
Citation: Shinde P, Jaiswal S, Tale V. Temporal Profiling of Extracellular Polymeric Substances Associated with Biofilm Formation 
in Bacteria Isolated from Wound Infection. J Pure Appl Microbiol. 2025;19(2):1174-1186. doi: 10.22207/JPAM.19.2.21

© The Author(s) 2025. Open Access. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License which 
permits unrestricted use, sharing, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons license, and indicate if changes were made. 

Shinde et al | Article 10271
J Pure Appl Microbiol. 2025;19(2):1174-1186. doi: 10.22207/JPAM.19.2.21
Received: 27 January 2025 | Accepted: 21 March 2025
Published Online: 21 May 2025

RESEARCH ARTICLE OPEN ACCESS

  www.microbiologyjournal.org1174Journal of Pure and Applied Microbiology

P-ISSN: 0973-7510; E-ISSN: 2581-690X

*Correspondence: vidya.tale@bharatividyapeeth.edu

Temporal Profiling of Extracellular Polymeric 
Substances Associated with Biofilm Formation in 
Bacteria Isolated from Wound Infection

Prabhavati Shinde, Shraddha Jaiswal and Vidya Tale*

Department of Microbial Biotechnology, Rajiv Gandhi Institute of IT and Biotechnology, 
Bharati Vidyapeeth Deemed To be University, Pune, Maharashtra, India.

Abstract 

Chronic wounds pose a substantial challenge to the global healthcare system. Despite the development 
of diverse treatments targeting various aspects of wound healing, the formidable obstacle of 
polymicrobial biofilm consortia persists. The biofilm matrix comprises EPS (Extracellular Polymeric 
Substances), mainly contains proteins, carbohydrates and eDNA (Extracellular DNA). It offers numerous 
advantages to microorganisms within the biofilm. The objective of this study was to evaluate the ability 
of bacteria isolated from wound infections to form biofilm using various methods and to analyze the 
composition of their EPS within the biofilm. Bacteria were isolated from wound swabs and identification 
was done by MALDI-TOF MS. Biofilm production was determined with the Congo red agar (CRA), 
crystal violet staining and microtiter plate methods. The genes involved in biofilm formation such 
as icaA and clfA, were detected through PCR analysis. EPS components were measured at different 
incubation times, with carbohydrates quantified by phenol-sulfuric acid method, proteins determined 
by the Lowry method, and eDNA analyzed through agarose gel electrophoresis. All bacteria showed 
the ability of biofilm formation and were distinguished as strong, moderate or weak biofilm makers. 
In the EPS, carbohydrate content increased after 72 hours of incubation, protein content was highest 
after 48 hours, and eDNA levels were highest after 72 hours of incubation. This study highlighted that  
biofilm-forming bacteria express various molecules in their EPS at different time intervals and hold 
promise for advancing our understanding of structural changes of biofilm and architectural integrity 
and functionality of matrix components.
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INTRODUCTION

 Cuts, minor wounds and burns are 
unpreventable events of life. A wound typically 
involves skin breakage, tissue damage and may 
be of open or closed type. In closed wounds, 
unexposed damaged tissues get repaired without 
or with a lesser degree of interference that 
contamination brings. In open wounds, the 
broken protective body surface (skin or mucous 
membrane) allows the entry of foreign material to 
the tissue. Normally, the wound healing process 
involves four stages: hemostasis, inflammation, 
proliferation, and remodeling. All these phases 
must occur in a specific order and within 
appropriate timeframes for proper healing to 
take place.1 Fail to proceed through these normal 
process leads to chronic wounds.2

 The most common types of chronic wound 
include ulcers (e.g. venous, arterial, diabetic, 
pressure ulcers), infectious wounds, ischemic 
wounds, wounds from radiation poisoning etc.3 
Because of their inability to heal in expected 
time, chronic wounds become important health 
concern over the past decades. It is often painful 
and impairs the quality of affected individual. 
These conditions create financial burden on both 
the patients and healthcare systems.
 The processes of wound healing can be 
impacted by various factors such as medication, 
elderly age, obesity, certain medical conditions 
(diabetes, blood disorders, and respiratory 
diseases), poor nutrition and infections leading 
to chronic wounds.4 A significant factor in 
impaired healing process is the presence of 
polymicrobial communities, living collaboratively 
called biofilm.5 All chronic wounds typically 
contain microorganisms, which may be part of the 
patient's normal flora or commensal organisms. 
In chronic wound, pathogenic and commensal 
bacteria co-aggregate to produces biofilm 
and maintain chronic infection.6 The research 
has shown that most of the chronic wounds 
consist of diverse microbial flora composed of 
Gram-positive bacteria including Enterococcus 
spp., Staphylococcus aureus, Gram-negative 
bacteria such as Acinetobacter spp., Pseudomonas 
aeruginosa, as we as fungi like Aspergillus 
spp., Candida spp., are all among the common 
pathogens.7

 Development of biofilm in a wound is 
a very complex process and varies with species. 
However, the biofilm formation processes are 
having some common stages. The first stage 
involves attachment of free cells with the surfaces 
by using some physical interactions like Van der 
waal forces, steric interaction or electrostatic 
interactions or by bacterial appendages like pili, 
flagella.8 In the next stage, attached microbial cells 
start secreting matrix in the form of Extracellular 
Polymeric Substances (EPS) to make stable 
microbial mesh. EPS contain polysaccharides, 
proteins, eDNA which helps in microbial cell 
communication.9 In this stage, biofilm become 
multilayer forming a micro-colony of diverse 
microbial communities. Micro-colony enhances 
rate of molecules interchanges, circulation of 
metabolites along with elimination of waste 
byproducts. This is followed by maturation and 
cells in biofilms are adapted to the external 
changes. Lastly the biofilm start shredding and 
colonizing to the new surface.9 Biofilm causes 
complication by arresting healing process in 
inflammatory phase.5 Bacteria in biofilm are 
having various strategies to escape from host 
defense responses. They remain dormant and 
hidden in EPS matrix by adapting to the changing 
environment and nutritional conditions with 
changes in gene expression, protein synthesis and 
metabolism.10

 EPS is crucial for establishing and 
maintaining the biofilm structure.11 Polysaccharides 
help in the attachment encoded by ica operon 
(icaABCD).12 It also protect from external stresses 
like host immune defense, anoxic condition 
or antimicrobial compounds.13 eDNA enables 
horizontal gene transfer.14 Functional interaction 
between polysaccharides, proteins and eDNA 
contributes to the properties of biofilm.15 
 Both Gram-positive and Gram-negative 
bacteria contribute to biofilm development. 
In contrast  to their  planktonic culture, 
metabolic activity get differ at biofilm scale.16,17 
EPS components are responsible for various 
characteristics of biofilm.18 These components are 
inconsistent with both space and time. Different 
bacteria species shows different amount of EPS 
and the amount may changes with changes 
in internal and external factors.9 However, 
detailed information about the EPS components 
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of polymicrobial biofilm is not well revealed. 
The effect of EPS synthesis and degradation on 
physiochemical properties of biofilm, bacterial 
behavior within the biofilm is not well understood. 
In this study, the biofilm-forming capabilities 
of bacteria, along with their EPS production 
at different time intervals was assessed. This 
study aims to investigate the biomolecules 
synthesized by different bacterial species 
during biofilm formation. Our findings reveal 
considerable differences with the phenotype 
and metabolic compositions among planktonic 
and biofilm-forming bacteria, providing insights 
into the mechanisms behind bacterial biofilm 
production. This study of biofilm development 
and matrix components offers valuable insights 
into structural changes, architectural integrity, and 
the functionality of the biofilm matrix. A deeper 
understanding of its complex composition could 
lead to more effective strategies for managing 
biofilm-associated infections.

MATERIALS AND METHODS

Identification of bacteria from wound sample 
 Four clinical isolates were obtained 
from Bharati Hospital, Pune and identified using 
MALDI-TOF MS and MALDI Biotyper. Each culture 
was subcultured and maintained in nutrient agar 
media for further studies.

Biofilm Formation Assays 
Congo red agar (CRA) method
 Biofilm production was checked by 
inoculating bacterial isolates using CRA (Congo 
Red Agar) method. CRA media was prepared 
by supplementing BHI (Brain Heart Infusion) 
agar with Congo red (0.8 g/L). The plates were 
inoculated and incubated at 37 °C for 24 hours.19 
Strong biofilm production was indicated by the 
appearance of dark black colonies having rough 
and dry surfaces. Intermediate producers are 
indicated by black colored colonies having a 
smooth and shiny surface or red colored colonies 
with a dry and rough consistency. Whereas red 
colonies having smooth and shiny consistency 
indicate the absence of biofilm formation.20

Crystal violet staining method
 Staining with Crystal violet was used to 

assess the capacity of biofilm formation.20,21 Briefly, 
a loopful of overnight grown culture was added to 
3 ml of trypticase soya broth (TSB) in test tubes 
and incubation was done at 37 °C for 24 hours. 
After incubation, content was decanted and tubes 
were washed with phosphate buffered saline (PBS) 
pH 7. The tubes were allowed to air dry at room 
temperature and then stained with 4% crystal 
violet. After draining the tubes upside down, a 
noticeable film lining the bottom and walls of the 
test tubes indicated presence of biofilm formation. 
Intensity of crystal violet stain is recorded which 
corresponds to the amount of biofilm formation.

Microtiter plate (MTP) method
 The quantitative biofilm formation 
ability of all isolates were studied using 96 wells 
microtiter plate.22,23 Briefly, 5 ml of TSB containing 
test tubes were inoculated with 50 µL overnight 
grown culture. 200 µL of each bacterial culture 
was added to microtitre plate. The plates were 
incubated at 37 °C for 24 hours. Following the 
incubation, the media along with planktonic cells 
were poured out and adhered cells were cleaned 
by washing with 200 µL PBS. Plates were dried 
at room temperature. For biofilm fixation on the 
bottom of the well, 100 µL of 99% methanol was 
added in each well for 10 minutes. Methanol 
was discarded and allowed to dry. Then 150 µL 
of 0.1% aqueous solution of crystal violet was 
added to each well. The excess stain was rinsed 
off with PBS wash. The stain from the adhered 
cells was eluted by adding 150 µL of 30% acetic 
acid and measured the optical density at 570 nm. 
The experiment was conducted in triplicate and 
biofilm formation ability was calculated. For this, 
three standard deviations (SD) above the average 
of optical density (OD) of negative control were 
considered as ODc (optical density cut off). With 
this, bacteria were categorized as follows:
a. Non-biofilm producer: OD≤ODc
b. Weak biofilm producer: ODc<OD≤2×ODc 
c. Moderate biofilm producer: 2×ODc<OD≤ 

4×ODc 
d. Strong biofilm producer: 4×ODc<OD22,24

Screening of biofilm associated genes using PCR
 The presence of three biofilm-associated 
genes: icaA, icaA2 (intercellular adhesion gene) 
and clfA (clumping factor A) was examined using 
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PCR. Crude DNA from all isolates was extracted 
using simple rapid boing method with some minor 
modifications.25 A Single freshly grown colony was 
suspended in 2-3 ml of TSB followed by incubation 
at 37 °C for 2-3 hours with vigorous shaking. 
Bacterial pellet was collected and suspend in 200 
µL of TE buffer comprising 10 mM Tris-Cl pH 8.0 and 
1 mM EDTA and boiled for 15 minutes, followed 
by immediate cooling on ice for 15 minutes. After 
centrifugation at 14,000 rpm for 5 minutes at 
room temperature, 5 µL of the supernatant was 
used for PCR amplification. Primers for icaA, icaA2 
and clfA genes were designed based on previously 
published references.
 For icaA  fol lowing primers were 
u s e d  fo r  a m p l i f i c a t i o n :  5 ’ - C A G TATA A 
CAACATTCTATTGC-3’ as the forward primer 
and 5’-GAGAATTGATAAGAGTTCC-3’ as the 
reverse primer, which yield a PCR product 
of 132 bp.26 For icaA2 primers used were: 
5’-GAGGTAAAGCCAACGCACTC-3’ as the forward 
primer and 5’-CCTGTAACCGCACCAAGTTT-3’ as 
the reverse primer, yielding a PCR product of 
151 bp.27 For clfA gene following primers were 
used: 5’-CCGGATCCGTAGCTGCAGATGCACC-3’ 
as forward primer and 5’-GCTCTAGATCAC 
TCATCAGGTTGTTCAGG-3’ as reverse primer, giving 
a PCR product of 165 bp.28 The name of target 
genes, their primer sequences, product size and 
reference are shown in Table 1. The total volume 
of PCR reaction mixture was 25 µL containing 2 
µL of template DNA, 1.0 µL of primers (0.5 µL of 
each forward primer and reverse primer), 12.5 µL 
of master mix (EmeraldAmp® GT PCR Master mix) 
and 9.5 µL of distilled water. DNA amplification 
was performed using thermocycler with following 
condition: denaturation in the initial step at 94 °C 
for 1 minute followed by 30 cycles of amplification 

where denaturation at 94 °C for 30 seconds, 
afterward annealing at 48 °C for 30 seconds and 
succeeded by extension at 72 °C for 1 minute. 
Ending the reaction with final extension at 72 °C 
for 2 min. The electrophoresis was done using 
1.2% agarose gel containing ethidium bromide 
(0.5 µg/ml) and PCR results were seen under UV 
transilluminator.

Detection of Extracellular Polymeric Substances 
(EPS) 
Analysis of exopolysaccharide production
 Exopolysaccharide presence around 
the bacteria were identified by using Indian ink 
staining procedure.24 Overnight grown culture 
on CRA plate was wet mounted on slide and 
stained with Indian ink (10%) and examined under 
microscope. The transparent halo zone around the 
cell shows the presence of Exopolysaccharide.

Quantification of carbohydrate and protein 
 The bacterial isolates were inoculated in 
3 ml TSB and incubated at 37 °C overnight. 80 µL 
of culture was inoculated into a glass dish (100 
mm × 15 mm) with 20 ml fresh TSB medium and 
incubated for 24 hours, 48 hours and 72 hours 
at 37 °C. Following the incubation period, the 
supernatant was discarded to exclude floating 
cells. Sterile PBS (2-3 ml) was added to each 
plate. The biofilm was scraped and collected in 
sterile tubes and centrifuged at 12000 × g for 10 
minutes at 4 °C.29 The supernatant was used as EPS 
sample for carbohydrate and protein estimation. 
Carbohydrates were estimated by phenol-sulfuric 
acid method30 with D-glucose as standard. For 
proteins quantification, Lowry method was used 
with bovine serum albumin as standrad.31 Further 
proteins were also visualized by SDS PAGE. For this 

Table 1. Forward (F) and Reverse (R) primer sequences of genes used for PCR amplification

Gene  Sequence of primer  Product Ref.
  size in bp

icaA   F-CAGTATAACAACATTCTATTGC 132 26
 R-GAGAATTGATAAGAGTTCC    
icaA2 F-GAGGTAAAGCCAACGCACTC     151     27  
 R-CCTGTAACCGCACCAAGTTT  
clfA   F-CCGGATCCGTAGCTGCAGATGCACC 165 28
 R-GCTCTAGATCACTCATCAGGTTGTTCAGG
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purpose, proteins were first precipitated using 
50% (w/v) TCA (Trichloroacetic acid). One part of 
50% TCA was added to four parts of sample and 
then the mixture was kept at 4 °C for 10 minutes 
and centrifuged at for 14,000 rpm for 5 minutes. 
After two washes with 200 µL cold acetone, the 
pellet was air dried. Sample buffer consisting of 
SDS  10% (w/v), β-mercaptoethanol 10 mM (v/v), 
glycerol 20% (v/v), Tris HCl 0.2 M (w/v) pH 6.8, 
bromophenol blue 0.05% (w/v) was added to 
the pellet and boiled at 100 °C for 10 minutes. 
EPS sample was then loaded on 12% SDS PAGE 
gel.32 The gel was stained overnight with staining 
solution Commassie Brilliant Blue G-250 (2% (w/v) 
in 40% methanol (v/v) and 20% (v/v) acetic acid).

Table 2. Identification of bacterial isolates by 
comparison of the Bruker taxonomy database using 
Biotyper 3.1 software

Bacterial species identified   Score 

Staphylococcus aureus 
DSM 3463 2.169 
Staphylococcus haemolyticus 
10024 CHB  2.126 
Pseudomonas aeruginosa 
ATCC 27853 THL  1.912 
Klebsiella pneumoniae 
9295_1 CHB  1.961 

Figure 1. MALDI-TOF MS spectra of bacteria (A) Staphylococcus aureus (B) Staphylococcus hemolyticus (C) 
Pseudomonas aeruginosa and (D) Klebsiella pneumoniae
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Figure 2. (i) CRA plates showing slime (biofilm) production with (A) S. aureus, (B) S. hemolyticus, (C) P. aeruginosa 
and (D) K. pneumoniae. (ii) CRA plate showing 4 isolates (A, B, C, D)

Figure 3. Crystal violet stain method showing tube A  
(S. aureus) as a strong, tube B (S. hemolyticus) as 
weak, tube C (P. aeruginosa) as a moderate and tube D  
(K. pneumoniae) as a strong biofilm producer

Detection of eDNA 
 For eDNA analysis, EPS sample obtained 
from above procedure was used. 5 µL of EPS 
sample was mixed with sample buffer and run 
on 1.2% agarose gel. After electrophoresis, gel 
was visualised by staining with ethidium bromide 
under UV light.33

Statistical analysis 
 A data was represented as the mean of 
three sets. Differences were analysed by one way 
ANOVA (Analysis of Variance) using Microsoft 
Excel.

RESULTS 

Identification of bacteria by MALDI-TOF MS 
 The four bacter ia  isolated from 
wound sample were identified by MALDI-TOF  
(Figure 1 and Table 2) as: Staphylococcus aureus 
DSM 3463, Staphylococcus haemolyticus 10024 
CHB, Pseudomonas aeruginosa ATCC 27853 THL, 
and Klebsiella pneumoniae ssp. ozaenae 9295_1 
CHB

Biofilm formation assay
  Biofilm formation assay for four selected 
bacterial isolates was done by using four different 
methods. All methods show biofilm formation by 
all isolates.

Congo Red agar (CRA) method
 The biofilm formations by bacteria using 
CRA method are shown in Figure 2. Staphylococcus 

 (i)  (ii)
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aureus and Klebsiella pneumoniae spp. shows 
black colour colonies with dry surface indicating 
strong slime producers. Whereas Pseudomonas 
aeruginosa shows dark red colony indicating 

intermediate slime producer and Staphylococcus 
hemolyticus shows red colony with smooth 
consistency indicating negative result for slime 
production. 

Table 3. Comparison of biofilm formation ability of four isolates by four different methods

Biofilm formation Staphylococcus Staphylococcus Pseudomonas Klebsiella
assay aureus haemolyticus aeruginosa pneumoniae

CRA method Strong Weak Intermediate Moderate
Crystal violet staining method Strong Weak Moderate Strong
Microtiter plate method   Moderate Moderate Weak Strong
PCR for three genes + + + +

Figure 4. Microtiter plate method showing A (S. aureus) and B (S. hemolyticus) as moderate, C (P. aeruginosa)  
as weak and D (K. pneumoniae) as a strong biofilm producer

Figure 5. Graphical comparison of biofilm formation ability at 24, 48 and 72 h. X-axis shows bacterial isolates (A) 
S. aureus (B) S. hemolyticus (C) P. aeruginosa and (D) K. pneumoniae and Y-axis shows optical density at 570 nm. 
Error bar indicates Standard deviation
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Table 4. Comparison of Carbohydrate, protein and eDNA contents of all isolates at different time intervals. (+) 
shows presence and low amount, (++) shows moderate amount, (+++) shows higher amount, (-) shows absence 
of result

Isolates     Staphylococcus   Staphylococcus   Pseudomonas    Klebsiella 
   aureus   haemolyticus      aeruginosa         pneumoniae

Time interval               24 h 48 h 72 h 24 h 48 h 72 h 24 h 48 h 72 h 24 h 48 h 72 h
Carbohydrate  + ++ +++ + ++ +++ + ++ +++ + ++ +++
estimation                     
Protein estimation        + +++ ++ + +++ ++ ++ +++ + ++ +++ +
eDNA estimation         + - + - - + - - + + + +

Table 5. Comparison of different methods of biofilm detection used in previous studies

SN    Assessment Methods of biofilm formation   Comparative
     CRA method                     CV method             MTP method  studies
 Strong moderate weak Strong moderate weak Strong moderate weak
 
1 1 2 1 2 1 1 1 2 1 Present study                           
2 4 - - 23 40 52 - - - Yasmeen et al.20

3 13 14 13 - - - 21 11 8 Samah et al.24                          
4 51 - - 13 21 33 64 8 11 Harika et al.21              

Figure 6. Agarose gel electrophoresis of PCR products. Wells 1 to 4 with icaA gene, wells 5 to 8 with icaA2 gene, lower 
wells 1 to 4 with clfA gene for (A) S. aureus, (B) S. hemolyticus, (C) P. aeruginosa and (D) K. pneumoniae respectively

Crystal violet staining method
 Using crystal violet stain method (Figure 
3), S. aureus and K. pneumoniae shows biofilm 
attached to tube wall indicating strong biofilm 

producers. P. aeruginosa with moderate colour 
on tube wall indicate intermediate biofilm 
producer while less colour on tube wall indicates 
S. hemolyticus as weak biofilm producer.
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Microtiter plate method
 As shown in Figure 4, all isolates were 
biofilm producers. S. aureus and S. hemolyticus 
were moderate biofilm producers, P. aeruginosa 
was weak biofilm producer and K. pneumoniae 
was strong biofilm producer as per color intensity. 
Biofilm production also shows variation with 
incubation times (Figure 5).

Screening for biofilm formation genes by PCR
 PCR was performed for the presence 
of bioifilm formation genes in bacterial isolates. 
Figure 6 showing presence of all three studied 
genes i.e. icaA, icaA2 and clfA in all isolates.
 The comparison of biofilm formation 
ability of four clinical isolates was performed and 
tabulated in Table 3. S. aureus and K. pneumoniae 
observed to be strong biofilm producers by almost 

all four test methods. S. hemolyticus found to 
be weak to moderate biofilm producer while P. 
aeruginosa found to be moderate to intermediate 
biofilm producer.

Detection of EPS (Extracellular Polymeric 
Substances)
Analysis of Exopolysaccharide production
 All the four isolates shows appearance 
of transparent zone around the cell following 
Indian ink stain indicating the presence of capsule 
indicating the presence of exopolysacchride layer 
(Figure 7).

Quantification of carbohydrate and protein 
 Total carbohydrate content of EPS 
shows one common pattern for all isolates. 
Carbohydrate concentration was higher at 72 h 

Figure 7. Visualization of Exopolysaccharide as a white layer around the cell by Indian ink staining in all 4 isolates 
(A) S. aureus, (B) S. hemolyticus, (C) P. aeruginosa and (D) K. pneumoniae

Figure 8. Carbohydrate estimation in EPS matrix by phenol-sulfuric acid method. X-axis shows microbial isolates (A) 
S. aureus, (B) S. hemolyticus, (C) P. aeruginosa and (D) K. pneumoniae while Y-axis shows carbohydrate concentration 
in mg/ml. Error bar indicates Standard deviation
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biofilm growth for all isolates. Also among the 
four isolates K. pneumoniae shows higher amount 
of carbohydrate followed by P. aeroginosa. Both 
the species of Staphylococcus almost shows same 
amount at different time intervals (Figure 8).
 The protein content of EPS of all isolates 
shows variation at different time intervals. 
Commonly 48 h growth of all isolates shows 
maximum protein content. Then protein amount 
was decreased after 72 h incubation. Among all 
isolates P. aeroginosa was showing high amount 
of protein production followed by S. aureus, S. 
hemolyticus and K. pneumoniae (Figure 9).

Detection of eDNA
 As shown in Figure 10, eDNA was detected 
in all isolates. The band intensities varied among 
the isolates. eDNA was detected at 72 h incubation 
in all isolates. After 24 h and 48 h incubation time, 
S. hemolyticus and P. aeroginosa were not showing 
any band might be due to degradation by some 
extracellular nucleases.
 The comparison of EPS contents was done 
and tabulated in Table 4. Carbohydrate content 
was increases with incubation time whereas 
protein content was declined after 48 h. Presence 
of eDNA shows variation within bacteria isolates. 

Figure 9. Estimation of protein in EPS matrix by Lowry method. X-axis shows control along with different bacterial 
isolates (A) S. aureus, (B) S. hemolyticus, (C) P. aeruginosa and (D) K. pneumoniae while Y-axis shows protein 
concentration in mg/ml. Error bar indicates Standard deviation

Figure 10. Agarose gel electrophoresis indicating the presence of e DNA after 24 hrs (well 2-4), 48 hrs (well 5-8) 
and 72 hrs (well 9-12) of growth for microbial isolates (A) S. aureus, (B) S. hemolyticus, (C) P. aeruginosa and (D) 
K. pneumoniae
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DISCUSSION

 Chronic wounds become major challenge 
to the health care system. Bacterial biofilm is the 
major reason behind the chronicity of wound. 
Chronic wound may contains Gram-positive and 
Gram-negative bacteria.10 Studies have explored 
the strategies or mechanisms used by bacteria 
to form biofilm. They also discovered that these 
bacteria produces matrix called Extracellular 
Polymeric Substances (EPS) which protect them 
for host immunity and drug administered.11 These 
characteristics make biofilms as an intensively 
developing research area. The composition of 
EPS i.e. protein, carbohydrates and eDNA with 
content with may vary with time and surrounding 
conditions.15

 In present work, S. aureus, S. haemolyticus, 
P. aeruginosa and K. pneumoniae isolated from 
wound sample were investigated for their biofilm 
forming ability. Isolates were categorized into 
strong, moderate or weak biofilm producer. 
Comparative study was performed for the analysis 
of biofilm formation abilities of bacterial isolates 
(Table 2). CRA method showed that S. aureus was 
strong slime producer with black, dry colony. The 
interpretation of CRA method suggested that the 
presence of shiny or rough black colonies was 
considered to be positive for biofilm formation.24,21 
Tube method indicated strong biofilm formation 
with S. aureus and K. pneumoniae for 24 h 
incubation with varying color intensities. This 
result in accordance with the data reported by 
Darwish et al.24 K. pneumoniae indicted strong 
biofilm formation ability with microtiter plate 
assay. This result are in line with the reports of 
Prasantha et al.26 Comparison of different methods 
of biofilm assay used in previous studies is shown 
in Table 5. Our results are well correlated with 
these previous studies.
 The results of biofilm formation mentioned 
above were confirmed for the presence of biofilm 
formation genes in bacterial strains. Three biofilm 
associated genes were detected using simplex 
PCR method. Agarose gel electrophoresis of PCR 
product indicated the occurrence of icaA, icaA2 and 
clfA gene in all four bacterial isolates. The reported 
study showed that the icaA genes are necessary 
for intracellular adhesion. Moreover these genes 
are associated with slime production and clumping 

responsible for attachment or adhesion as one 
of the major step for biofilm production.12 In 
our study, S. aureus and K. pneumoniae showed 
strong biofilm producers whereas P. aeruginosa 
showed moderate biofilm producer followed by 
S. haemolyticus.
 Indian ink staining indicated the 
presence of Exopolysaccharide layer around 
the bacterial surface. Darwish et al. study has 
showed a halo zone around 108 isolates indicating 
Exopolysaccharide layer surrounded by cells.24 
Studies with biochemical methods showed various 
amount of EPS contents. Carbohydrate content 
of EPS showed increment with incubation time 
in all bacteria while protein content showed 
variation within the bacteria.15,34 A similar pattern 
of carbohydrate and protein accumulation was 
observed across all bacterial isolates. Statistical 
analysis indicated that the effect of time was 
statistically significant (p < 0.05). Previous 
studies by Dominique et al.35 and Kuschmierz 
et al.15 have reported variations in extracellular 
polymeric substance (EPS) composition in 
response to changes in growth conditions and 
media composition. Additionally, extracellular DNA 
(eDNA) was detected in all bacterial isolates after 
72 hours of incubation.
 This study outlined four distinct biofilm 
assay methods and primarily focused on the 
detection of key EPS components, including 
carbohydrates, proteins, and eDNA. Further 
investigation is required to analyze biofilm 
structure using microscopy while assessing 
variations in carbon sources and growth conditions.

CONCLUSION

 Polymicrobial biofilms pose a significant 
challenge to the treatment of wound infections, 
making their early detection crucial. The findings 
of this study indicate that bacteria isolated 
from wound samples exhibited varying degrees 
of biofilm formation, as assessed by different 
detection methods, with a diverse composition of 
macromolecules in their extracellular polymeric 
substances (EPS). These results highlight the 
dynamic changes in EPS composition during the 
transition from the planktonic to biofilm stage. 
Early biofilm detection can serve as a valuable tool 
in guiding treatment strategies. Further research 
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and experimentation are necessary to elucidate 
the biofilm formation process and investigate the 
specific molecular interactions within the biofilm 
matrix that contribute to its structural stability 
under different environmental conditions.
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