Limnology and Freshwater Biology 2024 (4): 1121-1126 DOI:10.31951/2658-3518-2024-A-4-1121

SI: «The VI-th International Baikal
Symposium on Microbiology»

Cyanobacteria of alkaline ecosystems of

Zabaikalie

Tsyrenova D.D.*, Barkhutova D.D.

Short communication

LIMNOLOGY
FRESHWATER
BIOLOGY

M

Institute of General and Experimental Biology, Siberian Branch of the Russian Academy of Sciences, Sakhyanova St., 6, Ulan-Ude,

660047, Russia

ABSTRACT. From the alkaline ecosystems of Zabaikalie, 12 monocultures of cyanobacteria belong-
ing to the genera Anabaena, Leptolyngbya, Mastigocladus, Nodularia, Phormidium, Pseudanabaena and
Synechococcus were isolated. The studied organisms showed themselves to be thermo- and alkaliphiles.
The temperature optimum growth of cultures ranged from 40-55°C. Cultures were able to grow at alka-
line pH values (8.5-9.5) and in a wide range of NaCl concentrations (0 to 100 g/1). Based on analysis of
the 16S rRNA gene sequence, 5 strains of cyanobacteria were identified and described.
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1. Introduction

Alkaline ecosystems are widespread on the ter-
ritory of Zabaikalie (Saltish..., 2009; Geochemical...,
2011). The physicochemical conditions of water eco-
systems are favorable for the activity of microbial com-
munities, in which cyanobacteria, the main producers
of organic matter, are dominant (Andreyuk et al., 1990;
Zavarzin, 2007).

Isolating cultures of cyanobacteria, determining
their characteristics of growth and development is an
important stage in the study of their systematic posi-
tion, since the modern classification of cyanobacteria is
in the process of development. Currently, the Gen Bank
database contains data on only 369 strains of cyanobac-
teria. Based on this, the aim of the present work was to
isolate monocultures of cyanobacteria in the alkaline
ecosystems of Zabaikalie and determine their ecophysi-
ological characteristics and taxonomic position.

2. Materials and methods

Thermal springs and soda-salt lakes of Zabaikalie
were objects of research. They are located in the
Kurumkansky (springs Umkhey, Kuchiger, Uro, Alla,
Garga) and Pribaikalsky (spring Goryachinsk) regions
of Buryatia, in the Selenginsky region of Buryatia (lake

*Corresponding author.
E-mail address: baldanovad@rambler.ru (D.D. Tsyrenova)

Received: June 04, 2024; Accepted: June 20, 2024;
Avadilable online: August 30, 2024

1121

Sulfatnoye) and the Zabaikal region (lakes Gorbunka,
Khilganta, Ekhe Torom). Studies of lakes were carried
out in the spring-summer periods from 2001 to 2007,
thermal springs - 2013, 2019.

Determination of physico-chemical parameters
of aquatic ecosystems, sampling, isolation of cultures,
study of their properties and molecular biological
research were carried out according to a previously
described method (Tsyrenova et al., 2011).

3. Results and discussion

Twelve monocultures of cyanobacteria were iso-
lated from bottom sediments and microbial mats of
alkaline ecosystems of Zabaikalie (Table).

Six monocultures of cyanobacteria belonging
to the genera Anabaena, Leptolyngbya, Mastigocladus,
Phormidium and Synechococcus were isolated from
microbial mats of thermal springs of Buryatia. The
studied organisms were thermophiles with optimum
growth at 40°C. Mastigocladus laminosus (M122), with
growth optimum at higher temperatures from 45 to
55°C, was an exception.

Identification of cultures to species was car-
ried out based on morphological characteristics. In
more detail, two strains M. laminosus (M122) and
Synechococcus bigranulatus (S135) were described using
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Table. Cultures of cyanobacteria isolated from the studied water ecosystems

Culture |Isolation source| Identification according Identification accord- Identification based on the 16S
to Elenkin (1949) and ing to Komarek and rRNA sequence analysis
Gollerbakh et al. (1953) |Anagnostidis (1999, 2007)
Um-13-2 | spring Umkhey Anabaena sp. Anabaena sp.
Ku-19-1 | spring Kuchiger Oscillatoria animalis Ag. Phormidium animale (Ag. ex
Gom.) Anagn. et Kom.
M122 spring Uro Fischerella thermalis (Schwabe) | Mastigocladus laminosus M. laminosus CCMEE5272 (99%)
Gom. Frémy
Al-19-1 spring Alla Ph. fragile (Menegh.) Gom. | Leptolyngbya fragilis (Gom.)
Anagn. et Kom.
G-19-1 spring Synechococcus elongatus Nag. S. bigranulatus Skuja
Goryachinsk
S135 spring Garga S. elongates Néag. S. bigranulatus Uncultured cyanobacterium clone
Alchichica AQ1 (99%)
Cyal lake Sulfatnoye | Oscillatoria brevis (Kiitz.) Gom. | Phormidium breve (Kiitz. et Phormidium sp. NIVA-CYA 202
Gom.) (99.2%)
Cya 2 |lake Ekhe Torom | Oscillatoria brevis (Kiitz.) Gom. | Phormidium breve (Kiitz. et Phormidium sp. NIVA-CYA 202
Gom.) (99.2%)
Cya 4 lake Sulfatnoye | Phormidium frigidum Fritsch. Pseudanabaena frigida -
(Fritsch) Anagnost
Cya 5 lake Khilganta Anabaena sibirica (Pop. et Nodularia sp. -
Degt.) Elenk.
Cya 6 lake Gorbunka Anabaena sibirica (Pop. et Nodularia sp.
Degt.) Elenk.
Cya 10 lake Khilganta Phormidium sp. Phormidium sp. O. cf. laetevirens Baja-Osc-1 (99.0%)
Phormidium sp. UTCC 487 (98.9%)
Note: “-” - not defined.

the analysis of the 16S rRNA gene sequence. The strain
M. laminosus (M122), isolated from the spring Uro
(Kurumkansky region, Buryatia) was 99% identical
to M. laminosus CCMEE5272, isolated from a thermal

spring in Portugal (Miller et al., 2007). This is addi-
tional confirmation of the cosmopolitan nature of this

mineralized reservoirs

(Casamatta et al., 2005).

Morphologically identical cultures identified as Ph.
breve (Cya 1, Cya 2) were 99.2% similar to Phormidium
sp. NIVA-CYA 202, isolated from a salt lake in Antarctica

(Taton et al., 2006).

Thus, 12 monocultures of cyanobacteria were

isolated from the studied alkaline ecosystems of
Zabaikalie. 6 cultures were thermophiles with a tem-
perature optimum for growth at 40°C, with the excep-
tion of M. laminosus (M122), which had a higher opti-
mum - 45-55°C. The remaining 6 cultures are classified

species. The strain S. bigranulatus (S135) had the max-
imum similarity (99%) to the uncultivated representa-
tive of cyanobacteria Uncultured cyanobacterium clone
Alchichica AQ1.

From bottom sediments and microbial mats of

lakes in Southern Zabaikalie 6 monocultures of cyano-
bacteria were isolated: three cultures (Cya 1, Cya 2,
Cya 10) assigned to the genus Phormidium, two cultures
(Cya 5 and Cya 6) to the genus Nodularia, one culture
(Cya 4) - to the genus Pseudanabaena (Table). All cul-
tures were alkalophilic (pH 8.5-9.5) and halotolerant
organisms (5 g/1 NaCl). Two identical cultures (Cya 5,
Cya 6) identified as Nodularia sp. were the exception.
They could grow at NaCl concentrations of up to 100
g/L, which is the highest mineralization value for the
growth of known heterocyst cultures (Lehtiméki et al.,
2000).

Analysis of nucleotide sequences of 16S rRNA
genes (1400 nucleotide pairs) was carried out for
three cultures. Phormidium sp. (Cya 10) was most sim-
ilar to Oscillatoria cf. laetevirens Baja-Osc-1 (99.0%)
and Phormidium sp. UTCC 487 (98.9%) isolated from

as moderate alkalophiles with optimal growth at an
alkaline pH. They demonstrated the ability to develop
in the absence of NaCl in the medium and up to its
concentration of 100 g/1. Based on the analysis of 16S
rRNA gene nucleotide sequences, 5 cyanobacterial cul-

tures were identified.
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AHHOTALIUA. U3 me104HbBIX 5K0ocrcTeM 3abaiikaibs ObLIO BblieIeHO 12 MOHOKYJIbTY P IaHOOaKTepuit
OTHOCAMUXCS K pogam Anabaena, Leptolyngbya, Mastigocladus, Nodularia, Phormidium, Pseudanabaena n
Synechococcus. I3yueHHbIe OPTaHU3MBI NPOSIBUIIN ce6s1 KaK TepMO- U ajikaiaodusl. TeMmepaTypHBIid
ONTMYM pocCTa KyJIbTYyp Kojiebasicsa oT 40-55°C. KyabTyphl cOCOOHBI pa3BUBATHCA NIPYU I11€JI0YHBIX 3Ha-
yenus pH (8.5-9.5) u B mmpokom quanaszoHe koHijeHTpanuu NaCl (0 o 100 r/i1). Ha ocHoBe aHayim3a
nocJjiefoBaTesibHOCTU reHa 16S pPHK naenTH(UIMPOBaHEl 1 ONMCAHbI S5 MTaMMOB I[1aHOOAKTEPUH.

Kitioueasie cstoaa: 1iejiouHble SKOCUCTEMEI, Te€pMaJIbHbl€ NCTOYHUKI, COOOBO-COJIEHBIE O3€pa, SaGaﬁKaHbe,

I[aHobaKTepun
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1. BBeapenue

Ha tepputopumn 3abalikaibsA IIHMPOKO pPacIpo-
CTpaHeHH! IeJIouHble 3KocucteMbl (COJIOHOBATHIE...,
2009; Tl'eoxuMuueckas..., 2011). OU3UKO-XUMHUYECKHE
VCJIOBUA [OaHHBIX BOJOEMOB ABJIAIOTCA OJ1aronpuAr-
HBIMU [IJIA aKTUBHOU AeATeJbHOCTH MUKPOOHBIX CO00-
I[eCTB, B KOTOPHIX JOMHHUPYVIOUIUMU ABJIAIOTCA LHa-
HOGAKTepuu — OCHOBHBIE MPOAYLIEHTH OPraHU4YecKOro
BemecTBa (AHapewk u Ap., 1990; 3aBap3uH, 2007).

Brijesienue KyJabTyp IUaHOOAaKTepuil, ompefe-
JIleHre uX O0COOEHHOCTel pocTa U pa3BUTUA ABJIAETCA
BaXHBIM 3TAllOM B U3YUY€HUM UX CUCTEMaTUYECKOTO
MOJIOXKEHHUA, TOCKOJIbKY COBpeMeHHas Kjiaccudukaiua
nraHobaKTepuil HaXOOUTCA B mporecce pa3paboTKu.
Ha panmbiit MomeHT B 6a3e gaHHbix Gen Bank nmerorcs
naHHble Bcero 369 mitaMMoB IfuaHoOakTepuii. Mcxona
U3 3TOTO, 1IeJIbI0 HaCTOoAmIel paboTh ABJIAIOCH BEIEIe-
HHe MOHOKYJIbTYP IMaHOOAKTepUll IMeJIOUHBIX 3KOCU-
cteM 3abalikajibd, onpefesieHHe UX 3Ko(dusnosoruye-
CKHX 0COOEHHOCTEN M TaKCOHOMUYECKOTO MOJI0XKEHUA.

2. MaTepunanbl 1 MeTOAbI

HccnemyeMbIMH BOJIOEMaMU SIBJISJIUCH TEPMaJIb-
HBble ICTOYHUKU U COZOBO-COJIeHbIe 03epa 3abalikasibsi,
pacnoJioxeHHsle B KypymMkaHckoM (MCTOYHUKY YMXeH,
Kyuurep, Ypo, Anna) u IIpubarikajibckoM (UCTOY-
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HUK T'opsAumHck) patioHax PecnyGiuku bypAtus, B
CeneHruHckoM patioHe Pecny6siuku Bypsartus (ozepo
CysnbdaTtHoe) u 3abatikasibckoM Kpae (03epa I'opbyHka,
Xunraura, Exs Topom). MccieioBanus o3ep ObLIN MPO-
BeJleHbl B BeceHHe-JleTHHe nepuofsl ¢ 2001 mo 2007
IT., TepMaJIbHBIX UCTOYHUKOB — 2013, 2019 rT.

OnpefneneHne GU3NKO-XMMUIECKUX TapaMeTpOB
BOJI0EMOB, OTOOp NpO0, BEIEJIEHNE KyJIBTYD, U3yUYeHue
X CBOMCTB U MOJIEKYJIAPHO-0MOJIOTHYECKOe HcCcile-
JloBaHNe IPOBOJWIM IO paHee ONMCAaHHOU MeToAUKe
(Tsyrenova et al., 2011).

3. Pe3ynbTaTthbl H 06Cy)KAeHHue

W3 OHHBIX 0CaJJKOB ¥ MUKPOOHBIX MaTOB L[eJI0Y-
HBIX dKocrcTeM 3abariKkasibsa ObLIIO BBIAEIEHO 12 MOHO-
KyJIbTyp IjuaHobakTepuii (Tabsiuna).

W3 MUKPOOHBIX MaTOB TepMaJIbHBIX NCTOYHUKOB
Bypatun ObuIO BBIEJEHO 6 MOHOKYJIBTYP LMaHOOAK-
Tepuil, OTHoOCsAImMecs K pogam Anabaena, Leptolyngbya,
Mastigocladus, Phormidium u Synechococcus. I3yueHHbIe
OpraHu3Mbl ABJLUINCH TepModuwiaMu C ONTUMY-
MoM pocta 1pu 40°C. HckiroueHreM Oblila KyJIbTypa
Mastigocladus laminosus (M122) ¢ omTHMyMOM pocTa
nipu 60Jiee BEICOKON TemriiepaType oT 45 mo 55°C.

Wpentudukanusa KyJbTyp [0 BuJa IIpoBedeHa
Ha ocHoBe Mopdosornyeckux npusHakos. bosee nof-
pobHO, € IMOMONIBI0 aHaJM3a I0CJIefoBaTeJIbHOCTU
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Ta6suna. KynsTypsl nuaHoO6aKkTepui, BelieJIeHHbIE U3 HCCJIeJOBAaHHBIX BOJOEMOB

KyabTypa Bonoem HUpnenTuduxanusa no HUpnenTuduxanusa no HUpentunduxamus mo 16S pPHK
Enenkuny (1949), Komarek and Anagnostidis
T'onnep6ax u ap. (1953) (1999, 2007)
Um-13-2 ucT. YMxen Anabaena sp. Anabaena sp. -
Ku-19-1 uct. Kyaurep Oscillatoria animalis Ag. Phormidium animale (Ag. ex -
Gom.) Anagn. et Kom.
M122 uct. Ypo Fischerella thermalis Mastigocladus laminosus Frémy| M. laminosus CCMEE5272 (99%)
(Schwabe) Gom.
Al-19-1 ucT. AJia Ph. fragile (Menegh.) Gom. | Leptolyngbya fragilis (Gom.) -
Anagn. et Kom.
G-19-1 |wuct. TopsauuHck |Synechococcus elongatus Nag. S. bigranulatus Skuja -
S135 ucrt. 'apra S. elongates Néag. S. bigranulatus Uncultured cyanobacterium clone
Alchichica AQ1 (99%)
Cyal 03. CysnedatHoe| Oscillatoria brevis (Kiitz.) Phormidium breve (Kiitz. et Phormidium sp. NIVA-CYA 202
Gom. Gom.) (99.2%)
Cya 2 03. Ex3 Topom Oscillatoria brevis (Kiitz.) Phormidium breve (Kiitz. et Phormidium sp. NIVA-CYA 202
Gom. Gom.) (99.2%)
Cya4 |o3. CynbdartHoe|Phormidium frigidum Fritsch. |Pseudanabaena frigida (Fritsch) -
Anagnost
Cya 5 03. Xunranta | Anabaena sibirica (Pop. et Nodularia sp. -
Degt.) Elenk.
Cya 6 03. T'opbynka | Anabaena sibirica (Pop. et Nodularia sp. -
Degt.) Elenk.
Cya 10 03. Xwiranra Phormidium sp. Phormidium sp. O. cf. laetevirens Baja-Osc-1 (99.0%)
Phormidium sp. UTCC 487 (98.9%)
I[IpuMeyaHue: «UCT.» - UCTOYHUK; «03.» - 03€PO; «-» - HE OIIpeLeJIeHO.

reHa 16S pPHK onwucansl gBa mramma — M. laminosus
(M122) u Synechococcus bigranulatus (S135). [Itamm
M. laminosus (M122), BbifieJIeHHasA U3 WCTOYHUKA Y PO
(Kypymxanckuil parioH, byparusa) Ha 99% Obl1 uieH-
TuyeH ¢ M. laminosus CCMEE5272, BbIfjeJIEHHOIO
U3 TepMaJibHoro ucrouHwka Iloptyramuu (Miller et
al., 2007). OTo maJio AOMOJHUTEbHOE IMOJTBEpPXKIe-
HUe O KOCMOIOJIMTHOCTH HaHHoro supa. llltamm S.
bigranulatus (S135) uMes MaKCHUMaJbHOE CXOJICTBO
(99%) c HeKyJIbTHBUPYEMBIM IIpeficTaBHUTesIeM I[MaHO-
6axrepuii Uncultured cyanobacterium clone Alchichica
AQ1, 4TO TrOBOPUTH O TOM, UTO HOMEHKJIaTypa LUaHO-
GaKTepuil HAXOJUTCA B CTAIUH PEKOHCTPYKIIHH.

W13 JOHHBIX OCAAKOB Y MHKPOOHBIX MAaTOB 03€p
IOxHoro 3abaiikaiba ObUIO BbIeJIEHO 6 MOHOKYJIBTYP
raHobakTepuil: Tpu KyJabTyphl (Cya 1, Cya 2, Cya 10)
OTHeceHHI K poxy Phormidium, nBe xynptyphl (Cya 5,
Cya 6) — k poxy Nodularia, odna xynsTypa (Cya 4) —
pony Pseudanabaena (Tabsuya). Bce KyabTyphl Mposi-
BuIu cebsA Kak ankanoduibHele (pH 8.5-9.5) u raso-
TosiepaHTHBIe opraHu3msl (5 /51 NaCl). UckioueHrem
SIBJIUIACH ABE MOEHTUYHBIE KYJIbTYDHI, OIpe/esIeHHbIe
kak Nodularia sp. (Cya 5, Cya 6) criocoOGHbIe pacTu pu
koHrnenTtpaluu NaCl go 100 r/J, 4TO ABJIAETCSA CAMBIM
BBHICOKMM 3HAUYeHWeM MHUHEpaIM3aluu [JiA pocTa
U3BECTHBIX reTeponucTHBIX KyabTyp (Lehtimdki et al.,
2000).

AHanusz  HYKJIEOTHAHBIX  IIOCJIEAOBATEJIBHO-
creli reHoB 16S pPHK (1400 map HykjieoTUAOB) OBLIO
MpOBeJleHO ISl Tpex KyJibTyp. Phormidium sp. (Cya
10) mMmesna Haubosbiiee cxoncTtBo ¢ Oscillatoria cf.
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laetevirens Baja-Osc-1 (99.0%) u Phormidium sp. UTCC
487 (98.9%), BBIfEJIEHHBIX K3 MHHepPaJIM30BaHHBIX
BozoemMoB (Casamatta et al., 2005). MopdoJsioruuecku
UJIEHTUYHBIE KYJIbTYPBl OmpejesieHHble Kak Ph. breve
(Cya 1 u Cya 2) Ha 99.2 % 6bu1H cxoHbI ¢ Phormidium
sp. NIVA-CYA 202, BBIIeJIEGHHOTO M3 COJIEHOTO 0O3epa
AnTtapktuzs (Taton et al., 2006).

Taxum 06pa3oM, K3 HCCIIeJOBAHHBIX IeJIOUHbIX
sKocucTeM 3abalikasibsa ObLIO BblieIeHO 12 MOHOKYJIb-
Typ LuaHoOOakTepuil. 6 KyJbTyp ABJIINCH TepMobu-
JlaMu ¢ onTuMyMoM pocta npu 40°C, 3a uckIoueHue
M. laminosus (M122), koTopas uMmeJia 60Jiee BHICOKHUIA
ontuMyM — 45-55°C. OcTasibHble 6 KyJbTyp OTHECEHHI
K yMepeHHBIMHU ajikajiodpusaM ¢ ONTUMYM pocTa IpU
mesoyHoM pH. OHM NposABMJIM CIIOCOOHOCTL Pa3BU-
Batbcs mpu nosiHoM otcyterBur NacCl B cpefie u 1o ero
koHIeHTpauuu 100 r/i1. Ha ocHOBe aHanu3a HyKJieo-
TUAHBIX TTOCJIefoBaTebHOCTel reHoB 16S pPHK unen-
TUGULKUPOBAHO 5 KYJIBTYP I[MaHOOAKTepUI.
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