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Introduction: Biofilm forming Staphylococcus epidermidis is a main causative agent of infections related to medical

devices. Purification and evaluation of Gly-TA polysaccharide from a biofilm-forming S. epidermidis as a putative
vaccine candidate were the main goals of the current study. Methods: Taking advantage of size exclusion
chromatography procedure, glycerol teichoic acid (Gly-TA) was purified from the above-mentioned strain and
biochemical analyses including, Fourier Transform Infrared spectroscopy (FTIR) and Proton Nuclear Magnetic
Resonance spectroscopy (H1-NMR) were conducted for the recovered polysaccharide. Results: Following PCR
confirmation of a S. epidermidis strain, Gly-TA was extracted and its biochemical compositions (i.e. N-acetyl glucose
amine residues) were obtained. Conclusion: It is envisaged that Gly-TA polysaccharide could be considered as a
putative vaccine to inhibit formation of biofilm by S. epidermidis.
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INTRODUCTION
The ability to form biofilms on plastic or steel devices have
been considered as one of the most frequent causes of
nosocomial sepsis and associated infections in hospitalized
patients with a high rate of morbidity and mortality [1, 2].
Commensal and opportunistic pathogens on the skin such as
coagulase-negative Staphylococci (CONs) and especially,
Staphylococcus epidermidis, have been regarded as the popular
causative agents of medical device-related infections [2, 3]. The
formations of a large amount of multilayered cells of the
colonized coagulase-negative staphylococci have been
confirmed by scanning electron microscopy [4]. The initial
attachment is accomplished by surface proteins such as
staphylococcal surface proteins (Ssp-1, Ssp-2), Bap homologue
protein (Bhp), autolysin E (AtlE) and teichoic acids [5- 8].
Teichoic acids are polymers of ribitol phosphate or glycerol
phosphate, found in bacteria [9]. The teichoic acid from
Bacillus subtilis is a polymer in which 4-O-β-D-glucosyl-Dribitol units are joined by 1, 5-phosphodiester linkages between

adjacent ribitols [10]. The inhibitory effect of raised polyclonal
antibodies for biofilm formation process have been determined
by taking advantage of immunization of mice using some
macromolecules such as S. epidermidis surface proteins (Sec)
and polysaccharides such as polysaccharide intracellular
adhesion (PIA/PNAG) and teichoic acids [2, 11]. Evidence
shows that induced antibodies have biofilm inhibitory effects
when pre- and post-immune sera are compared by semi
quantitative biofilm inhibition procedure [2, 11]. Spoliopolima
[12] and Litran [11] have reported the induction of effector
antibodies with in vitro biofilm inhibition effect and opsonic
activity by PIA vaccination in mice. Lavered [13] and
colleagues have reported that immunization of mice by purified
TA from Gram-positive Enterococci spp., can directly enhance
polyclonal antibodies. Opsonic activity of mentioned IgGs has
been observed as well. In the current study, following precise
identification of a strain of S. epidermidis by PCR method, the
purified and recovered Gly-TA was confirmed using NMR and
FTIR methods, consequently. The purification of the Gly-TA
from biofilm forming S. epidermidis and the evaluation of the
abovementioned polysaccharide for further studies as a possible
vaccine candidate in future were the main goals of the current
study.
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Confirmation representative Gly-TA by FTIR and
H1NMR
Total carbohydrate content was determined by phenolsulphuric acid [20], using a standard curve of glucose. Finally,
recovered Gly-TA was analyzed by Fourier Transform Infrared
spectroscopy (FTIR) [21] (TENSOR 27 Burker instrumental
averaging of 256 scans on the FTIR spectrometer) and Proton
Nuclear Magnetic Resonance spectroscopy (H1NMR)
according to established methods [22]. The structural formula
of isolated Gly-TA from lactobacillus was used as a reference
for
analyzing
FTIR
and
H1NMR
patterns
(http://micro.digitalproteus.com/morphology3.php).
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MATERIALS and METHODS
PCR confirmation of the strain
Following conventional microbial tests according to the scheme
utilized in Clinical Laboratory Standard Institute (2010)
Guidelines [14], biofilm forming S. epidermidis ATCC 14990
(also known as wild-type strain 1457) was reconfirmed using
polymerase chain reaction (PCR) taking advantage of designed
SE 2232 primers (sesC gene) based on NCBI NC_004461.1
complete genome accession number [15].
Purification of Gly-TA
The ability of biofilm formation for the utilized strain was
tested based on the procedure described elsewhere [16].
Moreover, Gly-TA was recovered from S. epidermidis strain
1457 based on Wergeland study [17] with slight modifications.
Briefly, an isolated colony was inoculated in 2 liters of
tryptocase soy broth (TSB, Difco, Becton Dickinson, Franklin
Lakes, NJ, USA) at 37° C for 24 h at moderate shaking (70
rpm/min) condition. Grown colonies were collected by
centrifugation and pellets were resuspended in 20 ml of 50 mM
sodium phosphate buffer (pH 7.5) and sonicated 4 times for 30
seconds on ice. Extracts were dialyzed (12 KD) overnight
against the same buffer and concentrated by Centriprep 10
(Amicon, Witten, Germany). Finally, the sample was directly
loaded on equilibrated 1.6- by 100-cm Sephacryl S-200
(Pharmacia LKB GmbH, Freiburg, Germany) with 50 mM
sodium phosphate by an AKTA purifier system (GE Health
care, USA). The mentioned polysaccharide was collected by
Fast Protein Length Chromatography (FPLC) at 206 nm
wavelength [4, 18]. Recovered Gly-TA fractions (100 µl) of
obtained peaks were analyzed biochemically for protein [19]
and the nucleic acid content in 280 and 260 nm, respectively.

RESULTS
Biochemical and molecular methods are helpful tools for
precise identification of bacteria. Based on the biochemical
methods such as hemolytic pattern, Gram staining and
antibiotic susceptibility test, an obtained colony was identified
as S. epidermidis and its strain (i.e strain 1457) was reconfirmed
by PCR. The level of crystal violet content showed that the
strain was able to produce biofilm in a different culturing
condition including brain heart infusion (BHI) broth
supplemented with 1% glucose and 4% sodium chloride.
Analyzing the crude extract by FPLC indicated that our
aforementioned polysaccharide will be eluted in the far of the
void volume of the Sephacryl column. The obtained
chromatograms from S. epidermidis (1457) in FPLC process
has been shown in Fig. 1. Recovered Gly-TA fractions from
those peaks of the FPLC chromatogram were assessed by
phenol-sulphuric acid colorimetric assay. Content and amount
of this macromolecule along with others are detailed in Table 1.

Fig. 1. FPLC graph for Gly-TA purification. Suspected Gly-TA fraction was collected and recovered Gly-TA was confirmed by phenol-sulfuric acid
method. Purification was completed after equilibration of the column. The sample was eluted 105 minutes after the injection.
Gly-TA: Glycerol teichoic acid; PIA: polysaccharide intracellular adhesion.
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Table 1. Contents of carbohydrate, protein and nucleic acid in purified GlyTA, analyzed by colorimetric, Bradford and spectrophotometric assays.

Content
Carbohydrate (µg/ml)
Carbohydrate (percentage)
Protein (µg/ml)
Nucleic acid

0.300 ml/min and sample of 1.5 ml volume were collected in 5
min by a fraction collector.
FTIR has been successfully used in analyzing the composition
and structure of complex chemical compounds [24].
Deconvolution method has made it possible to establish spectral
characteristics of polysaccharide with Gly-TA in 4000- 400 cm1 range. Spectral curves in Fig. 2 show that all the bands are
observed in 3700-400 cm-1 range. Regions with stretching
vibrations ν (CO) C-O-C Glucosylglycerol in oligosaccharides
manifest its presence in the spectra of 1747-1243 cm-1 range.
The presence of the glycerol in representative Gly-TA was
determined in spectra pattern 3636-2961 см-1 as well. Our
recovered polysaccharide showed similarity in structural
composition with the findings mentioned in previously
published studies [21] and the range was close to reports in the
previous studies [25, 26].

Amount
620
62
127
0
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Investigations concerning the adherence of S. epidermidis to
biomaterials have primarily been concerned with the role of the
extracellular polysaccharides or slime [3]. Gly-TA, as one of
the main related factors for its inevitable role in biofilm
formation process, has been considered as a suitable vaccine
candidate [5]. Gel-chromatography has been described as a
valid method for purification of macromolecules [23]. In this
study, preparative and prepacked columns were utilized for the
precise purification GLy-TA which was purified at the flow rate
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Fig. 2: FTIR pattern for recovered Gly-TA. In spectra of the 2961 and 3636 cm-1, OH and CH were observed as well as CO aromatic ether which was
detected in 1243 cm-1. The presence of Glucosylglycerol in 1243-1747 spectra reconfirmed the purification of Gly-TA.

In the spectra of the 1747 cm-1, C=O stretch band was
demonstrated. Previously, NMR spectroscopy as a precise
method has been utilized for determination of extracted
polysaccharide from Staphylococci [21]. In this research, onedimensional H1NMR spectra (500 MHz) were recorded in
normal acquisition mode by using 1,024 scans.
The spectra (NMR) of Gly-TA show signals attributable to
(CH3)-3HPO4 residues at the 0.4 ppm. Similar data has been
obtained in previous studies [22, 25] (Details have been shown
in Fig. 3). Wicken reported that, Gly-TA has three phosphate
residues structurally. In the current study using the H1NMR
spectra phosphate residues were detected at the 0.1 ppm.
Furthermore, correlation signal was observed for a C2H-R3

(H1) peak at 4- 5.1 ppm [22, 26]. According to the Vinogradov
and his colleague's study, a glycerol teichoic acid H1NMR
spectrum has shown N- acetyl glucosamine residues at the 2.12.3 ppm (H2-H6) as well as glycerol residues at 3.8- 4 ppm
which our data confirmed the obtained results in previous
researches [26].
In conclusion, purified Gly-TA constructed by N-acetyl glucose
amine residue is a main factor for biofilm formation process.
Comparison of immunogenicity and functionality raised
polyclonal antibodies for SesC, Gly-TA and PIA as main
related factors in biofilm forming processes are required to be
investigated in the further studies.
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Fig. 3: H1NMR spectrum of the cell-wall Gly-TA of S. epidermidis strain 1457. H1 and H3 glycerol residues indicating the presence of a [1-3] linked
poly glycerol phosphate at the recovered glycerol teichoic acid H1NMR spectrum.
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