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ABSTRACT. One of the promising approaches to the treatment of infections caused by multidrug-resis-
tant bacteria looks a therapy with bacteriophage. While bacteriophages are indifferent to bacterial resis-
tance to antibiotics, bacteriophages are generally strain-specific, i.e., various isolates of the same bacte-
rium can be insensitive to the given phage, that requires the creation of the library of bacteriophages.
Here we report the isolation from wastewater from the city of Kazan (Republic of Tatarstan) the number
of bacteriophages virulent against a number of opportunistic bacteria (Klebsiella pneumoniae, Escherichia
coli, Cronobacter sakazakii and Enterococcus faecalis, Salmonella enterica Enteritidis and Typhimurium).
Phages formed a clear plaques on the bacterial lawn and had a titer up to 10° PFU/ml. Additionally,
the polyvalent properties of bacteriophages were revealed: KES1, KES2 are lytic against C. sakazakii
and S. enterica serovar Enteritidis, KST1 lyses S. enterica serovars Enteritidis and Typhimurium, KEF1 is
virulent against E. faecalis and S. enterica serovar Enteritidis.
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1. Introduction

In recent decades, the improper use of antibiotics
has significantly increased the spread of bacteria resis-
tance to various antimicrobials. Being a great threat to
the health of humanity, the multidrug resistant bacteria
contribute to the development of nosocomial infections
with increased mortality (Scholtz et al., 2021; Ma et al.,
2020). To the date, 12 species of multidrug-resistant
bacteria playing a major role in the occurrence of diffi-
cult-to-treat infections are included in the list of World
Health Organization (WHO) (Rice, 2008; Hoenes et al.,
2021; Kalpana et al., 2023). Among them, Klebsiella
pneumoniae, Escherichia coli, Cronobacter sakazakii,
Enterococcus faecalis and Salmonella enterica (serovars)
cause infections of the genitourinary system and the
gastrointestinal tract in humans (Chang et al., 2021,
Bonten et al., 2021; Zhou et al., 2021; Cattoir, 2022;
Mkangara, 2023). The use of bacteriophages can be a
promising alternative to antimicrobial therapy for these
infections. The main advantage of bacteriophages is
their insensitivity to antibiotic resistance (Alharbi and
Ziadi, 2021; Pirnay, 2020). Therefore, phages can be
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used individually or in combination with conventional
antimicrobials (Lewis, 2020; Hatfull et al., 2022). From
the other hand, bacteriophages are generally strain-spe-
cific, i.e., various isolates of the same bacterium can
be insensitive to the given phage. Therefore, a mixture
of phages targeting various bacterial isolates should be
used for the treatment of the infection, and the library
of bacteriophages should be available (Abedon et al.,
2021) and therefore the wastewaters and the natural
waters are reservoirs for these viral particles. In this
study, bacteriophages were isolated from wastewater
from the city of Kazan (Republic of Tatarstan), virulent
against K. pneumoniae, E. coli, C. sakazakii, E. faecalis,
and S. enterica (serovars).

2. Material and methods
2.1. Bacterial strains and growth
conditions

Enterococcus faecalis strains ATCC 19433
NCTC 775, Klebsiella pneumoniae subsp. pneumoniae
ATCC 13883 NCTC 9633, Enterobacter (Cronobacter)
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sakazakii CCM 3461, Escherichia coli ATCC 25922,
Salmonella enterica subsp. enterica serovar Enteritidis
WHO, Salmonella enterica subsp. enterica serovar
Typhimurium ATCC 14028. Bacteria were grown at 37
°C in Luria-Bertani (LB) broth (Sambrook et al., 1989).
The agarized medium, LB (A), includes an additional
2% agar. Semi-liquid agarized medium contained (g/1):
agar - 6; NaCl - 6.

2.2. Sample preparation

A water sample (100 ml) was filtered through a
paper filter to remove big particles and the resulting
filtrate was then filtered twice through a nitrocellulose
membrane with a pore diameter of 0.45 um, with final
filtration through a syringe filter with a pore diameter
of 0.22 um.

2.3. Preparation of concentrated sterile
phagolysates

The resulting sterile filtrate was mixed in a ratio
of 1:1 with a 3 X LB broth, and the resulting suspension
was mixed in a ratio of 1:1 with an overnight culture of
the host bacterium. Bacteria were incubated with shak-
ing for 24 hours at 30 °C. Next, the cells were removed
by centrifugation for 40 minutes at 4000 rpm and 4 °C
and the chloroform was added (3% v/v). After the incu-
bation for 24 hours at 4 °C, the mixture was centrifuged
at 4000 rpm and filtered through a syringe nitrocellu-
lose filter with a pore diameter of 0.22 pum.

2.4. Bacteriophages detection

The presence of bacteriophages was evaluated
by the lysis zones formation in Otto assay (Otto et al.,
1922) and the spot assay. Morphology and separation
of phage plaques were performed using serial dilutions
of phagolysates by the Gratia approach (Gratia, 1936).
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3. Results and discussions

Isolation of bacteriophages lysing bacteria E. coli,
C. sakazakii, K. pneumoniae, E. faecalis, and S. enterica
(serovars).

Bacteriophages lysing E. coli, C. sakazakii,
K. pneumoniae, E. faecalis and S. enterica (serovars)
were isolated from wastewaters Kazan city (Republic
of Tatarstan) (Fig. 1A). Lysis zones were formed on the
lawn of each bacterium, indicating the presence of lytic
bacteriophages in the corresponding suspension, viru-
lent against the targe host bacterium as indicated.

Next, the morphology of bacteriophage plaques
was analyzed. For that, serial dilution of phage lysates
were prepared according to the Gratia approach. Several
types of plaques have been observed on the agar cup,
which probably indicates the different nature of bacte-
riophages. Each type of plaque has been isolated and
phages have been purified until apparent homogeneity
of plaques formed on the solid medium (Fig. 1B).

Intriguingly, during the strain-specificity test the
polyvalent poperties of some phages have been dis-
covered. Thus, isolates KES1, KES2 turned out to be
virulent against the bacteria C.sakazakii and serovar
Enteritidis S. enterica. Bacteriophage KST1 lysed bac-
teria S. enterica serovars Enteritidis and Typhimurium.
The KEF1 bacteriophage was effective against both
S. enterica serovar Enteritidis and E. faecalis (Fig. 2).
Polyvalent bacteriophages are known to be more effec-
tive against bacterial infections (Abedon et al., 2021).
Therefore, the ES1, ES2 KST1 and KEF1 can be of inter-
est for further investigations.

4. Conclusions

In this work, ten bacteriophages lysing oppor-
tunistic bacteria K. pneumoniae, E. coli, C. sakazakii v
E. faecalis, S. enterica (serovars) have been isolated:
two bacteriophages against K. pneumoniae, two against
E. coli, two against C. sakazakii, one against S. enter-
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Fig.1. Bacteriophages and their host bacteria: zones of lysis by bacteriophages on bacterial lawns of K. pneumoniae, E. coli,
C. sakazakii, E. faecalis and S. enterica (serovars) in the Otto assay (A) and plaques in Gratia assay (B). Host strains: KEC1, KEC2
- E. coli; KPN1, KPN2 - K. pneumoniae, KES1, KES2 - C. sakazakii, KEF1, KEF3 - E. faecalis, KSE1, KST1 - S. enterica (serovars)
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ica serovar Enteritidis and one against S. enterica
serovar Typhimurium. Additionally, the polyvalent
properties of bacteriophages were revealed: ES1, ES2
are lytic against C. sakazakii and S. enterica serovar
Enteritidis, KST1 lyses S. enterica serovars Enteritidis
and Typhimurium, KEF1 is virulent against E. faecalis
and S. enterica serovar Enteritidis.
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AHHOTAILUSA. OgHuM M3 MHOTOOOENAIMX MOAX0A0B K JieueHH0 NH(EKI[UH, BRI3BAHHBIX OaKTepu-
SIMU CO MHOXXEeCTBEHHOH JIeKapCTBEHHOU YCTOMYMBOCTBIO, ABJIAETCA TepanuA GakTepuodaramu. XoTa
c11ocoOHOCTh OakTeprodaros JU3UPOBaTh OaKTepuasbHble KJIeTKH, KaK IIPaBUJIo, He 3aBUCUT OT YCTOM-
YUBOCTU NOCJIEAHUX K aHTUOMOTUKAM, caMU OakTeprodaru MTaMMOCIenu(PUIHEL, T.€. pa3JIMIHbIE U30-
JIATHL OOHON U TOU ke OaKkTepruu MOTYT OBITh HEUyBCTBUTEJIBHEI K OllpelieleHHOMY 6akTepuodary, uTo
TpebyeT co3gaHus KoJuleKIuu 0akTepruodaros. B jaHHOM HccjiefJoBaHMU MBI cOOOIaeM O BBIAEJIEHUN
13 CTOYHBIX BoJ ropoja Kasanu (Pecny6smika TaTapcran) 6akTepriodaros, BUPyJIeHTHBIX B OTHOIIEHUN
psma yciaoBHO-aToreHHbx Gaktepuii (Klebsiella pneumoniae, Escherichia coli, Cronobacter sakazakii n
Enterococcus faecalis, Salmonella enterica cepoBaps! Enteritidis u Typhimurium). Bakreprodaru dopmu-
poBaJIi IIpo3pauHble OJIAMKY Ha OakTepuasIbHBIX Ia30HaX U JIM3UPOBAJIU KyJIbTypy C oOpa3oBaHUEM
daronmszata ¢ turpom 10° BOE/Mi u 6osee. KpoMe TOro, GbLIM BBISIBJIEHHI MOJIMBAJIEHTHBIE CBOM-
CTBa OTJeJIbHBIX mTaMMoOB: OakTepuodaru KES1, KES2 mposBuiu juTHdeckre CBONCTBA B OTHOIle-
Humn C. sakazakii u S. enterica cepoBapa Enteritidis, 6akTepuodar KST1 nusuposan S. enterica cepo-
Bapsl Enteritidis u Typhimurium, 6akrepruocdar KEF1 oka3ajcs BUPYJIEHTHBIM B OTHOIIEHUN GaKTEPUE
E. faecalis u S. enterica cepoBap Enteritidis.

Kitiouegewie ciioga: 6axkreprodary, CTouHble BoAbl, MHOEKINOHHbIE 3a00J1eBaHNA

Jna nqutupoBaHua: denopora M.C., Myrasutanosa I.M., AsnaGaeBa 3.A., Mnsuna B.H., 3akaposa H.[., AxsikoBa JLJI.,
Tpusna E.10., KatomoB A.P. BeiiesteHue 6akteprodaros u3 cTouHbx Bof I. Kazanu // Limnology and Freshwater Biology. 2024.
- No 4. - C. 881-887. DOI: 10.31951/2658-3518-2024-A-4-881

1. Beepenue enterica (cepoBapbl), CHOCOOHBIE BHI3BIBATH HHGEK-

UM MOYEINOJIOBOM CHUCTEMBl U XKeJIyJOYHO-KUIIeY-

3a mocieHMEe OecATUIETHUs] HETPAaMOTHOE TPU- Horo Tpakra (Chang et al., 2021; Bonten et al., 2021,
MeHeHre aHTMOMOTUKOB 3HAYMTEIbHO yCuiInJIo pac- Zhou et al.’ 2021’ Cattoir, 2022’ Mkangara, 2023)
NpoCTpaHeHne GakTepuabHON pesSUCTEHTHOCTH K pas- Hcnosib3oBanue 6akTepruodaroB MOXeT CTaTh MHOTOO-
JIMYHBIM l'IpOTI/IBOME/IKpO6HbIM HpeH%paTaM.uBaKTepHH Gelmarommeii abTepHATUBOI AHTUMUKDPOGHOH Tepanum
CO MHOXECTBEHHO! JIEKapCTBEHHON YCTONYMBOCTHIO JIAHHBIX HHDEKIMiL. OCHOBHBIM TPEHMYyIIECTBOM GaK-
CIIOCOGCTBYIOT Pa3BUTHIO BHYTPHGOJIbHUYHBIX MHGEK- Teproaros SBJIAETCA UX HEUyBCTBUTEJBHOCTb K Gak-
LUH ¢ BBICOKON CMEPTHOCTBIO, UYTO SIBJIAETCA C€Pbe3HOU TepuasbHON aHTHGMOTHKOpe3ncTeHTHOCTH  (Alharbi
yTpo30i#1 A1 3A0POBbs BCero uesioBeuectBa (Scholtz et and Ziadi, 2021; Pirnay, 2020). CiieqoBaTesbHO, Gak-
al., 2021; Ma et al., 2020). Ha ceropusmumii iesb B Teprodaru MoXHO HCII0JIb30BaTh OTAEIbHO B KayecTBe
CIMCOK BCeMMPHON OpraHM3alyy 3ApaBoOXpaHeHHs CaMOCTOSATEJIBHOTO TIpernapaTa WM B KOMOUHAIUU €
(B(?S) BKJIIOYEHBI 12u BI/I}I[OBUGaKTepI/Iﬁ CO MHOXECTBEH- TpaJMLMOHHNIMU POTUBOMUKPOGHBIMU TIpenapaTaMu
HOM JIEKAPCTBEHHOU yCTOMYMBOCTBIO, HPENCTABIIAIO- (Lewis, 2020; Hatfull et al., 2022). C gpyro#i CTOpOHBHI,

Ine KIYEBYI0 poJib B BOSHUKHOBEHUN TPY[HO HOA- 6akTeprodaru, Kak MpaBuIo, ABJIAITCA MITaMMOCIIEL-
patomuxcs sedenmio nHdekui (Rice, 2008; Hoenes et UpUIHBIMY, T.€. Pa3JIMYHbIE U30JIATHL OJHOM U TOM Xe

al., 2021; Kalpana et al., 2023). Cpenu Takux Gakrepuii GaKTepuu MOTYT ObITh HEUYBCTBUTEJIBHBI K OIPEIeJIeH-

npeactaButesiu Klebsiella pneumoniae, Escherichia coli, HoMy GakTeprodary. CIefoBaTeIbHO, [JIA JIedeHHUs
Cronobacter sakazakii, Enterococcus faecalis u Salmonella MHObEKIHl CllefyeT UCIOJb30BaTh CMech GAKTEPUO-
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(daroB, HaleJleHHBIX Ha pa3jnuHble OaKTepuasibHbIE
U30JIATH. [J{yiA co3maHusa GakTeprodaroBbIX KOKTeH-
el HeoOXOJMMO co3/1aBaTh OUOJIMOTEKy OaKTepuo-
daros (Abedon et al., 2021). M3BecTHO, YTO CTOYHBIE
BOZBI U [IPHPOJIHEIE BOJOEMEI ABJIAIOTCSA XpaHUJIUIIIAMU
AnA oburaHusa GosbmuHCTBa OakTepuodaros. B gaH-
HOM HCCJIeJOBaHMY W3 CTOYHBIX Bop ropoja Kasanu
(Pecriybnmka TaTapcraH) ObLTH BBIJeJIEHB OAKTEPHO-
daruy, BupyeHTHBEe npoTUB 6akTepuil K. pneumoniae,
E. coli, C. sakazakii, E. faecalis u S. enterica (cepoBapoB).

2. MaTepuanbl U METOADI

2.1. bakrepuanbHble WITAaMMbI U YCAOBUA
pocrta

2.2,

Enterococcus faecalis strains ATCC 19433
NCTC 775, Klebsiella pneumoniae subsp. pneumoniae
ATCC 13883 NCTC 9633, Enterobacter (Cronobacter)
sakazakii CCM 3461, Escherichia coli ATCC 25922,
Salmonella enterica subsp. enterica serovar Enteritidis
WHO, Salmonella enterica subsp. enterica serovar
Typhimurium ATCC 14028. BakTepuu BbIpamABajd
npu temmepatype 37°C B cpene Jlypus-bepranu (LB)
(Sambrook et al., 1989). ArapuzoBanHas cpena LB (A)
JIOTIIOJIHUTEJIBHO cofepxaia 2% arapa. Ilosyxuakas
arapusoBaHHas cpefia cofepxaina (r/): arap - 6; NaCl
- 6.

2.3. NMoaroroBka o6pasuos

IIpoGrl, B3ATHE U3 MecTa cOpoca CTOYHBIX BOJ,
(100 mm) dunprpoBanu uepe3 OyMaxHBII QUIBTP
JUIA yaajieHusd 3arpsasHeHus (KpyIHBIX 4acTHL), 3aTeM
MOJIyYeHHBIN (QuibTpaT ABaXbl (UIbTPOBAIN Yepe3
HUTPOLIEJUIIOJIO3HYI0 MeMOpaHy ¢ auameTpoM nop 0.45
MKM C OKOHYaTeJIbHOM (puibTpauuel depe3 LIIpHIle-
BOU QuibTp ¢ quaMeTpom nop 0.22 MKM.

2.4. MNpuroroBAeHHE KOHLEHTPUPOBAHHbIX
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KEC1 KEC2 KPN1
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Do

Puc.1. Bakrepuodaru u 6akrepun-xo3seBa: 30HHI Jin3nca 6akTeprodaros Ha GakTepuanbHBIX razoHax K. pneumoniae, E.
coli, C. sakazakii, E. faecalis u S. enterica (cepoBapsl) ¢ moMoIipio Metoga OTTo (A); HEraTUBHBIE KOJIOHUM GakTeprodaros, METO/]
I'pauma (B). Bakrepuodaru u mrammel-xoszsieBa: KEC1, KEC2 - E. coli; KPN1, KPN2 - K. pneumoniae, KES1, KES2 - C. sakazakii,
KEF1, KEF3 - E. faecalis, KSE1, KST1 - S. enterica (cepoBapsbr).

9cm
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CTepuAbHbIX paroAusaToB

[TosryuyeHHBIN CTEPUJIBHBIN (PUIIBTPAT BOJIBI CMe-
myBanyu B cootHomenuu 1:1 ¢ 3 X LB-Oysibona, nosy-
YEeHHYI0 CyCIeH3HMI0 CMelIMBaJIn B COOTHomeHuu 1:1 ¢
OaKkTepuaJibHON KyJIbTYPOM —XO3AMHOM U WHKYyOHPO-
BaJIU ¢ KauaHueM B TeueHue 24 yacos npu 30°C. 3arem
OakTeprasibHble KJIETKHA OCaXOaji LeHTpudyruposa-
HueM B TeueHue 40 munHyT npu 4000 06/MUH U TemIe-
parype 4°C, u nobasanu xjopodopM (3% oT oobema).
[Tocne uHKybanuu B TeueHue 24 4acoB IIpU TeMIiepa-
Type 4°C cmech neHtpudyruposanu npu 4000 06/mMuH
1 QUJIBTPOBAIM Yepe3 HUTPOLEJUIIOJIO3HBI HINpulie-
BO QuibTp ¢ AuameTrpoM nop 0.22 MKM.

2.5. O6napyxenue 6akrepuodaros

Hanuuue 6Gakrepuodaros oueHusasu 1o ¢op-
MHpPOBaHUI0 Ha OaKTepuaIbHOM ra3oHe 30H JIM3HCa C
momoInbio meroga Orro (Otto et al., 1922) 1 ToueyHOro
metona. Mopdosoruno u pasfgeseHusa Oaktepuodaro-
BbIX OJIAIIeK IIPOBOJWJIN C MCIIOJIb30BaHHEM IOCIIeN0-
BaTeJIbHBIX pa3BeJeHul ¢arosnzaTos MeToaoM I'panua
(Gratia, 1936).

3. Pe3yAbTaTbl M 06Cy)XAEHUA

Brifenienue Gaktepuodaros, JIM3UPYOMUX Oak-
tepuu E. coli, C. sakazakii, K. pneumoniae, E. faecalis
u S. enterica (cepoBapsbi)

Baxrepuodary, musupyromue E. coli, C. sakazakii,
K. pneumoniae, E. faecalis n S. enterica (cepoBapsr),
ObUIM BBIJEJIEHBI M3 CTOYHBIX Bojd ropoaa Kazanu
(Pecriybnimka Tarapcran) (Puc. 1A). Ha moBepxHO-
cTu OakTepuabHBIX Ta30HOB OOpPa30BBIBAIKCH 30HHBI
JM3uca B OTHOLIEHUU OaKTepui-X03seB, YKa3bIBalo-
e Ha IPUCYTCTBHE JUTHYeCKUX OakTteprodaros B
COOTBeTCTByMOIIel cycneH3uu. [lanee Obula NpoaHa-
Ju3upoBaHa Mopdosiorus 6akTeprodaroBsix OJIAIIEK.

b
KEC1

KEC2 KPN1

KPN2

KES1 KES2
KSE1 KST1

3 mm
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Jia aToro OBUIM NPUTOTOBJIEHHI IOCJIeIOBATEJIbHbIE
pasBeeHusa darosns3aToB CcorjacHo Mertony I'panuma.
Ha vamkax c¢ 6akTepuajibHBIMU ra30HaMu ObLJIO 06Ha-
Py’)X€HO HeCKOJIbKO THIOB OJifAlleK, YTO YKa3blBajlo
Ha HaJM4yve HeCKOJIbKHUX INTaMMOB OakTeprodaros B
npobe. Kaxasiil Tum 6JisAmeK ObLJI U30JMPOBAH U OUU-
IleH 10 MoJIyYeHUs nocjeyomuieil BUAUMON OAHOPOA-
HocCTH OJisAiek Ha 6akTepuasibHoM rasoHe (Puc. 1B).

HHTepecHO, 4TO IIPU OLleHKe HITaMMocHenupuy-
HOCTH 6akTepruodaroB y HEKOTOPHIX (aroBbIX M30JIA-
TOB OBUTM OOHapyXXeHbl IOJIMBaJIeHTHBIE CBOIICTBA.
Tak, uzosnarel KES1, KES2 okazanuch BUPYJI€HTHBIMU
B oTHomeHuu 6akrepuii C. sakazakii u S. enterica cepo-
Bapa Enteritidis. Baktepuodar KST1 siu3upoBan 6akre-
puu S. enterica cepoBaphnl Enteritidis u Typhimurium.
Baktepuopar KEF1 61 3ddexTuBeH Kak MpPOTUB S.
enterica, cepoBapa Enteritidis, Tak u nportus E. faecalis
(Puc. 2). HM3BecTHO, 4YTO MOJIMBaJIeHTHblE OaKTepu-
obaru Oosiee 3hGeKTUBHB MPOTHUB OaKTepUaJIbHBIX
nHbekuii (Abedon et al., 2021). Takum o6pazom, ES1,
ES2 KST1 u KEF1 moryT npencraBiATh WUHTEpeC IJiA
JaJIbHEHIINX MCCJIeJOBaHUI.

4. BoiBOADI

B nmanHO!1 paboTe GBLIO BHIAEJIEHO JlecATh Oak-
Tepuodaros, JIM3UPYIOLUUX YCJIOBHO-IaTOreHHbIE Oak-
tepuu K. pneumoniae, E. coli, C. sakazakii u E. faecalis,
S. enterica (cepoBaphl): iBa 6akTepruodara okasaymch
addexTuBHEIMU NpOTUB K. pneumoniae, fBa NpoTus E.
coli, nBa nportuB C. sakazakii, onuH npoTuB S. enterica
cepoBapa Enteritidis u oguH mpoTtuB S. enterica cepo-
Bapa Typhimurium. Kpome Toro, ObUIM BBIABJIEHBI
MoJIBajJieHTHBle cBoiicTBa OakTepuodaros: ES1, ES2
okazamuch 3(GeKTUBHBIMU NpoTuB Oakrepuii C.
sakazakii u S. enterica cepoBapa Enteritidis, KST1 su3u-
poBast S. enterica cepoBapsl Enteritidis m Typhimurium,
KEF1 okasajica BupyJieHTHBIM npotuB E. faecalis u S.
enterica cepoBapa Enteritidis.

bAaaropapHoCTH

Pabota BBIIIOSIHEHA 3a cueT CpeACTB cyOcuauw,
BhIlesieHHON KaszaHckoMmy delepasbHOMY YHUBEPCH-
TeTy JJIA BBIIIOJIHEHUA IOCyJapCTBEHHOro 3afaHUs B
cepe HayuHoU fesArenbHOCTU. [IpoekTt No FZSM-2022-
0017. (E.FO.TpusHa).
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