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ABSTRACT 

 

Bacteria assisted infections on biomaterials used as implant/device are one of the major threats 

to human health. Microbial resistant coatings on biomaterials can potentially be considered to 

mitigate the biomaterial associated infections. Usually bio-materials with leachable 

antimicrobial coatings, though economically attractive, provide only short-term protection of 

the surface against bacteria.  Therefore, a stable, non-fouling or bactericidal and biocompatible 

polymeric coating is highly desirable. In this regard, infection resistant polymer brushes, 

defined as polymer chains tethered to surface by one end, with suitable anti-infective 

functionality represent a useful class of non-leaching coatings. Generally, the brushes are 

covalently connected to the underlying surface, thus prolonging the infection resistant property 

of the coated surface.  Surface initiated atom transfer radical polymerization (SI-ATRP) is a 

versatile technique for the generation of polymeric brushes via ‘grafting from’ way. This 

technique was used throughout the study for conjugating polymer brush to the underlying 

polyester substrate. 

In order to accomplish the goal, we have synthesized and developed an infection 

resistant yet cytocompatible coating on actual biomaterials comprised of tartaric acid based 

biodegradable aliphatic polyester. In chapter 2 we have primarily focused on attaching anti-

infective polymer brushes such as poly (2-hydroxyethyl methacrylate) (PHEMA), poly (poly 

(ethylene glycol) methacrylate) (PPEGMA) and poly[(2-methacryloyloxyethyl] trimethyl 

ammonium chloride) (PMETA) on hydroxyl functionalized polyester substrate via SIATRP. 

The brushes were thoroughly characterized for reaction kinetics, grafting yield, surface density, 

topography and hydrophilicity. Among the various brushes, cationic polymer brush (PMETA) 

was found to exhibit highest antibacterial activity, with only ~3% and ~4% adherence of E. 

coli (Escherichia coli) and S. aureus (Staphylococcus aureus), respectively. In order to show its 

widespread use and also to vary initiator density, polylactic acid (PLA) was blended with this 

tartaric acid based aliphatic polyester and a 3D (three-dimensional) scaffold was fabricated 

by 3D printing using the blend. Finally, PMETA brush was grown onto the scaffold surface for 

various time periods and the evaluation of antibacterial activity (using gram positive and gram-

negative bacteria) and cytocompatibility (using mammalian osteoblast cells) were carried out 

on the brush modified scaffold. A balance between antibacterial activity and cytocompatibility 

was found at optimum brush length achieved after 18 h of SIATRP suggesting that this  

composition offers a stable, non-leaching, anti-infective, but cytocompatible coating on 

biodegradable polymeric implant surface for addressing several biomaterials associated 
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infections.The mechanistic understandings also provide insight into that cationic polymer brush 

grafted onto the tartaric acid based polymeric scaffold possess the highest antibacterial property 

amongst all the brushes with 50% cytocompatibility. Therefore, there was a need to combat the 

cytocompatibility issue. 

In chapter 3 we have discussed about the formation of mixed brushes which were nothing but 

a combination of poly(3-dimethyl-(methacryloyloxyethyl) ammonium propane sulfonate) 

(polyDMAPS) and poly((oligo ethylene glycol) methyl ether methacrylate) (polyPEGMA) with 

varying chain length (n) of the ethylene glycol unit (n = 1, 6, 11, and 21). Both homo and 

copolymeric brushes of polyDMAPS with polyPEGMA exhibited antibacterial efficacy against 

both Gram positive and Gram-negative pathogens such as E. coli (Escherichia coli) and S. 

aureus (Staphylococcus aureus) because of the combined action of bacteriostatic effects 

originating from strongly hydrated layers present in zwitterionic (polyDMAPS) and hydrophilic 

(polyPEGMA) copolymer brushes. Interestingly, a mixed polymer brush comprising 

polyDMAPS and polyPEGMA (ethylene glycol chain unit of 21) at 50/50 molar ratio provided 

zero bacterial growth and almost 100% cytocompatibility (tested using L929 mouse fibroblast 

cells), making the brush-modified biodegradable substrate an excellent choice for an infection-

resistant and cytocompatible surface. An attempt was made to understand their extraordinary 

performance with the help of contact angle, surface charge analysis and nanoindentation study, 

which revealed the formation of a hydrophilic, almost neutral, very soft surface (99.99% 

reduction in hardness and modulus) after modification with the mixed brushes. This may 

completely suppress bacterial adhesion. Animal studies demonstrated that these brush-modified 

scaffolds are biocompatible and can mitigate wound infections. Overall, this study shows that 

the fascinating combination of an infection-resistant and cytocompatible surface can be 

generated on biodegradable polymeric surfaces by modulating the surface hardness, flexibility 

and hydrophilicity by selecting appropriate functionality of the copolymeric brushes grafted 

onto them, making them ideal non-leaching, anti-infective, haemocompatible and 

cytocompatible coatings for biodegradable implants. 

In chapter 4, we have demonstrated the formation of polymer brush in spatio-selective domain 

created on biodegradable aliphatic polyester substrate to develop micropatterned cells, bacteria 

etc. on microtextured surfaces. Micropatterning biological entities is one of the most sought-after 

technologies for producing cell/bacteria microarrays, biochips, diagnostics, biosensors etc. In the  

current study, surface of tartaric acid based biodegradable aliphatic polyester was 

micropatterned using photochemistry with the help of a mask. Around 10% PAG (photoacid 

generator, 2-(4-methoxystyryl)-4,6-bis(trichloromethyl)-1,3,5 triazine) was encapsulated in the 
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polyester matrix. Exposure of UV radiation on the matrix at 395 nm for 25 min triggered the 

acid release from unmasked area where ATRP (Atom Transfer Radical Polymerization) 

initiating moiety was immobilized onto hydroxyl functionality originated from acid triggered 

removal of isopropylidene groups from the polyester. In subsequent step, polyPEGMA (poly 

(ethylene glycol) methyl ether methacrylate) brushes of ~900 nm thick were allowed to grow 

from illuminated areas only. Similar process was repeated after removing the mask to grow 

~770 nm thick zwitterionic polyDMAPS (poly(3-dimethyl- (methacryloyloxyethyl) ammonium 

propane sulfonate)), brush from previously masked domain only. Ultimately, an alternate 

pattern of polyPEGMA and polyDMAPS brushes (in the form of square) was generated on 

biodegradable polyester surface. Patterned surface modified with dual brushes was found to be 

antifouling in nature (rejection of >97% of proteins). Strikingly, an alternate pattern of live 

bacterial cell (E. coli and S. Aureus) was evident on the dual brush modified patterned surface 

and relatively higher population of bacteria was found on polyPEGMA brush modified domain. 

However, a complete reverse pattern was visible in case of L929 mouse fibroblast cells, i.e., 

cells were predominantly found to be adhered and proliferated along the region of zwitterionic 

brush modified surface as observed from SEM and fluorescent images. This innovative strategy 

employed on biodegradable polymer surface provides an easy and straightforward way to 

micropattern various biological macromolecules such as cells, bacteria etc. on biodegradable 

substrates which hold great potential to function as biochips having arrays of 

cell/bacteria/specific biomolecule etc. 

In the next chapter 5, we have constructed a highly antibacterial as well as biocompatible mixed 

zwitterionic polymer brushes of different chain length onto the surface of 3D printed scaffold 

made of tartaric acid based aliphatic polyester blend for wound healing applications. The mixed 

zwitterionic polymer brushes were combination of of poly(3-dimethyl-(methacryloyloxyethyl) 

ammonium propane sulfonate) and polysulfobetaine methacrylate with variable carbon chain 

length (n=6 and 12). Both homo and copolymeric brush of polyDMAPS and polysulfobetaine 

methacrylate along with different chain possessed antibacterial effectiveness against both gram 

positive and gram negative pathogens such as E. coli (Escherichia coli) and S.aureus 

(Staphylococcus aureus) because of conglomerate effect of bacteriostatic as well as bactericidal 

effect arised from strongly hydrated layers present in different carbon cain length of 

zwitterionic (polyDMAPS) hydrophilic copolymer brushes. Interestingly, mixed polymer brush 

with a combination polysulfobetaine methacrylate of chain length n= 6 and 12 at 50/50 ratio 

stipulated zero bacterial growth and well-nigh 100% cytocompatibility (tested using Hela cells) 

making the brush modified biodegradable substrate as a fantabulous selection for infection 
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resistant and Biocompatible surface. Animal studies demonstration proved that these brush-

modified scaffold can hasten the wound repairs. Whole, this work shows that an enthralling 

combination of highly infection resistant and biocompatible surface can be produced onto 

biodegradable polymeric surface by tuning the surface roughness, and hydrophilicity by 

choosing suitable functionality of the chain variable copolymeric brushes grafted onto them, 

making them a perfect non-leaching, anti-infective, and biocompatible coatings for the 

devolution of infection resistant implants for wound healing applications without hampering 

the tissue compatibility.   

Finally, in the last chapter, spatio-selective immobilization of dual metallic nanoparticles on 

binary polymer brushes grafted onto biodegradable polymeric surfaces was discussed.  

Generally, biodegradable polymers employed in the fabrication of biomedical and biosensing 

devices suffer from diversity, due to the absence of functional groups in such materials which 

do not allow the use of common surface chemistries to conjugate biomolecules on them. Herein 

we report the use of copolymer of tartaric acid-based polyester, and alkyne functionalized 

polylactic acid as underlying substrate to graft binary brushes such as Poly3-dimethyl-

(methacryloyloxyethyl) ammonium propane sulfonate (polyDMAPS, zwitterionic) and 

poly[(2-methacryloyloxyethyl] trimethyl ammonium chloride) (PMETA, cationic) in selective 

regions. Orthogonal chemistries such as exploitation of photochemistry and click chemistry 

were explored to immobilize initiators onto tartaric acid based polyester part and alkyne 

functionalized polylactide part by using mask to create micropatterned surface. Subsequently, 

binary brushes were grafted from the specific regions only. The surface modification and 

pattern stability were confirmed with fluorescence microscopy, Raman spectroscopy, EDX 

mapping, contact angle and X-ray photoelectron spectroscopy (XPS), showing an effective 

strategy to create pattered substrate. Ultimately, dual metal nanoparticles such as gold and silver 

were selectively immobilized on cationic and zwitterionic brushes, respectively via electrostatic 

interaction by altering pH of the dipping medium. The dual metal nanoparticles were then 

explored for immobilizing binary proteins or double stranded DNA onto selective areas, thereby 

forming an alternate pattern of two different proteins or double stranded DNA. In future, this 

type of hybrid protein patterned substrate can be a promising surface for multiplexed detection 

of DNA sequences. 
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सार 
 

इम्प्लांट/डिवलइस के रूप में शरीर के अांदर उपयोग डकए जलने वल् ेबलयोमैडटररयल्स पर बैक्टीररयल से होने 

वल्े सांक्रमण मलनव स्वलस््य के ड्ए प्रमखु खतरों में से एक हैं। बलयोमैडटररयल्स पर मलइक्रोडबय् प्रडतरोधी 

कोडटांग्स को सांभलडवत रूप से बलयोमैटेररय् से जडेु सांक्रमणों को कम करन ेके ड्ए मलनल जल सकतल ह।ै 

आमतौर पर ् ीचेब् रोगलणरुोधी कोडटांग्स के सलथ जैव सलमग्री, हल्लांडक आडथिक रूप से आकर्िक, बैक्टीररयल 

के डख्लफ सतह की केव् अल्पकलड्क सरुक्षल प्रदलन करती ह।ै इसड्ए, एक डस्थर, गैर-दरू्ण यल 

जीवलणनुलशक और जैव-सांगत बहु्क कोडटांग अत्यडधक वलांछनीय ह।ै इस सांबांध में, बहु्क ब्रश, एक छोर 

से सतह पर बांधे बहु्क श्रांख्ल के रूप में पररभलडर्त, उपयकु्त डवरोधी सांक्रलमक कलयिक्षमतल के सलथ डस्थर 

कोडटांग्स के एक उपयोगी वगि कल प्रडतडनडधत्व करते हैं जो सहसांयोजक रूप से अांतडनिडहत सतह से जडेु होते 

हैं, इस प्रकलर ्ेडपत सतह के सांक्रमण प्रडतरोध को ्म्बल खींचते हैं। सरफेस इडनडशएटेि एटम ट्लांसफर रेडिक् 

पो्ीमरलइजेशन (एसआई-एटीआरपी) 'ग्रलड्टांग फ्रॉम' तरीके से पॉ्ीमेररक ब्रश बनलन ेकी एक बहुमखुी 

तकनीक ह।ै ्क्ष्य को प्रलप्त करन े के ड्ए, हमने टलटिररक एडसि आधलररत बलयोडिग्रेिेब् ए्ीफैडटक 

पॉड्एस्टर से यकु्त सांक्रमण प्रडतरोधी अभी तक सलइटोकम्पैडटब् बलयोमैडटररयल्स को सांशे्लडर्त और डवकडसत 

डकयल ह,ै अध्यलय 2 में हमने मखु्य रूप से पॉ्ी (2-हलइड्रॉक्सीएथलइ् मथेैडक्र्ेट) जैस ेएांटी-इन्फेडक्टव 

पॉ्ीमर ब्रश को जोडन े पर ध्यलन कें डित डकयल है। (PHEMA), पॉ्ी (पॉ्ी (एडथ्ीन ग््लइकॉ्) 

मेथैडक्र्ेट) (PPEGMA) और पॉ्ी [(2-मेथैडक्र्ोयॉक्सीथलइ्] ट्लइमेथलइ् अमोडनयम क््ोरलइि) 

(PMETA) सतह के मलध्यम से हलइड्रॉडक्स् फां क्शन् पॉड्एस्टर सब्सटे्ट पर एटम ट्लांसफर रेडिक् 

पो्ीमरलइजेशन (SIATRP) शरुू डकयल। ब्रश को प्रडतडक्रयल कैनेटीक्स, ग्रलड्टांग उपज, सतह घनत्व, 

स्थ्लकर डत और हलइड्रोडफड्डसटी के ड्ए परूी तरह से डचडित डकयल गयल थल। डवडभन्न ब्रशों में, cationic 

बहु्क ब्रश (PMETA) को उच्चतम जीवलणरुोधी गडतडवडध प्रदडशित करने के ड्ए पलयल गयल, केव् ~ 

3% और ~ 4% ई। को्लई (एस्चेररडचयल को्लई) और एस। ऑररयस (स्टैडफ्ोकोकस ऑररयस) के पल्न 

के सलथ। इसके व्यलपक उपयोग को डदखलने के ड्ए और सजिक घनत्व को बद्ने के ड्ए, पॉ्ीए्ैडक्टक 

एडसि (पीए्ए) को इस टलटिररक एडसि आधलररत ए्ीफैडटक पॉड्एस्टर के सलथ डमडश्त डकयल गयल थल 

और डमश्ण कल उपयोग करके 3 िी डप्रांडटांग द्वलरल एक 3 िी (तीन-आयलमी) मचलन तैयलर डकयल गयल थल। अांत 

में, पीएमईटीए ब्रश को डवडभन्न समय अवडध के ड्ए मचलन की सतह पर उगलयल गयल और ब्रश सांशोडधत  
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मचलन पर जीवलणरुोधी गडतडवडध (ग्रलम पॉडजडटव और ग्रलम-नेगेडटव बैक्टीररयल कल उपयोग करके) और 

सलइटोकम्पैडटडबड्टी (स्तनधलरी ऑडस्टयोब््लस्ट कोडशकलओां कल उपयोग करके) कल मलू्यलांकन डकयल गयल। 

SIATRP के 18 घांटे के बलद प्रलप्त इष्टतम ब्रश ा्ंबलई पर जीवलणरुोधी गडतडवडध और सलइटोकम्पैडटडबड्टी 

के बीच एक सांतु् न पलयल गयल थल, यह सझुलव दतेल ह ैडक यह सांरचनल कई बलयोमैडटररयल्स से जडेु सांक्रमणों 

को सांबोडधत करन े के ड्ए बलयोडिग्रेिेब् पॉ्ीमेररक इम्प्लांट सतह पर एक डस्थर, गैर-्ीडचांग, एांटी-

सांक्रमण, ्ेडकन सलइटोकां पैडटब् कोडटांग प्रदलन करती ह।ै यांिवत समझ भी टैटररक एडसि आधलररत 

पॉ्ीमेररक स्कैफोल्ि पर ग्रल्ट डकए गए उस cationic बहु्क ब्रश में अांतर्दिडष्ट प्रदलन करती ह,ै डजसमें 

50% सलइटोकम्पैडटडबड्टी के सलथ सभी ब्रशों में सबस े अडधक जीवलणरुोधी गणु होत े हैं। इसड्ए 

सलइटोकम्पैडटडबड्टी मदु्द ेकल मकुलब्ल करन ेकी आवश्यकतल थी। अध्यलय 3 में डमडश्त ब्रश और कुछ नहीं 

बडल्क पॉ्ी(3-िलइडमथलइ्- (मेथैडक्र्ोयॉक्सीथलइ्) अमोडनयम प्रोपेन सल्फोनेट) (पॉ्ीिीएमएपीएस) 

और पॉ्ी ((ओड्गो एडथ्ीन ग््लइकॉ्) डमथलइ् ईथर मेथैडक्र्ेट) (पॉ्ीपीईजीएमए) के सांयोजन के 

अ्लवल अ्ग-अ्ग श्रांख्ल ा्ंबलई (एन) के सांयोजन थे। एडथ्ीन ग््लइको् इकलई (एन = 1, 6, 11, 

और 21) की। पॉ्ीपीईजीएमए के सलथ पॉ्ीिीएमएपीएस के दोनों होमो और कोपोड्मेररक ब्रश ने ग्रलम 

पॉडजडटव और ग्रलम नेगेडटव रोगजनकों जैसे ई। को्लई (एस्चेररडचयल को्लई) और एस। ऑररयस 

(स्टैडफ्ोकोकस ऑररयस) दोनों के डख्लफ जीवलणरुोधी प्रभलवकलररतल कल प्रदशिन डकयल क्योंडक र्दढ़तल से 

हलइडे्रटेि परतों से उत्पन्न होन ेवल्े बैक्टीररयोस्टेडटक प्रभलवों की सांयकु्त कलरिवलई के कलरण डववटररयोडनक 

(पॉ्ीिीएमएपीएस) और हलइड्रोडफड्क (पॉ्ीपीईजीएमए) कॉपो्ीमर ब्रश में मौजदू ह।ै डद्चस्प बलत यह 

ह ै डक 50/50 के अनपुलत में पॉ्ीिीएमएपीएस और पॉ्ीपीईजीएमए (21 की एडथ्ीन ग््लइकॉ् चेन 

यडूनट) से यकु्त एक डमडश्त पॉ्ीमर ब्रश ने शनू्य जीवलण ुवरडि और ्गभग 100% सलइटोकम्पैडटडबड्टी 

प्रदलन की (L929 मलउस फलइब्रोब््लस्ट कोडशकलओां कल उपयोग करके परीक्षण डकयल गयल), डजसस ेब्रश-

सांशोडधत बलयोडिग्रेिेब् सब्सटे्ट एक उत्कर ष्ट बन गयल। एक सांक्रमण प्रडतरोधी और सलइटोकम्पैडटब् सतह 

के ड्ए डवकल्प। सांपकि  कोण, सतह आवेश डवशे्लर्ण और नैनोइांिेंटेशन अध्ययन की मदद से उनके असलधलरण 

प्रदशिन को समझन ेकल प्रयलस डकयल गयल, डजसमें सांशोधन के बलद एक हलइड्रोडफड्क, ्गभग तटस्थ, बहुत 

नरम सतह (कठोरतल और मलपलांक में 99.99% कमी) के गठन कल पतल च्ल। डमडश्त ब्रश। यह बैक्टीररयल के 

आसांजन को परूी तरह से दबल सकतल ह।ै पश ुअध्ययनों से पतल च्ल ह ैडक ये ब्रश-सांशोडधत मचलन जैव- 
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सांगत हैं और घलव के सांक्रमण को कम कर सकत ेहैं। कु् डम्लकर, इस अध्ययन से पतल च्तल ह ैडक एक 

सांक्रमण-प्रडतरोधी और सलइटोकां पैडटब् सतह कल आकर्िक सांयोजन बलयोडिग्रेिेब् पॉ्ीमेररक सतहों पर 

उत्पन्न डकयल जल सकतल है, जो उन पर ग्रल्ट डकए गए कोपोड्मेररक ब्रश की उपयकु्त कलयिक्षमतल कल चयन 

करके सतह की कठोरतल, ्ची्ेपन और हलइड्रोडफड्डसटी को सांशोडधत करके, उन्हें आदशि गैर- 

बलयोडिग्रेिेब् इम्प्लांट्स के ड्ए ्ीडचांग, एांटी-इनफेडक्टव, हमेोकां पैडटब् और सलइटोकां पैडटब् कोडटांग्स। 

अध्यलय 4 में इस कलम में हमने घलव भरन ेवल्े अनपु्रयोगों के ड्ए टलटिररक एडसि आधलररत एड्फैडटक 

पॉड्एस्टर डमश्ण से बन े 3िी डप्रांटेि मचलन की सतह पर डवडभन्न श्रांख्ल ा्ंबलई ब्रशों के अत्यडधक 

जीवलणरुोधी के सलथ-सलथ जैव-सांगत डमडश्त डववटररयोडनक बहु्क बनलने के ड्ए एक कलयि योजनल की 

सचूनल दी ह।ै डमडश्त डववटररयोडनक पॉ्ीमर ब्रश पॉ्ी (3-िलइडमथलइ्- (मेथैडक्र्ोयॉडक्सथलइ्) 

अमोडनयम प्रोपेन सल्फोनेट) और पॉ्ीसल्फोबेटलइन मेथैडक्र्ेट के सलथ चर कलबिन श्रांख्ल ा्ंबलई (एन = 6 

और 12) के सांयोजन थे। पॉ्ीिीएमएपीएस और पॉ्ीसल्फोबेटलइन मेथैडक्र्ेट के होमो और कोपोड्मेररक 

ब्रश दोनों के सलथ-सलथ डवडभन्न श्रांख्लओां में ग्रलम पॉडजडटव और ग्रलम नकलरलत्मक रोगजनकों जैसे ई। को्लई 

(एस्चेररडचयल को्लई) और एस.ऑररयस (स्टैडफ्ोकोकस ऑररयस) दोनों के डख्लफ जीवलणरुोधी प्रभलव 

होतल ह,ै क्योंडक बैक्टीररयोस्टेडटक के समहू प्रभलव के कलरण भी। डववटररयोडनक (पॉ्ीिीएमएपीएस) 

हलइड्रोडफड्क कॉपो्ीमर ब्रश की डवडभन्न कलबिन कैन ा्ंबलई में मौजदू र्दढ़तल से हलइडे्रटेि परतों से उत्पन्न 

जीवलणनुलशक प्रभलव के रूप में। डद्चस्प बलत यह ह ैडक 50/50 अनपुलत में श्रांख्ल ा्ंबलई n = 6 और 

12 के सांयोजन पॉ्ीसल्फोबेटलइन मेथैडक्र्ेट के सलथ डमडश्त बहु्क ब्रश ने शनू्य जीवलण ु डवकलस और 

अच्छी तरह से 100% सलइटोकां पैडटडबड्टी (हे् ल कोडशकलओां कल उपयोग करके परीक्षण) डनधलिररत डकयल, 

डजसस ेब्रश को एक शलनदलर चयन के रूप में बलयोडिग्रेिेब् सब्सटे्ट को सांशोडधत डकयल गयल। सांक्रमण 

प्रडतरोधी और जैव-सांगत सतह के ड्ए। पश ुअध्ययन प्रदशिन ने सलडबत कर डदयल डक ये ब्रश-सांशोडधत मचलन 

घलव की मरम्मत में तेजी ्ल सकत ेहैं। कु् डम्लकर, यह कलम डदखलतल ह ैडक अत्यडधक सांक्रमण प्रडतरोधी 

और जैव-सांगत सतह कल एक आकर्िक सांयोजन सतह खरुदरलपन को ट्यनू करके बलयोडिग्रेिेब् पॉ्ीमेररक 

सतह पर उत्पलडदत डकयल जल सकतल ह,ै और हलइड्रोडफड्डसटी श्रांख्ल पररवतिनीय कोपोड्मेररक ब्रश की 

उपयकु्त कलयिक्षमतल चनुकर उन पर ग्रल्ट डकयल जल सकतल ह,ै डजसस ेउन्हें एक आदशि गैर बनल डदयल जल 

सकतल ह।ै ऊतक अनकूु्तल में बलधल िल् ेडबनल घलव भरन ेवल्े अनुप्रयोगों के ड्ए सांक्रमण प्रडतरोधी  
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प्रत्यलरोपण के हस्तलांतरण के ड्ए ्ीडचांग, सांक्रमण-रोधी और जैव-सांगत कोडटांग्स। डपछ् ेअध्यलय में हमने 

सकू्ष्म बनलवट वल्ी सतहों पर कोडशकलओां, बैक्टीररयल आडद के मलइक्रोपैटडनिंग के बलरे में चचलि की ह,ै जो 

से् / बैक्टीररयल मलइक्रोएरे, बलयोडचपस, िलयग्नोडस्टक्स, बलयोसेंसर आडद के उत्पलदन के ड्ए सबसे अडधक 

मलांग वल्ी तकनीक में से एक ह।ै वतिमलन अध्ययन में, टलटिररक एडसि की सतह आधलररत बलयोडिग्रेिेब् 

ए्ीफैडटक पॉड्एस्टर को मलस्क की मदद से फोटोकैडमस्ट्ी कल उपयोग करके मलइक्रोपैटनि डकयल गयल थल। 

पॉड्एस्टर मैडट्क्स में ्गभग 10% पीएजी (फोटोएडसि जनरेटर, 2-(4-मेथॉक्सीस्टीरर्) -4,6-बीआईएस 

(ट्लइक््ोरोमेथलइ्) -1,3,5 ट्लईड़िन) को एनकैपसु् ेट डकयल गयल थल। मैडट्क्स पर यवूी डवडकरण के 25 डमनट 

के ड्ए 395 एनएम पर एक्सपोजर ने अनमलस्क के्षि से एडसि रर्ीज को डट्गर डकयल जहलां एटीआरपी (एटम 

ट्लांसफर रेडिक् पॉ्ीमरलइजेशन) की शरुुआत करन ेवल्े हलइड्रॉडक्स् कलयिक्षमतल पर डस्थर हो गए थ,े जो 

पॉड्एस्टर से आइसोप्रोपलइड्िीन समहूों के एडसि डट्गर हटलन ेसे उत्पन्न हुआ थल। बलद के चरण में, ~ 900 

एनएम मोटे पॉ्ीपीईजीएमए (पॉ्ी (एडथ्ीन ग््लइकॉ्) डमथलइ् ईथर मेथैडक्र्ेट) ब्रश को केव् प्रबिु 

क्षेिों से बढ़न े डदयल गयल। ~ 770 एनएम मोटी zwitterionic polyDMAPS (पॉ्ी (3-िलइडमथलइ्- 

(मेथैडक्र्ोयॉक्सीथलइ्) अमोडनयम प्रोपेन सल्फोनेट)) बढ़न ेके ड्ए मलस्क को हटलन ेके बलद इसी तरह की 

प्रडक्रयल को दोहरलयल गयल थल, केव् पह् े से नकलबपोश िोमेन से ब्रश। अांततः, पॉ्ीपेग्मल और 

पॉ्ीिीएमएपीएस ब्रश (वगि के रूप में) कल एक वैकडल्पक पैटनि बलयोडिग्रेिेब् पॉड्एस्टर सतह पर उत्पन्न 

हुआ थल। दोहरे ब्रशों के सलथ सांशोडधत प्रडतरूडपत सतह प्रकर डत में एांटीड् ा्ंग (> 97% प्रोटीन की अस्वीकर डत) 

पलई गई। आश्चयिजनक रूप से, जीडवत जीवलण ुकोडशकल (ई। को्लई और एस। ऑररयस) कल एक वैकडल्पक 

पैटनि दोहरे ब्रश सांशोडधत पैटनि वल्ी सतह पर स्पष्ट थल और पॉ्ीपेग्मल ब्रश सांशोडधत िोमेन पर बैक्टीररयल 

की अपेक्षलकर त अडधक आबलदी पलई गई थी। हल्लाँडक, L929 मलउस फलइब्रोब््लस्ट कोडशकलओां के मलम् ेमें 

एक पणूि ररवसि पैटनि डदखलई द ेरहल थल, अथलित, कोडशकलओां को मखु्य रूप से पल्न डकयल गयल थल और 

zwitterionic ब्रश सांशोडधत सतह के के्षि के सलथ प्रसलर डकयल गयल थल जैसल डक SEM और ््ोरोसेंट 

छडवयों से दखेल गयल थल। बलयोडिग्रेिेब् पॉ्ीमर सतह पर डनयोडजत यह अडभनव रणनीडत बलयोडिग्रेिेब् 

सबस्टे्ट्स पर डवडभन्न जैडवक मैक्रोमो्ेक्यलू्स जैसे से्, बैक्टीररयल आडद को मलइक्रोपैटनि करन ेकल एक 

आसलन और सीधल तरीकल प्रदलन करती ह,ै जो बलयोडचपस के रूप में से्/बैक्टीररयल/डवडशष्ट बलयोमो्ेक्यू् 

आडद के सरडणयों के रूप में कलयि करन ेकी बडी क्षमतल रखत ेहैं। 
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अांत में अांडतम अध्यलय में बलयोमेडिक् और बलयोसेंडसांग उपकरणों के डनमलिण में डनयोडजत बलयोडिग्रेिेब् 

पॉ्ीमेररक सतहों पर ग्रल्ट डकए गए बलइनरी पॉ्ीमर ब्रश पर दोहरे धलत ुनैनोकणों कल अनपुलत-चयनलत्मक 

डस्थरीकरण आम तौर पर एक चनुौतीपणूि मदु्दल ह,ै क्योंडक ऐसी सलमडग्रयों में कलयलित्मक समहूों की अनपुडस्थडत 

अनमुडत नहीं दतेी ह।ै सलमलन्य सतह रसलयन डवज्ञलन कल उपयोग। इसमें हम टैटररक एडसि-आधलररत पॉड्एस्टर 

के कॉपो्ीमर के उपयोग की ररपोटि करते हैं, और एल्कलइन फां क्शन् पॉ्ी्ैडक्टक एडसि को बलइनरी ब्रश 

जैसे पॉ्ी 3-िलइडमथलइ्- (मेथैडक्र्ोयॉक्सीथलइ्) अमोडनयम प्रोपेन सल्फोनेट (पॉ्ीिीएमएपीएस, 

डववटररयोडनक) और पॉ्ी [(2-मेथैडक्र्ोयॉडक्सथलइ्) को ग्रल्ट करन ेके ड्ए अांतडनिडहत सब्सटे्ट के रूप 

में उपयोग करत ेहैं। ] ट्लइमेडथ् अमोडनयम क््ोरलइि) (PMETA, cationic) चडुनांदल क्षेिों में। फोटोकैडमस्ट्ी 

और डक््क केडमस्ट्ी के शोर्ण जैस ेऑथोगोन् केडमस्ट्ी को मलइक्रोपैटनि वल्ी सतह बनलन ेके ड्ए मलस्क 

कल उपयोग करके टलटिररक एडसि आधलररत पॉड्एस्टर भलग और एल्कलइन फां क्शन् पॉ्ीएक्टलइि भलग पर 

सजिक को डस्थर करन ेके ड्ए खोजल गयल थल। इसके बलद, बलइनरी ब्रश केव् डवडशष्ट क्षेिों से ही ग्रल्ट डकए 

गए थे। सतह सांशोधन और पैटनि डस्थरतल की पुडष्ट ््ोरेसेंस मलइक्रोस्कोपी, रमन स्पेक्ट्ोस्कोपी, ईिीएक्स 

मैडपांग, सांपकि  कोण और एक्स-रे फोटोइ्ेक्ट्ॉन स्पेक्ट्ोस्कोपी (एक्सपीएस) के सलथ की गई थी, जो पैटरेि 

सब्सटे्ट बनलन ेके ड्ए एक प्रभलवी रणनीडत डदखलती ह।ै अांततः, सोने और चलांदी जैसे दोहरे धलत ुके नैनोकणों 

को चडुनांदल रूप से cationic और zwitterionic ब्रश पर डस्थर डकयल गयल, क्रमशः इ्ेक्ट्ोस्टैडटक इांटरैक्शन 

के मलध्यम से सईू मलध्यम के पीएच को बद्कर। दोहरे धलत ु के नैनोकणों को तब डद्वआधलरी प्रोटीन को 

चयनलत्मक क्षेिों पर डस्थर करन ेके ड्ए खोजल गयल थल, डजसस ेदो अ्ग-अ्ग प्रोटीनों कल एक वैकडल्पक 

पैटनि बन गयल। भडवष्य में, इस प्रकलर कल हलइडब्रि प्रोटीन पैटनि वल्ल सब्सटे्ट िीएनए अनकु्रमों के बहुसांकेतन 

कल पतल ्गलने के ड्ए एक आशलजनक सतह हो सकतल ह।ै 
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change in percentage of PEGMA (Mn of PEGMA=950, n=21) content, 

polymerized for 48h. All data points are shown as average + standard deviation 

(error bar). Note: Measurement was carried out on surfaces attached with thickest 

brush (i.e., polymerized for maximum time period). 

132 

Figure 3.12 AFM topography images obtained for brush modified Scaffold P2 surface 

with varying content of PEGMA: (a) Scaffold P2-g-polyDMAPS-co-polyPEGMA, 

(20%PEGMA), (b) Scaffold P2-g-polyDMAPS-co-polyPEGMA, (50%PEGMA) and 

(c) ScaffoldP2-g-polyPEGMA,  (100%PEGMA) (Scale bar = 10 micron). 

132 

Figure 3.13 AFM topography images obtained for polyDMAPS-co-polyPEGMA 

(50:50 composition) on the surface of polymer P2 (PLA:P1=95/5) for 48 hours of 

polymerization. (a) polyDMAPS-co-polyPEGMA, (Mn of PEGMA =144), (b) 

polyDMAPS-co-polyPEGMA, (Mn of PEGMA =300), (c) polyDMAPS-co-

polyPEGMA, (Mn of PEGMA =500), (d) polyDMAPS-co-polyHEMA (50:50 

brush composition) 

133 

Figure 3.14 Surface charge evaluation (zeta potential) for polymer blend P2 

(P1:PLA=5:95) surface and brush modified surfaces at pH 7. Mn represents the 

molecular weight for PEGMA monomer. 

134 

Figure 3.15 Graphical representation for surface hardness and reduced modulus 

for (a) P2-g-polyDMAPS brush, i.e., blend composition of PLA: P1=5:95 

modified with polyDMAPS brush grown for different hours of polymerization (0, 

24 and 48 h) and for (b), (c) P2-g-polyDMAPS-co-polyHEMA (50:50), P2-g-

polyPEGMA and P2-g-polyDMAPS-co-polyPEGMA (50:50) with varying Mn of 

PEGMA (Mn of PEGMA=144, 500, 950); polymerization time: 48 h for all the 

samples shown in (b) and (c).  

136 

Figure 3.16 Displacement versus time-controlled loop to penetrate into the first 50 

nm of the polymer brush modified surface (P2-g-polyDMAPS and P2-g-

polyPDMAPS-co-polyPEGMA) representing the loading-unloading cycle curve 

136 

Figure 3.17. Representative load-displacement curves (45 each) and Post-Test 

SPM images for 1st area (00000-00008) on P2 (5:95 blend) modified with 

polyDMAPS brush polymerized for 24 and 48 h. 

137 

Figure 3.18  Comparison of bacterial growths on Scaffold P2 (P1/PLA=5/95) and 

P2-g-polyDMAPS surfaces taken at different polymerization time (1h, 6h, 12h, 

24h, 48h) against (a) E. coli (5 samples) and S. aureus (5 samples) bacteria 

exposed for 24 h. (b) Comparison of bacterial growths on Scaffold P2 modified 

with polyDMAPS-co-polyPEGMA brush (polymerization time: 48 h) with 

varying % of PEGMA (Mn of PEGMA =950) content against E. coli and S. aureus 

bacteria exposed for 24 h. (c) Statistical data for antibacterial activity determined 

from polyDMAPS-co-polyPEGMA (50:50; Mn of PEGMA = 950) brush modified 

scaffold against E. coli and S. aureus bacteria for 3 months (12 weeks). All data 

points are shown as average + standard deviation represented by error bar (p ≤ 

0.05). 
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Figure 3.19 Images of bacterial growth for (a) & (f) Polymer P (b) & (g) P1-g-

polyDMAPS (6h), (c) & (h) P1-g-polyDMAPS (12h), (d) & (i) P1-g-polyDMAPS 

(24h) and (e) & (j) P1-g-polyDMAPS (48h) surfaces against E. coli (5 samples) 

and S. aureus, (5 samples) respectively. Information in bracket represent 

polymerization time for each brush.  

141 

Figure 3.20 Images of bacterial growth for (a) & (e) Scaffold P2 (P1/PLA=5/95) 

surface, (b) & (g) P1-g-polyDMAPS (6h), (c) & (h) P1-g-polyDMAPS (12h), (d) 

& (i) P1-g-polyDMAPS (24h) and (e) & (j) P1-g-polyDMAPS (48h) surfaces 

against E. coli (5 samples) and S. aureus, (5 samples) respectively. Information in 

bracket represent polymerization time for each brush.  

141 

Figure 3.21 SEM images of E. coli bacteria and S. Aureus obtained for (a) and (e) 

Scaffold P2 surface, (b) and (f) P2-g-polyDMAPS (24 h) and (c) and (g) P2-g-

polyDMAPS (48 h). Information in bracket for (b), (c) and (d) represent 

polymerization time. Zoom in images are shown as inset. 

142 

Figure 3.22 SEM images of E. coli bacteria obtained for (a) Scaffold P2 (50:50) 

surface, (b) Scaffold-g-polyDMAPS (12h) and (c) Scaffold-g-polyDMAPS (24h) 

(d) Scaffold-g-polyDMAPS (48h) and (e), (f), (g) and (h) for S.Aureus for the same 

substrates. Information in bracket for b,c and d represent polymerization time. 

142 

Figure 3.23 SEM images of E.coli and S. Aureus bacteria obtained for (a) and (e) 

Scaffold P2(5:95) surface, (b) and (f) Scaffold-g-polyDMAPS (12h) and (c) and 

(g) Scaffold-g-polyDMAPS (24h) (d) and (h) Scaffold-g-polyDMAPS (48h), 

respectively. Information in bracket represent polymerization time. 

143 

Figure 3.24 SEM images of E. coli and S. Aureus bacteria obtained for P2-g-

polyDMAPS-co-polyPEGMA (50:50) surface (a) and (e) Mn of PEGMA =300, 

(b) and (f) Mn of PEGMA =500, (c) and (g) Mn of PEGMA =144; polymerized 

for 48 hours, (d) and (h) P2-g-co-polyHEMA (50:50) polymerized for 6 hours of 

polymerization, respectively 

143 

Figure 3.25 (a) Variation of bacterial growth on Scaffold P2 surface modified 

with polyDMAPS-co-polyPEGMA brush (50:50) using various Mn of PEGMA 

monomer (polymerization time: 48h) and (b) Variation of bacterial growth on 

Scaffold P2 surface modified with polyDMAPS-co-polyPEGMA brush with Mn 

of PEGMA =950, polymerized for different time period. Line is added for guiding 

the eye. All data points are shown as average + standard deviation represented by 

error bar (p ≤ 0.05). 

144 

Figure 3.26. SEM images of S. aureus and E. coli bacteria obtained for Scaffold 

P2-g-polyDMAPS-co-polyPEGMA with varying PEGMA content (Mn of 

PEGMA =950): (a) and (d) 20% PEGMA content; (b) and (e) 50% PEGMA 

content and (c) and (f) 100% PEGMA content, i.e., homopolymer of PEGMA; All 

samples were polymerized for 48 h. All the corresponding agar plates were shown 

as inset. 
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Figure 3.27. Fluorescence microscopic images for FDA-stained live cells of 

E. coli adhered to the surfaces of: (a) Scaffold P2, (b) Scaffold P2-g-

polyDMAPS, (c) Scaffold P2-g-polyDMAPS-co-polyPEGMA (Mn of PEGMA 

=144) (d) Scaffold P2-g-polyDMAPS-co-polyPEGMA (Mn of PEGMA =300) (e) 

Scaffold P2-g-polyDMAPS-co-polyPEGMA (Mn of PEGMA =500) (f) Scaffold 

P2-g-PDMAPS-co-PPEGMA (Mn of PEGMA =950) (g) Scaffold P2-g-
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polyHEMA (h) Scaffold P2-g-polyPEGMA (Mn of PEGMA =950). Copolymeric 

brush compositions were kept at 50:50 for all the copolymer samples. Prior to 

study, polymerization was continued for maximum time for all the surfaces.  

Figure 3.28 Fluorescent micrographs of (a) Scaffold P2-Br (b) Scaffold P2-g-

polyDMAPS-co-polyPEGMA (Mn of PEGMA =950, at 50:50 copolymer ratio), 

(c) Amount of protein adsorbed on various surfaces (d) Percentage hemolysis on 

various surfaces; All the surfaces were dipped in a protein solution of 100 µg/mL 

concentration, polymerization time was kept at 48 h. All data points are shown as 

average + standard deviation represented by error bar (p ≤ 0.05). 

151 

Figure 3.29 Fluorescent micrograph of (a) Scaffold P2 (b) Protein adsorption data 

on brush modified Scaffold dipped at various protein solutions of varying protein 

concentrations. Note: polymerization time was kept at 48 h for brush modified 

scaffold. All data points are shown as average + standard deviation represented by 

error bar (p ≤ 0.05).  

152 

Figure 3.30 Left hand side image: In vitro cell viability study (a) MTT analysis 

of L929 cells after 48 h of treatment with different Scaffolds, Scaffold P2, Scaffold 

P2-g-polyDMAPS and Scaffold P2-g-polyDMAPS-co-polyPEGMA (Mn of 

PEGMA = 950, at 50:50 copolymer ratio, polymerized for 48h). The values are 

mean  SD, n=3 (one-way ANOVA) (***p ≤ 0.0005). Right hand side image: In 

vitro culture of L929 cells on direct scaffolds. Cells were grown on different 

Scaffolds modified with brush (b) Control surface (Glass) (c) Scaffold P2, (d) 

Scaffold P2-g-polyDMAPS and (e) Scaffold P2-g-polyDMAPS-co-polyPEGMA 

(Mn of PEGMA = 950, at 50:50 copolymer ratio, polymerized for 48h) and stained 

with Calcein-AM. (Magnification: 10X; scale bar: 200 μm) 
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Figure 3.31: (A-D) Change in infiltration of total leukocytes (A), neutrophils (B), 

monocytes (C) and macrophages (D) on implanting the test scaffold P2-g-

polyDMAPS-co-polyPEGMA. (E) Schematic showing outline of the experiment 

design for Scaffold P2 (control scaffold) and its modified surface (test scaffold), 

i.e., Scaffold P2-g-polyDMAPS-co-polyPEGMA. (F, G) Bioluminescence images 

(F) and quantification (G) of mice infected with S. aureus followed by treatment 

with control and tested scaffolds (H) Quantification of bacterial load by CFU assay 

from control and test scaffold treated infected mice. 

156 

Figure 4.1 Schematic diagram illustrating the synthesis of patterned surface 

modified with dual polymer brushes, i.e., polyDMAPS and polyPEGMA onto 

tartarate based polyester using surface-initiated ATRP. 

180 

Figure 4.2 Variation of water contact angle acquired from polymer P substrate 

after exposing to UV radiation for various time intervals. All data points are shown 

as average + standard deviation (error bar). 

180 

Figure 4.3 Representative NMR spectra for (a) Monomer (Di-methyl 2,3-O-

isopropylidenetartarate) (b) Polymer P (c) Polymer P1 taken after exposed to UV 

radiation for 15 mins (d) Polymer P1 taken after exposed to UV radiation for 20 

mins and (e) Polymer P1 taken after exposed to UV radiation for 25 mins 

181 
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Figure 4.4  (a) Representative ATR-FTIR spectra of pure polymer P, P1, P1-Br, 

and homo polymer brush (polyPEGMA and polyDMAPS) modified surfaces (b) 

Variation of ‘Grafting yield' of polyDMAPS and polyPEGMA with respect to 

polymerization time grafted on P1-Br surface (c) Thickness of polyDMAPS and 

polyPEGMA brush determined from ‘Grafting yield’ values (solid line) and AFM 

images (dotted line) with respect to polymerization time (d) Variation of water 

contact angle after each step of surface modifications of pure polymer P, P1, P1-Br, 

P1-g-polyDMAPS, P1-g-polyPEGMA and dual brush modified patterned surface 

(polymerization time: 24 h) (e) AFM topography image obtained from P1-g-

polyDMAPS (polymerization time: 24 h) surface (f) AFM topography image 

obtained from P1-g-polyPEGMA (polymerization time: 24 h) surface (g) AFM 

topography image obtained from dual brush modified patterned surface 

(polymerization time: 24 h) surface. Scale bar for all AFM images = 10 micron. 

183 

Figure 4.5 Deconvoluted C1s core-level spectra for various surfaces (a) P2 

(P/PLA=5/95) (b) P2-Br after first step of bromo functionalization (Br 3d spectrum 

shown as inset and its corresponding XPS image shown in e, e’ with pink pointer) (c) 

P2-g-polyPEGMA brush (polymerization time: 24 hours) after first ATRP, (d) P2-g-

polyDMAPS brush (polymerization time: 24 hours) after second ATRP (S 2p 

spectrum shown as inset), (e and e’)- Representative XPS image mapped for Br atom 

(region labeled with green) after first step of bromo functionalization and (f and f’)- 

Representative XPS image mapped for N atom from polyDMAPS brush after second 

ATRP step. 
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     Figure 4.6 (a) Representative Raman spectra of polyPEGMA and polyDMAPS 

brush modified P2 surfaces, (b) and (c) EDX mapping for N and S atoms acquired 

from polyDMAPS brush modified region (d) SEM image for patterned surface 

modified with dual polymer brushes (arrows represent the interface of dual brush) 

(e) and (f) AFM topography image obtained from polyPEGMA brush modified 

surface after 1st ATRP acquired from various regions shown by red arrows in optical 

images. Scale bar = 10 micron 

188 

Figure 4.7 (a) Representative deconvoluted XPS spectrum for P2-Br (taken from 

boundary region of the pattern) after second initiator immobilization step; EDX 

spectrum with composition derived from patterned (b) P2-g-polyPEGMA brush 

(middle area of square pattern) (c) P2-g-polyDMAPS brush (boundary area of 

square pattern). All samples were polymerized for 24 h. 

189 

Figure 4.8 Evaluation of surface charge (zeta potential) for neat polymer blend P2 

(P: PLA=5:95) surface and brush modified non-patterned (individual) and 

patterned surfaces measured at pH 7. All data points are shown as average + 

standard deviation (error bar). 

191 

Figure 4.9 Fluorescent micrographs of (a) Polymer blend P2 (b) P2-Br (c) Dual 

brush modified patterned surface (surface polymerization time was kept at 24 h) (d) 

Quantitative analysis for protein adsorption on various surfaces. All data points are 

shown as average + standard deviation (error bar). 
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     Figure 4.10 Comparison of bacterial growths on polymer P2, P2-g-polyDMAPS 

(polymerization time: 24h) and P2-g-polyDMAPS (24h) and patterned surfaces 

modified with dual brushes against (a) E. coli (5 samples) and (b) S. aureus (5 

samples) bacteria exposed for 24 h. All data points are shown as average ± standard 

deviation represented by error bar (p ≤ 0.05). 
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Figure 4.11 Representative images of bacterial growth on various surfaces (a) & 

(e) Polymer P1 (b) & (f) P1-g-polyPEGMA (24 h), (c) & (g) Patterned surface 

modified with dual brushes (24 h for each brush) (d) & (h) P1-g-polyDMAPS (24 

h) against E. coli and S. aureus, respectively. Information in bracket represent 

polymerization time for each brush. 4 samples from each category were taken for 

the study.  

195 

Figure 4.12 Representative SEM images of E. coli and S. aureus adhered on 

various surfaces (a) and (d) Polymer P (b) and (e) P1-g-polyPEGMA (c) and (f) 

P1-g-polyDMAPS, respectively. All samples were polymerized for 24 h. 

195 

Figure 4.13 SEM images of E. coli and S. Aureus obtained on (a) and (e) P2 surface, 

(b) and (f) P2-g-polyDMAPS surface (24 h), (c) and (g) P2-g-polyPEGMA surface 

(24 h) and (d) and (h) Patterned surface modified with dual brushes. Information in 

bracket represent polymerization time. 

196 

     Figure 4.14 Fluorescence microscopic images for FDA-stained live cells of 

E. coli adhered to the surfaces of: (a) P2, (b) P2-g-polyPEGMA, (c) P2-g-

polyDMAPS (d) Patterned P2 surface modified with single polyDMAPS brush (e) 

Patterned P2 surface modified with single polyPEGMA brush (f) Patterned surface 

modified with dual brushes. 

198 

Figure 4.15 Representative ATR-FTIR spectra of (a) polyDMAPS brush after first 

step of ATRP grown in the middle region of the pattern (b) polyPEGMA brush 

covered middle region of the pattern acquired after second step of ATRP using 

PEGMA (Region 1, middle area) (c) polyPEGMA brush covered boundary region 

of the pattern acquired after second step of ATRP using PEGMA (Region 2, 

boundary area) (d) homopolymer brush of polyPEGMA onto the blend P2 

(P:PLA=5:95) surface (reference spectrum) 

199 

Figure 4.16 Fluorescent images acquired after in vitro culture of L929 cells on 

various surfaces (a) P2-g-polyDMAPS brush (6h), (b) P2-g-polyDMAPS brush 

(12h) and (c) P2-g-polyDMAPS brush (24h); Information in the bracket represents 

the polymerization time. Scale bar: 100 µm. (d) Number of adherent L929 cells 

per unit area on polyDMAPS brush modified surfaces obtained at various 

polymerization times such as 6h, 12h and 24h. 

  

202 

Figure 4.17 Fluorescence microscopic images for L929 cells (stained with Calcein-

AM) grown on various surfaces (a) P2-g-polyDMAPS (24 h), (b) P2-g-

polyPEGMA (24 h) and (c) Patterned surface modified with dual brushes (24 h). 

Scale bar: 100 μm, 70 μm and 50 μm (from a to c); Information in bracket represent 

polymerization time; Arrows added to show patterned region; (d) Number of 

adherent L929 cells on the brush modified patterned and non-patterned surfaces. 

Predominant morphology of the cells corresponding to each surface was written at 

the top of each bar in Figure d. 

203 

Figure 4.18 Plausible illustration of L929 cell adhesion and cell repulsion behavior 

on selective region of brush modified patterned surfaces; Pictorial representation of 
204 
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predominant cell adhesion on polyDMAPS region and cell repulsion from 

polyPEGMA region of patterned surface 

Scheme 5.1 Schematic diagram demonstrating the synthesis of polymer brushes, 

i.e., polyDMAPS and polyDMAPS (poly(3-dimethyl-(methacryloyloxyethyl) 

ammonium propane sulfonate)) and polysulfobetaine methacrylate onto tartarate 

based polyester using surface-initiated ATRP. 

223 

Figure 5.2.  (a) Representative ATR-FTIR spectra of pure polymer P, P1, P2-Br, 

homo and copolymeric brush modified surfaces (b) Water contact angle variation 

after each step of surface modifications of pure polymer P, i.e., P1, P1-Br, and 

zwitterionic polymer brush modified surfaces (c) AFM topography image obtained 

from P1-g-Z6 (polymerization time: 48 h) surface (Scale bar = 10 micron) (d) AFM 

topography image obtained from P1-g-Z12 (polymerization time: 48 h) surface 

(Scale bar = 10 micron)  (e) Variation of ‘Grafting yield' of polyDMAPS and 

polyZ6 and Z12 with respect to polymerization time grafted on P1-Br surface (f) 

and (g) Thickness of polyDMAPS and polyZ6 and polyZ12 brush determined from 

‘Grafting yield’ values and AFM images with respect to polymerization time (g) 

AFM topography image obtained from copolymer brush P2-g-polyZ6-copolyZ12 

(polymerization time: 48 h) surfaces (Scale bar = 10 micron). All data points are 

shown as average + standard deviation (error bar). 

224 

Figure 5.3. Pictures of Scaffold fabricated by 3D printer (a) PLA (b) Scaffold P2 

(P1/PLA=5/95) Pore size: 0.5 mm(c) Scaffold P2-g-polyZ6-co-polyZ12 (after 48 h 

of brush growth) Mn of PEGMA = 950, at 50/50 copolymer ratio; Pore size: 0.456 

mm (porosity ~85%) * (3 samples) 

225 

Figure 5.4 Variation of water contact angle after each step of surface modifications 

of Scaffold P2 (P1/PLA=5/95) substrate. ‘P2’ denotes the same Scaffold surface 

with unmasked hydroxyl functionality. The number placed on top of the column 

represents polymerization time to graft polyDMAPS onto Scaffold P2 surface. All 

data are shown as average + standard deviation (error bar) (7 samples). Note: 

Measurement was carried out on surfaces immobilized with thickest brush (i.e., 

polymerized for maximum time period). 

225 

Figure 5.5 C1s core-level spectra for (a) Scaffold P2 surface (P1/PLA=5/95) (b) 

P2-Br (Br 3d spectrum shown as inset) (c) P2-g-polyZ6-copolyZ12 (polymerization 

time: 48 hours) (S 2p spectrum shown as inset), (d) P2-g-polyDMAPS-co-

polyPEGMA (polymerization time: 48 hours) (S 2p spectrum shown as inset) 

surfaces 

228 

Figure 5.6 Surface initiated polymerization of various zwitterionic brushes on 

Scaffold P2 surface represented by measuring (a) ‘Grafting yield' (b) Thickness 

calculated from grafting yield values (c) Thickness determined from AFM images; 

at every time interval.  (d) Grafting yield' with respect to polymerization time for 

copolymer brush grafted on P1 surface (e) ATR-IR spectra for various copolymer 

brushes grafted on Scaffold P2, where polymerization time was kept at 48 h. All 

data points are shown as average + standard deviation (error bar). 

229 

Figure 5.7 AFM topography images obtained for (a) P2-g-polyZ3 (b) P2-g-polyZ6 

(c) P2-g-polyZ12(d) P2-g-polyZ3-co-polyZ6 (e) P2-g-polyZ3-co-polyZ12 Scale 

bar: 10 microns. For all the samples, polymerization time was kept at 48 h. 
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Figure 5.8 SEM images obtained for (a) Scaffold P2 (b) P2-g-polyZ3 (c) P2-g-polyZ6 

(d) P2-g-polyZ12 (e) P2-g-polyZ3-co-polyZ6 (f) P2-g-polyZ3-co-polyZ12 (g) P2-g-

polyZ6-co-polyZ12. For all the samples, polymerization time was kept at 48 h.. 

231 

Figure 5.9 Comparison of bacterial growths on (a) and (b) Scaffold P2 

(P1/PLA=5/95) modified with different zwitterionic polymer brushes against E. coli 

and S. aureus bacteria exposed for 24 h. (c) and (d) Comparison of bacterial growths 

on Scaffold P2 modified with different copolymer zwitterionic polymer brush 

(polymerization time: 48 h) against E. coli and S. aureus bacteria exposed for 24 h. 

(c) All data points are shown as average + standard deviation represented by error 

bar (p ≤ 0.05). 

238 

Figure 5.10 SEM images of E. coli and S. aureus bacteria attained for (a) and (e) 

Scaffold P2- (b) and (f) Scaffold P2-g-poly6 (c) and (g) Scaffold P2-g-poly12 (d) 

and (h) Scaffold P2-g-poly6-co-polyZ12; All samples were polymerized for 48 h. 

239 

Figure 5.11 Fluorescence microscopic images for FDA-stained live and propidium 

dead cells of E. coli adhered to the surfaces of: (a) Scaffold P2 surface (b) Scaffold 

P2-g-polyZ6 surface (c) Scaffold P2-g-polyZ12 surface and supernatant(d)Scaffold 

P2-g-polyZ6-co-polyZ12 Copolymeric brush compositions were kept at 50:50 

Prior to study, polymerization was continued for maximum time for all the surfaces 

241 

Figure 5.12 Statistical data for antibacterial activity determined from P2-g-polyZ6-

co-Z12 brush modified scaffold against E. coli and S. aureus bacteria for 3 months 

(12 weeks). All data points are shown as average + standard deviation represented by 

error bar (p ≤ 0.05) 

241 

Figure 5.13 Fluorescence microscopic images for FDA-stained live and propidium 

stained dead cells of E. coli and S. Aureus adhered to the surfaces of: (a) and (c) 

Scaffold P2 surface (PBS washing) and (e) and (g) Scaffold P2 surface (NaCl 

washing) (b) and (d) P2-g-polyZ6-co-polyZ12 (PBS washing) (f) and (g) P2-g-

polyZ6-co-polyZ12 (NaCl washing)  

242 

Figure 5.14 Fluorescent micrographs of (a) Scaffold P2 (b) Scaffold P2-Br (c) 

Scaffold P2-g-polyZ6, (d) Scaffold P2-g-polyZ12 (e) Scaffold P2-g-polyZ6-co-

polyZ12 (f) Amount of protein adsorbed on various surfaces; All the surfaces were 

dipped in a protein solution of 100 µg/mL concentration for 24 h. For all the samples, 

polymerization time was kept at 48 h. All data points are shown as average + 

standard deviation represented by error bar (p ≤ 0.05)  

244 

Figure 5.15 In vitro cell viability study using HeLa cells; Percentage of viable cells 

on both neat Scaffold P2 and Scaffold P2-g-polyZ6-co-polyZ12 surface after 96 h 

of treatment. The values are mean  SD, n=3 (one-way ANOVA) (***p ≤ 0.0005).  

245 

Figure 5.16 Iivo biocompatibility study; HE staining and CD68 immunofluorescent 

staining of tissues around unmodified Scaffold P2 and Scaffold P2-g-polyZ6-co-

polyZ12 samples. Both the samples were embedded in the backs of nude mice for 4 

weeks (fluorescent red for CD68, fluorescent blue for cell nucleus). Black scale bars 

in HE images = 100 μm, and white scale bars in CD68 immunofluorescent images= 

50 μm. The bar graph shows the percentage of CD68-positive cells among total cells 

(DAPI positive nuclei) in the peri-infarct region. All data points are shown as 

average + standard deviation represented by error bar. 
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Figure 5.17 In vivo wound healing investigation: (A) images of mice skin wounds 

dressed with different materials (empty wound, Scaffold P2 and Scaffold P2-g-

polyZ6-co-polyZ12 covered wound) after 0, 6, and 12 days of observation; (B) 

wound size for different samples at different time intervals.  

248 

Figure 5.18 Quantification of S. aureus bacterial load by (a) OD value and (b) 

CFU/mL assay determined from empty wound, Scaffold P2 and Scaffold P2-g-

polyZ6-co-polyZ12 covered wound created on mice body 

249 

Figure 6.1 Schematic diagram demonstrating the synthesis of patterned surface 

modified with dual polymer brushes, i.e., polyDMAPS and polyMETA onto tartarate 

based copolyester via surface-initiated ATRP. 

266 

Figure 6.2  (a) Representative ATR-FTIR spectra of pure copolyester CP, CP-OH, 

CP-Br, and homo and orthogonaol polymer brush (polyDMAPS and polyMETA) 

modified surfaces (b) and (c) Variation of ‘Grafting yield' of polyDMAPS and 

further polyMETA with respect to polymerization time grafted on CP-Br surface. 

(d) Thickness of polyDMAPS and polyMETA brush determined from ‘Grafting 

yield’ values and AFM images with respect to polymerization time (d) Variation of 

water contact angle after each step of surface modifications of pure copolymer CP, 

CP-g-polyDMAPS, P1-g-polyDMAPS-o-polyMETA and dual brush modified 

patterned surface (polymerization time: 24 h) (e) AFM topography image obtained 

from P1-g-polyDMAPS (polymerization time: 24 h) surface (f) AFM topography 

image obtained from P1-g-polyDMAPS-o-polyMETA (polymerization time: 24 h) 

surface (g) AFM topography image obtained from dual brush modified patterned 

surface (polymerization time: 24 h) surface. Scale bar for all AFM images = 10 

micron 
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Figure 6.3 Deconvoluted C1s core-level spectra for various surfaces (a) Copolyester 

CP (b) CP-Br after first step of bromo functionalization (Br 3d spectrum shown as 

inset and its corresponding XPS image shown in e, e’ with pink pointer) (c) P2-g-

polyDMAPS brush (polymerization time: 24 hours) after first ATRP, (d) P2-g-

polyMETA brush (polymerization time: 24 hours) after second ATRP (S 2p 

spectrum shown as inset), (e and e’)- Representative XPS image mapped for Br 

atom (region labeled with green) after first step of bromo functionalization and (f 

and f’)- Demonstrative XPS image mapped for S atom from polyDMAPS brush 

after second ATRP step. 
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     Figure 6.4 (a) Representative Raman spectra of polyDMAPS and polyMETA 

brush modified copolyester surfaces, (b) and (c) EDX mapping for N and S atoms 

acquired from polyDMAPS and polyMETA brush modified region (d) SEM image 

for patterned surface modified with dual polymer brushes (arrows represent the 

interface of dual brush) (e) and (f) AFM topography image obtained from 

polyDMAPS brush modified surface after 1st ATRP acquired from various regions 

shown by red arrows in optical images. Scale bar = 10 micron 
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Figure 6.5 Fluorescent micrographs of (a) Polymer blend P2 (b) P2-Br (c) Dual 

brush modified patterned surface (surface polymerization time was kept at 24 h) (d) 

Quantitative analysis for protein adsorption on various surfaces. All data points are 

shown as average + standard deviation (error bar). 
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 Figure 6.6. SEM micrographs for Gold nanoparticles (a) 12 hours polymerized   

polyMETA (b) 15 µM (c) 15 µM (d) 25 µM (e) 20 µM (f) 50 µM (f) Gold surface 

on 48 hours polymerized sample 
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Figure 6.7 SEM micrographs for silver nanoparticles (a) 12 hours polymerized po 

polylyMETA (b) 15 µM (c) 50 µM (d) 20 µM (e) Gold surface on 48 hours 

polymerized sample 
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Figure 6.8 (a) SEM micrographs for silver nanoparticles and gold nanoparticles on 

patterned surface (b) EDX mapping for gold and silver nanoparticles (c) AFM 

image for gold and silver nanoparticles (d) Protein patterning for gold and silver 

using two different protein attached to red and green dye. 
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Figure 6.9 Fluorescent micrographs of (a) Gold surface (pH 7.4) (b) Silver surface 

at pH 6 and 8 attached with BSA (red dye) 
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Figure 6.10 Fluorescent micrographs for double stranded DNA (a) Gold surface 

(pH 7.4) (b) Gold surface (pH 6) (c) Gold surface (pH 8) (d) Silver surface (pH 6) 

(e) Silver surface (pH 8) (f) Silver surface (pH 7.4) (g) DNA attachment with pH 

7.4 attached outer gold surface (h) DNA attachment with pH 8 attached on middle 

silver surface. 
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Figure 6.11 NMR spectra for (a) 2-Hydroxy-4-pentynoic Acid Ethyl Ester (b) 2-

Hydroxy-4-pentynoic Acid (c) 3-Azido 1-propanol (d) Copolyesters 
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LIST OF ABBREVIATIONS 

 

List of abbreviations 

 

Full form 

WHO World Health Organization 

SSI surgical site infections 

SIATRP surface-initiated atom transfer polymerization 

mediated 

c-PMMA carboxy terminated polymethyl methacrylate 

QAS quaternary ammonium salt 

ROMP ring-opening metathesis polymerization 

RAFT reversible addition−fragmentation transfer 

NMP nitroxide-mediated polymerization 

RGD arginine-glycine-aspartic 

MIC minimum inhibitory concentration 

CMC Carboxymethyl Cellulose 

SLIPS Slippery liquid-infused porous surface 

(PDMS-OCH3) polydimethylsiloxane 

CST Critical Solution Temperature 

AMP antimicrobial peptides 

HA-GS hydroxyapatite and gentamicin sulphate 

ACLs quaternized with different alkyl halides 

P-PQAs quaternary ammonium salt based 

polyacrylates 

Tet213 (KRWWKWWRRC) Cysteine-functionalized cationic 

antimicrobial peptide 

SI-PIMP surface-initiated photoiniferter mediated 

polymerization 

BMSC’s bone marrow mesenchymal cells 

(CP-PC) Phosphate-Choline interactions 

(SNMs) silicon nanopore membranes 

TC-PDVBAPS triclosan immobilized polyDVBAPS brushes 

ITO indium tin oxide 

APTT Activated partial thromboplastin time 
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(HT1080) human fibroblast 

PLA Poly(lactic acid) 

PMDETA Pentamethyl Diethylene Tetraacetate 

polyDMAPS poly(3-dimethyl-(methacryloyloxyethyl) 

ammonium propane sulfonate) 

EDTA Ethylene Diamine Tetraacetate 

polyPEGMA poly((oligo ethylene glycol) methyl ether 

methacrylate 

THF Tetrahydrofuran 

PHEMA poly (2-hydroxyethyl methacrylate 

PMETA poly[(2-methacryloyloxyethyl] trimethyl 

ammonium chloride) 

(DCM) dichloromethane 

(E. coli) Escherichia coli 

(S. aureus) Staphylococcus aureus 

(MG-63) mammalian osteoblast cells 

(LB) Luria broth 

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl 

tetrazolium bromide 

BPY 2,2′-bipyridine 

(BIBB) 2-bromoisobutyryl bromide 

BSA Bovine Serum Albumin 

(SCFS) Single-cell force spectroscopy 

FESEM Field Emission Scanning Electron 

Microscopic 

SEM Scanning electron microscope 

FTIR Fourier Transform Infrared Spectroscopy 

TGA Thermal Gravimetric Analysis 

GPC Gel Permeation Chromatography 

NMR Nuclear Magnetic Resonance 

ATR-FTIR Attenuated Total Reflectance-Fourier 

Transform Infrared 

DSC Differential Scanning Calorimetry 
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XPS X-ray photoelectron spectroscopy 

OM Optical Microscopy 

AFM Atomic Force Microscopy 

EDX Energy Dispersive X-ray 

 
 
 
 




