
 

 

 

 

 

 

 

 

 

GAGANDEEP SINGH 

 

 

 

 

 

 

 

KUSUMA SCHOOL OF BIOLOGICAL SCIENCES 

INDIAN INSTITUTE OF TECHNOLOGY DELHI 

 

APRIL 2025 

               

IDENTIFICATION OF POTENTIAL INHIBITORS 

OF HSP70-HSP90 ORGANIZING PROTEIN (HOP), A 

MULTIFACETED CO-CHAPERONE INVOLVED IN 

MULTIPLE DISEASES 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© Indian Institute of Technology Delhi (IITD), New Delhi, 2025 

 



 

Identification Of Potential Inhibitors Of Hsp70-Hsp90 Organizing 

Protein (Hop), A Multifaceted Co-Chaperone Involved In Multiple 

Diseases 

 

by  

GAGANDEEP SINGH 

KUSUMA SCHOOL OF BIOLOGICAL SCIENCES 

 

 

Submitted  

in fulfillment of the requirements of the degree of Doctor of Philosophy  

to the  

 

  

 

 

 

 

 

 

INDIAN INSTITUTE OF TECHNOLOGY, DELHI 

APRIL 2025 

                



 
I.  

                                          CERTIFICATE  

 

This is to certify that the thesis entitled “Identification of Potential Inhibitors of HSP70-HSP90 

Organizing Protein (HOP), a multifaceted co-chaperone involved in multiple diseases” being 

submitted by Mr. Gagandeep Singh to the Kusuma School of Biological Sciences, Indian Institute 

of Technology Delhi for the award of the degree of “Doctor of Philosophy” is a record of the 

bonafide research work carried out by him, prepared under my supervision, in conformity with 

the rules and regulations of the ‘Indian Institute of Technology Delhi’. The research report and 

the results present in the thesis have not been submitted to any other University or Institute for 

the award of any other degree or diploma. 

 

 

Date:  

Place:  

 

 

                                                                                            Dr. Tapan K. Chaudhuri 

                                                                                            Professor  

                                                                                            Kusuma School of Biological Sciences 

                                                                                            Indian Institute of Technology Delhi 

                                                                                            Hauz Khas, New Delhi-110016 

 

 



 

ii 
 

ACKNOWLEDGEMENTS 

 

"The journey of a thousand miles begins with one step." - Lao Tzu 

 

This ancient wisdom aptly describes the PhD journey - a long and challenging path that starts 

with a single question and unfolds into years of discovery, perseverance, and growth. 

First and foremost, I would like to thank the almighty lord for giving me the opportunity and 

strength to fulfil this life milestone.  

I extend my deepest gratitude to my supervisor, Prof. Tapan Kumar Chaudhuri, whose 

guidance, wisdom, and unwavering support have been instrumental in shaping both this thesis 

and my development as a researcher. Your mentorship has been invaluable, pushing me to explore 

new frontiers and helping me navigate the complexities of academic research.  

I am grateful to HPC, IITD for providing the computational resources and to DBT, Govt. of India, 

for providing the fellowship. 

I am grateful to my SRC members, Prof. Manidipa Banerjee, Prof. Ashok Kumar Patel & 

Prof. Ritu Kulshreshtha for their assessment of my work at various stages of my Ph.D. and 

giving valuable suggestions, which has helped me a lot in improving my work. I would also like 

to thank all the faculty members of the Kusuma School of Biological Sciences, IIT Delhi for their 

constant encouragement & support.   

To my seniors and lab mates Dr. Shikha, Dr. Charu, Dr. Sheetal, Dr. Vipul, Dr. Bhaskar, Dr. 

Vishal, Dr. Ashima, Dr. Sarita, Dr. Bakul, Dr. Devanshu, Dr. Ankit, Pragati, Shivam, 

Anupam, Akhya, Pronoy, Rupanjali & Madhurima, thank you for creating an environment of 

collaboration, intellectual stimulation, and camaraderie. The countless discussions, brainstorming 

sessions, and moments of mutual support have enriched this journey beyond measure. 



 

iii 
 

I am profoundly grateful to my friends from KSBS and outside, who provided much-needed 

respite from the rigors of research and reminded me of the world beyond the lab. Your 

encouragement during the low points and celebrations during the highs have been a source of 

strength throughout this journey. 

I am thankful to my whole team of CARI Jhansi especially Dr. Hemant Soni, Dr. Smriti 

Tandon, Dr. C.V. Narasimhaji, respected Dr. N. Srikanth (DDG, CCRAS), Dr. K. S. Dhiman 

(Ex-DG, CCRAS) and Dr. Rabinarayan Acharya (DG, CCRAS) for their support throughout 

this journey. 

To my mother, Mrs. Satinder Kaur; my sister, Mrs. Amandeep Kaur; my brother-in-law, 

Mr. Amanjot Singh; and my lovely nephew, Master Arkin Singh, mere words cannot express 

my appreciation for your unconditional love, patience, understanding, and support. You have been 

my anchor through the storms of doubt and struggle, and my cheerleaders in moments of triumph. 

This accomplishment is as much yours as it is mine. 

The PhD journey has been a rollercoaster of emotions - from the exhilaration of new discoveries 

to the frustration of failed experiments, from the joy of published papers to the anxiety of looming 

deadlines. Each experience, both positive and challenging, has contributed to my growth not just 

as a researcher, but as an individual. 

As I close this chapter, I am filled with gratitude for the opportunity to contribute to human 

knowledge and excitement for the adventures that lie ahead. 

  

 

 

                                                                                                Gagandeep Singh 

 



 

iv 
 

Abstract 

HSP70-HSP90 organizing protein (HOP), also identified as Stress-induced phosphoprotein 

(STIP1) is a 62.639 kDa eukaryotic co-chaperone that plays a crucial role in the transfer of 

substrate protein from HSP70 to HSP90 for their folding and functional activation. Some of the 

major interacting proteins of HOP are molecular chaperones (HSPA4, HSP90AA1, HSP90AB1, 

HSPA8, AHSA1, DNAJB1, CDC37 and HSPA1L), Prostaglandin E synthase 3 (PTGES3) and 

major prion protein (PRNP). Apart from acting as the co-chaperone, the overexpressed and 

secreted form of HOP is known for mediating autocrine and paracrine signalling, promoting 

tumor growth and metastasis in renal carcinoma and hepatocellular carcinoma. The secreted HOP 

interacts with cellular prion protein (PRPC) and ALK2-SMAD15 on the surface of glioblastoma 

stem-like cells and ovarian cancer cells and thereby signalling them for proliferation. Inhibiting / 

neutralizing extracellular HOP or knocking down of intracellular HOP has been shown to reduce 

the tumor growth in xenograft mouse models. Following this approach, some groups have 

identified a few inhibitors that target the interactions between HOP and HSP90, however, 

targeting this complex as a therapeutic approach is largely less explored. Here, in this study, we 

have modeled the structure of HOP using various computational tools. HOP is known to promote 

the ATPase activity of HSP70 and inhibit the ATPase of HSP90 during the substrate transfer. 

However, HOP itself has a weak ATPase activity, though the exact mode of ATP binding and the 

activity thereof is less known. We tried to identify the ATP binding site on HOP using structure 

and sequence-based approaches and compared the ATP binding site on HOP with AMP-PNP and 

GTP binding as well using molecular docking, and molecular dynamics simulations. Thereafter, 

we tried to screen the library of 3500 FDA approved drugs for repurposing against different 

domains of HOP, from which we identified top 10 candidates Atovaquone, Bicalutamide, 

Celecoxib, Dexamethasone, Glimepiride, Imipenem, Indinavir, Saxagliptin, Tadalafil and 

Tarceva (Erlotinib) out of which Indinavir and Tarceva were of more interest. These compounds 
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were further subjected to network pharmacology where around 321 common gene targets were 

identified which are involved in cancer. In addition to that, we tried to elucidate the role of 

different domains of HOP in interaction with prion protein and identified key residues mediating 

the binding between HOP and Prion protein. Previous studies have reported the interaction of 

prion with the TPR1, DP1 and TPR2A domain of HOP. This study identified the role of TPR2B 

and DP2 domains of HOP in stabilizing the interactions of HOP with the Prion protein. The prion 

peptide was binding to the TPR2A domain while prion protein interacted with TPR2A and 

TPR2B-DP2 domain as well. The presence of Tarceva restricted the interaction of Prion with 

TPR2A domain of HOP while addition of Indinavir along with Tarceva favoured the interaction 

of Prion protein with TPR2A and TPR2B-DP2 domain of HOP. The effect of Melittin binding 

was observed on the interactions between HOP and prion peptide/prion protein. While Melittin 

binding to TPR1 domain of HOP resulted in complete detachment of prion peptide with HOP, it 

also reduced the affinity between HOP and Prion protein and restricted the interaction of Prion 

with the TPR2B-DP2 domain of HOP. Hence, further experimental validations are required to 

validate the inhibitory role of Tarceva and Melittin in preventing the protein-protein interactions 

between HOP and Prion protein.  
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सार 

HSP70-HSP90 ऑर्गनाइज िंर् प्रोटीन (HOP), ज से स्ट्र ेस-इिंडू्यस्ड फॉस्फोप्रोटीन (STIP1) के रूप में भी 

पहचाना  ाता है, एक 62.639 kDa यूकेररयोजटक सह-सिंरक्षक है  ो HSP70 से HSP90 तक सब्सटर ेट प्रोटीन 

के हस्ािंतरण में उनकी तह और कायागत्मक सजियण के जिए महत्वपूणग भूजमका जनभाता है। HOP के कुछ 

प्रमुख इिंटरैक्टिंर् प्रोटीन आणजिक चैपरोन (HSPA4, HSP90AA1, HSP90AB1, HSPA8, AHSA1, 

DNAJB1, CDC37 और HSPA1L), प्रोस्ट्ाग्लैंडीन ई जसिंथेस 3 (PTGES3) और प्रमुख जप्रयन प्रोटीन 

(PRNP) हैं। सह-सिंरक्षक के रूप में कायग करने के अिािा, HOP का अजत-अजभव्यक्त और स्राजित रूप 

ऑटोिाइन और पैरािाइन जसग्नजििंर् की मध्यस्थता के जिए  ाना  ाता है,  ो रीनि काजसगनोमा और 

हेपेटोसेिुिर काजसगनोमा में टू्यमर के जिकास और मेटासे्ट्जसस को बढािा देता है। स्राजित HOP 

क्ग्लयोब्लास्ट्ोमा से्ट्म  ैसी कोजिकाओिं और जडम्बग्रिंजथ के कैं सर कोजिकाओिं की सतह पर सेिुिर जप्रयन 

प्रोटीन (PRPC) और ALK2-SMAD15 के साथ परस्पर जिया करता है और इस प्रकार उन्हें प्रसार के जिए 

सिंकेत देता है। बाह्य कोजिकीय HOP को रोकना / बेअसर करना या अिंतः कोजिकीय HOP को खत्म करना 

जेनोग्राफ़्ट माउस मॉडि में टू्यमर के जिकास को कम करने के जिए जदखाया र्या है। इस दृजिकोण का 

अनुसरण करते हुए, कुछ समूहोिं ने कुछ अिरोधकोिं की पहचान की है  ो HOP और HSP90 के बीच की 

अिंतः जियाओिं को िजक्षत करते हैं, हािािंजक, इस पररसर को एक जचजकत्सीय दृजिकोण के रूप में िजक्षत 

करना काफी हद तक कम खो ा र्या है। यहािं, इस अध्ययन में, हमने जिजभन्न कम्प्यूटेिनि उपकरणोिं का 

उपयोर् करके HOP की सिंरचना का मॉडि तैयार जकया है। HOP को HSP70 की ATPase र्जतजिजध को 

बढािा देने और सब्सटर ेट स्थानािंतरण के दौरान HSP90 के ATPase को बाजधत करने के जिए  ाना  ाता है 

हमने सिंरचना और अनुिम-आधाररत तरीकोिं का उपयोर् करके HOP पर एटीपी बिंधन स्थि की पहचान 

करने की कोजिि की और आणजिक डॉजकिं र् और आणजिक र्जतिीिता जसमुिेिन का उपयोर् करके 

HOP पर एटीपी बिंधन स्थि की तुिना AMP-PNP और GTP बिंधन से की। इसके बाद हमने HOP के 
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जिजभन्न डोमेन के जिरुद्ध पुन: प्रयो न के जिए 3500 FDA अनुमोजदत दिाओिं की िाइबे्ररी की स्क्रीजनिंर् करने 

की कोजिि की, ज समें से हमने िीर्ग 10 उम्मीदिारोिं एटोिाक्वोन, जबकािुटामाइड, सेिेकॉक्िब, 

डेिामेथासोन, क्ग्लमेजपराइड, इजमपेनम, इिंजडनिीर, सैिक्ग्लजिन, तडािाजफि और टारसेिा (एिोजटजनब) 

की पहचान की, ज नमें से इिंजडनिीर और टारसेिा अजधक रुजच के थे। इन यौजर्कोिं को आरे् नेटिकग  

फामागकोिॉ ी के अधीन जकया र्या  हािं िर्भर् 321 सामान्य  ीन िक्ष्ोिं की पहचान की र्ई  ो कैं सर में 

िाजमि हैं जपछिे अध्ययनोिं में HOP के TPR1, DP1 और TPR2A डोमेन के साथ जप्रयन की अिंतः जिया की 

ररपोटग की र्ई है। इस अध्ययन ने HOP के TPR2B और DP2 डोमेन की भूजमका की पहचान की है,  ो 

HOP के जप्रयन प्रोटीन के साथ अिंतः जिया को क्स्थर करने में मदद करता है। जप्रयन पेिाइड TPR2A डोमेन 

से  ुड़ रहा था,  बजक जप्रयन प्रोटीन TPR2A और TPR2B-DP2 डोमेन के साथ भी अिंतः जिया कर रहा था। 

टासेिा की मौ ूदर्ी ने HOP के TPR2A डोमेन के साथ जप्रयन की अिंतः जिया को सीजमत कर जदया,  बजक 

टासेिा के साथ इिंजडनिीर को िाजमि करने से HOP के TPR2A और TPR2B-DP2 डोमेन के साथ जप्रयन 

प्रोटीन की अिंतः जिया को बढािा जमिा। HOP और जप्रयन पेिाइड/जप्रयन प्रोटीन के बीच अिंतः जिया पर 

मेजिजटन बाइिंजडिंर् का प्रभाि देखा र्या।  बजक मेजिजटन के HOP के TPR1 डोमेन से  ुड़ने से HOP के 

साथ जप्रयन पेिाइड का पूणग पृथक्करण हुआ, इसने HOP और जप्रयन प्रोटीन के बीच आत्मीयता को भी कम 

कर जदया और HOP के TPR2B-DP2 डोमेन के साथ जप्रयन की अिंतः जिया को सीजमत कर जदया। इसजिए, 

HOP और जप्रयन प्रोटीन के बीच प्रोटीन-प्रोटीन अिंतः जिया को रोकने में टासेिा और मेजिजटन की जनरोधात्मक 

भूजमका को मान्य करने के जिए आरे् के प्रयोर्ात्मक सत्यापन की आिश्यकता है। 
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