Molecular genetic identification of planktonic bacteria in the Yenisei River
basin and experimental study of their biogeochemical functions

Each species has its unique and intrinsic geochemical function, i.e. it consumes
certain types of energy and matter, and it synthesizes other specific substances including
its own biomass. In aquatic ecosystems, research of species composition and functions of
certain types of producers and consumers such as algae, invertebrates and fish, has been
successfully conducted for a long time. However, the studies of decomposers have until

recently been limited by a lack of adequate research methods.

In pelagic ecosystems, decomposers are primarily represented by planktonic
bacteria. Light microscopy and cultivation on solid selective media have been principal
methods of bacterial species identification for a long time. However, the species with
characteristic morphology could only be identified microscopically. The culture method
also has significant limitations since no more than 1% of free-living planktonic bacteria
grow on the media. Thus, until recently, the species composition of the vast majority of
aquatic bacteria has remained virtually unknown. Obviously, if it is impossible to identify
an organism and distinguish between species, one will not be able to determine species-
specific functions of an individual species in an ecosystem. In the last two decades, these
limitations have been overcome with the advent of molecular genetic methods for bacterial

species identification.

Since then the bacterial composition of oceans, seas and freshwater reservoirs has
been extensively studied. However, watercourses, including major rivers, attracted much
less attention. The most effective method of describing taxonomic composition of natural
bacterial communities is to determine the nucleotide sequence of 16S rRNA genes by next-
generation sequencing. There are only a few studies of composition and diversity of
bacteria in rivers based on next-generation sequencing in literature. Moreover, these
studies were conducted on short stretches of rivers and did not aim to identify biodiversity

patterns of microbial communities along the river.

Research on biogeochemical functions of natural microbial communities has been
conducted by many authors, but most studies did not aim to determine what species of
bacteria consumed a particular substance, and they defined the functions of a bacterial

community as a whole.

The purpose of this work was to determine the species composition of planktonic

bacteria in the Yenisei River basin by molecular genetic techniques including next-



generation sequencing, and to estimate their biogeochemical functions using the
experimental study of bacterial consumption of certain types of specific organic

substances. To achieve this goal the following objectives were set:
1) studying the biodiversity of bacteria in the Yenisei River by next-generation sequencing.

2) identifying planktonic bacteria consuming a certain range of amino acids: the Bugach

reservoir case study.

3) studying the seasonal dynamics of bacterial response to the addition of various amino

acids using experimental mesocosms based on water samples from the Bugach reservoir.

For the first time, the bacterial biodiversity in the Yenisei River over the length of
about 1800 km was studied. Three thousand and twenty two operational taxonomic units
(OTUs) of planktonic bacteria were found in the Yenisei River. The alpha-diversity of
bacterial communities and the relative proportion of Cyanobacteria reached maximum

values in the middle of the studied section.

It was found that there were three bacterial assemblages differing significantly in
the species composition and inhabiting different parts of the Yenisei River located in the
mountain taiga (the upper part of the river), the lowland taiga (middle portion) and the
tundra (lower portion). Presumably these assemblages were formed as a result of
biogeochemical influence of the surrounding landscape. The dominant taxa of each
assemblage specialized in the consumption of various organic substances. The obtained
results can be used for integrated environmental monitoring of the Yenisei River and to
determine the contribution of the ecosystem of the largest Arctic river to the global sink of

carbon in the biosphere.

The bacteria consuming lysine and glycine in the Bugach reservoir were identified
with the use of non-sterile cultivation in experimental mesocosms. The obtained data
indicated that different species of planktonic bacteria specialized in the consumption of
individual amino acids. The response of summer bacterial community to added lysine was
stable and repeated in different years. In contrast to summer experiments, the addition of
lysine in spring and fall did not cause significant changes in quantitative and qualitative
composition of pelagic bacterial community. This should be considered when assessing the

ability of water ecosystem in biological self-purification from organic pollution.



OnpejesieHue BUA0BOr0 COCTaBa MVIAHKTOHHBIX 6aKTepuu 6acceiiHa peku EHucein
MOJIEKY/IIPHO-TEHETUYECKUMH METOAAMHU U IKCIIEPHMMEHTa/IbHOE MCC/IeJ0BaHHEe UX

6MOreoXMMHUYeCKUX QYHKIMHA

Kaxkbpiii 6M0JI0TUYECKMUA BUJ, B IPUPOJE BBIMOJHSAET YHUKAJbHYIO, TOJbKO €My
IPUCYIIYI0 OHOreOXMMHUUYECKyl0 (QYHKLMIO, T.e. MNOTpebJsisgeT onpeJeseHHble BUJbI
BellleCTBa U S3HEPTUHU U CHHTe3UpyeT U3 HUX Jipyrue cnequdrieckue BellecTBa, BKIKYas
coOCTBeHHYI0 OuoMaccy. B BOJHBIX 3KOCHCTeMax onpeJie/ieHHe BHJ0BOTO COCTaBa M
GYHKLIMOHAJIBHOW POJIM OTZeJIbHbIX BUJO0B NPOAYLLEHTOB U KOHCYMEHTOB — BOJOPOC/IEH,
0eCro3BOHOYHBIX )KUBOTHBIX M PbIO — YCIELIHO OCYLeCTBJIAETCH C MOMEHTA 3apOXJeHus
ruZipo6rosioruu. Bmecre ¢ TeM, M3ydeHHe TaKOT0O BaXKHeHLIero 3BeHa BOAHbIX 3KOCUCTEM,
KaK pelyLeHTBbl, ObLJIO [0 HeJaBHEro BpeMeHU OIPaHU4YeHO OTCYTCTBUEM aJleKBAaTHBIX
MEeTO/|0B UCC/IeJlOBAaHUH.

B meslarnyeckux 3KoCUcTeMax 3BEHO PeAyLIeHTOB, KaK WU3BEeCTHO, NpeJCTaBJIeHO
6akTepuoNJaHKTOHOM. OCHOBHBIMU MeTOJlaMU OlNpeJiesieHUs1 BUJ0BOU MPUHAAIEKHOCTU
OakTepuid B TeyeHUe [JIMTEJbHOrO TIepuoJa ObLIM CBETOBasg MHUKPOCKONHUSA U
KyJIbTUBUDOBaHME HA TBEpPAbIX CeJeKTHUBHBbIX cpesax. OJHAKO mOJ MHUKPOCKOIIOM
yAaBaJoch WUAEHTUPUIMPOBATh JIMIIb BHUJbl C XapaKTepHOW Mopdosoruei. Meton
KyJIbTUBUPOBAaHUSA TOXKe€ HMeeT 3Ha4dUTeJ/IbHble OrpaHUYeHMs, IMOCKOJIbKY Ha Ccpezax
BbIpacTaeT He 6Gosiee 1% BOAHBIX GaKTepul, ompejiessieMblXx MPSAMbIM cyeTOM. Takum
06pa3oM, 10 HeJlaBHETO0 BpeMeHU BUJ0BOM COCTAaB MOJABJISIOLIET0 GOJBLUIMHCTBA BU/IOB
BOJIHBIX OaKTepHUH 0CTaBaJICA MPAKTUYeCKHU HEU3BECTHBIM.

O4eBHUAHO, 4YTO €CJM HEBO3MOXXHO OIpe/esMTb BHUJOBYH INPUHAAJIEKHOCTb
OpraHvMsmMa U OTJMYUTb OJWUH BHUJ OT JAPYroro, ToO U He YAACTCAd U BbIABUTH
BUZocnenuUiHble QYHKIHUMU KaXKJOr0 BUJA B 3KOCHMCTEMe. JTH OrpaHUYEHHUS ObLIU
[Ipeo/i0JIeHbl C NOAABJIEHMEM B IOCJAeJHHEe Ba JeCATUIETUA MOJIEKYIAPHO-TeHeTUYeCKUX
MeTO/I0B oNpe/ies/IeHUs BUL0BOM IPUHA/JIE)KHOCTH OaKTEePUH.

C Tex nop 6aKkTepHaJbHBINA COCTAB TOJILIM BOJbl OKEaHOB, MOpeN U NPEeCHOBO/HbBIX
BOJIOEMOB aKTHBHO M3y4aJicd. TeM He MeHee, BOJOTOKaM, B TOM 4YHMCJIe KPYIIHbIM peKaM,
yAEeNSAJ0Ch Tropas3Zi0 MeHblle BHHUMaHUA. (CaMbIM BbICOKONPOW3BOJAUTEJNbHBIM Ha
CEeroJHAIIHUM JleHb SBJSETCA METOJ, ONpe/ie/IeHUs HyKJeOTUAHOU N0C/Ie,0BaTelbHOCTH
runepBapuabesbHbIXx y4yacTKoB TreHoB 16S pPHK ¢ mnomoupbio cekBeHUpOBaHHUSA
cnepytomero nokosieHuss (NGS - «next-generation sequencing). B snutepaType umeetcs

JIMIIb HECKOJIBKO IIPHUMEPOB I/ICCJIeﬂOBaHI/II‘/JI COCTaBa " p33H006p33HH 6aKTepHﬁ B peKax



Ha ocHoBe NGS. 3TH ucciejoBaHUS ObLIM MPOBEAEHbl HA KOPOTKUX OTPe3KaX PeKU U He
OblIM HaNpaBJieHbl Ha BbIBJIEHHE 3aKOHOMEPHOCTEW pachpejfieieHHss MHUKPOOGHOTO
6uopasHoo6pasus BAOJb TedeHUs pekU. O4eBUAHO, YTO HEOOXOJUMO 3HAYUTEJIbHO
OoJibllle KCClIe0BaHUH, YTOOBI Ollpe/ieIUTh pa3HOoOOpa3ue U CTPYKTYpPy GaKTepHUalbHbIX
COOOILECTB, COEPKAIIUXCS B PEKAX.

llenbto HacTosilled pabOThl OBLIO ONpeeSUTh BHUAOBOM COCTAaB IMJIAHKTOHHBIX
O6akTepuil bGacceilHa pexku EHuceld MoJieKyJsipHO-TeHETUYeCKMMHU MeTOJAaMHM, BKJIOYas
CEKBEHUPOBaHUeE CJIe/lyIOIlero NoKoJeHHUs, U OLLleHUTh UX 6MoreoxuMuieckrue QyHKIUHU C
IIOMOLIbI0 3KCIEPHUMEHTAJBHOTO MCCJAeJ0BaHUSA NOTpebGJieHUs OTJAeJbHbIMU BHUAAMU
6aKTepHOIJIaHKTOHA KOHKPETHBIX OpraHU4YeCKUX BelleCTB.

[ OCTHXKeHUs 3TOM LieJiv ObIJIM TOCTaBJIeHbI CleyIolve 3a/a4u:

1) HsyyuTh 6uopa3zHooOpa3ue OaKTepUOIJIAHKTOHA Pp. EHHcel MeTojoM
CEKBEHUPOBAHUS C/1eyIOLEero oKoJIeHus.

2) MoJseky/sIpHO-TEHETUYECKUMU MeTo/laMH uJeHTUPUIMpPOBaTh
0aKTepHUOIJIAaHKTOH, NOTPeOIAIILNN onpeie/IEHHBIA CIEKTP aMUHOKHUCJIOT, Ha IpUMepe
BOJ0XpaHuIMILa byray.

3) MeTo0M 3KCEpUMEHTATbHBIX MUKPO3KOCUCTEM, CO3/IaHHBIX HAa OCHOBE MPO6
M3 BOJOXpPAaHWJIMILG, H3Yy4YUTb CE30HHYK [JWHAMHUKY OTKJMKA BHJOBOTO COCTaBa
OaKTepHUOIJIaHKTOHA Ha J06aBJieHHe pa3/INYHbIX aMUHOKUCIOT.

O6Hapy»eHOo, YTO B COCTaB OakTepuolJaHKTOHa p. EHuceit Bxogut 6o0s1ee 3000
OTE. Anbda-pasHooOpasue (BUJOBOe 60raTCTBO) COOOIECTB OAKTEPHUOIMJIAHKTOHA pP.
EHvcell 6bLI0 MaKCHMasIbHbIM B CpeJlHEM 4YacTH HU3y4YeHHOro y4yacTKa pekd. BHuU3 mo
Te4yeHHIo, IPU Nepexo/ie OT FTOPHON TalrM K paBHUHHOM Tailre W JIeCOTYH/Jpe B 06J1aCTU
BEYHOM Mep3JI0Thl, BHJIOBOM cOCTaB OGaKTepuaJbHbIX COOOIIECTB B peYyHOH BoJe
M3MEHSJICS B COOTBETCTBUM CO CMEHOM 6MOMa, BEPOSITHO, 6J1aro/japsi BJAUSIHUIO IPUTOKOB,
HeCylMX COGCTBEHHbIE CO06LiecTBA GAaKTEepHUOINJIAaHKTOHA, cGOpPMHUpOBaBLIMECS B 3THUX
6romax. Pa3smyHble 6aKTepHUabHble COOOIECTBA MOTYT BHOCUTb Pa3Hbli BKJIaJ, B IIUKJI
yriepojia B peke. OmnpezesieHUe 3aBUCHUMOCTH MexJy OuOpa3sHOO6pasveM (BHU/I0BBIM
COCTaBOM) peYHbIX OaKTepUMl U UX OUOTeoXMMHYEeCKON QyHKIMel OyJeT CjleAyHIUM
BaXKHbIM IIarOM B H3y4YeHUM POJM peK B T[J0OGaJbHbIX LHUKJIAX YrJepoja.

C ucnosb30BaHMEM HECTEPUJIBHOTO KYJbTHBHPOBAaHUS B 3KCIIEPUMEHTAJbHbIX
MUKPO3KOCHUCTEMAX ObLIM HAEHTUPULUPOBAHbI OaKTepUH, NOTPeOJ/sABLIME JM3UH U
IJIMUUH B BoJoxpaHuiaulle Bbyrady. [losydyeHHble JlaHHble NMOKAa3bIBAlOT, UYTO pa3JIMYHbIE

BUAbl IIJIAHKTOHHBIX 6aKTepI/If/'I ClIeqUaJIM3UPYKOTCA Ha HOTpe6J'IeHI/II/I OTAEJIbHBIX



aMUHOKUCJIOT. Peakiiys ieTHero 6aKkTepuaJbHOTO COOOIecTBA HA J00ABKHU JM3UHA Oblia
CTAabUJIbHOW W NMOBTOPSIaCh B pasHble roJbl. B oT/iMYHe OT JIETHUX 3KCIEPUMEHTOB,
JlobaBJieHMe JIM3MHA BECHOW U OCEHbI0O He BbI3bIBAJIO CYLIECTBEHHbIX W3MEHEHHU B
KOJIMYECTBEHHOM Y KaueCTBEHHOM COCTAaBe MeJlaruiyecKoro 6aKTeprualibHOr0 COOOIECTBA.
ITo ciaeAyeT yYUThIBATh PU OLlEHKE CIIOCOOHOCTU BOJIHBIX 3KOCUCTEM K OMOJIOTUUYECKOMY

CaMOOYHIIEHHIO OT OpraHN4€CKHX BEIIECTB.



