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Abstract. The objective of the work was to perform the comparative studies of the anatomical structure and reactive oxygen
species (ROS) content in leaves of Deschampsia antarctica plants growing in extreme climatic conditions of Antarctica (Skua
and Galindez Islands). The leaf anatomy and surface ultrastructure were investigated by the methods of light and scanning
electron microscopy. To determine the localization of monolignines a cytochemical method of dyeing tissues was used. The
ROS content was registered by measuring the spontaneous chemiluminescence (SCL). The obtained results showed the
similarity of leaf anatomical and ultrastructural features in plants collected on Scua and Galindez Islands. The localization of
two monolignines (syringyl and quaiacyl) detected in leaf cell walls was also similar in the investigated plants. Syringyl is
mainly localized in the walls of epidermal cell and quaiacyl is mainly localized in the walls of mesophyll cells and vessels. In
epidermal cell walls, the syringyl relative content exceeded the quaiacyl content 6-8 times. The SCL level in D. antarctica leaves
is corresponded to mean values of leaf luminescence in other species under the normal conditions. This may indicate the adapta-
tion of species to harsh habitats. In our opinion, it should be paid special attention on the study of D. antarctica cell metabolism
and its regulation for better understanding the mechanisms of its survival in the conditions of the Maritime Antarctic.
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Pedepat. MeTtoro po6otu Oyno mpoBeIeHHS MOPIBHUIBHUX JOCHIIKEHb aHATOMIYHOI CTPYKTYpH Ta BMICTY aKTHBHUX (OPM
kucHio (ADK) B nuctkax Deschampsia antarctica (Poaceae), 10 pocTe B eKCTPEMAIbHUX KIIMATHYHUX YMOBaxX AHTapKTHKH
(octpoBu Ckya i [anminaes). st ZoCIiDKEHb aHATOMIYHOT CTPYKTYPH Ta YABTPACTPYKTYPH ITOBEPXHI JUCTKIB BAKOPHCTOBYBAIIH
MeTOIH CBITIIOBOT Ta CKaHYIOUO1 eIEKTPOHHOI MiKpockortii. JIokasi3aliro MOHONITHIHIB BU3HAYAIH 32 JJOIOMOTO0 ITUTOXIMIYHO-
ro merony (apOyBanHs TkaHuH, BMicT ADK B aHCTKax — MeTO/IOM peectpaii crionTanHol xemimoMinectenuii (CXJI). Pe3yas-
TATHU 3aCBIAUYIOTh ICHTHYHICTh AHATOMIYHOI CTPYKTYpPH Ta YIBTPACTPYKTYpH TIOBEPXHI JHUCTKIB y POCIHH, 3i10paHUX B Pi3HUX
Micne3pocranusx. JIokasizamist B IMCTKAaX ABOX MOHOJITHIHIB (CHPHHT1JIA Ta IBAsIMIIA) B KIITHHHUX CTIHKaX JINCTKIB OCIHiIKe-
HUX pociHH Oyna Takok moAiOHO0. BeTaHOBIIEHO, 10 CHPUHT LI, B OCHOBHOMY JIOKaJi30BaHH B KIIITHHHHX CTIHKAX emiepmicy,
MiATPUMYIOUHN TXHIO MEXaHIYHY MIIHICTB, a TBAsIIIIII, IO 3a0e3Iedye THYUKICTh CTIHOK, JIOKQJII30BaHUIT B OCHOBHOMY B CTiHKax
KIiTHH Me30¢iny i cynuH. BmicT cHpuHTiTy B CTIHKAaX KIITHH eMifepMicy MepeBHIyBaB piBeHb rBasuity y 6—8 pasis. PiBenb
CXJI B uctkax D. antarctica JOpiBHIOBaB CepeJHbOMY 3HAYCHHIO JTFOMIHECIICHIIT JIUCTKIB {HIINX BHIIB B HOPMaJbHUX YMOBaX.
MooxHa 3pOOHUTH BUCHOBKH, II0 OTPUMaHi pe3ysbTaTh MOXKYTb OyTH MOKa3HMKaMH aJanTarlii [(bOro BUIY J0 €KCTPEMaJIbHHX
yMoB. Ha Halry IyMKy, MOCHJICHHS yBard 0 BHBYCHHs KJIITHHHOTO MeTabonizMmy Ta iforo perymsuii y pociauH D. antarctica
CIPHATHME MOJANIBIIOMY ITi3HAHHIO MEXaHi3MiB IXHBOTO BIKMBAHHS B yMoBax [IpubepexHoi AHTapKTUKH.

Kurouosi ciioBa: Deschampsia antarctica, aHaTOMIYHa CTPYKTYpa, YIbTPACTPYKTYpa, IEPEKUCHE OKUCIICHHS, JITHIH, aJanTarlis.
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Pedepat. Lleanio paboTel ObLIO NMPOBEJEHNE CPAaBHUTEIBHBIX HCCIEIOBAHUH aHATOMHUYECKOH CTPYKTYpPBI M COAEPIKAHUS
akTHBHBIX (opM kucinopoaa (ADK) B muctesx pacrennit Deschampsia antarctica (Poaceae), mpou3pacTaloliei B SKcTpeMallb-
HBIX KIMMAaTHYECKUX yCIOBUSIX AHTapKTHKH (ocTpoBa Ckya u Iamunpes). i1 uccieoBaHnil aHaTOMUH U YIBTPACTPYKTYPhI
TOBEPXHOCTU JIMCTHEB MCIIONB30BAIM METOAbI CBETOBOM M CKAHMPYIOIIEW 3JIEKTPOHHONW MMKpockomnuu. Jlokanuszainuio
MOHOJIUTHUHOB OTPEJENsNN C MOMOUIbI0 IUTOXUMHUYECKOTO METOJa OKpalMBaHHUsA TKaHel, cofgepkanne ADK B nuctbax
ONpeACIIM METOAOM perucTpanuy crionTanHoi xemumnomunecueHuuu (CXJI). Pe3yabTaThl IOATBEP)KIAIOT HICHTUYHOCTD
AQHATOMHUYECKON CTPYKTYPBHI M YJIBTPACTPYKTYPHI IOBEPXHOCTH JIUCTHEB Y PACTCHUH, COOPAHHBIX B Pa3JIMUHBIX MECTaX HX
npouspactanus. Jlokanu3amnus 1ByX MOHOJUTHHHOB (CHPUHTHIIA U I'BAsIIIIIA) B KJIIETOUYHBIX CTEHKAX JTHCTHEB HCCIETOBAaHHBIX
pacTenuii Taxke ObUIa MOZOOHON. Y CTaHOBJICHO, YTO CHPUHTIII B OCHOBHOM JIOKAJIH30BaH B KJIETOYHBIX CTEHKAX SIUIEPMICA,
MOJAEPKHUBAS MX MEXaHHMUECKYIO MMPOYHOCTbD, a I'BASLNI, 00ECIeYNBaOMNil THOKOCTh CTEHOK, JTOKAIM30BaH B OCHOBHOM B
CTEHKaX KJIETOK Me3o(duina u cocynos. CopepkaHne CHPHHTHIIA B CTEHKAX SMHUEPMaIbHBIX KJIETOK MPEBBIIIANO COAEPKAHUE
reasuuia B 6—8 pa3. Yposenb CXJI B mucteax D. antarctica paBHsUICS cpelHEMY 3HAUEHUIO TIOMUHECLICHIIMU JIUCTHEB APYTUX
pacTeHui, pacTylMX B HOPMaJbHBIX yCJOBUsX. [loiydeHHbIe pe3yibTaThl MO3BOJISIOT CJAENaTh BBIBOJBI 00 ajganTtanuu
pactenuil D. antarctica K dKCTpeMalbHbIM YycioBusM. [lo HamemMy MHEHHIO, JalbHEHIINEe HCCIEJOBAHUSA KIETOYHOIO
MeTabonn3Ma W €ro peryjsiiui y pacTeHud D. antarctica yriayOsT TpEACTaBICHUS O MEXaHH3MaX HMX BBDKHUBAHUS B
[IpubpexHOlt AHTapKTHKE.

KutoueBble cioBa: Deschampsia antarctica, aHaTOMHYECKOE CTPOCHHE, YIBTPACTPYKTYpa, MEPEKHCHOE OKHCIICHHE, JIMTHHH,
aJlarTanusi.

1. Introduction

Deschampsia antarctica (Poaceae) is the only natural grass species growing in the Antarctic geobotanical
zone (Gielwanowska, Szczuka, 2005). The existence of D. antarctica plants in the severe climatic conditions is
possible owing to certain mechanisms for growth and survival. The studies of leaf anatomy, its surface
ultrastructure, and functioanal activity may help to understand the mechanisms of adaptation of D. antarctica
plants to the extreme environment. At the normal conditions reactive oxygen species (superoxide anion radical,
hydrogen peroxide) are permanently generated in cells and may cause oxidative-destructive effects in plant
cells and perform signalling functions also. The ROS content sharply increases under different stresses creating
a threat of oxidative destruction (Mittler et al., 2004). The activity of antioxidant enzymes, in particular
superoxide dismutase, ascorbate peroxidase, catalase, peroxy redoksin, enchances in response to ROS stressed
increasing, that to a large degree determines plant stability and adaptation (Santos, Rey, 2006; Kolupaev,
Karpets, 2014). The peculiarities of the leaf mesophyll ultrastructure of D. antarctica (Gielwanowska et al.,
2005; Szczuka et al., 2013) clearly demonstrate the high level of metabolism and production of ATP. ATP is an
universal source of energy in cells of all live organisms. Earlier it was reported that levels of sucrose and
fructans in leaves and roots of D. antarctica were higher in comparison with other cereals (Zuciga et al., 1996).
The maximum accumulation of these substances occurred by the end of summer. It was also found the correlation
of an activity of sucrose-phosphate-synthase (SPS) with day duration length and low temperature (Zunica-Feest
et al., 2003). The highest SPS activity and the highest sucrose content in leaves were determined in cold-
acclimated plants under long day. On authors’ opinion such unusually high accumulation of sucrose and
fructose, as one of the protective mechanisms against low temperature, and capacity to rapid growth during the
short vegetation period has allowed D. antarctica to adjust to the conditions of the Maritime Antarctic.

2. Materials and methods of research

The specimens of D. antarctica were collected at the Galindez and Scua Islands in March 2016 during the
20th Ukrainian Antarctic expedition-(Fig.1).

The content of ROS in leaves of D. antarctica plants was determined by the method of registration of
spontaneous luminescence (SCL) with a chemiluminometer CLMC-01 (Ukraine). The intensity of SCL was measured
in impulses per second per gram of fresh weight (imp/sec/g). Native leaves were placed in the cuvette of a device,
and luminescence was measured in real time (Jadko, 2012).
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alindes Island
Scua Island

Fig. 1. Scheme of the sites where samples of Deschampsia antarctica (Poaceae) plants were collected (Galindez Island and
Scua Island).

To study the ultrastructure of the leaf surface, segments middle part of leaf blade were fixed in 2%
paraformaldehyde in phosphate buffer, dehydrated in the ethanol series and acetone. The samples were mounted on
tables by the standard technique, sputtered with gold, and examined with a JSM-6060 scanning electron microscope
(JEOL, Japan). Leaf anatomy was studied by using segments of the leaf blade with a size of 0,5 X 1,0 cm. Leaf
segments were fixed by 2,5 % glutaraldehyde and 1 % OsO4, dehydrated in the ethanol series and acetone, and placed
in the mixture of epoxy resins (epon—araldite) on the generally accepted method. The cross sections (0,5-1,0 um) were
obtained on an ultramicrotome RMC MTXL (USA), stained with 1 % methylene blue and 0,12 % toluidine blue, and
examined with light microscopes NF and Axioscope (Carl Zeiss, Germany).To determine the distribution and
localization of monolignins used the cytochemical method with staining the samples by solution of 0,1% 2-aminoethyl
ether-biphenyl carboxylic acid. Stained samples of leaf blades were examined with a laser scanning microscope LSM
5 Pascal (Carl Zeiss, Germany) under an excitation wave length of 380 nm and the absorption wave length 430 nm for
quaiacyl; and under excitation wave length of 490 nm and the absorption wave length of 520 nm for syringyl.

3. Results and Discussion

ROS are permanently generated in cells and are under control of the antioxidant system (Mittler et al., 2004;
Dietz, 2008). The main compartments for ROS production in plant leaf photosynthesizing cells are mitochondria,
chloroplasts and peroxysomes (Foyer, Noctor, 2003).

ROS signals are generated in different sites. In different metabolic reactions ROS signals may be combined
to produce a new signal, as well as one signal can play a dominant role showing an epistatic effect (Moller, Sweetlove,
2010). ROS also initiate post-translational modification of proteins, especially by the oxidation of sulthydryl groups
that leads to the changes in their structure and functions. Free radicals attack also membrane lipids containing
carbon-carbon double bonds, especially polyunsaturated fatty acids. This process is generally known as a process of
lipid peroxidation. The importance of the membrane lipid physical state is evidenced by the fact that lipids may
control the physiological state of a membrane organelle by modifying its biophysical aspects, such as the polarity and
permeability. Lipids also have a key role in biology as signaling molecules (Ayala et al., 2014). It is of interest to
study a trigger role of ROS in the mechanism of epigenetic regulation of gene expression by the changes in histone

145



E. L. Kordyum, O. M. Nedukha, Y. V. Ovcharenko, S. 1. Jadko, G. F. Ivanenko, V. V. Loya
ANATOMICAL AND FUNCTIONAL FEATURES OF DESCHAMPSIA
ANTARCTICA (POACEAE) LEAF BLADE GROWING ON THE ARGENTINE ISLANDS

acetylation (Jadko, 2015). It should be noted that ROS content is well determined by the registration of spontaneous
chemiluminescence (SCL) from live cells, as the increased content of malondialdehyde. The malondialdehyde is one
of final products of lipid peroxidation and it is revealed only at the more late stages of stress action (Jadko, 2012).
The SCL method may be successfully used to study a role of ROS as secondary messengers in the induction/
activation of plant stress-reactions and adaptation to the influence of environmental unfavourable factors. The
intensity of SCL in leaves of plants from the islands Scua and Galindez was 36+4 and 43+4,5 imp/sec/g in the
average, respectively (Fig. 2). The level of SCL in D. antarctica leave is corresponded to mean values of leaf
luminescence in the normal conditions, for example, it was 28-33 imp/sec/g in Arabidopsis thaliana, (Jadko, 2012)
and 27- 38 imp/sec/g in Pisum sativum, Zea mays, and Triticum aestivum (Tarusov, Veselovskii, 1978). Therefore, the
obtained data may be evidence of D. antarctica adaptation to the conditions of its habitat.

60

40 -

SCL.impfsecig

20 A

S G

Fig. 2. The SCL intensity in leaves of Deschampsia antarctica (Poaceae) plants from the islands Scua (S) and Galindez (G).

The leaf surface ultrastructure in plants collected on Scua Island and Galindez Island is identical. The adaxial and
abaxial surfaces of a leaf blade were covered with high cuticular ribs which situated parallel to the longitudinal axis of a
leaf blade. Cuticular ribs on the leaf abaxial surface are almost straight (Fig. 3a). Cuticular ribs on the leaf adaxial surface
were slighty wavy-grained (Fig. 3b). A height of ribs varied from 10 um to 12 um, a breadth varies from 4 pm to 6 um.

Fig. 3. The structure of leaf abaxial (a) and adaxial (b) surface in Deschampsia antarctica (Poaceae).

The similarity of morphological and anatomical traits of leaves in D. antarctica plants collected on the islands
Scua and Galindez was shown (Fig.4 and 5). Oval cells of the adaxial epidermis were covered with the cuticle layer.

Dumbbell stomata were situated at the epidermis level. The density of stomata was higher at the leaf abaxial
surface than at the adaxial ones. Epidermal cells adjoined to guard cells were situated parallel to the leaf longitudinal
axis and do not differ from the constitutive ones. Undifferentiated mesophyll consisted of thin-wall, isodiametrical
and loosely located cells. A characteristic feature of all investigated samples was the presence of large gas spaces in
the mesophyll (aerenchyma). Chloroplasts were situated on the periphery of mesophyll cells.
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Fig. 4. Cross section of a leaf blade of Deschampsia antarctica (Poaceae) from Scua Island. Abbreviations: AdS —adaxial
surface, AbS —abaxial surface, CB —central bundle, LB —lateral bundle, S —stomate, GS — gas space, SC—sheath cell.

Fig. 5. Cross section of a leaf blade of Deschampsia antarctica (Poaceae) from Galindez Island

(abbreviations are the same as on the Fig. 4).

The leaf conducting system consisted of three closed vascular bundles: one central and two lateral, containing
the xylem and phloem elements. Bundles were surrounded by tightly located sheath cells. The sheath cells separated
them from mesophyll cells. Collenchyme fibers adjoining to the epidermis give the mechanical strength to a leaf.
Folding leaf blade may protect stomata in the conditions of low temperature and elevated humidity, diminishes a rate
of transpiration and supports gas exchange.
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It was shown that branches of the panicle were downy. They were covered with simple unbranched trichomes
(Fig. 6). An average length of trichome was 100 pm, an average breadth in its basis was 40 pum, the distance between
trichomes was 80 — 200 um and an average density per | mm 2 was = 72.

a b

Fig. 6. Downy branches of the panicle of Deschampsia antarctica (Poaceae): a — general view, b — trichome.

The presence of two monolignins (syringyl and quaiacyl) were revealed in leaf cell walls using the cytochemical
methods and confocal microscopy. It was established that syringyl is mainly located in epidermal cell walls supporting
their mechanical strength, and quaiacyl is mainly located in walls of mesophyll cells and vessels in conducting
bundles providing flexibility of walls (Fig. 7). The relative content of syringyl in epidermal cell walls exceeds the
relative content of quaiacyl in 6-8 times.

e

200 pm

Fig. 7. Fluorescence of lignin in leaf cell walls of Deschampsia antarctica (Poaceae) after staining with 0.1% 2-aminoethyl
ether-biphenyl carboxylic acid (syringyl fluoresces with blue color, quaiacyl — with green color,
red color —autofluorescence of chlorophyll).

4. Conclusions

The morphological and anatomical traits of D. antarctica plants leaves investigated by us and collected on the
islands Scua and Galindez are similar to plants leaves characteristics of the species from the other regions of Maritime
Antarctic (Romero et al., 1999; Gielwanowska, Szczuka, Bednara et al., 2005 Szczuka et al., 2013). The high relative
content of monolignin syringyl in epidermal cell walls, especially of the abaxial epidermis was determined for the
first time. It jointly with cuticular ribs provides the mechanical strength of leaves, as well as the protection from
surplus penetration of water. The normal level of SCL in leaves of investigated plants may indicate their adaptation
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to the environment. The literature data reported the genetic variability and phenotypic plasticity of D. antarctica
populations (Romero et al., 1999; Gielwanowska, Szczuka, 2005; Gielwanowska et al., 2005; Chwedorzewska et
al., 2008; Szczuka et al., 2013; Amosova et al., 2015), while a search of any obvious unique or specialised adaptations
in this species to the harsh conditions of the Maritime Antarctic did not give positive results. In addition, the first
performed investigations of allelopatic properties of the soil samples collected under mosses and under mosses with
D. antarctica plants on the islands Scua and Galindez, showed the favorable conditions for plant growth. The
obtained results may be considered as a good example of coexistance of D. antarctica plants and mosses for survival
in the harsh habitats. Therefore, in our opinion, a special attention should be paid to the study of cell metabolism and
its regulation, functioning of energetic organelles — chloroplasts and mitochondria and their interaction, and epigenetic
regulation in gene expression also for deeper understanding the structural and functional organization of D. antarctica
plants providing their growth and fruiting in the conditions of the Maritime Antarctic.
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