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Endophytes are able to promote the plant’s growth and are essential for their hosts to overcome biotic and
abiotic stress. Plant-promoting capacities of these microorganisms can be crucial for Antarctic plants. The
aim of the study was to estimate the number and diversity of culturable endophytic microorganisms from
Deschampsia antarctica and Colobanthus quitensis growing in different localities of the West Antarctic
Peninsula. Methods. Serial dilutions of the surface-sterilized plant biomass were inoculated on the CASO
(Merk, USA) and R2A (Merk, USA) media and cultured at room temperature for a week. Number of colonies
and their morphotypes were estimated. Results. The number of colony forming units in the aboveground
part and roots of D. antarctica was 4x10° +2x10° and 7x10° +2x10° per g of biomass, respectively. The
colony forming units CFU number in the aboveground part of C. quitensis was 3x10°+1x10° per g of
biomass. The highest number of CFU was in the roots of D. antarctica from Galindez Island on both media
(n><107). The highest CFU number in C. quitensis was in plants from Deception Island on nutrient-poor
(7x10% and -rich (1x10") media. The lowest value was found for C. quitensis from Cape Pérez (7x10° on
R2A and 1x10" on CASO). There was no significant difference in the number of CFU grown on nutrient-poor
and nutrient-rich medium, but the morphology of the CFU varied on the two media. 112 pure cultures of
endophytes were isolated. The vast majority (78 %) of the isolates were gram-negative rods. The number of
cultured endophytes of Antarctic vascular plans varied across the samples, which can be affected both by
the features of the individual plants and the ecology of sites where they grow. Bacterial communities did not
significantly vary in number depending on the medium but did somewhat differ in morphology. A collection of
112 endophyte isolates was developed, which is important to study their genetic and physiological traits and
mechanisms of plant-bacteria interaction. Conclusions. Isolation of the endophytic microorganisms is
important to study their genetic and physiological traits and mechanisms of plant-bacteria interaction.
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Bartl. (1831), are the only two vascular plant species in the maritime Antarctic (Alberdi et

al., 2002; Parnikoza et al., 2011). The Antarctic hairgrass and Antarctic pearlwort grow by
some clusters along the coast of West Antarctic Peninsula and adjacent islands (Komarkova
et al., 1985; Komarkova et al., 1990) from c. 61°S on the North to 69°S on the South in
Lazarev Bay (Convey et al., 2011). These plants complete their life cycles under constant
low temperature (Alberdi et al., 2002; Day et al., 1999) and are frequently exposed to low
temperatures and freeze-thaw cycles even during the Austral summer (Day et al., 1999). The
other abiotic factors that influence the plants’ growth are the constant effects of ultraviolet
radiation and visible light during the summer season, and drought (Alberdi et al., 2002;
Parnikoza et al., 2011). The stepwise distribution of both species clearly shows their ability to
withstand the hardships of the Antarctic environment.

I ntroduction. Deschampsia antarctica E. Desv. (1854) and Colobanthus quitensis (Kunth)
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Microorganisms can develop beneficial as-
sociations with plants and promote plant growth
(Santoyo et al., 2016). Endophytic bacteria, which
inhabit the internal part of the plants, is one of the
known plant-growth promoting groups of the bacteria
(Brader et al., 2014; Hardoim et al., 2015).
Endophytic bacteria can carry out a number of
functions such as the synthesis of antifreeze
compounds, modulating the phytohormone level, and
stimulating antioxidant activity (Devi et al., 2017).
These effects can be essential for their plant hosts to
overcome abiotic stresses found in the Antarctic. For
these reasons we made an assumption of the crucial
role of endophytes in adaptation of Antarctic vascular
plants to the environment.

Less than 5% of the microbial communities
found in the environments are cultured (Rappé &
Giovannoni, 2003), while others are unculturable or
require special conditions. Nevertheless, the cultured
part of the communities, e.g. endophytic one, can
shed some light on the diversity, physiology and
plant-microbe interaction. Endophytic bacteria were
studied from various types of hosts that include
agricultural and wild plants (Nair & Padmavathy,
2014; Zinniel et al., 2002). Roots, stems, leaves,
seeds, fruits, tubers, ovules and nodules were shown
to host endophytic bacteria (Senthilkumar et. al.,
2011). Growth promotion effect of endophytic
bacteria was shown on canola, tomato, wheat, rice,
potato, and lots of other plant species (Mei & Flinn,
2010; Sturz & Nowak, 2000). In many cases the
growth-promoting effect was provided by bacteria
isolated from the same plants.

Table 1. List and description of the samples

Endophytic bacteria from Antarctic plant tissues
were studied earlier (Podolich et al., 2021). However,
the study involves only two locations on the Antarctic
Peninsula (King George and Galindez Islands) and
endophytes of D. antarctica solely. Advanced
understanding of endophytic bacteria of Antarctic
vascular plants is timely and necessary, and for this
reason the aim of the study is to assess the number
and diversity of culturable endophytic micro-
organisms of D. antarctica and C. quitensis. The
study has the following tasks: i) to quantify the
culturable bacteria colonizing endosphere of
D. antarctica and C. quitensis from sites along the
West Antarctic Peninsula; ii) estimate the effe-
ctiveness of bacteria isolation on different culture
media; iii) isolate the pure cultures of endophytic
bacteria in order to estimate the mechanisms of the
plant-bacteria interaction in future.

Materials and methods

Sampling of the material. Samples of D. an-
tarctica and C. quitensis were collected during the
25th Ukrainian Antarctic expedition (January—
March 2020) along West Antarctic Peninsula
(Fig. 1). Alive plants were aseptically collected in
plastic containers and delivered to the Ukrainian
Antarctic Akademik Vernadsky station for further
processing. All laboratory work was done at the
Antarctic station. Samples of D. antarctica included
the root systems and the aboveground parts(stems
and leaves). Samples of C. quitensis included the
aboveground part only.

The list and description of samples is
presented in Table 1, and location of the sampling
points is presented on Fig. 1.

# of sample Sampling location Plant Coordinates
-65.553580°,
1 Lahille Island D. antarctica  |-64.394883°
-64.683430°,
2 Ronge Island D. antarctica  [-62.644170°
-65.244807°,
3 Galindez Island, Argentine Islands D. antarctica |-64.255709°
-64.405750°,
5 Santos Peak, Graham Passage D. antarctica |-61.547410°
-67.88486°,
6 Lagotellerie Island D. antarctica |-67.38765°
-65.511814°,
7 Waugh Mt. D. antarctica |-64.083470°
-65.553580°,
8 Lahille Island C. quitensis -64.394883°
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# of sample Sampling location Plant Coordinates
-62.982010°,
9 Deception Island C. quitensis -60.520370°
-65.329090°,
10 Berthelot Island C. quitensis -64.161650°
-65.395220°,
11 Darboux Island C. quitensis -64.214920°
-65.407730°,
12 Cape Perez C. quitensis -64.097250°
-67.88486° ,
13 Lagotellerie Island C. quitensis -67.38765°
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Fig. 1. Location of the sampling points of Antarctic vascular plants along the West Antarctic Peninsula.

Surface sterilization of the plants. Surface
sterilization of the plants was done to the work with
endophytic bacteria only. Sterilization of the plant
material was carried out according to (Barra et al.,
2016) with modifications. The duration of several
steps of the sterilization was prolonged, because
the described method was not effective enough

with the Antarctic plant material. Roots and

aboveground parts of D. antarctica were sterilized

separately. The following steps were performed:

1. Plant material was washed in the tap water to
get rid of crude solil particles.

2. Plant material was vortexed in sterile distilled
water for 3 min. This step was repeated twice,
and fresh distilled water was used for each
time.
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3. Vortexing of the plant material in 70 %
ethanol for 2 min.

4. Treatment of the plant material in 5.6 %
NaClO,for 10 min.

5. Vortexing of the plant material in 70 %
ethanol for 2 min.

6. Vortexing of the plant material in sterile
distiled water for 3 min. This step was
repeated three times, and fresh distilled water
was used for each time.

Water (0.1 mL) from the last wash step was
inoculated on the nutrient agar medium CASO
(Merck, USA) to control the sterility of the material.

Number of CFU in the plant biomass.
Surface-sterilized plant biomass was crushed in a
sterile mortar with a pestle, and 0.1 g of crushed
biomass was diluted and resuspended in 0.9 mL
sterile NaCl (0.9 %). The suspension (10" mg/mL
dilution) was used to prepare tenfold dilutions (107,
10° and 10™) of plant biomass. 0.1 mL of each
dilution was inoculated on solid nutrient-rich media
CASO (Merk, USA) and nutrient-poor media R2A
(Merk, USA) supplemented with 1% ethanol
extract of D. antarctica and 1 % methanol. The
R2A media has lower concentration of peptone
(0.05 %) comparatively to the CASO media (1.7 %)
and facilitates growth of slow-growing species.
Bacteria were cultured at room temperature.
Number of CFU and the variety of colonies’
morphotypes were estimated after seven days of
cultivation.

Isolation and description of pure microbial
isolates. Distinct bacterial colonies were
inoculated repeatedly on the corresponding
nutrient media (the same as media of isolation) to
receive pure isolates of endophytic bacteria from
Antarctic vascular plants. Bacteria were stained
with Gram Stain Kit (Difco, USA) and viewed at
1000% (Konus Academy microscope, lItaly). To
preserve pure bacteria isolates they were
transferred to 2 mL tubes with nutrient media and
stored at +4 °C.

Results

Number of CFU in the plant biomass.
Microorganisms inhabiting the interior part of the
vascular plants can have fastidious and largely
unknown culturability conditions. To include
microorganisms with different trophic preferences,
they were cultured in nutrient-rich and nutrient-poor
conditions. There was no significant difference (t-
test, p = 0.41) between the number of CFU grown
on the CASO and R2A media. Similarly, it did not
affect the number of colony morphotypes (t-test,
p = 0.37). The number of colonies’ morphotypes
varied from 1 to 12 with mode value of 3. The
majority of the colonies grown on the CASO
medium were beige (33 %) and yellow (27 %).
Most of the colonies grown on the R2A medium
were white (41 %) and yellow (23 %). Colorless,
orange, pink, red, peach color colonies were less
abundant on the both types of media.

Quantity of endophytic microorganisms
inhabiting roots, stems and leaves of D. antarctica
and above-ground part of C. quitensis was
estimated (Fig. 2a). Roots of D. antarctica plants
sampled on Galindez Islands harbored the highest
number of CFU cultured on both nutrient-poor and
nutrient-rich media (3 x 10"+ 2 x 10° and 3 x 10"
2 x 10° CFU/g of biomass, respectively). In the
leaves the highest number of CFU was in the
plants collected in Lahille Island on both CASO
and R2A media. There was significant difference
between number of CFU (t-test, p-value = 0.013)
and no significant difference in number of colony
morphotypes (t-test, p-value = 0.4) in D.an-
tarctica’s leaves and roots.

C. quitensis collected on Deception Island
had the highest number of CFU cultured on both
CASO and R2A medium, followed by plants from
Lagotellerie and Berthelot Islands (Fig. 2b). CFU
number of plants sampled in Cape Pérez and
Darboux Island were the lowest on both media.
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Fig. 2. CFU number per g of wet biomass a) D. antarctica; b) C. quitensis sampled from different locations of West Antarctic Peninsula.

Isolates from endosphere of Antarctic
vascular plants. Overall 112 isolates were
obtained from the endosphere of D. antarctica and
C. quitensis. The number of isolates from plants
sampled in different localities is presented on

Fig. 3. The highest number of isolates was
obtained from D. antarctica sampled on Ronge
(26) and Lahille (14) Islands and from C. quitensis
from Berthelot Island (17).
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Fig. 3. Number of microbial cultures isolated from: A) D. antarctica’s roots; B) D. antarctica’s leaves; C) C. quitensis.

The majority of isolates were gram-negative gram-positive cocci. One yeast culture was
rods (Fig. 4) followed by gram-positive rods and isolated from D. antarctica’s leaves.
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Fig. 4. Cell morphology of microorganisms isolated from: A) C. quitensis; B) D. antarctica aboveground part; C) D. antarctica roots.
Number of microorganisms with respective morphology is indicated on the chart segments. Total amount of microorganisms isolated on
nutrient-rich and nutrient-poor media is presented.
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Discussion

Number and morphological diversity of
microorganisms in the internal parts of Antarctic
vascular plants was studied. Cultured bacteria
usually represent a tiny proportion of the whole
bacterial community (Rappé & Giovannoni, 2003).
Other bacteria are stubborn to cultivation and
require specific and usually unknown culturing
conditions. Nevertheless the minor cultured part of
the bacterial community enables studying the
physiological, genetic traits of endophytic bacteria
and bacteria’s effect on the plants’ performance.
To harvest as much of the endophytic bacteria as
possible, nutrient-rich and nutrient-poor media
were used. Microbial communities of D. anta-
rctica’s roots and aboveground parts (leaves and
stems) were studied separately. Only the microbial
community of the pearwort's aboveground parts
was included in the study. Number of CFU
indicates the high variance of the cultured part of
Antarctic endophyte microbial communities. The
highest CFU number was revealed in the roots of
D. antarctica from Galindez Island on both nutrient-
poor and -rich media. The highest CFU number in
C. quitensis biomass was in plants growing on
Deception Island, and the lowest — in plants from
Cape Perez and Darboux Island. Bacterial
populations inhabiting the endosphere of Antarctic
vascular plants can be shaped by diverse
environmental factors. Composition and diversity of
the endophytic microbial community are driven by
the ecology of the plant and soil (Edwards et al.,
2015). Apart from the host plant species and soil
conditions, microbial composition is affected by
plant genotype, organ type (Hameed et al., 2015),
developmental stage (de Almeida Lopes et al.,
2016), geographical location, and host plant
nutrient status (Hameed et al., 2015).

Numbers of CFU in the endosphere of
Antarctic vascular plants are comparable with the
previous reports. To compare the CFU values with
literature data we provide the log-transformed
results. In the endosphere of roots and leaves of
Antarctic hairgrass, the CFU number was on
average 6.6 and 6.8 logl0 CFU/g of biomass
respectively. The CFU number in the aboveground
part of Antarctic pearlwort was 5.7 log10 CFU/g of
biomass. Number of endophytes in the tissues of
alfalfa, sweet corn, sugar beets, squash, cotton
and potatoes varied from 2.0 to 6.0 log10 CFU/g of
biomass (Kobayashi & Palumbo, 2000), and in the
tissues of prairie plants it was from 3.5 to 7.7
(Zinniel et al., 2002). The CFU number in the
biomass of beans was 2.6-3.4 logl0 CFU/g of

biomass (Costa et al., 2012). All above mentioned
CFU numbers together with our data have
comparatively low values. Yet, the colonization
rates by non-pathogenic microorganisms are
usually lower, while concentration of pathogenic
bacteria in the infected plants can reach up to 10
log10 CFU/g of biomass(Grimault & Prior, 1994).

Number and morphological diversity of bacteria
grown in nutrient-rich and nutrient-poor media
exhibited no significant difference. However, the
morphologies of the colonies grown on two kinds of
media were slightly different. Cultured bacteria from
the endosphere of Antarctic plants are likely able to
exploit both media, and communities isolated on both
media are likely to be quite similar. On the other hand,
nutrient-poor conditions can promote growth of the
slow-growing bacteria that are outcompeted by fast-
growing bacteria in the nutrient-rich environment. Both
these assumptions will be checked by the identification
of microbes derived on both kinds of media.

In most samples of D. antarctica, e.g. plants
collected on Galindez and Ronge Islands, Graham
Passage and Mt. Waugh, the CFU number was
higher in the roots compared to the aboveground
part. In plants collected on Lahille Island, the CFU
number was higher in leaves. Composition of
endophytic communities in each part of the plant is
affected by epiphytic bacteria (Mano et al., 2006;
Mano & Morisaki, 2008). Bacterial communities are
considered to be more numerous in roots compared
to the stems and leaves (Lamb et al, 1996;
Rosenblueth & Martinez-Romero, 2006). The root
system tightly interacts with the highly populated
rhizosphere, which supplies bacteria to the
endosphere of the plants (Mano et al., 2006; Mano &
Morisaki, 2008). Endosphere of the leaves is mainly
colonized by bacteria arriving from the leaf surfaces.
Phyllosphere and leaf endosphere of the Antarctic
hairgrass is a less favourable habitat in the Antarctic
environments compared to the more isolated
rhizosphere. The aboveground parts of the Antarctic
plants experience more intense temperature
fluctuations, and undergo virtually continuous impact
of the UV radiation during the Austral summer. That
is why the phyllosphere of Antarctic plants can be
assumed to have less impact on the composition of
the endophytic bacteria, and endophytic communities
inhabiting leaves are less numerous in most of the
samples studied. Differential abundance of the
bacteria in different compartments of the Antarctic
hairgrass agrees with other studies. Podolich et al.,
2021 have shown different composition of root and
stem endophytic communities in D. antarctica
sampled from several locations on King George and
Galindez Island by group-specific PCR. T-test
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comparisons of data from our study reveal a
significant difference in CFU number in roots and
leaves. This observation should be studied the
means of 16S rRNA amplicon sequencing or gPCR.

Pure microbial isolates (112 in total) were
isolated from the endosphere of Antarctic hairgrass
and pearlwort. Most of the isolated bacteria were
gram-negative rods, while the proportion of gram-
positive rods and gram-positive cocci was notably
lower. Our data resonates with previous studies on
the Antarctic vascular plants’ microbiome
composition. Yet, the planned phylogenetic
analysis and identification of the isolates will
provide a much more clear result. Predominance of
Proteobacteria, followed by Firmicutes and
Actinobacteria in bacterial communities associated
with Antarctic vascular plants was previously
shown with the means of 16S rRNA gene
sequencing (Zhang et al., 2019). Among the 12
bacterial strains isolated from D. antarctica’s
biomass, the majority belonged to the
Pseudomonas sp., followed by Bacillus sp. and
Micrococcus sp. (Podolich et al., 2021).

Bacterial isolates from the endosphere of the
Antarctic plants will be used to study their effect on
plant growth and promotion and mechanisms of the
plant-bacteria interaction. Similar research was done
for other plants and their endophytic bacteria, and the
majority of bacterial isolates promoted the plant
growth. For example, Herbaspirillum spp., Methylo-
bacterium spp., and Brevundimonas spp. isolated
from Zijuan tea cultivars promoted these plants’
species growth (Yan et al., 2018). Stains isolated
from buds of Mimosa pudica were identified as
Enterobacter sp. and Serratia sp. These strains were
able to mobilize phosphates, produce auxins,
cellulase, chitinase and inhibit growth of pathogenic
micromycetes (Sanchez-Cruz et al., 2019). Isolates
from D. antarctica and C. quitensis might facilitate
their survival in the harsh Antarctic conditions.

Conclusions

The study addressed the quantity and
morphological diversity of the culturable bacteria
residing in the interior parts of the Antarctic
vascular plants. It involved plants of C. quitesis and
D. antarctica growing in different spots along the
West Antarctic Peninsula from Deception Island as
the northernmost point and Lagotellerie Island as
the southernmost point. The number of cultured
endophytes of Antarctic plans varied across the
samples in a range nx10° - nx10’ per gram of
biomass, which can be affected by environmental
factors. The CFU numbers of endophytes grown
on CASO and R2A media did not differ, however

the cultivation on different media resulted in
development of different types of colonies.
Bacterial communities isolated on two kinds of
media can have quite similar compositions.
However, the nutrient-poor media can facilitate the
slow-growing bacteria, which can be tested by the
further identification of isolates. Overall, 111
bacterial and 1 yeast cultures were isolated from
the endosphere of the plants. Most of the bacteria
were gram-negative rods. Isolation of the endo-
phytic microorganisms is important to study their
genetic and physiological traits and mechanisms of
plant-bacteria interaction.
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EHpodiTv 30aTHi cnpusiTu pocTy pocnuH Ta 3abesneuvy-
BaTU iXHIN 3axXuUCT Big cTpecoBux ¢akTopis. IX 3gaTHICTb
CNpUATA POCTY POCIMH MOXe OYyTW KPUTUYHOK ANS aH-
TapkTU4HMX pocnuH. MeTorw poboTu Gyno BU3HAYMTU
KiNbKICTb Ta PI3HOMaHITTS KyNbTUBOBaHUX eHAOMITHUX
MikpoopraHiamiB 3 Deschampsia  antarctica Ta
Colobanthus quitensis 3pi3HMX nokaniTeTiB y3d0BX
3axigHoi YyacTuHM AHTapkTMyHoro nisoctposa. MeTtoam.
Ons  uboro  cepiHi  pPO3BEAEHHS  MOBEPXHEBO-
CcTepunisoBaHoi 6iomacu pocnuH iHOKyIoBanM Ha cepe-
posuwe CASO (Merk, USA) i R2A (Merk, USA) Ta kynb-
TMBYBanu npu KiMHaTHIN TemnepaTypi NPOTArOM TUXKHS.
[icna uboro BM3Ha4yanu KinbKiCTb KOMOHIM Ta iX MOp-
dotunis. PesynbTatun. KinbkiCTb KOMNOHie- -yTBOPHOKOUMX
oguHuup (KYO) B Ha3eMH|m i KopeHeBM YacTuHax
D. antarctica 6yr|a4 x 10°+ 2 x 10°i 7 x 10°+ 2x10° Ha
rpam 6Giomacu BignosigHo. Kinbkictb KYO B HaseMHin
yacTuHi C. quitensis 6yna 3x10°+1x10° Ha rpam Gioma-
cu. Hameuwa «kinbkicte KYO 6yna B KopeHsx
D. antarctica 3 ocTpoBy laninges Ha obox Buaax cepe-
noBuLy, (n><10) Hameuwa kinbkicte KYO B Giomaci
C. quitensis 6yna B pocnvHax 3 o. [lecenwH Ha cepefo-
BULi 3 HW3bKUM (7X106) Ta BUCOKUM (‘IX107) BMiCTOM
NOXMBHUX PeYoBUH. HalHmx4a KIJ'IbKICTb byna B 3pagkax
C. quitensis 3 mucy I'Iepes (7x10 Ha R2A i 1x10* Ha
CASO). OoctoBipHoi pi3Huui y kinbkocTi KYO, wo Bu-
pocnu Ha pi3HMX Buaax cepefosuia, He Gyro. MNpoTe
Mopdonoris KOmoHin Aewo BapitoBana. byno sugineHo
112 i3onATiB eHpgodiTie. lMepesaxHa GinbLlicte (78%)
i3onsTiB 6ynn rpam-HeraTMBHMMK nanuykamu. Kinbkictb
KynbTMBOBaHWX eHOOMITIB BapitoBana B pi3HMX 3paskax,
Wwo Moxe OyTW 3yMOBMEHO yMOBaMW HaBKOMULUHLOIO
cepenoBuLla, 30Kpema OCOGMMBOCTSIMM KOXHOI pocnu-
HW. BakTepianbHi yrpynoBaHHs, BuaineHi Ha BoOX Buaax
cepefoBuLLia He PIi3HWMIUCL Y KiNbKOCTi, NpoTe Manu
pisHMuto 'y Mopdonorii KonoHin. byna cteBopeHa Ko-
nekuis 3 112 i30n4TiB, WO BaXIMBO ANS BUBYEHHS iX
reHeTU4HMX, di3ioNoriyHMX 0COBNMBOCTEN Ta MEXAHI3MIB
B3aemogii 3 pocnuHow. BucHoBku. [3onsuis eHaodiT-
HUX MiKpoopraHiamiB HeobxigHa ANs BMBYEHHS iX reHe-
TUYHMX Ta pisionoriyHnx ocobnmBocTel Ta B3aeMopil
pocnvHn 3 HakTepiamu.

KnouyoBi crnoBa: LyYHUK aHTapKTUYHWIA, NEeprMHHULA
aHTapKTUYHa, MOpCcbka AHTapKTUKa, CUMBIOHTU POCTIVH.
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