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Abstract. Bacteriophages, which are viruses that infect bacteria, have a significant impact on the dynamics of bacterial
communities, the evolution of bacterial genomes, and the biogeochemistry of ecosystems. The specific effects of these
factors differ based on whether the phages establish lytic, chronic, or lysogenic infections. In this study, bacteriophages
were isolated from wastewater samples obtained from the Central Wastewater Treatment Plant of Ulaanbaatar. The test
strains of Escherichia coli NIMO5 and Pseudomonas aeruginosa NIM09 from the collection of the Bacteriological
Laboratory, the National Centre for Infectious Diseases were used to determine bacteriolytic activity of bacteriophages.
Bacteriophages AT1 and AT2, demonstrating bacteriolytic activity, were isolated. Specifically bacteriophage AT1 was
able to lyse 70.2% of cells from the total population of E. coli NIMO0S, while bacteriophage AT2 was able to lyse 78.5%
of P. aeruginosa NIMO09 within a 96-hour cultivation period. Bacteriophage titers were determined, resulting in 1.12 x
10" PFU/m for the AT1 phage, and 0.98 x 10" PFU/mL for the AT2 phage.
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Introduction

Many species of opportunistic or pathogenic bacteria
inhabit diverse environments, including wastewater, soil,
and air. Bacteriophages, ubiquitous wherever bacteria are
present [1, 7], encompass both virulent types influencing
lytic cycles, and temperate ones capable of undergoing
virion-productive or lysogenic cycles [9, 19].

The issue of bacterial resistance to antibiotics has
been highlighted by the World Health Organization
(WHO) as one of the top 10 global public health threats
[20]. Ciprofloxacin-resistant E. coli is found in more than
30 countries and regions, with prevalence rates ranging
from 8.4% t0 92.9% [8]. The WHO has published a list of
highly antibiotic-resistant bacteria that need prioritised
research and development for new antibiotics. The
phages can also be a potential candidate for disinfection
agents and viable alternatives for antibiotic treatment.

The objective of this study is to isolate bacteriophages
capable of lysing E. coli and P aeruginosa from
wastewater and assess their bacteriolytic activity.

Materials and Methods
Host bacteria assessment:

The strains utilized as host bacteria in this study were
Escherichia coli NIMOS5 and Pseudomonas aeruginosa
NIMO09, sourced from the collection at the Bacteriological
Laboratory, National Centre for Infectious Diseases.

Methods for lysine, indole, and mobility determination

The use of Mobility-Indole-Lysine Medium enables
the identification of Enterobacteriaceae family members
through the examination of lysine decarboxylase, lysine
deaminase, indole production, and mobility. Selected
colonies were centrally inoculated with a straight
inoculation needle, reaching a depth of 3 volume of
medium in the test tube. Test tubes were incubated at
37°C for 24 hours under aerobic conditions. After 24
hours of incubation, 4 drops of Kovac’s reagent were
introduced into each test tube, and results were evaluated
within one minute.

Production of indole: when the colour of the bluish-
purple medium transitions to yellow, this indicates the
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formation of indole.

Utilization of lysine: The presence of a red ring on
the medium’s surface, after the addition of 4 drops of
Kovac’s reagent, signifies its ability to use lysine.

Movement of bacteria: motile bacteria will spread
into the media, leading to a noticeable shift in the media’s
colour to blue.

Determination of urease activity

Urea is produced through the decarboxylation of
amino acids, while the hydrolysis of urea generates
ammonia and CO,. The presence of ammonia increases
the alkalinity of the medium, causing the colour of the
medium with phenol red to shift from light orange to
pink (fuchsia) in alkaline conditions. Pure cultures of
pathogenic strains were inoculated into a medium and
incubated at 37°C in aerobic conditions for 6 days. The
culture medium does not change to a yellowish colour if
the test bacteria is urease-negative.

Method for determination of citrate degrading
activity

Simmons citrate agar was prepared to assess citrate
degrading activity in pure cultures. Pure cultures of
pathogenic bacteria were inoculated onto Simmons
citrate agar, and the culture tubes were incubated at
37£2°C for 24 hours.

Positive test: if the citrate degrading activity is
present, it results in a colour change of the Simmons
citrate agar to a blue-green shade;

Negative test: In the absence of citrate degradation,
the colour of the Simmons citrate agar remains dark
green.

Catalase activity test

The selective media was used to incubate the
bacterial cultures of E. coli and P. aeruginosa at 37°C
for 24-48 hours. Using an inoculating needle, pick a
colony transfer it to a glass slide, and smear the bacterial
colony onto the glass slide. Apply a small amount of
the catalase reagent to the smear, using 1 or 2 drops.
Examine immediately for the rapid production of gas
bubbles—indicating a positive test (bubbles of oxygen)
or the absence of bubbles, indicating a negative test.

Oxidase activity test

The oxidase reagent is used to saturate a strip of
filter paper with a 1% solution. A speck of pure culture,
incubated for 18-24 hours, is rubbed on it with a platinum
loop, and the resulting colour changes are observed. An
intense deep-purple hue appearing within 5-10 seconds

indicates a positive reaction, whereas the absence of
colouration or colouration occurring later than 2 minutes
indicates a negative reaction.

Determination of pyocyanin production

Test bacteria were inoculated in nutrient broth and
incubated at 37°C for 18 to 24 hours. A volume of 5 ml
of the pure culture was then collected into a new tube,
followed by the addition of 3-5 ml of chloroform. After
the formation of the chloroform phase, 1 ml of a 3 mol/l
hydrochloric acid solution was added and the mixture
was shaken well. Pyocyanin exhibits solubility in
organic solvents [6], including chloroform, and displays
a characteristic blue hue. When the pH is reduced,
it readily dissolves in the aqueous phase, leading to a
transformation in colour to reddish pink.

Determination of antibiotic sensitivity

A pure culture suspension of each bacterium
was prepared by culturing at 37°C for 24 hours and
adjusting the concentration to 1x10°® CFU/ml using
spectrophotometrical methods at OD600. Subsequently,
0.1ml of the selected bacterial culture was inoculated
onto the surface of Nutrient agar plates. Antibiotic-
containing paper disks (0.6 mm) were then applied to the
Nutrient agar surface, and the plates were incubated at
37°C for 24 hours. Results were quantified by measuring
the diameter of the inhibition zone in mm.

Isolation of bacteriophages

Bacteriophages were isolated from wastewater using
the double-layer agar method [5, 14, 16].

The filtrate was incubated with test bacteria in Luria
Bertani broth at 37°C overnight. Following this, the
culture broth underwent centrifugation at 12,000 rpm
for 10 min, and the resulting supernatant was collected
and filtered using a 0.22 pm membrane to eliminate
any remaining bacterial cells. Agar overlay assay was
performed by pouring the top agar (LB consisting of
0.6% agar) into the bottom agar (LB consisting of 2%
agar), where 100 pL of bacteriophage filtrate diluted
with LB broth and 100 pL of test bacteria were poured
onto the LB agar plate. The plates were then incubated
at 37°C overnight and the formation of clear plaques
could be observed. Phage purification procedures were
repeated at least three times.

Bacteriophage titer determination

The titer was determined using the whole plate titer
method. A series of tenfold dilutions of the bacteriophage
sample were prepared using LB broth. In a sterile
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microcentrifuge tube, 100 pL of the overnight or log
phase cell culture was mixed with 100 pL of the phage
sample aliquot. After closing the cap, the tube was gently
tapped to ensure thorough mixing of cells and phages,
followed by a 5—10 minute incubation for complete phage
adsorbation. Each dilution was then plated according to
the agar overlay assay and incubated at 37°C overnight.
The number of visible plaques was calculated within the
range of 30 to 300 plaques, expressed as plaque-forming
units per millilitre (PFU/mL).

The result is calculated using the following formula:
pfu/mn = (plaque count) / (dilution factor) * (aliquot
volume).

Determination of phages' bacteriolytic activity

Phages filtrate an equal volume added to the
bacterial suspension and incubated at 37°C. The initial
optical density of bacterial suspensions was corrected
by McFarland Turbidity Standard (No. 0.5). Cell
lysis was monitored for 96 hours using a UV-1100
Spectrophotometer (A = 600 nm).

Results

The purity of E. coli NIM 05 and P. aeruginosa
NIMO9 strains were confirmed by microbiological and
physio-biochemical methods.

Physiological and biochemical activity of test bacteria

The stored test strains of E. coli NIMOS and P.
aeruginosa NIM09 were cultivated in a selective medium
and the purity of strains was examined by physiological
and biochemical properties, as well as Gram staining.
Results showed that both bacteria were Gram-negative,
capable of utilizing glucose and lactose, negative for
H2S and urease production, and exhibited negative
results for gas and citrate production. Additionally, the
catalase and motility tests were positive for both strains.
Lysine and indole tests were positive and the oxidase test
was negative for E. coli NIM05.0n the other hand, for
P. aeruginosa NIM09, the lysine and indole tests were
negative; while the oxidase test was positive (Table 1).

Results of pyocyanin reaction

Saleem et al. and Lau et al., determined that 90-95%
of P. aeruginosa strains synthesize Pyocyanin - a blue
phenazine pigment [11,17]. Our strain of P. aeruginosa
NIMO09 was found to be Pyocyanin positive (Fig. 1).

Result of antibiotic sensitivity test

The antibiotic sensitivity test of bacteria was
determined by the disk diffusion method. The following

Table 1. Physiological and biochemical activity of host-bacteria
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Table 2. Antibacterial activity of antibiotics against host
bacteria

Inhibition zone (mm)
Antibiotics j
E. coliNIMo5 | "IfI;”Mg(’)’;m
Gentamicin (10 mcg/mL) 10.0£0.1 94+0.1
Penicillin G (10 mcg/mL) - —
Ampicillin (10 mcg/mL) — —
Methicillin (10 mcg/mL) — —
Cefazolin (30 mcg/mL) 9.2+0.1 9.8+0.1

Note: — resistant

__ Pyocyanin positive

—  (reddish pink color)

Fig. 1. Results of pyocyanin reaction of P. aeruginosa NIM09

five antibiotics were used in the assay: gentamicin with a
concentration of 10 mcg/mL, penicillin G (10 mcg/mL),
ampicillin (10 mcg/mL), methicillin (10 mcg/mL), and
cefazolin (30 mcg/mL). The inhibition zone of E. coli
NIMOS5 was 10.0 £ 0.1 mm for gentamicin and 9.2 = 0.1
mm for cefazolin. Similarly, P. aeruginosa NIM09 was
also sensitive to gentamicin and cefazolin, with inhibition
zones of 9.4+0.1 mm and 9.8+0.1mm, respectively. Both
bacterial strains demonstrated resistance to penicillin G,
ampicillin, and methicillin (Table 2).

Isolation of bacteriophage

We isolated two phages from wastewater using the
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double-layer soft agar method, which we named AT1 and
AT?2 (Fig. 2).

Fig. 2. Isolated bacteriophages suspension

The isolated bacteriophages, AT1 and AT2 were then
incubated with E. coli NIMOS5 and P. aeruginosa NIM09
strains, respectively. Plaque formations were observed
due to the inhibition of growth and lysis of the phage-
infected cells on the bacterial lawn.

Plaques became visible on the solid medium after 24
to 72 hours of incubation at 37°C (Fig. 3). The isolated
phages show clear plaques and vary in size and shape.

The results of determining of bacteriophages' titer

Following a series of tenfold dilutions, the phages
infected with the test bacterial cultures, and incubated for
72 hours. the average number of plaques formed across
three Petri dishes was 112 plaques for AT1 phages and 98
plaques for AT2 phages. The phage titer was calculated
using the formula written in the methodology section.
Consequently, the titer of phage AT1 was 1.12x10'° PFU/
ml, and the titer of phage AT2 was 0.98x10'° PFU/ml,
respectively.

Results of determination of phage bacteriolytic
activity

Test bacterial pure cultures and those infected with
phages AT1 and AT2, respectively, were incubated
for 24-96 hours. The optical density of the bacterial

B Coleny of P aerugirasa NIMIS and plague of AT2 phage

Fig. 3. Phage’s plaque

Table 3. Bacteriolytic activity of AT1 phage (OD, A=600 nm, 37°C)

Cultivation oD oD B iolyti

O (£ coli NIMOS | (E. coli NIMOS ajfltv"ft‘y" (Z/t:)c
- control) infected)

0 0.452 0.452 -
24 0.809 0.340 24.7
48 0.969 0.239 47.1
72 1.465 0.153 66.1
96 1.354 0.134 70.3

Table 4. Bacteriolytic activity of AT2 phage (OD, 2=600 nm, 37°C)

OD OD
Cultivation | (P. aeruginosa (P. aeruginosa | Bacteriolytic
time NIMO09 — NIMO09 — activity (%)
control) infected)
0 0.439 0.439 -
24 0.600 0.314 28.5
48 0.736 0.206 53.0
72 0.971 0.098 77.6
96 0.812 0.094 78.5
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Fig. 5. Bacteriolytic activity of phages AT2
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suspensions was measured at intervals of 24, 48, 72, and
96 hours of incubation (Tables 3 and 4).

The bacterial population was seen to decrease during
the phage treatment (contrary to the control).

The bacteriolytic activity of phages AT1 and AT2
increased with time of incubation and reached its
maximum activity with a death rate of 70.3% and 78.5%,
respectively, at 96h (Fig.s 4 and 5).

Discussion

Bacteriophages are abundantly distributed in the
environment, estimated to be around 10°° [3], with the
aquatic environment serving as the main reservoir.
The quantity of phages in sewage water has been
approximated to range from 10%® to 10!, in contrast
to seawater and soil [15]. The optimal population of
microorganisms is effectively maintained by its crucial
role. In the same manner, these bacteriophages have
the ability to safeguard the population by eradicating
harmful bacteria that threaten public health [4].

In their study, Mattila et al. carried out 283 phage
isolation experiments targeting 83 distinct host strains.
The outcome of their research revealed the discovery of
a total of 108 bacteriophages [12]. The probability of cell
death for Acinetobacter baumannii infection was 38.9%,
Enterococcus faecium/faecalis was 33.9%, E. coli was
90.3%, Klebsiella pneumonia was 83.3%, P. aeruginosa
was 79.4%, Salmonella sp. was 88.9%, and S. aureus
was 6.1%, respectively [12].

The recent study uncovered two phages (AT1 and
AT2), demonstrating the ability to lyse host strains E.
coli NIMO5 and P. aeruginosa NIM09, with a cell death
ratio of approximately 70.2% and 78.5% after 96 hours of
incubation, respectively. The bacteriolytic activity of the
detected two phages (AT1 and AT2) aligns comparably
with the results reported by Mattila ef a/ [12].

One important aspect of phage infection and
bacteriolytic activity is that phages may be either
monovalent or polyvalent, thus causing fluctuations in
their host range from narrow to broad. As a result of such
behaviours of phages, it becomes relatively simple to
isolate phages targeting prominent pathogenic bacteria,
such as i.e. E. coli, P. aeruginosa, Campylobacter sp.,
Salmonella sp., and S. aureus [10].

Our isolated phages, AT1 and AT2 exhibit lytic
activity against a single host genera of bacteria, so
we supposed that these two phages are monovalent
according to Ackermann and DuBow [2]. Additionally,
when combined with previously isolated phages capable
of lysing Enterococcus faecalis [18]. AT1 and AT2 may

find applicability in the treatment of severe skin wounds.

Several researchers have isolated and used phages
for the treatment and prophylaxis of E. coli infections in
animals i.e. lambs, calves, and piglets. The importance of
phage therapy can also be determined from the fact that
the wounds that have developed resistance to antibiotics
resulting in various infectious diseases are now treated
with phages, which includes the treatment of lung
infections, meningitis, osteomyelitis and other wound
infections caused by a variety of microbes including E.
coli, P. aeruginosa, Shigella sp., and Staphylococcus sp.
etc. [13].

Conclusion

Isolated bacteriophages (AT1 and AT2) show
promising activity for lysing the antibiotic-resistant
strains of E. coli NIMOS5 and P. aeruginosa NIM09, with
a death rate of 70.3% and 78.5%, within 96 hours of
cultivation, respectively.

The phage titer for AT1 was 1.12 x 10" PFU/mL
against E£. coli NIMOS5, and for phage AT2 it was 0.98 x
10'°PFU/mL against P. aeruginosa NIMO09.

Bacteriolytic phages attract attention not only from the
point of view of environmental challenges such as water
and soil bacterial pollution but also from the perspective
of veterinary application. The isolated bacteriolytic
phages could arouse interest as an alternative way to
treat bacterial infections.
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Opumi

Xypaaim3H Oyt opuuH, Xepc, araap, OOXHpP yCaH[
OJIOH TOPIUIH OBUMH YYCIard Oaktepu Oaifmar Gereen
Gakrepu Oaiiraa Oyxuii 1 razapr [1,7] Bupynent [9] acBan
nu30reH (temperate) 0akrepuodaryyn oaitmar [19].

JADMb-aac rapracaH TaiimaHg OaKTEPUIH OJOH
SMHIH 3CPIT TICBIPKUIT UXCIK Oaiiraa Hb AIXUIHH XYH
am OOJIOH HUWIMHUITH 3pYyyll MOHAWIH Tyaramucan 10
aCyyIJIBIH HAT XAM339H M313311caH [20] 6ereen 30 rapyit
yJlC OpoH, OyC HyTarT HUNPOQIOKCAINHI TICBIPTIN
E.coli —u Tapxant oiiponiooroop 8.4%-92.9% Oaiina
k33 [8]. AOMb —aac mmH» aHTHOMOTHKHNT CyIax,
XOIKYYJIIX3/1 HOH TOPIYYH/ [Iaapasiararai aHTHOMOTHKT
TICBIPTIN OakTepHiiH KarcaanTsIr rapracaH. baxkrepu
AHTHOMOTHKUIH YHIWHIL yiaaM Oyp TICBIPKIK
Oaiiraa Hb cyataadja] OakTeprodaruiiH Tansaapx OHOJ
OOJIOH CyJajraaHbl MOAIPAJUIMHAT  XaHTalnTTail erex,
OaxTeprodaruitH SMUMITIIH] XOPOHTO OPYYIAIT XUHX,
(daruifH 4uIAIIAp Ccyfanraar TYJIXYY XUIDK, Cymaiax
aapjajaratair xapyyipk OaifHa.

Bun cynanraanmaa Yiraan6aatap XOTBH T OB IPBIPIX
Oaiiryynamxuitn 6oxup ycHaac Escherichia coli 6onon
Pseudomonas aeruginosa —MiH 3CUNUT JIN3UCT Opyylax

yanBaprail OakTepuodardiir IPBpPI’P sIraH aBax,
HIIBXUUT HB CyAJIaX 30pHIITO TaBbCaH OOITHO.

MarepuaJ, apra 3yii
Tect 6akTepu

Xanneapt OBumH CymnanelH YHACHUN TeBuitH
Hoarnesn maboparopuiin HstH cymnansiH gabopaTtopuita
E. coli NIMO5 ©6omon P. aeruginosa NIMO09 —wuitn
OMTUIIT TeCT ecreBep OOJITOH AIIUITIAB.

JIu3uH, HHI0J 02 X6/16JIT66H TOA0PX0IijI0X apra 3yi

XenenreeH-JIuzun-Muno0nbH OpUYUH Hb
Enterobacteriaceae —wiiH OBTUHH Tepel, 3yWIYyAUIH
JU3UH JieKkapOOKcWiia3a, JIM3MH JieaMUHa3a, WHJIOI
YYCraAT 605I0H GaKTepUtH XOIeITeeHHNHT WIPYYIIXIT
alIuIIa”Ha.

ApuyTraca TapwirblH 3Yy allHWIIaH OaKTepUitH
KOJIOHHOC aBY THKIDIT OPYHBI I3IIXKYYHUH 4 Oaiixaap
TYH PYY XaTTaxX TapuiT XUH3. Xypyy LIMIT3H OPUUHT
37°C— 18-24 uar ecresepiecHuil napaa Kosauuiin
ypBaypkaac 4 TyCHbIT Aycaak, HAT MUHYTBIH JOTOpP Yp
JYHT TOOITHO.

Wnpon yycrant: Xex siraaH @HTMHH TRKINT OPUHBL
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OHT'© XyBHPaH IlIap OHreT# O0JIICOH OO MH0J YYCTIICOH.
Jlmsue ammriax yaasap: Kosaua yycmanaac 4 gycisir
JlycaaxaJ| T»KI2JIT OPYHbI Talapryy A33p ylaaH eHTUHH
Larapur yyc»k OaiBai JIM3WH alInIiiax 4ajBapTai.
Bakrepuiin xemenreeH: TapuiT XHUHCOH XACII3C
Oycam XdcorT OakTepuilH ypranT TapxcaH OaifBain
XOJI0JreOHT3! T'HK TOIOPXOHIHO.

Mo4eBHHBI HA3BX TOAOPXO0iiI0X

MoueBHH Hb aMUH XYY YHIHH 1eKapOOKCHIDKHITHIH
OYT29r19XYYH Geree/ ruaponusbiH ayHa ammuax, CO,
YYCIrasr. AMMHAK YYC3X Hb OPYMHT IIYITTIIATKYYIDK,
LIYJITIOT  HOXLeJ (EHOJ aryyiacaH OpuYHBbl ©HIe
XyBHpaH I1aiiBap yabap mapaac siraan (fuchsia) 6omxk
©OpUIIeTIOHS.

OMrar TepyyJsiard OakTepuiiH LPBIP ©CreBpeec
MII3TTIN OpPUYMHJI TapbX, araaprai Hexmena 37°C—t 6
XOHOTHHH TYpPII ©CTOBOPIOHO. XIPIB TyXalH OaKTepH
LI93T coper 0ailiBall eCreBepIIokK Oairaa THKIIIT OPUHBI
OHT® IIaprayi 60K eepuIerIexryil.

IuTpar 3au1ax MAIBXMIAT TOAOPX0JI0X apra

CI/IMMOHC OUTpaT arapbil’ alluIIaH OUTpaT 3ajjiax
HUIIBXUUT  TOomopxownHo. TecT OakTepwitH IPBIP
ecreBpeec aBd CUMMOHC IUTPAT arapTail Xypyy MHIdH/
Tapbxk 37+2°C—T1 24 1aruiiH TypIin eCroBoOpJIoHso.

Oepar copuin — THKIIT OPUHBI OHT® ©OPUIOTHOK
LPHXAP-HOTOOH OHTOT3 OOJIHO.

Ceper coput — TRHKIDIT OpUHBI OHTO 0OPWIOTAOXTYH

Xap HOTOOH X3B33p33 OaifHa.
KaranasblH ua3BXMITI TOXOPXOMJIOX apra

Tect OakTepuiiH ©CTOBPHUIT COHTOMON THKIDIT
OpUMHJ Tajapryyruiin apraap tapbxk 37°C-t 24-48
Har ecreBepJIOHO. TapuirblH TOrHOOTro0op OaKTepHiiH
KOJIOHHOC COHTOH aB4, TaBHyp IIWJISH 33D TYPXIHJ.
Typxa1 193p KaranasslH ypBaypKaac -2 aycisr HAMH).
Xuitn OemOener yycu OaifBan Kartajiaza 3€par, X3p3B
XYIHITOperynitH OemOener yycoxryi OaiiBan katamaza
ceper OaifHa.

Oxcua3blH WAIBXMITH TOIOPXOHJIOX apra

OunbTpUiiH HaackIr 1%—nitH OKCUAa3bIH YPBAILKUINH
yycMmang XuiH3. 18-24 naruiiH Typil ecreBepiIeceH
OaKkTepUiiH ©creBpeec TOTrLOOT00p aB4 OKCHJIA3bIH
ypBaDKTal (GUIBTPUIH ITaacaH A33p TYPXdHD. TonOoHEI
OHreHuil  eepunentuiir  axuriaHa.  Oxcuja3blH
coput separ 6onm 5-10 cekyHOWH MOTOp SITaaH OHTe
TOZIOpPY Tapd WPHI, COPHI COPOr Yel sSIMap HITIH OHIO

Y3YYJIXTYIL.

IMuonuaHNHBI HUIAAKIMAT TOAOPXO0iiJIOX apra

Tect O6akrepuiin ecrespuiir Nutrient eI6HI TapbkK
37°C—r 18-24 uaruiin Ttypwr ecresepiene. llluns
Xypyy LIMJI9H/ OaKTepUiH 6croBpeec 5 Mil —MHT XUHXK,
J3P33C Hb 3-5 Mi1 XsopodopM HIMHI. XJI0POHOPMBIH
Ye YYCCPHHU mapaa 3 MOJNB/M KOHIIEHTpAITail TaBCHBI
Xywace 1 M —uir HaMk caiftap carcaps. [lnonnanun
Hb XJIOPO(OPM 33p3T OpraHuK yycrardua [6] yycaar
Oereen IPHXIpP OHreTIH OaitHa. Xywmwumr pH-n
LIPHXIP OHT® Hb yyCaXX yjaaBTrap siraaH @HreT3H 00K
©OPUWIOTIOHO.

AHTHOMOTHKT MYIPAT YaHAPBIT TOJXOPXOHJIOX apra

Tect OakTepuitH ©CTOBPUIH CYCIIEH3UIH
koHmeHTpamsr McFarland standart 0.5—aap 1x10° CFU/
M1 6osroH Toxupyynat 0.1 mu—uiir aBa Nutrient arapsia
rajapryy J23p TaphX aHTHOMOTHK aryyjicaH IaacaH
miuck (0.6 MM)—MHT TYKIAT OPYHBI TaAapryy ad3p
Gaiipnyymk  37°C—H Temneparypr 24 naruiiH Typn
OCTOBOPJIOHO. YP IYHT aHTUOMOTUKUNH JapaHTyHIUTbIH

OYCHITH IMaMeTPUHIT XOM)KIK TOTTOOHO.
Bakrepuodar siirax apra

Bakrepuodaruiir Double-layer soft agar method —aap
srak aBHa [ 7, 8, 9]. Boxup ycwir 0.45 pm —mitH MmeMOpan
GubTepIdp YK, MIYYTACHHT TecT OakTepuTai
LB menenn (Luria Bertani) 37°C—r meHmiiH TypII
OCTOBOPIIOHO. OCTOBOPIIOCOH IIOIUUT IIEHTPUPYTHHH
12000 HEHTPUDYTIIK,
cymepHaTeHTHIT myrayyaan 0.22 um—uitH MemOpaH

spr/Mua—23p 10 MuHYT
GUIBTPIIp HIYYK, OAKTEPHHH YIIATIUIAC IPBIPIIH.
LB meneep mmurancan 100 pi Gakrepuodaruitd  1oak
6omor 100 MK TecT OaKTEpHITH 6CTOBPOOC TYC TYC aBU
0.6%—nitH arapraii (arapbiH 19971 1aBxapra) LB—x xuiix
300J16H XOJbXK 2% -uiH (arapbH 1007 naBxapra) LB
OpYMHA XWIDK KUTH Tapaana, 37°C —T IeHHWHH TypII
OCTOBOPIIOHO. T3KIAIT OpUHBI rafapryy 133p Garuix
maar yycHd. @aruiiH 1PB3pUIYYJINITUAT  XaMIUIH

Oarazmaa 3 ymaa JaBTaH XUHHO.
Bakrepuogaruiin TUTPUIAT TOAOPXOHI0X

Whole plate titer MMUHXWITI2HANA aprbIl alTUIIaH
TonopxoiiHo. LB meneep OakrepuodaruiftH I33KUUT
apaBTBIH  I[yBaaraap IIUHIIPYYJIHd. ApuyTraca
MHUKPOLEHTPUPYTHUIH TI0OeH T 6akTepuiiH ecroBep (100
MK 18-24 naruita ecreBep) 60510H darwmit ma»xuir (100
MKu1) 1:1 Xapbliaaraiiraap Xuik TIOOSHUH Taruir Tarian
300J16H XOIHHO. 5-10 MUHYT TacairaaHbl TEMIIEPaTypT
Oairak (armiir OakTepWitH 3COI  XaJABapiyyiIHA.

ADpaBTBIH HIMHIIPYYIUIT TyC OYpWETr naBxap arapbiH

72 Muxkpobuonoru



AnyxwuH Hap / Proc. Inst. Biol. 39 (2023) 65-76

aprei jaryy xuix 37°C-t 18-24 mar ecreBepioHe.
[MuaTpYYATYYAR3C iaruiid 100 30—-300—uiH X00pOoHT
0aiix yp AYHT COHroH aBu uiar yycranruidr PFU/mn
(plaque forming unit per mL) HAMKIIp TOOLOOIK, YP
JYHT 1apaaX TOMbEOTOOP TOOIIOOHO.
pfu/mn = (maruite Too) / (yycMalbIH 3319XYYH) *
(LLIMHTIPYYIIIITHIH 33par)

@arniin 0aKTepHOJMTHK HIIBXHIAT TOIOPXOHJIOX

BakrepuilH 1PBIp OCreBpUHI XsSHaITaap XapuH
Oakrepuodaraap xajqaBapiiacaH TyxalH OaKTEepHiH
37°C—r

ecreBepiioHe. XalaBapiyyiaaryii ecroeBep 0010H 00JI0H

ecreBpuiir  1:1  xappuaaraiiraap  Xuix

(baraap xanaBapiyyicaH OaKTEPHUITH CyCIICH3UITH HATTHIT
McFarland Turbidity Standard (No. 0.5) yycmamaap
toxupyyiana. UV-1100 cnekrpodoromerpasp 600 Hm—
WHH TONTHOHBI ypTaa 96 maruitH XyraraaHa XdOMKHHD

[9].
Yp ayn

NIMOS5 ©6onon  Pseudomonas
aeruginosa NIM(09 omruiiH LPB3p ©CreBpHUHH MINHK

Escherichia coli

YaHapbIl (PU3HUOIOTH-OMOXUMHUIH apraap 1airas.

Tect ocreBpyyauiin ¢pu3non0ru-0uOXMMHITH HIIBX

E. coli NIMOS, P. aeruginosa NIM09 ecreBpyyauiir
COHTOMOJI T®KIIT OpPYMHA ecreBepieH [pambiH

Oymant  OomoH  (pU3HOMOTH-OMOXWMHUITH  IIMHXK
YaHAPBIT TOAOPXOMIOXOM TecT Oakrepuyn HB [pam
ceper, INIIOKO3a, JIaKTo3a alluIax 4aJBaprau, HZS
OO0JIOH MOYEBHMH YVYCI3ISITYH, XHH YYCTAIAT, IUTpar
3aaNgarryi, XeIeNreeHT I, KaTanasza separ OaiiHa. E.
coli NIMOS5 ecreBpuiiH JIN3UH, WHIIOJBIH COPUII IEPAT
XapuH OKCHIa3a COpwil ceper OaifHa. P. aeruginosa
NIMO9 ecreBep JM3UH OOIOH HHIOI COPOT, OKCHIA3bIH

TecT 3epar Oaitna (1 —p XYCHIIT).
IMuouuaHUHBI yPBAJILIH YP AYH

P. aeruginosa —wiin 3yinumiin 90-95% Hb nuonuaHuH
(HEX2p eHTHiH DeHa3uH MUTMEHT) YYCTIIAT OOJIO0XbIT
Saleem, H. et al. 6omon Lau, G.W. Hap TOrTOOCOH
[11,17]. P. aeruginosa NIM09 oMor nuonuaHuH 3epar
Oaiiraar Torroos (1 —p 3ypar).

AHTHOMOTHKT M3P3T YaHAPBIT COPbLCOH YP AYH

E. coli NIMO5 ©6omnon P aeruginosa NIMO09
©CTOBPYYAUHH aHTHOMOTHKT MIIPAT YaHAPHIT JHCKHITH
apraap 10 WMKr/MJ KOHIICHTpAlTald TCHTaMUIIVH,
neaniuine G (10 mxn/min), amnumuumna (10 mxi/
1), MeTrnwutuH (10 Mxi/min), 6omon medasomus (30

MKJI/MJI) 33p3T aHTHOMOTHKMIH scpar copuB. Tect

©CreBOPYYA T'eHTaMHUIMH OO0JOH 1eda3onuHI MIAPIT
Oaitaa: reatamuniuH E. coli NIMOS —b1H acpar 10.0+0.1
MM, TedazomuH 9.2+0.1MM HapaHTYWUIBIH —XYP32
yycracoH; xapu P aeruginosa NIM09 reHTaMunyH
9.4£0.1 mm, nedazomuan 9.8+0.1 MM mapaHTYHILTBIH
XYp3ar Tyc Tyc yycracaH. Tect OakTepuys HEeHUIMIIIH
G, aMIMIWIUIMH, METHIMIUIMHJL TICBIPTIH Oaiina (2 —p
XYCHAIT).

1 —p xyemarr. Tect OaxrepuitH Gpu3noI0rH, GHOXUMHUIH HIIBX

o Du3ronoru, ONOXUMHUIH IIUHK YaHAp
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NQ_~MO’:(/JI-:SO°°Q.::=(
Mg slelER|Ze B E|EEEB
S| B S AR =8 g8 &2
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SE |5
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TaiinGap: - ceper, + 3epar

2 —p xyeHdrT. Tect GakrepuiiH aHTHOMOTHK MOIPAT YaHAP

Japasryiuniea 0yc (Mm)
AHTHOMOTHK j
E. coliNIMO5 | 0o
Tenramumun (10 mxr/ma) | 10.0 + 0.1 9.4+0.1
Hennmnmn G (10 MKr/vom) — —
Amvnunmmid (10 Mr/vo) — —
Meturmumas (10 MKr/mi) _ _
Liedazonun (30 MKr/mir) 9.2+0.1 9.8+0.1
Taitnbap: — TocBIPTIH
' TTroumanmn sepor
(ynaaeTap sAraaH eHre)

1—p 3ypar. P. aeruginosa —niid TMOLMAHUHBI yPBAJIbIH YP IYH

Bakrepuodar siran ascan yp AyH

bun Goxup ychaac Double-layer soft agar —wiin
apraap xo€p ¢ar suran apd AT1 Gomon AT2 dar rak
noyraapnas (2-p 3ypar).
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2 —p 3ypar. fnrax aBcan 6akTepuo(daruitH CycreH3n

E. coli NIMO5 ecrespmiir AT1 ¢dartait xamt, P,
aeruginosa NIMO09 ecrespuiir AT2 ¢artaii xamt 37°C
—T 24-72 mar ecreBepiexei XaTyy TKIIT OPYHBEI
ramapryy n33p OaxTteprodaruifH TyHTajlar Iiar YycoB
(3 —p 3ypar).

Sirak  aBcaH (parWiiH IUIATHIH XOMXKII OOJIOH
X27103p XapwiIlaH afuiryi OaiHa.

B Proudomonas aeeupmoss NIMIS—aim conomm &2 AT? $armns noar

3 —p 3ypar. @arwuiin riar
®aruiiH THATPUHT TOAOPXOMJICOH YP AYH

QaruitH  cycnem3uir  10—TBIH  MHHTIPYYATIIP
IIMHTAIDK, TeCT OaKTepHiiH ©ecreBepT XajiBapiyyiaH
72 uar ecresepnexea AT1 ¢ar 112 muiar, AT2 ¢ar 98
mwiar (rypBaH lleTpwifH asraHbl AyHIAX) YYCTICHH.
daruiitn TUTPUIT apra 3yHH XACOIT OMUCIH TOMBEOTOOP
tooroosoxon AT1 ¢daruiin Tutp 1.12x10'° PFU/Mm, AT2

¢aruita Tutp 0.98x10'° PFU/Mi Tyc Tyc Gaiina.

@arniiH 0aKTEPHOIUTHK HIIBXHMIT TOIOPXOHJICOH
YP AYH

Tecr OakrtepuiiH 2 ecreBpuiir xsHairtaap, ATl
6oson AT2 araap Tyc Tyc XaiaBapiayyicaH J39pX TeCT
OaxkTepuiiH ©CreBpHHUT 96 MaruifH TypIl ecreBepiIeH
OCTOBPUIH CYCIIEH3UHH TIPJIMHH HATTHII MHKYOALMIH
24,48, 72, 96 1art Tyc TyC XOMKUXK HIIBXUUT TOTTOOB
(3 6a 4 —p xycHIIT).

daraap xanaBapiryysacaH TecT OaKTepuiiH ©CroBpHIHH
HUUT TOO XSHAITTAll Xapbllyynaxaj spc Oyypdu OaifHa.
AT1 ¢ar E. coli NIMOS5 —uiiH cycrieH3u 19X HUIT 3CUITH

3 —p xycenart. AT1 daruitn 6akrepronntuk nadex (OD, =600
HM, 37°C)

o oD OD (E. coli
CroBOPIOCOH (E. coli NIMOS - NIMO5-niir Bamepnoznmx
nar xsanT) (araap HIBX (%)
XaJABapIyyICcaH)
0 0.452 0.452 -
24 0.809 0.340 24.7
48 0.969 0.239 47.1
72 1.465 0.153 66.1
96 1.354 0.134 70.3

4 —p xycHarr. AT2 darnitn 6akrepromnTtuk nadex (OD, Z=600
HM, 37°C)

) OD (P. aeruginosa
Ocresepnecen| OD (P. aeruginosa NIMO9_iir daraap Bamepnogmnx
nar NIMO9—xsHaiT) HIBX (%)
XaJABapIIyy/ncaH)

0 0.439 0.439 -
24 0.600 0.314 28.5
48 0.736 0.206 53.0
72 0.971 0.098 77.6
96 0.812 0.094 78.5

14

e
g1
o
308
=) mOD (E coli
@] 06 NIMD )

04

02 | I 0D (E coli NIMOS

0 e
12 24 48 72 96
eCl‘B'BQFLEBCE!H nar

4 —p 3ypar. AT ¢aruiin 6akTepHOIUTHK UIIBX

1.2
1
g 0.8 :
= B OD (P caruginos.
= NIAMDS
S 0.6 )
a
O 04
" 0D (P aerugines
0.2 NIMD9-0
I XATO8APIACAR)
- i |

0 24 48 72 96

Ocresepneces mar
5 —p 3ypar. AT2 ¢aruiin 6akTepHOIUTHK UIIBX
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70.3% -wiir (4 —p 3ypar), xapun AT2 ¢ar P. aeruginosa
NIMO9 —uite vuiiT scuita 78.5% -uir 96 maruita qoTop
3a[uTax yaaBaprait OaitHa (5—p 3ypar).

X3manyyJnr

Bakreprodar Hb Xypa319H Oyt OpIHH/ 2I03T TapXcaH
6a OWpOIIIOOroop THArdPHMH HUUT Toor 10°° rak
TOOI00JICOH Oanar [3]. Ycan opunH Hb (haruiin Oasar 5xX
YYCB2p Oeree 1 00xup ycaH qaxb (haruifH TOO Hb JaaiiH yC
6oson xepcTai xapbityynaxan 108-10' Gaiina [15]. ®ar
Hb OM4nI OMETHHI ONITHUMAIT MOYIISALUNT YYCIXL dyXall
YYpar ryduptragasr. HulirmMuitH spyysl MoHADA aroyil
YUPYYJDK Oy# SMIAT TepYYJard OakTepuilH ©BWIONTIN
TOMIIPXA 9 OAKTEPHUOIUTHK (ar a4 XoJ00r1oaTol OaliHa
[4].

Martuna nap 83 tect OakTepuiiH dcpar HUHT 283
¢dar yimwryymx mwEIp 108 GakrepuonuTuk  dar
sraXk aBcaH. Taarasp Hb Acinetobacter baumannii —
uiiH acuiin 38.9%, Enterococcus faecium/faecalis—nita
scuiiH 33.9%, E. coli —wmiin scuiin 90.3%, Klebsiella
pneumoniae-niin dcuitn 83.3%, P aeruginosa—wiiH
acuita 79.4%, Salmonella sp.—wmitn scuiin 88.9%, S.
aureus—MiH 3CUMH 6.1%—WHUT TyC TyC JM3UCT OPYyYyIDK
Oaiiraar Torrooco [12].

bun Escherichia coli NIM0S 6onon Pseudomonas
NIMO09 opyyiax
ganBapraii AT1 Gomon AT2 xoép ¢ar surax aBcaH

aeruginosa OMIYYIBIT  JIN3UCT

Oerees TecT OaKTepUH OCTOBPYYAMHT  TyXalH
(aryynaap xanaBapiyy/DK ©CTOBOPIOXe]] HUHUT ICHIH
70.3% OGomon 78.5% —WHr Tyc TyC IHM3HCT OpyyJax
yaBaprail Oaifraar TorrooB. boxup ycHaac srax aBcaH
anr33p ¢aruiiH O0aKTEPUOIMTHUK HIPBXUHT MarTuia
HApPBIH Yp AYHTIH KUK O0JOXyHIl OaifHa.

Tymoamxapran Hap O0XHp YCHBI IPYKIIC Entrococcus
faecalis 6onoH S. aureus —WHH SCUAT JU3UCT Opyylax
yaaBapTail Xxo€p TepyuiiH OaKTEpHOIMTHK (ar suIrax
aBcad 0a »1rasp daryyn 0.2+0.1 MM XOMKIITIHU miar
YYCTAIruHr TorroocoH [18].

@aruiin  xangBap OONOH OAKTEPHOIUTHK HIIBX
TyXaliH ()ar MOHOBAJICHT 3CBAJ IOJMBAJICHT Oalixaac
Xamaapu TOATPIPUIH 3339H OCUHH XYypd> eep eep
Oaiinar. @aruiftH SHAIXYY [IIHHXK YaHAPHIT AlTAITIAH SMIAT
TepyYysary Oakrepu, Tyxainban E. coli, P. aeruginosa,
Campylobacter sp., Salmonella sp. 60m0H S. aureus -nitn
ACPAT HUIPBXTIH paryyauiir suirad aBax 0omomMxroii [ 10].

bunnnit srax aBcan AT1 Gonon AT2 daryyn Hb
36BXOH ©OPHUITH 333H OaKTEPHT JIN3UCT OPYYyIDK Oaiiraa
Hb Ackermann 6a DuBow HapbelH TOHXOPXOWIONTHIH
Jaryy oarasp Garyyq MOHOBAJCHT NIMHX 4YaHapTau

Oaitna [2].

laguer 3apuM  cynmaadup  Xypra, Tyraj, raxai

33par ambTABIH E. coli-uiiH Tapantail XanaBapbir
AMWIIX, XalBapaac YpbIUHIAH COPTHIIAX 30PHITO0D
Gdaryynuiir siraH aBd cymaicaH. Tepen OypwuiiH
XaJIIBAPT OBUHUN aHTUOMOTHKUIH YU TICBIPTIH
00JICOH OaKTepWHH XaJABapblH ACPAT SMUIITIIHI
0aKkTepHONUTHK (aruiir XdOpAIIdCIH Hb Yp AYHTIH
OaiiHa, Tyxaimbanm YyMITHHBI XauaBap, MEHHHTHT,
OCTCOMHEIUTUUT AMWIdXYI MOH TYYHWH E. coli,
P aeruginosa, Shigella sp., Staphylococcus sp. —uiiH

rapanTai xanaBapsr sMwxon [13].

Jdyruaar

Bboxup ycHaac srax aBcan AT1 ¢ar aHTHOMOTHKT
T3cBIpTIH Tect Oakrepu E. coli NIMOS —wmitH HUHT
acuitn 70.3% -uiir xapun AT2 dar P. aeruginosa
NIMO09 —niin HuiAT 3cuiin 78.5% -uir 3a/171ax yaaBaprai
Oaiiraa Hb OWITHUI sITTaX aBcaH Qaryya 0aKTePHUOTUTHK
WI9BXTHH OaifHa.

AT1 ¢aruitn tatp 1.12x10" PFU/Ma xapun AT2
¢aruita Tutp 0.98x10'° PFU/Mi Gaiina.

BakrepronuTrK (aruiiH cynanraa Hb XyYpadudH Oyl
OpYHBI TYAraMACaH acyyaan 0oloX yc OOJOH XepCHHUH
OBUMH YYCIard OakTepwiiH OOXUpIUIHIT Oyypyyhaxaac
rajHa MaJ SMHYITMAH NPaKTUKT alluniax acyyual
HX29XOH aHxaapall TaTax OaitHa. MeH TYYHWISH dMTIAT
TOPYYJrd OaKTEpUIH XaJABAphIH CPAT IMUMITIOHUH
muHY apra OosoBcpyynaxaa OakTepHOIMTHK (aruir
ammmax 0onoMKTOMH OaifHa.

Tamapxaa

Cynmanraansl aXJIbIH  apra 3yl OosoBcpyymax,
cymairaar TYHIPTIIX, Yp OYHT HATTIAX SBIA OHOJ apra
3YHH YHATOH 30BJIOree erd TycasicaH yaupaard oarm /1o
npodeccop, mpokrop J.Tymdmkapran 00J0H cymajiraar
XUUX9 TycllaMX JOMXKIAT  Y3YyyscoH Hwuiirmuitn
9pYYJl MOHIWWH YHASCHUH TOBUNH buoMHHOBALIBIH
an6ans! axumung, MYUC -uitn ITY C-uitn buonoruiin
TOHXUMUUH MUKpOOMOTIOTHIHH 131  XOTen0epuitH
nabopanTaap axwuiax Oaiican M.I'spant-On Hapraa

TajlapXaj WIdPXUMIIbE.
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