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Abstract

and abiotic surfaces and are usually associated with high rates of mortality and morbidity in patients in hospital settings. 
Nosocomial infections are the major cause of infections seen worldwide. Bacterial Urinary Tract Infections (UTIs) represent 

Staphylococcus species and Proteus mirabilis constitutes 10%-15% UTIs primarily by the quorum-sensing dependent 

from green algae Chlamydomonas reinhardtii
biochemical and structural analysis. Minimum Inhibitory Concentration (MIC50) of Cr-SPs against S. saprophyticus and 
P. mirabilis

in S. saprophyticus and P. mirabilis. Cr-SPs altered the hydrophobic nature of these bacterial cells by ~2-fold as compared 
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Introduction

Nosocomial infections (NIs) present a widespread problem in today’s healthcare environment, with between 4% and 10% of 
hospitalized patients acquiring an infection annually [1]. Nosocomial pneumonias—the leading cause of death in many intensive 

Various harmful bacteria such as Staphylococcus aureus, Klebsiella pneumoniae, Proteus mirabilis, Staphylococcus saprophyticus, 
Serratia marcescens, Escherichia coli etc cause most frequent types of hospital-acquired infection such as pneumonia, surgical site 
infection (SSIs), urinary tract infection (UTIs), and bloodstream infection (BSIs).

Urinary tract infections (UTIs) 
much more frequent in females than in males [2]. Several pathogens including Escherichia coli, Proteus mirabilis, Pseudomonas 
aeruginosa and Serratia marcescens 
organisms, including the Gram-positive bacteria Staphylococcus saprophyticus, Enterococcus faecalis, and other less frequently isolated 

to a surface or may remain unattached to any surface and are embedded in a self-producing protective matrix made of Extracellular 

density, the process known as quorum sensing (QS). QS system regulates the expression of several genes responsible for motility, 

microbiology. 

Marine ecosystem produces a very rich source of novel compounds with a broad range of pharmaceutical activity. Microalgae are 
known to produce wide range of diverse secondary metabolites which include alkaloids, polyphenols, terpenes, carbonyls, sulfated 
polysaccharides, phlorotannins, stilbenes etc that can be developed as alternative antimicrobials agents [10]. Sulfated polysaccharides 

applications in food, fuel, biotechnological, pharmaceutical and cosmeceutical industries [11-17]. Till now, the antimicrobial 

P. mirabilis and S. saprophyticus were selected as these are opportunistic bacteria that can 
cause UTIs, kidney failure, bacteremia, blood and joint infections, skin infections, endocarditis, peritonitis, meningitis and other 

to the developments of new generation of natural products which can be used for targeting UTIs causing superbugs.
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Materials and Methods

Bacterial strains and Chlamydomonas reinhardtii growth and maintenance

S .saprophyticus (MTCC 6155) and P .mirabilis (MTCC 425) cultures were obtained from MTCC Chandigarh. Microorganisms were 
maintained on Growth Medium-3 media (GM-3) with 2 % Agar. For experimental purposes, bacterial cultures were sub-cultured in 

Chlamydomonas reinhardtii (Cr) was procured from “Chlamydomonas 

experimental purposes, colonies are inoculated in liquid media and kept in shaker conditions at a continuous illumination of 300 
−2 s−1 as indicated in Sirisha et al. [21]. 

et al

motor and pestle and incubated in 80 o

stored at -20 o

Magnetic Resonance (NMR) analysis as described in Choudhary et al. [22] and Panigrahi et al. [23].

Determining Minimum inhibitory concentration (MIC) of Cr-SPs against S. saprophyticus and P. mirabilis

MIC is determined by subjecting 24 h old cultures to varying concentrations of Cr-SPs ranging from 0.5-8 mg/mL in 96 well plates. 

determine the viable cells post Cr-SPs treatment. Cells which are not treated with SPs are considered as controls were maintained. 
results were analysed by plotting the concentration of Cr-SPs on X-axis with percent inhibition of bacterial growth on Y-axis [24].

Testing the Minimum bactericidal concentration (MBC) 

h of treatment, extract was removed, cells were washed with distilled water and fresh medium was added and allowed them to grow 

controls were run simultaneously in the plates [24].

Time-kill assay 

For this assay 1010 

oC with orbital 
shaking at 120 rpm. Absorbance at 595 nm was recorded every half hour from 0 h till 48 h [25].

Colony forming Units (CFU) assay 

8 

ranging from ½ MIC-8 MIC. Plates were incubated at 37 C with orbital shaking at 120 rpm for 24 h. 
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suspension were spread on GM-3 agar plates and incubated at 37 oC for 24 h and colonies were counted [26].

 

oC for 24 h, the contents of the well was aspired, rinsed with distilled water (DW), and kept for drying at room temperature (RT) for 

of 100 % ethanol was added and O.D were obtained by spectrophotometer at 595 nm [27].

Cell Surface Hydrophobicity (CSH)

CSH was assessed using Bacterial adherence to hydrocarbons (BATH) assay. Overnight grown culture is taken and re-inoculated 

Concentration (MIC) and Minimum Inhibitory Concentration (D-MIC) of Cr-SPs and incubated for 24 h at 37 o

cell density is recorded spectrophotometrically at 600 nm. Further to the suspension equal amounts of toluene was added and is 

determination of CSH [28].

media was added with 15 mM H2O2

C 

obtained using spectrophotometer at 595 nm [29].

oC. Further it was treated with MIC and D-MIC 
of Cr-SPs for 24 h at 37 oC, 120 rpm and proper controls were maintained. Further the suspension was treated with a mixture of 10 
% TCA and equal volume of acetone and incubated at 4 oC overnight. Post-incubation, the mixture was centrifuged at 10000 rpm at 
25 o

 

bacterial cultures were treated with 15 mM H2O2
o

oC for 1 h and treated with 1 

Tris–HCl (pH 8). eDNA was extracted with an equal volume of phenol/chloroform/isoamyl alcohol (25:24:1) and with chloroform/
isoamyl alcohol (24:1). Further ice-cold 100% ethanol and 1/10th volume of 3 M Sodium Acetate (pH 5.2) was mixed with the 
aqueous phase in each sample and stored at −20 oC overnight. eDNA was collected by centrifugation at 18,000 X g for 20 min at 4 

by the absorbance ratio A 260/A280.
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Bacterial Swimming and swarming motility inhibition assay 

Approximately 106 CFU/mL of culture was treated with MIC and D-MIC Cr-SPs and incubated at 37 oC for 24 h while maintaining 

assess swimming ability [32]. For analysis of swarming motility 0.5 % GM3 agar plates were used.  for 24 

Protease enzyme inhibition assay 

o

mixture is centrifuged at 5000 rpm for 5 min and 1mL of supernatant is treated with 5 mL of 0.4 M sodium carbonate and 1 mL Folin’s 
reagent and incubated at 40 o

Urease enzyme inhibition assay 

Cr-SPs treated bacterial cells were centrifuged at 5000 rpm for 5min at 25 oC and the supernatant was used for the assessment of 
oC and 

2O2 from overnight grown 

[36].

Statistical Analysis

Results

Extraction and biochemical characterization of Cr-SPs

is structurally characterized by FTIR analysis which showed side chains characteristic of sulphated polysaccharides [3] and the 

enriched with sulphated polysaccharides.

MIC and MBC

50
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P. mirabilis and S. saprophyticus respectively. A complete 100 % bacterial inhibition was observed at 8 mg/mL. 
In case of MBC activity, at 1.6 mg/mL and 1.45 mg/mL of Cr-SPs, there was 50 % bactericidal activity was observed in P. mirabilis and 
S. saprophyticus respectively. Cr-SPs showed complete bacterial growth inhibition at 4 mg/mL and 8 mg/mL in both the organisms. 

Time-kill and CFU assays

decline in the growth curve directly proportional to increasing concentration of Cr-SPs (Figures  1a and 1b). 

CFU results indicate that Cr-SPs inhibited the clonal propagation in both P. mirabilis and S. saprophyticus. It is seen that at concen-
tration beyond 1 mg/mL and 0.5 mg/mL more than 50 % reduction in bacterial colonies were seen in P. mirabilis and S. saprophyticus 
respectively (Figure  1c and 1d). No colonies were seen at 4 and 8 mg/mL Cr-SPs, depicting the inability of bacterial clonal propaga-
tion and survival (Figure  e1-e6; f1-f6).

P. mirabilis and S. saprophyticus

Figure 1: Cr-SPs potential to inhibit bacterial growth inhibition over time in (a) P. mirabilis and (b) S. saprophyticus (blue) 0 mg/ml, (or-
ange)  0.5 mg/ml, (grey) 1 mg/ml, (yellow)  2 mg/ml, (green)  4 mg/ml, (light blue) 8 mg/ml.  Colony forming unit assay in (c) P. mirabilis 
and (d) S. saprophyticus P. mirabilis. S. sap-
rophyticus. Data are the means of three independent experiments ± SE



Annex Publishers | www.annexpublishers.com                    

 7           Journal of Biochemistry and Biophysics

 
                           Volume 3 | Issue 1

Figure 2: Cr-SPs ability to P. mirabilis and (c) S. saprophyticus. Cell surface hydrophobicity assay 
in (b) P. mirabilis and (d) S. saprophyticus. Data are the means of three independent experiments ± SE

P. mirabilis and S. saprophyticus 
P. mirabilis S. 

saprophyticus
3a and 3d).

reduction from control in both these organisms. At 2MIC almost 15-fold and 13-fold reduction in total EPS content was seen in case 
P. mirabilis and S. saprophyticus respectively (Figure 3b and 3e).

P. mirabilis the eDNA reduced from 2.6 mg DNA/relative mass in control to 0.03 mg DNA/relative mass at 8 mg/
mL. While, in case of S. saprophyticus the eDNA drastically reduced from 1.6 mg at control to 0.02 mg DNA/relative mass at 8 mg/

 

% in P. mirabilis and S. saprophyticus respectively (Figure 2b and 2d). 
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Figure 3: P. mirabilis and (d) S. saprophyticus 
polymeric substance (EPS) in (b) P. mirabilis and (e) S. saprophyticus

P. mirabilis and (f) S. saprophyticus; Data are the means of three independent 
experiments ± SE

Potential of Cr-SPs in attenuating the QS-pathway induced virulence factors: 

systems and establish disease pathogenesis. It was observed that Cr-SPs (MIC and D-MIC) treated P. mirabilis cells showed ~59.51 
% and ~56.21 % protease activity in comparison to 100 % in control (Fig. 4a). While, in case of S. saprophyticus cells ~67.63 % and 
49.87 % protease activity at MIC and 2 MIC Cr-SPs was observed (Figure 4c). 

as compared to 100 % in controls for P. mirabilis and S. saprophyticus respectively (Figure 4b and 4d).

P. mirabilis cells treated with MIC and 
D-MIC of Cr-SPs showed reduced swimming and swarming ability as compared to the controls indicating the potential of Cr-SPs in 
curbing the bacterial infection (Figure 4e1-e3; 4f1-f3).
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SEM analysis

observed in case of both P. mirabilis and S. saprophyticus. SEM analysis also helped to discover that there is morphological change 
that occurs in the bacterial cells upon Cr-SPs treatment (Figure 5).

Figure 4: QS-induced virulence factors. Protease activity assessment in (a) P. mirabilis and (c) S. saprophyticus 
SPs treatment. Urease activity analysis in (b) P. mirabilis and (d) S. saprophyticus
motility and (f1-f3) swarming motility of P. mirabilis. Data are the means of three independent experiments ± SE
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Discussion

higher incidences [37]. About 80 % of UTIs in humans is caused by various bacteria like E. coli, Enterococcus spp., Proteus mirabilis, 
Pseudomonas aeruginosa, Klebsiella pneumoniae, Staphylococcus saprophyticus and Enterobacter spp. [37,38]. If these bacterial 

organized structure caused by aggregation of micro-organisms within a self-produced matrix of extracellular polymeric substance. 

S. saprophyticus and P. mirabilis 50 of Cr-SPs was found to be as 
low as 760 µg/mL for S. saprophyticus and 850 µg/mL for P. mirabilis. Cr-SPs also acts as bactericidal agent with 50 % death at 1.6 mg/
mL and 1.45 mg/mL in case of P. mirabilis and S. saprophyticus respectively. Time-dependent growth inhibition was observed when 
the cells were treated with increasing Cr-SPs concentration in range of 0.5-8 mg/mL. Reduction in clonal propagation was observed 
which was directly proportional to increasing concentration of Cr-SPs (Figure 1). Earlier reports also showed the antimicrobial 

Figure 5: Scanning electron micrographs of untreated (a) P. mirabilis and (c) S. saprophyticus, and Cr-SPs (MIC)-treated (b) P. 
mirabilis and (d) S. saprophyticus
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potential of various marine algal SPs like fucoidan from brown algae, carrageenan from red algae laminarin from brown algae against 
wide range of bacteria like Pseudomonas aeruginosa, Klebsiella pneumoniae, Vibrio cholera, E. coli, Bacillus species etc. [40-42]. It 
has been hypothesised that the ability of SPs to inhibit the growth of bacteria is by their ability to permeabilise the bacterial cell 
membranes forming pores, which causes leakage of intracellular components leading to bacterial death [41]. 

S. saprophyticus and P. mirabilis. 0.5 mg/ml of Cr-

(Figure 3) indicating its potential for both infection prevention and treatment. Furthermore reduction in CSH and EPS content 

Streptococcus mutans and Streptococcus sobrinus [41]. Chmit 
et al. [46] also showed that polysaccharides extracted from Laurus nobilis Staphylococcus 
epidermis, S. aureus, P. aeruginosa, Enterococcus faecalis etc. Interestingly, in the current study it was observed that with increased 

in S. aureus and P. aeruginosa
upon DNAse treatment [54]. 

Quorum sensing (QS) phenomenon is a mechanism that allows pathogenic bacteria to coordinate virulence factors expression for 

induced virulence factors like protease and urease is an important strategy to prevent disease progression [55]. Urease activity is 
known to cause stone formation and apatites in urinary bladder [56]. Similarly, Protease positive bacteria help to evade host defence 
mechanism by degrading immunoglobulins thereby initiate infection in the host tissue [57]. Interestingly, in the current study the 

S. saprophyticus and P. mirabilis
results were in line with previous reports which showed that various plant secondary metabolites like allicin, curcumin, vanillic acid, 
phytol, Fluoroquinoles, linoleic acid etc reduced urease and protease activities in Proteus mirabilis, Serratia marcescens, Pseudomonas 
aeruginosa, Bacillus subtilis etc [58-61]. Our results clearly indicate the potential of Cr-SPs to attenuate quorum sensing pathway 
thereby helping in controlling the pathogenicity of these UTI bacteria.

Conclusion

combating UTIs (Figure 6).
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Figure 6:
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