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ABSTRACT

Several studies have been carried out in bacteria for the identification of gene(s) or protein(s) involved
in biofilm formation for the development of anti-biofilm targets but with limited success. However,
information about the involvement of proteins during biofilm formation in GBS is poorly understood.
Therefore, in the present study, by using mass spectrometry, a comparative proteomics study was
performed for the GBS cultured during planktonic and biofilm conditions to identify proteins expressed
exclusively during the biofilm development. Two hundred and four proteins were found commonly present
in both the planktonic and the biofilm stages. However, 192 and 98 proteins were exclusively detected
in planktonic and biofilm stages, respectively. Out of these, 98 proteins present in the biofilm stage
were associated with cellular metabolism, translations, cell wall and cell membrane synthesis machinery.
Moreover, only 20 proteins (out of 98) have been characterized so far in GBS for their role in pathogenesis
and therefore, further characterization of the remaining 78 proteins in biofilm formation and pathogenesis
may open avenues for designing new-age drugs to combat GBS burden world-wide.
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INTRODUCTION

Group B streptococcus is the leading cause of
neonatal morbidity and mortality, as well as
causes serious infections in immune-
compromised adults (Raabe and Shane, 2019).
To prevent GBS infection, intrapartum
antibiotic prophylaxis (IAP) regime is being
used by some developed countries to prevent
the transmission of GBS from mother to
neonate during delivery. However, this is not
available to all women around the world. As
well as increased resistance to first- and
second-line antibiotics used for GBS
treatment, emphasizing the need for the
development of GBS vaccine. Extensive use of
antibiotics over the year has resulted in the
emergence and spread of antibiotics resistance
bacteria turning as a global concern (Akova,
2016). According to the National Institutes of
Health (NIH), USA, biofilms account for up to
80% of bacterial infections in humans. Biofilm
protects the bacteria from antimicrobial agents
and thus contributes to increased resistance
to antimicrobial treatments. Bacterial biofilms
could become several fold-more resistant to
antimicrobials than their planktonic
counterparts (Sharma et al., 2019). Therefore,

biofilm development should be viewed as a core
mechanism of resistance. Streptococci strains
are known to produce biofilm which protect
them from antibiotics, disinfectants and host
defence. Bacteria inside biofilm are far more
resistant to antimicrobial agents than
planktonic forms.
Several in vitro investigations have shown that
GBS can form biofilm-like structures, which
is similar to other gram-positive pathogens.
The ability of GBS to form biofilms attained
significant attention for its possible role in
survival and pathogenesis and antibiotic
resistance (Kaminska et al., 2020). Upon
infection, GBS expresses several virulence
factors that help the bacteria to adapt to the
host’s challenging environments and survival
strategies including biofilm formation that
facilitates the disease manifestation. In this
regard, GBS expresses a diverse array of
surface-associated and secretory proteins that
mediate specific host-cell interactions and
helps bacteria to survive against host innate
immune clearance (Yadav et al., 2020). Some
adhesion and invasion factors were identified
from both epithelial and endothelial tissues
and characterized. GBS surface proteins called
adhesins enable the bacterium to make



persistent and intimate contact with the host
cells (Shabayek and Spellerberg, 2018).
Several studies have demonstrated the
application of proteomics in the investigation
of bacterial biofilms from both gram-positive
and gram-negative strains, leading to a better
understanding of the dynamic functional state
of a genome at the protein level and learn more
about the proteins that may be involved in the
emergence of a given observed phenotype.
However, despite the strong evidence of biofilm
formation in GBS, relatively little is known
about the genes and proteins that contribute
to the development of the biofilm phenotype.
Till to date no proteomic analyses of GBS
biofilm have been attempted. Therefore, in
this study, the differences in the whole-cell
protein expressions of GBS cultivated under
biofilm versus planktonic conditions were
investigated.

MATERIALS  AND  METHODS

A clinical isolate of GBS that produces
moderate biofilm was used. GBS culture was
streaked on 5% sheep blood agar plate (BAP)
and incubated at 37 oC for 24-30 h. Todd Hewitt
Broth medium (THB; Himedia Laboratories,
India) supplemented with 1% glucose was
inoculated with single isolated colony from the
BAP and incubated at 37°C until their OD600
reached between 0.4-0.6. To produce biofilms,
GBS culture (OD600 = 0.5) was dispensed in 60
mm diameter, tissue culture-treated petri
dishes and incubated at 37°C for 48 h under
static conditions. After incubation, the
supernatant was removed followed by two times
washing with phosphate buffer saline (PBS).
Adhered GBS biofilms were harvested by
scraping the plates with the help of a sterile
scraper followed by centrifugation (6000 rpm;
10 min; 4°C), and the obtained pellet was
washed twice with PBS (pH 7.5) before cell
lysis. For the planktonic culture, GBS was
cultured in THB with 1% glucose and incubated
at 37oC (150 rpm) until OD600  reached 0.5
which corresponded to the logarithmic phase.
After reaching the desired absorbance,
planktonic cells were then harvested by
centrifugation (6000 rpm; 10 min; 4°C), and
the obtained pellet was washed twice with PBS
before cell lysis.
Protein was extracted from GBS cells as
described previously with some modifications.

Briefly, GBS cell pellets from biofilm and
planktonic cultures were suspended in lysis
buffer (10 mM Tris-HCl pH 8.0, 1% sodium
dodecyl sulphate) containing a protease
inhibitor cocktail (Roche). An equal volume of
0.1 mm glass beads was added and vigorously
stirred for 20 sec followed by cooling on ice for
one minute. This procedure was repeated five
times to ensure complete cell lysis. The cell
debris was removed by centrifugation at 12000
rpm at 4oC for 20 min. The proteins in the
supernatant were collected and transferred
into separate sterile  tubes for further
quantification and SDS-PAGE analysis.
Protein measurements were performed with
the BCA protein assay kit (Thermo Fisher
Scientific) followed by their separation using
SDS-PAGE. Fifteen micrograms of proteins
from each sample were separated on 10% poly-
acrylamide gels. Gels were fixed for 30 min in
a solution containing 50% ethanol and 10%
glacial acetic acid, washed twice with deionized
water and protein bands were visualized by
staining with colloidal Coomassie brilliant blue
(R-250). The protein gel lane, containing the
same amount of protein from both planktonic
and biofilm was cut into three gel fractions
(based on the abundance or occurrence of
unique bands in the gel) and digested with
trypsin (Sequencing grade modified, Promega,
India). The gel slices were further minced into
smaller pieces and de-stained at room
temperature using 50 mM ammonium
bicarbonate solution in 50% acetonitrile for 30
min followed by dehydration in 100% ACN for
5 min. After de-staining, each fraction was
subjected to in-gel reduction, alkylation, and
trypsin digestion. For trypsin digestion, protein
samples were reduced using 10 mM DTT in
50 mM ammonium bicarbonate for 1 h at 60°C
and alkylated for 30 min at room temperature
in dark with 55 mM Iodo-acetamide in 50 mM
ammonium bicarbonate. ACN was removed
and gel pieces were allowed to air dry for 5-10
min. Ten µl of trypsin solution (0.2 µg/µl) was
added in tubes which contained gel pieces in
dry state. Tubes were placed on ice for 10 min
to swell and absorb the trypsin solution. Gel
fractions were washed and dehydrated using
100 µl of ACN, overnight at 30oC at 50 rpm
shaking. After overnight incubation, 10 µl of
extraction solution (1% formic acid) was added
and samples were incubated for 5 min and this
step was repeated once more for efficient
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peptide recovery. Samples were centrifuged
and collected supernatant was concentrated
in the speed-vac and sent to National Centre
for Plant Genomic Research (NIPGR), JNU
campus, New Delhi for the Liquid
Chromatography Mass Spectrometry (LC-MS)
quadru-pole time of flight mass spectrometry
(TOF-MS) (Eksigent Nano LC 400-TripleTOF®
6600 quadrupole time-of-flight (QTOF).
The MS/MS spectra were extracted and
searched in FASTA (C:/AB SCIEX/ProteinPilot
D a t a / S e a r c h D a t a b a s e s /
Streptococcagalactiace_NCBI.fasta) using
ProteinPilottm software (version 1.0, 5.0.2.0,
5346). The following parameters were used for
searching: trypsin as a digestion enzyme,
iodoacetic acid as cysteine alkylation, and
identification as sample type. Other
parameters, such as tryptic cleavage
specificity, precursor ion mass accuracy and
fragment ion mass accuracy were built-in
functions of ProteinPilottm software, and the
Paragon method was adopted. The raw peptide
identification results from the Paragon
Algorithm (version 5.0.2.0, 5174) were further
processed by the ProGroup Algorithm within
the ProteinPilottm software before the final
display. The following criteria were set to
consider a protein for further statistical
analysis: unused ProtScore 2 with at least two
peptides with 95% confidence per repetition;
mean, standard deviation, and p values to
estimate the statistical significance of the
protein changes calculated by ProGroup. The
candidate proteins were carefully examined in
the Protein ID of the ProteinPilottm software.
The relative expression of a peptide was
considered and observed by mass/charge ratio
(m/z). The analysis of protein was done by
UniprotKB beta and Clusters of Orthologous
Genes (COG) database.

RESULTS  AND  DISCUSSION

The SDS-PAGE analysis of GBS proteins
isolated from planktonic and biofilm stages
revealed considerable variations in their
expression. In biofilm samples, the expression
of several proteins was either reduced or
induced as compared to planktonic samples.
Moreover, at least four protein bands were
detected exclusively in biofilm samples (Fig.
1). These data demonstrated that under biofilm
conditions, GBS may use different cellular

reprogramming machinery for its growth and
survival.
To identify proteins exclusively expressed
during the biofilm stage, a comparative
proteomic analysis was conducted by applying
liquid chromatography-tandem mass
spectrometry (LC-MS/MS). This identified 396
proteins in planktonic GBS and 302 proteins
in biofilm conditions. A total of 204 proteins
were found to be commonly expressed in both
planktonic and biofilm conditions, whereas 98
and 192 proteins were exclusively expressed
during biofilm and planktonic conditions,
respectively (Fig. 2). Further in silico analysis,
these 98 proteins were carried out for their
annotations and role in biological systems
(Table 1). Out of 98 proteins expressed during
the biofilm conditions, interestigly, only 20
proteins have been studied so far for their role
in biofilm formation in other bacteria (Table
2). For instance, the expression of the LCP
family protein BrpA in biofilm samples was
observed. The BrpA has been shown to
contribute to biofilm phenotype in GBS as a
BrpA defective mutant exhibited increase in
chain length and biofilm defect (Patras et al,
2018). Similarly, DUF402 domain-containing

Fig. 1. Protein profiles of group B streptococcus grown
from planktonic (lane 2) and biofilm stages
(lane 3). A molecular marker with standard
molecular weight proteins is shown in the
left lane. Arrows indicate the proteins
expressed exclusively or abundantly during
biofilm stage.
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proteins was expressed in GBS during the
biofilm stage. The DUF402 family has been
identified in archaea including Thermococci and
Halobacteria as well  as Firmicutes and
Actinobacteria. In Entercoccus faecalis, DUF402
domain-containing protein (hypothetical
protein) was required for biofilm formation and
other phenotypes of diverse bacteria (Willett
et al, 2019). Other identified proteins were the
Trk system potassium transporter TrkA
(Binepal et al., 2016) and glycosyl-transferase
family 4 (Gtf4) protein (Rainey et al., 2019),
which have been characterized to play a role
during biofilm formation in other streptococcal
species. Hence, these studies support our data
and the occurrence of these proteins during
biofilm formation in GBS.
Next, the identified proteins were further
classified according to the sub-cellular
localization by UniProtKB. From the
localization screening data, maximum
proteins were located in the cytoplasm,
membrane and ribosome of the cells i.e.
presence in different locations/regions.
However, the sub-cellular localization of only
48 proteins (out of 98 from biofilm samples)
was available on UniProt. Thus, 33 were
cytoplasmic predicted proteins, 11 were cell
membrane and cell wall associated, and four
were located in ribosomes, while  the
remaining 50 were of unknown sub-cellular
localized (Fig. 3).
To determine the functions of identified
proteins, they were classified into functional
COG categories. Most of the prote in
differentially expressed in biofilm conditions
belonged to cellular metabolism and protein
synthesis while proteins associated with cell
cycle and DNA replication were not detected

in these samples. Out of the 98 different
proteins identified during the biofi lm
conditions, 23 proteins (23% of the total
proteins) were associated with translation,
ribosome structure and biogenesis. This was
followed by proteins belonging to the category
of unknown function (11%). Other categories
were the one related to cell wall/membrane/
biogenesis (9%), amino acid transport (8%),
signal transduction (7%), transcription (7%),
energy production and conversion (6% ),
carbohydrate transport and metabolism (5%).
Lower percentages were for the categories cell
cycle control and cell division (1% ),
intracellular trafficking, secretion and
vesicular transport (1%; Fig. 4).
These findings demonstrate that in biofilm
conditions, GBS does not proliferate as
compared to planktonic conditions. This study
demonstrated that GBS modifies its proteome
response differentially depending on the
lifestyle stage. As planktonic and biofilm
proteomic analyses are much scarcer in GBS,
therefore, in the present study, proteins were
identified which may play a role during biofilm
formation in GBS.
In conclusion, it is clear that biofilms have
different protein expression patterns that differ
from those of planktonic bacteria. However,
more studies are required to understand the
role of these proteins and their genetic
background in biofilm formation. The growing
knowledge of the bacterial features in biofilm
indicates that the growth on the substratum
involves significant modifications in gene
transcription, including the establishment of
new genetic traits.

FUTURE  DIRECTIONS

In the current study, differential proteomic
profile was performed of a GBS isolate cultured
under biofilm and planktonic conditions. The
overall aim of this study was to identify some
protein(s) of unknown function and target them
as anti-biofilm with therapeutic purposes. The
current work reveals the expression of 98
proteins in the biofilm stage in GBS. However,
only 20 proteins are known to involve in biofilm
and pathogenesis in bacteria other than GBS,
while the role of 78 proteins is yet to be
identified. Future research on these 78
proteins may help scientists to understand the
GBS pathogenesis at molecular levels and

Fig. 2. Venn plot illustrating protein identification
overlaps between planktonic and biofilm.
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could open avenues to design new drugs to
inhibit biofilm formation. If so, it would ease
the GBS disease burden worldwide.
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Fig. 3. Gene ontology (GO) annotation of identified
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Fig. 4. COG functional annotation analysis based
on molecular function.

REFERENCES

Akova, M. (2016). Epidemiology of antimicrobial
resistance in bloodstream infections.
Virulence 7: 252-266.

Binepal, G., Gill, K., Crowley, P., Cordova, M.,
Brady, L. J., Senadheera, D. B. and
Cvitkovitch, D. G. (2016). Trk2 potassium
transport system in Streptococcus mutans
and its role in potassium homeostasis,
biofilm formation, and stress tolerance. J.
Bacteriol. 198: 1087-1100.

Kaminska, D., Ratajczak, M., Szumala-Kakol, A.,
Dlugaszewska, J., Nowak-Malczewska, D.
M. and Gajecka, M. (2020). Increasing
resistance and changes in distribution of
serotypes of Streptococcus agalactiae in
Poland. Pathogens 9: 526. doi: 10.3390/
pathogens9070526.

Patras, K. A., Derieux, J., Al-Bassam, M. M.,
Adiletta, N., Vrbanac, A., Lapek, J. D.,
Zengler, K., Gonzalez, D. J. and Nizet, V.
(2018). Group B streptococcus biofilm
regulatory prote in A contributes to
bacterial physiology and innate immune
resistance. J. Infect. Dis. 218: 1641-1652.

Raabe, V. N. and Shane, A. L. (2019). Group B
streptococcus (Streptococcus agalactiae).
Microbiol. Spectr. 7. https://doi: 10.1128/
microbiolspec.GPP3-0007-2018.

Rainey, K., Michalek, S. M., Wen, Z. T. and Wu, H.
(2019). Glycosyltransferase-mediated
biofilm matrix dynamics and virulence of
Streptococcus mutans. Appl. Environ.
Microbiol. 85. https://doi.org/10.1128/
AEM.02247-18.

Shabayek, S. and Spellerberg, B. (2018). Group B
streptococcal colonization, molecular
characteristics and epidemiology. Front.
Microbiol. 9: 01-14.

Sharma, D., Misba, L. and Khan, A. U. (2019).
Antibiotics versus biofilm: An emerging
battle ground in microbial communities.
Antimicrob. Resist. Infect. Control. 8: 01-10.

Willett, J. L., Ji, M. M. and Dunny, G. M. (2019).
Exploiting biofilm phenotypes for functional
characterization of hypothetical genes in
Enterococcus faecalis. npj Biofilms.
Microbiomes 5: 23. https://doi.org/10.1038/
s41522-019-0099-0.

Yadav, P., Verma, S., Bauer, R., Kumari, M., Dua,
M., Johri, A. K., Yadav, V. and Spellerberg,
B. (2020). Deciphering Streptococcal
biofilms. Microorganisms 8: 01-31.

336 Verma, Kumari, Yadav and Yadav


