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ABSTRACT. Mass disease of endemic sponges accompanied by the growth of cyanobacterial biofilms on
their bodies has been registered in recent years in Lake Baikal. These biofilms are formed by the cya-
nobacterium Tychonema sp., which grows on various types of substrates in the littoral zone and is often
found on sponges. The aim of the study was to conduct an experiment on co-cultivation of Tychonema
sp. with Baikalospongia sp. primmorphs to test the hypothesis about the tropism of Baikal cyanobacte-
rium to the body of sponges. In the experiment, gradual fouling of the primmorphs with cyanobacterium
filaments, destruction of their structure and death of sponge cells were registered. In the control without
addition of cyanobacteria, the primmorphs remained alive during the whole time of the experiment.
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1. Introduction

Cyanobacteria are the most ancient photosyn-
thetic organisms on Earth, with an age of about 3.5
billion years (Schopf, 1993). During the evolution of
the biosphere, cyanobacteria not only created the con-
ditions necessary for the origin and life of eukaryotes
— an oxygen atmosphere —but also were the ancestors of
plant chloroplasts (Demoulin et al., 2019). The ability
of cyanobacteria to adapt to a wide variety of environ-
mental conditions, including extreme ones, has allowed
them to capture almost all ecological niches. Benthic
cyanobacteria form biofilms or bushy fouling on the
bottom of water bodies, and can synthesize a variety of
toxins dangerous to humans and animals (Quiblier et
al., 2013). Cyanobacterial biofilms growing on sponges
and corals cause disease and death of these marine ani-
mals (Riitzler, 1988; Ford et al., 2018).

In Lake Baikal, benthic cyanobacteria are very
diverse and recently their abundance has increased dra-
matically. They have started to use endemic sponges
as a substrate, causing their destruction and death
(Sorokovikova et al., 2020). Among the species that
settle on sponges, the cyanobacterium Tychonema sp.
stands out. Its bright red biofilms have long attracted
the attention of researchers (Timoshkin et al., 2016).

The aim of this work is to conduct an experiment
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on co-cultivation of cyanobacterium with Baikalospongia
sp. primomorphs and to test the hypothesis about the
tropism of Baikal Tychonema sp. to the sponge body.

2. Materials and methods

For the experiment we used the strain Tychonema
sp. BBK16 from the collection of cyanobacterial cultures
of the Laboratory of Aquatic Microbiology, LIN SB RAS,
and the encrusting sponge Baikalospongia sp. raised by
a diver from a depth of 5 m near Bolshiye Koty set-
tlement and delivered to the laboratory in a container
with Baikal water. Primmorphs were obtained using a
mechanical dissociation method (Lavrov and Kosevich,
2014). Sponge cell suspension in Petri dishes with
Baikal water was placed in a refrigerator (7°C) with a
white fluorescent lamp and 24-hour illumination. The
cups were visually inspected daily, and as soon as the
primmorphs were formed, microscopic examination
and photography were performed using an Axio Imager
light microscope (Carl Zeiss, Germany). The num-
ber and size of the primomorphs were determined on
microphotographs using the Image-Pro Plus program.

Pieces of biofilm of Tychonema sp. BBK16 of 3
mm? and 1 ml of Z-8 medium (Rippka, 1988) were
added into the experimental dishes with primmorphs,

© Author(s) 2024. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.


https://www.doi.org/10.31951/2658-3518-2024-A-4-1020
mailto:naydanova_y@bk.ru

Naidanova Y.A. et al. / Limnology and Freshwater Biology 2024 (4): 1020-1025

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

while only Z-8 medium was added to the control dish
with primmorphs. During the experiment, microscopic
examination and photographing of the samples were
carried out.

3. Results and discussion

Reaggregation of sponge cells into primmorphs
was noted on the 7™ day of the experiment. In dish #1
297 primmorphs were formed, in dish #2 - 171, in dish
#3 — 166. The average size of the primmorphs was 355
um. Tychonema sp. biofilm was broken into fragments
using a micropipette and added to Petri dishes #2 and
#3 one fragment each.

On the 21% day of the experiment, the cyano-
bacterium Tychonema sp. attached to the primmorphs
and the bottom of the Petri dishes, forming a visible
biofilm. Microscopy of the samples showed complete
intact primmorphs and sponge cells in the control (Fig.
a-b). In the experimental dishes, the filaments of cya-
nobacteria braided and permeated the primmorphs,

destroying their globular structure and in places form-
ing a thick biofilm (Fig. c-d).

On the 43 day of the experiment, death of the
primmorphs and overgrowth of the cyanobacterial
biofilm were observed (Fig. e-f). The number of prim-
morphs not colonized by Tychonema cyanobacterium
was 1-3 pcs, i.e. more than 99% of the primmorphs
died. In the control dish the primmorphs retained
bright green coloration and dense globular structure.

Thus, we visually confirmed the earlier hypoth-
esis about the tropism of this cyanobacterium to the
sponge body (Sorokovikova et al., 2020). Unlike other
known species of the genus Tychonema (Koméarek and
Anagnostidis, 2005), Tychonema sp. BBK16 from Lake
Baikal has creeping motility and actively occupies the
surrounding environment. According to recent data,
the disease of endemic Baikal sponges associated with
the formation of Tychonema biofilms on their bodies
was in the second place after the disease in the form
of tissue necrosis (Maikova et al., 2023). The forma-
tion of biofilms on sponges indicates the invasive or

Fig. Light microscopy of the experiment on co-cultivation of Tychonema sp. and Baikalospongia sp. primmorphs. Control: a
— edge of the primmorph, b — sponge cells and small globular cells of the symbiont green alga. Experiment: ¢ — day 21, cyanobac-
terial filaments permeate the primmorph, destroying its structure, sponge cells separated from the primmorph are shown; d — a
part of the primmorph with a thick biofilm (bottom left corner) and with separate Tychonema filaments; e, f — day 43, primmorph
globules are destroyed, sponge cells are absent and replaced by Tychonema biofilm. Scale bar 50 pum.
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harmful nature of the impact of cyanobacteria on ani-
mals. It was shown that biofilms of Tychonema sp. can
cause serious damages — lesions on the body of sponges
(Sorokovikova et al., 2020).

Presumably, the reason for the high tropism of
Tychonema sp. BBK16 to sponges is the ability of this
cyanobacterium to mixotrophy, which allows it to uti-
lize organic substances released during the decomposi-
tion of the sponge body. Investigation of the genome of
Tychonema sp. BBK16 revealed the presence of a num-
ber of mixotrophy genes: the aapJQMP locus encoding
the amino acid transport system, the PhnECD locus
encoding the phosphonate transport system, glnQ, a
gene encoding the glutamine transport system, an ATP-
binding protein, and homologs of the proV and prow
genes encoding transporters involved in dimethylsul-
foniopropionate (DMSP) uptake (Evseev et al., 2023).
The ability to assimilate organic nutrients is associated
with transporters required for the uptake of organic
compounds (Mufioz-Marin et al., 2020). The uptake of
sugars by cyanobacteria has been shown experimentally
to be associated with the presence of GlcH permease,
a high-affinity glucose transporter (Moreno-Cabezuelo
et al., 2019), and GIcP permease (Zhang et al., 1989).
Genes for these glucose transporters were found in the
genome of Tychonema sp. BBK16, supporting its ability
to assimilate sugars from the environment (Evseev et
al., 2023).

4. Conclusions

In the experiment of culturing Tychonema sp.
BBK16 with Baikalospongia sp. primmorphs, the tro-
pism of the cyanobacterium to the sponge body was
confirmed and the gradual destruction of the structure
of the primmorphs and the death of sponge cells due to
filament fouling by the cyanobacterium were recorded.
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UccnhnepoBanue TponHoctu Tychonema
SP. K Teny rybku B akcnepumeHnre

Nno COBMECTHOMY KYAbTUBUPOBaAHHUIO
uuaHob6akrepum ¢ npummopdpamm
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AHHOTAIIUS. MaccoBas rubeinb 3HJeMUYHBIX TYOOK, CONPOBOXAaeMasi pOCTOM Ha UX Tejlax LHaHO-
OakTepuaJIbHBIX OMOIJIEHOK, PETUCTPUPYeTCs B MOCJeiHIe roAsl B 03. Batikan. OTu 6uomnieHku dop-
MupyeT nuaHobaktepus Tychonema sp., KOTopasi pa3BUBaeTCs Ha pa3jIMYHBIX THUIAX CyOCTPAaTOB B IPU-
OpeXXHOU 30He U 4acTo BCTpeuaeTcs Ha rybkax. Llenpio mcciiefoBaHusA ObLIIO MIPOBECTU SKCIEPHUMEHT
II0 COBMECTHOMY KyJIbTUBHpPOBaHUI Tychonema sp. ¢ npuMmmopdamu Baikalospongia sp. O IpOBepKU
TUINOTE3bl O TPOIMHOCTU 0aliKajIbCKOM IaHOOaKTepuu K Tesly ryOoK. B skcmepuMeHTe 3aperucTpupo-
BAaHO IOCTeNleHHOoe o0pacTaHue IpuMMOp(OB HUTAMU LaHOOAKTepuH, pa3pyllieHne UX CTPYKTYpHl U
rubesib KJIeTOK Ir'yOku. B KoHTpoJie 6e3 fobaByieHus nuaHo0aKTepUy NpUMMOP(dBI BCce BpeMs SKCIepu-

MeHTa OoCTaBaJIMCh XKMBBIMHU.
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ctu Tychonema sp. X Tejly I'yOKUA B 5KCIEPUMEHTE IO COBMECTHOMY KYJIbTUBUPOBAHUIO IMaHOOaKTepuu ¢ mpummopdamu //
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1. BBeaenue

[luanobakTepun — JpeBHeimue (POTOCUHTE3U-
pymoliyie opraHu3Mbl Ha 3emJle, UX BO3pacT HACUUTHI-
BaeT okoJsio 3.5 muipg Jet (Schopf, 1993). B mporecce
3BoJTIOIUM  Ouocdepsl I[naHOOaKTepUM He TOJIBKO
Cco3JjaJI YCJIOBUSA, HeoOXOAuMble [ji BO3HHKHOBe-
HUA Y XKU3HU 3YKapuoOT — KHUCJIOPOAHYI0 atMmocdepy,
HO TakXe ABWINCH IIpefKaM{ XJIOPOILJIACTOB pacTe-
Huil (Demoulin et al., 2019). CriocoGHOCTH I[HaHObaK-
Tepuil afanTUpPOBaThCA K CaMbIM Pa3HBIM YCJIOBUAM
cpedbl, B TOM YHCJIe U SKCTpPeMaJIbHBIM, I103BOJIMJIA
YM 3aXBaTUTb [IPAKTUYECKU BCe HKOJIOTUYeCKYe HUIIN.
beHTocHble nUMaHOOaKTepuu OOpa3ylwT OUOIJIEHKU
WIN KyCTHUCTble o0pacTaHusA Ha JHe BOJOEMOB, MOIYT
CHUHTe3UpoBaTh pa3HOOOpa3Hble TOKCHUHEI, OIAacHBIE
s yenoBeka M xuBOTHBIX (Quiblier et al., 2013).
[Muanob6akTepuasbHble OUOIJIEHKH, BEIpOCIINE Ha ry0-
KaxX M KOpajUlaX, BHI3BIBAIOT 0O0JIe3HU U rubesib 3TUX
Mopckux XuBOTHBIX (Riitzler, 1988; Ford et al., 2018).

B o3epe Baiikanm OGeHTOCHBIE LUaHOOAKTEpPUU
OueHb pa3HOOOpa3Hbl, a B IOCJie[lHee BpeMs UX 4YUC-
JIEHHOCTb pe3ko Bo3pocjia. OHU CTajli MCIO0JIb30BaTh
B KauecTBe cyOcTpara dHAeMU4YHBle I'yOKH, BBI3BIBAA
ux paspymeHnuve u rudens (Sorokovikova et al., 2020).
Cpenu BUIOB, MOCEJAKIINXCA Ha T'yOKax, BelAesIAeTCA
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rraHobakrtepus Tychonema sp. Ee sipko-kpacHble GHO-
IIJIEHKY aBHO IIPUBJIEKJIM BHUMaHUe HccilefoBaTesiei
(Timoshkin et al., 2016).

Llenp pabGoTel — MNpPOBECTU OKCIEPUMEHT IO
COBMECTHOMY KyJIbTUBHPOBaHUIO LMaHOOAKTepuu C
npuMmmMmopdamu Baikalospongia sp. 1 IPOBEPUTH THUIIO-
Te3y O TPOIMHOCTHU Gakikaibckon Tychonema sp. K Tejy
ryboK.

2. MaTtepuanbl U MEeTOAbDI

JnA  sKkcnepuMeHTa MCIOJIB30BAJIM — HITaMM
Tychonema sp. BBK16 u3 KOJJIEKIUH KYJIBTYP I[UAHO-
6akTepuii Jabopatopun BoJJHOHN Mukpobuosioruu JINMH
CO PAH u kopkoByio ryoky Baikalospongia sp., moHs-
TYI0 BOJ0JIa30M C TJIyOuHBI 5 M BOJIM3U noc. BoJibiiie
KoTel 1 nocraByieHHyI0 B jlabopaTOpHIo B KOHTelHepe
¢ Gatikanbckoyi Bojoil. [IpuMMoOpdsl OBLIIU MOJTyUYEHBI
C UCIOJIb30BaHWEM MeXaHW4YecKoro MeToda AKUCCoIra-
uu (Lavrov and Kosevich, 2014). CycneH3u0 KJIETOK
rybku B vamkax I[lerpu c 6alikajbckoii BOAOH mome-
maju B xooquiibHUK (7°C) ¢ 6ej108 JIIOMHUHECI[EHTHOM
JIaMIION M KpPYTJIOCYyTOYHBIM OcBellleHHeM. ExxeHeBHO
IIPOBOJIWJIM BU3YaJIbHBII OCMOTpP uYalleK, KaK TOJIbKO
o0pa3oBayjuch NPpUMMOPGBI IPOBOAUIN MUKPOCKOIU-
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yeckoe ucciieiopalue u pororpadprpobaHue ¢ UCIOJIb-
30BaHMEM CBeTOBOro MuKpockoma Axio Imager (Carl
Zeiss, 'epmanus). KonuuyecTBo U pasmep npuMmMopdoB
oIpeessiu Ha MUKpodoTorpadusax ¢ IOMOIIbIO NPO-
rpammbl Image-Pro Plus.

B skcneprMeHTasbHBIE YallKU C IIpUMMOpdamu
JoGaBwin Kycouku 6uoruieHku Tychonema sp. BBK16
pasmepom 3 MMm? u 1 mut cpensl Z-8 (Rippka, 1988),
B KOHTPOJIPHYI0O YalIKy ¢ npumMMopdamu nobGaBuId
TOJIBKO cpefly Z-8. B xoje skcrnepuMeHTa NPOBOAUIIA
MHKPOCKOIIUecKoe ucciefosanue u gororpapuposa-
HUe 06pasIoB.

3. Pe3ynabTaTtbl M 06Ccy)xpeHue

Pearperaiius kjeTok ryoku B mpUMMOPGBI ObLIa
OTMeueHa Ha 7-U JieHb sKcnepuMeHTa. B uamike Nol
copmuposasiocs 297 npuMMopdos, B yamke No 2
— 171, B yamke Ne 3 — 166. CpengHuii pasmep IpuUM-

¢ N S 2 N Sz
Puc. CBeToBasg MUKDOCKONHSA OSKCIEPUMEHTAa IO COBMECTHOMY KyJbTHBUpOBaHMI0 Tychonema sp. u npuMMopdoB
Baikalospongia sp. KoHTpoJib: a — kpaii npummopda, 6 — KJIETKH I'yOKU U MeJIKHeE IapOBUAHbIE KJIETKH CUMOUOHTHOM 3€JIEHOM
BOZIOPOCJIM. DKCNEpUMEeHT: B — 21 [eHb, HUTU IMaHOOAKTepUM MPOHU3BIBAIOT NMPUMMOpP®, paspymias ero CTpyKTypy, BUIHBL
OTJleJIUBIINECA OT MpruMMopda KJIeTKU rybky; I — y4yacTok mpuMmopda co CIUIOMIHON GMOIIeHKOH (JIeBBIN HIDKHUE yIoJi) U ¢
oTaesibHEIMU HUTAMU Tychonema; 1, e — 43 nmeHs, 1106yl NpUMMOP(}OB pa3pylieHkl, KJIETKU I'YOKH OTCYTCTBYIOT U 3aMeCTH-
nmch Ha 6uonseHky Tychonema. MaciitabHas JinHerika 50 MKM.

MopdoB coctaBusl 355 mMkMm. BuomnsneHky Tychonema
Sp. C TOMOUIbI0 NHIETKH pa3duin Ha (parMeHTH
u gob6asunu B yamku Iletpu Ne 2 u Ne 3 mo ogHOMY
dparmeHTy.

Ha 21-i1 penp oskcnepumeHTa ImMaHobakTe-
pus Tychonema sp. mpukpenusiack K npummopdam u
aHy vamek [leTpu, o6pa3oBaB BUANMMYIO OUOILJIEHKY.
Mukpockonusa o0pasloB IOKa3zaja IOJIHYI0 COXpaH-
HOCTb NpUMMOPGOB U KJIeTOK I'yOKu B KOHTpoJe (Puc.
a-6). B skcrepuMeHTaIbHBIX YalllkaX HUTU L{aHOOaK-
Tepuu OIJIeTaiu U IPOHU3bIBAIA NPUMMOP®EI, pas3py-
mas ux rjao0yJApHyI0 CTPYKTYpY, U, MecTamu obpasys
CIUIONIHYI0 6uonyeHky (Puc. B-r).

Ha 43-i1 geHp skcnepuMeHTa oTMevanyd rubesib
npumMMopdoB U paspacTraHue OuorieHku (Puc. g-e).
KosmuectBo npumMMopdoB, He KOJIOHH3MPOBAHHBIX
1uaHobakTepuel, coctaBuio 1-3 mr., T.e. 6omee 99%
IpuMMOpGOB Norubau. B KOHTPOJIBHOM Yallke MPHUM-
MOp(®HBI COXpaHAIN APKO-3eJIeHyI0 OKpacKy U IIJIOTHYIO
IapOBUIHYIO CTPYKTYPY.
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TakuMm o6pa3oM Ml HarJAOHO IOATBEpIAWIN
BBICKA3aHHOE paHee IpeANoJIOKeHHe O TPOIHOCTU
JaHHON nmaHoOakTepuu K Tey ryoku (Sorokovikova
et al., 2020). B oTJinuyve OT OPYTrUX U3BECTHBIX BUIOB
poaa Tychonema (Komarek and Anagnostidis, 2005),
Tychonema sp. BBK16 u3 o03. Baiikan ob6jagaer moJi-
3aioliell MOJABW)KHOCTBIO M aKTHBHO OCBauBaeT OKpY-
JKarollee IpocTpaHcTBO. [lo mocjiegHMM OaHHBIM,
3abojieBaHUe 3HJIEMUYHBIX OaliKaJbCKUX T'yOOK, CBf-
3aHHOe ¢ (QopMHpOBaHMEM Ha UX TejaX OMOIJIEHOK
Tychonema, Haxogujioch Ha BTOPOM MecTe IIOCJIe
3aboJieBaHUsA B BUJle HeKpo3a TkaHel (Maikova et al.,
2023). ®opmMmupoBaHue OUOIIEHOK Ha rybkax cBuje-
TeJIbCTBYyeT 00 MHBA3MBHOM WJIM HEraTMBHOM Xapak-
Tepe BO3elCTBUA LMAaHOOAKTepUN Ha >XUBOTHBIX.
IMokazaHo, yto 6uomieHku Tychonema Sp. CIOCOGHEI
IIPOBOLIMPOBAaTh BOZHUKHOBEHNE Cepbe3HbIX IIOBpeXKe-
HUH — A3B Ha TeJie Ty6ok (Sorokovikova et al., 2020).

[IpeAnosioXXUTEeIbHO, MPUYMHOM BBICOKOT'O TPO-
nu3ma Tychonema sp. BBK16 k ryOkam ABJISIETCA CIIO-
cOOHOCTh AaHHOM HMaHobaKTepuu K MUKCOTpoduu,
[I03BOJIAIONIAA MCIOJIb30BaTh OpraHUYecKue Belle-
CTBa, BBICBOOOXJamIiyecsad IpU paspylleHud TeJa
ry6ku. HccienoBanue reHoma Tychonema sp. BBK16
BBIAABWJIO HaJIMuHe I[eJIOrO psAaa IeHOB MUKCOTpOoduu:
nokyc aapJQMP, xoaupymomuii cucteMy TpaHCIoOpTa
aMHHOKUCJIOT, JIoKyc PhnECD, KOOUPYIOMUI CHUCTEMY
TpaHcrnopta (ocdoHaToB, ginQ - reH, KOAUPYIOUIUI
cucTeMy TpaHcnopra riayramuHa, AT®-cBa3bBaomUI
6eJIoK ¥ TOMOJIOTH I'eHOB proV u proW, KOOupYOMmuX
TpaHCIIOpPTEpHl, ydYacTByIOIMe B 3axBaTe AUMETWUJI-
cyabpdonuonponuonara (JJMCII) (Evseev et al., 2023).
CrnocoOHOCTh ycBauBaTh OpraHUYecKkue NUTaTesIbHbIe
Bell[eCcTBa CBA3aHa ¢ TpaHCIIOpTepaMU, He0OXOAUMBIMU
JUU1A TIOTJIONeHNs OpraHuYecKux coefquHeHuil (Munoz-
Marin et al.,, 2020). OxciepyuMeHTaJIbHO OBLIO MOKa-
3aHO, YTO IIOIJIOIIeHHe caxapoB IHaHOOAKTepUAMU
CBA3aHO C NpUcCyTcTBUeM Iepmeasbl GlcH, Bbicokoad-
¢duHHOrO NepeHocurka riroko3sl (Moreno-Cabezuelo et
al., 2019), u nepmeass GlcP (Zhang et al., 1989). T'eHnt
JaHHBIX NIepeHOCUYMKOB IJII0KO3bl ObLIM OOHAapy>XKeHHI B
reHome Tychonema sp. BBK16, mongTBepxaas ee CIo-
COOHOCTh yCBauBaTh caxapa W3 OKpyXaloleil cpezbl
(Evseev et al., 2023).

4. BoiBOADI

B  oKkchepuMeHTe 10  KYJIbTUBHPOBAHUIO
Tychonema sp. BBK16 ¢ npummopdamu Baikalospongia
Sp. OBbLI MOATBEPXKAEH TPOIU3M IIMAaHOOAKTEPUU K TETY
ryOKM M 3aperrCTPUpPOBAHBI MOCTENEHHOE pa3pylle-
HUE CTPYKTYpbl MpUMMOpPGOB U rubesb KJIETOK TyOKu
BCJIEAICTBYE 00pacTaHUsA HUTAMU [[UaHOGAKTEPUHL.
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