
STUDIES ON INTERACTION OF CD11bA DOMAIN OF β2 

(CD11b/CD18) INTEGRIN WITH METAL IONS AND SMALL 

MOLECULES 

  

 

VINAY KUMAR 

 

 

 

DEPARTMENT OF CHEMISTRY 

INDIAN INSTITUTE OF TECHNOLOGY DELHI 

MARCH 2018 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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



STUDIES ON INTERACTION OF CD11bA DOMAIN OF  (CD11b/CD18) 

INTEGRIN WITH METAL IONS AND SMALL MOLECULES 

 

 by 

VINAY KUMAR 

Department of Chemistry 

 

Submitted 

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

to the 

 

 

INDIAN INSTITUTE OF TECHNOLOGY DELHI 

MARCH 2018 



 

 

i 

 

CERTIFICATE 

This is to certify that the thesis which is entitled as ‘Studies on CD11bA domain of β2 

(CD11b/CD18) integrin with various metal ions and small molecules” being submitted by 

“Mr. Vinay Kumar” to the “Indian Institute of Technology Delhi” for the award of “Doctor 

of Philosophy” is a record of bonafide research work carried out by him. He has worked 

under my guidance and supervision and has fulfilled the requirements for the submission of 

this thesis.  

To the best of my knowledge, the results contained in this thesis have not been submitted in 

part or full to any other university or institute for award of any degree or diploma.  

 

Dr. Shashank Deep 

(Associate Professor) 

Department of Chemistry 

Indian Institute of Technology Delhi 

New Delhi, Hauz Khas-110016 

 

 

 

 

  



 

 

iii 

 

ACKNOWLEDGEMENTS 

Dedicated to my life-guides, my father (Mr. Prem Sahay) and mother 
(Mrs. Kameshwari Sahay); Heartfelt gratitude! 

 
 
At the first, I would like to thanks my Ph.D. supervisor “Dr. Shashank Deep” for his widespread 
contributions to this thesis, especially for authorizing me to pursue my doctor of philosophy in his 
lab, for securing the funding after five years of my work, for suggesting so many exciting ideas and 
proposal along the way, and for in depth reading of my thesis. He is the person who taught me the 
word integrity at the work. I would also like to thanks Dr. Vineet Gupta for providing us the plasmids 
of CD11bA gene, and for collaborative work, and for the supplementary supervisory role in the 
accomplishment of this thesis. I would always be thankful to them in my entire life. According to me 
words are less to describe their contribution in this thesis.  
 
I am also grateful to my ‘scientific research committee’ (Prof. Ajai Kumar Singh, Prof. Sunil Kumar 
Khare and Prof. Tapan K. Chaudhuri) for reviewing the progress of work and providing many good 
suggestions throughout my Ph.D.  
 
I am really thankful to my parents, brother (Mr. Jainender Prem Sahay), Sister (Anju Lohia), Jiju 
(Kanchan Singh Lohia), Bhabhi (Rekha Prem Sahay) and other family members who have provided 
me through emotional and moral support in my life; Nisha, Aarya Singh Lohia, Ridhima Prem Sahay, 
Krit Singh Lohia. 
 
With a special gratitude to these friends who never feared to help me; Vimal Kant Harit, Dushyant K 
Garg, and Bhaskar.  It is really fantastic to have friends like both of you. 
 
I am also grateful to Dr. Pramit Chowdhury and his lab members (especially to Sanjeeb Mukharji), Dr. 
Tapan K. Chaudhuri and his lab members, and Dr. Biswajit Kundu and his lab members (Ankit, and 
Jassi,) for proving us their instrumental facility at the time of requirements. 
 
I am also thankful to the staff members of chemistry department; Vinod Sir, Ashish and Dimpal 
Ma’am for their steady support and assistance in ordering the chemicals and release of funding. 
 
Finally, to everyone in my lab; Dr. Komal, Dr. Anurag, Dr. Sayed, Dr. Ashhar, Dr. Preeti, Dr. Shivnetra, 
Nidhi Kaur, Nidhi Katyal, Nitika, Sonam, Priya, Ayushi, Shilpa, Dr. Meena, and Dr. Fatima. It was really 
overwhelming to sharing laboratory with all of you during my tenure. For all your supports and 
encouragements; Really Grateful! 
 

Whatever you are going through, just be positive. There is light somewhere. But you have to go on. 
What matters is moving forward and not the speed. 

 
                                                                                                              
Thank you all………………………………………………! 
 
Vinay Kumar 

  

 

 

 

 

 



 

 

v 

 

ABSTRACT 
 

 

Understanding the complexity and regulation of immune system in our body is a challenging 

task. Deregulation of these immune responses has been reported in several diseases as 

disparate as cancer, chronic inflammation, neurological disorder such as Parkinson’s, and 

Alzheimer’s. Regulation of these immune responses is complex and involves a number of 

factors. Integrins are trans-membrane receptor proteins involved in bidirectional signaling 

across the cell membrane. Leukocytic “CD11b/CD18” integrin proteins are involved in cell-

cell or cell-ECM adhesion, and thus required for cells growth and functions. Apart from their 

role in organ development, they participate in immune responses against infection and 

autoimmune diseases. Therefore, they are potential therapeutic target for drug discovery in 

the treatment of autoimmune diseases such as multiple sclerosis and psoriasis. 

This thesis entitled as ‘Studies on CD11bA domain of β2 (CD11b/CD18) integrin with 

various metal ions and small molecules” consists of seven chapters. 

The Chapter-1 “Introduction” has discussed some of the important features of integrin 

protein along with the outline of work proposed in the context of problems. 

Chapter-2 of this thesis “Materials and methodologies” describes the expression and 

purification protocol used for various variants of integrin, with various biophysical 

techniques used for the study.  

Chapter-3 of this thesis deals with the characterization of the CD11bA protein constructs in 

the absence or presence of various metal ions and agonist (LA-1) was done by using 

fluorescence and CD spectroscopy. The results of this chapter suggest that stability of the 

CD11bA protein can be regulated by activation of integrin (removal of isoleucine), metal 

ions, and certain ligands (LA-1).  

Chapter-4 deals with energetics of binding CD11bA domain with metal ions in the absence 

or presence of agonist (LA-1).  This chapter suggests that binding affinity of metal ions to 

CD11bA domain can be regulated by activation state of the integrin and LA-1, an agonist.  

In the Chapter-5, binding affinity of the agonist (LA-1) was directly determined with 

different constructs of CD11bA domain. Energetics of binding of LA-1 to CD11bA domain, 

in the absence or presence of various metal ions (Mn2+, Mg2+, and Ca2+) has also been 

reported. It concludes that binding affinity of leukadhrin-1 (LA-1) to CD11bA can be 



 

 

vi 

 

regulated by certain factors such as temperature, pH of the buffer, conformation of integrin 

(I316G), various metal ions (Mn2+, Mg2+, and Ca2+), and the length of activation sensitive 

helix. In short, our results suggest that LA-1 and metal ions mutually regulate their binding 

affinity to CD11bA domain.   

In the Chapter-6, three different polyphenols (curcumin, resveratrol and EGCG) have been 

tested as the binding partner of the CD11bA domain. Energetics of the binding of these 

polyphenols to CD11bA domain has been reported with the order of binding affinity: 

curcumin > resveratrol > EGCG. It was also observed that curcumin and resveratrol 

significantly increases the binding affinity of Mn2+, Mg2+, and Ca2+ ion by increasing the 

favourable enthalpy during the binding reaction. In another set of experiments, Mn2+ and 

Mg2+ ion also increases the binding affinity of theses polyphenols to CD11bA constructs by 

increasing the favourable enthalpy change during the binding process.  This result indicates 

that these metal ions provides favourable binding environment to these polyphenols in 

contrast to CD11bA alone. Therefore, this chapter concludes that metal ions and these 

polyphenols mutually regulate their binding affinity to CD11bA protein.  

At the last “Chapter-7” of this thesis is entitled as “Summary and Future perspectives” 

has outlined with the key observations and salient future of the whole thesis. Future 

perspectives of the whole study have also been reported. 
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सार 
हमारे शरीर में प्रतिरक्षा प्रणाली की जटिलिा और तितियमि को समझिा एक चुिौिीपूणण कायण ह।ै इि प्रतिरक्षा 

प्रतिक्रियाओं के तियंत्रण को कई रोगों में बिाया गया ह ैजैसे क्रक कैं सर, पुरािी सूजि, पार्किं संस जैसे न्यूरोलॉतजकल 

तिसऑिणर, और अल्जाइमर के रूप में तिन्न। इि प्रतिरक्षा प्रतिक्रियाओं का तितियमि जटिल ह ै और कई कारक 

शातमल हैं इंिीग्रंस कोतशका तझल्ली में तिक्रिश संकेिि में शातमल ट्ांस-तझल्ली टरसेप्िर प्रोिीि होिे हैं। ल्यूकोसाइटिक 

"सीिी 11 बी / सीिी 18" इंिीतग्रि प्रोिीि कोतशका कोतशका या सेल-ईसीएम आसंजि में शातमल ह,ै और इस िरह 

कोतशकाओं के तिकास और कायों के तलए आिश्यक ह।ै अंग तिकास में उिकी िूतमका के अलािा, िे संिमण और 

स्िि: प्रतिरक्षी रोगों के प्रति प्रतिरक्षा प्रतिक्रियाओं में िाग लेिे हैं। इसतलए, िे कई प्रकार के स्केलेरोतसस और 

सोरायतसस जैसे ऑिोइम्यूि रोगों के उपचार में ििा की खोज के तलए संिातिि तचक्रकत्सीय लक्ष्य हैं। इस थीतसस को 

तितिन्न धािु आयिों और छोिे अणुओं के साथ β2 (CD11b / CD18) इंतजतिि के सीिी 11 बीए िोमेि पर 

अध्ययि के रूप में हकिार "साि अध्यायों के होिे हैं 

अध्याय-1 "पटरचय" िे समस्याओं के संििण में प्रस्िातिि कायण की रूपरेखा के साथ-साथ एकीकृि प्रोिीि की कुछ 

महत्िपूणण तिशेषिाओं पर तिचार-तिमशण क्रकया ह।ै 

इस थीतसस "सामग्री और पद्धतियों" के अध्याय -2 अध्ययि के तलए इस्िेमाल की जािे िाली तितिन्न बायोक्रितजकल 

िकिीकों के साथ, अतिव्यति और शुतद्ध प्रोिोकॉल का उपयोग अतिकलि के तितिन्न रूपों के तलए क्रकया गया ह।ै 

इस थीतसस के अध्याय -3 अिुपतस्थति में सीिी 11 बीए प्रोिीि के लक्षण िणणि के साथ संबंतधि ह ैया तितिन्न धािु 

आयिों और एगोतिस्ि (एलए -1) की उपतस्थति प्रतििीति और सीिी स्पेक्ट्ट्ोस्कोपी का उपयोग करके क्रकया गया था। 

इस अध्याय के ििीजे बिािे हैं क्रक सीिी 11 बीए प्रोिीि की तस्थरिा को इंिीतग्रि (आइसोलीयुसीि को हिािे), धािु 

आयिों और कुछ तलगैंि (एलए -1) के सक्रियण िारा तियंतत्रि क्रकया जा सकिा ह।ै  

अध्याय -4 अिुपतस्थति या एगोतिस्ि (एलए -1) की उपतस्थति में धािु आयिों के साथ बाध्यकारी CD11bA िोमेि 

के ऊजाणगृहों से संबंतधि ह।ै इस अध्याय से पिा चलिा ह ैक्रक धािु आयिों की सीिी 11 बीए िोमेि को बाध्य करिे के 

संबंध में एतितमि और एलए -1 की सक्रियण अिस्था िारा तितियतमि क्रकया जा सकिा है, एक एगोतिस्ि। 

अध्याय -5 में, एगोतिस्ि (ला-1) के बाध्यकारी संबंध सीिी 11 बीए िोमेि के तितिन्न तिमाणणों के साथ सीधे 

तिधाणटरि क्रकए गए थे। अिुपतस्थति में या तितिन्न धािु आयिों (एमएि 2 +, एमजी 2 + और सीए 2 +) की 

उपतस्थति में एलए -1 से सीिी 11 बीए िोमेि के बंधि की ऊजाण िी सूतचि की गई ह।ै यह तिष्कषण तिकाला ह ैक्रक 

लेतक्ट्िटरि -1 (एलए -1) से सीिी 11 बीए को बाध्य करिे के संबंध में कुछ कारक जैसे क्रक िापमाि, बिर के पीएच, 

इंिीतग्रि की संरचिा (आई 316 जी), तितिन्न धािु आयिों (एमएि 2 +, एमजी 2 + और सीए 2 +) से तितियतमि 

क्रकया जा सकिा ह,ै और सक्रियण संिेििशील हतेलक्ट्स की लंबाई संके्षप में, हमारे पटरणाम बिािे हैं क्रक एलए -1 और 

मेिल आयिों िे सीिी 11 बीए िोमेि में पारस्पटरक रूप से अपिे बाध्यकारी संबंध को तितियतमि क्रकया ह।ै 

अध्याय -6 में, िीि अलग-अलग पॉलीिेिोल (कक्ट्यूणतमि, टरिेरेट्ोल और ईजीसीजी) को सीिी 11 बीए िोमेि के 

बंधि िागीिार के रूप में परीक्षण क्रकया गया ह।ै बाध्यकारी आत्मीयिा के आिशे के साथ इि पॉलीिेिल्स की 

बाध्यिा के तलए सीिी 11 बीए िोमेि के एिरगेटिक्ट्स की सूचिा िी गई ह:ै कक्ट्यूणतमि> टरिेराट्ॉल> ईजीसीजी यह 

िी िखेा गया ह ैक्रक कक्ट्यूणतमि और टरिेस्टै्िोल एमएि 2 +, एमजी 2 + और सीए 2 + आयि की बाध्यकारी संबंध 

को कािी बाध्यकारी प्रतिक्रिया के िौराि अिुकूल उत्साह को बढाकर बढािा ह।ै प्रयोगों के एक अन्य सेि में, एमएि 

2 + और एमजी 2 + आयि बाध्यकारी प्रक्रिया के िौराि अिुकूल उत्साही बिलाि को बढाकर सीिीओ पॉबोिेिोल 

की बाध्यिा के संबंध को सीिी 11 बीए के तिमाणण में बढा ििेा ह।ै यह पटरणाम इंतगि करिा ह ैक्रक ये धािु आयि 

अकेले सीिी 11 बीए के तिपरीि इि पॉलीिेिोल के तलए अिुकूल बाध्यकारी पयाणिरण प्रिाि करिे हैं। इसतलए, यह 

अध्याय यह तिष्कषण तिकाला ह ैक्रक धािु आयिों और ये पॉलीिेिोल पारस्पटरक रूप से अपिे बाध्यकारी संबंध सीिी 

11 बीए प्रोिीि को तितियतमि करिे हैं। 

इस थीतसस के आतखरी "अध्याय -7" में "सारांश और ितिष्य के पटरप्रेक्ष्य" के रूप में हकिार है, पूरे टिप्पतणयों की 

प्रमुख टिप्पतणयों और मुख्य ितिष्य के साथ रेखांक्रकि क्रकया गया ह।ै पूरे अध्ययि के ितिष्य के पटरपे्रक्ष्य िी सूतचि 

क्रकए गए हैं। 
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analyzed by using Benesi-Hildebrand method as previously described (chapter-4). 
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(λmax) of the intrinsic tyrosine fluorescence of the CD11bA (inactive) protein (100 

µM) in the absence (0 µM) and presence of polyphenols (100 µM). (B) Fraction of 

unfolded form of the CD11bA (inactive) protein (100 µM) as a function of 

denaturant concentration in the absence and presence of polyphenols (100 µM 

each). Denaturation curves were fitted to a two state model and analyzed by a 

chemical denaturation equation (Eq-6.A). All the samples were prepared in the 

Tris-H2SO4 buffer and experiments were performed at 25 oC. Fraction unfolded 

(Fu) is equal to (Xp-Xab)/(Xu-Xp). Where, Xp, Xab, and Xu are fluorescence in 
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the presence of GdnHCl, fluorescence intensity in the absence of GdnHCl, 

fluorescence intensity at the maximum concentration of GdnHCl. 

6.4 Fluorescence thermal denaturation curves of the CD11bA (inactive) protein in 

the absence (0 µM) and presence of polyphenols (100 µM each). All the samples 

were prepared in the Tris-H2SO4 buffer (pH-7.5) and 0.5% DMSO. Protein samples 

were pre-incubated in the absence and presence (100 µM) of polyphenols for 2 

hours at room temperature. 
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6.5 Benesi-Hildebrand plot for the binding of CD11bA (inactive) protein to 

polyphenols (A) Curcumin (B) Resveratrol and (C) EGCG at different 

temperature. Fluorescence binding reactions were performed in Tris.H2SO4 buffer 

of pH-7 at 25 oC. A 100 µM of CD11bA (inactive) protein was titrated with the 

increasing concentration of polyphenols (5 µM, 10 µM, 20 µM, 30 µM, 40 µM, 50 

µM, 60 µM, 70 µM, 80 µM, 90 µM, and 100 µM) in each case. All the samples 

were pre-incubated for 2 hours before performing the experiments. 
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6.6 van’t Hoff plot to determine the energetics of binding reaction. The value of Ka 

obtained at different temperature was plotted as  against 1000/T (K-1). 
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6.7 Binding isotherms for the titration of 200 µM CD11bA protein (± metal ion) 

with curcumin (20 µM) in the absence (NONE) and presence of (A) Mn2+, (B) 

Mg2+, and (C) Ca2+. Figure labeled as NONE refers to titration of the protein into 

the polyphenols, Mn2+/Mg2+/Ca2+ refers as titration of the protein-metal ion 

complex with polyphenols, and BUFFER refers as heats of dilution of the 

protein/metal ions into the buffer without polyphenols). All the binding reactions 

are performed in the Tris-H2SO4 (1% DMSO) buffer of pH-7.5 at 25 oC. 
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6.8 Figure 6.8 Binding isotherms for the titration of 200 µM CD11bA protein (± 

metal ion) with resveratrol (20 µM) in the absence (NONE) and  presence of 

(A) +Mn2+, (B) +Mg2+, and (C) +Ca2+. NONE refers to titration of the protein into 

the polyphenols, +Mn2+/+Mg2+/Ca2+ refers to titration of the protein-metal ion 

complex with polyphenols, and BUFFER refers to heats of dilution of the 

protein/metal ions into the buffer without polyphenols). All the binding reactions 

are performed in the Tris.H2SO4 (1 % DMSO) buffer of pH-7.5 at 25 oC. 
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6.9 Binding isotherms for the titration of 200 µM CD11bA protein (± metal ion) 

with EGCG (20 µM) in the absence (NONE) and  presence of (A) +Mn2+, (B) 

+Mg2+, and (C) +Ca2+. NONE refers to titration of the protein into the 

polyphenols, +Mn2+/+Mg2+/Ca2+ refers to titration of the protein-metal ion 

complex with polyphenols, and BUFFER refers to heats of dilution of the 

protein/metal ions into the buffer without polyphenols). All the binding reactions 

are performed in the Tris.H2SO4 buffer of pH-7.5 at 25 oC. 
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6.10 Figure 6.10 Binding isotherms for the titration of (A) Mn2+, (B) Mg2+, and (C) 

Ca2+ metal ion (1 mM each) with 100 µM CD11bA (inactive) protein in the 

absence and presence of curcumin (100 µM). NONE refers to titration of the 

metal ion with protein in the absence of curcumin, +curcumin refers to titration of 

the metal ion with protein in the presence of curcumin, and BUFFER refers to 

heats of dilution of the curcumin/metal ions into the buffer without protein. All the 

binding reactions are performed in the Tris.H2SO4 buffer of pH-7.5 at 25 oC. 
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6.11 Binding isotherms for the titration of (A) Mn2+, (B) Mg2+, and (C) Ca2+ metal 

ion (1 mM each) with 100 µM CD11bA (inactive) protein in the absence and 

presence of Resveratrol (100 µM). NONE refers to titration of the metal ion with 

protein in the absence of Resveratrol, +Resveratrol refers to titration of the metal 

ion with protein in the presence of Curcumin), and BUFFER refers to heats of 

dilution of the Resveratrol/metal ions into the buffer without protein). All the 

binding reactions are performed in the Tris.H2SO4 buffer of pH-7.5 at 25 oC. 
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6.12 Binding isotherms for the titration of (A) Mn2+, (B) Mg2+, and (C) Ca2+ metal 

ion (1 mM each) with 100 µM CD11bA (inactive) protein in the absence and 

presence of EGCG (100 µM). NONE refers to titration of the metal ion with 

protein in the absence of Resveratrol, +EGCG refers to titration of the metal ion 

with protein in the presence of EGCG, and BUFFER refers to heats of dilution of 

the EGCG/metal ions into the buffer without protein. All the binding reactions are 

performed in the Tris-H2SO4 buffer of pH-7.5 at 25 oC. 
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