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ABSTRACT. Psychrophilic pigment-forming strains, isolated from Lake Baikal and the Pokhabikha River,
were studied. Based on culture-based, morphological, and biochemical properties, as well as the results
of 16S rRNA gene sequence analysis, the studied bacteria were assigned to the genera Janthinobacterium
and Iodobacter. The strains are able to form biofilms and produce violet pigment. When the pigments
were extracted with methanol and identified by MALDI/TOF mass spectrometry, the pigments violacein

and deoxyviolacein were identified.
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1. Introduction

Microbial communities occupying cold habi-
tats are constantly exposed to several stressors, such
as extreme low temperatures, oligotrophic conditions,
freeze-thaw cycles, and UV radiation. In order to sur-
vive these aggressive conditions, microorganisms adapt
by means of several defense strategies, including the
production of different pigments (Sajjad et al., 2020).
The bacteria, which have a purple color that gives
them the pigment violacein, belong to several genera
that have been found in a variety of natural environ-
ments, including low temperatures (Baricz et al., 2018).
Violacein is a violet or purple bisindole water-insoluble
pigment synthesized by condensation of two modified
tryptophan molecules and consists of oxindole, 2-pyr-
rolidone, and 5-hydroxyindole subunits (Fiiller et al.,
2016). Violacein has a variety of biological activities,
including strong antibacterial activity against a wide
range of bacteria (Asencio et al., 2014; Arif et al., 2017),
antifungal, antiviral, antiprotozoal, and anti-tumor
activity (Durén et al., 2007; Soliev et al., 2011; Choi
et al., 2015). In this work, we isolated three strains of
psychrophilic, purple pigment-producing bacteria and
described the methods for pigment extraction and iden-
tification by MALDI mass spectrometry.
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2. Materials and methods

Surface water samples were collected in South
Baikal in September 2022 near the Pokhabikha River
and in March 2023 near the Bolshye Koty settlement.
Seeds of water samples were incubated at 4°C for 10
days on PPA/10 nutrient medium. Purple-colored col-
onies were then selected and dispersed several times
using the depleting stroke method until pure cultures
were obtained. The culture-based and morphological
characteristics of the strains obtained were studied
microscopically as described previously (Bashenkhaeva
and Zakharova, 2017). The optimum growth tem-
perature for increasing the yield of bacterial biomass
was investigated on 1% peptone broth at 0, 4, 8, 12,
16, 22, 26, 30, and 37°C. The growth of cultures was
assessed in three replicates at each selected tempera-
ture for 10 days using a biological spectrophotometer
Bio Spectrometr Basic, Eppendorf.

Taxonomic affiliation of the isolated strains was
carried out by molecular-biological methods based on
the analysis of sequences of 16S rRNA gene fragments.
For DNA isolation, bacterial biomass was collected
from agar slant in 1 ml of sterile TE buffer, followed by
phenol-chloroform extraction method. Amplification
of the 16S pPHK gene fragment was performed using
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the prepared PCR mixture 2XTaqM (AlkorBio, Russia)
and primers 27F (5-AGAGTTTGATCATGGCTCAG-3")
and 1350R  (5-GACGGGCGGTGTGTACAAG-3").
Amplification products were sequenced using the
GenSeq kit (Syntol, Russia) on the genetic analyzer
Nanofor 05 (Syntol, Russia) at the Ultramicroanalysis
Center of LIN SB RAS (Irkutsk).

For pigment extraction, bacterial strains were
dispersed on Petri dishes with SNA/10 medium and
cultured at 26°C for 72 hours. Then, the bacterial bio-
mass was collected, transferred to a test tube, 1 ml of
methanol was added, shaken well for 10 min and cen-
trifuged (13400 rpm, 5 min). The stained supernatant
was separated, and methanol extraction was repeated
until the cell mass was almost completely discolored
(quantification of pigment production was not done).
The supernatants were combined, concentrated to
dryness in an argon current at room temperature, and
redissolved in 50 pl of methanol. The methanol extract
was used for pigment identification by MALDI mass
spectrometric analysis. Due to the photosensitivity
of violacein, all operations were performed without
access to light (tubes were wrapped with aluminium
foil) (Huang et al., 2023). One pl of methanol extract
was applied to an AnchorChip target (Bruker Daltonik
GmbH, Germany), mixed with 1 pl of 2.5-DHB matrix
(2.5-dihydroxybenzoic acid, 10 mg/ml), and dried at
the room temperature.

Mass-spectra of the extracts were recorded on
an UltrafleXtreme MALDI-TOF MS mass spectrometer
(Bruker Daltonik GmbH, Germany) in refelectron mode
in the mass range of 300-1000 Da at positive ionisa-
tion. Violacein and deoxyviolacein were identified by
the presence of intense molecular ions [M] + with char-
acteristic ratios of m/z 343.5 and m/z 327.5 in the mass
spectra of samples S-RP1, S-B17, and VK-B8.

3. Results and discussion

Three strains were isolated from the Pokhabikha
River water (strain S-RP1), from the Baikal coastal
water opposite the mouth of the Pokhabikha River
(strain S-B17), and from the Baikal under-ice water
near the settlement of Bolshye Koty (strain VK-B8). The
growth of the strains was characterized by the accu-
mulation of violet pigment, biofilm formation, and the
ingrowth of colonies into agarized media. The shape,
structure, and consistency of S-RP1 colonies were
round, smooth, uniform, and dense; S-B17 colonies
were round, festooned, striated, and dense; VC-B8 colo-
nies were rhizoid, uniform, and mucilaginous. The bac-
teria studied were found to be aerobic Gram-negative
motile rods arranged in singles, not forming spores
with cell size in the range of 1.3-2.4 X 0.3-0.6 um.
Strains S-B17 and BK-B8 had a growth range from 0°C
to 24°C, strain S-RP1 ranged from 0°C to 30°C. In the
study of physiological-biochemical characteristics, pos-
itive tests for phospholipase, catalase, collagenase, and
urease were determined. Strain BK-B8 was oxidase-pos-
itive and hydrolyzed casein but not starch. Strain S-B17
hydrolyzed starch, strain S-RP1 was phosphatase- and
lapase-positive and gylrolyzed casein.
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As a result of phylogenetic analysis, it is
shown that the bacteria studied belong to the family
Oxalobacteraceae. The sequences of strain S-RP1 had the
highest sequence similarity to those of Janthinobacterium
lividum, and those of strains S-B17 and BK-B8 to
Iodobacter sp. The culture-based, morphological, and
biochemical properties of the studied bacteria coincide
with the properties of bacteria belonging to the genera
Janthinobacterium and Iodobacter (Lyakhovchenko et
al., 2021; Chernogor et al., 2022).

By the MALDI/TOF method, the purple pigment
extracts produced by the tested bacteria were identi-
fied as violacein and deoxiviolacein by the presence
of intense molecular ions [M]+ with characteristic
ratios of m/z 343.5 and m/z 327.5 in their mass spec-
tra. The MALDI/TOF method is based on the desorp-
tion and ionization of the test substance co-crystallized
with the matrix and is characterized by its tolerance to
impurities and additives, which allowed the detection
and identification of target compounds in the crude
extract. The choice of matrix (2.5-DHB) in this study
is explained by the insignificant background peaks in
the low mass region (less than 500 Da) and its high
ability to suppress fragmentation of the investigated
compounds.

4. Conclusion

Bacterial pigments are important pharmaceutical
and industrial chemicals. The violet pigment violacein
has attracted the attention of the scientific community
because of its broad biological activity. The isolation,
investigation, and identification of strains of violacein
producers are of interest for the development of bio-
technological processes to enhance the biosynthesis
of this compound. We isolated the psychrophilic pig-
mented bacteria from the genera Janthinobacterium and
Iodobacter, which have high biochemical activity and
require more detailed study, because of all the second-
ary metabolites with antibiotic activity, pigments rep-
resent an understudied group.
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AHHOTAILIUS. HWccrepnoBaHbl NncuxpoduiibHble NTUIMEHTOOpa3yolye MTaMMbl, WU30JIMPOBaHHBIE U3
o3epa bBaiikan u pexku [loxabuxa. Ha ocHOBaHUM KyJIbTypaJIbHBIX, MOPQOJIOTMYECKUX 1 OGuoxumuye-
CKHUX CBOMCTB, a TakXe [0 pe3yJibTaTaM aHajIn3a nocjefoBaTesibHOCcTel reHa 16S pPHK ucciieqyemeie
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1. BBeaenue

MuxkpoOHble cooOllecTBa, HaceJsIyie X0J0/-
Hble MecTa O0MTaHUsA, IOCTOSAHHO IIOABEPraloTcs BO3-
JeHCTBHI0 HECKOJIbKUX CTPecCOBBIX (aKTOPOB, TaKUX
KaK 3KCTpeMaJIbHO HHU3KUe TeMIepaTypbl, OJIMUIOTPO-
dublE yCII0BUSA, IUKIIBL 3aMOpPaXXHUBaHUA-OTTaUBaHUS,
Y® wuznydyenme. UToObl cHpaBUThCA C 3TUMHU arpec-
CHUBHBIMU YCJIOBUAMY, MHMKPOOPraHU3MBI aAanTHpy-
I0TCA C IIOMOIIBI0 HEeCKOJIbKUX 3allUTHBIX CTpaTeru,
BKJTIOYAsA NPOAYKLUUIO PA3JINYHBIX NMUTrMeHTOB (Sajjad
et al., 2020). BakTepuu, uMmeronre HUOJETOBHIH IBET,
KOTOpBIN NIpHJiaeT UM IIUIMEeHT BHOJIAlleHH, ABJIAITCA
[IpeJICTaBUTEJIAMU HECKOJIBKUX POLOB, KOTOPHIE OBLIN
oOHapyXeHBl B pa3HBIX NPUPOAHBIX CpellaX, B TOM
Yyucile B yCJIOBUAX HU3KMX Temmepatyp (Baricz et al.,
2018). Buomnareux mpejcrasisier coboil HrosIeToBBIN
WA TYypPIypHBIN OUC-UHIOJIOBBIN BOJOHEPACTBOPU-
MBIi NUIMEHT, CHHTe3UupyeTcs IIyTeM KOHJeHcaluu
AByX MoaubULIMPOBaHHBIX MOJleKyJl TpunrodbaHa u
cocTouT U3 cyObeQUHUL] OKCUHAOJA, 2-MUPPOJIUAOHA
u 5-rugpokcunnposa (Fiiller et al., 2016). Buosarienx
obs1ajlaeT pa3HOOOPA3HOU OUOJIOTMYECKOU aKTHUBHO-
CTBI0, B TOM YMCJIe CUJIbHBIM aHTHUOAKTepraJIbHOM Jieil-
CTBHEM IIPOTHUB MIMPOKOro creKkTpa baktepuii (Asencio
et al.,, 2014; Arif et al.,, 2017), npoTUBOrpHUOKOBOHI,
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MPOTUBOBUPYCHOM, aHTUIIPOTO30MHOM, TPOTHUBOOITYXO-
JeBoH akTuBHOCTBIO (Durdn et al., 2007; Soliev et al.,
2011; Choi et al., 2015). B 3T0#1 paGoTe MbI BBIEJIUIN
TPU IITaMMa MCUXPOUMIIBHBEIX, BBHPAOATHIBAIOIINX
($purosieToBBINI MUTMEHT GaKTEPHii, U ONKUCAIN CIOCOOBI
OKCTPAaKIUN MUIMEHTAa U WAeHTUGUKAIUI0 MeTOJOM
macc-cnektpoMetrpun MAJIJIN.

2. MaTtepuanbl 1 MEeTOADI

[TpoObl MOBEPXHOCTHON BOABI OBUIM OTOOpPAHBI
B IOxHOM DBailikane B ceHTsa0pe 2022 r. B palioHe p.
[Moxabuxu u B mapte 2023 r. B patioHe n. Bosbiiue
Kotel. [loceBbl 06pa3noB BOAb WHKYOUpPOBaJ IpU
temiepaType 4°C B Teuerre 10 cyTok Ha mUTaTeIbHON
cpene PITA/10. 3ateMm oTOupanu KOJIOHMU (PHOIeTO-
BOTO IIBeTa 1 HeCKOJIbKO pa3 pacceBajid MeTOAOM HCTO-
mammero IMTpyuxa A0 IOJy4YeHWUS YUCTHIX KYJbTYP.
KynbTypasbable 1 MopdoJsiorunyeckrie CBOMCTBA IMOJIY-
YeHHBIX HITaMMOB HCCJIEJOBAJIM MHUKPOCKONNYECKHU
Kak omucaHo paHee (BamenxaeBa u 3axaposa, 2017).
OnTuMaibpHas TeMmiepaTypa pocTa Ji yBeJIM4eHU:A
BhIXOJ]a OakTepuasibHOM OroMacch Oblj1a HccjleJoBaHa
Ha 1% nentoHHoMm OysboHe nipu 0, 4, 8, 12, 16, 22, 26,
30, 37°C. PocT KyJIbTyp OL€HMBAJIU B TpeX MOBTOPHO-
CTAX IPU KaXx[I0l1 BEIOpAaHHOU TeMIlepaType B TeueHue
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10 cyTOoK c OMOIIBI0 GHOJIOTUYECKOr0 CIIEKTPOQOTO-
MeTpa Bio Spectrometr Basic, Eppendorf.

TakcoHOMHYECKyI0 TNPUHAJJIEKHOCTh U30JIU-
POBaHHBIX HITaMMOB NPOBOAWJIUA MOJIEKYJIAPHO-01O-
JIOTUYeCcKMH MeTOJaMH Ha OCHOBe aHajau3a Iocie-
JoBartenpHOCTell ¢parmeHToB reHoB 16S pPHK. [lns
BoiflesieHuss JJHK Guomaccy Gaktepuil cobupanu co
ckomeHHoro arapa B 1 mi crepusibHoro TE-Oydepa,
Jajiee MCHOJIB30BIM MeTod  (peHosI-x10podopM-
HOHM sKcTpakuuu. AMmuudukanuio dparmMeHTa reHa
16S pPHK mnpoBogunu c mnomoipio roropoil IILIP-
cMmech 2XTagM (Askopbuo, Poccusi)) u mpalimepoB
27F (5"-AGAGTTTGATCATGGCTCAG-3) u 1350R
(5"-GACGGGCGGTGTGTACAAG-3"). [TpOyKTHI
aMmiMduKanuy CeKBeHHpOBaJMU C IIOMOIIbI0 Habopa
I'enCex (Cuntos, Poccus) Ha reHeTHUYeCKOM aHa-
muzarope Hanodop 05 (Cunron, Poccusa) B LKII
«YnpTpamukpoaHanusa» JIMH CO PAH (r. UpkyTck).

Jia  okcTpakuum INWUrMeHTa OakTepuasbHBbIe
mTaMMBl pacceBajid Ha yamkax I[letpu co cpenoi
PITA/10 u KyJbTHUBUpPOBaJIM NpU Temmeparype 26°C
B TeueHHWe 72 dyacoB. 3aTreM OakTepuaJbHyI0 OHO-
Maccy cobupany neTJiel, mepeHOCUIn B NPOOUpPKY,
Job6asysann 1 MJI MeTaHOJIa, SHEPTUYHO BCTPAXUBAJIU
B TeueHue 10 MuH, neHtpudyruposanu (13400 o6/
MUH, 5 MUH). OKpalleHHBI cyllepHaTaHT OTAe/ AN U
MOBTOPAJIN 3KCTPAKIHI0 METaHOJIOM A0 IpaKTU4ecKd
IIOJIHOTO obecliBeYWBaHUA KJIETOYHON Macchl (KOJIH-
4yecTBEHHOe oOIlpejiejieHre IIPOM3BOJICTBA NUTMEHTa
He oueHuBajy). CynepHaTaHTBl OObeIUHANIN, KOH-
LIEHTPUPOBaJIM AOCyXa B TOKe aproHa Npyu KOMHATHOM
TeMIepaType U mnepepacTBopsiav B 50 MKJI MeTaHOJIa.
MeTaHOJIBHBIN 3KCTPAKT MCIOJIb30BaJIU JJIA WJEHTH-
dukanuu nurMeHTa MeTOAOM Macc-CIeKTpOMeTpu-
yeckoro aHanmusza MAJIIU. B cBA3U cO CBETOUYyBCTBU-
TeJIbHOCTBI0 BHOJIAlleHa BCe Ollepalliy NPOBOAMNIIU
6e3 gocryna cBeta (Mpobupku obopauuBaIn aJOMU-
HHUeBON doJibroi) (Huang et al., 2023). MeTaHOJIBHOTO
skcrpakTa (1 M) HaHOCWIM Ha MumeHb AnchorChip
(Bruker Daltonik GmbH, 'epmanus), cmemmBamm ¢ 1
Mka Marpunsl 2,5-DHB  (2,5-guruapokcubeH3oiiHas
kucioTa, Dihydroxybenzoic acid, 10 mMr/mi) u BbICY-
HIMBaJIM TP KOMHATHOH TeMIlepaType.

Macc-cnekTphbl 3KCTPaKTOB pPerucTpupoBajid Ha
macc-criektpoMmeTpe UltrafleXtreme MALDI-TOF MS
(Bruker Daltonik GmbH, T'epmanus) B pexume ped-
JeKkTpoHa B AuanaszoHe macc 300-1000 [a npu nosio-
JKUTEeJIbHOY MoHM3aluu. MaeHTudukanysa BroJsalnernHa
u JeokcuBurosalena (deoxyviolacein) BHIOJHAIN IO
HaJnyu B Macc-cnektpax mpo6 S-RP1, S-B17, BK-B8
WHTEHCHUBHBIX MOJIEeKyJIApPHBIX MOHOB [M]* ¢ xapakre-
PUCTUYHBIMU OTHOILIeHUsAMU m/z 343.5 u m/z 327.5.

3. Pe3ynbTatbl M 06Ccy)xpeHue

Tpu mramMma OBUTM BBIJEJIEHBI W3 BOABI P.
[Moxabuxa (mrTamMm S-RP1), u3 npubpexHOil BOJbI
Batikana HanpoTuB ycTbs p. [loxabuxa (mtamm S-B17)
U U3 nojJieqHoN BoAbl balikayia B patioHe n. Bosbiine
Kotet (utamm BK-B8). Poct mTamMMoB XapakTepuso-
BaJIcsA HaKoIIeHWeM ¢GHOJIETOBOTO MUTIMeHTa, 00pa3o-
BaHHEeM OHMOIUIEHOK W BpacTaHUWEM KOJIOHUH B arapu-
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30BaHHbIe cpefbl. dopMa, CTPYKTypa M KOHCHUCTEHIUA
kostoHud S-RP1 6blnia kpyrjias, poBHas, OJHOPOJHasd,
wiotHas; S-B17 kpyrnas ¢gecroHuarTas, crpynuaras,
toTHas; BK-B8 pusonanasn, ogqHopoaHasA, CIU3UCTas.
BeisiBsiIeHO, 4TO wHcciefyeMble OaKTepuy IpefCcTaB-
JIeHBl a’pOoOHBIMM I'PaMOTPHUIATEJIbHBIMU I1OJBUX-
HBIMU TIAJIOYKaMH, pacloJIO)KeHHBIMU [TOOJUHOUKe, He
00pa3yonMU CIOpPHl € pa3MepoM KJIeTOK B Auamna-
30He 1.3-2.4 X 0.3-0.6 mxm. llITammer S-B17 u BK-B8
nMesy auanasoH pocrta ot 0°C go 24°C, mramm S-RP1
nmesn poct ot 0°C go 30°C. Ilpu msyueHun ¢usno-
JIOro-OMOXMMUYECKUX XapaKTepUCTUK OIpefdesieHbl
[I0JIOXKUTeJIbHBIEe TecThl Ha (ocdosmnasy, kartaaasy,
KoJulareHasy, ypeasy. lllTamm BK-B8 6bu1 okcuaasono-
JIOXKUTeJIbHBIM, THPOJIM30BaJl Ka3ernH, HO He KpaxmaJl.
OItamm S-B17 ruaponusoBana kpaxmad, mwraMmm S-RP1
6611 Qocdaraso- 1 JUNA30M0JIOKUTEIbHBIM, THAPOJIN-
30BaJl Ka3euH.

B pesyibraTe (uioreHeHHYeCKOro aHasin3a
[I0OKa3aHo, YTO HccjieAyeMble OakTepuy NpUHajjiexar
Kk ceMmeiictBy Oxalobacteraceae. IlocienoBaTesbHOCTU
mramMmMma S-RP1 uMenu HauboJiblee CXOACTBO C IOCJIe-
noBatenpHocTAMU Janthinobacterium lividum, mram-
MoB S-B17 u BK-B8 c Iodobacter sp. KyibTypasbHbie,
Mop@oJiornyeckre 1 6MOXUMUYECKHe CBONCTBA HCCIIe-
JyeMbIx 6akTepuil corjacyloTcs co CBONMCTBaMHu Oak-
Tepuil, NpUHaAJIeXalMX K IpeACcTaBUTeJIAM POJOB
Janthinobacterium u Iodobacter (Lyakhovchenko et al.,
2021; Chernogor et al., 2022).

Metonom MAJIIN/TO® B skcTpakTax GUoseTo-
BOTO IIMI'MEHTa, KOTOphble NPOAYLHPYIOT UccjiefyeMble
O6axTepuu, ObUIM WAEHTHU(QPUIMPOBaHB BUOJIAlEMH U
JIeOKCUBHOJIALleH [0 HAJMYMI0 B UX Macc-CIeKTpax
MHTEHCUBHBIX MOJIEKYJIAPHBIX MOHOB [M]* ¢ xapakre-
PUCTUYHBIMU OTHOLIeHUAMU m/z 343.5 u m/z 327.5.
Metog MAJIIU/TO® ocHoBaH Ha JlecopOIIMU U NOHU3a-
I[MY MCCJIeJyeMOTro Bell[eCTBa, COKPUCTAUIM30BaHHOTO
C MaTpullell U xapaKTepusyeTcs TOJIepaHTHOCTBIO 11O
OTHOILIEHUIO K IIpUMecAM U JAo0aBKaM, 4TO II03BOJIAJIO
BBIABUTH U WJIEHTUDUINPOBATh IiejieBble COeJUHEHNA B
rpyboM skcTpakTe. Beibop martpuilst (2,5-DHB) B naH-
HOM HCCJIeJOBaHMN OOYyCJIOBJIeH He3HayuTeJIbHBIMU
(oHOBEIMY NMUMKaMU B 006j1acTh HU3KUX Macc (MeHee
500 [1a) u ee BBHICOKO! CIIOCOOHOCTHIO IOAABJIATH (par-
MEHTaLUI0 UCCiIeAyeMbIX COeqUHEeHUI.

4. BoiBOADI

BakTepuajibHble TTUTMEHTH SABJIAIOTCS BAXKHBIMU
(bapManeBTUYECKUMH U TPOMBIIIEHHBIMH XUMUYeE-
ckuMHU BeljecTBaMU. (DUOJIETOBBINI IUTMEHT BHOJIA-
[[EMH MpPUBJIEKAET BHUMAaHUE HAYYHOTO COOOIIeCTBa
MU3-32 ero MIHPOKON OHOJIOTMYEeCKOil aKTUBHOCTU.
BeienieHue, ucciaeoBaHUE U UOeHTUOUKANNUA ITaM-
MOB TMPOAYIEHTOB BUOJIALlEMHA MPEACTABJIAIOT UHTE-
pec aJ1s pa3paboTKU GMOTEXHOJIOTMYECKUX MPOIIECCOB,
C I[eJIBI0 IIOBHIIIEHUA OMOCHMHTE3a 3TOI0 COeqUHEHMUS.
W3071MpoBaHHBIE HAMU IMCUXPO(UIIbHBIE THUTMEHTU-
poBaHHBIe OakTepuu U3 poxoB Janthinobacterium wu
Iodobacter 061aa0T BBICOKOI GMOXMMUYECKOM aKTHB-
HOCTBI0O M TpeOylT OoJiee OeTaabHOTO W3YYEeHUA,
MTOCKOJIbKY W3 BCEX BTOPUYHBIX MeTabOoJIUTOB, 06JIa-
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