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Abstract 

This thesis focuses on identification of potential lead molecules against 

Malaria and neurodegenerative diseases providing atomic level computational 

insights on the mode of action of these molecules.  A few novel potential lead 

molecules have been identified against malarial and neurodegenerative disease 

targets using computational approach. These designed molecules were further 

assayed experimentally and found to be in good conformity with computational 

predictions. 

The thesis is divided into seven chapters. Chapter 1 discusses the current 

status of computer-aided drug design in general and its role in drug discovery 

process. A brief overview of the current state of research on malaria and 

neurodegenerative diseases has been reported as well. 

 Chapter 2 is devoted to identifying a plausible mechanism of action 

artemisinin, a widely used antimalarial, via exhaustive computational approaches. 

This chapter also includes a justification and modeling of the target enzyme and 

elucidates atomistic level interaction between ligand and target enzyme. Chapter 3 

and Chapter 4 presents identification of some novel hit molecules against 

phosphoethanolamine N-methyl transferase enzyme (PfPMT). A de novo drug 

design strategy is adopted to target PfPMT. Designed molecules were synthesized 

and assayed against malarial cell lines in collaboration. Further PfPMT enzymes 

were expressed and purified. Isothermal titration calorimetry assays were carried out 

to understand the binding kinetics of ligands and protein. Cell based studies 

(schizont maturation inhibition assay) were carried to identify best inhibitors against 
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malaria. These molecules showed low nanomolar activities against malarial cell 

lines. 

 Chapter 5 focuses on identification of novel molecules against Alzheimer’s 

disease. Calcium-calmodulin dependent kinase IV (CAMK4) enzyme was targeted 

for the treatment of Alzheimer’s disease. Binding of curcumin and pyrimidine based 

derivatives were identified as good binders, and their modes of binding were also 

elucidated. Acetyl cholinesterase (ACh) is a widely known target for the structure 

based drug designing because of its direct association with Alzheimer’s disease. A 

few triazine hybrid molecules were designed using computational approaches. 

Experimentally, they were found to be show good activity against Ach in low 

nanomolar range. 

 Chapter 6 discusses a detailed theoretical account that is substantiated with 

some new experimental investigations on the molecular origins of the differential 

affinities of iminocyclitols with various glycosidases. These newly designed 

compounds show interesting selectivity towards the target enzymes. One of the 

designed molecules is shown to be a stabilizer of α-galactosidase enzyme indicative 

of its chaperon activity. Finally in chapter 7, a summary and some perspectives 

emerging from the thesis work are discussed. 
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साराांश 

यह शोधकायय सांगणकीय अन्तर्दयष्टि द्वारा आणष्टिक पारस्पररक ष्टिया को समझकर मलेररया एिां 

न्यरूो ष्टिजेनेरेष्टिि रोगो के सांभाष्टित दिाओां के पहचान पर कें ष्टित ह.ै सांगणकीय र्दष्टिकोण को ध्यान में 

रखकर मलेररया एिां न्यरूो ष्टिजेनेरेष्टिि रोगो के ष्टिरुद्ध कुछ निीन एिां महत्िपणूय यौष्टगकों का ष्टिज़ाइन ष्टकया 

गया ह.ै इन निीन ष्टिज़ाइन यौष्टगकों को प्रयोगात्मक रूप से भी परखा गया और इनका सांगणकीय 

पिूायनमुान के साथ अच्छा अनुरूप पाया गया.  

यह शोधकायय सात अध्याय में बिा हुआ ह.ै पहला अध्याय सामान्य रूप से सांगणकीय सहायता 

प्राप्त दिा के ष्टिज़ाइन की ष्टस्थष्टत और दिा के खोज में इसकी भषू्टमका के चचाय करता ह.ै इसके साथ-साथ 

मलेररया एिां ष्टिजेनरेेष्टिि रोगो पर अनसुन्धान की ितयमान ष्टस्थष्टत का भी सांष्टिप्त अिलोकन ष्टकया गया ह.ै 

अध्याय २ मलेररया के ष्टलए व्यापक रूप से उपयोग में आने िाली दिा आिीष्टमष्टसष्टनन के सांभाष्टित 

कारयिाई की ष्टिष्टध के आांकलन में समष्टपयत ह.ै यह अध्याय लष्टित एांजाइम एिां आिीष्टमष्टसष्टनन के बीच 

आणष्टिक पारस्पररक ष्टिया को भी स्पि करता हैं.  

अध्याय ३ एिां ४ में डि-नोवो ड्रग ष्टिज़ाइन नीष्टत के तहत, एन-ष्टमथाइल ट्ाांस्फ़ेरेज़ (PfPMT) 

एांजाइम के ष्टिरुद्ध कुछ निीन यौष्टगकों को ष्टिज़ाइन ष्टकया गया ह.ै तत्पश्चात इन ष्टिजाइन्ि यौष्टगकों को 

सांशे्लष्टित कर मलेररया कोष्टशका परत पर परीिण ष्टकया गया. ष्टलगेंि एिां एांजाइम के बाध्यकारी कैनेिीक्स 

का आांकलन करने के ष्टलए समतापी कैलोरीमेट्ी अनमुापन भी ष्टकया गया. इन ष्टिज़ाइन यौष्टगकों में से कुछ 

यौष्टगक मलेररया कोष्टशका एिां लष्टित एांजाइम के ष्टिरूद्ध नैनो-मोलर स्तर तक की बाध्यता ष्टदखाई.   
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अध्याय ५ अल्ज़ाइमर रोग के ष्टिरुद्ध कुछ निीन यौष्टगकों के पहचान पर कें ष्टित ह.ै अल्ज़ाइमर 

रोग के उपचार हते ुCAMK4 एांजाइम को लष्टित ष्टकया गया. इसके ष्टलए करक्यषू्टमन एिां ष्टपररष्टमिीन 

आधाररत व्यतु्पन्न यौष्टगकों को अच्छे बाइांिर के रूप में पहचान की गयी एिां उसके बाध्यकारी तांत्र को भी 

स्पि ष्टकया गया. अल्ज़ाइमर रोग के ष्टलए एष्टसिील कोष्टलन्स्िरेज (ACh) एक व्यापक रूप से ज्ञात लष्टित 

एांजाइम ह.ै इस रोग के उपचार हते ुसगणकीय र्दष्टिकोण से कुछ निीन ष्टत्रष्टट्एष्टज़न (Triazine) सांकरण 

आधाररत निीन यौष्टगक का ष्टिज़ाइन ष्टकया गया. प्रयोगात्मक रूप में भी ACh के ष्टखलाफ़ इन यौष्टगक ने  

नैनो-मोलर श्रेणी में बाध्यता ष्टदखाई.  

अध्याय ६ इष्टमनोष्टसष्टक्लिॉल्स (Iminocycltiols) की ष्टिष्टभन्न ग्लाइकोष्टसिेज़ के साथ ष्टिस्ततृ सैद्धाांष्टतक 

चचाय करता ह.ै यहााँ निीन ष्टिज़ाइन ष्टकये गए यौष्टगक लष्टित एांजाइम के प्रष्टत ष्टदलचस्प चयनात्मकता 

ष्टदखते हैं. ष्टिज़ाइन ष्टकये गए यौष्टगकों में से एक यौष्टगक अल्फा-गलैक्िोष्टसिेज़ (α- galactosidase) 

ष्टस्थरकारी के रूप में इांष्टगत होता ह.ै अांततः अध्याय ७ इस शोधकायय से उभर कर आय ेकुछ र्दष्टिकोण एिां 

साराांश पर कें ष्टित ह.ै 
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oxygen atom of Asp164 is shown in blue 
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Fig. 5.3. Interatomic distances between carbon atom of Cα Leu52 and carbon 

atom of phenyl ring of negatively charged curcumin and neutral 

curcumin shown in red and blue, respectively. (B) Distance plot of side 

chain carbon atom of Val121 and center of mass of phenyl ring of 

negatively charged and neutral curcumin is shown in red and blue, 

respectively 
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Fig. 5.4. Interatomic distances between carbon atom of Cα Thr200 and carbon 

atom of phenyl ring of negatively charged curcumin and neutral 

curcumin shown in red and blue, respectively. (B) Distance plot of side 

chain carbon atom of Asp185 and center of mass of phenyl ring of 

negatively charged and neutral curcumin is shown in red and blue, 

respectively 
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Fig. 5.5. (a) & (b) are the docked structures of compounds 4d and 4h, 

respectively, with AChE. Tyr residues is shown in blue, Phe in yellow, 

His in purple, Ser in green, and Trp in magentas colors. The π–π 

stacking between two aryl centers and H-bonding interactions are shown 

by red colored dashed lines 

 

 

 

 

124 

Fig. 5.6. Design strategy of multifactorial anti-AD agent 126 

Fig. 5.7.  Inhibitors (shown in ball and stick). The key residues are shown in stick 

and other residues are shown by different color such as TYR70, 

TYR121, TYR279 (Green), TRP84, TRP279 (Magenta), SER122, 
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SER200 (Cyan), GLU199 (tint-wheat), PHE330, PHE331 (Yellow), 

HIS440 (Orange). Plot (A, C, E) shows interaction of inhibitor (10d, 

10e, 10c) with key residue in the active site of AChE respectively. Plot 

(B, D, E) shows Ligplot representation of inhibitor (10d, 10e, 10c) 

respectively 
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Fig. 6.1. Amino-substituted five-membered iminocyclitols 138 

Fig. 6.2. Interaction of compound 3 (left panel) and compound 4 (right panel) 

with active site residues of α-glucosidase. Circled residues are shown to 

be mutually exclusively interacting with particular ligand 
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Fig. 6.3. Interaction of compound 3 (left panel) and compound 4 (right panel) 

with active site residues of β-glucosidase Compound 4 forms three 

hydrogen bonds with GLN 19, GLU 165 and GLU 348. Compound 3 

forms additional hydrogen bond with ASN 164, and van der Waals 

interactions with several aromatic residues in the active site apart from 

the GLN 19, GLU 165 and GLU 348 
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Fig. 6.4. Interaction of compound 3 (left panel) and compound 4 (right panel) 

with active site residues of α-galactosidase. Compound 4 shows 

hydrogen bond linkage with LEU 142, SER 175, SER 194, Asp 229 and 

ASP 231 showing better fitting than compound 3 as electrostatic 

interactions with ASP 229, SER 175 and SER 194 are missing in case of 

compound 3 
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Fig. 6.5. Interaction of compound 3 residues (left panel) and compound 4 (right 

panel) with active site residues of β-glucosidase. Compound 4 shows 

hydrogen bonding interactions with only two residues namely HIS 379 

and GLU 525 but compound 3 forms additional hydrogen bonds with 

TYR 491 and few more non polar interactions with active site residues 
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Fig. 6.6. Interatomic distances between compounds 3 and 4 with active site 

residues of the four enzymes forming hydrogen bonds/contacts: In each 

panel, lower graph depicts interatomic distances between compound 3 

and the neighboring residues and the upper graph those of compound 4. 
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Fig. 6.7. A representative energy minimized docked structure of propyl derivative 

5 complexed with β-galactosidase (top left) forming hydrogen bonds 

with functionally important amino acid in the active site, butyl 

derivative 6 due to presence of hydrophobic chain shows mostly non 

polar interactions with the side chain residues in the active site of α-

glucosidase (top right panel). Isopropyl derivative 7 docked in the active 

site cavity of α-glucosidase interacting with side chain residues (bottom 

left), benzyl derivative 8 shows at least three hydrogen bonds and some 

non-polar interactions with active site residues of β-galactosidase  
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Fig. 6.8. Model of mutated structure (pink) active site superimposed on the wild 

type structure (cyan) of α-galactosidase. (b) MD simulated protein 

ligand complex (pink) superimposed on the wild type structure (cyan)  

shows restoration of the structure in the active site 
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