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ABSTRACT. The paper presents the results of a study of the reasons for the formation of biofilms during
the purification of groundwater with use of natural sorbents. Analysis of the microbial complexes struc-
ture at different stages of water treatment showed that their numbers increased after filtration through
a load with granular activated carbon. In some cases, it remained high in storage tanks containing puri-
fied water. In fact, at all stages of water treatment, representatives of Actinobacteria were found in the
community structure, which formed biofilms in the technical system, as well as after 14 days of storage
in bottled water. It was established that representatives of actinomycetes in the planktonic state formed
flakes from mycelium, and on filter media they formed biofilms in the form of a complex structured
community. Actinobacteria strains isolated from water and activated carbon biofilms differed in their
cultural and morphological characteristics. However, they were characterized by a common ability to
produce polymeric substances that formed a protective matrix and promoted cell adhesion to various
substrates and surfaces. Scanning electron microscopy shown that sporulation promoted survival during
all stages of groundwater treatment, including chlorination and ozonation.
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1. Introduction stability of microbial community, increasing its adap-

tive potential (Oppenheimer-Shaanan et al., 2016).
Recently particular attention has been paid to the
biostability of drinking groundwater. The term “biolog-
ical stability” in this context refers to the concept of
maintaining the microbiological quality of water from
the moment of production of drinking water to the
consumption (Favere, 2023). The issue of groundwater
safety is a priority and, as a rule, depends on many nat-
ural and anthropogenic factors (Muhisen et al., 2019).

g o Changes in microbiological parameters in the water
2016). Accumulated experience indicates that changes treatment system can have a negative impact on the

in the quality of water supplied to the population can quality of drinking water and the health of consumers
cause physicochemical and microbiological problems, (Prest et al., 2016).

example — destruction of the pipe material (corrosion),
the formation of biofilms and loose deposits in the
distribution system (Liu et al., 2017). It is known that
only 10% of the dry mass of biofilms is represented by
microorganism cells, and more than 90% is the share of
the polymer matrix (Flemming and Wingender, 2010),
which plays the role of an accumulator of organic and
mineral substances (Wang et al., 2012) and ensures the

In connection with anthropogenic pollution of
natural waters, the issues of providing the population
with high-quality drinking water by improving water
treatment methods are especially pressing (Liu et al.,
2017). However, sometimes the quality of water can
deteriorate as it passes through a water treatment sys-
tem or water distribution system. The main attention
is paid to the formation of biofilms in distribution sys-
tem pipes (Makris et al., 2014; Van der Wielen and Lut,

In this regard, studies of changes in the main
microbiological characteristics of water at differ-
ent stages of groundwater purification are relevant.
The purpose of our work was to identify risk factors
for the development of biofilms in the groundwater
treatment system and the reasons for the formation of
Actinobacteria mycelium aggregates in drinking water.
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2. Materials and methods

The objects of the study were microbial commu-
nities (MC) of natural groundwater and water purified
with sorbents; biofilms and mycelium formed at various
stages of water treatment in the technology line and in
bottled water. Groundwater samples were taken from a
production well (depth 45 m), which is actively used for
pumping groundwater, its further water treatment and
sale of drinking water in retail chains in bottled form.
The well is located on the territory of the Tunguska
groundwater field, which belongs to the Middle Amur
Artesian Basin, in the area of the Sredneamurskaya
Lowland.

Methods generally accepted in microbiology were
used in the work: cultivation of microorganisms on agar
and liquid nutrient media; isolation of microorganism
strains and determination of their activity; experimen-
tal modeling with granular activated carbon (GAC).
The content of organic substances in water was deter-
mined by the spectrophotometric method (SHIMADZU
UV-3600) at different wavelengths (Shirshova et al.,
2015). Biofilms were studied with use of scanning elec-
tron microscopy (SEM) (VEGA 3 LMH TESCAN, Czech
Republic) at the Khabarovsk Innovation and Analytical
Center for Collective Use at the Institute of Tectonics
and Geophysics, Far Eastern Branch of the Russian
Academy of Sciences.

3. Results and discussion

All types of groundwater contain structurally
diverse classes of organic compounds (hydrocarbons,
carboxylic acids, alcohols, aldehydes, ketones, amines),
as well as humic substances. All these components are
involved in complex biogeochemical processes and can
act as risk factors, activating the development of com-
plex microbial consortium in treated water in the form
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Fig. Microstructure of granular activated carbon and Actinobacteria biofilm: A — GAC x 95; B — GAC x 500; C - young myce-
lium in bottled water, 14 days after purification (x 2000); D — surface of activated carbon in vitro with mycelium of actinobacteria
(x 2000).
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of equipment fouling, biofilms and mycelial aggregates
in bottled water. Research on changes in planktonic
and biofilm communities, as well as the key factors
influencing their behavior, is important for understand-
ing and managing microbiological water quality (Ren
et al., 2024).

As a result of studying the structure of ground-
water microbial complexes at different stages of water
treatment, a significant contribution of microorganisms
producing mucous polymer substances was established.
Large spores were regularly present; it germinated and
formed mycelium in the form of loose, visually dis-
tinguishable aggregates when various carbon sources
were added in vitro.

Studies of biofilms formed on GAC have shown
that they are represented by complex microorganisms
that are capable of producing polymer compounds
and forming aggregates of mycelium. When glucose
was added to the culture medium, the MC structure
was dominated by bacterial cells synthesizing mucous
capsules. SEM studies of the GAC surface showed high
porosity of the particles; some retained fragments of
the plant framework (Fig. A, B). Microorganisms in the
attached state on GAC formed a mycelial rete (Fig. D).
Biofilms which were founded in bottled water in imma-
ture state were represented by an accumulation of thin
mycelium (Fig. B). According to cultural and morpho-
logical studies of mycelium formed on activated carbon
in vitro and in bottled water, including at the sporula-
tion stage, this group of chemoheterotrophic microor-
ganisms was classified as representatives of the phylum
Actinobacteria (class Actinobacteria).

It has been established that under favorable
growth conditions, actinobacteria can release prod-
ucts of their metabolism that affect the taste and smell
of water. They have one of the most complex cellular
structures among microorganisms and are capable of
forming filamentous mycelium. Actinobacteria often
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become a problem for water treatment plants, as myce-
lial fragments and spores enter water supplies, take
root in technological systems and affect the organolep-
tic characteristics of water (Barka et al., 2016).

We noted that in the presence of humic sub-
stances (HS) and a lack of easy available carbon
sources, the process of sporulation accelerates, and
various bacterial forms develop on the collapsing
mycelium. Some of them are characterized by sliding
growth, which is accompanied by the formation of
dendrite-like structures. Their biomass is represented
by small oval cells immersed in a mucous matrix. SEM
images also revealed microcolonies consisting of clus-
ters of cells encrusted with oxides of various elements,
including those normative values in drinking water. It
is known that HS, by controlling environmental con-
ditions, change the structure of MC and stimulate the
processes of decomposition of organic substances (OS)
and reduce the bioavailability of some metals (Kulikova
and Perminova, 2021).

4. Conclusions

As a result of studying the structure of microbial
communities at different stages of water treatment, bio-
films formed in an experiment on granular activated
carbon in the presence of different carbon sources,
the main risk factor for reducing the quality of puri-
fied water was established. Despite the use of various
sorbents and disinfection methods (chlorination and
ozonation), representatives of Actinobacteria included
in biofilms retained their viability in tanks with clean
water and influenced the organoleptic characteristics
of bottled water. A hypothesis has been put forward
about the negative role of activated carbon, which acts
as an accumulator of organic substances, as well as a
site of adhesion of Actinobacteria spores and bacterial
cells that synthesize a polymer matrix. To prevent a
decrease in the quality of treated water, it is necessary
to control the regulations for the regeneration of sor-
bents or their replacement.

Conflict of interests

The authors declare no conflict of interest.

988

References

Barka E. A, Vatsa P., Sanchez L. et al. 2016. Taxonomy,
physiology, and natural products of Actinobacteria.
Microbiology and molecular biology reviews 80 (1): 1-43.
DOI: 10.1128/mmbr.00019-15

Favere J. 2023. Biostability of drinking water sys-
tems: from online monitoring to microbial quality man-
agement. Ghent University. Faculty of Bioscience
Engineering: 219. URL: http://hdl.handle.net/1854/
LU-01GVJKHN3DVVY9P68JARE18B5S

Flemming H.-C., Wingender J. 2010. The biofilm matrix.
Nature Reviews Microbiology 8 (9): 623-633.

Kulikova N.A., Perminova I.V. 2021. Interactions between
humic substances and microorganisms and their implications
for nature-like bioremediation technologies. Molecules 26: e
2706. DOI: 10.3390/molecules26092706

Liu G., Zhang Y., Knibbe W.J. et al. 2017. Potential
impacts of changing supply-water quality on drinking water
distribution: A review. Water Research 116: 135-148

Makris K.C., Andra S.S., Botsaris G. 2014. Pipe scales and
biofilms in drinking-water distribution systems: undermining
finished water quality. Critical Reviews in Environmental
Science and Technology 44 (13): 1477-1523.

Muhisen M. AL, Gokcekus H., Ozsahin D.U. 2019.
The most common factors effecting ground water quality.
International Journal of Innovative Technology and Exploring
Engineering 8 (3): C2586018319 URL: www.ijitee.org

Oppenheimer-Shaanan Y., Sibony-Nevo O., Bloom-
Ackermann Z. et al. 2016. Spatio-temporal assembly of
functional mineral scaffolds within microbial biofilms.
NPJ Biofilms Microbiomes 2: e 15031. DOI: 10.1038/
npjbiofilms.2015.31

Prest E.I., Hammes F., van Loosdrecht M. et al. 2016.
Biological Stability of drinking water: controlling factors,
methods, and challenges. Frontiers in Microbiology 7: 45.
DOI: 10.3389/fmicb.2016.00045

Ren A., Yao M., Fang J. et al. 2024. Bacterial communi-
ties of planktonic bacteria and mature biofilm in service lines
and premise plumbing of a megacity: composition, diversity,
and influencing factors. Environment International 185 (3): e
108538 DOI: 10.1016/j.envint.2024.108538

Shirshova L.T., Gilichinsky D.A., Ostroumova N.V. et al.
2015. Application of spectrophotometry for quantification of
humic substances in the permafrost sediments. Earth’s cryo-
sphere 19 (4): 94-106. (in Russian)

Van der Wielen P.W., Lut M.C. 2016. Distribution of
microbial activity and specific microorganisms across sedi-
ment size fractions and pipe wall biofilm in a drinking water
distribution system. Water Science and Technology: Water
Supply 16 (4): 896-904.

Wang Z., Hessler C.M., Xue Z. et al. 2012. The role of
extracellular polymeric substances on the sorption of natural
organic matter. Water Research 46 (4): 1052-1060



https://www.doi.org/10.1128/mmbr.00019-15
http://hdl.handle.net/1854/LU-01GVJKHN3DVVY9P68JARE18B5S
http://hdl.handle.net/1854/LU-01GVJKHN3DVVY9P68JARE18B5S
https://www.doi.org/10.3390/molecules26092706
https://www.ijitee.org
https://www.doi.org/10.1038/npjbiofilms.2015.31
https://www.doi.org/10.1038/npjbiofilms.2015.31
https://www.doi.org/10.3389/fmicb.2016.00045
https://www.doi.org/10.1016/j.envint.2024.108538

Cnevy. sbinyck: « VI Mex0yHapoOHbili
Limnology and Freshwater Biology 2024 (4): 986-991 DOI:10.31951/2658-3518-2024-A-4-986 Balikanbckuli Mukpobuonoaudeckuli Cumnosuym»

KpaTtkoe coobuienune

dopmupoBanue 6uonneHok Actinobacteria LIMNOLOGY
NP OYUCTKE NOA3EeMHbIX BOA FRESHWATER

BIOLOGY

M

JlutBuHenko 3.H.*, KongpartbeBa JI.M.

HHcmumym Go0HbIX U 9KoJT0cudecKUX npodtem JJaibHed0cmouHo2o omdesteHus Poccutickoti Akademuu Hayk, Xabapoadckozo
¢edepasrbHoco uccsredosamestbckoeo yeHmpa, JJukonossyeda, 56, Xabapoack, 680000, Poccus

AHHOTAILIHA. B paboTe npeacTaBieHbl pe3yJibTaThl UCCIeA0BaHUA IpUYrH GOpMUPOBaHUA OHOILIe-
HOK B IIpolfecce OYKCTKYU MTOA3EMHBIX BOJl C HCIIOJIb30BaHNEM IPUPOJHBIX COPOEHTOB. AHA/IN3 CTPYK-
TypHl MUKPOOHBIX KOMIIJIEKCOB Ha pa3HBIX 3Tanax BOAOMNOATOTOBKM IIOKa3aj, YTO HX YKCJIEHHOCThb
yBeJInurBajach nocje GuibTpanuu depes3 3arpy3Ky € I'paHyJIMPOBaHHBIM aKTUBHMPOBAaHHEIM yriieM. B
HEKOTOPHIX C/Iy4dasx OHA COXpaH:AIach BHICOKOW B HAKONMTEJIbHBIX pe3epByapax C OUUIEHHON BOZOI.
dakTrUecKy, Ha BcexX STalax BOAOMNOATOTOBKY B CTPYKType CcoOOIiecTBa BCTPeyaJInch IIpefCcTaBUTeN
kiacca Actinobacteria, koTopsie GOPMUPOBAIN OHOIIEHKN B TEXHUYECKOHN CHCTEME, a Takxke yepe3 14
CYTOK XpaHeHUs B OyTHJIIPOBaHHON BoJie. Y CTaHOBJIEHO, YTO IIpe[CTaBUTeI aKTUHOMULIETOB B ILJIaH-
KTOHHOM COCTOSIHUM 00Pa30BHIBAJIN XJIONbs U3 MULIEJINA, @ Ha QUIBTPYIOINX 3arpy3kax GopMUpOBaIN
OUOIUIEHKH B BUZE CJIOXHO CTPYKTypUpPOBaHHOro coobmectBa. [lITammel Actinobacteria, BeleIeHHBIE
13 BOJBI 1 OMOIJIEHOK C aKTMBHPOBAHHOT'O YIJIA, OTJIMYAJINCh [I0 CBOMM KYyJIbTypaJIbHBIM U Mopdo-
JIOTUYECKUM XapakTepuctukam. OgHaKo AjiA HUX ObLIa XapakKTepHa o0mmias CIOCOOHOCTh K MPOAYIIU-
POBaHMIO MOJIMMEPHBIX Bell[eCTB, KOTOpble (pOpMUPOBaJIK 3alIUTHBIN MaTPUKC 1 yCUJIMBAJIN aAre3uio
KJIETOK K Pa3jIMYHBIM cyOcTpaTaM K IOBepXHOCTAM. C IOMOIIbI0 CKaHUPYIOIIel 3JIeKTPOHHON MUKPO-
CKOIIMY ITOKa3aHO, YTO CIOpOOOpa3oBaHKe CIOCOOCTBOBAJIO BBDKMBAHMI0O MUKDOOPIaHM3MOB Ha BCeX
JTanax OYMCTKY MTOA3eMHBIX BOJ, BKJII0YasA XJIOPUPOBaHNe U 030HHPOBaHUE.

Ktioueasie ciroga: 6uorieHKH, Actinobacteria, MyuLeJIvii, IOA3eMHBIE BOAbI, BOJOIIOATOTOBKA

Jsa nurupoBanwus: JiuteBuaenko 3.H., KornapateeBa JI.M. ®@opMupoBaHue 6UOMIEHOK Actinobacteria mpu oYMCcTKe MO3EeMHbBIX
BoA // Limnology and Freshwater Biology. 2024. - Ne 4. - C. 986-991. DOI: 10.31951/2658-3518-2024-A-4-986

1. Beepenue OMOIUIEHOK MpeJCTaBJIeHO KJIeTKaMH MUKPOOpPraHu3-

MOB, a 0oJiee 90% MpUXOAUTCA Ha JOJII0 MOJIMMEPHOTO
matpukca (Flemming and Wingender, 2010), koTophbIit
WrpaeT poJib aKKyMyJATOpa OpraHNMYecKux U MHUHe-
pasbHBIX BemecTB (Wang et al., 2012) u obGecnieuriBaet

B cBasu c AHTPOIIOIr'€HHbIM  3arpA3HEHUEM
NpUPOJHBIX BOL 0Cco0eHHO AKTyaJIbHbIMH ABJIAOTCA
BOIIPOCHI obecrieueHUss HacejleHHs KadeCTBEHHOM

[ATHEBOU BOAOM IIyTEM COBEPIIECHCTBOBAHNA METONOB yCTOMYMBOCTh MUKPOOHOIO COOOIIECTBA, HOBHIIIAS €ro

Bofionoaroroskyu (Liu et al., 2017). Onxako, uHOrAa ajanTanyoHHb noteHnmat (Oppenheimer-Shaanan et
KauecTBO BOJBI MOXET YXyAIIaThCA IPU ee IPOXOXKe- al., 2016).

HUU Yepe3 CUCTeMY BOOOUYMCTKY WJIU IPU ee paclipe-
JleJIEHUU 10 BOJOIPOBOAHBIM ceTsiM. OCHOBHO€e BHUMaA-
HUe yaesiAeTcsi GOPMUPOBAHUIO OMOIJIEHOK B Tpybax
pacrnpefenuTespHON cucteMsl (Makris et al., 2014; Van
der Wielen and Lut, 2016). HakoIjieHHBII OIBIT CBHE-
TEJIbCTBYET O TOM, YTO U3MEHEHUs KauecTBa MojaBae-
MO BOJIbl HACEJIEHUIO MOTYT BBI3BaTh (GPU3NKO-XUMUYe-
CKOe ¥ MHUKPOOHMOJIOrhnYecKoe paspylleHre MaTepraia
TpyO (xoppo3us), ¢popMUpoBaHUe OHOIJIEHOK U PhIX-
JIBIX OTJIOXKEHUH B paclpefesuTesibHOU cucteme (Liu
et al., 2017). U3BecTHO, 4TO TOJIbKO 10 % Cyxoii Macchl

Ocofoe BHUMaHMe B MOcCJieHee BpeMs yAeJid-
eTcd MoKasareasaM OMOCTaOUIIBHOCTH NMUTHEBBIX IMOA-
3eMHBIX BoA. TepMuH “Ouosiornueckas cTabUJIBHOCTH”
B JJAaHHOM KOHTEKCTe OTHOCHUTCA K KOHIENINU IOA-
JlepXaHus MHKPOOMOJIOTMYECKOTO KayecTBa BOZIBI OT
MOMEHTA MPOU3BOJACTBA MUTHEBON BOABI OO MOMEHTA
ee notpebienus (Favere, 2023). Borpoc 6e30macHOCTA
MOA3eMHBIX BOJ| sBJII€TCA NMPUOPUTETHBIM U, KakK Ipa-
BUJIO, 3aBUCUT OT MHOXeCTBAa IMPUPOJHBIX M aHTPOIIO-
reHHbIX (akTtopoB (Muhisen et al., 2019). N3meHeHuA
MHKPOOMOJIOTUYECKUX TOKa3aTesell B CUCTEMe BOJIO-
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MOArOTOBKU MOTYT OKa3aTh HeraTHBHOe BO3elCTBHE
Ha Ka4yeCcTBO MUThEBOU BOABI U 3[I0POBbe MOTpeduTeieil
(Prest et al., 2016).

[TosTomMy HaubGosee 3HAYMMBIMHM SABJIAIOTCA
UcceloBaHUsl H3MeHEeHUII OCHOBHBIX MMKPOOHO-
JIOTUYEeCKUX XapaKTepUCTHUK BOABl Ha pa3HbIX 3Ta-
rnax OYMCTKU MOJ3eMHBIX BoA. llenp Hamiell paGoTh
3aKJIoyasiach B BhIsABJIEHUN (GAKTOPOB pHCKa pa3BUTHUSA
OMOIJIEHOK B CHCTEeME BOJOIOATOTOBKHM IOA3€MHBIX
BOA U Npu4uH (HOpMHUpPOBAHUA arperatoB MHUILIEINs
Actinobacteria B mUThEeBOI BOLE.

2. MaTepuanbl U METOADI

OO6BeKTOM HCCIIeNOBAHUA ABJIAIMCH MUKPOOHEBIE
coobmiecta (MC) npupoAHBIX IOI3€MHBIX BOJ, U BOJa,
Ipollefias OYMUCTKY C IIOMOILIbI0 COPOGEHTOB; OHO-
IJIEHKU ¥ MULenii, GopMupyomyecs Ha pas3IMyHBIX
JTanax BOJAONOJTOTOBKU B TEXHOJIOIMYECKON JMHUU U
OyTuripoBaHHOM Bojie. [Ipo6sl moA3eMHOI BOABI OBLIIU
0TOOpaHHI U3 3KCILUTyaTallMOHHON CKBaXXUHBI, (rTyO6uHa
45 M), KOTOpas aKTHUBHO HCIOJIB3YeTCA IJISI OTKAuKU
MOA3EMHBIX BOJ, WX [JaJibHeMIleill BOJOIOATOTOBKU
U peajyu3aliil MUTHheBOH BOJBI B PO3HUYHBIX CETAX B
OyTuinpoBaHHOHN dopMe. CKBaXXMHa pacliojioxkeHa Ha
Tepputopunl TYHI'yCCKOTO MeCTOPOX[IeHUs, IpUHamd-
snexaniero CpenHe-AMypcKOMY apTe3uaHCKoOMy Oac-
celiHy, Ha y4actke CpeHeaMypCKoii HU3MEeHHOCTH.

B paGoTe ObLIM KUCHOJIB30BaHBI OOIENPUHATHIE
B MUKPOOHOJIOTMH METO/IBI: KYJIbTUBUPOBaHIE MUKPO-
OpraHU3MOB Ha arapu3oBaHHBIX U XUAKUX NMUTATEJIb-
HBIX cpeflaX; BBIAeJIEHNe IITAMMOB MUKPOOPTraHU3MOB
U ompefiejieHle UX aKTUBHOCTH; SKCIIepUMeHTaIbHOe
MOZEJMPOBaHNE C TIpPaHyJIMPOBAHHBEIM AaKTHUBUPO-
BaHHEM yrieMm ([AY). CogmepxaHue OpraHUYecKHX
BellecTB B BOJle ONpefesisid creKTpodoToMeTpuye-
ckuM MerogoM (SHIMADZU UV-3600) mpu pasHBIX
nnuHax BojiH (Shirshova et al.,, 2015). BuorieHku

A

Puc. MUKpPOCTPYKTypa IpaHyJIMPOBAaHHOTO yTJiA U 6uorieHku Actinobacteria: A — TAY x 95; B — TAY x 500; B — mosio0i1
MHUIeJIUHI B Oy TUIMPOBAHHOU BoJe uepe3 14 cyTok nocJie ee ouricTku (x 2000); I' — moBepXHOCTh aKTUBUPOBAHHOTO YTJIA in Vitro
¢ MulesineM akTuHobakTepuii (x 2000).
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HccyieJoBaIy C MIOMOIIbI0 CKaHUPYIOIIel 5J1eKTPOHHON
mukpockonuu (COM) (VEGA 3 LMH TESCAN, Yexus) B
XabapoBCKOM WHHOBAIIMOHHO-aHAJMTUUYECKOM IIeHTpe
KOJIJIEKTUBHOI'O T0JIb30BaHUsA Ha 6a3e MHCTUTYTaA Tek-
TOHUKU U reodpusuku [IBO PAH.

3. Pe3yAabTathbl M 06Ccy)xpeHue

Bo Bcex Tumax NOJ3eMHBIX BOJ COAepXaTcs
pasHooOpasHble [0 CTPOEHUI0 KJIACCHl OpraHUYecKuX
coeuHeHUN (yrjieBOoHOpOABl, KapOOHOBBIE KHCJIOTHI,
CIMPTHI, aJIbJAerUAb], KeTOHBI, aMUHBI), a TaKXe I'yMy-
COBBIe BellleCcTBa. Bce 3T KOMIIOHEHTH BOBJIEKAIOTCS
B CJIOXKHBIE OHOreoXUMHUYecKUe Ipolecch U MOTYT
BBICTYNIAaTh (akTOpamMmu pUCKa, aKTUBU3UPYS Ppa3BU-
THe CJIOXKHBIX MUKPOOHBIX KOMILJIEKCOB B OYMI[aeMOM
BOJle B Buje obpacTaHuil o00opyAoBaHNsA, OHUOILIEHOK
Y MUIleJIMaJIbHBIX arperaTos B OYTHJIMPOBAHHON BOJE.
HUccrienoBanusa N3MeHeHU B COOOI[eCTBaxX IJIAHKTOH-
HBIX 6aKTepHii 1 OUOIJIEHOK, a TaKXXe KJII0ueBhIX (aKTo-
POB, BJIUSIONINX Ha UX IOBeJleHNe, BaXHO AJ1s IOHUMa-
HUS U yOpaBJeHUs MUKPOOHOJIOTUYeCKUM KauecTBOM
Bognl (Ren et al., 2024).

B pesynpraTe wucciieoBaHuA CTPYKTypel MC
NO/I3EMHEIX BOJI HAa Pa3HBIX 3Talax BOXOMOATOTOBKU
YCTAHOBJIEH CyIleCTBEHHBIII BKJIaJI MUKPOOPTaHU3MOB,
IPOAYLHPYIOINUX CJIN3UCTHIE NOJIMMEDPHbBIE BeEN[eCTBa.
PeryJsisspHO NpUCYTCTBOBAJIU KPYIIHEIE CIIOPHI, KOTOpHIE
IpU BHECEHUU pa3HBIX HCTOYHUKOB Yrjepofa in vitro
npopacTtaiy 1 GOpMUPOBAIN MUIIEJNIH B BUJIE PHIX-
JIBIX, BU3yaJIbHO Pa3jIM4UMBIX arperaTos.

HUccienoBanusa OUOIUIEHOK, CGOOPMHPOBAHHBIX
Ha T'AY mnokasany, 4TO OHHM IIpeACTaBJIEHH CJIOX-
HBIMU MC, KOTOpBIE CIOCOGHE! MTPOYHUPOBATh MOJIU-
MepHble coelnHeHUA U (OPMUPOBATh arperatrsl U3
munenusa. OTMeueHo, YTO IPU BHECEHUU IJIIOKO3H B
UTaTeJIbHYI0 cpefly B cTpyKType MC OOMHHHPOBaIN
O6akTepHasibHble KJIETKU, CUHTE3UpPYIOI[Ue CJIU3UCTHIE
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kancymabsl. Wccnenosanus nosepxHoctu I'AY ¢ momo-
mpi0 COM moKasaju BBICOKYIO ITOPUCTOCTh YacTHll, B
HEKOTOPBbIX COXpaHAINUCh (parMeHTH PacTUTEJIbHOIO
kapkaca (Puc. A,B). MukpoopraHusMsl B MIpUKpeIieH-
HOM cocTossHUU Ha 'AY ¢opmupoBayu MuleInaabHy0
cetb (Puc. I'). O6HapyxeHHbIe B Oy TUJINPOBAHHON BOJe
OUOIJIEHKY B MOJIOAOM BO3pacTe ObLIY IIpeACcTaBJIeHbl
ckoIleHneM ToHKoro munenusa (Puc. B). CorsacHo
KyJIbTYpaJIbHO-MOPQOJI0rHYeCKUM HccjieJoOBaHuAM
Mullesins, 00pa3oBaHHOIO Ha aKTUBMPOBAHHOM yIJIe in
vitro u B OyTHUJINPOBAHHON BoAe, B TOM 4HCJIe Ha CTa-
Jun criopoobpa3oBaHus, 3Ta IpyIIa xeMorereporpod-
HBIX MHKPOOPraHu3MOB ObljIa OTHeceHa K IpeJCTaBU-
TessM rityMa Actinobacteria (knacc Actinobacteria).

YcTaHOBJIEHO, YTO IpU 6JIarONpUATHBIX YCJIO-
BUAX pOCTa, aKTMHOOAKTepUuM MOTYT BBIAEJIATH INPO-
JYKTBE CBOero MeraboJn3Ma, BJIMAIIINE Ha BKyC U
3anax BoAbl. OHM 00JIafal0T OJHOM M3 CaMBIX CJIOXK-
HBIX KJIETOYHBIX CTPYKTyp CpeAu MHUKPOOpraHu3-
MOB U cHocoOHBI (HOpPMHPOBATh HUTYATHIA MULIETUM.
Actinobacteria 4acTo cTaHOBATCA MPOGJIEMOM AJ1s TIped-
NpUATUN [0 BOAONOATIOTOBKE, TaK KakK (pparMeHTHl
MUIleJIMS U CIOPHl IONAajaloT B MCTOYHUKU BOJIOCHAO-
JKeHUs, NMPUXUBAIOTCA B TEXHOJIOTMYECKUX CHCTeMax
U BJIUAIT Ha OpraHoJienTHYecKye IoKa3aTesu BOJbI
(Barka et al., 2016).

Hamu oTMeueHO, YyTO B IPUCYTCTBUU T'yMHUHO-
Bhix BemecTB (I'B) um HemocTaTke JIETKOJOCTYIHBIX
HWCTOYHUKOB yIJjlepofa, yCKOpsAeTcsA Mpoliecc CIopooo-
pa3oBaHUA, a Ha paspyliaioneMcs MULIeJIMN pa3BUBa-
I0TCA pas3jinuHble OakTepuaibHble GpopMbl. HekoTopele
U3 HUX OTJIMYAIOTCA CKOJIB3ALIMM POCTOM, KOTOPBIN
COMpOBOXJaeTcsi oOpa3oBaHHeM AeHAPUTONON00-
HBIX CTPYKTyp. MIx Guomacca npeficTaBjieHa MeJIKUMU
OBaJIbHBIMU KJIeTKaMM, IOTPYXEeHHBIMH B CJIM3UCTHIN
matpukc. Ha COM uzo6paxeHusx Takxe ObLid o6Ha-
Py’keHbl MMKPOKOJIOHHUU U3 CKOILJIEHUA KJIETOK, UHKPY-
CTUPOBAaHHBIX OKCHJAM{ pa3HBIX 3JIEMEHTOB, BKJIIO-
yasg HOpMHUpYeMble B NUTbeBOH BojJe. M3BecTHO, 4TO
I'B KOHTpOJMpYys OKpyXaroliue YCJIOBUA, U3MEHSAIT
cTpyKTypy MC 1 CTUMYJIMPYIOT IIPOLIeCChHl pa3JIoXeHUA
opraHudeckux BemjecTB (OB) u cHuXxawT GHOJOCTYI-
HOCTb HekoTOphix MeTasutoB (Kulikova and Perminova,
2021).

4. BoiBOADI

B pesysibTaTe ncciiefoBaHUA CTPYKTYPH MUKPOO-
HBIX COOOIIEeCTB Ha pa3HBIX 3Tamnax BOLONOATOTOBKU,
61oMJIeHOK, GOpMUPYIOMIUXCA B 9KCIIEpUMEeHTe Ha I'pa-
HYJINDOBAaHHOM aKTUBHUPOBAHHOM yTJie B IPUCYTCTBUU
Pa3HBIX UCTOYHUKOB YIJIepo/ia, YCTAaHOBJIEH OCHOBHOI
(akTop pucKa CHUXeHHUs KauyecTBa OYUIeHHON BOIBI
— pa3BuTHe akTHHOOakTepuil. HecMoTpss Ha HCHOJIb-
30BaHHe pPa3JIMYHBIX COPOEHTOB, METOHOB Ae3uH(}eK-
uuM (XJIOpUpOBaHME U O30HMPOBaHNE) IpeACTaBU-
Tesmu Actinobacteria, BXosAlle B COCTaB OHOIIJIEHOK,
COXPAaHsLJIM CBOK KU3HECTIOCOOHOCTh B pe3epByapax C
YHCTOU BOAOM U BJIMAJIM Ha OpraHoJIenTHYecKue rnoka-
3aTenn OyTWU/IMPOBAHHON BoABl. BrickazaHa rumoresa
O HeraTuBHOH pOJIM aKTUBHUPOBAHHOI'O YIJiA, BBICTY-
Mawliero akKyMyJIATOPOM OpraHWYecKuX BellecTB, a
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TakXe MecTOM ajre3uy CIop aKTUHoOaKTepuil u Gak-
TEepUAJIbHBIX KJIETOK, CHUHTE3WPYIOIINX MOJTUMEPHBIN
MaTpukc. J[Jia mpedoTBpalleHusa CHIKEeHUSA KayecTBa
OYUIIAeMOM BOJBI TpeGyeTcsA KOHTPOJMPOBATh perJia-
MEHT pereHepanuy COpOEHTOB UJIM UX 3aMEHBL.

KoHpAUKT UHTEpecoB

ABTOpHl OeKJIapupylOT 00 OTCYTCTBUHU KOH-
(¢riukTa MHTEpeCcoB.
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