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Aim. The aim of this study was to identify the novel potential drug targets of E.coli ATCC
25922 through subtractive genomic analysis. Methods. The identification of non-homologous
proteins to the human proteome, search for E.coli essential genes and estimation of drug target
novelty were performed using BLAST. The unique metabolic pathways identification was
done using the data and tools from KEGG (Kyoto Encyclopedia of Genes and Genomes).
Prediction of the sub-cellular proteins localization was performed using a combination of the
tools PSORTb, CELLO and ngLOC. The homology modeling was performed by web-server
I-TASSER, the models being validated using MolProbity web-server. The binding sites were
analyzed using Discovery Studio 2017 with web servers ProBis and PrankWeb. Results.
Proteome of Escherichia coli ATCC 25922, which contains 4808 proteins, has been taken to
form the initial set. Using the subtractive genome analysis we identified 9 membrane proteins
which are essential, non-homologous to human proteome, involved in unique metabolic path-
ways and are not described as the drug targets. A study of the spatial structure of this proteins
showed that 6 of them have binding sites for ligands. Conclusions. Using classical bioinfor-
matics approaches we identified 6 molecular targets of Escherichia coli ATCC 25922, which
can be exploited for further rational drug design in order to find novel therapeutic agents for
the treatment of infection caused by FE.coli.
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Introduction

Uncontrolled using of antibiotics led to antibi-
otic resistance. The spread of antibiotic resis-
tance accelerated. For example, ceftazidime-
avibactam, a drug composed of ceftazidime,
cephalosporin antibiotic, and avibactam, a
B-lactamase inhibitor, was approved for medi-
cal use in the United States and Europe in 2015.
It is used to treat certain multidrug-resistant
gram-negative infections. In December 2018 a
ceftazidime-avibactam-resistant Klebsiella
pneumoniae strain was isolated in Finland [1].
The microorganisms become resistant to anti-
biotics due to mutations in drug target proteins
or the use of new alternative metabolic or sig-
naling pathways to avoid harmful effect [2].
One way to pass up the pathogen resistance is
search for the new drug targets among bacte-
rial proteins. The methods of gene knockout
and RNA interference are widely used in order
to find novel targets. These methods have prov-
en to be extremely effective, as the result can
be immediately seen on living cells. Along with
the advantages, these methods have a number
of disadvantages, including high cost and time-
consumption to set up the experiment. The
bioinformatics methods are an alternative way
to find novel drug targets. To date, they are
successfully used in searching for new targets
and are the fastest and cheapest [3].

The Escherichia coli infections are the ma-
jor challenge for public health. Diarrheal ill-
ness causes high mortality worldwide, par-
ticularly in children under the age of 5 and
particularly in countries of Africa and South
Asia [4]. Even in the United States only one
pathogenic strain of E.coli causes 73 000 ill-
nesses annually [5].

Pathogenic E. coli can cause a broad range
of human diseases that span from those of the
gastrointestinal tract to the urinary tract, blood-
stream, and central nervous system [6]. Over
the last decade, there has been a significant
increase in antibiotic resistance of Escherichia
coli. In 2013 in Ile-Ife, Nigeria, over 130 iso-
lates of E.coli were tested for the sensitivity to
the most commonly used antibiotics. The results
showed the resistance to the most commonly
used antibiotics from 51.1 % to 94.3 % [7].

We used subtractive genomic analysis to
identify novel molecular drug targets in E.coli.
Escherichia coli ATCC 25922 strain was used
as reference for pathogenic E.coli strains. The
standard test bacteria ATCC 25922 are used in
different studies of antibacterial compounds
of plants [8], in food safety studies [9] and as
the quality control strain in antibiotic resis-
tance studies [10]. Unlike the pathogenic
strains of E.coli, the ATCC 25922 strain has
biosafety level 1, which makes in vitro testing
much safer and cheaper. Also there are known
MICs of many antibacterial compounds for the
ATCC 25922 strain [11]. This is gram-negative
bacterium like some of the most dangerous
pathogens such as Pseudomonas aeruginosa,
Klebsiella pneumoniae etc., and identification
of potential drug targets could help to dis-
cover new ways of fighting against the infec-
tion caused by gram-negative bacteria.

Materials and Methods

The identification and characterization of the
potential drug targets of Escherichia coli
ATCC 2592 were performed sequentially by
the following methods:
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Retrieval of complete proteome

Whole proteome of E. coli ATCC 25922 was
downloaded in FASTA format from the
National Center for Biotechnology Information
(NCBI) protein database [12]. This set was
created by Los Alamos National Laboratory
and contains 4808 proteins.

Paralog sequences identification

Protein set in FASTA format was submitted to
CD-HIT Suite. Paralogous proteins were de-
tected with cut-off 0.6 (all proteins similar
more than by 60 % were rejected) [13].

Determination of protein sequences that
non-homologous to the human proteome

At this step the non-paralogous sequences were
submitted to BLASTp through NCBI server
against Homo sapiens proteome with threshold
expectation value E-value = 103 [14]. Other
parameters were set by default: BLOSUMG62
matrix, non-redundant (nr) database. BLAST
(Basic Local Alignment Tools) is an algorithm
which compares query sequences of amino
acids or nucleotides with each other or with
database. As a result, the sequences which
were similar to the human host were removed
and only the non-homologous sequences were
taken for further analysis.

Identification of essential proteins

The set of non-paralogous, non-homologous
sequences was subjected to similarity against
the Database of Essential Genes (DEG) [15],
which contains all the essential genes cur-
rently available. Protein BLAST was per-
formed with threshold expectation value
E-value = 10-°. Identification of essential pro-
teins was done by comparing query sequences
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of the E. coli ATCC 2592 strain with essential
proteins of the E. coli MG1655 I and MG1655
II strains.

Prediction of protein localization

It is a common fact that potential drugs would
bind easier if the targets are membrane pro-
teins. To find proteins localization we used
combination of programs PSORTp [16],
CELLO [17] and ngLOC [18]. Essential non-
homologous proteins were subsequently sub-
mitted to these programs in order to get more
accurate result. All proteins, which were iden-
tified as membrane proteins in three programs,
were taken for further analysis.

Metabolic pathways analysis

The metabolic pathways analysis of essential
membrane proteins was done by KAAS server
at KEGG (Kyoto Encyclopedia of Genes and
Genomes) [19]. KAAS predicts the role of
proteins involved in pathways by comparing
the query with the KEGG GENES database in
BLAST. The output contains the metabolic
pathways where submitted proteins are in-
volved along with KO list (KEGG Orthology).

Identification of already known drug
targets

To identify the known molecular targets we
used Drug Bank Database [20], a free online
web-resource, which contains the information
about drugs and drug targets. We used Drug
Bank Database version 5.1.5 (released 2020-
01-03) with the information about 13489
known and over 6348 experimental drugs. The
set of essential proteins involved in metabolic
pathways was submitted through BLASTp
against Drug Bank Database (E-value 10-3).
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The known molecular targets were excluded
from further analysis.

Homology modeling of proteins

We have conducted a search for the crystal
structures or homology models for every novel
potential drug target that was identified in cur-
rent study. For that purpose, we used UniProt
to figure out the existence of reference struc-
tures for every target. The search was per-
formed in UniProt BLAST with default set-
tings, and the results with the best similarity
score were selected. The existence of novel
drug target structure was checked in “Structure”
section. Homology modeling in I-TASSER
[21] server was performed for the drug targets
that do not have crystal structure or homology
model in SWISS-MODEL repository and there
is no information about protein structure in
UniProt. After that, the best models were va-
lidated using MolProbity web-server [22].

Binding sites analysis

3D structures of novel potential targets were
investigated to find binding sites for small
organic molecules and confirm the potential
use of the proteins for further rational drug
design. For this purpose, we used web servers
ProBis [23] and PrankWeb [24]. Additionally,
for more accurate search Discovery Studio
2017 was used. Only the targets, the pockets
of which were identified by at least two pro-
grams were selected as potential drug targets.

Results and Discussion

The main task of current study was to identify
membrane proteins as potential drug targets in
Escherichia coli ATCC 25922. The membrane
plays a crucial role for vital processes of bac-

terial cells. It provides selective permeability
for cellular homeostasis and metabolic energy-
transduction. Membrane proteins are respon-
sible for the active transport of nutrients and
wastes, bacterial respiration, the establishment
of the proton motive force in association with
respiratory enzymes, ATP generation and cell-
cell communication in biofilms. These proteins
are crucial and can be considered as potential
drug targets.

Another reason for choosing membrane
proteins as targets may be the growing danger
of quiescent bacteria. These bacteria under
stress of, for example, antibiotic therapy, can
slow down their own metabolism, reduce
growth rate, and modify the cell wall to avoid
an immune response. Under such conditions,
the bacteria can wait for a long time until the
stress factor disappears, after which the infec-
tion will be a serious threat to the patient [25].
Because the metabolism of such bacteria slows
down and the cell wall is modified, it is diffi-
cult for antibacterial compounds to influence
the processes inside the bacterial cell. One way
to solve the problem of quiescent bacteria may
be to choose membrane proteins as potential
drug targets.

In addition to the above, the compounds
targeting membrane proteins can avoid cell
efflux pumps. Efflux pumps are transport pro-
teins, which are mostly localized in cytoplas-
mic membrane of bacterial cells, and play an
important role in their lives, particularly in
providing resistance of the microorganisms to
xenobiotics. These pumps are involved in the
removal of toxic substrates, including antibiot-
ics, from cells into the environment. This fea-
ture of efflux pumps is one of the mechanisms
of antibiotic resistance [26]. Therefore, focus-
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ing on the membrane proteins as drug targets
can help to evade this mechanism.

We used subtractive genomic approach to
identify potential drug targets as described
previously [27-29]. Therefore, we have se-
lected the proteins that meet the requirements
for good antibacterial targets in particular, to
be essential for bacterial cells, have no human
homologue and to be conservative among bac-
teria species [30].

Whole proteome of E. coli ATCC 25922
which has 4808 proteins was retrieved from
NCBI database. At the beginning of analysis,
we removed paralogs and duplicates using
server CD-HIT with cut-off = 0.6. According
to the results of CD-HIT server the quantity of
proteins was reduced to 4544. The resulted set
of non-paralogous sequences was submitted to
BLASTYp against human proteome. The pro-
teome comparison between Escherichia coli
ATCC 25922 and Homo sapiens was necessary
in order to eliminate the targets that are struc-
turally similar to human proteins, and conse-
quently to avoid the possible side effects of
the antibiotic designed against drug targets.
All homologues of human proteins were ex-
cluded and the number of Escherichia coli
proteins was reduced to 2150. The next step
of the analysis was the identification of es-
sential proteins. The obtained set of sequences
was submitted to BLAST against the Database
of Essential Gene with E-value = 10-3. There
is no information about the ATCC 25922 strain
in DEG, so this step was done by comparing
the query with the essential proteins of the
closest E. coli strains MG1655 1 and
MG1655 1I1. The strains ATCC 25922 and MG
1655 of E. coli have identity 97.81 %. There
are 609 essential genes for E. coli MG1655 1
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and 296 essential genes for E. coli MG1655 11
in DEG. The output set included 262 essential
proteins.

The next step in the process of potential
drug targets identification is the prediction of
protein localization. In order to identify mem-
brane proteins the set of 262 essential non-
homologous proteins was analyzed using the
combination of three programs — PSORTD,
CELLO and ngLOC. The resulted set included
56 proteins, which were predicted by three
programs as membrane proteins.

We analyzed the set of 56 sequences by
KAAS (KEGG Automated Annotation Server),
in order to identify which essential membrane
proteins are involved in metabolic pathways.
It was found that 20 proteins are involved in
metabolic pathways.

The set of 20 essential membrane proteins
involved in metabolic pathways was submitted
to BLAST against Drug Bank Database to
exclude the already known drug targets. The
sequences which have similarities with Drug
Bank Database were [/-deoxy-D-xylulose
S-phosphate reductoisomerase, ATP synthase
F0 B subunit, cell division protein ZipA, peni-
cillin-binding protein 2, aerotaxis receptor,
methyl-accepting chemotaxis (MCP) signaling
domain protein, methyl-accepting chemotaxis
protein I, methyl-accepting chemotaxis pro-
tein I1. According to extensive PubMed search
for one potential drug target — flagellar motor
stator protein MotA, small-molecular inhibi-
tors have been already published [31].
Additionally, we excluded cytochrome O ubi-
quinol oxidase subunit IV and preprotein trans-
locase, SecE subunit because they are to small
and could not have ligand binding sites.
Therefore, the number of novel potential tar-
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gets was reduced from 20 to 9. The results of
subtractive analysis for Escherichia coli are
presented in the Table 1.

To evaluate the drug ability of the found
targets, their 3D structures should be examined
for existence of small molecules binding sites.
In accordance with UniProt information, three-
dimensional structures are known for 7 targets.
For four proteins the structures were obtained
by X-ray crystallography, for two proteins -
LPS export ABC transporter permease LptF
and LPS export ABC transporter permease
LptG the structures were obtained by electron
microscopy and for one protein — PTS system
mannitol-specific EIICBA component a homol-
ogy model is available in SWISS-MODEL
repository.

For two proteins inner membrane protein
vdcZ and putative protein permease FtsX 3D
the structures were not known. We built ho-
mology models of these proteins using
I-TASSER server. For model constructing the
server used LOMETS (Local Meta-Threading
Server) to collect 10 protein templates of sim-
ilar folds from PDB database. To estimate the
quality of predicted models by I-TASSER we
used C-score. The calculation is based on the
significance of threading template alignments

and the convergence parameters of the struc-
ture assembly simulations. It lies in the range
from -5 to 2, where the C-score of higher
value signifies a model with a high confidence.
I-TASSER builds 5 homology models with
different C-score. For further analysis we have
chosen the homology models with best
C-score. This models were validated with
MolProbity score [32].

MolProbity score combines clashscore, ro-
tamer and Ramachandran evaluations into a
single score. Summary table includes a per-
centile relative to structures near the same
resolution. Good model must have more than
66 percentile. These models of putative pro-
tein insertion permease FtsX inner and mem-
brane protein ydcZ have MolProbity score 2.17
and 3.2 respectively with 38th percentile. It
means that the created models could not be
used for molecular manipulation like docking
or molecular modeling. Unfortunately, at pres-
ent there are no enough protein templates to
build correct models, but as soon as suitable
templates appear, the models’ quality will in-
crease sharply. The identified possible mo-
lecular targets involved in metabolic pathways,
which would be analyzed further, are pre-
sented in the Table 2.

Table 1. Results of Subtractive analysis for E. coli ATCC 25922

Ne Stages of study Protein quantity
1 Proteome retrieving 4808
2 Paralog sequences rejection (CD-HIT) (>60 % similarities) 4544
3 Human non-homologous proteins (BLAST) 2150
4 Essential proteins analysis (DEG) 262
5 Membrane proteins identification (PSORTb, CELLO, ngL.OC) 56
6 Metabolic pathways analysis (KAAS) 20
7 | Binding sites analysis 9
8 Potential drug targets 6
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The small molecules binding sites were iden-
tified using Discovery Studio 2017 and web
servers PrankWeb and ProBis. For six targets
the ligand binding sites were recognized with at
least two tools that we used. For hydrogenase-1
small chain, hydrogenase-2 small chain and Ni/
Fe-hydrogenase, b-type cytochrome subunit the
pockets were identified with all three tools. For
PTS system, Fru family, IIB component domain
protein the pockets were determined by

Discovery Studio 2017 and web server
PrankWeb. For LPS export ABC transporter
permease LptG and LPS export ABC trans-
porter permease LptF the pockets were identi-
fied by Discovery Studio 2017 and web server
ProBis. There is no identified suitable pocket for
PTS system mannitol-specific EIICBA compo-
nent. The result of this step confirms potential
druggability of six proteins. The results of bind-
ing site analysis are shown in the Table 3.

Table 2. Possible drug targets involved in metabolic pathways

Ne Protein Metabolic pathways KO number
1 PTS system, Fru family, IIB component domain protein 00051 Fructose and mannose K02769
2 PTS system mannitol-specific EIICBA component metabolism K02800
3 hydrogenase-2 small chain 00633 Nitrotoluene degradation K06282
4 |hydrogenase-1 small chain
5 LPS export ABC transporter permease LptF 02010 ABC transporters K07091
6 LPS export ABC transporter permease LptG K11720
7 Ni/Fe-hydrogenase, b-type cytochrome subunit 02020 Two-component system K03620

Table 3. 1dentified pockets of potential drug targets

. Tools .
Proteins PrankWeb | ProBis | DS 2017 Residues

PTS system, Fru family, I[IB + - + Leu24, Leu27, Glu31, Trp33, Leu 61, Phe87, Pro91,

component domain protein Val94, Ser96

hydrogenase-2 small chain + + + Cysl54, Prol55, Prol56, Asn157, Asn160, Ile191,
Thr231, Cys235, Phe240, Trp247, Pro248, Pro254,
Cys255, Tyr256, Cys258, Asn259

hydrogenase-1 small chain + + + Cys149, Pro150, [le186, Asn228, Cys230, Trp235,
Asn236, Phe241, Pro242, 11e243, Cys249, Leu250,
Cys252

Ni/Fe-hydrogenase, b-type + + + Met29, Leu32, Met33, Gly36, [1e39, Gly40, Arg60,

cytochrome subunit His63, Phe64, Gly67, Phe70, Met143, Ile144, Gly147,
Phel48, Leul50, Tyr151, His181, His184, Arg185,
Met188, Ile 191

LPS export ABC transporter - + + Met282, Leu286, Leu305, Leu341, Leu345, Trp348

permease LptF

LPS export ABC transporter - + + Leu73, Leu77, Phe295, Pro299, Leu300, Val303,

permease LptG Val307, Arg308, Thr311, Gly312, Ser314, Phe315
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Conclusion

Using subtractive genome analysis, we have
identified 6 membrane proteins as novel po-
tential drug targets in Escherichia coli ATCC
25922 which are essential, non-homologous
to human proteome and involved in unique
metabolic pathways. Three-dimensional struc-
tural analysis shows that these targets have
ligand binding sites hereby can be modulated
with small-molecules and appropriately are
suitable for further rational drug design.
Presumably, the found drug targets will be able
to speed up the future discovery of new thera-
peutic agents against the infections caused by
E. coli and other gram-negative bacteria.
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MMomyk memOpanHux 0iskiB Escherichia coli
ATCC 25922 sik HOBHUX MilleHeil 111 po3po0dku
aHTUOIOTHKIB, 3 BUKOPHCTAHHIM MeTOHIB in silico

I. M. Koznees, C. A. Crapocuna, M. B. IIporononos,
T". T1. Bomuuens, B. M. Canenxkid, JI. B. IInerasoBa,
A. P. Cuntorin, H. O. KauanyT, B. 1. MaTiorox,

B. I'. Boxona ta C. M. SApmortoxk.

Meta. Meroro nociifpKkeHHst OyB MOIIYK HOBHX MillICHEH
JUTSL TU3aiiHy aHTUO10THKIB ipotH Escherichia coli ATCC
25922 meromamMu po3paxyHKOBOI reHoMikud. Mertoam.
InenTrdikaliiss HErOMOJIOTIYHKX OLTKIB 70 JTFOICHKOTO TIPO-
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TeoMY, BU3HAYCHHS )KUTTEBO BXXITUBUX TeHIB Escherichia
coli ATCC 25922 ta BCTAaHOBJIEHHS HOBWU3HH 3HAWIEHUX
MimieHei npoBoawm anropurMamu BLAST. Bukopuc-
ToBytoun 6azy nanmx KEGG, ineHTudikyBanmm yHiKaibHI
MeTabomiyHi nurixy Oaxrepii. Jlokamizariro OUIKIB y KiTi-
TrHi niepeabadanmu nporpamamu PSORTp, CELLO Ta
ngl.OC. TomororiyHe MOIEFOBaHHS ITPOBONMIN BeO-
cepeepoM [-TASSER, Bamimarist Mmoneneii Oyna BUKOHaHA
3 BHKOpHUCTaHHSIM cepBepy MolProbity. Anaii3 caiiTiB
3B’sI3yBaHHs MAJIMX OPTaHIYHUX MOJIEKYII IPOBEACHO BeO-
cepBepamu ProBis i PrankWeb Ta BuUKOpucTaHHSIM
Discovery Studio 2017. Pe3yabrarn. [Ipoteom Escherichia
coli ATCC 25922, mo cknagaerbes i3 4808 OUKiB, OyIo
BHKOPUCTAHO 111 (D)OPMYBaHHS OYATKOBOI BHOIPKH.
BrkopucTOBYrOUH METOIM PO3paxXyHKOBOI TeHOMIKH, BIa-
Jocst imeHTUQIKyBaTH 9 MeMOpaHHIX OUIKIB, SIKi € BaXKIIH-
BHMH JUTSI BIDKUBaHHS OaKTepii, HE € TOMOJIOTaMH JIIO-
ChKHX OUIKIB, 3aJIy4eHi 10 YHIKAJIbHUX METaOOIIuYHUX
[UBIXIB Ta PaHillle He JOCIIIHKYBAIUChH SIK TePallCBTUIHA
MimeHs. JIoCmipKeH S TPOCTOPOBOI CTPYKTYPH 3HAWICHHUX
OLIKIB IMOKa3aJIo, 10 6 3 HUX MAIOTh CAlTH JUIsl 3B’ SI3yBaHHs
niragaiB. BucHOBKH. Y pe3yibTaTi JOCIIHKEHHS METOa-
MH JIiHIAHOI Ta CTPYKTYpHOi 0i0iH(pOPMAaTHKH 3HAHICHO 6
MOTEHIIHHKMX MitlieHel Escherichia coli ATCC 25922, siki
MOXXyTh OyTH BUKOPHCTaHI TS IOAJIBIIO] pO3POOKH aHTHU-
010THKIB TIPOTH iHGEKITH cripuunHeHnx E.coli.

KnawouoBi caosBa: Escherichia coli, pe3UCTCHTHICTD
JI0 aHTHUOIOTHKIB, MOJIEKYIIIpHA MIIIeHb, aHTHOI0THKH,
pO3paxyHKOBa F'CHOMIKA.

IMonck memOpanHbIX 6eqaxoB Escherichia coli
ATCC 25922 kak HOBBLIX MHUIIEHEH I
pa3padoTKu AHTUOMOTHUKOB, C HCMOJIbH30BAHUEM
MeToa0B in silico

H. M. Komnees, C. A. Crapocuna, M. B. TIporomomnos,
I. I1. Bonunen, B. M. Canenkun, JI. B. ITnernéna,
A. P. Cunrorun, H. A. Kauanyt B. 1. Marromoxk,

B. I'. Boxona, C. H. SIpmomnioxk.

Heap. Lenpro uccnenoBaHus ObLT HOUCK HOBBIX MHUIIIC-
HeW JuIs nmu3aiiHa aHTHUOWOTHKOB NPOTHUB Escherichia
coli ATCC 25922 meTtogamu pacyeTHOH T€HOMHKH.
Mertoabl. UneHTH)UKAINSA HETOMOJIOTHIHBIX OEITKOB K
YeJIOBEUYECKOMY ITPOTEOMY, OIpEACiICHNE KU3HESHHO
BaXHBIX TeHOB Escherichia coli ATCC 25922 wu ycra-
HOBJICHHUSI HOBU3HBI HAWICHHBIX MUIICHEH MTPOBOIMIN
meronamu BLAST. Ucnonesys 6a3y nanuasix KEGG,
UACHTH(GUITUPOBATH YHUKAIEHBIC METAOOIHUCCKUE TYTH
OakxTepun. Jlokanmu3aruo OEIKOB B KIETKE OMPEISIIsIIH
nporpammamu PSORTp, CELLO u ngLOC. T'omoro-
TUYECKUE MOJIeNIM OBIIIM MOCTPOEHBI BeO-cepBEpOM
I-TASSER, Bammpamnus monenieid ObUTa IIPOBEACHA C
HcIonp30BanneM cepBepa MolProbity. Ananmms caiiTos
CBSI3BIBAHUSI MAJIBIX OPraHUYECKHX MOJIEKYJ CIENaH
BeO-cepBepamu ProBis u PrankWeb ¢ ucnoins3zoBannem
Discovery Studio 2017. Pe3syasTarbl. [IpoTeom
Escherichia coli ATCC 25922, cocrosuii uz 4808
0eNKoB, OBLIO WICTIONB30BAHO I (POPMUPOBAHUS Ha-
JanbHON BRIOOpKH. VICTIONB3yst METOIBI pacyeTHOH re-
HOMUKH, YIaJoCh UICHTU(UIUPOBATL 9 MEeMOpaHHBIX
OEIKOB, KOTOPBIC BaYKHBI 11 BEDKUBAHUS OaKTepUH, HE
SIBIISTFOTCS] TOMOJIOTaMH YEJIOBEYECKUX OEJIKOB, BOBIIC-
YCHHBIC B YHUKAIILHBIC META0OIMYCCKHE TYTH U PaHbIIIC
HE WCCIIENOBAJNCh KaK TeparleBTUYECKas MHUIICHD.
HccnenoBanue npocTpaHCTBEHHOM CTPYKTYpbl HAlIEH-
HBIX OEJIKOB IOKa3aJio, 4YTo 6 U3 HUX UMEIOT CalThl JIs
CBsI3BIBaHMA JIUTaHIIOB. BeIBOBI. B X0/1€ HccienoBanmst
METOZAMH JIMHEWHOU U CTPYKTYpHOH OMONH(OpMaTHKHI
HalJIeHO 6 OTEHIUANBHBIX MUIIICHEeH Escherichia coli
ATCC 25922, xoTopble MOTYT OBITH NCIIOJIB30BaHbI JUIS
JanpHeiIen pa3paboTku aHTHOMOTHKOB IPOTUB HH(]EK-
Ui, BEI3BAHHEIX E.coli.

KawueBsble caoBa: Escherichia coli, pe3ucTeHT-
HOCTb K aHTI/IGI/IOTI/IKaM, MOJICKYJIApHasi MULICHb, aHTU-
OMOTHKH, pacyeTHasi TCHOMHKA...
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