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ABSTRACT. The Greater Caucasus region is rich in thermal hydrogen sulfide springs, but their microbi-
ological composition is poorly studied. In this study, using high-throughput profiling of the V4 region of
the 16S rRNA gene, we analyzed the microbial communities of such springs in the Republic of Dagestan,
assessed their biodiversity, and investigated correlations between abiotic factors and microbial com-
munity composition. Results show that the alpha diversity of microbial communities is negatively cor-
related with temperature and pH, with community composition being significantly influenced by the
presence of hydrocarbons, redox potential, and dissolved organic matter content. The springs near the
village of Kayakent were distinguished by unique physicochemical parameters, and their microbial com-
munities were characterized by high taxonomic novelty, dominated by uncultivated representatives of

the families Arcobacteraceae and Hydrogenophilaceae.
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1. Introduction

The Caucasus region is seismically and volca-
nically active, which results in an abundance of ther-
mal springs and deep thermal reservoirs (Ershov et al.,
2002; Masurenkov et al., 2009). The presence of evap-
orites, such as gypsum and anhydrite, in deep Mesozoic
sediments contributes to the reduction of sulfates and
the saturation of groundwater with hydrogen sulfide
(Chervyatsova et al., 2020). Consequently, hydrogen
sulfide springs are common in the North Caucasus,
with some also being thermal. Despite the preva-
lence of thermal springs in the North Caucasus, their
microbiological composition is still poorly understood.
There are very few studies using classical microbiolog-
ical methods (Chernousova et al., 2010; Khalilova et
al., 2014; Gorlenko et al., 2019), while studies using
modern metagenomic approaches are exceedingly rare
(Toshchakov et al., 2021).

2. Materials and methods
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In this study, we used high-throughput profil-
ing of communities in the V4 region of the 16S rRNA
gene to analyze the microbiota composition of thermal
hydrogen sulfide springs in the Republic of Dagestan.
Library preparation and sequencing protocols followed
those described by Toshchakov et al. (2021).

Reads were processed using the QIIME2 plat-
form, clustered with a 97% similarity threshold, and
assigned taxonomy using the DADA2 naive Bayesian
classifier. The Silval38 16S rRNA database (Quast et
al., 2013) was used as a reference for both clustering
and taxonomic assignment. Further data analysis was
performed using the phyloseq package (McMurdie and
Holmes, 2013).

3. Results and discussion

We assessed the alpha and beta diversity of the
studied biotopes, investigated the correlations between
abiotic environmental factors and microbial commu-
nity composition, and identified marker taxa character-
istic of different sources.
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Specifically, our findings indicate that alpha
diversity indices (Shannon index, Chaol) show a
negative correlation with both temperature and pH.
Community composition is significantly influenced
by factors such as the presence of hydrocarbons, tem-
perature, redox potential, and the amount of dissolved
organic matter (characterized by permanganate oxida-
tion). In terms of ionic composition, we found positive
correlations between representatives of genus Thiofaba
and ammonium ion concentrations, genera Sulfurovum,
Sulfuricurvum, and Sulfurimonas with nitrite ions and
calcium cations, and genus Marinobacter and unculti-
vated representatives of Deferribacteraceae with cad-
mium and manganese cations.

The group of springs near the village of Kayakent
was characterized by the most specific physicochem-
ical parameters. Notably, some springs in this group
exhibited higher salinity compared to other springs in
the Republic of Dagestan, while others had a high sul-
fide content. Analysis of the community composition
revealed high taxonomic novelty, with most microbes
in the community classified only up to the family level.
The most prevalent were uncultivated representatives
of the families Arcobacteraceae and Hydrogenophilaceae,
which are common in hydrogen sulfide springs
(Chiciudean et al., 2022; Konrad et al., 2023).

4. Conclusions

This study provides the first data on uncultivated
microorganisms in the hydrogen sulfide hydrotherms of
the North Caucasus. Further research on these commu-
nities, including the use of shotgun metagenomics, will
help reveal the role of these microorganisms in biogeo-
chemical cycles.
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AHHOTAILIUS. Peruon Bosbmoro KaBkaza Gorat TepMasibHBIMU CEPOBOAOPOJHBIMM HCTOYHUKAMU,
MHKPOOHOJIOTMYECKHH COCTaB KOTOPHIX IIJIOX0 U3yYeH. B 3ToM uccieqoBaHUM C UCIIOIb30BaHKEM BEHICO-
KOIIPOU3BOAUTEIHFHOr0 NMpoduiupoBanus Mo peruoHy V4 rexa 16S pPHK Obuin mpoaHaau3upoBaiv
MUKpOOHBIE cOOOIIecTBa 3TUX UCTOYHUKOB B PecnyGiivke [larectaH, olleHeHO uX G1opa3HooOpasue u
HccyIeJOBaHbl KOPPEeJIAUU MeXAy abhOoTUYecKUMU (PakTopaMy M COCTaBOM MUKPOOHBIX COOOIIECTB.
PesysipTaThl NOKa3bIBAIOT, YTO ajibda-pasHooOpa3ue cooOIecTB OTpUIlaTeIbHO KOppeaupyeT ¢ TeMIlepa-
Typoil u pH, ipu 5TOM Ha cocTaB cooOmiecTBa OKa3blBaeT 3HaUUTeJIbHOE BIIMAHNE [IPUCYTCTBHE yTJIEBO-
JA0POAOB, OKUCJINTEJIbHO-BOCCTAHOBUTEJIbHEIN IOTEHNMAJI U CoJiepXaHKe pacTBOPEHHBIX OpraHNYeCcKux
BemecTB. McTounuky B6mM3U cena KafgkeHT OT/IMYaINCh YHUKAJIbHBIMU (U3UKO-XUMHUYECKUMU Iapa-
MeTpaMu, a UX MHUKPOOHbIE cO00I[ecTBa XapaKTePHU30BaJIUCh BEICOKON TaKCOHOMUYECKON HOBU3HOMU, B
HUX MMpeobIaaiv HEKYJIbTUBUPYEMEBIE TPENCTaBUTEIN ceMeicTB Arcobacteraceae n Hydrogenophilaceae.

Kitiouegsie ciioga: 16S, metabapkoauHr, CeBepHsiii KaBkas, ruJpoTepMbl, CEpPOBOAOPOAHBIE NCTOUHUKY,

TepMODUIIBI

Jna nutupoBaHusA: Tyrtybanmna H.A., KosmoBa A.Jl., KpeutoBa A.C., IIpokomenko A.B., Ammea 3.A., Teiimypo A.A.,

lagxueB A.A., Hawmcapaes 3.B., Tomaxkos

C.B. HccrenoBanue 6OuopasHOOOpasus

CEpPOBOZIOPOIOPHBIX TUAPOTEPM

Pecny6suky larectan metomaMu 16S-merabapkoaunra // Limnology and Freshwater Biology. 2024. - No 4. - C. 1127-1130.

DOI: 10.31951/2658-3518-2024-A-4-1127

1. BBeapenue

KaBka3ckuii pervoH sBJsgeTcA celicMHUYecKu
U ByJIKQHUYECKU aKTHUBHBIM U II0 3TON IPUYUHE U30-
OuiyeT ruApoTepMaMyd U TIIyOOKUMHU TepMaJIbHBIMHU
ckBaxuHaMmu (Ershov et al., 2002; Masurenkov et al.,
2009). Kpome TOro, mpucyTcTBHE 3BallOpPUTOB (TUIca
U aHTUAPUTA) B TJIyOOKUX MeE3030HCKUX OTJIOKEHUAX
CIIocoOCTBYET BOCCTAHOBJIEHUIO CyJIb(aToB U HacCHIIIIe-
HUIO TOA3eMHBIX BoJl cepoBogopoaoM (Chervyatsova et
al., 2020). B pesysbrarte 3Toro Ha CeBepHOM KaBkase
BeCbMa pacnpocTpaHeHbl CepOBOAOPOAHBIE HCTOY-
HUKY, PAL KOTOPBIX ABJIAIOTCA TakXe TepMaJIbHBIMU.
HecMoTps Ha MHOTOUYNCJIEHHOCTD TOPAYMX NCTOYHHKOB
CesepHoro KaBka3za, X MUKPOOHBIN COCTaB Ha AaHHBII
MOMEHT ocTaeTcsA cjiabo u3yueHHBIM. McciieqoBaHus,
HCIOJIb3YIoe Kjaccuiyeckue MeTOABl MHKPOOHOJIO-
ruy, kpaliHe HeMHoroumciieHHol (Chernousova et al.,
2010; Khalilova et al., 2014; Gorlenko et al., 2019),
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TOra Kak paGoThl, UCIIOJIb3YIOLIYE COBPEMEHHEIE METa-
reHOMHBIe MMOoAXonbl, U Bobce equuuyHbl (Toshchakov
et al., 2021).

2. MaTtepuanbl U MeTOAbI

B pamkax maHHOI pabOTHl IpU IOMOIIU BEHICO-
KOIIPOU3BOAUTEIbHOTO MPOQUINPOBAHUA COOOIECTB
o V4 peruony resa 16S pPHK Obu1 poBeieH aHANINU3
cocTaBa MUKPOOMOTHI TepMAaJIbHBIX CEPOBOJOPOAHBIX
ncrouHukoB Pecny6suku [larectaH. IIpoTokosisl mof-
TOTOBKM OHOJIMOTEK U CeKBEHUPOBAHUA OBLIN UIEH-
THUYHBI OncaHHBIM B cTtaThe Toshchakov et al. (2021).

YteHua obOpabaTeiBajiMCh IIpU IOMOIIM ILjaT-
dopmer QIIME2 u kj1acTepr30BaInCh ¢ IOPOroM UEH-
TUYHOCTU 97%. 1A onpenesieHNs TaKCOHOMUYECKOI'o
MOJIOXKEeHUsI MCIIOJIb30BaJiCsl HaWBHBIN OaliecOBCKUI
xinaccupukatop DADA2. B kadectBe pedepeHCHOH
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6a3bl JaHHBIX U U1 KJIaCTepU3aluu, U 111 TAKCOHOMU-
YeCcKol KitaccudUKaIy UCIOIb30BaIach 6a3a JaHHBIX
Silval38 16S rRNA (Quast et al., 2013). JaibHelImas
06paboTKa JaHHBIX IPOBOJANJIACH TIPY MOMOIIY GHUGIH-
oteku phyloseq (McMurdie and Holmes, 2013).

3. Pe3ynabTaTtbl M 06Ccy)xpeHue

Bt mpoBesieH aHanu3 ajibda- U GeTa-pasHOo-
Opas3usa uccjielyeMbIX OMOTOIOB, HCCJIeOBAaHBI KOP-
pesanuu abuorrudyeckux ¢GaKTOpPOB Cpelibl C COCTABOM
MUKPOOHBIX COOOIIEeCTB, a TakKXe BBIABJIEHBl MapKep-
Hble TaKCOHBI, XapaKTepHBIe A1 Pa3HbIX NUCTOYHUKOB.

B uacTHOCTHM, OBLJIO IIOKA3aHO, YTO WHAEKCHI
anpda-pazHoobpasuss  (uHpgekc IllenHona, Chaol)
JIeMOHCTPHUPYIOT OTPHUIATEJIbHYI0 KOPPEJIAIUIO C TEM-
nepatypoii u pH cpempl, Torga Kak Ha cOCTaB C000-
IecTBa 3HAUWTEJIbHOE BJIMSHHE OKAa3BIBAIOT TakKue
(daxTophl, Kak NPUCYTCTBUE YIJIEBOJOPOIOB, TeMIle-
parypa, peIOKC-NOTeHIHal M KOJINYECTBO pacTBO-
PEHHOT0 OpraHWYecKoro BellecTBa (IlepMaHraHaTHas
OKHCJIIEMOCTH). B OTHOIIEHMN HOHHOTO COCTaBa MBI
O0OHApYXWIN IOJIOXKUTEbHBIE KOPPEJAUN IpecTa-
Butesieir poga Thiofaba ¢ conmepXkaHWeM MOHOB aMMO-
HUA, posioB Sulfurovum, Sulfuricurvum w Sulfurimonas c
HUTPUT-MOHAMU U KaTUOHAMU KaJIbIMsA, a TakXe poaa
Marinobacter v HeKyJIbTUBUPYEMBIX IpefCTaBUTeJIel
Deferribacteraceae ¢ KaTHOHaMU KaJMUsI 1 MapraHiia.

I'pynma UCTOYHUKOB, PACIIOJIOKEHHBIX HeJaleko
ot cena KaskeHT, xapakTepusoBajack Haubosee crel-
nduveckumy GU3MKO-XUMUYECKUMHU IlapaMeTpaMy, B
YaCTHOCTH, Psl UCTOYHUKOB I'PyNIbl o6jadajl BHICO-
KO COJIEHOCTBIO IIO CPABHEHUIO C JIPYTUMU UCTOYHU-
kamu PecnyGnuku [larectaH, HEKOTOpHIE XapaKTepu-
30BaJINCh BBICOKMM cofepxaHueM cyibbuaa. AHaIN3
cocrapa coobIlecTBa IOKa3asl, YTO JaHHBIE NCTOYHUKU
XapaKTepHU3yI0TCsI BBICOKOH TaKCOHOMUYECKOH HOBHU3-
HOI: GoJipIasg 4acTh coobllecTBa KiaaccuduiiupoBaHa
TOJIBKO 10 YPOBHs ceMelicTBa. Haubosiee mpexacras-
JIeHHBIMU OBLJIM HEKYJIbTUBHpPYEMBle IpefCcTaBUTeIIN
ceMmericTB Arcobacteraceae u Hydrogenophilaceae, xapak-
TepHbIe I cepoBoopoHbix rufpotepm (Chiciudean
et al., 2022; Konrad et al., 2023).

4. BoiBOADI

B OaHHOM WMCCJIeJOBAaHUU ITOJIyUE€Hbl [EPBhIE
JaHHble O HEeKYJIbTUBUPYEMBIX MUKPOOpPraHMU3Max
cepoBofiopofiHbix ruaporepm CeBepHoro Kapkaza.
JlanbHerIe rccjiefoBaHus JaHHBIX COOOIECTB, B TOM
yucje MeToJaMH Shotgun-MeTareHOMUKU, ITO3BOJIAT
MMOHATH POJIb JaHHBIX MUKPOOPraHU3MOB B GHOr€OXH-
MHUYECKHUX IIMKJIax.
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