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Abstract

The present study describes different approaches that lead to
the identification of Enterobacter from commercially sold eggs in
Chennai, Tamil Nadu, India. Morphological and biochemical methods
were applied to categorize a Gram negative, catalase positive, oxidase
negative, ampicillin and cephalosporin resistant, erythromycin
susceptible, tetracycline mildly resistant isolate into either Bacillus or
Enterobacter genera. DNA Sequencing was performed using the 16s
rRNA primers. The resulting sequences were subjected to a BLASTn
search in the NCBI database that yielded a 99% genome similarity with
Enterobacter xiangfangensis and Enterobacter hormaechei. Further,
on the genomic pipeline of Center for Genomic Epidemiology (CGE), the
bacterium was identified as Enterobacter hormaechei. A bacterial smear
of the same was prepared and it’s m/z values were generated by subjecting
to MALDI-TOF to identify its genus and species as Enterobacter
cloacae and Enterobacter kobei as the first and second best hit respectively.
The study explores suitability of the diverse methods of bacterial

identification and highlights the need of a consensus approach.

E ggs are high nutrition food as they

consist of proteins, essential amino acids,
vitamin A, riboflavin, folic acid, vitamin B6, and
vitamin B12, minerals such as iron, calcium,
phosphorus and potassium’. This is also the
reason that they are often contaminated
separately or concurrently by different enteric
pathogens like E. coli and Salmonella
species?!. Increased embryo mortality, low
hatchability and early chick mortality are major

determinants in the pathology of poultry
production. Illness in humans is also widespread
due to consumption of these microbes. The
prevalence of pathogenic strains in eggs is a
subject of high concern, where tolerance is
dependent on the acceptable load of the
organisms>'!,

The egg shell and albumin act as
physical and chemical barriers respectively and
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therefore exhibit antimicrobial activity®.
Despite these natural defense mechanisms,
microbial contamination of eggs is rampant and
leads to food poisoning in humans'. The
intensity of the food poisoning depends on the
count and type of bacteria. Eggs are frequently
contaminated by Gram-positive bacteria due
to their greater tolerance to desiccation®. In
order to mitigate food poisoning, it is imperative
to identify the micro-organisms prevalent in
the egg. In the present study, we report the
incidence and prevalence of Enterobacter
hormaechei in the yolk of boiled egg. Our
results pose a compelling reason to streamline
the process of microbial identification with
special reference to emerging pathogens such
as Enterobacter.

Bacterial Isolation :

Eggs were commercially sourced in
Chennai, Tamil Nadu, India. Egg was hard
boiled in water (50 °C) and yolk separated.
Ten grams of minced egg yolk was subjected
to 3 fold dilutions with sterilized distilled water
and every dilution was plated over MRS Agar
(Sigma Aldrich, USA). The spread plates were
incubated at 37°C for 24 h. Colonies were
isolated and repeatedly streaked to obtain pure
cultures. Sub-culturing was done at regular
intervals in nutrient broth and glycerol stock
was prepared for selected streak isolates. The
isolates were maintained in 20 % glycerol stock
solution till further use.

Gram staining :

A thin smear of the isolate was heat-
fixed on a clean slide. Two drops of 0.5 % crystal
violet were added to the smear for 1 minute,
washed with water and stained with Gram’s

iodine solution for 1 minute. The slide was
flooded with ethanol for 30 seconds and 2
drops of 2 % safranin was added for 1 minute,
rinsed again with tap water and blotted dry
using a filter paper. Slide was examined under
a light microscope. Pseudomonas aeruginosa
and Streptococcus mutans were used as
Gram negative and Gram-positive controls
respectively.

Catalase test :

A drop of 3 % (v/v) H,O, was placed
on a clean microscopic slide and mixed
thoroughly with loop-full of bacterial culture.
The slide was observed to produce gas
bubbles. Pseudomonas aeruginosa and
Streptococcus mutans were used as a positive
and negative control, respectively.

Cytochrome oxidase test :

Cytochrome oxidase strips (Sigma
Aldrich, USA) were saturated with a solution
of N,N-dimethyl-1,4-phenylene diamine and
placed in a sterile glass slide. An overnight
culture of isolate was smeared on to the strip.
Pseudomonas aeruginosa and Escherichia
coli were used as a positive and negative
control.

Carbohydrate utilization test :

The organism was tested for utilization
of 12 sugars (Lactose, Xylose, Maltose,
Fructose, Dextrose, Galactose, Raffinose,
Trehalose, Melibiose, Sucrose, L-Arabinose,
Mannose) present in the strip (KB009A, Hi-
Media). The isolate was transferred to nutrient
broth and maintained till a > 0.5 O.D. was
obtained according to manufacturer’s protocol.
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Each well of the kit was then inoculated with
50 uL of the inoculums and maintained in at
35+ 2°C and incubated for 20 h. To understand
the results, change in colour of medium was
interpreted according to manufacturers’ chart.

Motility test :

Vaseline was applied on the four
corners of the cover slip with a toothpick. A
drop of bacterial culture was placed on the
centre of the cover slip and inverted over the
concavity glass slide. The motility was
examined by first focusing on the drop under
low power objective then switched to high
power objective. Escherichia coli and
Lactobacillus acidophilus were used as a
positive and negative control.

Temperature tolerance :

The isolate was tested with a range
of temperatures, ranging from 40 °C to 80 °C
to record its heat tolerance. One mL of culture
was diluted with 9 mL of sterile broth in a test
tube and placed in water-baths maintained at
each specific temperature for a period of 1 h.
The culture was brought to room temperature
and then inoculated in a conical flask for 24 h.
Growth of bacterial cells was enumerated by
measuring absorption in a UV Spectrophoto-
meter (ODggo). Parallelly, 1 ml was taken and
spread plating was done to check the growth.
For control, plating was done without thermal
treatment.

Colony morphology of the isolates :

The colony morphologies of isolates
such as size, surface, elevation, margin, form,
colour, opacity was observed, and the results

were recorded.
Antibiotic susceptibility :

Fresh overnight culture of the isolates
was spread on Muller Hinton (MH) agar plates
and antibiotic discs (Ampicillin - 10ug/disc,
tetracycline - 10pg/disc, erythromycin - 10pug/
disc) were placed on the surface using sterile
forceps. The plates were incubated at 37 °C
for 24 h. The zone of inhibition was measured
inclusive of the diameter (6 mm) of the discs.
Results were expressed as sensitive, S (>20
mm); intermediate sensitive, [ (15-19 mm) and
resistant, R (< 14 mm)"".

Growth curve :

A 1 % culture was maintained in 100
mL MRS broth under sterile conditions at
37°C for 48 h. Optical density was measured
in a UV Spectrophotometer (ODggo) after a 3
h time interval.

Maintenance of isolates in glycerol stock :

In a 2 mL cryovial, 500 pL of the
overnight culture was vortexed with 500uL of
20 % glycerol and stored at 4 °C initially for 4
h and then in deep freezer at -20 °C. The cells
were checked for revival by inoculating in
MRS broth.

DNA isolation and whole genome
sequencing :

Isolation of bacterial genomic DNA
was performed using the CTAB method
(DNeasy Qiagen kit) as per manufacturer’s
instructions. To amplify the V3-V4 region of
16S rDNA fragments in bacteria, a 25 pL PCR
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(polymerase chain reaction) mixture was
prepared using 2.5 pL of microbial DNA (5
ng/uL), 10.5 pL of ReadyMix™ Taq PCR
Reaction Mix (Sigma Aldrich) that included
Taq DNA polymerase, dNTPs and reaction
buffer, 5 pL of specific V3 Forward primer
(5> CCTACGGGNBGCASCAG 3’) and 5 uL
of V4 Reverse primer (5° GACTACNV-
GGGTATCTAATCC 3’) and water to make
up the volume. The thermal profile of the PCR
was set to 95 °C for 3 min, 25 cycles of 95 °C
for 30's, 56 °C for 30 s and 72 °C for 45 s and
a final elongation step at 72 °C for 10 min.
The amplified product was checked on 1 %
agarose gel and gel purification was done to
remove non-specific amplifications. The PCR
reaction was repeated to increase the quantity
of the template region upto 50 pL. Five ng of
amplified product was used for library
preparation using NEBNext Ultra DNA library
preparation kit. The library quantification and
quality estimation were done in Agilent 2200
TapeStation and the prepared library was
sequenced in Illumina HiSeq 2500 with 2 *
250 cycles chemistry. The sequenced raw data
was trimmed and assembled using the Galaxy
program (http://galaxyproject.org/).

MALDI-TOF :

Prior to MALDI-TOF (Matrix-Assisted
Laser Desorption/Ionization - Time of Flight
detector) mass spectroscopy analysis, the
isolates were cultured for 24 h on nutrient agar
medium at 28 °C. The cells were plated, and
single colonies were allowed to grow using
streak plate method. The direct transfer
protocol was followed to study the mass
spectrum of the isolates. A bacterial smear
(approximately 0.1 mg colonies) was
transferred to the MALDI target spot. After

air drying the smear at room temperature
(28 + 2 °C), sample spots were overlaid with
1uL of matrix solution (10 mg/mL a-cyano-4-
hydroxycinnamic acid in 50% acetonitrile and
2.5% trifluoroacetic acid). Analysis was
performed on Microflex LT bench-top mass
spectrometer (Bruker Daltonics, USA) following
manufacturer’s instructions. Machine was
initially calibrated using known bacterial strains
Lactobacillus reuteri, Lactobacillus
acidophilus, Escherichia coli, Streptococcus
mutans and Pseudomonas aeruginosa.
Calibration, measurement (m/z) and sample
identification were achieved by the pre-
installed software which runs on the basis of
peptide mass fingerprint matching with Bruker
taxonomy database (v 3.3.1).

In the present study, physiological,
biochemical and molecular analyses were
conducted to identify the organism on the basis
of methods described in Bergey’s Manual of
Systemic Bacteriology'®. Universal primers
were used to amplify 16s TRNA of the isolated
bacterium and subjected to sequencing.
Bioinformatics analysis of the sequence was
done using BLASTn (Basic Local Alignment
Search Tool, nucleotide sequences similarity
search, NCBI) and the genomic pipeline of
the CGE (Center for Genomic Epidemiology)
server. MALDI-TOF mass spectroscopy
analysis of the isolated colonies was performed
on the peptides produced from the protein
digests and their respective m/z was identified
through peptide mass finger printing analysis.
The data obtained from the study depicts
considerable differences in the results
predicted by the different softwares used in
the study.

Good manufacturing practices (GMP)
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are obligatory practices that allow critical
adherence to quality and safety of food
products. Despite these compliance measures,
pathogenic bacteria still enter into human food
chain, causing diseases. Identification of
pathogenic microorganisms is the first step
towards such disease mitigation. Enterobac-
teriaceae are gram-negative, non—spore-
forming, facultative anaerobes that ferment
glucose and other sugars, reduce nitrate to
nitrite, and produce catalase, except
Plesiomonas, which do not produce oxidase'.
Most of them are motile by virtue of
peritrichous flagella. In the present study, we
report the recurring presence of a single isolate
in boiled egg yolks. To determine the taxa of
the isolated organism, classical methods were
employed by subjecting the culture to various
tests as described in section 2. All the isolates
were observed to be motile Gram-negative rod-
shaped singles, pairs, and chains in red colour
under high power objective (Figure 1a). The
colonies were convex, creamy white, opaque,
entire, and irregularly round and rough with
smooth edges (Figure 1b and 1c¢).

Further, the isolated bacterium was
tested for its catalase activity. Catalase is an
enzyme synthesized by living organisms,
including bacteria that mediate the breakdown
of hydrogen peroxide into oxygen and water.
As H,0; is formed during aerobic metabolism,
microbes that are capable of growing in aerobic
conditions can only liberate it. Bacteria that
cannot produce catalase are strict anaerobes
or facultative anaerobes such as Streptococci,
capable of only fermenting but do not respire
using oxygen®. In the present study, a release
of oxygen was observed as bubbles on the slide
of the bacteria isolated from the egg yolk with

3% H,0, confirming the isolates to be catalase
positive. Cytochrome oxidase is a vital enzyme
in the bacterial electron transport chain that
catalyzes the oxidation of cytochrome ¢ during
the reduction of oxygen for water formation.
In the present study, N, N-dimethyl-1,4-
phenylene diamine was used as an artificial
electron donor for cytochrome c, for its
oxidation by cytochrome ¢ oxidase into a
purple-coloured indophenol. The bacterial
isolate upon incubation with cytochrome
oxidase, remained reduced and colourless
suggesting that the isolate is oxidase negative

(Figure 2).

Carbohydrate fermentation is well
adapted for the identification of pathogenic
anaerobic bacteria. Speciation of isolated
bacteria was studied by the detection of acid
and gas produced due to fermentation leading
to decreased pH followed by a change in
colour'?. The carbohydrate fermentation study
of the yolk isolate is Lactose (+), Xylose (+),
Maltose (-), Fructose (+), Dextrose (-),
Galactose (+), Raffinose (+), Trehalose (+),
Melibiose (+), Sucrose (-), L-Arabinose (+)
and Mannose (+) respectively. Temperature
tolerance of the bacterium isolated from the
egg yolk has been tested by exposing to a
series of temperatures from 40 °C to 80 °C
with duration of 24 h to 120 h. Since bacteria
cannot thermoregulate, their internal tempe-
ratures are almost equal to the environmental
temperature. Temperatures that are below
optimum will decrease the enzyme activity,
eventually slowing down the metabolism,
whereas exposure of bacteria to high
temperatures will lead to the denaturation of
carrier proteins, enzymes and lead to cell
death. A bacterial growth curve relates growth
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to temperature where the optimal temperature
favours peak growth. In the present study,
maximum growth of the bacterium isolated
from the egg yolk has been observed in the
temperatures ranging between 40 °C to 60 °C
for 48 hto 120 h, suggesting that the bacterium
might be a mesophile, capable of tolerating
moderately high temperatures for long durations
(Table-1).

Table-1. Growth of the organism recorded at
higher temperatures. Legend “-” denotes the
absence of growth, “+”: denotes the slow
growth and “++” denotes a rapid growth

Duration Temperature

50°C | 60°C

ofincu- | 40°C 70°C | 80°C
bation
24h
48h
72h
96 h

120h

+

+

++]+

aa) I )
aa) I )
aa) I )

The ability of the bacteria to adapt to
the fluctuations in the temperatures is attributed
to the lipids, chaperones and heat shock
proteins that are synthesized by the bacteria
during their exposure to high temperatures,
which help in proper folding of proteins and
prevent their denaturation?.

The emergence of antibiotic resistance
and its rapid spread among pathogenic
bacterial isolates are considered as grave
threats to the public health worldwide. During
the last few decades, multidrug-resistant
Gram-negative bacterial strains such as
Acinetobacter baumannii, E. coli, Klebsiella
pneumoniae, Pseudomonas aeruginosa,
and Gram-positive methicillin-resistant

Staphylococcus aureus (MRSA) were
increasingly reported in hospital settings due
to extensive and inadequate dose regimen of
antibiotics®!®. Rapid emergence of multidrug-
resistant bacteria is a peril to global public
health due to the very limited number of
available options for antibiotics®. The
susceptibility of isolated bacterium was
assayed against 4 antibiotics cephalosporin,
ampicillin, tetracycline and erythromycin. By
measuring the zone of inhibition on a lawn of
a pure culture, the isolated bacterium was
classified to be sensitive S (= 20 mm) to
cephalosporin and ampicillin, intermediate
sensitive [ (15-19 mm) to tetracycline and
resistant R (£ 14 mm) to erythromycin (Fig. 3
and Table-2).

In the antibiotic susceptibility study,
the isolates were seen susceptible to
erythromycin and resistant to cephalosporin,
ampicillin and tetracycline. This could be due
to the production of carbapenamase with
versatile hydrolytic capabilities as observed in
Gram-negative multidrug-resistant bacteria.
Carbapenamases are frequently reported in
Enterobacteriaceae and are involved in the
inhibition of B-lactam antibiotics’. Ever since
the identification of carbapenamase genes
IMP-1 in Pseudomonas aeruginosa, OXA-
23 in Acinetobacter baumannii and KPC-1
in Klebsiella pneumoniae it has been
identified that the global distribution of the
drug-resistant carbapenamase genes is a grave
challenge'®.

Genome of the isolate was studied for
classification and species identification. The
16S rRNA gene is a powerful tool to achieve
this because it consists of highly conserved
nucleotide sequences, interspersed with



Table-2. Zone of Inhibition visualized on the bacterial lawn with various

1.0mg/mL

0.7 mg/mL

0.5 mg/mL

Concentration of the Antibiotic

0.2mg/mL
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concentrations of antibiotics

Zone of Inlubition for different antibiotics

S

1 2 3

o

7.one of Inhibifion in centimeters

m Cephalosporin
Tetracycline
® Erythromycin

m Ampicillin

Table-3. Sequence similarity data matrix from BLASTn(NCBI) with strains of Enterobacter
hormaechei and Enterobacter xiangfangensis

Description Strain Number of the Maximum | Total | Query | E- value | Percentage | Accession
Enterobacter hormaechei 16S Score score | Cover Identity
ribosomal RNA gene, partial sequence
0173 1277 1277 | 9% 0.0 98.44 KP236303.1
LMA108 1131 1131 | 87% 0.0 98.57 KX856282.1
LMA123 776 776 | 60% 0.0 98.52 KX856297.1
HPCAQI10CRS 736 736 | 47% 0.0 99.27 JQ512965.1
DescriptionStrain Number of the Maximum | Total | Query | E- value | Percentage | Accession
Enterobacter xiangfangensis 16S Score score | Cover Identity
ribosomal RNA gene, partial sequence
PUFST126 1587 1587 1 100% | 0.0 99.99 MG371998.1
Table-4. Resistance results from CGE server
Template Score| Expec- [Temp- |Temp |Template| Query |Query |Depth| Q P
ted late late coverage | identity [cover- value | Value
length |identity age
blaTEM- 56851 0 861 99.88 [100.12 |99.77 |99.88 |7.15 | 5684.40| 1.0e-26
116 1 AY 425988
blaTEM- 134 |1 861 2416 (29.27 82.54 1341.67 [0.29 12847 |1.0e-26
185 1 JF795538
blaTEM- 220 |1 861 2799  (29.04 9640 1344.40 [0.29 | 214.51 |1.0e-26
197 1 _HQ 877606
blaTEM-
205 1 KC900516 | 112 |1 858 15.62 |17.37 8993 [575.84 |0.1 10649 |1.0e-24
blaTEM-
220 1 KM998962 | 191 | 1 861 2729 (29.62 92.16 |337.65 {0.30 185.49 |1.0e-26
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Figure la. Single isolates of the bacterium observed under 40x oil immersion light
microscope; and under Gram stain

Figure 1b. Opaque and creamy white Figure Ic. Isolated single colonies of the isolate
colonies of the bacterial isolate showing entire and convex morphology

Fig. 2. Bacterial Isolate replicates under incubation with cytochrome oxidase test strips. No colour
indicated that the isolates are oxidase negative
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Figure 3. Discs showing the zone of Figure 4. PCR amplification of a 16s rRNA
inhibition upon treatment with cephalosporin, ~ Using V3 and V4 primers and separation on
ampicillin, tetracycline and erythromycin an agarose gel Lane 1 indicates the amplified

product and Lane 2 indicates the marker.

Base quality distribution for Read1

S _ B LessQi0 M LessQ20 W LessQ30 E MoreEgQ30
—_ [= 2
32 ©
(6]
g
§ 81
<]
<]
£ (=]
® ¥
Q
o
o
o
o -

1 12 25 38 51 64 77 90 105 121 137 153 169 185 201 217 233 249

Position in read (bp)

Figure 5. Raw Read summary of the isolated bacterium 16sTRNA with Phred Quality Score
distribution (%)
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Enterobacter hormaechei strain HPCAQLOCRS 168 ribosomal RNA gene, partial sequence
\g—JJEnlembacter hormaechei strain 0173 168 ribosomal RNA gene, partial sequence
~=a8ll enterobacteria | 2 leaves
GTCGAGCGAATGGATTAAGAGCTTGCTCTTATGAAGTTAGCGGCGGACGGGTGAGTAACA
@ Enterobacter xiangfangensis strain PUFSTI26 165 nbosomal RNA gene, partial sequence
“? Enterobacter hormaechei strain 0143 168 nbosomal RNA gene, partial sequence

TEnlembacler hormaechei strain BW chromosome, complete genome

'T_ 7 Enterobacter hormaechei strain RHBSTW-00211 chromosome, complete genome
OTEmemhacler hormaechei strain RHBSTW-00105 chromosome, complete genome
Enterobacter hormaechei strain RHBSTW-00220 chromosome, complete genome
-._;)Emembacler hormaechei strain RHBSTW-00216 chromosome, complete genome
Enterobacter hormaechei strain RHBSTW-00198 chromosome, complete genome
Enterobacter hormaechei subsp. oharae strain DSM 16687, complete genome
Enterobacter hormaechei strain RHBSTW-00564 chromosome, complete genome
Enterobacter hormaechei strain Lbl 168 ribosomal RNA gene, partial sequence

" Enterobacter hormaechei strain Lb2 168 ribosomal RNA gene, partial sequence

enterobacteria | 7 leaves

I 0.03 I

enterobacteria | 77 leaves

Figure 6. Distance matrix obtained from NCBI BLASTn search

Score Expect =riTie Gees Strand
1377 birs{591) 0.0 813/865(53%) 13/B63(1%) Plus/Plus
QUECK: L O TeOET AT CCATAARACTEGR TAMC T CEREALAC SRAECTANTACEGATA <68
LLLLLL LILLLLLL |||||||||||||||HIIHIIIIIII|||||||||||||||
shbjct 88 CETEGECAACCTECCTETAAGACTGEGATAACTCCGESALACCGEGECTAATACCGEATA 139

Query 61 ACAT-T-TTGAAMCCECATGETTCCAAAT TGARAGECEGCTTCOECTGTCACTTATGGATS 118

Sbjct 148 ATATCTATTTATACATATAATT--AGATTGAAAGATGEG-TTCTGCTATCACTTACAGATE 196

Query 119 GCGTCECATTAGCTAGT TEGTGAGGTAACGGECTCACCAAGECAACGATGLGTAGE 178

C
1l IIIIIIIIIIIIIIIIIIIIIIIHIIHIIIIIIIII LTI
iC AGGTAACGGCTCA

GACC
1111
CCCGCGGCECATTAGCTAGTTEGTGAGE CCAAGGCEACGATGLETAEC 256

|
sbict 197 &G

Query 179 CGACCTGAGAGGETGATCGECCACACTEGGALC WCGECCCAGACTCCTACGH 238

GEGACTEAGACAC CGGEAG
LULCELLLRLLELEEET LT L éGIIIITIIHIIIIIIIIIIIIIIIIIIIIII

1 |
Shjct 257 CGACCTGAGAGGETGATCGECCACACTEEEACTGAAACACGGCCCAGACTCCTACGGEAG 316

Query 239 GCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTOALGEAGCAACGCCGCGTEASTS 208

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIHIIHIIIII LTI
COSCAATEGAL TCTG

Sbjct 317 GCAGCAGTAGGGAATCTT ACGGAACAACGCCEOGTEAGTS 376

Query 299 ATGAAGGCTTTLGGGTC CTETTETTAGGCAAGAACAAGTECTACTTGAATAS 358

sbjct 377 ATGAAGETTTTCGGATCGTARAACTCTGTTGTTAGGGAAGALCAAGTAC-CO--GAATAL 433

Query 359 --GCTEGCACCTTGACGETACCTAACCAGAAMGCCACGECTAACTACGTECCAGCAGEC 416
1111 ||||||||||||||||||||||||HIIHIIIIIII|||||||||||||||

shict 438 CTGCCEGTACCTTEACGGTACCTAACCAGAARGCCACGECTAACTACETECCAGCAGLCS 493

Query 417 (CGETAATACGTAGGTGS ATTEGGCETALLGCGCECGCAGETE 476
||||||||I||||||||||||I||| ||I|||H||H|||I|||||||||||II||| |

shict 438 CGGTARTACGTAGGTGGCAAGCGTTETCCSGAATTATTESGLETAAMGIECECACAGECE 553

Query 477 GTTTCTTAAGTCTGATGTGAAAGCCCACGGCTCAACCGTOGAGEGTCATTGEAAACTEES 536

111 IIIIIIIIIIIIIIIIIIIIIIIIIIIIHIIHIIIIIIIIIIIIIIIIIIIIII
GCTCAAC

shict 554 GTTCCTTAAGTCTGATGTGAAAGCCCACGSCT g1z

Query 537 AGACTTGAGTECAGASGAG AATTCCATGTGTAGCGETGAALTGCET 598
|||||||||||||||| |||||||||||||H IHIIIIIII|||||||||||||||

shict 612 GAACTTGAGTECAGAN TEGAATTCCAAGTGTAGCEGTGARATAC &73

Query 557 ATGEAGGAACACCAGTGGCGAAGGCGACTTTCTGETCTETAACTGACACTGAGSCGLGAL 656
|||||||I||||||||||||I||||||I|||H||H||II||||| 1111 |I|||||

shict 678 TTGEASGAACACCAGTGGCEAAGECEACTTTCTEETCTETAACTEACGLTGAASIGLEAS 733

Query 657 GEGEGAGCAALCAGEAT TAGATACCCTEATAGTCCACGCCETAMCBATEABTEE 716
||||| ||||||||||||||||||||||||||H||H||||||||||||||||||||||

shict 734 ARACAGGATTAGATACCCTEETAGTCCACGCEET 782

Query 717 TAAGTETTAGAGEGTTTCCECCCTTTAGTECTEAAGTTAMCGCATTAAGCACTCCGCETE 776

shict 793 TARGTETTAGAGESTTTCCECCCTTTAGTECTECAGCAAMCGCATTAAGCACTCCGLCTS 852
Query 777  GGGAGTACGACCGCAMGGCTG-AACTCAALGGALTTEACGGEEECCCGIACAASIGETES B35

ELLLTELED TELELELD || ||||||I|||H||H|||I|||||||||||II|||||
Shict 853 GEGAGTACGACCGCASGET AATTGACGEEGECCCECACAAGLGETES 912
Query 836 AGCATGT-GETTTAATTCGAAGCAACGCE 563

Figure 7a. Sequence similarity with partial sequence of 16S ribosomal RNA of Enterobacter
hormaechei strain 0173 (Sequence ID: KP236303.1; Length: 1111)
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Score Expect Identities Gaps Strand
1121 bits(612) 0.0 F13/762{94%:) E/762{0%) Flus/Plus
Query 1 CETGGGETAACC CTAATACCGG &2

TGCCC ACTGGEATAACT! CEEGG ATA
LELLELLETLLLInL IIIIIIIIIIIIIIIIIIIIIIIIII\IIIIIIIIIIIIIII
sbict 58  CGETGEGTAACCTECCTGTAAGACTGEEATAACTCCGGEAAACCEEEELTAATACCGEAT- 118

o Wi e eyt Ty o -

sbjct 119 GCTTGATTGAACCGCATGETTCAATCATAARAGGTEECTTTTAGCTACCACTTACAGATE 178

Query 119 GACCCGCGTCGCATTAGCTAGTTGGTG. AACGGCT AACGATGLGT, 178

AGET CACCAAGGCAACGAT AGC
LTI IIIIIIIIIIIIIIIII]IIIIIIIIIIIIIIIIHII TLLILITENL]]

Sbjct 179 GACCCGCGGLGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGACGATGCGTAGE 238

Query 179 CGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGEAG 238

: FLCLORLLRLCERE Rt e it bR e bt
sbjct 238 CGACCTGAGAGGETGATCEGCCACACTGEGACTGAGACACGECCCAGACTCCTACGEGAG 298

Query 239 GLAGCAGTAGGGAATCTTCCGCAATGEACGAAAGTCTGACGGAGCAACGCCECETEAGTE 298
EELLERLERRT LR R R R LR R R LR eyl

]
Sbjct 293 GCAGCAGTAGGGAATCTTCCGCAATGGEACGARAGTCTGACGGAGCAACGCCGCGTGAGTE 358

Query 233 GAAGGCTTTCGGETCGTAAAACTCTGTTGT TAGGGAAGAACAAGTGLTAGTT-GAATA 357
. | \IIIIIIIIII |||||||J|||1||||J|||1|||IIIHIII I B0 BHLI

sbjct 358 TGh-\GGTTTTCGGrTCGT.’-\ AAC TTAGEGAAGAACAAGTACC-GTTCGAATA 417

Query 358 AGCTGECACCTTGACGGTAC TAACTAC! AGCAG a17

CTAA CGGT GTECCA CCGe
I 11 IIIIIIIIIII1IIIIIIIlIIII IIIIIIIlIII\IIIIIIIIIIIIIIII

sbjct =18 GEGCGGTh(ETTG-\EGGTACCTAHCLAGA-\-\GCC ACGGCTAACTACGTGCCAGCAGLCGL 477

Query 418 GETAATACGTAGGTEGCAAGCGTTATCCGEAATTATTGGECGTAAAGCGCGOGCAGETEE 477
IIHIIIIIIIIIIJIIIIIIIJI FRLLECETLRRDLERLTRETLERRERELin 11

sbjct 478 GETAATACGTAGGTGGLAA G(GTTGTECGG-'o'-\TT«TTGGECGTA.’-\AG(ECG{G(.‘%GECGG 537

Query 478 TTTCTTAAGTC GAAAGCCCA CGGCTCA CCETGEAGGETCATTGGAAACTEGGEA 537
) IHIIIIIIIIIII |||||||I|| DLLERLLTRRE RELLRLETLRRLLnnLtntl

sbjct 538 TTTCTTAAGTCTGATGTGAAAGCCLCCGGLTLAALCGEGEAGGETCATTEEAAACTEGEG 597

Query 538 GACTTGAGTGCAGAAGAGEAAAGTGGAATTCCATGTGTA TGAAATECGTAGA: 537
|\||||||||||||||||| [JENNR AR |||||||||\|||||||||||||||

Sbjct 598  AACTTGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAL 657

Query 588 TEGAGGAACACCAGTGGCEAAGECGACTTTCTGATCTGTAACTEACACTGAGGCGCGAAA 657
TECLERTERRCERERETRRLLRELRR] RERLRRLLRIThnll IIIIIIIIIIIII

sbjct 658 TGGEAGGAACACCAGTEGELGAAGGLOACTCTCTGETCTGTAACTGACGCTEAGGLGLGAAA T17

TGEEEGAGCAAACAGEATTAGATACCCTGATAGTCCACGCCGTARACGATGAGTGLT 717

G
él EULEELL ERLERRTERRE LR r e LR e e ey [ntnl

GLAT -GEaGAGCCAACAGGATTAGATACCCTEETAGTCCACGCCGTAAACGATAAGTGCT 776

Query 558 TCI
sbjct 718
Query 718 GTGTTAGAGGETTTCCGCCCTTTAGTGCTGAAGTTAACGE 759

GET C
II\IIIIIIIIIIIIIIIIIIIIIIIIIIIII [L LTI

sbjct 777 AAGTGTTAGAGGGTTTCCGCCCTTTAGTGLTGCAGCAAACGC 818

Figure 7b. Sequence similarity with partial sequence of 16S ribosomal RNA of Enterobacter
hormaechei strain LMA108 (Sequence ID: KX856282.1; Length: 818)

Score Expect Identities Gaps Strand

776 bits{420) 0.0 491/525(94%) £/525(1%) Plus/Plus

Query 1 CTGCCCATAAGACTGGGATAALCTCCGRAAAACCGRAGLTAATACCGGATA &A
: IIIII'III]IIIII PULLEELCELCERR LER L LER LR LR RN EL T

sbjct 15 TEOCTATAAGALTAGGATAACTCCGAGAAACCGRAGETAATACCGRAT- 73

Query &1 ACATTT-TGAACCGCATGETTC -GAAATTGAAARGCRACTTCGGCTATCACTTATGEATG 118

5 I L e e I i RO R e

sbjct 74 GGTTGTCTGHACCGEATGGTTLAGACA TAAAAGGTGEGCTTCGECTACCACTTACAGATG 132

Query 119 GACCCGCGTCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGC 178

. CACC) AACGATGCET
PULLERLE TR e Rt LR e e e e e e el

sbjct 133 GACCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGECTCACCAAGGCAACGATGCGTAGE 132

Query 179 CGACCTGAGAGGGETGATCGGCCACACTEGEGACTGAGACACGGCCCAGACTCCTACGEEAG 238

TELLEECCEELEREE R TR ERE CE LR R LT ]

Sbjct 193 CGACCTGAGAGGGTGATCGGCCACACTGOGACTGAGACACGECCCAGACTCCTACGERAG 252

Query 239 GCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTC
IIIIIJIIIlIIIIJIIIIIIIIIII|IIIIIIIIEI

sbjct 253 &C AGTAGGGAATCTTCCGLAATGRACGAAAGTLTG.

TGACGGAGCALCGCCGLGTEAGTE 298
N RRRNRRRRNRRRRRNRaNNN

ACGGAGCAACGCCGLGTGAGTG 212

Query 293 ATGAAGGCTTTCOGGTCGTAAAACTITATTGT TAGGRAAGAACAAGTGLTAGTTGAA-TA 357

N R

Sbjct 313 ATGAAGGTTTTCGGATCGTAAAGCTCTGTTGTTAGGEAAGAACAAGTGCC-GTTCAAATA 371

Query 358 AGCTGGCACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGE 417
| IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIII

sbict 372 GEECEECACCTTGACGGRTACCTAACCAGAAAGCCACGAITAACTACGTECCAGCAGCCGE 431

Query 418 GETAATACGTAGGETGGCAAGCGTTATCCGGAATTATTGGECAGTAAAGCGCGCGCAGETGG 477

LELCERLCEELEER e e Ceeer RECLeet e beer e ey i tevn

sbhict 432 GGTAATACGTAGETGECAAGCGTTGTCCGGAATTATTGGGCATAAAGEGCTCECAGECGE 491
e i o
Sbjct 482 TTTCTTAAGTCTGATETGAAAGLCCCCGECTCAACCEEGEAGEET 536

Figure 7c. Sequence similarity with partial sequence of 16S ribosomal RNA of Enterobacter
hormaechei strain LMA123 (Sequence ID: KX856297.1; Length: 536)
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Score Expect Identities Gaps Strand
736 bits(238) 0.0 406/403{95%) 3/40%{0%) Plus/Plus

Query 458 CGTAAAGCGC GCG{AGGTGGTTTCTTﬁ..‘-'&GTCTGhT{.TGMAAGCECHCGGCTCAACCGTGG E17

EEL DLLCERLER L Rt R et R et e e e e e et

sbjct 1 CGT- "LAGCGEGCG‘\.AGGTGGTTTCTTAAGTCTGHT'EITG"\AAGCECHCGGCTCAAC{\JTGG 9

Query 518 AGGGTCATTGGAAACTGGEAGACTTGAGTGLAGAAGAGGALAGTGEGAATTCCATGTETAG 577

_ ELELERTERRLEREE LR ER e TR e L e L e e LER et
Sbict 58 AGGETCATTEGAAACTGGEAGACTTGAGTGLAGAASAGEAAAGTGGAATTCCATGTETAG 118

Query 578 CGGTGAAATGLGTAGAGATATGRAGGAACACCAGTGECGAAGGLGACTTTLTGRTLTGTA 637

COLLERLLRRCERE e ee e e e et e e e Cee v enineer

Sbjct 128 CGGTGAAATGCOTAGAGATATGRAGGAACACCAGTRECGAAGGIGACTTTCTGATCTGTA 173

Query 638 ACTGACACTGAGECECGAAAGLETEEEEGAGCARACAGEATTAGATACCCTGETASTCCA 697
EULUERLURRCERER b eey e ee it e e e e e e ey y

sbjct 188 ACTGACACTGAGGLGCGARAGLGT-GGGGAGLAAACAGRATTAGATACCCTGRTAGTCCA 238

Query 698 CeCCaTAAACGATGAGTGLTAAGTGTTAGAGGRTTTCCGCCCTTTAGTGCTGAAGTTAAL 757

R A ATy

Shbjct 239 CGCCGTAAACGATGAGTGCTAAGTETTAGAGGETTTCCGCCCTTTAGTGCTGAAGTTAAL 298

Query 758 CCGCAAGECTE- AACTCAAAGGAATTGACGG 815
. IIII|II|II|IIIII|II|II|IIIIIIIIIIIIIII|I (ELLLETRLLELENILrd
shjct 299 cTee ACGGCCECAAGECTEAAACTCAAAGGAATTGACGE 358
Query 517 GEGCCCGCACAAGCGGTGEAGCATGTGETTTAATTCGAAGCAACGCGAA E65
_ CELLELLLER LR R e L e e R et
Shict 359 GEGCCCGCACAAGLGGTGGAGCATETEETTTAATTCGAAGCAACGCGAA 287

Figure 7d. Sequence similarity with partial sequence of 16S ribosomal RNA of Enterobacter
hormaechei strain HPCAQ10CRS8 (Sequence ID: JQ512965.1; Length: 791)
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Figure 8. Dendrogram obtained by cluster analysis of MALDI-TOF MS spectra of five
Enterobacter representatives.
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variable regions that are genus- or species-
specific'’. PCR amplification of the 16s TRNA
region using V3 and V4 primers yielded a
product of size 3 Kb (Fig. 4).

The product was sequenced on a
Ilumina HiSeq2500 sequencer and depicted
6,60,941 total paired end reads each with a
sequence length of 250 bp and an average
Phred score of 36.25, indicating a greater
probability of a correct base read with 99%
accuracy. More than 80% of the total reads
have generated a Phred score > Q30, indicating
that the error-probability is <= 0.001 (Fig. 5).

The GC content of the reads ranged
from 30 - 60 % (average of 55.71 %). The
base composition of the sample was 21.82 %
A, 28.16 % C, 27.55 % G and 22.1 % T
respectively. The sequences were submitted
(SUB6295766) to NCBI SR A archive database
and are available with the accession number
SAMNI12726439 and experiment number
SRX6908940 wunder the project ID
PRINA564919.

Microbial profiling includes identification
of bacteria on the basis of sequence homology
and estimation of their percentage environ-
mental'>. The RNA sequences of egg yolk
isolated bacteria were submitted to nucleotide
BLAST in NCBI database using BLASTn
search (Query ID - 1¢165050) (Fig. 6), and
the matching hits have shown 99.27 % identity
with Enterobacter hormaechii and Entero-
bacter xiangfangensis (Table-3 and Fig. 7).

The server from Center for Genomic
Epidemiology has also identified the genome
of the organism as Enterobacter hormaechei
sub sp. stegwartii. The genomic pipeline was
able to identify the antibiotic resistance genes

in the microbe (Table-4).

For increasing the accuracy and
applicability of identifying the bacterial isolate
from egg yok, its 16s rRNA was subjected to
identification using MALDI-TOF. With three
replicate tests, 1 6s TRNA peptides of the isolate
were submitted to the MALDI-TOF analysis,
and were identified to be Enterobacter cloacae
and Enterobacter asburiae with a score value
of 1.84 as best matches of the test organism
and Enterobacter kobei with a score value
of 1.81 as the second best match (Fig. 8).

MALDI-TOF is an alternative method
for the identification of 16S rRNA due to its
favorable speed and applications. Sung et al."
used 16s rRNA to identify three of Aeromonas
species - A. hydrophila, A. caviae, and A.
veroniii.

Through this study, bacterium isolated
from the egg yolk was identified to be a species
of Enterobacter with a high possibility of E.
hormaechei. lIdentification was attempted in
three different ways — classical methods,
NCBI BLASTn and the more recent MALDI-
TOF. While the classical methods for species
level identification are arduous, PCR based
BLASTn and mass spectra based MALDI-
TOF were able to identify the genus and
species within few seconds. The results
obtained from modern methods are acceptable
up to genus level. Species level identification
disagreed in these methods and therefore
poses as an important need of the hour. This
study highlights the importance of establishing
a database consensus at a time when mapping
of bacterial evolution and prevalence has
emerged as an important task in all countries.
This study highlights the importance of GMP
in poultry industry and the resilient way in
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which pathogenic and antibiotic resistant
bacteria are still ending up in our food chain.
Food mapping and emerging pathogen mapping
shall be helpful to prevent contamination of
foods.
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