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ABSTRACT 

Immunodiagnostic methods have long been used in the diagnosis of various diseases. 

Among these, the solid phase - heterogeneous - immunoassays have become one of the 

most powerful tools for the laboratory diagnosis of infectious diseases, autoimmune 

disorders, immune allergies and neoplastic diseases. Polymers, because of their versatile 

properties, form an important group of materials that are used as solid support in 

immunoassays. Physical adsorption of biomolecules onto the polymers has been the 

normal coupling method in immunoassays, because of the simplicity and cost 

effectiveness. Passive physical adsorption however results in non-specific binding and 

desorption of biomolecules, which may affect the reproducibility and accuracy of the 

assay. Researchers are working on surface modification of conventionally used polymer 

matrices (polystyrene microtitre plates and nitrocellulose membrane) in order to improve 

the binding efficiency of biomolecules to these surfaces. 

The present study is devoted towards the development- of surface functionalized 

polymer matrices by modifying various biostable and biodegradable polymer surfaces 

and their evaluation for ELISA. In the first approach, homopolymer and copolymers of 

GMA with NVP were synthesized by solution polymerization method using AIBN as free 

radical initiator and toluene as a solvent. These synthesized polymers were coated on to 

the polypropylene (PP) strips, which were further characterized and evaluated for dot-

ELISA. PT-IR spectra of GMA showed the characteristic peaks of methylene vibration 

between 2910 cm and 2940 cm"' and the methyl vibration at 2960 cm. The peak at 1722 

cm'1  represented the ester configuration whereas the epoxide group was characterized by 

an absorption band at 909 cm"1  and the double bond in the GMA molecule gave its 



relative peak at 1637 cm"'. NVP monomer showed its characteristic C=O vibration at 

1680 cm' and CH stretching at 2970 cm-1. Spectra of GMA homopolymer and 

copolymers with NVP showed a disappearance of the double bond vibration, which is 

indicative of the polymerization. The 1R-spectra of copolymers of GMA and NVP 

showed two distinct absorption bands at 1722 cm" t  and 1680 cm 4  which were 

characteristic of the C=O stretching of the ester group in`GMA and C=O stretching of 

tertiary amide of NVP, respectively. The other important characteristic peak of GMA at 

909 cm4  attributed to the epoxide group was found present in all the polymers which 

confirmed the copolymerization of GMA with NVP. The intensity of C=O stretching 

peak at 1680 cm"', due to NVP, increased with an increase in the NVP content in the 

GMA-NVP copolymers. Surface morphology was analyzed by scanning electron 

microscopy which showed uncoated polypropylene surface as rough and uneven while 

poly(GMA) coated PP had a smooth surface which can be attributed to the better 

adhesion of poly(GMA) to the surface due to its hydrophobic nature. Poly(GMA-co- 

NVP) coatings also showed smooth surface morphology but with crest and trough whose 

intensity increased with increase in the NVP ratio of the copolymers. The formation of 

these crests and troughs can be explained due to the weaker surface interaction of the 

copolymer with the hydrophobic polypropylene surface due to the hydrophilic nature of 

NVP. Hydrophobic and hydrophilic nature was also studied by calculating the contact 

angle of the homopolymers and copolymers which confirmed the NVP incorporation in 

the copolymer by giving the lower contact angle value than the hydrophobic GMA 

homopolymer. 



Synthesized copolymer coated polypropylene strips were evaluated and standardized 

for their application in dot-ELISA in two steps. In first step, specificity, sensitivity and 

reproducibility of the assay on developed polymer coated PP strips were evaluated 

through a model system using rabbit anti-goat (RAG) IgG, goat anti-rabbit (GAR) IgG 

and goat anti-rabbit IgG HRP (horseradish peroxidase) conjugate. Surface sensitivity was 

evaluated using varied concentrations of rabbit anti-goat IgG (1 to 100 ng/ml), different 

concentrations of three blocking agents (bovine serum albumin, ethanolamine and 

gelatin) and with goat anti- rabbit IgG HRP conjugate diluted from 1000 to 2500 times. 

The minimum detection limit of antigen concentration on the polymer coated strips was 

found to be 2 ng/ml with 1% BSA as blocking agent using 1500 fold diluted antispecies 

IgG peroxidase conjugate. The copolymer coatings with GMA-NVP composition of 2:1 

gave the best results with above mentioned dilution of the reagents. In the second step, 

the polymer coated polypropylene surface with GMA-NVP ratio of 2:1 was used to 

identify its sensitivity and specificity for dot-ELISA for human blood using RAH IgG- 

HRP conjugate. A serial dilution of blood eluate sample obtained by elution from a punch 

of whatman filter paper no.I having 10 µl blood was used and the best intensity of 

colored dots was obtained at a dilution of 1:100. These synthesized copolymer coated PP 

strips were further used to identify the source of mosquito blood meal, an important 

parameter in epidemiological studies, particularly in determining the role of mosquito in 

malaria transmission. From the blood meal samples of mosquito fed on human or buffalo, 

only human fed samples were found to be positive with RAH IgG HRP-conjugate using 

developed strips. 



In an another approach biodegradable cellulose filter paper (CFP) was modified by 

grafting of GMA monomer on cellulose filter paper by free radical polymerization using 

cerric ammonium nitrate (CAN) as chemical initiator in aqueous medium. The degree of 

grafting of GMA onto cellulose filter paper varied from 10 to 102 ±3%, under different 

reaction conditions and a maximum of 102% was recorded at 60°C in 25 min with 4x10-3  

moll:' of initiator (CAN) concentration and 5% GMA monomer. GMA grafting was 

confirmed by chemical analysis of ungrafted and various grafted surfaces using ATR- 

FTIR. Apart from the characteristic absorptions of filter paper surface at 3400 cm-' 

corresponding to the OH group, the grafted surface exhibited additional peaks at 906 and 

845 cm"', characteristic of epoxide group of GMA. Another peak at 1730 cm' 

corresponding to the carbonyl functional group of the grafted GMA was also observed. 

Scanning electron micrographs of ungrafted CFP showed a smooth and relatively 

homogeneous appearance. Grafting of GMA developed roughness and introduced 

heterogeneity along and across the fibers which increased with the increase in degree of 

grafting. GMA grafted cellulose filter paper with varying graft level ranging from 10-

100% were evaluated for application in dot-ELISA through a model system using RAG 

IgG as the analyte spotted onto the surface and GAR IgG conjugated to horseradish 

peroxidase as the probing biomolecule. 70% GMA grafted cellulose surface gave 

maximum sensitivity of 6 ng/ml with minimum background noise when blocked in 5% 

skimmed milk and at a conjugate dilution of 1:2000. Cellulose-g-GMA (70% graft level) 

was also applied for detection of human antibody in blood by direct ELISA method using 

blood eluate as sample dots and RAH IgG-HRP conjugate as detecting system. 

Sensitivity of the system for human blood was best obtained at the blood eluate dilution 



of 1:100. The same graft level was successfully used to identify the source of mosquito 

blood meal an important parameter in epidemiological studies, particularly in 

determining the role of mosquito in malaria transmission. 

These GMA grafted surface were further utilized for the covalent immobilization of 

biomolecules. Urease was used as model biomolecule to investigate the GMA 

functionalized CFP for the biomolecule coupling ability. The amount of enzyme 

immobilized was studied by using Bradford reagent and the activity of immobilized disc 

was compared with soluble urease. The maximum of 162 ±2 tg urease/disc was coupled 

onto the 100% cellulose-g-GMA paper but the urease immobilized on disc with 70 % 

graft level (-60 µg urease/disc) gave the maximum activity. Urease immobilized CFP-g-

GMA discs were used for urea estimation. The activity of immobilized urease has also 

been compared to the soluble enzyme activity at a pH of 7.4. It was observed, that the 

activity of immobilized urease was slightly lower, compared to the activity of soluble 

enzyme. 

GMA grafted CFP discs were also utilized for the development of quantitative 

ELISA. RAG IgG antibodies were immobilized onto the discs using different 

concentrations of antibody (0.3 - 5.0 tg/ml) solution as immobilization medium and 

amount of the antibody immobilized was calculated using Lowry protein estimation 

method. The discs were used to detect different concentrations of GAR IgG (which was 

used as analyte) in solution. RAG IgG FIRP-conjugatc was used with the substrate TMB 

(3,3,5,5-Tetramethylbenzedene) as the detecting system and absorbance was measured at 

450 nm by ELISA reader. The developed ELISA system has also been compared with the 

conventional microplate-ELISA immobilized with the same antibody. RAH IgG 



immobilized CFP-g-GMA discs were also used for the detection of different dilution of 

human serum. A slightly higher absorbance was observed in case of CFP-g-GMA discs in 

comparison to polystyrene microtitre plate. The good correlation of results of CFP-g-

GMA disc-ELISA procedure with those of PS microplate-ELISA for the detection of 

antibodies in human blood eluate samples, combined with the technical simplicity of the 

disc-ELISA method and better immobilization of antibody to the discs through covalent 

binding make the latter a potential candidate to be used as solid phase for ELISA. 



Contents 

Topic 	 Page No. 

Chapter-I 	Introduction and Literature Review 1 

1.1 Introduction 1 

1.2 Immunodiagnostics 3 

1.2.1 Types of Immunoassays 3 

1.3 Enzyme Linked Immunosorbent Assay (ELISA) 9 

1.3.1 Types of ELISA 9 

1.3.1.1 Indirect ELISA 9 

1.3.1.2 Sandwich ELISA 9 

1.3.1.3 Competitive ELISA 11 

1.3.2 Dot-ELISA and Microplate ELISA 11 

1.3.2.1 Dot-ELISA (Dot Immunobinding Assay) 11 

1.3.2.2 Micrplate ELISA 12 

1.3.2.3 Parameters in Dot-ELISA and Microplate ELISA 13 

1.4 Solid Phase for Biomolecule Immobilization 15 

1.4.1 Different Forms of Solid Phase 15 

1.4.1.1 Polymeric Labware: Tubes and Microtiter/Tissue 

Culture Plates 15 

1.4.1.2 Beads/Particulate Material 17 

1.4.1.3 Membranes 18 

1.4.2 Immobilization Techniques 19 



1.4.2.1 Entrapment (Occlusion) 19 

1.4.2.2 Adsorption 20 

1.4.2.3 Other Noncovalent, Nonadsorptive Methods 21 

1.4.2.4 Covalent Attachment 22 

1.4.3 Surface Modification of Ppolymers 24 

1.4.3.1 Wet Chemical 28 

1.4.3.2 Silane Monolayers 29 

1.4.3.3 Ionized Gas Treatments 30 

1.4.3.4 Coating 32 

1.4.3.5 Grafting 32 

1.4.3.5.1 UV Irradiation 34 

1.4.3.5.2 Ozone Treatment 35 

1.4.3.5.3 -y-Irradiation 36 

1.4.3.5.4 Glow Discharge 36 

1.4.3.5.5 Corona Discharge 37 

1.4.3.5.6 Direct Chemical Modification 38 

1.5 Polymers Surface and Their Modification for Solid Phase in ELISA 39 

1.5.1 Polymers as Solid Phase in Qualitative Dot-ELISA 40 

1.5.2 Polymers as Solid Phase in Quantitative ELISA 44 

1.6 Genesis and Objective of the Work 50 

Refrences 54 



Chapter-II Polymer Synthesis and Coating on Polypropylene: 

Characterization and Dot-ELISA Studies 62 

2.1 Introduction 62 

2.1.1 Solid Phase 62 

2.1.2 Biostable Polymer Matrices as Solid Support 63 

Part A: Synthesis and Characterization of GMA-NVP Copolymers 

2.2 Experimental 66 

2.2.1 Synthesis and Coating of Poly(GMA) and Poly(GMA-NVP) on 

Polypropylene 67 

2.3 Characterization of GMA-NVP Copolymers 68 

2.3.1 Fourier Transform Infrared Spectroscopy 68 

2.3.2 1  H Nuclear Magnetic Resonance Spectroscopy 68 

2.3.3 Scanning Electron Microscopy 68 

2.3.4 Swelling Studies 69 

2.3.5 Solubility 69 

2.3.6 Contact Angle Studies 69 

'2.4 Results and Discussion 70 

2.4.1 Characterization of Poly(GMA) and its Copolymers with NVP 70 

2.4.1.1 Fourier Transform Infrared Spectroscopy 70 

2.4.1.2 'H Nuclear Magnetic Resonance Spectroscopy 71 

2.4.1.3 Scanning Electron Microscopy 74 

2.4.1.4 Swelling Studies 75 

2.4.1.5 Solubility 79 



2.4.1.6 Contact Angle Studies 	 79 

Part B: Evaluation of GMA-NVP Copolymer Coated PP for Dot-ELISA 

2.5 Experimental 	 81 

2.5.1 Evaluation and Standardization of Polymer Coated 

Polypropylene for Dot-ELISA with Model System 	81 

2.5.2 Specimen of Blood Samples and Preparation of Elutes 	82 

2.5.3 Dot-ELISA on GMA-NVP Copolymer Coated PP for 

Identification of Human Blood and Mosquito Blood Meal 

Source 	 83 

2.6 Results and Discussion 84 

2.6.1 Evaluation and Standardization of Polymer Coated 

Polypropylene for Dot-ELISA with Model System 84 

2.6.1.1 Effect of Blocking Agent 85 

2.6.1.2 Effect of Conjugate Dilution 86 

2.6.1.3 Sensitivity 88 

2.6.1.4 Specificity. 91 

2.6.2 Dot-ELISA for Detection of Human Blood 91 

2.6.2.1 Sensitivity 91 

2.6.2.2 Specificity 92 

2.6.3 Dot-ELISA for Detection of Mosquito Blood Meal Source 92 

References 95 



Chapter-III Chemical Grafting on Cellulose: Characterization and 

Dot-ELISA Studies 97 

3.1 Introduction 97 

3.1.1 Biodegradable Polymer Matrices in Dot-ELISA 97 

Part A: Glycidyl Methacrylate Grafting on Cellulose Filter Paper: Synthesis 

and Characterization 

3.2 Experimental 100 

3.2.1 Chemical Grafting of GMA on CFP 100 

3.3 Characterization of GMA Grafted and Ungrafted CFP 101 

3.3.1 Fourier Transform Infrared Spectroscopy 101 

3.3.2 Scanning Electron Microscopy 101 

3.3.3 Thermo Gravimetric Analysis 102 

3.3.4 Thickness Measurement 102 

3.4 Results and Discussion 102 

3.4.1 Chemical Grafting of Poly(GMA) on CFP 102 

3.4.1.1 Effect of Monomer Concentration 103 

3.4.1.2 Effect of Initiator Concentration 105 

3.4.1.3 Effect of Reaction Time 107 

3.4.1.4 Effect of Reaction Temperature 108 

3.4.2 Characterization of GMA Grafted and Ungrafted CFP 109 

3.4.2.1 Fourier Transform Infrared Spectroscopy 109 

3.4.2.2 Scanning Electron Microscopy 111 

3.4.2.3 Thermogravitemetric Analysis 111 



3.4.2.4 Thickness Measurement 	 114 

Part B: Evaluation of GMA Grafted CFP Surface for Dot-ELISA 

3.5 Experimental 	 116 

3.5.1 Evaluation and Standardization of CFP-g-GMA Surface for 

Dot-ELISA with Model System 	 116 

3.5.2 Specimen of Blood Samples and Preparation of Elutes 	117 

3.5.3 Dot-ELISA on CFP-g-GMA Surface for Identification of 

Human Blood and Mosquito Blood Meal Source 	 118 

3.6 Results and Discussion 	 119 

3.6.1 Evaluation and Standardization of CFP-g-GMA Surface for 

Dot-ELISA with Model System 119 

3.6.1.1 Effect of Blocking Agent 120 

3.6.1.2 Effect of Conjugate Dilution 121 

3.6.1.3 Sensitivity 125 

3.6.1.4 Specificity 128 

3.6.2 Dot-ELISA for Detection of Human Blood 130 

3.6.2.1 Sensitivity 130 

3.6.2.2 Specificity 132 

3.6.3 Dot-ELISA for Detection of Mosquito Blood Meal Source 132 

References 	 135 



Chapter-IV Immobilization of Biomolecules on Cellulose-g-Glycidyl 

Methacrylate: Characterization and Evaluation for ELISA 137 

4.1 Introduction 138 

4.1.1 Biomolecule Immobilization on Polymeric Surface 138 

4.1.2 Polymeric Solid Phase in ELISA 141 

Part A: Urease Immobilization: Characterization and Evaluation for 

Enzyme Activity 

4.2 Immobilization of Urease on GMA Grafted CFP Discs 143 

4.2.1 Experimental 143 

4.2.1.1 Urease Immobilization 143 

4.2.1.2 Protein Assay 144 

4.3 Characterization of Urease Immobilized GMA Grafted CFP Discs 144 

4.3.1 Fourier Transform Infrared Spectroscopy 144 

4.3.2 Scanning Electron Microscopy 144 

4.4 Enzyme Activity of Soluble and GMA Grafted CFP Disc Immobilized 

Urease 145 

4.4.1 Free (soluble) Urease Assay 145 

4.4.2 Immobilized Urease Assay 146 

4.5 Results and Discussion 146 

4.5.1 Urease Immobilization 146 

4.5.2 Characterization of Urease Immobilized CFP-g-GMA Discs 150 

4.5.2.1 Fourier Transform Infrared Spectroscopy 150 

4.5.2.2 Scanning Electron Microscopy 152 



4.5.3 Enzyme Activity of Soluble and CFP-g-GMA Disc 

Immobilized Urease 155 

Part B: Antibody Immobilization: Characterization and Evaluation for ELISA 

4.6 Immobilization of Antibody on GMA Grafted CFP Discs 159 

4.6.1 Experimental 159 

4.6.1.1 Antibody Immobilization 159 

4.6.1.2 Protein Assay 160 

4.7 Characterization of Antibody Immobilized GMA Grafted CFP Discs 161 

4.7.1 Fourier Transform Infrared Spectroscopy 161 

4.7.2 Scanning Electron Microscopy 161 

4.8 Evaluation of Antibody Immobilized GMA Grafted CFP discs for 

ELISA 161 

4.8.1 Experimental 161 

4.8.1.1 ELISA Optimization 161 

4.8.1.2 ELISA for Human Antibodies in Blood Eluate 163 

4.9 Results and Discussion 163 

4.9.1 Antibody Immobilization 163 

4.9.2 Characterization of Antibody Immobilized CFP-g-GMA Discs 168 

4.9.2.1 Fourier Transform Infrared Spectroscopy 168 

4.9.2.2 Scanning Electron Microscopy 170 

4.9.3 Evaluation of Antibody Immobilized GMA Grafted CFP Discs 

for ELISA 170 

4.9.3.1 ELISA Optimization 170 



4.9.3.2 ELISA for Human Antibodies in Blood Eluate 	176 

References 	 179 

ChapterV Summary and Scope for Future Work 	 182 

5.1 Summary 	 182 

5.2 Scope for Future Work 	 187 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21

