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ABSTRACT

Pathogenic bacteria pose significant concerns to human and animal welfare. They are principal
cause of health and fiscal difficulties across the globe causing severe threats in fields of food
processing & packaging, water supply & purification, healthcare and biomedical devices. Food
and water borne bacterial infections are responsible for 4.2 million deaths annually. Timely
detection and monitoring of food and water samples followed by mitigation of microorganisms
is a mandatory step in order to prevent outbreak of food & water borne diseases and food recall.
The current work is devoted towards the development of polymeric systems for early detection

and mitigation of food and water borne pathogenic bacteria.

The principle of immunomagnetic separation and antigen-antibody reaction have been
employed for the synthesis of magnetic polymeric nanoconstructs (MPNC) to achieve swift
and sensitive detection of S.typhimurium. The nanoconstructs were synthesized in three stages.
At stage 1, magnetic nanoparticles (MNP) were synthesized by coprecipitation method. The
next stage involved capping of MNP with sodium oleate (NaOA) and PEGylation to impart
aqueous stability. In final stage, MNP were embedded in core of polymeric nanoparticles to
generate core-shell nanoconstructs. Shell of MPNC was synthesized by in-sifu emulsion
polymerization of styrene (STY), methyl methacrylate (MMA) and methacrylic acid (MAA).
Three variants of MPNC (7, 10 and 13% w/w of PEGylated) were synthesized. The core-shell
morphology of nanoconstructs was confirmed by SEM and TEM. Carboxyl modified
nanoconstructs were used for covalent immobilization of antibodies against Sa/monella
common structural antigen (CSA-a-Ab) and for selective capture of target bacteria.
Quantification of competent pathogen was carried out by sandwich immunocomplex assay
(ELISA) at 450 nm. Limit of detection (LOD) was found to be 8 CFU mL!. Analytical

performance in terms of specificity and selectivity was evaluated in spiked solid and liquid



food samples. The developed novel nanoconstructs showed good recovery (70-109%), thus

exhibiting potential for highly selective detection of real samples without any pre-enrichment.

In another approach, SERS based immunosensor was developed for detection of S.typhimurium
using functionalized polymeric magnetic nanoparticles (FPMNPs). FPMNPs were synthesized
by in-situ emulsion polymerization of styrene (STY), methyl methacrylate (MMA) and
acetoacetoxyethyl methacrylate (AAEM) and used as effective capture probe and
immunomagnetic separator for detection of S. #yphimurium. The synthesized probe contained
surface diketonic functionalities which was covalently linked with amino groups of antibodies
against Salmonella common structural antigen (CSA-a-Ab) to specifically capture the target
bacteria. Magnetic core of nanoparticles facilitated easy separation of target bacteria from the
milieu of non-specific molecules. Gold nanoparticles (GNPs) modified with CSA-a-Ab and
external Raman reporter molecules (RRM) were used as signal probes. The signaling attributes
of 4-mercapto benzoic acid (MBA) and 5,5'-dithiobis(succinimidyl-2-nitrobenzoate) (DSNB)
as RRMs were compared. Capture and signal probes sandwich the target bacteria upon its
addition, generating Raman signal. Under optimal conditions, the SERS intensities of MBA
and DSNB at 1588 and 1336 cm ™! respectively were used to measure the concentration of the
pathogen in the range of 10'-107 cells mL!. Limit of detection (LOD) of MBA and DSNB
based immunosensor was found as 100 cells mL™! and 10 cells mL™! respectively. Moreover,
appreciable recovery (82—114%) was recorded for sensing method for different spiked food
products. Thus, the developed magnetically assisted SERS immunosensor was sensitive,
specific and have strong potential to be used for detecting contamination in food samples in

field conditions.

The detection of pathogenic bacteria is incomplete without incorporating mitigation

methodologies to prevent morbidity and mortality caused by consumption of contaminated



food and water. Water insoluble linear and cross-linked acrylic copolymers were synthesized
for water disinfection. The copolymers were doped with iodine to impart antimicrobial
properties. STY, MMA and N-vinyl-2-pyrrolidone (NVP) based linear copolymers were
synthesized by free radical bulk polymerization. Two copolymers with NVP content 9 and 18%
were synthesized. Systematic characterization of iodinated and non-iodinated terpolymer was
done using series of advanced techniques including FTIR, NMR, SEM and EDX. Thermal
stability of the synthesized copolymers was studied using DSC. A decrease in Ty of the
copolymers was observed after iodination. Sustained release of ionic iodine was observed
between 1.7-1.97 ppm and 3.06-3.29 ppm for copolymer with NVP content of 9 and 18%
respectively upto 30 days. The iodinated copolymers showed decrease swelling in comparison
to non-iodinated copolymers. The copolymer with 9% NVP showed 12 mm zone of inhibition
(ZOI1) for both E.coli and S.aureus, while copolymer with 18 % NVP showed 17 mm ZOI
against E.coli and 21 mm against S.aureus, respectively. Minimum Inhibitory Concentration
(MIC) of the copolymers were conducted for a concentration of 5 mg mL!, 10 mg mL"! and
20 mg mL!. Complete killing of pathogens was observed after an exposure time of 5 mins for

all polymeric concentrations of both the copolymers.

In another approach, cross-liked iodine doped copolymers poly(ethylene glycol diacrylate-N-
vinyl-2-pyrrolidone) and poly(tripropylene glycol diacrylate-N-vinyl-2-pyrrolidone) were
synthesized by free radical bulk polymerization. Synthesized copolymers possessed good
ability to form complex with elemental iodine as observed from SEM and EDX. The effect of
iodine on thermal stability of polymeric complex was studied by DSC and TGA. A reduction
in T; was witnessed for both the iodinated copolymers. Also, drastic reduction in initial
degradation temperature (IDT) and final degradation temperature (FDT) of the iodinated
copolymers was seen. The amount of elemental iodine released in water was measured using

ion selective electrode for 30 days. Poly(PEGDA-NVP)-I, and poly(TPGDA-NVP)-I; showed

Vi



sustained release at 1.9-2.3 ppm and 0.82-1.09 ppm respectively upto 30 days. Poly(PEGDA-
NVP)-I, showed ZOI of 24 mm against E.coli and 24 mm against S.aureus, while
poly(TPGDA-NVP)-I; showed ZOI of 15 mm against E.coli and 24 mm against S.aureus.
Complete killing of bacteria was observed after an exposure time of 5 mins for all polymeric

concentrations (5 mg mL™!, 10 mg mL! and 20 mg mL") for both the iodinated copolymers.

Biodegradable antimicrobial films were prepared from polyhydroxybutyrate-co-valerate
(PHB-VA) using solvent evaporation method. Triclosan (TCS) has been blended in PHB-VA
to impart antimicrobial activity. The successful inclusion of TCS in blend films was confirmed
by FTIR, XRD, NMR, SEM and EDX. Significant decrease in Ty of all the blend films upon
incorporation of TCS was observed. An improvement in flexibility and stretchability was
observed in PHB-VA/TCS blend films. Sustained drug release (0.1-1.4 mg mL™") was observed
in all the polymeric blend films for a period of 50 days. The polymeric blend films showed
prominent ZOI against gram-positive and gram-negative bacteria (E.coli= 20-26 mm,
S.aureus= 33-41 mm, B. cereus= 12-23 mm and P. aeruginosa= 11-18 mm) and also retained
antimicrobial properties even after one year of storage. In another approach, TCS was blended
with polylactic acid (PLA) to obtain transparent biodegradable antimicrobial films. The blend
films were characterized by FTIR, XRD, NMR, SEM and EDX. Tg, crystallisation and melting
temperature of PLA decreased with the increase in concentration of TCS. The mechanical
properties of blend films were evaluated and it was concluded that incorporation of TCS cause
decrease in tensile strength and increase in elasticity. PLA/TCS blend films showed sustained
drug release in the range 0.1-0.8 mg mL! upto 50 days. The blend films showed prominent
Z0OI (E.coli=15-22 mm, S.aureus=19-25 mm, B. cereus=10-16 mm and P. aeruginosa=10-12

mm) and also retained antimicrobial properties after one year of storage.
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