ixuil ana-
i3 — 3a 0onomoezow npoepamu «Total laby, emicm cyneghoxinogo-
sundiayuneniyepony eusnHadanu 3a memooom Kina. Posodinenns i eu-
3HAYEHHs KOMNJIEKCi8 nieMeHm-0i10K XI0pOnIacmis 30ilUCHIO8aNU Me-
modom Anoepcon. Jfocmogipicme pisHUYL MINC 3HAYEHHAMU cepeo-
Hb020 apupmemuynoeo 3naxoounu 3a kpumepiem Cm’rooenma. Piznu-
yro egadicanu docmosiproro npu 3Havenni p < 0,05. Pesynomamu.
Bemanosneno cmpyxkmypui ma pynkyionansmi sminu ninioie, kapomu-
HOI0I6 | KOMNIEKCI8 nieMeHM-6LI0K HA PIBHI hoOMOCUHMEMUYHO20 ana-
pamyy pociun D. antarctica 3a ymog Y®-B sunpominiosanns. Bucrnog-
ku. Aoanmayis pocaun D. antarctica 00 6naugy sHcopcmKo2o yibmpa-
ionemosozo UNPOMIHIOBAHHS CYNPOBOOHNCYEMBCI KACKAOOM (Pi3io-
JO2TYHUX § OIOXIMIYHUX nepebYO008 Ha PIGHI (hOMOCUHMEMUYHO20 and-
pamy, no8 sI3aHux 3i SMiHAMU 8MICY nieMenmis, 1inidig i KOMNIeKcie
niemeHm-0inox.

Knrouosi crosa: Deschampsia antarctica, Y®-B eunpominiosan-
Hs, homocunmemuyHuil anapam.
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JIunuapl 1 KOMIUIEKCHI TUTMEHT—0EI0K Ha ypOBHE
(hoTocuHTETHYECKOTO ammapara y pacreHuil Deschampsia antarctica
B YCJIOBHSIX YJIbTPA(HOJIETOBOTO U3JIyYCHUS

Pesrome

Lens. Hccneoosanue cmpyKmypHuIX U QYHKYUOHANLHBIX MOOUPDUKA-
Yuil 2NAGHBIX KOMNOHEHMO8 (POMOCUHMEMUYECKUX MeMOPaH IHOeMU-
4ecK020 aHmapkmuyecko2o uoa D. antarctica 8 yciogusx scecmrozo
yavmpaguonemogozo uznyuenus.. Memoowst. Konuuecmeennoe onpe-
oenenue 2nagHbIX KOMHOHEHMO8 POMOCUHMEMULECKUX MeMOPan npo-
8€0eH0 no memoody ApHoHa (07 XA0pohuanos u KapomuHouoos),
pasoeieHue KapomuHouoos — no memody Mepsnsxa, evioenenue no-
JIAPHBIX TUNUO08 — NO Memody 3unna u Xapmona ¢ moougpurayueli
Hrosenko u Muxwo, pazoenenue enukoiunuoos u ux udenmugurayus
—no mMemoody Amamomo, a ux anaius — ¢ nomowwio npoepammul « Total
laby, coodeparcanue cynvghoxunosozunouayunenuyepora onpeoensiu
no memody Kuna. Paszdenenue u onpedenenue KOMNIEKCO8 nue-
Menm-0enoK XA0PONAACmo8 OCYWeCmBan Memooom AnoepcoH.
Jocmosepnocmy pazauduii mexncoy 3HAYEHUAMU CpeOHe2o apudme-
muuecko2o Haxoouau no kpumepuio Cmoiodenma. Paznuyus cuumanu
docmoseprvimu npu 3navenuu p <0,05. Pesynomameul. Ycmanosnenvi
cmpyKmypHuie u hyHKYUOHATbHBLE USMEHEHUSL 8 COOEPICAHUU U COOM-
HOWeHUU TUNUO08, KAPOMUHOUOOE U KOMNIEKCO8 NUeMeHm-0eN0K Ha
yposHe pomocunmemuueckoeo annapama pacmenuii D. antarctica 6
yenosuax Y®-B usnyuenus. Bwvieoowvr. Aoanmayus pacmenuii D.
antarctica K 6030€tiCmaUI0 JHCecmKo20 Yibmpapuonemogozo usye-
HUSL C85A3AHA C KACKAOOM (PUSUONOSUYECKUX U OGUOXUMUYECKUX nepe-
cmpoex Ha yposHe (homocuHmemuiecko2o annapama, Cesa3aHHbIX C
UBMEHEHUAMU 8 COOEPICAHUU NUSMEHMOB, TUNUOOE U KOMNIEKCO8
nuemenm-oenox.

Kmioueswvie cnosa: Deschampsia antarctica, Y ®-B uziyuenue, ¢o-
MOCUHMeMmuyecKutl annapam.
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