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ABSTRACT. The high anthropogenic load of heavy metals on water resources has a negative impact on
all living organisms, causing environmental, medical and economic problems. One of the most ubiqui-
tous microorganisms in aquatic ecosystems is the genus Bacillus. The study of the mechanisms by which
Bacillus bacteria adapt to heavy metal exposure contributes significantly to the understanding of phys-
iological and biotechnological processes. This study focuses on the effect of heavy metals on the pro-
duction of siderophores by the endolithic strain Bacillus velezensis S18. The B. velezensis S18 strain was
found to demonstrate resistance towards high concentrations of heavy metals, as well as the ability to
secrete siderophores. Thus, B. velezensis S18 has significant potential for the detoxification and recovery
of metals from contaminated surface and groundwater.
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1. Introduction

One of the most pressing issues facing our envi-
ronment is the contamination of aquatic ecosystems by
heavy metals and metalloids. This is a direct result of
industrial activities, urban services and the use of chem-
ical fertilisers in agriculture (Roskova et al., 2022).
High anthropogenic load of heavy metals on water
resources has a negative impact on all living organ-
isms, causing environmental, health and economic
problems. Biological methods are the safest and most
effective way to treat and recover surface, groundwa-
ter and wastewater. The key role in the bioremediation
process belongs to microorganisms, which have devel-
oped various mechanisms of resistance to heavy metals
(Gadd, 2010). Microbial siderophores are low molecu-
lar weight organic compounds that have high affinity
for iron ions (Fe3**) and other metals, which provides
a high potential for application in detoxification pro-
cesses and extraction of metals from polluted waters
(Hofmann et al., 2021). Bacteria of the genus Bacillus
have adapted to the conditions of life in a wide variety
of ecological niches, including freshwater and marine
aquatic systems. Members of the genus Bacillus are
known to be resistant to heavy metals and also produce
various siderophores (Khan et al., 2016). The aim of
this work was to investigate the effect of heavy metals
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on the production of siderophores by endolithic strain
Bacillus velezensis S18.

2. Materials and methods

Isolation and Identification. The strain S18
was isolated from an ultramafic rock, serpentinite.
Genomic DNA from strain S18 was extracted from an
overnight LB-grown culture using the phenol-chlo-
roform method. The 16S rRNA gene (1500 bp) was
amplified with polymerase chain reaction, then then
sequenced using instrument ABI 3730 DNA Analyzer
(Life Technologies, USA) following Sanger’s method.
The bacterial sequences were analyzed using the Basic
Local Alignment Search Tool (BLASTn).

Heavy Metal Resistance. Bacillus velezensis S18
was exposed to different concentrations of heavy met-
als (Ni**, Co**, Cu**, Zn**, Fe**, Cr,0,*) to determine
their minimum inhibitory concentrations (MICs).

Siderophore Production Screening. The
Chrome Azurol S (CAS) agar assay was used for screen-
ing B. velezensis S18 capacity for siderophore produc-
tion (Payne, 1994). Additionally, a replacement of
Fe3* with heavy-metal ions (Al**, Cu?*, Ga3*) in the
standard CAS agar method was tested (Sarvepalli et al.,
2023).
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3. Results and discussion

The endolithic strain B. velezensis S18 was iso-
lated from a serpentinite (Khalilovsky massif, Orenburg
region, Russia) (Khilyas et al., 2019). A comparative
analysis of the nucleotide sequence of the 16S rRNA
gene of the strain S18 revealed the highest similar-
ity with the typical strain of Bacillus velezensis strain
L-15. The resistance of the B. velezensis S18 to different
concentrations of heavy metals was evaluated on LA
medium for determination of minimum inhibitory con-
centrations (MIC). The B. velezensis S18 demonstrated
the capacity of surviving in heavy metals concentra-
tions of 2 mM Ni**, 1 mM Co?**, 0.5 mM Cr,0,*, 3 mM
Cu?*, 4 mM Zn?* and 5 mM Fe®*. The capacity of B.
velezensis S18 to secrete siderophores on standard CAS-
agar medium was demonstrated. Replacement of Fe*3
ion with Al™3, Cu*2, Ga*%ions revealed the formation
of increased halo zones formed around the B. velezensis
S18.

4. Conclusion

The endolithic strain Bacillus velezensis S18
has the capacity to synthesize metal-binding metabo-
lites and to resist to heavy metals. This determines its
potential ecological and biotechnological significance.
The binding of heavy metals by B. velezensis S18 sid-
erophores offers new avenues for the development of
biotechnologies in the field of biometallurgy, as well
as the detoxification of metals in surface water and
wastewater.
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AHHOTAIIHA. Bricokas aHTpOINOreHHasA Harpy3Ka TsoKeJIbIMU MeTasljlaMu Ha BOAHBIE peCcypChl OKa3bl-
BaeT HeraTHUBHOE BJIMsIHNE Ha BCe XXUBble OPraHM3MBbI, BBI3bIBasA SKOJIOTUYECKUE, MEIUIIMHCKUE U KO-
HoOMUYeckue npobseMsl. OQHUMU U3 HauboJIee pacpoCTPaHEHHBIX MUKPOOPraHNU3MOB BOJIHBIX CUCTEM
ABJIAIOTCA GakTepun poja Bacillus. ViccneqoBaHre MeXaHU3MOB afanTauuu 6aktepuil poma Bacillus k
BO3JEMCTBUIO TSKEJIBIMU MeTaslJITaMU BHOCUT CyIeCTBEHHBIN BKJIA[] B MOHUMaHUe GU3NOJIOTMIECKUX U
O610TEeXHOJIOTMYECKUX MpoljeccoB. VceiiefoBaHNe NOCBAILEHO BIMAHUIO TsDKEJIBIX MeTaJIJIOB Ha MPOAYK-
110 cuaepodopoB SHAOJIUTHEIM ITaMMoM Bacillus velezensis S18. Illtamm B. velezensis S18 nposiByisieT
YCTOMYMUBOCTh K BBHICOKUM KOHIIEHTPAIUAM TSKEJIBIX METAJIJIOB U CIIOCOOEeH CEeKpPeTUpPOBaTh CUMIEPO-
dopsl. Takum 06pa3om, B. velezensis S18 obamaeT 3HaAUNTETBHBIM TOTEHITUAJIOM AJIS JETOKCUKALINH U
M3BJIeYEHUsI METAJIJIOB U3 3arPsI3HEHHBIX IOBEPXHOCTHBIX U TPYHTOBBIX BOJ.

Kimoueavle ctoga: cugepodopsl, Bacillus, Tsaxesble MeTaJLTbl
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MeTaJUIOB Ha IPOAYKIMIO0 cuepodopoB dHAOJUTHEIM mTammoM Bacillus velezensis S18 // Limnology and Freshwater Biology.
2024. - Ne 4. - C. 877-880. DOI: 10.31951/2658-3518-2024-A-4-877

1. BBeaenue

OpHoli 13 HanboJIee OCTPHIX TPOOJIEM 3arps3He-
HUs OKPYXXamIlel cpeabl ABJIAETCA MOMaJaHUe TsKe-
JIBIX METAJIJIOB 1 METAJLJIOUIOB B BOJHbIE SKOCKICTEMEI B
pe3yJibTaTe AeATeTbHOCTYU MTPOMBIIIJIEHHBIX MPeIpUs-
THUH, TOPOJICKUX CJTYK0 1 MPUMEHEHUA XUMUYECKUX Y10~
OpeHuii B cesbckoM xossiicTBe (Roskova et al., 2022).
BricOkas aHTpPOIOTeHHas Harpy3Ka TsSXKeJIbIMUA MeTaJl-
JIaMH1 Ha BOJIHBIE PECYPCHI OKa3bIBaeT HETaTUBHOE BJIU-
sSIHUEe Ha BCE XUBbie OPTraHU3MBbI, BBI3BIBAST DKOJIOTHUYE-
CKHe, MeJUIIMHCKIE U 3KOHOMUYECKUe mpodJsieMsl. s
OYMCTKN W BOCCTAHOBJIEHUS MMOBEPXHOCTHBIX, MOJI3€M-
HBIX ¥ CTOYHBIX BOJI pa3pabaThiBAIOTCA OUOJIOTYECKHe
METO/IbI, KOTOPhIE OTHOCATCS K HanboJiee 6e30macHBIM
u s¢dextuBHbBIM. KittoueBas poJsib B mpoiiecce Guope-
MeUaIuy MPUHAAJIEXUT MUKPOOPraHU3MaM, KOTOPhIe
BBIpA0OTA/IN pa3JIMYHbIE MEXAaHU3Mbl YCTOMYMBOCTU K
TsxesibiM MeTasiaM (Gadd, 2010). Mukpo6Hbie cupe-
podopHI — HU3KOMOJIEKYJISIDHbIE OpraHUYeCKe COequ-
HEeHUs, KOTOpble 00JIafaloT BBHICOKON a(pPUHHOCTBIO K
voHaMm xejyie3a (Fe3*) u apyrum merasuiam, 4To obe-
ClleyrBaeT BBICOKMU TOTEHNMAJ [Jid IPUMEHEHUs B
npoifeccax JeTOKCUKAIUN U U3BJIEYEHUS] METAJJIOB U3
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sarpssHeHHbIx Boj (Hofmann et al., 2021). Baktepuu
pona Bacillus amanTupoBanCh K YCJIOBUAM XHU3HE-
JIeATEJIBHOCTH B CaMbIX Pa3sHOOOpPAa3HBIX SKOHMUIIAX,
BKJIIOYAs MIPECHOBO/IHBIE M MOPCKUE BOIHbBIE CHCTEMBI.
W3BeCcTHO, YTO MpeJicTaBUTeM pojia Bacillus o61amaoT
YCTOMYMBOCTBIO K TsDKEJIBIM MeTaJljiaM, a TAKXKE IMPOy-
upyIoT pasnuudeie cugepodops (Khan et al., 2016).
Llesib maHHON paboTH - HCCJENOBAaHHE BJIKSA-
HUSL TsDKEJIBIX METAJIJIOB Ha MPOAYKIUI0 cuepodopoB
SHIOJIMTHBIM miTaMMOM Bacillus velezensis S18.

2. MaTepuanbl 1 MeTOAbI

Beimesienne u uaeHtTudpukanusa. Illtamm S18
BbllejleH U3 yJibTpamMaduuyeckoll TOpHON NOpPOABl —
ceprienTnHUTa. 'eHomMHas JIHK mramma S18 BeifjesieHa
denon-xs10p0POpMHEIM MeTofOM. dparmMeHT reHa 16S
pPHK (1500 m.H.) aMmiuunrpoBayd C ITOMOIIBIO
[I1P, a 3aTeM cekBeHHpoBanu Ha npudope ABI 3730
DNA Analyzer (Life Technologies, CIIIA) mo meromy
Conrepa. IlocienoBaTebHOCTh reHa mrtamma Bacillus
velezensis S18 aHaIM3NPOBAIIU € TOMOIIBIO IPOTPAMMEI
Basic Local Alignment Search Tool (BLASTn).

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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YceToHYHMBOCTh K TSXKEJIBIM MeTajulaM. J{iis
onpefieJieHUs1 MUHUMAJBHONM HWHTrUOUpYyIoleil KOH-
uentpauuu (MUK) Tsxenslx MeTasioB, KyJbTypy B.
velezensis S18 BelpamuBajy Ha arapyu3oBaHHOI cpejie
Jlypus-bepranu B NpUCYTCTBAU Pa3JIMYHBIX KOHI[EH-
tpauui Ni**, Co**, Cu?**, Zn**, Fe**, Cr,0,*.

Cnoco6HocTh K mpoaykuuu cunepodopos
mTaMMoM B. velezensis S18 omnpefneisiin ¢ MUCHIOJIb30-
BaHHWeM arapu3oBaHHOM cpeflbl, cojepXalleil XpoM
asypon S (CAS-arap) (Payne, 1994). JJonosHUTEJIBHO,
MIPOBOAWJIM CKPUHUHI IHPOAYKIUU CcuAepodOpoB B
CAS-arap cpene, B kotopoii Fe®** 3amemanu moHamu
TsoKeJIbix MetasutoB (Al*+, Cu?t, Ga®*) (Sarvepalli et
al., 2023).

3. Pe3ynabTaTtbl M 06Ccy)xpeHue

OHOOJUTHHIN mTaMM B. velezensis S18 BhifesieH
U3 MHHepajla IPYIIbl ceplleHTHMHUTa (XaIuJIOBCKUI
MaccuB, OpeHOyprckas ob6iyactb, Poccusa) (Khilyas et
al., 2019). AHanM3 HYKJIEOTHIHOHN IMOCJIEeIOBATETBHO-
ctu reHa 16S pPHK mramma B. velezensis S18 moxa-
3ajl HauOoJiblllee CXOACTBO C THUIIOBBIM INTaMMOM
Bacillus velezensis strain L-15. YcToiuuBOCTh IITaMMa
B. velezensis S18 k pa3jIMYHBIM KOHIIEHTPALUAM TsXKe-
JIBIX MeTaJUIOB IIPOBepAM Ha arapus3oBaHHOH cpefie
Jlypua-bepranu pnia onpefeseHus MHHHUMAaJIbHOMN
UHrubupyiomeii konneHrpanuu (MUK). O6Hapyxuiu
yCTOMYMBOCTh INTamMMa B. velezensis S18 k TaxessM
MeTaJutaM B KoHIeHTpanuax 2 MM Ni2*, 1 MM Co?*,
0.5 MM Cr,0,%, 3 MM Cu?**, 4 MM Zn** u 5 MM Fe?*.
INokazanmm crnocoO6HoOCTh mTamMma B. velezensis S18
ceKpeTupoBaTh cuAepodOps Ha CTaHAApPTHON cpefe
CAS-arap. 3amemenne voHa Fe*® Ha vonsr Al**, Cu?*
win Ga** B cpene CAS-arap BeIABIIIO (HhOpMHUpPOBaHUE
30H IIPOCBETJIEHHs BOKPYT KOJIOHUU OOJIbIIEro AuaMe-
Tpa [0 CPaBHEHUIO CO CTaHAAPTHOU Cpeioi.

4. BoiBOADI

DHpoosmMTHBIE wmTamMm Bacillus velezensis S18
o6JajjaeT CrocOOHOCTHIO MPOIYLHUPOBATh METaJICBS-
3bIBalolie MeTabOoJIMThI, a TaKXe YCTOMYMB K TsKe-
JIBIM MeTaJljlaM, YTO OIpeJesIAeT ero MOTEeHI[UAIbHYIO
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9KOJIOTMYeCKyl0 ¥ OHMOTEeXHOJIOTMYeCcKyl 3HaYHMMOCTb.
CBA3BIBaHME TSKEJBIX METaJJIOB C IIOMOIIbI0 CHUAEPO-
dopoB B. velezensis S18 mpefocraBiseT HOBEE IroOpuU-
30HTHl A/ pa3paboTku OUOTEXHOJOTUH B 0O0JacTu
OuoMeTaJUIypruy, a Takxke JeTOKCUKALMK MeTaJJIOB B
[IOBEPXHOCTHBIX M CTOYHBIX BOAAX.
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