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ABSTRACT

Background: Staphylococcus aureus is an important pathogen that causes a wide range
of diseases in humans and animals. S. aureus pathogenicity islands (SaPls) have a
growing family of mobile genetic elements (MGES) in Staphylococci. MGEs transferred
Horizontally play an important part in the evolution of the pathogenic bacteria (S.
aureus). Several SaPls carry staphylococcal enterotoxin and many toxin genes.
Objective: The goal of this study is to screen the pathogenicity islands-encoding
virulence genes of S. aureus, determine antimicrobial resistance pattern and evaluate the
distribution of virulence genes among these isolates. Methodology: A total of 108 S.
aureus clinical isolates were identified and antimicrobial sensitivity pattern for twelve
antimicrobial agents from different classes was assessed. In addition, Polymerase chain
reaction (PCR) was performed for all isolates to detect virulence genes encoding on
SaPl. PCR products were purified by The Thermo Scientific GeneJET Gel Extraction
Kit. Nucleotide sequencing analysis by using 3500 Genetic Analyzer Version 6.0,
(Applied Biosystems™). Using Sanger method, sequences data were assembled by
GeneMapper™ secondary analysis software. The data analysis was done by using CLC
Sequence Viewer 8 (clc-sequence-viewer.software.informer.com). Alignment of
sequences by BLAST search of DNA Data Bank was performed. Identification of ORFs
(Open Reading Frame) by using ORF Finder. Results: Out of the 108 S. aureus clinical
isolates, 69 isolates (63.88%) were Methicillin-resistance Staphylococcus aureus
(MRSA), 24 isolates (22.22%) were Vancomycin-resistance Staphylococcus aureus
(VRSA), and 15 isolates (13.88%) were Methicillin-sensitive Staphylococcus aureus
(MSSA). Eight hundred sixty-two nucleotides product aligned with groEL gene that
encode Chaperonin GroEL protein, and with grol gene that encode Heat shock protein
chaperone GroEL. The sequence 708 bp aligned with int gene encodes Integrase, groEL
gene, grol gene and ktrB gene (encodes Potassium uptake protein). The sequence 493 bp
aligned with hys gene encodes Hyaluronate lyase enzyme and pLys gene encodes
Polysaccharide lyase enzyme. The sequence 366bp and 340bp aligned with metQ gene
that encode with permease (MetQ/NIpA transporter protein). Conclusion: Identification
of Pathogenicity Island (SaPl) virulence genes can provide useful information for
understanding the pathogenicity, drug resistance and horizontal genetic transfer that
play a vital part within the evolution of S. aureus.

INTRODUCTION

S. aureus is a Gram- positive bacterium that has
been considered as a major human pathogen. This
pathogen is implicated in both community-acquired and
nosocomial infections with considerable morbidity™.

S. aureus is a high-priority pathogen responsible for
80% of hospital infections. The impact on human health
in community and healing center settings has driven to
intensive investigation of this organism over recent
years’. The infections are either minor as skin, soft
tissues and UT infection or more severe and even lethal

such as endocarditis, meningitis, sepsis and toxic shock
syndrome®*. S. aureus has the capacity for resistance to
many anti-microbials. This capacity is further increased
by consistent development of new clones, making S.
aureus serve as a “superbug” °.

S. aureus carries genes encoding a variety of
virulence factors including enterotoxins and exfoliative
toxins, often making it responsible for many toxin-
mediated diseases, including toxic shock syndrome
(TSS) and staphylococcal foodborne diseases (SFD).
These factors and toxins of S. aureus also affect the
human immune system®’.
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S. aureus produces a plenty of pathogenicity factors
which facilitate attachment, colonization, cell—cell
interactions, and tissue damage. The development of
resistance to penicillin, methicillin, and more recently,
vancomycin diminishes the effect of efficient
antibiotics®®.

Recently, S. aureus acquired many resistance genes
for different antimicrobial targets that complicate
antibiotic therapy; literally, an arms race took place
between the new antibiotic compounds and additional
resistance modes™.

S. aureus harbors MGEs (Mobile Genetic Elements)
of different classes. These elements include
staphylococcal  cassette  chromosomes, plasmids,
bacteriophages, transposons and SaPls (Staphylococcus
aureus Pathogenicity Islands). They can transmit
genetic information of evolutionary benefit, and of
clinical relevance, i.e., genes encoding virulence factors
or antibiotic resistance properties'®*,

Thus, these mobile elements have played and
continue to play an integral part within the
evolution of Staphylococci as a pathogen. Modern
reports support that virulence traits are transmitted
horizontally. The existence of accessory genetic
elements within a strain may influence the other mobile
genetic elements®. It will be recalled that Pls are
accessory genetic elements that contain pathogenicity
genes, are bordered by directly repeated sequences, can
be deleted and may have integrase-like genes™

Several studies reported that SaPIs having a high
diversity of genetic elements integrated at specific
chromosomal sites'. Upon transduction to a recipient
organism, SaPIl integrates by the classical Campbell
mechanism into the att site for which the SaPIl1-coded
integrase is necessary. Islands with different att sites
have dissimilar integrases, which determines the
integration site in the genome™.

Thus, phages and SaPls determine virulence and
host specificity of S. aureus. S. aureus bacteriophages
are the tailed bacteriophages with double-stranded DNA
genomes™. Upon transducing their own genes,
prophages are also capable of transducing additional
bacterial DNA. Many strains of S. aureus carry more
than one prophage™.

Therefore, this study aims to detect pathogenicity
island-encoding virulence genes in S. aureus isolates.
PCR identification, sequence data analysis and
determination of antimicrobial susceptibility pattern.

METHODOLOGY

Isolation and identification of S. aureus isolates

A total of 140 non-duplicate Gram-positive
Staphylococcus isolates were obtained from different
Mansoura University Hospitals, Dakahlia governorate,
Egypt with the approval of the Ethics committee in the
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Faculty of Pharmacy, Mansoura  University.
Identification of S. aureus isolates by using the
biochemical standard methods*’*®. The identified S.
aureus isolates were collected from different clinical
sources including wound, blood, urine, throat and burn.
Isolates were subsequently stored in Mueller-Hinton
broth (MHB) containing 20% (v/v) glycerol at -80°c.
Antimicrobial susceptibility testing

Susceptibility to different antimicrobials was done
by Kirby-Bauer disc diffusion technique as
recommended by the clinical laboratory standard
institute (CLSI)*. Twelve antimicrobial discs of various
categories were used including; imipenem (10 pg),
Erythromycin (15 pg), Oxacillin (15ug), Cefepime
(30ug) Gentamicin  (10ug), Ceftriaxone (30ug),
amoxicilin/Clavulanicacid (20/10ug), Cephalexin (30
Hg), vancomycin (30ug), Ciprofloxacin  (5ug),
Levofloxacin (10pg), Piperacillin/tazobactam (110/10
pg); all discs were supplied from Thermo Scientific™
Oxo0id™, Results were interpreted according to
breakpoints of the clinical and laboratory standard®.
Identification of MRSA by disc diffusion method

An overnight bacterial suspension was diluted to 0.5
MacFarland turbidity standards and streaked by
swabbing on the surface of MHA supplemented with
4% NaCl. The plates were allowed to dry for few
minutes and then Oxacillin discs were placed on the
dried surface of the inoculated Mueller-Hinton agar
(MHA). The plates were incubated for 24 hours at 37°C.
Zone of inhibition around the disc was measured with
the help of a scale and compared with CLSI zone size
interpretative chart. It considered as sensitive, if zone
size was >13 mm, intermediate if the zone size was 11-
12 mm and resistant if the zone size was < 10mm
(CLSI, 2005).

Detection the Minimum Inhibitory Concentration
(MIC) of vancomycin

By standard agar dilution method, MIC of
vancomycin was calculated and interpreted according to
recommendations of CLSI*®. Agar plates were prepared
by serial dilution of vancomycin in MHA till reach the
concentration of; 6pg/ml of vancomycin. Each tested
isolate was inoculated in each MHA plate supplemented
with different vancomycin concentration, Another MHA
plate without antibiotic as a negative control. All plates
were incubated overnight at 37 °C and examined for the
bacterial growth. According to CLSI guidelines, the
MICs of 2 pg/ml, 4-8 pg/ml and 16 pg/ml or more are
identified as susceptible, intermediate and VRSA,
respectively.

Molecular detection of some Staphylococcal
Pathogenicity Island-encoding virulence genes

DNA extraction:

A rapid DNA extraction method (colony PCR) was
performed. In PCR tubes, five fresh colonies were
suspended in 100l of sterile, nuclease-free water. The
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product was boiled in the thermocycler at 95°C / 10
min, after which it was stored at -20°C*.
Detection of some virulence genes:

The virulence genes of SaPls were detected through
PCR amplification, using specific primers listed in table
(1). For a total volume of 25 pl containing 12.5 pl of
PfuTurbo DNA Polymerase, 1 pul DNA extract, 1l of
forward primer (10 uM), 1 pl of reverse primer (10 pM)

and 9.5 ul of nuclease free water. PCR was done by
PCR thermal cycler (Model TC96K, AccuLab®, USA).
The amplification includes; initial denaturation at 95 °C
/ 2 min, followed by 30 cycles of denaturation (95 °C /
30s), annealing according to temperature specified in
(Table 1) for 30s and extension (72 °C / 6 min), and the
reaction was ended by final extension step at 72 °C / 10
min. Negative control was included in all PCR assays.

Table 1: List of oligonucleotide primers and annealing temperature used in this study

Primers Sequences (5' to 3') Sites Annealing
temperature

SaPl14S ATGGCAGGTGGACCAAGAAGAGGCGGACGTCGTCG 412747412781 67 °C
SaPI4AS CATTCTAGTAGACACCTCTGTCGTTTTAACATAAG 416278-416312

SaPlbovS GTTATGGGAGACTACCGTACGTATGATCACACAG 435843-435876 60 °C
SaPlbovAS GTTGCTATTTATGGTGGCCTTTCAAGCAATATTAG 439465-439499

SaPImw2S CATCATGTTGGTTGTTTATCACTTTTCATGATGC 844043-844076 55°C
SaPImw2AS GAAAGAAAAAGAAAAGCAAAAAGATGACGACCACAG 845724-845759

SaPI13externalS GCTGTAGAAAGTGCGAAAGATAATCCTTATGC 877986-878017 56 °C
SaPI13external AS GCGAAATAGATTCATCATTAACTTGAGGGAG 878357-878387

SaPI2S AAATTACCGCTACACTAAAGGACAAATTTATC 2056106-2056137 52 °C
SaPI2AS GGTATCGTTGATCCAACTAAAGTAACACGCTCAGC 2072459-2072493

etdS CGTTGTGAAAGATAATGAATCGGTTTGGGCTG 2275743-2275774 57 °C
etdAS CTAAAGTGGCAGTAACAAATGATTTTAGTTTC 2278259-2278290

Visualization of the amplicons by electrophoresis
was done using 2% agarose gel stained with ethidium
bromide and compared with a 100 bp DNA ladder. PCR
products were purified by using The Thermo Scientific
GeneJET Gel Extraction Kit.

Nucleotide sequence analysis:

Nucleotide sequencing of amplicons for both strands
by 3500 Genetic Analyzer for Fragment Analysis
(Applied Biosystems™) Version 6.0. It includes 3500
Series Data Collection Software, a Dell Workstation and
monitor, reagent kits for system qualification.
Sequences data were assembled by GeneMapper™
secondary analysis software. The data analysis was done
by using CLC SequenceViewer8 (clc-sequence-
viewer.software.informer.com). The data sequences
were converted to fasta file format and compared with
sequences of S. aureus standard strains to identify close
relative. Alignment of sequences by BLAST search of
DNA Data Bank
(https://blast.ncbi.nlm.nih.gov/Blast.cgi.). ldentification
of ORFs (Open Reading Frame) was performed using
ORF Finder (https://www.ncbi.nlm.nih.gov/orffinder/).
Dendrogram and phylogenetic analysis:

A dendrogram shows the relationship of virulence
genes among the isolates. Data have been clustered by
the UPGMA
(http://genomes.urv.cat/  UPGMA/UPGMADboot_v12.cgi)
Dice coefficient is the similarity index used to compare
between the set of variables, the similarity at > 70%.

Phylogenetic Neighbor-joining tree was constructed
with DNA sequences of SaPl virulence genes using

CLC Sequence Viewer 8.0. Neighbor-joining tree was
constructed to analyze nucleotide sequence similarity
and determine the relatedness between them.

Statistical analysis:

To collect descriptive results, data were tabulated,
coded, and evaluated using the computer software.
Statistical analysis was done:
https://www.jmp.com/jmp-trial-win.

Ethical considerations:

The ethics committee of the Faculty of Pharmacy at
EL-Mansoura University, Egypt, gave their clearance
(2023-87). All of the participants in this study gave their
informed permission.

RESULTS

Isolation and identification of isolates

In the present study, 108 isolates out of 140
specimens were identified as S. aureus by Gram
staining, D-mannitol fermentation, catalase and
coagulase production. The identified S. aureus isolates
were collected from different clinical sources including
wound 36.1% (39/108), blood 25% (27/108), sputum
(11/108), urine 9.2% (10/108), throat swabs 4.6%
(5/108), burn 3.7% (4/108), nose 3.7% (4/108),
prostatic2.7% (3/108), chest 1.8% (2/ 108), oral swab
108% (2/ 108) and rectal swab 0.9% (1/108) as shown
in figure 1.
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Fig. 1: Distribution of S. aureus isolates among various clinical sources.

Antimicrobial susceptibility testing:

Variable resistance patterns of 108 isolates were
displayed against the used antibiotics (Figure 2).
Cephalexin was inactive against all tested strains
(108/108), followed by cefepime 90.74% (98/108),
Oxacillin  86.11% (93/108), Piperacillin/tazobactam
82.41% (89/108), Ceftriaxone 79.63% (86/108), and
Amoxicillin/Clavulanic  acid 78.7% (85/108). A
moderate resistance was observed towards Gentamycin
(44.44%:;48/108), Erythromycin (37.96%,41/108), and

Ciproflaxacin 25.93% (28/108). Whereas, lower for
vancomycin, levofloxacin, and imipenim as 23.14%,
19.44% and 13.88% respectively. Therefore, imipenem
had considered as the furthermost effective
antimicrobial agent against S. aureus isolates.

Concerning methicillin and vancomycin resistance;
69 isolates were MRSA (63.88%) as determined by disc
diffusion method, 24 isolates were VRSA (22.22%) by
vancomycin MIC Agar plates. The remaining 15
isolates were considered as MSSA (13.88%)
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Fig. 2: Percentage of antibiotic resistance among S. aureus isolates.
IPM: Imipenem E: Erythromycin OX: Oxacillin FEP: Cefepime CN:Gentamicin CRO:Ceftrixone
AMC: Amoxicilin/Clavulanic acid CL:Cephalexin VA:Vancomycin CIP:Ciprofloxacin

LEV:Levofloxacin TPZ: Piperacillin/tazobactam

Molecular detection of Staphylococcal Pathogenicity
Island-encoding genes

All 108 isolates were assessed for genes encoding
SaPl (Permease MetQ/NIpA, hyaluronate lyase(hys),
polysaccharide lyase(pLys), heat shock protein
chaperone GroEL, chaperonin GroEL and, integrase

and ktrB by PCR. Amplicons of 862,708, 493, 366, 340,
373 and 213bp were obtained (Figure 3)

The most predominant gene was Permease
MetQ/NIpA transporter protein (n= 45, 31.9 %)
followed by hyaluronate lyase(hys) and polysaccharide
lyase(pLys) (n= 20, 14.2% each). While, chaperone
GroEL, chaperonin GroEL and, integrase(int) and ktrB
were the least common (n= 14, 9.9%) (Figure 4)
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Fig. 3: Agarose gel electrophoresis of Staphylococcus aureus Pathogenicity Island (SaPl) virulence genes
A) Detection of virulence genes by using etd &SaP12 primers respectively, where lane M: 100bp DNA ladder; bp: base
pair.
B) Detection of virulence genes by using SaPlext primer, where lane M: 100bp DNA ladder; bp: base pair.
C) Detection of virulence genes by using etd primer, where lane M: 100bp DNA ladder; bp: base pair.

D) Detection of virulence genes by using SaPImwz2, SaPI12, SaPIbov &SaP14 primers respectively, where lane M: 100bp
DNA ladder; bp: base pair.
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Fig. 4: Occurrence of Virulence genes among S. aureus isolates

The virulence genes were most common in wound (39.22%) followed by blood (21.57%) then urine (9.8%) and
sputum (7.84%). While oral swab (3.92%), prostatic and respiratory tract (1.96%) were the least (Figure 5).
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Fig. 5: The prevalence of virulence genes in S. aureus isolates from various clinical sources

Nucleotide sequencing analysis

We obtained PCR products of
862,708,493,366,340,373 and 213 bp. These nucleotide
sequences aligned with other standard S. aureus strains
in  BLAST search of DNA Data Bank
(https://blast.ncbi.nIm.nih.gov/Blast.cgi) table (2).The
sequence 862 nucleotide product aligned with groEL
gene that encode Chaperonin GroEL protein, and with
grol gene that encode Heat shock protein chaperone

24

GroEL. The sequence 708bp aligned with int gene
encodes Integrase, groEL gene, grol gene and kirB gene
(encodes Potassium uptake protein). The sequence 493
bp aligned with hys gene encodes Hyaluronate lyase
enzyme and pLys gene encodes Polysaccharide lyase
enzyme. The sequence 366bp and 340bp aligned with
metQ gene that encode with Permease enzyme
(MetQ/NIpA transporter protein)
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Table 2: The nucleotide sequences of the PCR products in BLAST search of DNA Data Bank.

Sequence | Gene Protein Standard strains Accession No.
1(862bp) | groEL Chaperonin GroEL Staphylococcus aureus strain CP047843.1
UP_620chromosome
Grol Heat shock protein Staphylococcus aureus strain CP031131.1
chaperone GroEL E16SA093chromosome
2(708bp) | Int Integrase Staphylococcus aureus CAC6930705.1
groEL Chaperonin GroEL Staphylococcus aureus strain CP054876.1
Dresden-275757chromosome
Grol Heat shock protein Staphylococcus aureus strain LN831036.1
chaperone GroEL E16SA093chromosome
KtrB Potassium uptake protein Staphylococcus aureus strain LN831036.1
E16SA093chromosome
3(493bp) | Hys Hyaluronate lyase Staphylococcus aureus strain BX571857.1
MSSA476chromosome
pLys Polysaccharide lyase Staphylococcus aureus strain BX571857.1
MSSA476chromosome
4(493bp) | Hys Hyaluronate lyase Staphylococcus aureus strain BX571857.1
MSSA476chromosome
pLys Polysaccharide lyase Staphylococcus aureus strain BX571857.1
MSSA476chromosome
5(366bp) | metQ Permease (MetQ/NIpA Staphylococcus aureus strain CP087593.1
(JF379_04290) transporter protein) Newman NM-CQ chromosome
6(340bp) | metQ Permease (MetQ/NIpA Staphylococcus aureus strain CP066488.1
(JF379_04290) transporter protein) ncr_155_F133 chromosome
7(373bp) | None None None None
8(213bp) | None None None None

The sequence of 340 bp chromosomal region
containing attachment site for SaPI1(17-nucleotide
sequences, was similar to the att site of SaPIl; 5'-
TTATTTAGCAGGATAA-3"). Thus, might form the
mechanism of pathogenicity island exclusion, has been
deposited in GenBank, accession number U93687°.

The 340 nucleotides product containing S. aureus
attachment site for transposon 557 (Tn557) (figure 6).
This shows significant homology with the integrases of
Tn577.

- aottaochment site tor TnSSF =

Fig. 6: S. aureus attachment site(att) for Tn55 found in 340bp nucleotide sequence

Identification of ORF that found in DNA sequences
produced from PCR;

Sequence 862 bp has 14 ORFs (ORF1:0ORF14),
ORF4 and ORF12 encoded Chaperonin GroEL and
groEL protein in S. aureus Newman (Accession No.
ABQIM7.1)

Sequence 708bp has 9 ORFs, ORF1 that encoded
Chaperonin GroEL and groEL protein in S. aureus
Newman (Accession No. A6QIM7.1).

ORF2 encoded SCCmec chromosomal cassette
elements in S. aureus MRSA252 (Accession No.
Q6GKMb5.1). Sequence3 (493bp) contains 9 ORFs,
Hyaluronate lyase and Polysaccharide lyase

Egyptian Journal of Medical Microbiology

(GAG Lyase) are encoded in ORF1 of S. aureus
NCTC8325(Accession No. Q59801.1).

Sequence 4 (493bp) has 9 ORFs; ORF9 encoded
Hyaluronate lyase and Polysaccharide lyase (GAG
Lyase) in S. aureus NCTC8325 (Accession No.
Q59801.1), Ligase (Met) in ORF6 in S. aureus
JH9(Accession  No. Ab1S12.1), Peptidase M
(Methionine amino peptidase) in ORF7 in S.aureus
Mu50 (POAOQ78.1). Sequence 5 (366bp) shows 4 ORFs;
ORFlencoded Pyrophosphorylase
(nucleotidetransferase) in S. aureus RF122 (Accession
N0.Q2YY49.1).
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Sequence 6 (340bp) has 3 ORFs; ORF3 encoded
Pyrophosphorylase (nucleotidetransferase) in S. aureus
RF122 (Accession No. Q2Y'Y49.1). Sequence 7 (373bp)
contains 6 ORFs and Sequence 8 (213bp) contains 3
ORFs. But no significant similarity found in protein
sequence (Table 3).

There is a smaller sequence:
‘aaaaactattactaaaaatcaaaaatataaaaaaaacaaaaa’ found in
Sequence 3(493bp); By using ORF finder; three ORF,
designed as ORF1, ORF2 and ORF3 were found.

Table 3: ORF found in DNA sequences

ORF1, extending from nucleotide 342 to 380,
encoding a protein

HTH LytTR —type transcriptional regulator
SAB2242, LytR/AlgR family in S. aureus RF122
(Accession no. Q2YZ22.1)

ORF 2 from position 343 to 381, encoded a protein
Integrase in Staphylococcus phage L54a (Accession no.
P20709.1)

DNA sequence i deonm:ie d ORF Type protein encoded Organism Accession No.
Sequence 1 (862bp) 14 ORF4 -Chaperonin GroEL Staphylococcus A6QIM7.1
ORF12 -groEL aureus Newman
ORF14 -SCCmec chromosomal Staphylococcus Q6GKMS5.1
cassette aureus MRSA252
Sequence 2 (708bp) 9 ORF1 -Chaperonin GroEL Staphylococcus A6QIM7.1
-groEL aureus Newman
ORF2 -SCCmec chromosomal Staphylococcus Q6GKM5.1
cassette aureus MRSA252
Sequence 3 (493bp) 9 ORF1 -Hyaluronate lyase Staphylococcus Q59801.1
-Polysaccharide lyase aureus NCTC8325
(GAG Lyase)
ORF3 -Ligase (Met) Staphylococcus A5I1S12.1
aureus JH9
Sequence 4 (493bp) 9 ORF9 -Hyaluronate lyase Staphylococcus Q59801.1
-Polysaccharide lyase aureus NCTC8325
(GAG Lyase)
ORF6 -Ligase (Met) Staphylococcus A5IS12.1
aureus JH9
ORF7 Peptidase M Staphylococcus POA078.1
(Methionine amino peptidase) aureus Mu50
Sequence 5 (366bp) 4 ORF1 Pyrophosphorylase Staphylococcus Q2YY49.1
(nucleotidetransferase) aureus RF122
Sequence 6 (340bp) 3 ORF3 Pyrophosphorylase Staphylococcus Q2YY49.1
(nucleotidetransferase) aureus RF122
Sequence 7 (373bp) 6 ORF1:0RF6 | NONE NONE NONE
Sequence 8 (213bp) 3 ORF1:0RF3 | NONE NONE NONE
Moving forward with the sequencing results, The most prevalent pattern was P1 (23 isolates) and

phylogeny was used to reveal the relatedness between
virulence gene on tested isolates.

The relation of all detected genes and phylogenic
groups was analyzed using UPGAMA program (figure
7). Three different patterns (P1-P3) were detected.
Isolates considered with the same pattern, upon the
similarity level was at > 70%.

26

P2 (13 isolates), that they harbored metQ and Hys, pLys
respectively.

For Pattern P3, it was distributed in two groups
(P3a & P3b). P3a represented by 8 isolates while P3b
contained 6 isolates. Both patterns shared in harboring
the same genes (metQ, Int, grol, groEL, KtrB) in
addition to Hys and pLys genes in pattern P3b.
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Fig.7: Dendrogram representing S. aureus isolates and virulence genes with similarity
level > 70% (http://genomes.urv.catt UPGMA/UPGMADboot_v12.cgi.).

Phylogenetic Neighbor-joining tree was constructed
using CLC Sequence Viewer 8.0 to create the
relatedness between SaPl virulence genes. The distance
of one sequence to the other indicates the level of

relationship; that is closely related sequences on
branches close to one another. Figure (8) represents the
phylogenetic tree for sequences 862, 708, 493, 366, 340,
373 and 213 bp.
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® Seq3(493bp)
l Seq8(213bp)
I—O Seq2(708bp)

Fig. 8: Phylogenetic Neighbor-joining tree constructed with DNA sequences of S. aureus
Pathogenicity Island (SaPl) virulence genes.

DISCUSSION

S. aureus, a normal flora of mucosa, seizes the
opportunity to cause opportunistic infections, from
superficial to invasive infections like bacteremia or
pneumonia, etc., either as nosocomial or community
infections?. S. aureus found in commensal microbiota
of humans, that included in multiple human infections
and food poisoning?. The drug-resistant S. aureus,
methicillin-resistant S. aureus (MRSA) reported in
1990s* and VRSA in 2002*.

Egyptian Journal of Medical Microbiology

S. aureus adapted to environments and hosts
efficiently by the help of various factors that play a
great effect on pathogenicity. Exchange and transfer of
genes encoding virulence factors among staphylococcal
strains has a great part in S. aureus pathogenicity®.
SaPls are clinically important because they encode and
disseminate toxins?®. Toxins constitute an important
group of S. aureus virulence factors?’.

Investigation of virulence genes revealed that the
highest prevalence was found in Wound (39.22%), this
raises a serious public health alarm. Many enterotoxins,
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including TSST and food poisoning are produced by S.
aureus®,

17-nucleotide sequence, TTATTTAGCAGGAATAA,
in a 340 bp nucleotide product, represented the
chromosomal attachment site; att g,p;.The obtained
result is similar to a previous study that showed
identical a 17-nucleotide sequence in an 828bp. So that
the integration sites in these strains contain SaPI1 has a
specific insertion site®.

This attachment site:
5'ggcatttttatttaattgataTTATTTAGCAGGAATAALttagccag
attatcaagga-3', emphasis that the excision and the
integration of SaPl1 through the classical Campbell
mechanism®.

The 340 bp also contains attachment site for
transposon attTn557.This indicate that Tn557 plays a
role in the mobilization of virulence genes to several
bacterial species. A previous study by MURPHY,
ELLEN estimated similar result; SaPll is highly
integrated and transferred by transduction at the specific
site of transposon, Tn554%.

The 493bp aligned with Hyaluronate lyase enzyme
and Polysaccharide lyase enzyme. Both are virulence
factor of S. aureus, produced by enzyme capable of
degrading the hyaluronic acid (HA)* and cleave
glycosidic linkages in acidic polysaccharides®.

The 708 bp alignment with integrase (int). Gene int
is able to integrate SaPls at site-specific on S. aureus
genome®®. Otherwise it is similar also to SaPll as
described by Novick & Ram* in carrying homologs of
phage integrase (int). This SaPl has no an excisionase
gene (xis). Just like the SaPl1, coding for extracellular
B-lactamase homolog, this result resembles to that
reported by Burgold-Voigt'. It hypothesizes that the
SaPI1 int-like gene is capable for the mobility of SaPI1
involves the classic Campbell mechanism that excise,
circulate and integrate in a specific target genome™.

The demonstrated mobility of SaPI1 and functional
integrases  of  these  islands  support  that
they stay a noteworthy developmental scheme of S.
aureus. So, it will produce new enterotoxins and
pathogenicity islands®.

SaPls are also capable of mediating generalized
transduction. Like phages, homologs of SaPl sites are
scattered throughout the host genome and have highly
variable efficiency, resulting in genes being transduced
at different frequencies®’.

Smaller sequence:
aaaaactattactaaaaatcaaaaatataaaaaaaacaaaaa in sequence
3 (493bp), ORF1 encoding a protein LytTR-type
transcriptional regulator SAB2242, LytR/AlgR family
regulate the cell autolysis (IrgAB). Thus, although
LytTR- containing transcriptional regulators perform
significant roles in regulating virulence factors.

ORR2 encode, Integrase [Staphylococcus phage
L54a]. Bacteriophage L54a is a temperate phage
originally carried as a prophage in S. aureus PS54.

Integrase is able to integrate the phage into the host
genome by site-specific recombination, belongs to the
'phage’ integrase family. Similar findings reported by
Lindsay, Jodi A., et al. stated that SaPI1 included an
ORF whose predicted product is integrase (Int) family
of recombinases, so SaPl1 has a mechanism of
functional integration.

Our results revealed that sequencel (862bp) and
Sequence2 (708bp) aligned with groEL gene that
encode Chaperonin GroEL protein, and with grol gene
that encode Heat shock protein chaperone GroEL. Also
have ORFs that encoded the same proteins. (Chaperonin
GroEL and groEL protein). Sequence 3(493bp) and
sequence 4(493bp) aligned with Hyaluronate lyase and
Polysaccharide lyase, contain ORFs that encoded the
same enzymes (Hyaluronate lyase and Polysaccharide
lyase in S. aureus).

Therefore, understanding the importance and of
PAIs in S. aureus is crucial for developing new
strategies to combat this pathogen. Further research is
required to elucidate the mechanisms of virulence and
resistance to find potential targets for new therapies.

Conclusion

The present study highlights the detection of
pathogenicity islands-encoding virulence genes. SaPl is
necessary for understanding the virulence of S. aureus.
The occurrence of the att site of SaPI1 and att Tn557 in
a 340 bp facilitate the transmission and incorporation of
SaPl1, meaning that they can be easily transferred
between bacterial cells. So, it has a critical part in the
spread of its severity.

Furthermore, the highest prevalence of virulence
genes found in Wound (39.22%), raises a serious public
health alarm. These urge the government implementing
for effectively control in all health care settings.
Additionally, there is ongoing research to develop
vaccines and immunotherapies that target S. aureus
virulence factors. Overall, studying of pathogenicity
islands in S. aureus has significant potential to develop
new therapeutic strategies for preventing and treating
infections.

Consent for publication
Not applicable

Availability of data and material
Data are available upon request

Competing interests

The author(s) declare no potential conflicts of interest
with respect to the research, authorship and/or
publication of this article none.

Funding
Authors did not receive any grants from funding
agencies

28

Egyptian Journal of Medical Microbiology
ejmm.journals.ekb.eg info.ejmm22@gmail.com



10.

11.

Egyptian Journal of Medical Microbiology
ejmm.journals.ekb.eg

El-Naggar et al. / Detection of Pathogenicity Island-encoding virulence genes of Staphylococcus aureus, Volume 32/ No. 3/ July 2023 19-30

REFERENCES

Saising J, Singdam S, Ongsakul M, Piyawan
Voravuthikunchai, S. Lipase, protease, and biofilm
as the major virulence factors in staphylococci
isolated from acne lesions. Bioscience trends.
2012;6(4): 160-164.

Arunachalam K, Pandurangan P, Shi C, Lagoa R.
Regulation of Staphylococcus aureus Virulence and
Application of Nanotherapeutics to Eradicate S.
aureus Infection. Pharmaceutics. 2023; 15(2), 310.

Meerlo, M. Interference of Staphylococcus aureus
virulence factors in the blood coagulation system.
M.Sc thesis, Department of Medical Microbiology,
Faculty of Medicine, Utrecht University. 2013.

Li H, Andersen PS, Stegger M, Sieber RN, Ingmer
H, Staubrand N, Dalsgaard A and Leisner JJ .
Antimicrobial Resistance and Virulence Gene
Profiles of Methicillin-Resistant and -Susceptible
Staphylococcus aureus From Food Products in
Denmark. Front. Microbiol. 2019; 10: 2681.doi:
10.3389/fmicb.2019.02681

Lakhundi S, Zhang K. Methicillin-resistant
Staphylococcus aureus: molecular characterization,
evolution, and epidemiology. Clinical microbiology
reviews. 2018; 31(4), e00020-18.

Lindsay JA, Holden MT. Staphylococcus aureus:
superbug, super genome? Trends Microbiol. 2004;
12:378 —385.

https://doi.org/10.1016/j.tim.2004.06.004.

Argudin MA, Mendoza MC, Rodicio MR. Food
poisoning and Staphylococcus aureus enterotoxins.
2010;Toxins 2, 1751-1773. doi:  10.3390/
toxins2071751.

Enright MC. The evolution of a resistant pathogen—
the case of MRSA. Current opinion in
pharmacology. 2003; 3(5), 474-479

Waters AE, Tania CC, Jordan B, Liu CM, Lindsey
W, Kimberly P, et al. Multidrug-resistant
Staphylococcus aureus in US meat and poultry.
Clin. Infect. Dis. 2011;52, 1227-1230. doi:
10.1093/cid/cir181

Burgold-Voigt S, Monecke S, Simbeck A,
Holzmann T, Kieninger B, Liebler-Tenorio EM,
Braun SD, Collatz M, Diezel C, Miller E,
Schneider-Brachert W  and  Ehricht R.
Characterisation and Molecular Analysis of an
Unusual Chimeric Methicillin Resistant
Staphylococcus ~ Aureus  Strain  and its
Bacteriophages. Front. Genet. 2021;12:723958. doi:
10.3389/fgene.2021.723958.

Rasheed NA, Hussein NR. Characterization of
different virulent factors in methicillin-resistant
Staphylococcus aureus isolates recovered from

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

Iragis and Syrian refugees in Duhok city, Iraq.
PLoS ONE.2020;15(8): e0237714.
https://doi.org/10.1371/journal.pone.0237714

Moore PCL, Lindsay JA. "Genetic variation among
hospital isolates of methicillin-sensitive
Staphylococcus aureus: evidence for horizontal
transfer of virulence genes.” Journal of clinical
microbiology 39.8 (2001): 2760-2767.

Cheetham BF, Katz ME. A role for bacterio-
phages in the evolution and transfer of bacterial
virulence determinants. Mol Microbiol. 1995;18:
201-208.

Kong, Rui, et al. "2SigFinder: the combined use of
small-scale and large-scale statistical testing for
genomic island detection from a single
genome." BMC bioinformatics. 2020; 1-15.

Kuroda M, Ohta T, Uchiyama I, Baba T, Yuzawa
H, Kobayashi I, Cui L, Oguchi A, Aoki K, Nagai
Y, Lian J, Ito T, Kanamori M, Matsumaru H,
Maruyama A, Murakami H, Hosoyama A,
Mizutani-Ui Y, Takahashi NK, Sawano T, Inoue R,
Kaito C, Sekimizu K, Hirakawa H, Kuhara S, Goto
S, Yabuzaki J, Kanehisa M, Yamashita A, Oshima
K, Furuya K, Yoshino C, Shiba T, Hattori M,
Ogasawara N, Hayashi H, Hiramatsu K (2001)
Lancet 357, 1225-1240.

Dokland, T. Molecular Piracy: Redirection of
Bacteriophage Capsid Assembly by Mobile Genetic
Elements.  Viruses, 2019;11 (11), 1003.
d0i:10.3390/ v11111003

Collee, J. G., Miles, R. S., & Watt, B. Tests for
identification of bacteria. Mackie and McCartney
practical medical microbiology. 1996; 14, 131-49.

KATEETE, David P, et al. Identification of
Staphylococcus aureus: DNase and Mannitol salt
agar improve the efficiency of the tube coagulase
test. Annals  of clinical  microbiology and
antimicrobials, 2010, 9.1: 1-7.

CLSI. Performance Standards for Antimicrobial
Susceptibility — Testing;  Third  informational
supplement. M27-A3. Wayne.PA: Clinical and
Laboratory Standards Institute. 2018.

Perez-Roth E, Claverie-Martin F, Villar J, Mendez-
Alvarez S. Multiplex PCR for simultaneous

identification of Staphylococcus aureus and
detection  of  methicillin  and  mupirocin
resistance. Journal  of  clinical microbiology.

2001:39(11), 4037-4041.

Alonso B, Pérez-Granda MJ, Latorre MC, Sanchez-
Carrillo C, Bouza E, Mufioz P, Guembe M.
Production of biofilm by Staphylococcus aureus:
Association with infective endocarditis?
Enfermedades infecciosas y microbiologia clinica
(English ed.). 2022;40(8), 418-422.

29

info.ejmm22@gmail.com


https://doi.org/10.3389/fmicb.2019.02681
https://doi.org/10.3390/toxins2071751
https://doi.org/10.3390/toxins2071751
https://doi.org/10.1093/cid/cir181
https://doi.org/10.1093/cid/cir181
https://doi.org/10.3389/fgene.2021.723958
https://doi.org/10.1371/journal.pone.0237714
https://doi.org/10.3390/v11111003
https://doi.org/10.3390/v11111003

El-Naggar et al. / Detection of Pathogenicity Island-encoding virulence genes of Staphylococcus aureus, Volume 32 / No. 3/ July 2023 19-30

22.

23.

24.

25.

26.

217.

28.

29.

30

Ghabbour R, Awad A, Younis G. Genetic
Characterization and  Antimicrobial-Resistant
Profiles of Staphylococcus aureus Isolated from
Different Food Sources Biocontrol Science. 2022;
Vol. 27, No. 2, 87—97

Herold BC, Immergluck LC, Maranan MC,
Lauderdale DS, Gaskin RE, Boyle-Vavra S, ... &
Daum RS. Community-acquired methicillin-
resistant Staphylococcus aureus in children with no
identified predisposing risk. 1998;279(8), 593-598.

Sievert DM, Rudrik JT, Patel JB, McDonald LC,
Wilkins MJ, Hageman JC. Vancomycin-resistant
Staphylococcus aureus in the United States.2008;
2002-2006. Clinical infectious diseases, 46(5),
668-674.

Malachowa N, DelLeo FR. Mobile genetic
elements of Staphylococcus aureus. Cellular and
molecular life sciences.2010; 67(18), 3057-3071.

Miguel-Romero L, Algasmi M, Bacarizo J, Tan J
A, Cogdell RJ, Chen J,Penadés JR. Non-canonical
Staphylococcus  aureus  pathogenicity island
repression. Nucleic Acids Research.2022;50(19),
11109-11127.

Yang X, Yu S, Wu Q, Zhang J, Wu S, Rong D.
Multilocus  sequence typing and virulence-
associated gene profile analysis of Staphylococcus
aureus isolates from retail ready-to-eat food in
China. Front. Microbiol.2018;9:197. doi:
10.3389/fmich.2018.00197

SATO'O, Yusuke, et al. A novel comprehensive
analysis method for Staphylococcus aureus
pathogenicity islands. Microbiology and

immunology, 2013, 57.2: 91-99.

Lindsay JA, Ruzin A, Ross HF, Kurepina N,
Novick RP. The gene for toxic shock toxin is
carried by a family of mobile pathogenicity islands
in Staphylococcus aureus. Mol Microbiol. 1998

30.

31.

32.

33.

34.

35.

36.

37.

Jul;29(2):527-43. doi: 10.1046/j.1365-
2958.1998.00947.x. PMID: 9720870.

Campbell AM. Episomes. New York: Harper &
Row. Carroll, D., Kehoe, M., Cavanagh, D., and
Coleman, D. (1995) Novel organization of the site-
specific integration and excision recombination
functions of the Staphylococcus aureus serotype F
virulence-converting phages phil3 and phi42. Mol
Microbiol.1969;16: 877—893.

MURPHY, ELLEN. Transposable elements in
Staphylococcus.  In: Transposition.  Cambridge
University Press Cambridge, 1988. p. 59-89.

George Makris, John D. Wright, Eileen Ingham and
Keith T. Holland School of Biochemistry and
Microbiology, University of Leeds, Leeds LS2 9JT,
UK,2004.

Linhardt RJ, Galliher PM, Cooney CL. Applied
Biochemistry and Biotechnology. 1987;volume 12,
pages135-176, Cite this article, 956 Accesses,213
Citations,3 Altmetric, Metricsdetails.

Novick RP, Ram G. The Floating (Pathogenicity)
Island: A Genomic Dessert. Trends Genet. 2016;32
(2), 114-126. d0i:10.1016/j.tig.2015.11.005

Novick R. Ross HF, Projan SJ, Kornblum J, Kreis-
wirth B, Moghazeh S. Synthesis of staphylo- coccal
virulence factors is controlled by a regulatory RNA
molecule. EMBO J.1993;12: 3967-3975.

Ruzin A, Lindsay J, Novick RP. Molecular genetics
of SaPll-a mobile pathogenicity island in
Staphylococcus aureus. Molecular microbiology.
2001;41(2), 365-377.\

Novick RP, Ram G. Staphylococcal Pathogenicity
Islands - Movers and Shakers in the Genomic
Firmament. Curr. Opin. Microbiol.2017; 38, 197—
204. doi:10.1016/j.mib.2017.08.001

Egyptian Journal of Medical Microbiology

ejmm.journals.ekb.eg info.ejmm22@gmail.com


https://doi.org/10.3389/fmicb.2018.00197
https://doi.org/10.3389/fmicb.2018.00197
https://doi.org/10.1016/j.tig.2015.11.005
https://doi.org/10.1016/j.mib.2017.08.001

