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Staphylococcus epidermidis is an opportunistic pathogen causing infections
related to the usage of implants and medical devices. Pathogenicity of this microor-
ganism is mainly linked to its capability to form biofilm structures. Biofilm formation
vastly depends on several factors including different proteins. We studied the
expression levels of three proteins including SdrH, Bap, AtlE, and MazF at different
time intervals during the course of biofilm formation. In this study, a catheter-derived
S. epidermidis isolate with strong ability of biofilm formation was selected. PCR assay
was used to detect sdrH, bap, atlE, and mazF genes in this isolate. Real-time PCR was
used to determine the expression levels of these genes after 4, 8, and 20 h during the
course of biofilm formation. The studied genes showed different expression levels at
different time intervals during biofilm formation by real-time PCRmethod. Expression
levels of atlE and sdrH genes were the highest at 4 h, whereas bap gene showed the
highest expression level at 8 h during the course of biofilm formation. In addition, the
expression level of mazF gene peaked at 4 h and then progressively decreased at 8 and
20 h. Our results suggest the importance of AtlE, SdrH, and MazF proteins in the
establishment and development of the biofilm structure. In addition, our results
showed the important role of protein Bap in the accumulation of biofilm structure.
Future studies are required to understand the exact role of MazF in the process of
biofilm formation.
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Introduction

Unlike Staphylococcus aureus, the negative coagulase staphylococci are not
equipped with a wide range of virulence factors, and their pathogenicity is
attributed to the ability of biofilm formation [1, 2]. The potential of the bacterium
to adhere to surfaces as well as gaining rapid resistance to most antibiotics are the
main pathogenesis strategies adopted by Staphylococcus epidermidis in device-
associated infections [3]. Biofilm development contributes to bacterial resistance
to antibiotic therapy leading to serious challenges in the field of infection treatment
[4]. In hospital environments, microbial biofilms form on various surfaces acting
as an infection transmission reservoir [5]. The biofilm produced by S. epidermidis
initially protects it from the host immune system by preventing the phagocytosis of
the bacterium by macrophages and neutrophils. Biofilms also provide a condition
for acquiring antibiotic resistance genes and prevent the antibiotic penetration into
biofilm structure where an abundance of bacteria is present [6].

The most intensively studied Microbial Surface Components Recognizing
Adhesive Matrix Molecules (MSCRAMMs) of S. epidermidis are SdrG that acts as
a fibrinogen-binding protein and belongs to the serine/aspartate repeat family
proteins (Sdr) [7]. Three members of this family including SdrF, SdrG, and SdrH
are present in most S. epidermidis strain. The SdrH protein is involved in some
biological processes including the attachment of a cell, either to another cell, or to an
underlying substrate, such as the extracellular matrix, via cell adhesion molecules
[8]. In addition, autolysin AtlE has been suggested to mediate the primary
attachment to the implant surfaces and to bind vitronectin glycoprotein, which is
abundantly found in serum, extracellular matrix, and bone leading to infection
spread [9]. An important role in biofilm formation has also been attributed to
biofilm-associated protein (Bap) [10]. In mice infection model, Bap was involved in
the pathogenesis of S. aureus, causing a persistent course of infection [11].

Another factor, which has recently been associated with bacterial biofilm
formation, is toxin/antitoxin (TA) systems [12]. TA systems include two genes on
a single operon encoding a protein toxin and its cognate protein or RNA antitoxin
[13]. Six classes of TA systems have been identified so far with type II being the
most studied type and having a major role in the emergence of persister cells [14].

In type II TA systems, protein antitoxin is less stable than the protein toxin.
In normal conditions, toxin is neutralized by antitoxin, whereas in stress condi-
tions, antitoxin is selectively degraded by proteases such as Lon and clpP,
allowing toxin to affect different cellular mechanisms including DNA replication
and protein synthesis, subsequently leading to the dampening of cellular metabo-
lism [15, 16]. Chromosomally encoded TA systems are proposed to be associated
with various cellular events, such as programmed cell death, biofilm formation,
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persistence state in the presence of antibiotics, and stabilization of genomic DNA
[17]. MazEF is one of the most studied chromosomally encoded TA systems in
bacteria, and several researchers have revealed the important physiological roles of
MazF homologs [18]. A very few studies have been conducted on the role of these
proteins in S. epidermidis. Therefore, the aim of this study was to evaluate the
expression levels of genes coding for MazF, AtlE, Bap, and SdrH proteins in a
catheter-derived biofilm-producing S. epidermidis isolate.

Materials and Methods

Isolate

In this study, a S. epidermidis isolate with strong ability of biofilm
formation, which was previously identified by biochemical tests, was selected.
The ability of biofilm formation in this isolate was previously confirmed by Congo
red agar and microtiter plate (MTP) method.

PCR amplification

Total DNA was extracted using Genomic DNA Extraction Kit (Bioneer,
Republic of Korea). The presence of sdrH, bap, atlE, and mazF genes in the
studied isolate was tested by PCR method, using the primers described in Table I.
The PCR reaction mixture with the final volume of 20 μl was prepared and DNA
amplification was performed in a thermal cycler with denaturation at 94 °C for 4
min, followed by 30 cycles of denaturation at 94 °C for 30 s, annealing

Table I. Primer sequences designed for amplification of sdrG, sdrH, and sdrF genes

Genes Primers (5′→3′) Tm (°C)
PCR product
size (bp) Reference

sdrH F: AGTGGGAACAGCATCAATTTT 59 273 This study
R: GTGGTAGATTGTACACTTTCTT

mazF F: CAAGGGGGAGTAAGACCTGT 58 95 [19]
R: TTAATCCTACCAGTAATCGCAGC

atlE F: TCCAAAGCTGTTTACGTTGGT 58 117 This study
R: TGGTGTTGATTGAGCGTCAG

bap F: ACCAGAAACGGGTGAAAAAGA 58 178 This study
R: AAAGGGCTCTCCACCTTTGT

16srRNA F: CGAACACGTGCTTTGCTTGA 59 152 This study
R: CCCATACCTGGTCCAACTTCA

Note: PCR: polymerase chain reaction; F: forward; R: reverse.
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temperature (Tm for each primer is shown in Table I) for 30 s, and an extension at
72 °C for 20 s with a final extension at 72 °C for 4 min. S. epidermidis ATCC
35984 was used as a control.

RNA extraction of the biofilm-producing S. epidermidis isolate

For this purpose, according to the MTP protocol, the biofilm-producing
isolate was cultured in a solid medium and incubated at 37 °C for 23 h. Single
bacterial colony was then inoculated in 13-ml tryptic soy broth (TSB) medium
(Merck, Darmstadt, Germany) containing 1% glucose (Merck, Darmstadt,
Germany) and incubated at 37 °C for 20 h. In the next step, the standard turbidity
inoculum (0.5 McFarland) was prepared and 200 μl of the suspension was poured
into the 96-well plates and incubated at 38 °C for 20 h and after 4, 8, and 18 h, total
RNA was isolated using RNA Extraction kit (QIAGEN RNeasy Mini kit, Hilden,
Germany), according to the manufacturer’s protocol. Extracted RNA was ana-
lyzed using a Nanodrop ND1000 (Thermo Fisher Scientific, Lenexa, KS, USA)
and on a denaturing 1.5% TAE-agarose gel (80 V for 1 h) to assess its
concentration, quality, and integrity. The RNA was DNase treated with RN-
Ase-free DNase (Promega, Madison Wisconsin, USA) (at 37 °C for 1 h). RNA
was precipitated with 1 volume of isopropanol and 0.1 volume of 3 M NaOAc (pH
4.6). The suspension was incubated on ice for 20 min and centrifuged at high
speed at 4 °C for 30 min. The RNA pellet was dried and resuspended with RNase-
free MilliQ H2O (Sigma Aldrich, Darmstadt, Germany), according to the man-
ufacturer’s instructions. The control sample was placed in a microtube containing
TSB (Merck, Darmstadt, Germany) (without glucose) at 37 °C.

Quantitative real-time polymerase chain reaction for genes responsible for biofilm
production in S. epidermidis isolate

About 500 ng–1 μg of RNA was converted into cDNA using AccuPower
CycleScript RT PreMix (Bioneer). Quantitative real-time PCR was performed in a
Rotor-Gene thermal cycler (Corbett 6000; Australia) using SYBR Green method
(AccuPower Green Star qPCR Master Mix; Bioneer). A total volume of 20 μl
reaction containing 2 μl of cDNA, 12.5 μl SYBR Green master mix (Sigma-
Aldrich, Germany), 4.5 μl nuclease-free water, and 1 μl of each primer (5 pmol;
forward and reverse) was run according to the following program: an initial
activation step at 94 °C for 4 min, 35 cycles of denaturation at 94 °C for 30 s,
annealing at 59 °C for 30 s, and extension at 72 °C for 20 s. 16s rRNA gene
(Table I) was used as an internal control to normalize target gene expression
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measurements. Each test was performed in triplicates, independently. Real-time
PCR results were analyzed using the 2[-Delta Delta C(T)] method [20].

Results

In order to investigate the presence of genes involved in biofilm formation
including sdrH, bap, atlE, and mazF toxin in the studied S. epidermidis isolate,
specific primers were designed for these genes. The expected PCR band sizes for
sdrH, bap, atlE, and mazF genes were 273, 178, 117, and 95 bp, respectively,
which were observed in the studied isolate. In real-time PCR assay, the studied
genes showed different expression levels at different time intervals during biofilm
formation. After 4 h, mazF, atlE, and sdrH genes showed the highest expression
levels, whereas bap gene showed the highest expression levels after 8 h. Expres-
sion levels of genes during biofilm formation are illustrated in Figure 1.

Discussion

Staphylococcus epidermidis is commonly known as a commensal microor-
ganism prevalently residing on the human skin. Nonetheless, this microorganism
can turn into an invasive pathogen under certain circumstances, such as implan-
tation of medical devices or concomitant medical conditions [21]. Hence, this
bacterium is considered as an opportunistic pathogen with the ability of causing

Figure 1. Gene expression analysis of mazF toxin, bap, sdrH, and atlE by real-time PCR during
biofilm formation at 4, 8, and 20 h. Relative expression is normalized with housekeeping gene

16srRNA (p value< 0.01)
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hospital-acquired infections including blood infections associated with catheter
use. Infections caused by S. epidermidis are mostly attributed to its ability of
biofilm formation.

The process of biofilm formation is commonly categorized in three steps
including primary attachment, accumulative phase, and disassembly step [22].
Initiation of device-related infections requires a strong bacterial attachment to the
foreign materials. AtlE is a protein belonging to the peptidoglycan hydrolase
family with a crucial role in the degradation of bacterial cell wall [23]. In this
study, atlE expression was at its highest level after 4 h and its expression level
decreased from 4 to 20 h.

Many studies have been conducted on the expression level of atlE gene
during biofilm formation. The results of the study conducted by Vandecasteele
et al. [24] showed that the constant expression of altE in S. epidermidis isolate may
suggest the role of the encoded protein during the entire course of infection caused
by this bacterium. In another study conducted by Patel et al., altE expression was
at its highest level after 2 h. However, its expression decreased gradually from 2 to
12 h. They showed that AtlE may play a pivotal role in the development of
bacterial colonization and the initiation of a device-related infection [25]. Their
result was in accordance with the result of this study, which showed a higher atlE
expression at the initial steps of biofilm formation. Therefore, it is suggested that
AtlE protein is involved in binding of bacterium to foreign surfaces and the
establishment of biofilm structure. In fact, it is suggested that S. epidermidis uses
AtlE protein to attach to surface organized vitronectin (an extracellular matrix
material) [22].

Another factors expressed by S. epidermidis, which are involved in biofilm
formation, belong to the group of serine-aspartate repeat proteins (Sdr). These
proteins are thoroughly investigated and are considered as a protein family of
MSCRAMMs. Three of these Sdr proteins have been identified in S. epidermidis,
including SdrF, SdrG, and SdrH [8]. Many studies have been conducted to
determine the role of Sdr proteins during the course of biofilm formation in
S. epidermidis. Hartford et al. [26] showed the role of SdrG in the attachment of
S. epidermidis to surfaces covered with fibrinogen. Arrecubieta et al. showed the
involvement of SdrF in cardiac implant-associated infections. They also showed
that protein is responsible for the attachment of bacteria to unmodified Dacron
surfaces [27]. In this study, we investigated the expression of SdrH protein, which
is mostly found in biofilm-producing isolates of S. epidermidis. Similar to the
results of atlE expression, expression of sdrH gene was at the highest level during
the first hours of biofilm formation (4 h) and decreased with time (from 4 to 20 h),
which is indicative of the potential role of SdrH protein in the initial attachment of
bacterium to the surface.
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The presence of Bap has also been confirmed in S. epidermidis isolates,
especially in invasive biofilm-producing isolates. The role of biofilm-associated
protein Bap has been investigated in S. aureus isolates. Taglialegna et al. [28]
showed that Bap protein assembles itself to form aggregates of active amyloid
with the ability of building biofilm matrix under harsh environmental conditions.
In this study, the expression level of bap gene was at its highest level after 8 h
during biofilm formation. This suggests that Bap contributes to the accumulation
of biofilm in biofilm-producing S. epidermidis isolates.

Lewis et al. showed the role of biofilm formation in the survival of bacterial
persistence cells. In fact, the components of host immune system and antibiotics
cannot reach these cells as they are embedded in the structure of biofilms. These
cells can further repopulate and spread causing infection recurrences. Several
bacterial functions have been attributed to TA systems including programmed cell
death, persistence cell formation, and biofilm formation. Many studies have
attempted to determine the exact role of TA systems in biofilm formation.
MqsR/MqsA was reportedly the first TA system, which directly affected biofilm
formation in E. coli strains [29]. This TA system interferes with quorum-sensing
system and motility pathways [30]. MqsA antitoxin reportedly reduces biofilm
formation by suppressing RpoS and CsgD regulators and subsequently reducing c-
di-GMP, which is considered as a signaling nucleotide [31]. Under oxidative
stress, MqsA is degraded by Lon protease, which further triggers bacterial biofilm
formation [32].

Many TA modules have been identified in E. coli one of those is the well-
characterized MazEF system. MazF toxin acts as an endoribonuclease enzyme
with the ability of cleaving mRNAs at ACA sequences. The exact role of MazEF
system in biofilm formation remains controversial. It has been previously reported
that mutation in MazEF TA module can decrease biofilm formation [33]. It has
been previously suggested that programmed cell death provides the vital nutrition
for cells present in biofilm structure as diffusion of nutrition is limited. MazEF TA
module has been linked to programmed cell death. Therefore, it is hypothesized
that MazEF can participate in biofilm formation through its association with
programmed cell death [34].

In this study, after confirming the presence of mazF gene in the biofilm-
producing S. epidermidis isolate, we measured the expression levels of this gene
during biofilm formation. After 2 h, the expression of this gene was at its highest
level and expression decreased during 8 and 20 h of biofilm formation. This may
suggest that MazF may be involved in the course of the initial establishment of
biofilm formation. However, more studies need to be conducted to understand the
exact role of this TA module in biofilm formation.
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In conclusion, S. epidermidis is mainly associated with infections due to the
usage of implants and medical devices. Virulence of this microorganism is majorly
linked to its capability of biofilm formation. Biofilm formation vastly depends on
different factors among which are several proteins that facilitate this process. We
studied the expression of three proteins including SdrH, Bap, and AtlE at different
time intervals during biofilm formation. We also studied the expression of MazF
protein, which is the toxin component of MazEF TA module. This study showed
the highest expression of sdrH, atlE, and mazF genes after 4 h during biofilm
formation. This suggests the importance of their encoded proteins in the estab-
lishment and development of the biofilm structure. However, Bap-encoding gene
showed the highest expression level after 8 h during the biofilm formation, which
is suggestive of its role in the accumulation of biofilm structure. Future studies are
required to understand the exact role of MazF in the process of biofilm formation.
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