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Abstract

E.coli from broiler is a reservoir for ESBL (extended spectrum beta-lactamase) and presence of ESBL is a growing concern
for antibiotic resistance. The aim of the study was to investigate and characterize ESBL and AmpC beta-lactamases in E.
coli with traditional and new-generation methods. As well as biochemical analyses, the identification of isolates was performed
with the MALDI-TOF MS. Within the scope of phyloproteomic analysis, all components of MALDI-TOF MS-based Principal
Component Analysis (PCA) (dendrogram, scatter plotting, composit corelation index (CCI) and variance,) were applied. In the
present study which is the first report for Duzce (Türkiye), 28.6% of 122 CFEC (chicken feces E. coli) isolates were identified
as CFEC -ESBL. blaCTX-M, blaCTX-M-1, blaCTX-M-15, blaSHV, blaTEM, blaOXA-10, AmpC, blaCIT, blaMOX, blaSHV,
blaCIT, and blaMOX genes were explored with PCR and blaCTX-M-1 gene was detected with the highest rate (68.5%). At
least one of the resistance genes was detected in the phenotype screening tests, except one of the isolates (CFEC-ESBL-90). On
the other hand CFEC-ESBL-38 contained only bla CTX-M-15 and the fact that this isolate was the only atypical ESBL strain
with indole (-) and lac (-) characteristics among all isolates explains the highest variance (41%) and the most different from
other PCA components. Also, this isolate had a high degree of similarity (87%; CCI) with the other isolate (CFEC-ESBL-90),
which had low similarity to CFEC-ESBLs. As a result, phyloproteomic analyses with MALDI-TOF MS are considered to be
beneficial in the characterization of phenotypic bacterial behavior.
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Abstract

E.coli from broiler is a reservoir for ESBL (extended spectrum beta-lactamase) and presence of ESBL is a
growing concern for antibiotic resistance. The aim of the study was to investigate and characterize ESBL
and AmpC beta-lactamases in E. coli with traditional and new-generation methods.

As well as biochemical analyses, the identification of isolates was performed with the MALDI-TOF MS.
Within the scope of phyloproteomic analysis, all components of MALDI-TOFMS-based Principal Component
Analysis (PCA) (dendrogram, scatter plotting, composit corelation index (CCI) and variance,) were applied.
In the present study which is the first report for Duzce (Türkiye), 28.6% of 122 CFEC (chicken fecesE.
coli ) isolates were identified as CFEC -ESBL.bla CTX-M, bla CTX-M-1,bla CTX-M-15, bla SHV,bla TEM, bla
OXA-10, AmpC,bla CIT, bla MOX,bla SHV, bla CIT, andbla MOX genes were explored with PCR andbla CTX-M-1
gene was detected with the highest rate (68.5%). At least one of the resistance genes was detected in the
phenotype screening tests, except one of the isolates (CFEC-ESBL-90). On the other hand CFEC-ESBL-38
contained only blaCTX-M-15 and the fact that this isolate was the only atypical ESBL strain with indole (-)
and lac (-) characteristics among all isolates explains the highest variance (41%) and the most different from
other PCA components. Also, this isolate had a high degree of similarity (87%; CCI) with the other isolate
(CFEC-ESBL-90), which had low similarity to CFEC-ESBLs.

As a result, phyloproteomic analyses with MALDI-TOF MS are considered to be beneficial in the characte-
rization of phenotypic bacterial behavior.

Keywords: Antibiotic resistance, Extended-spectrum beta-lactamase, E. coli , MALDI-TOF MS, Principal
component analysis

Introduction

Escherichia coli (E. coli ) is a common member of the gut microbiota in humans and animals and it
is characterized as an opportunistic pathogen. The bacterium is considered an important source of many
antibiotic resistance genes in the ecosystem [1].

Antimicrobial resistance (AMR) is a very important growing crisis in the entire world. It is predicted by
some experts that there will be 10 million deaths related to AMR every year in the world by 2050, and it
is considered that the gene reservoir of E. coli is decisive for solution of the crisis [3]. Because E. coli is a
zoonotic and spreads easily in food-environment-human interaction, which leads to a potential change in the
microbiome at the global level. It was reported that E. coli plays an important role, especially in the spread
of Extended-Spectrum Beta-Lactamases (ESBL), acquired AmpC beta-lactamases [4,5].
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E. coli can hydrolyze almost all penicillin and cephalosporins via its ESBL encoding genes. The uninterrupted
transmission and spread of these resistance genes, which can pass from one bacterium to another bacterium
with their fast and easy mobility features, depend on hierarchically organized systems such as integron
or it depends on their interactions with the network between ecologically related bacterial populations. In
other words, the distribution of resistant bacteria is an ecological evolutionary process [5]. Understanding
this can only be possible by examining the phylogenetic and phyloproteomic relationships between bacteria
with various analytical methods. As well as the expensive and laborious sequence analyses (whole genome
or multilocus sequencing etc.), the analysis of 16S ribosomal proteins, which are relatively inexpensive and
effortless, has made a significant contribution to this field in recent years [6].

The use of the Matrix-Assisted Laser Desorption/Ionization Time-Of-Flight Mass Spectrometry (MALDI-
TOF MS) method, which analyzes the proteins of bacteria with the help of validated databases created
with reference spectra of standard strains, became widespread in the past 10 years. It allows sensitive and
specific applications in food safety and many clinical studies and it is also a method approved by the FDA
(Food and Drug Administration) for microbial identification [7-9]. In a comparative study was conducted in
2010, it was reported that MALDI-TOF MS had a very high rate of identifying the bacteria in cases (99.1%)
compared to routinely used biochemical methods [10]. In another study, it was reported that Gram (-) bacteria
were directly detected as a species in 99.2% of blood and urine samples [11]. MALDI-TOF MS identify
after comparing highly conserved ribosomal proteins of microorganisms with reference proteomic profiles of
standard strains that are abundantly available in the database. At the same time, it is possible to perform
phyloproteomic analyzes in the case of working with multiple isolates. In this respect, it is possible to compare
fingerprints with unique mass spectra created for each bacterium by MALDI-TOF MS, and then compare
them with each other. Thus, with this series of analyses that can be performed with MALDI-TOF MS, besides
microbial identification, contributes to an idea of similarities or differences in some processes operating in
metabolism [9,12]. For example, Suen et al., (2019) identified pathogenic Staphylococcusspecies from indoor
samples with MALDI-TOF MS and analyzed the multi-drug resistance profiles of isolates with MALDI
biotyper software [13]. In another study, it was reported that Mycobacteriumspp. identification takes 7-21 days
after colony formation with tradinational biochemical methods, but it can be accurately identified in as little
as 1 hour with MALDI-TOF MS [14]. Elbehiry et al. (2019) performed species discrimination in Aeromonas
strains with MALDI-TOF MS-based Principle Component Analysis (PCA) and single peak analysis methods
[15]. In another study, a new species ofStaphylococcus edaphicus is identified with MALDI-TOF MS from
sandy soil [16]. These studies show analytical identification potential of MALDI-TOF MS, along with the
specificity of peptide and protein mass fingerprinting, and the identification of new species, with a constantly
developed and updated database. Alharbi et al. [17] identified S. aureus and coagulase-negative staphylococci
at 100% from 400 samples in their study comparing MALDI-TOF MS with conventional methods. There
are other studies conducted on MALDI-TOF MS in which high rates of bacteria are identified from different
sources (wastewater, rural areas, etc.) [18-20]. It is increasingly preferred for the identification of Gram (-)
bacteria of fecal origin from food and farm animals [21,22].

The present study was designed as food safety research and broiler chickens were preferred. In general,
there are microorganisms with very different characteristics in poultry, and many studies have shown that
MALDI-TOF MS can reliably identify these bacteria [23]. Therefore this study was aim (i) to investigate
presence of ESBL, AmpC beta-lactamase in E. coli obtained from the gut contents of broiler chickens and
(ii) to characterize the isolates by phenotypic-proteomic analyses.

Materials and Methods

Chicken feces samples and chemicals

A total of 130 chicken feces samples were obtained fresh from 4 different slaughterhouses in the city cen-
tre of Duzce (Türkiye). Mac Conkey Agar (MAC) (Merck, Germany), Tryptic Soy Agar (TSA) (Merck,
Germany) and Tryptic Soy Broth (TSB) (Condalab, Spain) were used for isolation and culture and α-Cyano-
4-hydroxycinnamic acid (CHCA; Bruker, Germany) was used as a MALDI-TOF MS matrix. Acetonitrile
(ACN, HPLC grade; Sigma-Aldrich, Missouri, USA), trifluoroacetic acid (TFA; Sigma-Aldrich, Missouri,
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USA), 0.1 μm filtered ultrapure water (Sigma-Aldrich, Missouri, USA) free of DNAse and RNAse, and a
Bruker Bacterial Test Solution (BTS) containing E. coli , RNAase and myoglobin protein profiles were also
used.

Isolation of Escherichia coli

The feces were inoculated directly into the medium with a sterile swab and incubated at 37°C for 24 hours and
the identification was done by conventional methods (Gram stain, catalase, oxidase, oxidation/fermentation
(OF), indole, methyl red (MR), voges Proskauer (VP), citrate, urease, triple sugar iron, and H2S) [24]. Also,
the isolates’ ability to ferment simple sugars (inositol, lactose, xylose, and mannose) and hemolysis on an
agar medium containing 5-10% defibrinated sheep blood were also recorded.

Phenotypic Determination of ESBL and AmpC

All isolates were passaged into MAC mediums containing 1 mg/L Cefotaxime, and growth was recorded [25].
Then, all isolates were subjected to double disk phenotype screening and confirmation test. The antibiotic
susceptibility tests were performed according to the Kirby Bauer method recommended by the Clinical La-
boratory Standards Institute [26]. Ceftazidime (30 μg), Cefotaxime (30 μg), Aztrenoam (30 μg), Ceftriaxone
(30 μg), Cefpodoxime (10 μg), Ceftazidime-Clavulanic acid (40 μg), Cefotaxime-Clavulanic acid (40 μg),
Cefoxitin (30 μg), Cefepime (30 μg) discs were used. The evaluation of zone diameters was made according
to CLSI directives and the threshold values were determined according to CSLI 2018 and CTX: R [?]27,
ATM: R [?]27, CPD: R [?]27, CAZ: R [?]22, CRO: R [?]25, FOX: R [?]14, FEP: R [?]18 were accepted. Also,
Cefotaxime and Ceftazidime zone diameters progressing more than 5 mm in zone diameters with Clavulanic
acid were evaluated as positive [26].

Investigation of Beta-Lactamase Genes

Genomic DNA was extracted by using boiling method (boiling in distilled water at 95ºC for 10 minutes).
After boiling, it was centrifuged at 12000 rpm for 5 minutes and used as supernatant DNA. For beta-
lactamase,bla CTX-M, bla CTX-M-1,bla CTX-M-15,blaS HV,bla TEM,blaO XA-10, with conventional PCR, and bla

CIT, bla MOX genesfor AmpC beta-lactamase were investigated with multiplex PCR. The primers used in PCR
reactions are given in Table 1. Each PCR reaction was run in 35 cycles with a total volume of 25 μl. For
each gene, PCR mix (K0171 Thermo Scientific) 10 pmol reverse and forward primers and PCR water were
used. In each reaction, pre-denaturation at 95ºC for 5 min, denaturation at 95ºC for 30 sec. bla CTX-Mat
57ºC, bla CTX- M-15 at 48ºC, bla CTX-M-1 andbla OXA-10 at 45ºC, bla TEMat 44ºC, bla SHV primer bonding
temperature at 42ºC, 45 sec synthesis at 72ºC and 7 min final synthesis at 72ºC. The primers for bla CIT

andbla MOX were added in half and the same PCR cycle was run with an annealing temperature of 53ºC. E.
coli NCTC 13461-NCTC 13462-NCTC 13463, E. coli ATCC 35218, Klebsiella pneumoniae ATCC 700603
strains were used as positive controls.

Identification of bacterial colonies from chicken feces by MALDI-TOF MS

For the identification of the peptide and protein spectra, the updated IVD database containing 10694 MSPs
(Bruker Daltonics, respectively) was applied. For microbial biomass analysis using the MALDI-TOF MS
method, a single colony was placed onto a special steel 96 micro scout plate (MSP) (Bruker Daltonics),
which was spread onto the wells in the plate in the form of a thin film. After drying, 1 μL CHCA matrix
solution (12.5 mg/mL CHCA in a 50% ACN and 2.5% TFA mixture) was added and allowed to dry completely
at room temperature. The MALDI 96 MSP was placed in the MALDI-TOF MS Device, and the system was
operated by using the optimized method for the identification of micro-organisms in linear positive ion mode
at a 2.000-20.000 Dalton (Da) mass range. A 60 Hz Nitrogen laser was used at 337 nm as the ion source.
The laser pulses consisting of 40 packets of 240 were applied in the measurement of each colony to obtain
the spectra. Each sample was studied in triplicate, and the highest readings were included in the analysis.
The internal quality control for MALDI-TOF MS in general bacteriology is in part achieved by using a
Bruker BTS, consisting of an extract of E. coli proteins for mass calibration of the instrument [34]. Mass
spectrum calibration was completed with seven peaks in the present study (m/z, 5095.39141 Da; 5381.28948

4



P
os

te
d

on
11

J
u
l

20
23

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
68

90
87

63
.3

80
46

63
5/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

Da; 6265.88537 Da; 7254.94790 Da; 10289.99287 Da; 13692.32900 Da and 16962.67711 Da) assigned with a
standard deviation of 58.52 ppm and maximum peak error of 78.19 ppm.

The Use of PCA in MALDI-TOF MS

The spectra were analyzed using Bruker Daltonics MALDI Biotyper Flex Analysis version 3.4 automation-
controlled Biotyper Compass Explorer 1.4 software and the MALDI Biotyper 3.1 database. The identification
score criteria used were applied following the recommendations of the manufacturer (Bruker). MALDI-
TOF MS biotyping analysis elicits the characteristic mass and peak density distribution of ribosomal 16S
proteins in the sample. Since this mass spectrum is species-specific for many microorganisms, it represents
a “molecular fingerprint” [35]. The spectra were massed using the PCA method supported by external
MATLAB software integrated into the MALDI Biotyper.

Based on the unique peptide and protein peaks within each spectrum, PCA helped to create clustered
groups of spectra with similar variational properties and visualization of the differences among them. With
phyloproteomic-PCA, the data were given on a three-dimensional (3D) coordinate system, and the dimen-
sionality of the data set was reduced, preserving the original information. Optimized preliminary procedures
(correction method: Savitski-Golay; subtraction method: multi-polygon; normalization method) were ap-
plied for each spectrum to increase the speed of the analysis and reduce the size of the data body [36].
The variance among the bacteria was automatically calculated with software support. In addition, virtual
gel images (VGI) containing the projection of the peaks within the bacteria spectra were created. Vertical
traces of VGI ranging from red to light blue corresponded to each peak within the spectrum and were given
by a color scale ranging from low relative abundance (light green) to high relative abundance (red). For
cluster analyses, PCA dendrograms and 3D or 2D scatter plots representing the relationship and closeness
of each spectrum were created [37]. Finally, the similarity (proximity) and difference (distance) relationships
of each bacteria to the others, whose composite correlation index (CCI) was calculated statistically using
the software, were determined.

Results

3.1. The identification of bacteria from chicken feces samples by MALDI-TOF MS

A total of 124 isolates were obtained and then 122 E. coli were coded and numbered as CFEC (Chicken
Feces E.coli ), and these numbers were adhered to during the entire data evaluation process (Table 2). The
other two isolates were chicken feces (CF), which were abbreviated with initials (Klebsiella oxytoca: CFKO;
andEnterobacter kobei: CFEBC). CFKO and CFEBC isolates were not included in the phyloproteomic
analysis.

3.2. The presence of ESBL and AmpC in CFEC bacteria

ESBL was detected in 28.6% (n=35) of 122 E. coli. Also, AmpC was not detected in any of the isolates
(0 %). The genes responsible for ESBL and AmpC resistance were investigated with the PCR only in E.
coli which are phenotypic ESBL-positive (Table 3). In this respect,bla SHV gene was not detected in any of
the 35 isolates, and the bla CTX-M-1 gene was detected at the highest rate (68.5%). It was found that 3 of
the ESBL isolates contained 4 of the screened resistance genes. In another 4 isolates, 3 of the genes were
screened and 2 different genes were detected in 21 isolates. While only one of the genes was detected in 6
isolates, none of the tested genes were detected in one isolate.

One or more of the other genes were detected in all isolates that contained the bla OXA-10. Similarly, no
isolates that contained only one bla TEM were detected, while all isolates containing the blaTEM gene as
well asthe bla TEM were detected as one or more of the CTX-Ms or bla OXA-10 genes. Although phenotypic
negative results, bla CIT andbla MOX genes were also investigated in ESBL-positive isolates and were not
detected in any isolates. All results are presented in Table 4. The coding of ESBL detectedE.coli is the same
as the numbering in CFEC, and CFEC-ESBL is abbreviated by adding ESBL in front of this abbreviation.

3.3. The use of PCA in MALDI-TOF MS for chicken feces E. coli

5
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A general PCA analysis (I. Phyloproteomic study) of 122 CFEC isolates was performed, and a dendrogram
profile and a 2D scattering profile was formed (Figure 1). Also, the variance values were automatically
calculated and shown on the dendrogram in Figure 1A. With these three analyses (dendrogram, scattering
profile, and variance), rough preliminary information was obtained according to the cluster formation of the
most distant and the farthest and closest ones among 35 isolates among 122 CFECs and the scattering of
these isolates. These two profiles and variance values were evaluated together. As seen in Figures 1A and
1B, seven CFEC isolates that are far from the main cluster as they have some differences are separated from
other CFECs in the dendrogram profile and settled into separate clusters. For example, CFEC-38 (CFEC-
ESBL-38), CFEC-90 (CFEC-ESBL-90), and CFEC-19 isolates with the highest variance (PC1) of 31% in
this analysis were placed on the far right in a separate cluster. Also, three E.coli CFEC-108, CFEC-69, and
CFEC-35 are separated by a separate line although they appear to be part of the larger cluster by the second
variance value (PC2: 14%) (Fig. 1A and B). Consistent with the results in the dendrogram, the scattering
profile in Figure 1C also shows that these seven isolates scatter far from the large cluster.

3.4. Inspection of biochemical results based on PCA results

In this part, the biochemical test results of some of the CFECs that were separated from the large cluster
according to the cluster commonality, scattering profile, and variance values according to the MALDI-TOF
MS-based PCA results were examined and it was seen that there were data compatible with the PCA analysis
results. In this respect, for example, the indole test of two E.coli (CFEC-38, CFEC-90 far right) separated
by 31% variance and CFEC-108 (PC2; 14% variance) were negative, and the remaining 119 E. coli were
positive. On the other hand, one of the isolates separated from the large cluster with 14% variance (PC2)
CFEC-108 was alpha hemolytic although there was no hemolysis in remaining strains CFEC-71, CFEC-69,
and CFEC-35.

3.5. MALDI-TOF MS spectral analysis of CFEC- ESBL bacteria

Although general information was obtained firstly with PCA analyses of all 122 CFEC bacteria, the study
focused on comparing the results of MALDI-TOF MS-based PCA analysis of 35 E. coli bacteria with ESBL
detected with the results of other phenotypic methods. A representative mass spectrum (CFEC-ESBL-68)
showing ESBL characteristics and gel images (virtual gel images; VGI) of 35 CFEC-ESBLs are given in
Figure 2. In this respect, when the mass spectrum of the CFEC-ESBL-68 isolate in Figure 2A and the VGIs
of all CFEC-ESBLs are examined, especially the high abundance (intensity) peptide (m/z; 5107 Da, 6270
Da, 7290 Da, 9085 Da) and 9762 Da) protein (m/z; 10489 Da) projections appear to be nearly identical for
each. In this context, it is considered that there is no major difference when looked at roughly. However,
when detailed analyzes of all components of PCA analyses were made (dendrogram, 2D/3D scatter plotting,
variance, composite correlation index, etc.), it was determined that there were significant differences between
theseE. coli with ESBL characteristics.

3.6. Clusters, scatters, and composite correlation index analysis of ESBL-producing E. coli

At this step, with the support of the MATLAB program, the unique spectra, which are the fingerprints of
each bacterium, were compared with each other and analyzed (II. Phyloproteomic study) and the data are
given separately in Figure 3. First, the dendrogram (Fig. 3A) and 2D scattering profiles (Fig. 3B) generated
for 35 CFEC-ESBLs together with a total of 10 variance values are shown (Fig. 3A).

As a result of the dendrogram analysis with of isolates showing only ESBL characteristics, only CFEC-ESBL-
38 (CFEC-38) took its place on a separate line on the far right (Figure 3A), and it was located farthest
(yellow dot) in the 2D scattering profile. It was found that this isolate differed from 34 CFEC-ESBLs with
a variance of 41%. On the other hand, the second isolate, which is separated from the large cluster (n=33)
with a 15% variance value, was also CFEC-ESBL-90.

Composite for calculating the distance and proximity indices of CFEC-ESBL CCI were also calculated
automatically with the MATLAB program (data not shown). In the graphic given in Figure 3C, the total
value of CCI % of 34 isolates with itself, calculated for 35 CFEC-ESBL and each isolate, is on the y-axis,
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and each isolate itself is on the x-axis. As the closeness to the isolates within the group increases, the total
%CCI value on the y-axis increases for each isolate. On the other hand, as the proximity value decreases,
the total %CCI value also decreases. In this respect, when Figure 3C is examined, it is seen that the lowest
total CCI percentage value belongs to CFEC-ESBL-38. Also, it was found that the total %CCI value of
CFEC-ESBL-90 was lower than the other group members. It is a result that is highly compatible with
dendrogram, variance, and 2D results. According to 33 isolates of CFEC-ESBL, CFEC-ESBL38 is very
different and CFEC-ESBL-90 is different.

Another isolate that drew attention in 3C in the figure is CFEC-ESBL-93. It is seen that the total percent
CCI value of this isolate is low. However, the variance value is 1% and is nested in the main cluster with 32
other CFEC-ESBLs in the dendrogram and scattering profile.

The CCI color matrix of all ESBL-CFEC isolates is presented in Figure 3D. In this color matrix, the dark
red color represents the highest CCI% value (each isolate has 100% similarity to itself and this color is dark
red), and the dark blue color corresponds to the lowest (0-1%) CCI value. If we take an overview of this,
green tiles in the CCI color matrix correspond to 40% to 59%, and yellow to dark red tiles correspond to a
CCI index of 60% to 100%. It indicates that the boxes from light blue to dark blue also have a CCI index
from 39% to 0%.

The color matrices of two isolates with low affinity (CFEC-ESBL-38, CFEC-ESBL-90) and an isolate with
the highest affinity (CFEC-ESBL-68) among 35 CFEC-ESBL are given in Figure 3E by matching their CCI%
values. In this respect, it was found that the boxes corresponding to CFEC-ESBL-38 in the color matrix were
mostly in blue tones and the %CCI values were low in proportion to this. In contrast, the box corresponding
to CFEC-ESBL-90 appears to be light red (87% CCI). Also, the closeness of this isolate to CFEC-ESBL-41
and CFEC-ESBL-69 isolates, which are members of the large cluster, was determined to be 60% and 54%,
respectively, in the dendrogram. On the other hand, it was reported to have the lowest affinity value (1%)
against CFEC-ESBL-9, CFEC-ESBL-106, and CFEC-ESBL-110 isolates among other isolates (Figure 3 E).
It is seen that CFEC-ESBL-38 has the lowest overall CCI % value since it has the lowest affinity values to
other CFEC-ESBLs except for a few isolates.

It was found that the second different isolate, CFEC-ESBL-90, has the highest affinity (87%) against CFEC-
ESBL-38 isolate. Similar to CFEC-ESBL-38, the affinity index to CFEC-ESBL-41 and CFEC-ESBL-69
isolates is 64% and 62%, respectively. Also, the affinity index values for some isolates (n=6) in the large
cluster are over 50%, while the affinity indexes for 14 group members are between 30%-40%. This explains
the relatively lower variance value compared to CFEC-ESBL-38 (Fig. 3 E).

As expected, the presence of mostly yellow to dark red colored boxes in the CCI color matrix of CFEC-
ESBL-68, which has the highest percentage of closeness in total, draws attention. When we look at the
color matrix in general, most of the CFEC-ESBL isolates that have a low variance value ([?]5%) in the large
cluster in the dendrogram (Figure 3A) and are very close to each other in the scattering profile (Figure 3B)
have plenty of colored boxes from yellow to red on the color scale (Figure 3D).

3.7. Compatibility of biochemical and gene analyses and PCA results of some CFEC-ESBL

These results from MALDI-TOF MS-based PCA analyses pointed to important clues that some of the 35
ESBL-CFEC isolates had significant differences. In this respect, the biochemical characteristics of the isolates
with the highest affinity (CFEC-ESBL-68) and the lowest (CFEC-ESBL-38) and low affinity (CFEC-ESBL-
90) to all isolates and findings for beta-lactam resistance genes were detected. The data is given in Figure 3F
confirm all the PCA-based analysis results given above. Unlike the other 34 isolates, bla CTX-M-15is one of
the beta-lactam resistance genes in only CFEC-ESBL-38 isolates. It is considered that the presence of 41%
variance causes the scattering profile to be located farthest in the scattering profile and with a different line
in the dendrogram. Besides, in both (CFEC-ESBL-38 and CFEC-ESBL-90) isolates, bla CTX-M,bla CTX-M-1,
bla TEM,bla OXA-10 The absence of their genes may be a reason for the 87% affinity between them, as well
as leading to their separation from the main cluster (n=33).
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Discussion

In the present study, 122 isolates were identified as E. coli by two methods, traditional (biochemical tests)
and the new-generation method (MALDI-TOF MS). The identification scores obtained from MALDI-TOF
MS are between [?]2.000, 16% were between 1.700-1.999 and there was no definition below the cut-off value
([?]1.699). Within the scope of phyloproteomic analysis, firstly, PCA analyses of all E. coli isolates were
carried out and it was determined that there are isolates with different characteristics. Then, more detailed
analyzes were carried out on a smaller group of E. coli with ESBL characteristics. With the support of all
the analyzes performed, it was concluded that there were significant differences in the light of the data on
variance, CCI index values, dendrogram, and scattering profile placements, even though hints on bacteria
belonging to the same species are provided.

ESBL was detected in almost one of the 3 isolates. It is a very high rate especially according to the scales
of industrial production facilities. Because E. coli is a very important strain in terms of food pathogens
and antibiotic resistance profile. Unfortunately, similar or even higher rates of ESBL were detected in some
studies. For example, Yang et al. [38] similarly reported that 22.9% of the bacteria which were ESBL- E.
coli. In other studies, Badr et al. [39] determined the rate of ESBL producing E. coli isolated from chickens
is 46.7%, while Gazal et al. [40] detected 66% and Fournier et al. [41] detected ESBL 84%. Cormier et al.
[1] reported that this rate reached up to 90%. According to the findings of the present study, predominantly
bla CTX-M-1resistance genes were detected. In previous studies, the most frequently reported resistance genes
were CTX-Ms and their derivatives [42]. These genes, which are reported to be common on a global scale,
may be an indication that bacteria are in contact with each other [2,39].

CFEC-ESBL-38 is a strain that came to the fore with its difference in the study as the only atypical
ESBL strain that shows only indole (-) and lac (-) among 122 isolates.E. coli is lac (+) commonly and
lactose permease enzyme (LacY protein) is a very important protein that enables the use of lactose inE.coli.
However, in some bacteria, lac (-) variants occur due to deficiencies in the level of this enzyme encoded by
this LacY gene [43,44]. Stepień-Pyśniak et al. [8] showed thatEnterecoccus faecalis and E. mundtii isolates
were separated in the dendrogram with phyloproteomic analysis by using the spectral profiles of the isolates.
In the same study, it was also noted that there was clustering of very similar strains in terms of phenotype
and genotype according to galactosidase and mellobiose characteristics, and it was stated in the study that a
single gelatinase negative isolate gave a different peak. Unlike the other 34 CFEC-ESBL isolates, it is thought
that the presence of bla CTX-M-15 only in CFEC-ESBL-38 causes it to settle furthest in the scattering profile
and with a different line in the dendogram with a variance of 41%. The expression of a peptide/protein that
is directly or indirectly related to phenotypic resistance might be cause the difference of this strain [45-47].

In the I. Phyloproteomic study, the CFEC-ESBL-90 was completely excluded from the large cluster with
14% variance in the full dendrogram (n=122, for CFEC) profile while it was located on a separate line in
the dendrogram connected to the large cluster with 15% variance in the II. Phyloproteomic study (n=35,
for CFEC-ESBL). Additionally, it was determined that the closeness ratios (CCI) to large cluster members,
except for a few, were at a low level. Biochemically, this strain had weak catalase ability. The presence of
catalase enzyme is very characteristic of E. coli. In general, E. coli harbors two different catalase genes:
katG encodes hydroperoxidase I (HPI) and katE encodes HPII. The activity of both catalases increases
when both are present together and the expression level of genes increases [48]. In the dendrogram profile,
the difference in common with the members of the cluster including CFEC-ESBL-90 (CFEC-19 and CFEC-
ESBL-38) is that it does not have hemolysis activity. The presence of the hemolysis enzyme and the observed
hemolysis ability are mostly variable within the species in E.coli [49,52]. On the other hand, another possible
feature makes this strain different from others is that the indole test is negative. Because the indole test
is an indicator of the tryptophanase and tryptophan permease enzymes of the tryptophanase operon (TNA
Operon), and the indole test of E. coli (90-95%) is mostly positive [51]. Deficiency of these proteins was
also determined as a possibile affecting all PCA analysis results. Torres-Corral and Santos [52] pointed out
that Lactococcus garvieae isolates gave characteristic 3 peaks and as the reason for grouping of isolates,
enzymes such as epimerase, methyltransferases, and acetylphophatases possessed by the isolates. There are
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some studies suggesting that changes in enzyme structures may be affect results because protein analyses
of biological structures are performed with MALDI-TOF MS [53,54]. On the other hand, according to the
present study, catalase, tryptophanase, and tryptophan permease enzymes ofE . coli may be the reasons for
the differences, but it must be supported by further studies. Because bacteria produce many specific and
non-specific proteins [55].

Besides, other genes (which were not tested in the study) are considered to responsible for ESBL in CFEC-
ESBL-90. The majority of genes responsible for ESBL appear as CTX-M, SHV, and TEM variants. However,
there are also other genes responsible for resistance [39, 56-58]. In the study of Laudy et al. [59], similar to
the present study, although ESBL-producing Pseudomonas aeruginosa strains obtained from phenotypic test
results, they could not detect all the genes it screened at the same rate. They also reported new 3 different
ESBL-producing genes with their further studies. Because many genes responsible for beta-lactamases were
reported and continue to be reported [2,39,59]. Further studies can be carried out to detect ESBL genes in
CFEC-ESBL-90.

In the present study, as well as the detection of differences betweenE.coli and ESBL -E.coli, it was observed
that similar ones were numerically higher. For example, the greatest affinity was detected in the CFEC-
ESBL-68 isolate. Although the ratio of CFEC-ESBL-68 to 13 cluster members was 49-69%, the closeness
ratio to the remaining 21 cluster members was 70-99%. This might be because CFEC-ESBL-68 has typical
biochemical features for E.coli like most isolates in the study (strong catalase property, alpha hemolysis
ability, indole and lactose positive, etc.). However, performing further tests (other simple sugar fermentation,
gelatinase, nitrate, arginine, biofilm, multidrug resistance profile, etc.) are needed to understand.

The present study was conducted to determine the differences and similarities between E. coli isolates with
all PCA analysis (Dendrogram, scatter plotting, variance, and CCI). It was also found that the ESBL group
generally differed from susceptible strains and there were some heterogeneities and homogeneities in the
isolates. Alharbi et al. [17] showed that MSSA and MRSA can be separated in dendrogram cluster analysis.
Similarly, in another study, it was shown that MSSA and MRSA were distinguished by peaks of different
masses, and it was emphasized that MALDI TOF MS saves time according to molecular studies [60]. All these
data suggest that ESBL producing E. coli are phylogenetically separated and may differ greatly in natural
ecosystems. Previous studies have shown the feasibility of MALDI-TOF-MS for the clonal identification of
bacteria. Our study is also an example for that.

In conclusion, phyloproteomic analyses with MALDI-TOF MS may be useful for characterization of pheno-
typic behaviors. Unfortunately, the high cost of analysis of multiple samples with high-cost methods such
as Whole Genome Analysis is a major challenge for analytical studies. Thus, the most important result was
found in the present study is that performing advanced analyzes as well as identification with the less costly
MALDI-TOF MS contributes significantly to the validation of traditional analysis results. Also, this study
represents a first in terms of ESBL screening and characterization in broiler chickens for the region (Duzce,
Türkiye). There is no previous study that was conducted or published in the region. In recent years, epide-
miological studies have focused on the spread of resistant strains which are extremely important in terms of
clinically and food safety. In this sense, it is anticipated that this study will contribute to the monitoring of
the data in the region. Although important clues were obtained, further analyzes are planned to make sense
of the effect of biochemical characteristics on variance values.
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Table 1. Oligonucleotides used in the study for PCR

Gene 5’ — 3’ References

blaCTX-M F-
SCSATGTGCAGYACCAGTAA
R-
CCGCRATATGRTTGGTGGTG

[27]

blaCTX-M-1 F-
AAAAATCACTGCGCCAGTTC
R-
AGCTTATTCATCGCCACGTT

[28]

blaCTX-M-15 F-TGG GGG ATA AAA CCG
GCA G R-GCG ATA TCG TTG
GTG GTG C

[29]

blaSHV F-CTTTACTCGCTTTATCG
R-TCCCGCAGATAAATCACCA

[30]

blaOXA-10 F-
GTCTTTCGAGTACGGCATTA
R-
ATTTTCTTAGCGGCAACTTAC

[31]

blaTEM F-
ATGAGTATTCAACATTTCCG
R-
CCAATGCTTAATCAGTGAGC

[32]

blaCIT F-
TGGCCAGAACTGACAGGCAAA
R-
TTTCTCCTGAACGTGGCTGGC

[33]
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Gene 5’ — 3’ References

blaMOX F-
GCTGCTCAAGGAGCACAGGAT
R-
CACATTGACATAGGTGTGGTGC

[33]

Table 2. Identified bacteria from chicken feces by MALDI-TOF MS

Sample code MALDI score Sample code MALDI score Sample code MALDI score Sample code MALDI score

CFEC-1 2.197 CFEC-32 2.405 CFEC-63 2.271 CFEC-94 2.050
CFEC-2 2.271 CFEC-33 2.437 CFEC-64 2.186 CFEC-95 2.241
CFEC-3 2.464 CFEC-34 2.071 CFEC-65 2.320 CFEC-96 1.830
CFEC-4 2.399 CFEC-35 2.032 CFEC-66 2.218 CFEC-97 2.097
CFEC-5 2.213 CFEC-36 2.131 CFEC-67 2.359 CFEC-98 2.124
CFEC-6 2.299 CFEC-37 2.238 CFEC-68 2.230 CFEC-99 2.250
CFEC-7 2.367 CFEC-38 2.133 CFEC-69 2.174 CFEC-100 2.479
CFEC-8 2.334 CFEC-39 1.974 CFEC-70 2.302 CFEC-101 2.332
CFEC-9 2.016 CFEC-40 2.184 CFEC-71 2.069 CFEC-102 2.476
CFEC-10 2.016 CFEC-41 2.068 CFEC-72 2.296 CFEC-103 2.469
CFEC-11 2.148 CFEC-42 2.472 CFEC-73 2.237 CFEC-104 2.198
CFEC-12 1.939 CFEC-43 2.085 CFEC-74 2.186 CFEC-105 2.423
CFEC-13 2.322 CFEC-44 2.438 CFEC-75 1.987 CFEC-106 2.077
CFEC-14 2.111 CFEC-45 2.060 CFEC-76 1.872 CFEC-107 1.751
CFEC-15 2.272 CFEC-46 2.186 CFEC-77 2.514 CFEC-108 2.145
CFEC-16 2.149 CFEC-47 2.230 CFEC-78 2.276 CFEC-109 2.327
CFEC-17 2.524 CFEC-48 1.948 CFEC-79 1.876 CFEC-110 1.722
CFEC-18 2.250 CFEC-49 2.274 CFEC-80 1.997 CFEC-111 2.415
CFEC-19 2.151 CFEC-50 2.515 CFEC-81 2.146 CFEC-112 2.320
CFEC-20 2.214 CFEC-51 2.234 CFEC-82 1.954 CFEC113 2.207
CFEC-21 2.262 CFEC-52 2.304 CFEC-83 1.809 CFEC-114 2.054
CFEC-22 1.957 CFEC-53 2.415 CFEC-84 2.042 CFEC-115 2.150
CFEC-23 2.434 CFEC-54 2.374 CFEC-85 2.367 CFEC-116 2.280
CFEC-24 2.110 CFEC-55 2.176 CFEC-86 2.011 CFEC-117 2.268
CFEC-25 2.380 CFEC-56 2.038 CFEC-87 2.068 CFEC-118 1.870
CFEC-26 2.277 CFEC-57 2.422 CFEC-88 2.246 CFEC-119 2.378
CFEC-27 2.214 CFEC-58 2.422 CFEC-89 2.466 CFEC-120 1.848
CFEC-28 2.357 CFEC-59 2.424 CFEC-90 1.756 CFEC-121 2.389
CFEC-29 1.855 CFEC-60 2.441 CFEC-91 1.919 CFEC-122 2.199
CFEC-30 2.216 CFEC-61 1.775 CFEC-92 2.119 CFKO -123 2.179
CFEC-31 2.417 CFEC-62 2.069 CFEC-93 2.253 CFEBC -124 1.737

CFEC: Chicken feces E. coli , CFKO: Chicken feces Klebsiella oxytoca, CFEBC: Chicken feces Enterobacter
cobei

Table 3. Rate of resistance genes for ESBL E. coli

ESBL n=35

blaCTX-M blaCTX-M-1 blaCTX-M-15 blaSHV blaTEM blaOXA-10
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23 (65.7%) 24 (68.5%) 1 (2.8%) 0 9 (25.7%) 14 (40%)
AmpC n=35 (%) AmpC n=35 (%) AmpC n=35 (%) AmpC n=35 (%) AmpC n=35 (%) AmpC n=35 (%)
blaCIT blaCIT blaCIT blaMOX blaMOX blaMOX

0 0 0 0 0 0

Table 4. Biochemical and genetic features of ESBL-E.coli isolates

Sample code for ESBL- E.coli Biochemical characteristics Biochemical characteristics Biochemical characteristics Biochemical characteristics Beta-lactam resistance genes Beta-lactam resistance genes Beta-lactam resistance genes Beta-lactam resistance genes Beta-lactam resistance genes

Indole Lactose Catalase Hemolysis blaCTX-M blaCTX-M-1 blaCTX-M-15 blaTEM blaOXA-10

CFEC-ESBL-1 + + W α + + - - +
CFEC-ESBL-7 + + W α + + - - -
CFEC-ESBL-9 + + S α + + - - -
CFEC-ESB-14 + + S α + + - - -
CFEC-ESBL-16 + + W α + + - - -
CFEC-ESBL-18 + + W a + + - - -
CFEC-ESBL-22 + + S a - - - + +
CFEC-ESBL-27 + + S a + + - - -
CFEC-ESBL-28 + + W b + + - - -
CFEC-ESBL-38 - - St α /-* - - + - -
CFEC-ESBL-40 + + St a + - - - -
CFEC-ESBL-41 + + St a - + - - -
CFEC-ESBL-43 + + S a - + - - +
CFEC-ESBL-45 + + S a + + - - +
CFEC-ESBL-47 + + S a + + - + +
CFEC-ESBL-51 + + S a + - - + -
CFEC-ESBL-55 + + St a + - - + -
CFEC-ESBL-62 + + St - - + - - +
CFEC-ESBL-67 + + St a - + - - +
CFEC-ESBL-68 + + S a - + - - -
CFEC-ESBL-69 - + W - - + - - -
CFEC-ESBL-70 + + S a + + - - -
CFEC-ESBL-73 + + S a + + - - -
CFEC-ESBL-77 + + S β + + - + +
CFEC-ESBL-79 + + W α + - - + -
CFEC-ESBL-80 + + S α - - - + +
CFEC-ESBL-85 + + S α + + - + +
CFEC-ESBL-89 + + S α + + - - -
CFEC-ESBL-90 - + W - - - - - -
CFEC-ESBL-93 + + W β + - - - +
CFEC-ESBL-105 + + St β + - - - -
CFEC-ESBL-106 + + St β + + - - -
CFEC-ESBL-107 + + St β + + - - +
CFEC-ESBL-108 + - S α - - - + +
CFEC-ESBL-110 + + S α - + - - +

Other biochemical features (such as urease, methyl red, H2S, etc.) were not presented in the table because
they are the same for each bacterium.

Also, since blaSHV, blaCIT, and blaMOX were not detected in any isolate, they were not given in the table.
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*Bacterium has shown variable hemolysis. W: Weak; S: Strong

Figure Captures

Figure 1 . Dendrogram Profile of 122 CFEC isolates (A and B) and 2D scattering profile (C).

Figure 2. (A) Representative mass spectrometry of CFEC-ESBL-68 and (B) Virtual gel profile of 35
CFEC-ESBL isolates.

Figure 3. The Principal Component Analysis of the total 35 CFEC-ESBL isolates and comparison of both
genetic and biochemical analysis results of them. (A) Dendrogram and variance analysis (B) 2D Scatter
plotting (C) The total CCI % value corresponds to each isolate ( The -axis is the total CCI% value which
includes itself and is calculated for each isolate and has a projection of each isolate of those values on the
x-axis) (D) The color matrix of the total CFEC-ESBL isolates, (E) The color matrix and CCI % value of
three isolates (CFEC-ESBL-38, CFEC-ESBL-68, and CFEC-ESBL-90 (F) All characteristic data of three
isolates (CFEC-ESBL-38, CFEC-ESBL-68, and CFEC-ESBL-90).

Figure 1 . Dendrogram Profile of 122 CFEC isolates (A and B) and 2D scattering profile (C)
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Figure 2. (A) Representative mass spectrometry of CFEC-ESBL-68 and (B) Virtual gel profile of 35
CFEC-ESBL isolates
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Figure 3. The Principal Component Analysis of the total 35 CFEC-ESBL isolates and comparison of both
genetic and biochemical analysis results of them. (A) Dendrogram and variance analysis (B) 2D Scatter
plotting (C) The total CCI % value corresponds to each isolate ( The -axis is the total CCI% value which
includes itself and is calculated for each isolate and has a projection of each isolate of those values on the
x-axis) (D) The color matrix of the total CFEC-ESBL isolates, (E) The color matrix and CCI % value of
three isolates (CFEC-ESBL-38, CFEC-ESBL-68, and CFEC-ESBL-90 (F) All characteristic data of three
isolates (CFEC-ESBL-38, CFEC-ESBL-68, and CFEC-ESBL-90)
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