
STUDY OF SILK FIBROIN PROTEIN 

REFOLDING AND ITS SELF ASSEMBLY 

PROCESS 

 

 

PRIYANKA DUBEY 

 

 

 

DEPARTMENT OF TEXTILE TECHNOLOGY 

INDIAN INSTITUTE OF TECHNOLOGY DELHI 

APRIL 2018 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

©Indian Institute of Technology Delhi (IITD), New Delhi, 2018



STUDY OF SILK FIBROIN PROTEIN 

REFOLDING AND ITS SELF ASSEMBLY 

PROCESS 

by 

PRIYANKA DUBEY 

Department of Textile Technology  

Submitted  

In fulfilment of the requirements of the degree of Doctor of Philosophy 

to the 

 

 

 

 

 

 

INDIAN INSTITUTE OF TECHNOLOGY DELHI 

APRIL 2018 



 

 

  

 

 

Dedicated to 

My Parents & Husband 

Mr. D. N. Dubey & Mrs. Pratibha Dubey 

&  

Dr. Saurabh Gautam  

 

 

 

 



 

 

 

 

 

An experiment is a question which science poses to 

Nature, and a measurement is the recording of Nature’s 

answer. 

MAX PLANCK 

 

 



i 
 

CERTIFICATE 

This is to certify that the thesis entitled “STUDY OF SILK FIBROIN PROTEIN 

REFOLDING AND ITS SELF ASSEMBLY PROCESS” being submitted by Ms. 

Priyanka Dubey to Indian Institute of Technology Delhi for the award of the degree of 

“DOCTOR OF PHILOSOPHY”, is a record of the authentic research work carried out by 

her under my supervision and guidance. She has fulfilled all the requirements for submission 

of this thesis, which to the best of my knowledge has reached the required standard. 

 

The material contained in this thesis has not been submitted in part or full to any other 

University or Institute for the award of any other degree. 

   

 

  

Dr. Sourabh Ghosh  

Associate Professor  

Department of Textile Technology  

Indian Institute of Technology, Delhi  

Hauz Khas – 110016, New Delhi, India  

 

 



ii 
 

ACKNOWLEDGEMENTS 

It is my immense pleasure to express my immeasurable appreciation and deepest gratitude to 

my esteemed supervisor Dr. Sourabh Ghosh for their valuable guidance, supervision, support 

and constant encouragement during the tenure of my Ph.D. I sincerely thank Dr. Ghosh for 

carving my scientific temper and developing a skill to tackle the problematic situations with 

immeasurable pateince. It has been a privilege to work under his attentive supervision. 

I would also like to express my special acknowledgement to Dr. Pramit Chowdhury 

(Department of Chemistry) for allowing me to avail all instruments of his lab, which renders 

great help to finish a major portion of my thesis work.  

Next I would like to thank all the faculty members of Department of Textile Technology, 

Department of Chemistry and my SRC members (Prof. M. Jassal, Prof. M. Joshi and Dr. 

Pramit. K. Chowdhury) for their valuable suggestions and time to time guidance. I would also 

like to express my special thanks to all the technical staff and office members of both the 

departments for their constant help and co-operation.  

Also I would like to thank Ministry of Human Resource Development, Govt. of India 

for providing me with scholarship for the duration of my PhD.  

I would truely like to thank all my friends and labmates for making this journey so 

exiciting and memorable especially, Maumita Bhattacharjee, Aarushi Sharma, Shibu C, 

Sharda Nara, Sanskrita Das, Shikha Chawla and all others. I would also like to covey my 

especial thanks to Sumit Murab and Prasad Admane for their constant help and technical 

support during this period.   

Last but not the least I express my extremely deep sense of gratitude to my beloved 

family, my husband Dr. Saurabh Gautam, my father Mr. D.N.Dubey and my mother Mrs. 



iii 
 

Pratibha dubey whose immense support, motivation, encouragement and inspiration have 

always helped me to fullfill my dreams.  

 

Priyanka Dubey 

 

 

 

 

 

 

 

 

 

 

 

 



iv 
 

ABSTRACT 

Controlling the mechanism of self assembly in proteins has emerged as an interesting and 

important tool for various biomedical applications. Silk fibroin has been used to form a 

variety of biomaterials for various biomedical applications. Silk fibroin self assembly consists 

of gradual conformational transition from silk I (non crystalline) to stacked β-sheet crystal 

rich (silk II) structure. The fabrication of unique silk-based biomaterials with 

tunable/controlled secondary conformation can be achieved by modulating the self assembly 

process of silk fibroin. Self assembly in silk fibroin may result in different secondary 

structural conformations, which may further lead to different immune responses. Thus, 

controlling the self assembly process of silk fibroin may have a direct influence on the 

immune responses. 

In the present thesis different methodologies has been applied for modulating the self 

assembly process of silk fibroin namely the effect of calcium ions and the macromolecular 

crowding agents. The thesis also presents a mechanistic point of view of such secondary 

structural modulation of silk fibroin. Silk fibroin with calcium ions resulted in a 

predominantly α-helical intermediate conformation, which was absent under controlled 

conditions (i.e. fibroin without calcium ions). Further, the molecular modelling of the N-

terminal region of fibroin with calcium ions showed that negatively charged glutamate and 

aspartate amino acids play a key role in the electrostatic interaction with positively charged 

calcium ions. Furthermore, we used silk fibroin as a model protein for aggregation to 

modulate the self assembly process and its inhibition using combination of different 

molecules. It is worthwhile to note that protein aggregation has been implicated in a number 

of human pathological disorders including numerous neurodegenerative diseases. We 

explored the propensity of silk fibroin protein to undergo amyloid-like nano-fibrilization and 
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its prevention using optimized concentrations of curcumin and β-cyclodextrin combination. 

The results demonstrated that fibroin treated with ethanol, without adding the optimized 

combination, showed the formation of nano-fibrils. However, addition of optimized 

combination of curcumin and β-cyclodextrin kept the silk fibroin in random coil native 

conformation. Based on our findings we hypothesized that the benzene rings of curcumin 

interact with the Tyrosine, Tryptophan and Phenylalanine aromatic residues present in the 

significant proportion (~8%) in silk fibroin via hydrophobic interactions. Whereas, β-

cyclodextrin also interacted with the non-polar residues which are core components for 

nucleation dependent protein aggregation. 

Macromolecular crowding is a one of the major factors that governs the protein folding/self 

assembly and aggregation kinetics inside the cells. Therefore, another approach to modulate 

the self assembly process of silk fibroin used was the introduction of a macromolecular 

crowder in the silk fibroin solution. Our data revealed that macromolecular crowders PEG 

(PEG 200 and PEG 6000) and dextran (dextran 6000 and dextran 70000) may induce a 

conformational transition in silk fibroin under defined parameters. Also the increase in the 

effectual concentration of macromolecular crowders results in the improved thermodynamic 

activity. Based on these findings we further investigated the role of macromolecular crowders 

and silk fibroin on human fibroblast, wherein we found that culturing of cells in the crowded 

microenvironment may lead to enhanced extracellular matrix as compared to control (media 

without crowders and silk fibroin).  

 

 

 



सार 
 

प्रोटीन में स्वयं असेंबली की व्यवस्था को ननयंनित करना नवनभन्न जैव निनकत्सा अनुप्रयोगो ंके निए एक 

नदििस्प और महत्वपूर्ण उपकरर् के रूप में उभरा है। नवनभन्न बायोमेनडकि अनुप्रयोगो ं के निए 

नवनभन्न प्रकार के जैव पदाथण बनाने के निए रेशम फाइब्रॉइन का उपयोग नकया गया है। रेशम फाइब्रॉइन 

स्वयं असेंबली में रेशम मैं ( गैर निस्टिीय) β- शीट निस्टि समृद्ध ( रेशम नितीय) संरिना से िनमक 

गठनात्मक ट्रांजीशन होते हैं। रेशम फाइब्राइन की स्वयं असेंबिी प्रनिया को नवननयनमत करके टू्यनेबि 

/ ननयंनित माध्यनमक संरिना के साथ अनितीय रेशम-आधाररत बायोमैनटररयल्स का ननमाणर् नकया जा 

सकता है। रेशम फाइब्राइन में स्वयं असेंबिी का पररर्ाम नवनभन्न माध्यनमक संरिनात्मक रूपो ंमें हो 

सकता है, जो अिग-अिग प्रनतरक्षा प्रनतनियाओ ंको आगे बढा सकता है। इस प्रकार, रेशम फाइब्राइन 

की स्वयं असेंबिी प्रनिया को ननयंनित करने से प्रनतरक्षा प्रनतनियाओ ंपर सीधा प्रभाव पड़ सकता है। 

वतणमान थीनसस में रेशम फाइब्राइन की स्वयं असेंबिी प्रनिया को अथाणत् कैल्शशयम आयनो ं

और मैिोमॉललकू्यलर समूहन वािे एजेंटो ं के प्रभाव के निए अिग-अिग तरीके से  

प्रयोग नकया गया है। थीनसस रेशम फाइब्राइन के ऐसे माध्यनमक संरिनात्मक मॉडुि के 

बारे में एक यंिवत् नबंदु भी प्रसु्तत करता है। कैल्शशयम आयनो ंके साथ रेशम फाइब्रॉइन 

मुख्यतः α-  हेललकल इांटरमीलिएट कन्फोममशन मौजूद परयर गयर। इसके अिावा, कैल्शशयम 

आयनो ंके साथ फाइब्रॉएन के एन टनमणनि के्षि के आर्नवक मॉडनिंग से पता ििा है नक 

नकारात्मक रूप से िाजण नकए गए गू्लटामेट और एस्पाटेट अमीनो एनसड, सकारात्मक रूप 

से िाजण कैल्शशयम आयनो ं के साथ इिेक्ट्र ोसै्टनटक इंटरैक्शन में महत्वपूर्ण भूनमका ननभाते 

हैं। इसके अिावा, हम अिग-अिग अरु्ओ ंके संयोजन का उपयोग करके स्वयं असेंबिी 

प्रनिया को ननयंनित करने के निए एकिीकरर् के निए एक मॉडि प्रोटीन के रूप में 

रेशम फाइब्राइन का उपयोग कर सकते है। यह ध्यान देने योग्य है नक प्रोटीन एकिीकरर् 



कई नू्यरोडीजेनेरेनटव रोगो ंसनहत कई मानव रोग कर कररण है। हमने रेशम फाइब्राइन 

प्रोटीन की प्रवृनि को पता िगाया है नक अमाइिॉइड जैसे नैनो- नफनब्रिेशन और इसकी 

रोकथाम करकू्यलमन और β- साइक्लोडेक्सनटर न संयोजन की अनुकूनित सांद्रता के उपयोग से 

की जर सकती हैं उपयोग कर रहा है। पररर्ामो ंसे पता ििा हैं नक अनुकूनित संयोजन के 

नबना, इथेनॉि के साथ फाइब्रॉइन ने नेनो-फाइनब्रि का गठन नदखाया। हािांनक, 

करकू्यलमन और बीओ-साइक्लोडेक्सनटर न के अनुकूनित संयोजन के बगैर यादृल्िक कंुडि  

मूल रिना में रेशम फाइब्रॉइन परयर गया। हमारे ननष्कर्षों के आधार पर हमने अनुमान 

िगाया है नक करकू्यलमन के बेंजीन के छले्ल हाइडर ोफोनबक इंटरैक्शन के माध्यम से रेशम 

फाइब्राइन में महत्वपूर्ण अनुपात (~ 8%) में मौजूद टर ायोनसन, नटर प्टोफैन और फेनोइिैिाइन 

ऐरोमैलटक अवशेर्षो ं के साथ इांटरैक्ट करते हैं। जबनक, β- साइक्लोडेक्सनटर न  गैर-धु्रवीय 

अवशेर्षो ंके साथ भी इांटरैक्ट कर रहा है जो नक नू्यल्क्लयेशन आनित प्रोटीन एकिीकरर् 

के मुख्य घटक हैं। मैिोमॉललकू्यलर समूहन एक महत्वपूर्ण कारक है जो नक कोनशकाओ ंके 

अंदर प्रोटीन की स्वयं असेंबिी प्रनिया और   

बलगलत लिज्ञरन को ननयंनित करती है। इसनिए, रेशम फाइबे्रइन के स्वयं असेंबिी प्रनिया को 

व्यवल्स्थत करने के निए यह एक अन्य तरीका है, रेशम फाइब्रॉइन घोि में मैिोमॉललकू्यलर 

एजेंट को िरलनर । हमारे डेटा से पता ििा है नक मैिोमॉललकू्यलर समूहन वािे पीईजी 

(पीईजी 200 और पीईजी 6000) और डेक्सटर ान ( डेक्सटर ान 6000 और डेक्सटर ान 

70000) पररभानर्षत पैरामीटसण के तहत रेशम फाइब्राइन में एक गठनात्मक ट्रांजीशन पैदा 

कर सकते हैं। इन ननष्कर्षों के आधार पर हमने मानव फाइब्रोब्लास्ट पर मैिोमॉललकू्यलर 

समूहन और रेशम फाइब्रॉइन की भूनमका की जांि की, नजसमें हमने पाया नक 

कोनशकाओ ंके संवधणन को समूहन वािे सूक्ष्म - िरतरिरण में बाह्य मैनटर क्स में िृद्धि  की जर सकती 

है। 
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initial (0 min) and their subsequent final time point. 

Fig 5.7 ATR-FTIR of fibroin with 50, 100 and 150 mg/ml concentration of Dex-6000 at 

initial (0 min) and their subsequent final time point. 

Fig 5.8 ATR-FTIR of fibroin with 50, 100 and 150 mg/ml concentration of Dex-70000 at 

initial (0 min) and their subsequent final time point. 

Fig 5.9 ATR-FTIR spectra of fibroin recorded at 35 hrs without any crowder. 
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Fig 5.10 AFM of fibroin incubated with PEG 200 at 0 min with a) 50 mg/ml b) 100 mg/ml 

c) 150 mg/ml. The final aggregation time point of fibroin with d) 50 mg/ml e) 100 

mg/ml f) 150 mg/ml. 

Fig 5.11 AFM of fibroin incubated with PEG 6000 at 0 min with a) 50 mg/ml b) 100 mg/ml 

c) 150 mg/ml. However, d-f are representing a final aggregation time point of 

fibroin with d) 50 mg/ml e) 100 mg/ml f) 150 mg/ml. 

Fig 5.12 AFM of fibroin incubated with dextran 6000 at 0 min with a) 50 mg/ml b) 100 

mg/ml c) 150 mg/ml. The final aggregation time point of fibroin with d) 50 mg/ml 

e) 100 mg/ml f) 150 mg/ml of dextran 6000. 

Fig 5.13 AFM of fibroin incubated with dextran 70000 at 0 min with a) 50 mg/ml b) 100 

mg/ml c) 150 mg/ml. However, d-f is demonstrating the final aggregation time 

point of fibroin with d) 50 mg/ml e) 100 mg/ml f) 150 mg/ml. 

Fig 6.1 Immunostaining of Human fibroblast cell in the presence of different crowders at 

day 1 fibronectin -green) and DAPI-blue).  

Fig 6.2 Immunostaining of Human fibroblast cell in the presence of different crowders at 

day 4 fibronectin -green) and DAPI-blue).  

Fig 6.3 Immunostaining of Human fibroblast cell in the presence of different crowders at 

day 8 fibronectin -green) and DAPI-blue).  

Fig 6.4 Collagen estimation of human fibroblast cells cultured in the presence of 

macromolecular crowders and SF at day 1, 4 and 8. The Total collagen content of 

all groups were normalized to their respective total DNA contents at day 1, 4 and 

8.  

Fig 6.5 Quantitative Real-time PCR studies to evaluate the fibronectin gene expression in 

fibroblast cells cultured in the presence of macromolecular crowders and SF at day 

1, 4 and 8 
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Fig 6.6 Quantitative Real-time PCR studies to evaluate the collagen I gene expression in 

fibroblast cells cultured in the presence of macromolecular crowders and SF at day 

1, 4 and 8 
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