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March 24-26th 2021, Indian Institute of Science, Bangalore, Karnataka, India 560012  

Day 1: 24th Mar 2021 (2:45 pm – 8:35 pm IST)  

24/S1 – 1st Session 2:45-3:50 pm (65 min)  
S1 Time  (IST) Program 
1 2:45 – 2:49 pm Welcome address to 8th IPS 2021 and invitation of IPS President, T K 

Chakraborty by Conveners (E N Prabhakaran / Jayanta Chatterjee, IISc)  
2 2:49 – 2:50 pm  Invitation of P Balaram by IPS President, T K Chakraborty, to introduce 

the Lifetime Achievement Awardee, V S Chauhan  
  Chairperson: T K Chakraborty  
3 2:50 – 3:00 pm  P Balaram’s Introduction of Lifetime Achievement Awardee V S Chauhan  
4 3:00 – 3:30 pm  Virander S Chauhan Lifetime Achievement Award Lecture  
5 3:30 – 3:50 pm  “Multimeric Alpha Helical Amphipathic Peptides with Nanomolar Cell 

Permeability and Selectivity”  
Yan Lee, Dept of Chemistry, Seoul National University, Seoul 08826, 
Republic of Korea  

  Short Break – 3:50-4.00 pm (10 min) 

24/S2 – 2nd Session 4:00-5:00 pm (60 min)  
Chairperson: V V Suresh Babu  

S2 Time  (IST) Program (17 min Presentation + 3 min Q&A)  
1 4:00 – 4:20 pm “Computer-aided Peptide Therapeutics”  

Gajendra P. S. Raghava, Dept of Computational Biology, IIIT, Delhi, India 
2 4:20 – 4:40 pm  “Principal Component Analysis to understand peptide dynamics and its 

correlation with sequence” 
Durba Roy, Dept of Chemistry, BITS-Pilani, Hyderabad, Telangana, India 

3 4:40 – 5:00 pm  “Peptidomimetics inhibitors to tackle multifaceted toxicity in Alzheimer’s 
disease” 
 T. Govindaraju, New Chemistry Unit, JNCASR, Bengaluru, India 

24/P – Virtual Poster Session 5:00-6:15 pm (75 min)  
All participants Go to: https://8th-ips.iisc.ac.in/posters.php à Login (using your registered 
email ID) (no password) à Click “Posters” à Click “All Posters” à Browse titles, view 
Videos, Posters and Discuss with poster presenters virtually through “link”  

24/S3 – 3rd Session 6:15-7:15 pm (60 min)  
Chairperson: Ishu Saraogi 

S3 Time  (IST) Program (17 min Presentation + 3 min Q&A)  
1 6:15 – 6:35 pm “Synthetic glycopeptide vaccine for cancer immunotherapy”  

Yanmei Li, Dept of Chemistry, Tsinghua University, Beijing, P.R. China 
2 6:35 – 6:55 pm   “Mirror-image proteins to block RBC invasion by malaria parasites”  

Kalyaneswar Mandal, TIFR, Hyderabad, Telangana, India 
3 6:55 – 7:15 pm  “COVID-19 immunogen design”  

Raghavan Varadarajan, Molecular Biophysics Unit, IISc, Bangalore, India 
  Short Break – 7:15-7.30 pm (15 min) 
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24/S4 – 4th Session 7:30-8:35 pm (65 min)  
Chairperson: Jayanta Chatterjee  

S4 Time  (IST) Program (17 min Presentation + 3 min Q&A)  
1 7:30 – 7:50 pm “Spatial Position Regulates Power of Tryptophan: Discovery of Nuclear 

Localizing Cell Penetrating Peptide”  
Surajit Ghosh, Dept of Bioscience and Bioengineering, IIT Jodhpur, 
Rajasthan, India 

2 7:50 – 8:10 pm  “Peptide based Nanoconjugates as New Age Scaffolds for Cell 
Internalization and Bio-sensing Agents”  
Rohit Kumar Sharma, Dept of Chemistry, Panjab Univ, Chandigarh, India-
160014 

3 8:10 – 8:30 pm  “Hydrocarbon shake flask logD and LPE: in search of bRo5 passive 
permeability”  
Matthew R. Naylor, UCB Pharmaceuticals, Boston, USA 

4 8:30 – 8:35 pm  Closing remarks of the day – Conveners 8th IPS 2021 – ENP / JC  

Day 2: 25th Mar 2021 (2:55 pm – 8:35 pm IST)  

25/S1 – 1st Session 2:55-3:50 pm (55 min)  
Chairperson: Gautam Basu  

S1 Time  (IST) Program 
1 2:55 – 3:00 pm  Gautam Basu’s Introduction of Young Scientist Awardee, Dibyendu Das  
2 3:00 – 3:30 pm  “Systems Chemistry: How complexity emerges from chemistry?”  

Dibyendu Das, Chemical Sciences, IISER Kolkata, Kolkata, India 
3 3:30 – 3:50 pm  “Precision chemistry of native proteins enabling biology and medicine”  

Vishal Rai, Dept of Chemistry, IISER Bhopal, India 
  Short Break – 3:50-4.00 pm (10 min) 

25/S2 – 2nd Session 4:00-5:00 pm (60 min)  
Chairperson: E N Prabhakaran  

S2 Time  (IST) Program (17 min Presentation + 3 min Q&A)  
1 4:00 – 4:20 pm “Foldamers for mimicking and engineering the backbone of biologically 

active peptides”  
Gilles Guichard, Univ. Bordeaux, CNRS, CBMN, UMR 5248, Institut 
Européen de Chimie et Biologie, Pessac, France 

2 4:20 – 4:40 pm  “Revisiting old peptide chemistry: ring-closing metathesis in water and 
preparation of peptide with C-terminal Cys”  
Taku Yoshiya, Peptide Institute, Inc., Osaka, Japan 

3 4:40 – 5:00 pm  “Understanding the conformational properties of aza-peptidomimetics” 
Bani Kanta Sarma, JNCASR, Bangalore, India 

25/P – Virtual Poster Session 5:00-6:15 pm (75 min)  
All participants Go to: https://8th-ips.iisc.ac.in/posters.php à Login (using your registered 
email ID) (no password) à Click “Posters” à Click “All Posters” à Browse titles, view 
Videos, Posters and Discuss with poster presenters virtually through “link”  
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25/S3 – 3rd Session 6:15-7:15 pm (60 min) 
Chairperson: T. Govindaraju  

S3 Time  (IST) Program (17 min Presentation + 3 min Q&A)  
1 6:15 – 6:35 pm “Self-assembling peptide based soft materials in health care and 

environmental remediation”  
Arindam Banerjee, School of Biological Sciences, IACS, Jadavpur, Kolkata, 
India 

2 6:35 – 6:55 pm  “Single amino acid enzymes shining light on the prebiotic catalyst”  
Pandeeswar Makam, IIT BHU, India 

3 6:55 – 7:15 pm  “Peptides from the nature to the laboratory”  
Fernando Albericio, School of Chemistry, University of KwaZulu-Natal, 
Durban, South Africa 

  Short Break – 7:15-7.30 pm (15 min) 

25/S4 – 4th Session 7:30-8:35 pm (65 min)  
Chairperson: A A Natu  

S4 Time  (IST) Program (17 min Presentation + 3 min Q&A)  
1 7:30 – 7:50 pm “Peptide-based strategies for delaying labor and improving neonatal 

outcomes”  
William D. Lubell, Dept of Chemistry, Univ de Montréal, Montréal, QC, 
Canada 

2 7:50 – 8:10 pm  “Chemical Strategies for the Development of Novel Therapeutic Agents”  
Ishu Saraogi, Dept of Chemistry & Dept of Biological Sciences, IISER 
Bhopal, India 

3 8:10 – 8:30 pm  “Elevation of serum SIRT2 in Parkinson’s disease: Plausible diagnostic 
protein biomarker and therapeutic target”  
Sharmistha Dey, Department of Biophysics and Geriatric Medicine, AIIMS, 
New Delhi, India 

4 8:30 – 8:35 pm  Closing remarks of the day – Conveners 8th IPS 2021 – ENP / JC  

25/S5 – 5th Special Session – 8:35 – 9.35 pm – General Body Meeting (60 min)  

Day 3: 26th Mar 2021 (3:00 pm – 8:20 pm IST)  

26/S1 – 1st Session 2:55-4:00 pm (65 min)  
Chairperson: Nandita Madhavan  

S1 Time  (IST) Program 
1 3:00 – 3:20 pm  “Peptide-based strategies in Antibiotic Action and 

Structural Colors”  
Sandeep Verma, IIT Kanpur, India 

2 3:20 – 3:40 pm  “Biophysical studies on latarcins: antimicrobial peptides from venom of 
Lachesana tarabaevi”  
Parvesh Wadhwani, Karlsruhe Institute of Technology, Institute of 
Biological Interfaces, Karlsruhe, Germany 

3 3:40 – 4:00 pm “Generic Peptides – opportunities and challenges”  
Dinesh Bothra, Indo Bioactive Labs, Pune, India 

  Short Break – 4:00-4.10 pm (10 min) 
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26/S2 – 2nd Session 4:10-5:00 pm (50 min) 
Chairperson: Durba Roy  

S2 Time  (IST) Program (10 min Presentations)  
1 4:10 – 4:20 pm “Alternative Approaches to Overcome the Bottlenecks in the Peptide 

Synthesis Workflow”  
Amit Mehrortra, Biotage, Sweden  

2 4:20 – 4:30 pm  “Purification of Liraglutide by peptide easy clean technology” 
Manoj Kumar Muthyala, Belyntic GmbH, Germany 

3 4:30 – 4:40 pm  “Optimize your workflow and speedup your research- Solutions for peptide 
synthesis through automation” 
Parshad Hirapara, CS Bio, India 

4 4:40 – 4:50 pm   “Activotec Peptide Synthesizers” 
Chris Littlewood, Activotec, UK 

5 4:50 – 5:00 pm   “Fmoc-Cys(Msbh)-OH – A sophisticated Building Block for Cysteine-rich 
Peptides. A Journey from Discovery through to Large Scale Production” 
Markus Weishaupt, Iris Biotech GmbH, Germany 

26/P – Virtual Poster Session 5:00-6:15 pm (75 min)  
All participants Go to: https://8th-ips.iisc.ac.in/posters.php à Login (using your registered 
email ID) (no password) à Click “Posters” à Click “All Posters” à Browse titles, view 
Videos, Posters and Discuss with poster presenters virtually through “link”  

26/S3 – 3rd Session 6:15-7:15 pm (60 min) 
Poster Award Winning Lectures  

Chairperson: K. Muruga Poopathi Raja  
S3 Time  (IST) Program (17 min Presentation + 3 min Q&A)  
1 6:15 – 6:25 pm Best Poster award presentation 1  
2 6:25 – 6:35 pm  Best Poster award presentation 2  
3 6:35 – 6:45 pm  Best Poster award presentation 3  
4 6:45 – 6:55 pm Best Poster award presentation 4  
5 6:55 – 7:05 pm  Best Poster award presentation 5  
6 7:05 – 7:15 pm  Best Poster award presentation 6  
  Short Break – 7:15-7.30 pm (15 min) 

26/S4 – 4th Session 7:30-8:20 pm (50 min)  
Chairperson: Arindam Banerjee   

S4 Time  (IST) Program (17 min Presentation + 3 min Q&A)  
1 7:30 – 7:50 pm “Ribosomal Formation of Thioamide Bond in Polypeptide Synthesis”  

Rumit Maini, Merck, New Jersey, USA  
2 7:50 – 8:10 pm  “Extrapolating from Proteins”  

Samuel H. Gellman, Dept of Chemistry, Univ of Wisconsin, Madison, WI, 
USA  

3 8:10 – 8:20 pm  Vote of Thanks  
T Govindaraju, JNCASR, Bangalore, Karnataka, India  
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A journey with synthetic peptides, big and small  
 
Virander S Chauhan 
 
International Centre for Genetic Engineering and Biotechnology, New Delhi, India 
 
We have been working on the rational design and preclinical development of recombinant poly-
peptides based on a few key vaccine target antigens from the blood stage P. Falciparum malaria. While 
the research and laboratory production of these polypeptides has been an exciting scientific challenge, 
the preclinical development of these experimental vaccines turned out to be complex scientific and 
management problem. However, we were able to conduct the very first Phase-I clinical trials in India. 
Another major area of interest in our laboratory has been the design, synthesis, characterization and 
possible applications of conformationally restricted peptides containing α,β-dehydrophenylalanine 
(ΔPhe). We have shown that introduction of ΔPhe induces stabilization of β-turns in short and helical 
structure in longer peptides and conferred stability to enzymatic degradation. We have used this 
design principle for synthesizing peptides for diverse biological applications. Design and synthesis of 
cationic helical peptides has led to peptides with potent antimicrobial activity against a broad 
spectrum of microbes. Recently we have found that ultrashort peptides containing ΔPhe at the C-
terminal readily selfassemble into different, well defined nanostructures, depending on the nature of 
the N-terminal residue. We have explored bimolecular delivery potential of these nanostructures 
taking cancer as a model for the proof of principle. Some of these peptides also readily form hydrogels 
and we have explored their potential for 3D cellular growth, and in bone healing as a proof of principle. 
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Multimeric Alpha Helical Amphipathic Peptides with Nanomolar Cell Permeability and Selectivity  

 
Yan Lee 
 
Department of Chemistry, Seoul National University, Seoul 08826, Republic of Korea  
 
Cell penetrating peptides (CPPs) are attractive candidates as intracellular delivery vehicles. However, 
some intrinsic properties of CPPs are still limiting their clinical applications. Most CPPs can show the 
penetrating activity only above micromolar concentrations, which are difficultly achieved for in vivo 
administration of peptides. Another important limit is the target selectivity. In order to overcome 
these limitations, we developed a platform of CPPs which can show cell penetration at nanomolar 
concentrations in cell- or tissue-specific manners.  
First, we discovered that CPPs based on multimeric alpha-helical leucine (L) and lysine (K)-rich 
amphipathic peptides can effectively penetrate cells at 10 nM, a 1,000-fold lower concentration than 
the penetrable concentrations of previous reported cell penetrating peptides (CPPs), Tat or oligo 
arginine. The antiparallel conformation of the LK multimer was critical for the effective penetration of 
the CPPs at low nanomolar concentrations. The heparan sulfate proteoglycan (HSPG) receptors are 
highly involved in the rapid internalization of multimeric LK-CPPs. As proof of concepts in biomedical 
applications, various biomolecules were delivered into cells with bioactivities at nanomolar 
concentrations.  
Then, we further intended to introduce selectivity to the LK multimeric structures. pH-activatable 
moieties was introduced to the structure for selective penetrating in weakly acidic conditions.  A 
histidine-based dimer, LH2 can penetrate cells specifically in weak acidic conditions, even at few tens 
of nanomolar concentrations. The peptide effectively delivered paclitaxel into triple-negative breast 
cancer cells, MDA-MB-231, via formation of non-covalent complexes (PTX-LH2(M)) or covalent 
conjugates (PTX-LH2(C)). Moreover, LH2 showed prolonged circulation in the body and enhanced 
accumulation in tumors. Both PTX-LH2(M) and PTX-LH2(C) showed strong antitumor effects in a triple-
negative breast cancer grafted mouse model at an extremely low dosage.  
The multimeric alpha helical amphipathic CPP can be a useful platform for the intracellular delivery of 
biomacromolecular reagents that have difficulty with penetration in order to control biological 
reactions in cells at feasible concentrations for biomedical purposes.  

 
1. S. Jang, S. Hyun, S. Kim, S. Lee, I.-S. Lee, M. Baba, Y. Lee, J. Yu, Angew. Chem. Int. Ed., 2014, 53, 
10086. 
2. S. Hyun, S. Lee, S. Kjm, S. Jang, J. Yu and Y. Lee, Biomacromolecules, 2014, 15, 3746 -3752.  
3. S. Hyun, Y. Choi, H. N. Lee, C. Lee, D. Oh, D. -K. Lee, C. Lee, Y. Lee, J. Yu, Chem. Sci., 2018, 9, 3820.  
4. J. H. Oh, S. Nam, S. Chong, S. Hyun, S. Choi, H. Gye, S. Jang, J. Jang, S. W. Hwang, J. Yu, Y. Lee, Adv. 
Sci., 2018, 5, 1800240. 
5. G. C. Kim, J. H. Ahn, J. H. Oh, S. Nam, S. Hyun, J. Yu, Y. Lee, Biomacromolecules, 2018, 19, 2863.  
6. S. Hyun, Y. Lee, S. M. Jin, J. Cho, J. Park, C. Hyeon, K. -S., Kim, Y. Lee, J. Yu, ACS Centr. Sci., 2018, 4(7), 
885. 
6. Y. Kim, S. Hwang, R. Khalmuratova, S. Kang, M. Lee, Y. Song, J. -W. Park, J. Yu, H.-W. Shin, Y. Lee, J. 
Control. Release, 2020, 317, 181.  
7. S. H. Nam, J. Jang, D. H. Cheon, S.-E. Chong, J. H. Ahn, S. Hyun, J. Yu, Y. Lee, J. Control. Release (in 
press) DOI: 10.1016/j.jconrel.2020.10.063  
8. S. -E. Chong, J. H. Oh, K. Min, S. Choi, J. H. Ahn, D. Chun, H. H. Lee, J. Yu, Y. Lee, J. Control. Release, 
2021, 330, 161.  
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Computer-aided Peptide Therapeutics 
 

Gajendra P. S. Raghava 
 
Department of Computational Biology, IIIT, Delhi, India 
 
In last few decades, peptides-based therapeutics has emerged as major player in the field medicines. 
As per recent survey, protein/peptide drugs is estimated around 10% of the entire pharmaceutical 
market and will make up an even larger proportion of the market in the future. In this talk, I will focus 
on peptide-based therapeuticst that will include; i) peptide based inhibitors, ii) peptide-based subunit 
vaccines, iii) peptide-based drug delivery, iv) designing of anti-microbial peptides. There are number 
of challenges in designing peptide-based therapeutics that includes, i) toxicity of peptides, ii) half-life 
in biofluids, iii) immunogenecity and antigenecity of peptides, iv) hemotoxicity of peptides. I will also 
focus on aspects associated with human health especially, the role of bioinformatics in development 
of biological databases and web-servers that can be used for solving real life problems. Furthermore, 
how these approaches can guide effective decoding of biological processes for disease biomarkers, 
epitope-based vaccines and personalized medicine in general. 
 
1. Dhall A, Patiyal S, Sharma N, Usmani SS, Raghava GP (2020) Computer-aided prediction and design 

of IL-6 inducing peptides: IL-6 plays a crucial role in COVID-19. Brief Bioinform. Oct 9:bbaa259.  
2. Agrawal P, Bhagat D, Mahalwal M, Sharma N, Raghava GPS. AntiCP 2.0 (2020): an updated model 

for predicting anticancer peptides. Brief Bioinform. Aug 6:bbaa153.   
3. Usmani  et al. (2018) THPdb: Database of FDA-approved peptide and protein therapeutics. PLoS 

One. 12(7):e0181748.   
4. Bhalla et al. (2018) CancerPDF: A repository of cancer-associated peptidome found in human 

biofluids. Sci Rep. 7(1):1511.   
5. Gupta  et al. (2016) A Platform for Designing Genome-Based Personalized Immunotherapy or 

Vaccine against Cancer. PLoS One. 11(11):e0166372.   
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Principal Component Analysis to understand peptide dynamics and its correlation with sequence 
 
Durba Roy 
 
Department of Chemistry, Birla Institute of Technology and Science-Pilani, Hyderabad Campus, 
Telangana 500078, India 
 
Inherent flexibility in small peptides often obscures the prevailing relationship between their structure 
and complex dynamics. It is pertinent to understand how the amino acid sequence of a peptide in a 
specific solvent environment controls its litheness. This sequence-solvent control could lead to 
preferential outcomes from post-translational modifications, such as disulfide bond formation 
between a certain pair of cysteine residues in multiple cysteine containing peptides. Dimensionality 
reduction of the complex dynamical modes in such peptides through principal component analysis 
(PCA) could thus prove very useful in delineating the structure-dynamics link. Two conopeptides, AuIB 
and GI are studied as test cases in water and aqueous ionic liquid solvent environments to bring out 
the diversity in their structure and dynamical freedom. 
 
1. Wolf, K. N. Kirschner, J. Mol. Model., 2013, 19, 539−549. 
2. F. Sittel, A. Jain, G. Stock, J. Chem. Phys., 2014, 141, 014111. 
3. K. A. Sajeevan, D. Roy, J. Phys. Chem. B, 2019, 123, 5483−5493 
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Peptidomimetics inhibitors to tackle multifaceted toxicity in Alzheimer’s disease 
 

T. Govindaraju 
 

Bioorganic Chemistry Laboratory, New Chemistry Unit, Jawaharlal Nehru Centre for Advanced 
Scientific Research (JNCASR), Jakkur P.O., Bengaluru-560064, India 
 

Alzheimer’s disease (AD) is chronic multifactorial neurological disorder and common form of 
dementia. Current treatments are only symptomatic and temporary, do not directly target the 
mechanisms underlying the disease pathogenesis. The production, accumulation and aggregation of 
proteins in the human brain are considered as one of the hallmarks of the disease. Reactive oxygen 
species (ROS) are the major sources of biomolecular and mitochondria damage, and oxidative stress 
in neuronal cells, which damage DNA, proteins, and lipids, contributing to additional trait of toxicity in 
AD. Oxidative stress, neuroinflammation, mitochondrial dysfunction and microglia contribute 
significantly to the disease pathogenesis. In this context, we have adopted multipronged strategies to 
develop therapeutic agents to modulate multifaceted toxicity. I shall present our recent results on the 
development of multifunctional peptidomimetic inhibitors to ameliorate multifaceted toxicity in AD.  
 
1. Alzheimer's Association. Alzheimers Dement. 2015, 11, 332. Reviews: Govindaraju, et al. Chem. 

Comm. 2015, 51, 13434; RSC Adv. 2018, 8, 23780.; Bull. Chem. Soc. Jpn. 2020, 93, 507.; 
ChemBioChem 2020, 21, 1052.  

2. K. Rajasekhar, N. Narayanaswamy, N. A. Murugan, K. Viccaro, H-G. Lee, K. Shah, T. Govindaraju, 
Biosens. Bioelectron. 2017, 98, 54. 

3. K. Rajasekhar, K. Mehta and T. Govindaraju, ACS Chem. Neurosci. 2018, 9, 1432-1440.; K. Rajasekhar, 
S. Samanta, V. Babagond, N. A. Murugan, T. Govindaraju, iScience 2020, 23, 101005. 

4. S. Samanta, K. Rajasekhar, V. Babagond and T. Govindaraju, ACS Chem. Neurosci. 2019, 10, 3611.; 
S. Samanta and T. Govindaraju, ACS Chem. Neurosci. 2019, 10, 4847. 

5. S. Samanta, K. Rajasekhar, M. Ramesh, N. A. Murugan, S. Alam, D. Shah, J. P. Clement and T. 
Govindaraju, Adv. Therap. 2021, 4, 2000225. 
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Synthetic glycopeptide vaccine for cancer immunotherapy 
 
Yanmei Li 

 
Department of Chemistry, Key Lab of Bioorganic Phosphorus Chemistry & Chemical Biology (Ministry 
of Education), Tsinghua University, Beijing, 100084, P.R. China. 
 
Cancer immunotherapy endows inspiring opportunities for tumor treatment. Different from other 
immunotherapies (e.g., checkpoint blockade and adoptive T cell transfer), a cancer vaccine is designed 
to fully activate both innate and adaptive immune systems with safety and efficacy.1 In the recent 
year, different chemical strategies targeting MUC1 glycopeptide were developed in our group. Two-
component glycopeptide vaccines were firstly built. To amplify the antigenicity, MUC1 glycopeptide 
was conjugated with protein or T cell epitope.2,3 Then small molecule agonist was introduced to 
construct a three-component vaccine. Typically, the built-in agonists of Toll-like receptor 2 and STING 
show well compatibility and applicability in antibody evocation and therapeutic efficacy.4 To enhance 
immune response, cluster and size effects were achieved using peptide fibril fabrication and 
nanomaterial display.5,6 Considering in vivo codelivery of glycopeptide antigen and agonist, 
nanovaccines and hydrogel vaccine were both studied which elicited high titer of tumor-specific 
antibody for tumor killing.7 
 
1. Li, W.-H.; Li, Y.-M. Chemical Strategies to Boost Cancer Vaccines. Chem. Rev. 2020, 120, 11420-

11478. 
2. Cai, H.; Huang, Z. H.; Shi, L.; Sun, Z. Y.; Zhao, Y. F.; Kunz, H.; Li, Y. M. Variation of the Glycosylation 

Pattern in MUC1 Glycopeptide Bsa Vaccines and Its Influence on the Immune Response. Angew. 
Chem. Int. Ed. 2012, 51, 1719-1723. 

3. Cai, H.; Chen, M. S.; Sun, Z. Y.; Zhao, Y. F.; Kunz, H.; Li, Y. M. Self-Adjuvanting Synthetic Antitumor 
Vaccines from MUC1 Glycopeptides Conjugated to T-Cell Epitopes from Tetanus Toxoid. Angew. 
Chem. Int. Ed. 2013, 52, 6106-6110. 

4. Wu, J. J.; Li, W. H.; Chen, P. G.; Zhang, B. D.; Hu, H. G.; Li, Q. Q.; Zhao, L.; Chen, Y. X.; Zhao, Y. F.; Li, Y. 
M. Targeting Sting with Cyclic Di-Gmp Greatly Augmented Immune Responses of Glycopeptide 
Cancer Vaccines. Chem. Commun. 2018, 54, 9655-9658. 

5. Huang, Z. H.; Shi, L.; Ma, J. W.; Sun, Z. Y.; Cai, H.; Chen, Y. X.; Zhao, Y. F.; Li, Y. M. A Totally Synthetic, 
Self-Assembling, Adjuvant-Free MUC1 Glycopeptide Vaccine for Cancer Therapy. J. Am. Chem. Soc. 
2012, 134, 8730-8733. 

6. Cai, H.; Sun, Z. Y.; Chen, M. S.; Zhao, Y. F.; Kunz, H.; Li, Y. M. Synthetic Multivalent Glycopeptide-
Lipopeptide Antitumor Vaccines: Impact of the Cluster Effect on the Killing of Tumor Cells. Angew. 
Chem. Int. Ed. 2014, 53, 1699-1703. 

7. Shao, Y.; Sun, Z.-Y.; Wang, Y.; Zhang, B.-D.; Liu, D.; Li, Y.-M. Designable Immune Therapeutical Vaccine 
System Based on DNA Supramolecular Hydrogels. ACS Appl. Mater. Interfaces 2018, 10, 9310-9314. 
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Mirror-image proteins to block RBC invasion by malaria parasites  
 
Kalyaneswar Mandal 
 
Tata Institute of Fundamental Research, Hyderabad, Telangana-500046, India 
 
Interactions between two key parasite proteins, apical membrane antigen 1 (AMA1) and rhoptry neck 
protein 2 (RON2), are crucial for moving junction formation which triggers malaria parasite entry into 
erythrocytes. Identifying a suitable small protein to inhibit the interaction between AMA1 and the 
extracellular domain of RON2 would be an ideal strategy to turn off the junction formation, which, in 
turn, will shut down the invasion process. We are using a unique combination of ‘chemical protein 
synthesis’ and ‘mirror-image phage display’ to systematically identify mirror-image protein molecules 
that will have potential to interfere with the AMA1-RON2 interactions. Mirror-image proteins are 
resistant to proteolysis and less immunogenic. Therefore, a suitably engineered D-protein molecule 
(consisting of all D-amino acids and glycine) would be superior to a conventional natural 
peptide/protein as a candidate antimalarial therapeutic. 
 

 
 
 

 
 
 
 
  

mirror

L-Protein D-Protein
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COVID-19 immunogen design 

Raghavan Varadarajan 
 
Molecular Biophysics Unit, Indian Institute of Science, Bangalore 560012, India 
 
An affordable, efficacious vaccine against SARS-CoV-2, the causative agent of the ongoing COVID-19 
pandemic is essential to curb infections and minimize disease spread. A number of vaccines are 
currently being deployed worldwide, including two in India. An overview of the various types of 
vaccines will be presented. Current COVID-19 vaccines have shown varying degrees of efficacy in 
different geographic locations and there are concerns about how recent viral mutations might impact 
vaccine efficacy. Neutralizing antibodies that prevent viral entry into host cells are currently the 
clearest correlate of protection and are largely directed against the Receptor Binding Domain of the 
viral Spike protein. Most current vaccine formulations require low temperature storage, a major 
impediment to widespread deployment. We have developed highly expressed, thermotolerant 
Receptor Binding Protein derivatives that induce titers of neutralizing antibodies that are considerably 
higher than several vaccine candidates currently in clinical trials. Such subunit vaccine formulations 
hold great potential to combat COVID-19 1 
 

1. Malladi SK, Singh R, Pandey S, Gayathri S, Kanjo K, Ahmed S, Khan MS, Kalita P, Girish N, Upadhyaya 
A, Reddy P, Pramanick I, Bhasin M, Mani S, Bhattacharyya S, Joseph J, Thankamani K, Raj VS, Dutta 
S, Singh R, Nadig G, Varadarajan R. (2020) Journal of Biological Chemistry. 2020 doi: 
10.1074/jbc.RA120.016284 
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Spatial Position Regulates Power of Tryptophan: Discovery of Nuclear Localizing Cell Penetrating 
Peptide 

 
Surajit Ghosh 
 
Department of Bioscience and Bioengineering, IIT Jodhpur, Rajasthan-342037, INDIA 
 
Identification of key amino acids is required for development of efficient cell penetrating peptides 
(CPPs) and has tremendous implications in medicine. Extensive research work enlightened us about 
the importance of two amino acids, arginine and tryptophan in the cell penetration. This presentation 
will focus on a top-down approach to show how spatial positions of two tryptophans regulate the 
cellular entry and nuclear localization. This enables us to develop short nontoxic tetrapeptides with 
excellent potential of cell penetration and nuclear localization. Among them Glu-Thr-Trp-Trp (ETWW) 
emerges as most promising one. Result suggests that it enters into the cancer cell following endocytic 
pathway and binds at major groove of nuclear DNA, where successive tryptophan plays major role. 
Subsequently, we showed that it is not a P-gp substrate and nontoxic to PC12 derived neurons, 
suggesting its excellent potential as CPP. Furthermore, its potential as CPP has been validated in multi-
cellular 3D cell culture (spheroid) and in in vivo mice model. This study provides major fundamental 
insights about the positional importance of tryptophan and opens new avenues towards the 
development of next generation CPP and major groove specific anticancer drugs. 
 
1. Bhunia et al., J Am Chem Soc., 2018, 140, 1697-1714. 
 
 
 
 
 
 
 
 
 

  
  



 19 

Peptide based Nanoconjugates as New Age Scaffolds for Cell Internalization and Bio-sensing 
Agents  
 
Rohit Kumar Sharma 

 
Department of Chemistry, Panjab University, Chandigarh, India-160014 
 
Peptide-nanoconjugate systems provide novel hybrid materials having combination of the unique 
optical, electronic, or catalytic properties of the nanoparticles with the recognition or biocatalytic 
functions of biomolecules. Such bioconjugate systems have applications in various fields such as 
biosensing, bio imaging, cell internalization etc. In this regard, we have been exploring our research 
mainly in two categories: (a) How does the peptide nanoconjugate system act as a platform for 
biosensing? (b) How is this hybrid system capable for cell internalization?  
 

 
 
Fig. 1.  Schematic illustration of the multifunctional biomolecule/peptide nanoconjugate systems for 
bioimaging and biosensing 
 
The first step of the research comprises of development of peptide nanoparticle conjugate systems 
which would be efficient for biosensing as well as for cell internalization. The main challenge in this 
work is the specificity and selectivity of developed bioconjugate systems towards specific analytes. In 
this regard, we have developed various peptides, aptamer and polymer based hybrid systems using 
nanoparticles (gold nanoparticles and silver nanoparticles) as well as quantum dots. These developed 
biomolecule-nanoconjugate systems provide an array for specific and selective detection of various 
analytes such as organophosphorous pesticides, metal ions etc. In other context, as we know that 
internalization of therapeutic agents is one of the most important requirements for treatment of any 
type of infection and generally most of the drugs used are not able to penetrate into microbial cell 
membrane on their own, therefore, efforts have been done for the cell internalization studies using 
these biomolecule nanoconjugate systems. Alongwith these applications, I would also like to discuss 
the implications of these systems towards the sensing of toxic metal ions as well as their 
internalization studies using various methods. 
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Hydrocarbon shake flask logD and LPE: in search of bRo5 passive permeability 
 
Matthew R. Naylor 
 
UCB Pharmaceuticals, USA 
 
Considerable interest has risen in the development of medicines capable of targeting protein-protein 
interfaces not druggable by conventional small molecules.  Yet the achievement of passive 
permeability in beyond-Rule of 5 chemical space requires a careful balance of electronic exposure 
against numerous lipophilic liabilities. Hydrocarbon-based lipophilicity measurements have received 
renewed interest for their ability to directly measure membrane-relevant lipophilicity. Hydrocarbon 
shake flask logD measurements for cyclic peptides and bRo5 drugs will be presented, along with a 
simple metric (Lipophilic Permeability Efficiency) capable of generalizing the permeability 
performance of bRo5 chemical scaffolds. 
  



 21 

Systems Chemistry: How complexity emerges from chemistry? 
 
Dibyendu Das 
 
Dept of Chemical Sciences, IISER Kolkata 
 
There remain critical gaps in our understanding of the emergence of functional biopolymers in the 
origins of Earth’s biosphere. For instance, extant proteins, evolved over millions of years, carry out an 
impressive array of responsibilities, from catalysis and molecular recognition to motility and 
compartmentalization. One of the major goals of our lab is to investigate the possible origins of 
advanced enzymatic functions from folds of short peptide based paracrystalline phases.1,2 Further, we 
are excited in understanding the non-equilibrium structures of living systems.3-6 I will show our recent 
discoveries of simple chemical systems that can be substrate-driven to access higher energy self-
assembled states, just as seen in Natural microtubules. Entwined with negative feedback networks, I 
will attempt to sketch our aims of developing self-assembled autonomous materials that can show 
temporal control of functions.

3,5-8 
 
1. B. Sarkhel, A. Chatterjee and D.Das*. J. Am. Chem. Soc. 2020 142 4098-4103  
2. Reja,  S.P. Afrose, D. Das*. Angew. Chem. Int. Ed. 2020 59 4329-4334  
3. S. Bal, C. Ghosh, T. Ghosh, R. Vijayaraghavan and D. Das*. Angew. Chem. Int. Ed. 2020, 59, 13506 
4. S.P.Afrose, S. Bal, A. Chatterjee, K. Das, D. Das* Angew. Chem. Int. Ed. 2019 58 15783-1578 
5. S. Ahmed, A. Chatterjee, K. Das and D.Das* Chemical Science 2019 10 7574-7578    
6. S. Bal, K. Das, S. Ahmed and D.Das*  Angew. Chem. Int. Ed. 2019 58 244    
7. A. Chatterjee, C. Mahato and D.Das* Angew. Chem. Int. Ed. 2021, 60, 204-209 
8. H. S. Azevedo, S. L. Perry,  P. A. Korevaar, D. Das. Nature Chemistry 2020, 12, 793-794 
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Precision chemistry of native proteins enabling biology and medicine 

Vishal Rai 
 
Department of Chemistry, Indian Institute of Science Education and Research Bhopal, India  
 
The chemical toolbox for investigating biological systems or enabling therapeutics requires the precise 
covalent attachment of tags to the proteins. In this perspective, we have been investing efforts to 
develop chemical technologies that can empower precise control over the site of bioconjugation.  
The critical barrier involves the simultaneous deconvolution of multiple challenges associated with 
reactivity and selectivity. In this perspective, we have developed a DisINtegrate or DIN theory that 
allows us to create new reactivity landscapes on a protein's surface. Overall, it enabled the 
development of methods for (a) utilization of N-terminus as a reactivity hotspot,1 (b) single-site 
tagging of Lys or His,2 (c) N-Gly residue-specific labelling (Gly-Tag®),3 and (d) modular linchpin directed 
modification (LDM®) for labelling single His or Lys residue.4 The LDM platform delivers single-site 
installation of various probes in native proteins. The user-friendly protocols result in analytically pure 
labelled proteins. The structure, enzymatic activity, binding to receptors, and downstream signalling 
pathways are typically unaffected. Importantly, these technologies allow access to homogeneous 
antibody-drug conjugates (ADCs) for directed cancer chemotherapeutics.4,5 The talk would highlight 
our journey and specific milestones that led to the development of a comprehensive platform for 
precision engineering of proteins. 
 
 

 
 
 
1. For N-targeting, see: (a) Chem. Commun. 2015, 51, 473-476. (b) Org. Biomol. Chem. 2018, 16, 9377-

9381. 
2. For reactivity hotspots, see: (a) Chem. Commun. 2019, 55, 1100-1103. (b) Chem. Commun. 2018, 

54, 7302-7305. (c) Chem. Eur. J. 2017, 23, 3819-3823. (d) Chem. Commun. 2017, 53, 959-962. 
3. For Gly-Tag, see: (a) Nat. Commun. 2019, 10, 2539. (b) Chem. Sci. 2020, 11, 13137-13142. 
4. For LDM and ADC, see: (a) J. Am. Chem. Soc. 2018, 140, 15114-15123. (b) Angew. Chem. Int. Ed. 

2020, 59, 10332-10336. (c) Manuscript under revision. 
5. For other ADC methods, see: (a) Nat. Biomed. Eng. 2019, 3, 917-929. (b) Chem. Commun. 2019, 55, 

9979-9982. 
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Foldamers for mimicking and engineering the backbone of biologically active peptides 
 
Gilles Guichard 
 
Univ. Bordeaux, CNRS, CBMN, UMR 5248, Institut Européen de Chimie et Biologie, 33607 Pessac, 
France 
 
Peptides are key molecules in modern drug discovery owing to some specific advantages (e.g. high 
molecular and structural diversity, effective synthesis methods, and relative ease of generating 
sequences with high affinity and selectivity for difficult biological targets). However, there is 
commonly a need for further optimizing standard peptides consisting of proteinogenic amino acids to 
alleviate some of their limitations such as poorly defined conformation, short in vivo half-life and/or 
poor membrane permeability. This incited chemists to develop innovative approaches to address 
these challenges, among which constrained peptides have gained momentum with several drug 
candidates at different stages of clinical trials.1 In my group, we have a general interest in foldamer 
chemistry and in the development of α-helical peptide mimics such as oligourea foldamers.2 Recently, 
we have shown that we can insert short foldamer segments into peptides to generate inhibitors of 
protein-protein interactions3,4 or receptor ligands with a reduced peptide character.5 By selecting 
ubiquitin ligase MDM2, vitamin D receptor and histone chaperon ASF1 as targets, we have designed 
peptide-oligourea chimeras that both retain affinity for their protein target and show increased 
resistance to proteolysis. X-ray structure analysis of several of these peptide–oligourea hybrids bound 
to their respective protein targets confirms the high degree of α-helix mimicry that can be achieved 
with oligoureas and reveals some general principles that should enable the design of more potent 
peptide-based inhibitors of protein–protein interactions. 
 
1. C. Morrison, Nat. Rev. Drug Discov. 2018, 17, 531. 
2. M. Pasco, C. Dolain, G. Guichard, in Comprehensive Supramolecular Chemistry II, Vol. 5 (Ed.: J. L. 

Atwood), Elsevier, Oxford, 2017, pp. 89–125. 
3. L. Cussol, L. Mauran-Ambrosino, J. Buratto, A. Y. Belorusova, M. Neuville, J. Osz, S. Fribourg, J. 

Fremaux, C. Dolain, S. R. Goudreau, N. Rochel, G. Guichard, Angew. Chem. Int. Ed. 2021, 60, 2296-
2303. 

4. J. Mbianda, M. Bakail, C. André, G. Moal, M. E. Perrin, R. Guerois, F. Becher, P. Legrand, S. Traoré, 
C. Douat, G. Guichard, F. Ochsenbein, ChemRXiv 2020, Doi : 
10.26434/chemrxiv.12624722.v12624721. 

5. J. Fremaux, C. Venin, L. Mauran, R. H. Zimmer, G. Guichard, S. R. Goudreau, Nat. Commun. 2019, 
10, 924. 

 
  



 24 

Revisiting old peptide chemistry: ring-closing metathesis in water and preparation of peptide with 
C-terminal Cys  
 
Taku Yoshiya 
 
Peptide Institute, Inc., Osaka 567-0085, Japan 
 
Solid-phase peptide synthesis (SPPS) introduced in 1963 made peptide preparation easier. Peptide 
preparation was further facilitated by the emergence of 9-fluorenylmethyloxycarbonyl (Fmoc) SPPS. 
Additionally, chemical modifications of peptides thus obtained enable wider application. Among 
known modifications, replacing disulfide bonds with olefin bonds using ring-closing metathesis (RCM) 
firstly reported in 1980 is widely applied. However, there are still subtle problems. Here, we would 
like to report our two attempts to improve old peptide chemistry. The first one is about aqueous RCM, 
and the second one is about epimerization-free preparation of C-terminal Cys peptide. 
RCM has been mainly applied for fully or partially protected peptides in organic solvents. However, 
solubility of such protected peptides in organic solvent is sometimes limited. As can be seen from the 
fact that native chemical ligation in water flourishes for the preparation of peptides/proteins, the 
combination of unprotected peptides and water should be superior to the combination of protected 
peptides/proteins and organic solvents from the viewpoint of solubility and applicability. Thus, to 
expand applicability of RCM in peptide science, we attempted to optimize aqueous RCM reaction using 
unprotected peptides and a water-soluble Ru catalyst ‘AquaMet’ recently reported by Grela et al.1 
Different RCM conditions in water were evaluated. Eventually, the addition of MgCl2 and/or use of 
acidic conditions was confirmed to achieve the efficient RCM reaction of unprotected model peptides 
in water.2 Our method would become a cornerstone of artificial bioactive peptide mimetic 
development in future. 
Preparation of C-terminal Cys peptide acid (not peptide amide) is still a notorious problem of Fmoc 
SPPS. Two side reactions at the C-terminal Cys caused by the base treatment are recognized: (i) the 
conversion of Cys to D/L-β-piperidinoalanine via dehydroalanine (Dha) and (ii) the epimerization to D-
Cys. Many studies have been conducted to solve these problems.3 Although many peptides were 
prepared based on such studies so far, some amounts of the undesirable side reactions are still 
observed. Under this circumstances, we recently discovered that C-terminal Cys peptide acids can be 
synthesized without epimerization using a Cys-pseudoproline ‘Cys(ΨDmp,Hpro)’ and Trt(2-Cl) resin. This 
is probably because the ring structure at Cys prevents the unfavorable keto-enol tautomerization. As 
a result, epimerization during basic treatment was not detected even under accelerated basic 
conditions. This combination would become a standard method to prepare C-terminal Cys peptide 
acids.4 
 
1. K. Skowerski, G. Szczepaniak, C. Wierzbicka, Ł. Gułajski, M. Bieniek, K. Grela, Catal. Sci. Technol., 

2012, 2, 2424-2427. 
2. S. Masuda, S. Tsuda, T. Yoshiya, Org. Biomol. Chem., 2018, 16, 9364-9367. 
3. Y. Fujiwara, K. Akaji, Y. Kiso, Chem. Pharm. Bull., 1994, 42, 724-726. 
4. S. Tsuda, S. Masuda, T. Yoshiya, J. Org. Chem., 2020, 85, 1674-1679. 
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Understanding the conformational properties of aza-peptidomimetics 
 
Bani Kanta Sarma 
 
Jawaharlal Nehru Centre for Advanced Scientific Research (JNCASR), Bangalore 560064, India 
 
Peptides possess a wide range of biological activities. However, they have serious limitations as drug 
candidates due to their low cell-permeability and high protease sensitivity. Azapeptidomimetics1, 
especially the azapeptides, have emerged as attractive alternates. Azapeptides are generated by 
isosterically substituting the α-carbon of one or more amino acid residues of a peptide with nitrogen 
atoms.2 This substitution endows azapeptides with favourable drug-like properties including higher 
conformational rigidity and enhanced proteolytic stability compared to α-peptides.3 Although a lot of 
progress has been made towards developing protocols to synthesize azapeptides in solution and the 
solid-phase, their conformational properties are still not clearly understood. Azapeptides are 
composed of aza-amino acid monomers, which leads to incorporation of diacylhydrazine units in their 
sequence. The repulsion between the hydrazide amide nitrogen lone pairs (Nlp-Nlp repulsion) is often 
used to describe the conformational properties of azapeptides. Our recent investigations with acyl- 
and diacylhydrazines have led to the discovery some unusual noncovalent interactions mediated by 
their hydrazide amide nitrogen lone pair.4 In this talk, I will discuss how these noncovalent interactions 
play crucial roles in the conformational properties of azapeptides. I will also discuss about the 
conformational properties of azapeptoids, an oligomeric peptoid scaffold derived from acylhydrazide 
submonomers.  
 

 
 
1. Avan, C. D. Hall and A. R. Katritzky, Chem. Soc. Rev., 2014, 43, 3575-3594. 
2. R. Chingle, C. Proulx and W. D. Lubell, Acc. Chem. Res., 2017, 50, 1541-1556. 
3. C. Proulx, D. Sabatino, R. Hopewell, J. Spiegel, Y. García Ramos and W. D. Lubell, Future Med. Chem., 

2011, 3, 1139-1164. 
4. J. K. R. Deka, B. Sahariah, K. Baruah, A. K. Bar and B. K. Sarma, Chem. Commun., 2020, 56, 4874-

4877. 
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Self-assembling peptide based soft materials in health care and environmental remediation 
 

Arindam Banerjee 
 
School of Biological Sciences, Indian Association for the Cultivation of Science, Jadavpur, Kolkata-
700032, India 
 
Molecular self-assembly plays a  pivotal role in chemical, biological and material sciences. Peptides 
with suitable  functionalities are endowed  with a unique property to form supramolecular soft 
materials by the assembly using various non-covalent interactions such as  hydrogen bonding, pi-pi 
stacking, electrostatic, hydrophobic and others. Under  suitable conditions, a peptide can be self-
assembled to form a soft material called gel with a  micro/nano-fibrillar network structure with  a huge 
amount of  entrapped solvent molecules (water/organic solvent). It is interesting to tune the assembly 
of designer synthetic  peptides to create functional  gels and also to explore fascinating  applications 
of these gels as new biomaterials.   
These peptide-based hydrogels have been utilized for various functions  including encapsulation and 
sustained release of drugs1 and biologically important molecules2, potent antibacterial agents for 
Gram-positive and Gram-negative bacteria3 as well as for  three dimensional cell culture4.  An  
interesting study includes the discovery of an amphiphilic peptide-based non-cytotoxic, proteolytically 
resistant hydrogels with potential anti-bacterial activity against Gram-positive and Gram-negative 
bacteria. Moreover, these antibacterial peptide gels do not show  any significant hemolytic activity at 
the minimum inhibitory concentration of the tested bacteria.3b  A very recent study vividly 
demonstrates  that  two-component hydrogel consisting of peptide and succinic acid is  successfully 
used for two and  three-dimensional cell culture using mouse fibroblast cell line (NIH-3T3). This result 
indicates a future promise for the usefulness  of such peptide-based gels as tuneable biomaterials in 
3D cell culture and regenerative medicine. A recent study includes the successful demonstration of  a 
peptide based gel in environmental  remediation for the removal of toxic organic dyes and harmful 
metal ions (Pd2+ and Cd2+) from waste water and the gel has also been used in oil spill recovery5.  
 
1. (a) Naskar, J.; Palui, G.; Banerjee, A., J. Phys. Chem. B 2009, 113, 11787-11792. (b) Basu, K.; Baral, 
A.; Basak, S.;  Dehsorkhi, A.; Nanda, J.; Bhunia, D.; Ghosh, S.; Castelletto, V.;  Hamley,  I. W.; Banerjee, 
A.  Chem Commun. 2016, 52, 5045-5048. 
2. Nanda, J.; Banerjee, A., Soft Matter, 2012, 8, 3380–3386. 
3. (a) Baral, A.; Roy, S.; Ghosh, S.; Hermida-Merino, D.; Hamley, I. W.; Banerjee, A. Langmuir 2016, 32, 
1836-1845.  (b) Nandi, N.; Gayen, K.; Ghosh, S.; Bhunia, D.; Kirkham, S.; Sen, S.; Ghosh, S.; Hamley, I.; 
Banerjee, A., Biomacromolecules 2017, 18, 3621-3629. 
4. D. Bairagi, P. Biswas, K.  Basu,S. Hazra; D. Hermida-Merino; D. Sinha; I. Hamley ; A.Banerjee 
ACS Applied Biomaterials, 2019, 2, 5235-5244.   
5. B. Mondal, D. Bairagi, N. Nandi, B. Hansda, K. S. Das, C. J. C. Edwards-Gayle, V. Castelletto, I. W. 
Hamley, A. Banerjee, Langmuir, 2020, 36, 12942−12953.  
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Single Amino Acid Enzymes Shining Light on The Prebiotic Catalyst 

Pandeeswar Makam 

Department of Chemistry, Indian Institute of Technology (BHU) –Varanasi, Uttar Pradesh-221005, 
India 
 
Darwinian evolution began on Earth approximately 3.5 billion years ago. However, the molecular basis 
for the origin of life is one of the most mysterious quests in modern science.[1–3] To solve this enigma, 
scientists have focused on the possible potential chemical precursors of life. Nevertheless, in the 
1950s, pioneering work is known as the Miller–Urey experiments has shown that amino acids, serving 
as prebiotic components of life on early Earth, could be synthesized under simulated laboratory 
conditions.[4] Since then, several laboratory experiments have shown that, in addition to amino acids, 
lipids and nucleotides can emerge from model prebiotic reactions. However, the mechanism by which 
life has emerged from this non-living prebiotic soup is still a mystery. In this talk, I will briefly explain 
our recent research findings on the potential of amino acid, metal ions, which most likely existed in 
prebiotic Earth, to self-assemble into potent and stable enzyme mimetic catalytic superstructures.[5,6] 
Such assemblies might have served as the primary means to allow the acceleration of chemical 
reactions prior to the evolution of contemporary enzymes. Our results may provide a new paradigm 
for the emergence of primordial catalysts and the origin of life. 
 
 

 
 
 
1. S. J. Mojzsis, G. Arrhenius, K. D. McKeegan, T. M. Harrison, A. P. Nutman, C. R. L. Friend, Nature 

1996, 384, 55–59. 
2. O. Carny, E. Gazit, FASEB J. 2005, 19, 1051–1055. 
3. S. L. Miller, H. C. Urey, Science 1959, 130, 245–251. 
4. S. L. Miller, Science 1953, 117, 528–529. 
5. P. Makam, S. S. R. K. C. Yamijala, K. Tao, L. J. W. Shimon, D. S. Eisenberg, M. R. Sawaya, B. M. Wong, 

E. Gazit, Nat. Catal. 2019, 2, 977–985. 
6. P. Makam, S. Yamijala, L. Shimon, B. Wong, E. Gazit, 2020, DOI 10.21203/rs.3.rs-61912/v1. 
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Peptides from the Nature to the Laboratory  

Fernando Albericio 

School of Chemistry, University of KwaZulu-Natal, Durban, South Africa; Departments of Chemistry, 
University of Barcelona, Barcelona, Spain                        

Peptides have experienced a remarkable renaissance as therapeutic agents in recent years. They are 
situated between small molecules (<1000 Da) and proteins, two of the most extensive classes of well-
established therapeutic agents.  
Peptides provide both the specificity and potency of larger protein biologics but with zero or low 
immunogenicity. Furthermore, they are smaller, more accessible and cheaper to manufacture using 
chemical methods, thus presumably combining the advantages of the two therapeutic approaches. 
While nature has been fine-tuning the bioactive chemical structure of these structures for thousands 
of years, peptide chemists and protein engineers have the exciting challenge of improving the 
intrinsically unfavorable pharmacokinetic properties of the majority of native peptides. The drawbacks 
of peptides as therapeutic agents are associated with their generally high conformational instability.  
In this presentation, we will review our current research devoted to the synthesis of natural cyclic 
peptides (pipecolidepsin, baringolin, teixobactin) as well as the design and synthesis of cyclic peptides 
with improved properties.  In this regard, we will discuss the strategies carried out in our laboratory 
for improving the potency and the stability of peptides.  In addition to homodetic cyclizations, we will 
show as common techniques used in conventional organic chemistry can be applied to peptides for 
that purposes.  Thus, Pd catalyzed coupling reactions allows the efficient preparation of linked, 
constrained and stapled peptides through C-H Pd activation processes.  
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Peptide-based strategies for delaying labor and improving neonatal outcomes 
 
William D. Lubell 
 
Department of Chemistry, Université de Montréal, Montréal, QC, Canada 
 
In 2010, India accounted for about one quarter of the global total of premature births [1], which may 
lead to long-term health problems for the newborn. Exploring different therapeutic points of 
intervention to delay birth as well as the potentially harmful inflammatory component of premature 
parturition, our team has focused on the central cytokine, interleukin-1β (IL-1β) and its receptor (IL-
1R), which play key roles in the induction of labor and immune vigilance against invading pathogens. 
Our presentation describes a peptidomimetic strategy for inhibiting IL-1R mediated signaling without 
effect on immune vigilance through the use of lactam analogs of the IL-1 modulating peptide 101.10 
(H-D-Arg-D-Tyr-D-Thr-D-Val-D-Glu-D-Leu-D-Ala-NH2) [2,3]. 
 
1. Blencowe, H.; Cousens, S.; Oestergaard, M.; Chou, D.; Moller, A.B.; Narwal, R.; Adler, A.; Garcia, 

C.V.; Rohde, S.; Say, L.; Lawn, J.E. Lancet 2012, 379, 2162-72. 
2. Geranurimi, A.; Cheng, C. W.; Quiniou, C.; Zhu, T.; Hou, X.; Rivera, J. C.; St-Cyr, D. J.; Beauregard, K.; 

Bernard-Gauthier, V.; Chemtob, S. Front. Chem. 2019, 7, 23. 
3. Geranurimi, A.; Cheng, C. W. H.; Quiniou, C.; Côté, F.; Hou, X.; Lahaie, I.; Boudreault, A.; Chemtob, 

S.; Lubell, W. D. Front. Chem. 2020, 8 (1182). 
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Chemical Strategies for the Development of Novel Therapeutic Agents 
 
Ishu Saraogi 
 
Department of Chemistry & Department of Biological Sciences, IISER Bhopal, Bhopal, 462066, India 
 
Our research is at the interface of chemistry and biology, and currently focuses on the use of structure-
based design strategies for the development of novel anti-amyloidogenic and antibacterial agents. In 
my talk, I will summarize our work in these two areas. 
Bacterial resistance to antibiotics poses an unprecedented challenge to global health. In search of 
novel antibacterial strategies capable of evading existing resistance mechanisms, we identified the 
bacterial signal recognition particle (SRP), an essential protein transport machinery, as a potential 
target.1 Functional SRP is composed of a protein (Ffh) and a 4.5S RNA component, so we envisioned 
that antisense peptide nucleic acid (PNA) molecules targeting 4.5S RNA might inhibit the RNA-Ffh 
interaction, thus compromising bacterial viability. Designed PNA molecules indeed bound specifically 
to 4.5S RNA, and inhibited the 4.5S RNA-Ffh interaction in a dose dependent manner, leading to 
inhibition of SRP mediated GTP hydrolysis. The most potent PNA molecule, when tagged with a cell 
penetrating peptide, was able to effectively inhibit E. coli cell growth. The PNA-mediated inhibition 
was relieved by overexpression of 4.5S RNA, suggesting that the PNA specifically blocks 4.5S RNA 
function. Our work validates SRP as an antibacterial target for the first time, and invites research into 
small molecule inhibitors of bacterial SRP as potential antibacterial agents. 
Amyloidosis is a well-known, but poorly understood phenomenon caused by the aggregation of 
proteins, often leading to pathological conditions. The aggregation of insulin, for example, poses 
significant challenges during the preparation of pharmaceutical insulin formulations commonly used 
to treat diabetic patients. We have identified a small molecule, which causes a dose dependent 
reduction in insulin fibril formation. Biophysical analyses and docking results suggested that the 
inhibitor likely bound to partially unfolded insulin intermediates. Further, molecule-treated insulin had 
lower cytotoxicity, and remained functionally active in regulating cell proliferation in cultured 
Drosophila wing epithelium.2 Thus, our inhibitor is a promising lead for regulating insulin 
fibrillogenesis. Our second-generation molecules are able to completely shut down insulin aggregation 
at the time-scale tested. We are currently testing several commercial insulin analogs (like Lispro, 
Glargine, Aspart etc) for aggregation inhibition using our small molecules. 
 
1. Ghosh, S.; Saini, S.; Saraogi, I.; “Peptide Nucleic Acid Mediated Inhibition of the Bacterial Signal 

Recognition Particle” Chem. Commun. 2018, 54, 8257  
2. Das, A.; Gangarde, Y.M.; Tomar, V.; Shinde, O.; Upadhyay, T.; Alam, S.; Ghosh, S.; Chaudhary, V.; 

Saraogi, I.;“A small molecule inhibitor prevents insulin fibrillogenesis and preserves activity” Mol. 
Pharm, 2020, 17, 1827 
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Elevation of serum SIRT2 in Parkinson’s disease: Plausible diagnostic protein biomarker and 
therapeutic target 
 
Sharmistha Dey 

 

Department of Biophysics and 2Geriatric Medicine, All India Institute of Medical Sciences, New Delhi, 
India 
 
Parkinson’s disease (PD) is the age-related neurodegenerative disorder due to the loss of 
dopaminergic neurons from substantia nigra in the brain. Atypical Parkinson Syndromes (APSs) often 
have symptoms that overlap with those of Parkinson’s disease (PD), especially in early in disease, 
making these disorders difficult to diagnose. Previous studies have demonstrated association of 
oligomeric α-synuclein (α-Syn), a key element in the pathogenesis of PD, with Sirtuin (SIRT)2 proteins 
for modulating PD. Inhibition of SIRT2 protein rescues the α-synuclein toxicity in vitro and in vivo 
models of PD.  Thio-acetyl group can structurally mimic the acetyl group and restrain the de-
acetylating p53 reaction by SIRT2. We aimed to evaluate SIRT proteins expression in serum of PD 
patients and compare it with APSs and normal elderly control (GC); correlate with α-Syn and evaluated 
the biological activity of designed pentapeptides inhibitor containing N-thioacetyl-lysine against SIRT2. 
SIRT proteins expression was evaluated in sera of 68 PD; 34 APS and 68 GC without any neuro-
psychiatric illness as controls by Surface Plasmon Resonance and correlated with α-Syn. Pentapeptide 
by introducing thioacetyl-lysine as an inhibitor of SIRT2 was screened by molecular docking and 
synthesized by solid phase method. The inhibition of pure recombinant SIRT2 as well as SIRT2 in serum 
of PD patients by peptide was done by Fluorescent Activity Assay. The inhibition of SIRT2 was assessed 
in PC12 cell line by measuring acetylated ��tubulin level.   
Significant (p<0.0001) differences were observed between serum SIRT2 concentration in PD and APS 
and GC; and between APS and GC. ROC analysis revealed the strong cut off value to differentiate PD 
from APS and GC and also APS from GC. Significant correlation was observed among SIRT2 levels in 
early PD patients with UPDRS, H and Y and increase duration of disease. In addition, a strong positive 
correlation of SIRT2 with α-Syn (p<0.0001) was observed. However, no such difference was detected 
for serum SIRT1 in cases of PD and APS; and GC. The peptide YKK(ε-thioAc)AM and HRK(ε-thioAc)AM  
were found to be SIRT2 inhibitors by molecular docking. However, YKK(ε-thioAc)AM was more specific 
towards SIRT2 than SIRT1. It inhibited recombinant SIRT2 by IC50 value of 0.15µM and KD values 
9.92x10-8M. It also inhibited serum SIRT2 of PD. It increased the acetylation of ��tubulin in PC12 
neuroblastoma cells which is essential for maintaining the microtubular cell functions of brain.  
The present study is the first to report elevated serum SIRT2 in PD. The study also provided a simple 
test to distinguish PD from APS which may have translational utility as a blood based biomarker for 
diagnosis.  A novel peptide YKK(ε-thioAc)AM may be a platform for therapeutic agent for Parkinson’s 
Disease targeting SIRT2  
 
  



 32 

Peptide-based strategies in Antibiotic Action and Structural Colors 

Sandeep Verma 
 
Department of Chemistry and Center for Nanoscience, IIT Kanpur, Kanpur, India 
 
Our laboratory has recently described peptide-based systems for optimal delivery of nitric oxide for 
neuritogenesis and modulation of protein expression necessary for neuronal regeneration,1a-c 
release of H2S in a transgenic C. elegans model system to ameliorate dopaminergic neuronal 
degeneration,1d targeted antibiotic delivery through H2S-responsive structures,1e and a new 
molecular design exhibiting excellent antibiotic activity against multidrug-resistant S. aureus and 
resensitization of fluoroquinolones (FQ) towards FQ-resistant, methicillin-resistant S. aureus strains.1f 
In this lecture, I will briefly present two disparate aspects of peptide-based design: (i) two tripeptides 
having the ability to promote proliferation of human mesenchymal stem cells and wound healing, via 
modulation of mechanical properties of stem cells;2a (ii) bottom-up fabrication of short self-
assembling peptides as surface covering films, resulting in a multilevel morphology of foamlike 
hydrophobic enclosures producing brilliant structural colors.2b 
 
1. (a) Chem. Sci., 2017, 8, 6171-6175; (b) ChemBioChem 2018, 19, 1127-1131; (c) Chem. Asian J., 2019, 
14, 4673-4680; (d) Chem. Commun., 2019, 55, 10142-10145; (e) ACS Infect. Dis., 2020, 6, 2441-2450; 
(f) Chem. Commun., 2019, 55, 8599-8602. 
2. (a) Chem. Commun., 2020, 56, 3043-3046; (b) J. Colloid Interfac. Sci., 2021 
(https://doi.org/10.1016/j.jcis.2021.02.122).  
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Biophysical studies on latarcins: antimicrobial peptides from venom of Lachesana tarabaevi 
 
Parvesh Wadhwani 
 
Karlsruhe Institute of Technology (KIT), Institute of Biological Interfaces (IBG-2), POB 3640, 76021 
Karlsruhe, Germany 
 
Lachesena tarabaevi produces one of the most potent venom that is largely composed of membrane 
active peptides.1 Latarcins are one group of linear cytolytic peptides isolated from this venom.2 They 
are short (20-35 residues), highly charged, and display membrane activity against bacterial and 
mammalian membrane3 but only a few members of this group have been biophysically well-
characterized. In this work, we investigated seven latarcins under identical experimental conditions 
for their ability to fold into α-helix in presence of membrane, and determined their orientation in the 
membrane using oriented circular dichroism (OCD) and solid state 15N-NMR. Furthermore, their ability 
to induce membrane damage was studied by monitoring vesicle leakage. The antimicrobial and 
hemolytic activities of the peptides were also determined. N-terminus truncation of latarcins resulted 
in shorter latarcins with reduced hemolytic side effects. Membrane bound shorter latarcins were also 
characterized using OCD, solid state 15N-NMR as above. Their antimicrobial and cell penetrating 
properties were also evaluated. These results will be presented.  
 
1. P.V. Dubovskii, A.A. Vassilevski, S.A. Kozlov, A.V. Feofanov, E.V.; Grishin, R.G. Efremov, Cell Mol Life 

Sci 2015, 72, 4501-4522. 
2. S.A. Kozlov, A.A. Vassilevski, A. V. Feofanov, A.Y. Surovoy, D.V. Karpunin, E.V. Grishin, J Biol Chem 

2006, 281, 20983-20992. 
3. P.V. Dubovskii, A.A. Ignatova, P.E. Volynsky, I.A. Ivanov, M.N. Zhmak, A.V. Feofanov, R.G. Efremov, 

Future Med Chem 2018, 10, 2309-2322. 
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Generic Peptides – Opportunities and Challenges 
 
Dinesh Bothra 
 
Indo Bioactive Labs (P) Ltd., Pune 411019, India 
 
Indo Bioactive Labs (P) Ltd. mainly focusses on the large-scale synthesis of many generic peptide drugs. 
These generic therapeutic peptides offer significant opportunities. The structural complexities of 
these peptides pose significant manufacturing challenges including unnatural amino acids, multiple 
disulfide bridges, long chains leading to solubility issues etc. My talk will be focusing on the challenges 
in large scale synthesis of peptides at Indo Bioactive Labs (P) Ltd. 
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Alternative Approaches to Overcome the Bottlenecks in the Peptide Synthesis Workflow  

Amit Mehrotra Global Product Manager – Organic & Peptide Synthesis  

Biotage, Sweden   

The typical peptide synthesis workflow is a multi-step process which essentially involves synthesis, 
purification and evaporation. This requires the steps from the starting amino acid building blocks to 
the final purified peptide product proceed as efficiently and smoothly as possible. Solid phase 
peptide synthesis is becoming more routine and now even more complex and difficult sequences 
can be made easily. Although the synthesis step is the most important part of the workflow, 
downstream processing issues can dramatically impact the efficiency of the workflow and are the 
cause of many bottlenecks.  

I will present strategies to improve the entire peptide synthesis workflow and demonstrate 
alternative approaches to facilitate the downstream processing including a rapid purification and 
evaporation technique that results in a simpler, faster and greener way to obtain a pure peptide 
product. 
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Purification of Liraglutide by Peptide Easy Clean Technology (PEC) 

Manoj Kumar Muthyala, Oliver Reimann, Dominik Sarma, Nadja Berger and Robert Zitterbart 

Belyntic GmbH, Richard-Willstaetter-Str 11, 12489 Berlin, Germany 

Purification of peptides via preparative HPLC is a bottleneck and costly endeavor. Furthermore, 
purification of long hydrophobic peptides – some even featuring fatty acid side chains – by preparative 
HPLC is a cumbersome challenge due to its low solubility and tendency to aggregate. Truncations often 
co-elute with the full-length peptide. We present the Peptide Easy Clean technology (PEC),[1] a side-
reaction-free, catch and release process. The process engages the coupling of a reductively cleavable 
linker to the peptide's N-terminus during the solid phase peptide synthesis (SPPS). The linker coupled 
peptides chemo-selectively immobilizes through oxime ligation onto the aldehyde functionalized 
resin, enabling wash-out of unwanted truncations. The covalent capture on the aldehyde resin allows 
functionalizing the peptides with desired modifications, such as lipids or bridging scaffolds on a solid 
support using an excess of reagents. Reducing the linker's arylazide core to aniline by reducing agents 
(DTT or Ph3P) initiates the modified peptide release.[2] The product liberates via a 1,6-elimination 
reaction in a pure form upon treating the activated linker by an acid. Herein, we report two 
independent approaches to purify Liraglutide by applying the PEC technology. The first approach 
involves synthesizing Liraglutide (with palmitoyl group) on SPPS and using the PEC technology to 
remove unwanted truncations. In a second approach, we obtain Liraglutide via SPPS without sidechain 
functionalization and subsequent introduction of the palmitoyl glutamic acid group during the PEC 
process. 

 
1 O. Reimann, O. Seitz, D. Sarma, R. Zitterbart, Journal of Peptide Science 2019, 25, 3136 -3144. 
2 R. Zitterbart, N. Berger, O. Reimann, G. T. Noble, S. Lüdtke, D. Sarma, O. Seitz, Chemical Science 

2021, 12, 2389-2396. 
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Synthesizing a 132-mer peptide with high purity through automation 

 Parshad Hirapara and Hanson Chang  

CSBio Instrumentation Co. 20 Kelly Court, Menlo Park, CA, 94025  

Synthesis of peptides at any length requires extreme attention to detail for accuracy and purity of the 
desired compound. Correctly synthesizing peptides of 50 mer length is difficult; over 100 mer length 
is a remarkable feat. CSBio’s fully automated instruments are purposefully designed to maximize resin 
and solvent interaction while maintaining a clean system throughout the synthesis protocol, making 
it possible to consistently synthesize peptides containing over 130 amino acids at very high purities. 

The chemists in CSBio’s in-house cGMP peptide manufacturing facility were tasked with making a 
cyclic peptide 132 amino acids in length containing a Cysteine to Cysteine disulfide bond linking the 
39th and 79th amino acids. Using a research scale CSBio peptide synthesizer, Fmoc protected amino 
acids were attached one by one in a stepwise fashion. Engineering decisions such as 180° inversion 
mixing as well as dedicated lines to separate the delivery of amino acids and piperidine ensure more 
resin to solvent interaction than nitrogen bubbling, vortex or oscillation mixing, while also maximizing 
coupling with no risk of chemical cross contamination. 

 

Upon peptide synthesis completion the resin was cleaved giving the chemist’s 620mg of crude at 75% 
purity. A portion of the crude (220mg) was loaded into a 1” C18 HPLC column, cyclization of the 
fractions was performed using iodine.  Post purification the chemists were able to extract 18mg of the 
re-purified disulfide peptide which tested at 98.7% purity. Resulting in an 8.2% yield from crude for a 
compound whose molecular weight was >15000g/mol. 

CSBio synthesizers are designed to deliver the user with the highest crude quality for any possible 
peptide. As the only automated synthesizer manufacturer that produces cGMP peptides, constant 
collaboration of in-house chemists and engineers during the design process enables CSBio to improve 
synthesis results compared to industry competitors; making CSBio synthesizers the most robust and 
reliable instruments on the market for synthesis of any peptide. 
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Activotec Peptide Synthesizers  

Chris Littlewood  

Activotec UK  

A presentation of Activotec's range of peptide synthesis tools covering semi and fully automated 
synthesizers available now in India with local technical support.   
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Fmoc-Cys(Msbh)-OH – A sophisticated Building Block for Cysteine-rich Peptides. A Journey from 
Discovery through to Large Scale Production. 
 
Markus Weishaupt1*, Thomas Bruckdorfer1,2, Haixiang Zhang2 
 

1 Iris Biotech GmbH, Adalbert-Zoellner-Str. 1, 95615 Marktredwitz, Germany 2 Iris Biotech 
Laboratories GmbH, Adalbert-Zoellner-Str. 1, 95615 Marktredwitz, Germany 
 
A safety-catch cysteine protecting group, 4,4’-
dimethylsulfinylbenzhydryl (Msbh), has increasingly been gaining 
interest. It allows researchers to expand their synthetic toolbox 
for the regioselective formation of disulfide bonds in cysteine-
rich peptides. Examples where Msbh has been used in the past 
include sequences with up to four disulfide bonds, or peptides 
containing both disulfide bonds and unpaired cysteines that tend 
to suffer from disulfide bond shuffling. The orthogonality of 
Msbh towards Fmoc, Boc and Alloc deprotection conditions promoted this complex cysteine 
derivative to become a broadly used building block for challenging peptide sequences in bulk scale 
peptide synthesis. We describe how route of synthesis and conditions changed from discovery and 
use in research applications to industrial scale with a focus on production efficiency, economics, and 
sustainability. 
 
1. Total Synthesis of Human Hepcidin through Regioselective Disulfide-Bond Formation by using the 

Safety-Catch Cysteine Protecting Group 4,4’-Dimethylsulfinylbenzhydryl; Zoltan Dekan, Mehdi 
Mobli, Michael W. Pennington, Eileen Fung, Elizabeta Nemeth, and Paul F. Alewood; Angew. Chem. 
Int. Ed. 2014; 53: 2931-2934. DOI: 10.1002/anie.201310103. 

2. A new safety-catch protecting group and linker for solid-phase synthesis; S. Thennarasu and C.-F. 
Liu; Tetrahedron letters 2010; 51: 3218-3220. doi:http://dx.doi.org/10.1016/j.tetlet.2010.04.047 

3. A Reductive Acidolysis Final Deprotection Strategy in Solid Phase Peptide Synthesis Based on Safety-
Catch Protection; T. Kimura, T. Fukui, S. Tanaka, K. Akaji and Y. Kiso; CHEMICAL & 
PHARMACEUTICAL BULLETIN 1997; 45: 18-26. doi:10.1248/cpb.45.18 

4. A safety-catch type of amide protecting group; M. Pátek and M. Lebl; Tetrahedron Letters 1990; 31: 
5209-5212. doi:10.1016/s0040-4039(00)97844-4 

5. The p-(methylsulfinyl)benzyl group: a trifluoroacetic acid (TFA)-stable carboxyl-protecting group 
readily convertible to a TFA-labile group; J. M. Samanen and E. Brandeis; The Journal of Organic 
Chemistry 1988; 53: 561-569. doi:10.1021/jo00238a016 
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Ribosomal Formation of Thioamide Bond in Polypeptide Synthesis 
 
Rumit Maini 
 
Merck, USA 
 
It has been well established that the ribosome can accept various nucleophiles on the X-acyl-tRNA in 
A site during elongation, where X can be amino, N-alkyl-amino, hydroxy, and thiol groups. However, 
it remains elusive that the ribosome is able to accept electrophile in P site other than the carboxyl 
group during elongation. Here we report ribosomal formation of thioamide bond in the mRNA-
dependent polypeptide synthesis. In this study, amino(carbothio)acyl-tRNA was prepared by flexizyme 
and used for the expression of peptides containing a thioamide bond in the nascent peptide chain. 
We have given solid evidence that the thioamide-peptide was formed but accompanied by the 
oxoamide counterpart due to rapid carbo(S-to-O) exchange during the synthesis of 
amino(carbothio)acyl-tRNA. We also demonstrated the ribosomal formation of thioamide and N-
methyl-thio-amide bond in linear as well as macrocyclic peptide scaffolds in the mRNA-dependent 
manner, showing its potential for applications such as ribosomal synthesis of thioamide-peptide and 
proteins. 
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Extrapolating from Proteins 
 
Samuel H. Gellman 
 
Department of Chemistry, University of Wisconsin, Madison, WI   53706, USA 
 
Folded biopolymers perform diverse functions in biological systems.  Most of these operations 
require the biopolymer chain to adopt a specific conformation.  Over the past two decades there 
has been growing interest in the prospect that biopolymer functions might be recapitulated and 
perhaps even improved upon with unnatural oligomers that manifest discrete folding 
preferences.  Such systems are referred to generically as "foldamers".  This lecture will provide 
an overview of the goals of this field, and progress toward those goals we have achieved with 
peptidic oligomers that contain β-amino acid residues, exclusively or in combination with α-
amino acid residues. Recent developments in development of foldamers that catalyze organic 
reactions or that disrupt protein-protein interactions associated with viral infections. 
 

                                                 
 
  An antiviral α/β-peptide engaged with 
  its target (crystal structure; PDB 3O43) 
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Radically simplified total chemical synthesis of proteins using ‘Fmoc’ group as a mask of N-
terminal cysteine in peptide thioester segment 

Abhisek Kar,a Jamsad Mannuthodikayil,a Sameer Singh,a Anamika Biswas,a Puneet Dubey,a Amit Dasb 
and Kalyaneswar Mandala* 

a TIFR Centre for Interdisciplinary Sciences, Tata Institute of Fundamental Research Hyderabad, 
Telangana, India – 500 046; b Protein Crystallography Section, Bhabha Atomic Research Centre, 
Trombay, Mumbai – 400 085      

BACKGROUND Multi-segment native chemical ligation (NCL) in one-pot greatly simplifies chemical 
protein synthesis in terms of time, efforts and yield by obviating intermediate purification steps. 
Temporary protection or masking of the N-terminal cysteine residue of middle peptide segment(s) is 
a necessary criterion to avoid peptide self-cyclization or polymerization in C-to-N one-pot ligation. 
Several cysteine protecting groups or N-masking groups have been reported, which are either 
incompatible with the reaction conditions frequently used for thioester generation, or require 
complicated reaction sequences for the protection or deprotection of cysteine. We show that the 
Fluorenylmethyloxycarbonyl (Fmoc) can be used as a mask of the N-terminal reactive cysteine residue 
of peptide thioester segment(s) during multi-segment NCL. 

RESULTS We found that the Fmoc group is stable to harsh oxidative conditions frequently used for the 
generation of peptide thioester from hydrazide or o-aminoanilide synthesized by the Fmoc chemistry 
solid phase peptide synthesis (SPPS). The Fmoc-Cys(Trt)-OH, a protected amino acid routinely used in 
Fmoc chemistry SPPS, minimizes additional steps required for the temporary protection of the N-
terminal cysteinyl peptides. This protecting group can be removed quantitatively after ligation 
reaction by short exposure (<7 min) to 20% piperidine at pH 11.0 in aqueous condition at room 
temperature. Moreover, the presence of piperidine in the ligation buffer does not interfere with the 
subsequent ligation reaction at neutral pH, enabling multi-segment peptide ligations in one-pot. We 
have demonstrated the synthetic applicability of our method by synthesizing functional EETI-II micro-
protein (28 amino acid residue) via three-segment one-pot ligation and human lysozyme protein (130 
amino acid residue) via four-segment one-pot ligation. Clean conversion in every synthetic step gives 
high purity full-length polypeptide in excellent overall yields.  

CONCLUSION We have established an operationally very simple method to achieve one-pot C–to–N 
native chemical ligations utilizing the Fmoc moiety as an N-masking group of the reactive cysteine of 
the middle peptide thioester segment(s). Our methodology provides an alternative and highly efficient 
method that would be very useful for high yielding chemical protein synthesis. 

A. Kar, J. Mannuthodikayil, S. Singh, A. Biswas, P. Dubey, A. Das, K. Mandal, Angew. Chemie. Int. Ed. 
2020, 59, 14796–14801.  
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Unraveling novel binding sites of PfRh5 to inhibit RBC invasion by malaria parasites 
  
Akash Narayana, Abhisek Kara, Mahita Ja, Purna Chandra Mashurabadb, Mrinal Kanti Bhattacharyab, 
Kalyaneswar Mandala*  
 
aTIFR Centre for Interdisciplinary Sciences, Tata Institute of Fundamental Research Hyderabad, 
Hyderabad 500046, India;bDepartment of Biochemistry, School of Life Sciences, University of 
Hyderabad,  Hyderabad 500046, India.  
 
BACKGROUND Rh5-CyRPA-Ripr ternary complex of Plasmodium falciparum binds with basigin at  the 
surface of red blood cells (RBC), which constitutes an essential step prior to parasite invasion into  
RBCs.1 X-ray crystallographic studies established the interactions between Plasmodium falciparum Rh5  
(PfRh5) and basigin involved in the primary invasion process. Peptide which interferes with the binding 
of PfRh5 with its receptor can potentially inhibit RBC invasion by malaria parasites. We have 
undertaken protein fragment-based analysis of PfRh5 to explore its other possible binding regions that 
may inhibit invasion process. As a prelude to this study, we present synthetic strategies to first 
systematically fragment PfRh5 and then identify the active ones using biophysical experiments and 
invasion-inhibition assays.  
 
RESULTS Peptide segments, designed based on the three-dimensional structure of PfRh5 protein, have 
been chemically synthesized by solid phase peptide synthesis. The secondary structure and the 
inhibitory activity of each purified peptide segment have been assessed by circular dichroism followed 
by growth inhibition assay on 3D7 parasite culture. This fragment-based approach led us to identify 
new regions of PfRh5 that have potential to reduce or inhibit malaria parasite invasion inside red blood 
cells.   
 
CONCLUSION We have used protein fragment-based approach to identify natural peptide ligands that 
have potential to inhibit parasite invasion into red blood cells and thus prevent malaria. The peptide 
segments that showed inhibitory activity can be further stabilized by chemical modification to achieve 
augmented inhibitory activity.  
 
1. W. Wong et al. Nature 2019, 565, 118. 2. K. E. Wright et al. Nature 2014, 515, 427. 
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Design and synthesis of peptide functionalized silver nanoparticles for Anti-microbial applications 
 
Alisha Lalhall (a,b) and Nishima Wangoo (b) 

 
(a )Centre for Nanoscience and Nanotechnology, Panjab University, Sector-25, Chandigrah, India 
(b) Applied Sciences, U.I.E.T, Panjab University, Sector-25, Chandigrah, India 
 
BACKGROUND Silver nanoparticles are one of the most vital and fascinating nanoparticles that have 
attracted increasing attention in recent years for their wide range of applications such as in 
biomedicine, sensing, antimicrobial agents due to their biocompatibility, ease of synthesis, reliability 
and cost effectiveness [1]. Various synthetic methodologies have been used ranging from green 
synthesis to electrochemical synthesis of nanoparticles. Herein, we have synthesized biocompatible 
and functionalized silver nanoparticles at room temperature by sodium borohydride-mediated 
reduction of silver nitrate with various di-peptides, cell penetrating peptides and organic 
compounds[2]. 
 
RESULTS The resulting metal nanoparticles displayed a narrow size distribution comparable to or 
better than those achieved with other synthetic methods. UV-visible spectroscopy was used to 
monitor the formation of silver nanoparticles. Functionalized silver nanoparticles were further 
characterized using UV-Vis spectroscopy, FE-SEM and FTIR. Further optimizations will be carried out 
to investigate their potential as antimicrobial agents.  
 
CONCLUSION The synthesized nanoparticles can be a step forward towards overcoming the multi drug 
resistance (MDR) in microbes. 
 
1. E. Oh, J.B. et al., ACS Nano 5,2011, 6434–6448 
2. Munish Kumar et al., Biophysical Chemistry 237,2018,38–46 
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A synthetic approach towards developing peptide inhibitors to disrupt malaria parasite invasion 
into red blood cells 
 
Anamika Biswas1, Suman Sinha1, Mrinmoy Jana1, Sreejith Rarankurussi1, Purna Chandra 
Mashurabad2, Mrinal Kanti Bhattacharyya2, Maruti Uppalapati3 and Kalyaneswar Mandal1* 

 
1TIFR Centre for Interdisciplinary Sciences, Tata Institute of Fundamental Research Hyderabad, 
Hyderabad 500 046, India; 2Department of Biochemistry, School of Life Sciences, University of 
Hyderabad, Hyderabad 500046, India; 3Department of Pathology and Laboratory Medicine, 
University of Saskatchewan, Saskatoon, S7N 5C9, Canada 
 
BACKGROUND Malaria is a mosquito-borne disease caused by Plasmodium species, the deadliest of 
which is Plasmodium falciparum. There is no effective vaccine reported yet to tackle malaria. 
Moreover, the widespread resistance of the frontline medicine ‘artemisinin combination therapy’ is 
also responsible for the delayed control of malaria. Therefore, there is an urgent need to develop an 
alternative and effective anti-malarial therapeutic. In all Apicomplexan parasites a unique invasion 
mechanism exists that involves moving junction (MJ) formation between the host cell and the 
parasite[1]. Interactions between two malaria parasite proteins, named Apical Membrane Antigen 1 
(AMA1) and Rhoptry Neck Protein 2 (RON2), participate in the MJ formation. Our aim here is to 
understand and disrupt the AMA1-RON2 protein-protein interaction by natural or non-natural 
peptides or proteins, resulting the inhibition of Plasmodium falciparum merozoite invasion into red 
blood cell (RBC). Studies have shown that a small RON2 peptide (RON2ed) which binds with the 
hydrophobic pocket of the AMA1 is sufficient to compete with native RON2 protein leading to the 
inhibition of invasion[2]. We aim to develop peptide/protein-based binders of RON2 extracellular 
domain using ‘chemical protein synthesis’ and ‘phage display’.  
 
RESULTS We have designed and chemically synthesized the target molecules for phage display based 
on the sequence of the 39-mer RON2ed and validated their activity against refolded AMA1 expressed 
in E. coli. After phage screening against these targets, we obtained several binder proteins that 
specifically bound to RON2ed. Further, the activity of binder proteins was examined by growth 
inhibition assay to verify if the selected binders can block the active site of RON2 leading to the 
disruption of AMA1-RON2 interactions, hence inhibiting the merozoite invasion. One of the selected 
binders successfully inhibited the merozoite invasion with an IC50 value of ~ 10 µM.  
 
CONCLUSION We have successfully designed a potential binder protein to stop the merozoite invasion 
into the RBC. Further optimization of the initial binder sequence by rational design followed by 
computational validation as well as affinity maturation by phage display will lead to a superior binder 
sequence.  
 
 1 M. Lamarque, S. Besteiro, J. Papoin, M. Roques, B. Vulliez-Le Normand, J. Morlon-Guyot, J.F. 

Dubremetz, S. Fauquenoy, S. Tomavo, B.W. Faber, C.H. Kocken, A.W. Thomas, M.J. Boulanger, 
G.A. Bentley, M. Lebrun, PLoS Pathog. 2011, 7, e1001276. 

2 A. Biswas, S. Raran-kurussi, A. Narayan, A. Kar, P.C. Mashurabad, M.K. Bhattacharyya,  K. Mandal, 
Biochem. Biophys. Reports. 2021, 26, 100950. 
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Design, Synthesis and Confirmational Analysis of HBS-constrained β-turns in tripeptide and 
pentapeptide sequences 
 
Ankur Kumar and Erode N Prabhakaran* 
 
Department of Organic Chemistry, Indian Institute of Science, Bangalore, Karnataka, India – 560012 
 
As we know that, 310-Helix is the second most abundant helical structure (10%), next to the α-helix 
(90%) that prevalently occurs in globular protein (especially membrane proteins) contain the i+3 → i 
hydrogen bond register along the peptide backbone. These are shorter in length (usually 1-2 turns) 
than the α-helix and are often found at the termini of the α-helix contain the i+4 → i hydrogen bond 
register along the peptide backbone. β-Turns are also an important Secondary structural component 
in proteins, playing a crucial role in peptide chain reversal and also play an important role in the 
formation of β-hairpin structures and α-hairpin structures. β-turn are also help in the protein-protein 
folding in the proteins. The b-turn also known as b-bend, b-loop or reverse turn. β-turns have been 
extracted from 58 non-identical protein (resolution greater or equal to 2 A�) using the standard criteria 
that the distance Cα

i and Cα
i+3 is greater than 7 A� and that the central residues are not helical[1]. The H-

bond surrogate (HBS) method has used successful to mimic the α-helical and 310-helical 
conformations[2], but β-turns molecules did not synthesized yet by using HBS model. We are 
incorporating HBS at i+3 → i hydrogen bond register along the peptide backbone by using covalent 
surrogate (propyl linker). Our target molecules for tripeptide and pentapeptide are for GS, SST cyclic 
analogues for the β-turns. Our goals are with these molecules HBS constraint β-turns peptide 
backbones into different β-turn conformations for applications in molecular recognition. examples- 
The sequence RGD has been found to be the consensus of matrix proteins for binding cell surface 
receptors (integrins)[3], Gramicidin-S is a cyclodecapeptide antibiotic effective against some Gram-
positive and Gram-negative bacteria as well as some pathogenic fungi and Somatostatins (SST) are 
hormones implicated in the regulation of growth hormone stimulation and glycogen release. There 
are 5 natural analogues of somatostatin (SST-I to V), all of which have the same tetrapeptide sequence 
– -Phe-Trp-Lys-Thr- – at the β-turn recognition domain. But they have different conformations at the 
turn motif[4].  
 
1 C. Wilmot, J. Thornton, Protein Eng. Des. Sel. 1990, 3, 479-493. 
2 a) S. Pal, E. N. Prabhakaran, Tetrahedron Lett. 2018, 59, 2515-2519; b) S. Pal, E. N. Prabhakaran, Eur. 
J. Org. Chem. 
3 M. Gurrath, G. Müller, H. Kessler, M. Aumailley, R. Timpl, Eur. J. Inorg. Chem. 1992, 210, 911-921. 
4 D. A. Pearson, J. Lister-James, W. J. McBride, D. M. Wilson, L. J. Martel, E. R. Civitello, J. E. Taylor, B. 

R. Moyer, R. T. Dean, J. Med. Chem. 1996, 39, 1361-1371. 
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BACKGROUND: Alzheimer’s disease (AD) is a neurological disorder, a growing epidemic worldwide 
due to no effective medical aid available in the market.1 AD is known to be directly associated with 
the toxicity of amyloid–β (Aβ) aggregates. In search of potent inhibitors of Aβ aggregation, Hamilton 
and co–workers reported an α–helix mimetic ADH–31, which act as a powerful antagonist of Aβ42 
aggregation.2 To identify the key interactions between protein–ligand complex and to get insight into 
the inhibitory mechanism of ADH–31 against Aβ42 aggregation, molecular dynamics (MD) simulations3 
have been performed in the present study.4 
 
RESULTS: The MD simulations highlighted that ADH–31 showed distinct binding capabilities with 
residues spanning from N–terminal to the central hydrophobic core (CHC) region of Aβ42 and restricts 
the conformational transition of helix–rich structure of Aβ42 into another form of secondary structures 
(coil/turn/β–sheet).4 Hydrophobic contacts, hydrogen bonding and π–π interaction contributes to 
strong binding between ADH–31 and Aβ42 monomer. The Dictionary of Secondary Structure of 
Proteins (DSSP) analysis highlighted that the probability of helical content increases from 38.5% to 
50.2%, turn content reduces from 14.7% to 6.2% with almost complete loss of β–sheet structure (4.5% 
to 0%) in the Aβ42 monomer + ADH–31 complex. The per–residue binding free energy analysis 
demonstrated that Arg5, Tyr10, His14, Gln15, Lys16, Val18, Phe19 and Lys28 residues of Aβ42 are 
responsible for favourable binding free energy in Aβ42 monomer + ADH–31 complex, which is 
consistent with the 2D HSQC NMR of Aβ42 monomer that depicted a change in the chemical shifts of 
residues spanning from Glu11 to Phe20 in the presence of ADH–31. The MD simulations highlighted 
the prevention of sampling of amyloidogenic β–strand conformations in Aβ42 trimer in the presence 
of ADH–31 as well as the ability of ADH–31 to destabilize Aβ42 trimer and protofibril structures. The 
lower binding affinity between Aβ42 trimer chains in the presence of ADH–31 highlight the 
destabilization of Aβ42 trimer structure. 
 
CONCLUSION: Overall, MD results highlighted that ADH–31 inhibited Aβ42 aggregation by constraining 
Aβ peptide into helical conformation and destabilized Aβ42 trimer as well as protofibril structures. The 
present study provides a theoretical insight into the atomic–level details of the inhibitory mechanism 
of ADH–31 against Aβ42 aggregation as well as protofibril destabilization and could be implemented in 
the structure–based drug design of potent therapeutic agents for AD. 
 
1.  (a) M. G. Savelieff, G. Nam, J. Kang, H. J. Lee, M. Lee, M. H. Lim, Chem. Rev. 2019, 119, 1221; (b) D. 

Goyal, S. Shuaib, S. Mann, B. Goyal, ACS Comb. Sci. 2017, 19, 55. 
2.  S. Kumar, A. Henning−Knechtel, M. Magzoub, A. D. Hamilton, J. Am. Chem. Soc. 2018, 140, 6562. 
3.  (a) A. Kaur, A. Kaur, D. Goyal, B. Goyal, ACS Omega 2020, 5, 15606−15619; (b) A. Kaur, S. Shuaib, 

D. Goyal, B. Goyal, Phys. Chem. Chem. Phys. 2020, 22, 1543. 
4.  A. Kaur, D.  Goyal, Goyal, B. Phys. Chem. Chem. Phys. 2020, 22, 28055. 
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Ultrasonication is a highly useful technique to impart sufficient energy to a system in order to facilitate 
molecular reorganization based on non-covalent interactions, which can result in the formation of 
stimuli-responsive functional materials. One application of ultrasonication is in the formation of low 
molecular weight supramolecular gels, semi-solid materials that can encapsulate a significant amount 
of organic solvent. These gels are generally composed of entangled fiber-like networks, obtained by 
self-assembly of building blocks through various non-covalent interactions such as hydrogen bonding, 
π-π stacking, dipole-dipole interactions, and Van der Waals interactions. These gels are responsive to 
various external stimuli like solvent polarity, temperature, light, pH and ultrasound. These anticipate 
supramolecular gels suitable for various applications such as in the field of sensing, actuating, charge 
transport, pharmaceutics, catalysis, reaction media, oil spill recovery and dye absorption. Moreover, 
although there are many reports of low molecular weight organogelators, but there are no reports of 
solvent-specific gelation, nor are there reports of using such gels to remove materials from aqueous 
solutions. One class of materials that are found in aqueous solutions are organic dyes, which are used 
widely in the textile, plastics, and cosmetic industries. Waste from these industries has been shown 
to leak into water and contaminate surrounding ecosystems. There are various methods such as 
sedimentation, carbon black adsorption, chemicoagulation, advanced oxidation procedure to remove 
dyes from wastewater. However, these processes have some disadvantages, including the high costs 
of the removal and disposal procedures, and the difficulties associated with regeneration and reuse 
of the functional materials. Thus, removal of dyes from wastewater is highly demanding in the current 
research. Herein, we have design and synthesized a series of dipeptides which conjugated with 1,8-
Napthalimide and investigated the self-assembly of structurally small different of peptides are 
sufficient to cause significant differences in the organogel formation. The peptide are highly solvents 
specific and effectively performed as a dye removal agent from wastewater. 

We have designed and synthesized two amides, which have small structural differences, and are highly 
solvent-specific in their formation of organogels. From these two peptides, the more flexible peptide 
1 forms organogel only in the presence of alkylated benzene solvents by sonication. Ultrasonication 
in this procedure provides the necessary energy to reset the normal self-assembly pattern and modify 
the morphology of the peptides from polydisperse microspheres to an entangled fiber network. The 
sonication induces instant fibril formation and concomitant organogelation in toluene, xylene, 
mesitylene, ethyl benzene. In other solvents, by contrast, microspheres form, and gelation is not 
observed. Scanning electron microscopy (SEM) of the peptide 1 xerogel reveals the sonication-induced 
microfibrillar morphology. As the peptide 1 has an electron rich phenyl ring, the corresponding gel 
interacted with the cationic dyes and selectively removes cationic dyes from wastewater. More 
interestingly, the peptide 1 performs strongly to remove Rhodamine B from wastewater, and the high-
performance dye removal reported herein has significant potential in the development of practical 
water purifier agents. 

We have designed and synthesized a new class of peptide based gelators which are highly solvent 
selective and that can separate dyes by phase-selective gelation of the dye from water-dye mixtures 
at room temperature. As the peptides have electron rich phenyl groups, the corresponding gels also 
exhibit interactions with cationic dyes and can remove those cationic dyes selectively from the 
wastewater and good reusability of the gel in such dye’s removal application was observed. In view of 
all these findings, it may be concluded that the development of our gelator is very useful, as it forms 
a low cost, non-toxic, easy-to-handle material for the successful removal of cationic organic dyes from 
contaminated aqueous environments. 
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Cancer has become one of the most devastating diseases worldwide. Therefore, diagnosis of cancer 
in the primary stage is important for proper treatment and therapy. Somatostatin receptors (SSTRs) 
are over expressed in homogenous and heterogeneous manners in the majority of tumors like 
neuroendocrine tumors (NETs), small cell lung cancer, breast cancer, gliomas and lymphoma. Five 
distinct subtypes of SSTRs have been identified (SSTR1-SSTR5) and cloned till yet. The native hormone 
is, however, susceptible to rapid enzymatic degradation (t1/2 = 2-3 min in blood) and is, therefore, 
unsuitable for in vivo applications. For this purpose, long-lived synthetic octapeptide analogs have 
been synthesized indigenously, purified by HPLC and characterized by NMR, Mass and IR spectroscopy 
and different biophysical studies has been performed and biologically evaluated as SSTR Positive 
Tumor Imaging Agent.  
 

 

Behera A, De K, Chattopadhayay S, Misra M. 2015 J RadioanalNucl Chem. 304 (2): 595-602  
Behera A, Banerjee I, De K, Munda RN, Chattopadhyay S, Samanta A, Sarkar B, Ganguly S, Misra M. 
2013 Amino Acids. 44 (3): 933-946.  
Behera A, De K, Chandra S, Chattopadhyay S, Misra M. (2011). J RadioanalNucl Chem. 290 (1): 123-
129, 10 (2011).  
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Background: G-protein coupled receptors (GPCRs) are the largest class of pharmacologically relevant 
transmembrane proteins, classically known for their ability to modulate myriad of physiological 
functions in humans. The GPCRs can sense several class of ligands and thus, can demonstrate 
functional versatility. Out of the all known GPCRs in human genome, it is evidenced that ~120 GPCRs 
recognize endogenous peptide or proteins as ligands. Interestingly, complement component fragment 
5a receptor (C5aR1) is one such GPCR that recognizes C5a, the most potent proinflammatory 
glycoprotein produced during the activation of the complement system. The C5a-C5aR1 system is an 
attractive target for drug discovery, due to its association with several chronic inflammations induced 
diseases, such as asthma, lung injury, multi organ failure and sepsis. It is noteworthy that structural 
biology has not been successful so far in capturing the C5a in complexation with C5aR1 in its native 
state. However, bio molecular signaling (1) and computational biology (2) studies have hypothesized 
that the complexation of C5a with C5aR1 involve a “two-site” binding interaction: precisely through, 
(i) recognition of the bulk of C5a by the N-terminus (NT) of C5aR1 (“site1”), and (ii) recognition of C-
terminus (CT) of C5a by the extra cellular surface (ECS) of the C5aR1 (“site2”). Nevertheless, the 
biophysical understanding of this biomolecular recognition involving C5a and C5aR1 is still not clear in 
the literature. 
 
Result: The current study has attempted to provide a clear understanding of the “two-site” binding 
paradigm in C5aR1 at the biophysical level, by recruiting the native (SR3) and mutant variants of NT 
peptides (SR4 and SR5), including the extracellular loop 2 peptide (SR1) of the C5aR1 against C5a. The 
data obtained from the molecular dynamics studies, binding free energy calculation, including the 
circular dichroism and fluorescence titration studies appreciably validate the highly refined “two-site” 
binding model structural complex of C5a-C5aR1, postulated earlier (2). 
 
Conclusion: The structural complex of C5a with C5aR1 strongly support a two-site binding interaction 
experimentally.The NT peptide of C5aR1 (site 1) interacts with the core of C5a that demonstrates an 
appreciable conformation change in its loop. Additionally a significant conformation change was 
observed in C5a-NT system post binding to the ECl2 peptide (site 2). Thus, it is proved experimentally 
that C5a C5aR1 interaction demonstrates a two-site binding. Furthermore from the cationic nature of 
C5a, it can clearly be concluded from the above results that the binding at the plausible “site1” is 
strongly driven by the interaction with a set of anionic residues of the NT peptides of C5aR1, such as 
D10, D15, D16, D18, D21 and D27. In addition, Y11 and Y14 of NT of C5aR1 also contribute significantly 
toward the binding affinity at the “site1”. 
 

1 Wang, X., Li, Y., Wu, L., Xiao, S., Ji, Y., Tan, Y., Jiang, C. and Zhang, G., 2021. Dysregulation of the gut-
brain-skin axis and key overlapping inflammatory and immune mechanisms of psoriasis and 
depression. Biomedicine & Pharmacotherapy, 137, p.111065. 

2 Sahoo, A.R., Mishra, R. and Rana, S., 2018. The model structures of the complement component 5a 
receptor (C5aR) bound to the native and engineered h C5a. Scientific reports, 8(1), pp.1-13 
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BACKGROUND Peptides and peptidomimetics are becoming highly important for the development of 
therapeutics and materials. A majority of the biologically active peptides have amide groups at the C-
terminus. These peptides have been synthesized on insoluble resins such that the growing peptide 
can be easily separated from the reaction mixture by filtration.1 Scaling up reactions in the solid phase 
has been challenging and has been addressed to a large extent using automated flow based peptide 
synthesis.2 However, to overcome the reduced reactivity of the amino acids/peptides on the insoluble 
support, large excess of amino acids (3-20 equiv.) are used. 
 
RESULTS Our efforts are directed towards synthesizing peptides using minimal reagents.3 We have 
developed a polynorbornene support with a rink-amide attachment site that enables synthesis of 
peptide drugs, difficult peptide sequences, conotoxins, and larger peptides using only 1.2-2 
equivalents of amino acids, which is significantly lower than reported procedures. The support is highly 
soluble in DCM and DMF and insoluble in diethyl ether. A variety of acidic, basic, and neutral amino 
acids could be loaded onto the polymer support with 0.3-0.7 mmol/g loading capacity. At room 
tempearture octapeptide synthesis took ca. 22 h, which includes coupling, deprotection, precipitation 
and centrifugation. To reduce the coupling reaction time and deprotection time, peptide synthesis 
was carried out at elevated temperature. The optimized protocol afforded octapeptides in 4h 56 
minutes using only 1.2 equivalents of amino acid.  

 
Fig 1. Polynorbornene support used for peptide synthesis 
 
CONCLUSION. A highly soluble non-crosslinked polynorbornene support bearing rink amide 
attachment site with tunable loading capacities (0.93-0.7mmol/g) has been developed. The support 
provided quick access to drugs and conotoxins in high purity using significantly lower equivalents (1.2 
equiv) of amino acids and coupling reagents as compared to SPPS (4-5 equivalents of amino acids). 
 
1 Merrifield, R. B. J. Am. Chem. Soc. 1963, 85, 2149. 
2 Simmon, D. M.; Mijalis, J. A,;Pentelute, L. B. Nat. chem. Biol. 2017, 13, 2318 
3 Bisht, B.; Naganna, N.; Madhavan, N., Org. Biomol. Chem. 2019, 17, 7238-724. 
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Wound healing is a complex biological process requiring multiple biological pathways and chemical 
responses to be activated and synchronized to recover tissue integrity and homeostasis. In normal 
physiological circumstances, the damage restoration process of the epidermal barrier through new 
tissue formation is highly efficient. However, increased production of reactive oxygen species, attack 
of pathogenic microorganisms, and high glucose level at the wound site delay the normal healing 
process in diabetic patients. In this study, exploiting the hypolipidemic properties of biocompatible 
silk fibroin protein and the antioxidant property of melanin, the antioxidant hybrid hydrogel (SFCH) 
was formulated by the physical mixing of these two biomaterials for rapid wound healing in diabetes 
condition. The microscopy analysis revealed the highly cross-linked mesoporous morphology inside 
the SFCH matrix, suitable for cellular infiltration and proliferation. SFCH exhibits storage modulus of 
4.5 kPa, which is comparable to the stiffness of human dermis tissue, appropriate to support the cell 
adhesion. DPPH radical scavenging assay indicates the efficient antioxidant property. The SFCH 
formulation is non-toxic and supports excellent cell migration under in vitro conditions. The efficacy 
of hydrogel in wound repair was evaluated in streptozotocin-induced diabetic Wistar rats. A full-
thickness excision wound was created on diabetic male rats and SFCH was applied to the wound and 
scab formation, dryness, and wound closer behavior in treated rats was monitored. The SFCH treated 
wounds displayed very less leaching pathological fluid on the wound site, good scab formation, and 
faster wound healing compared to the control diabetic groups. Therefore, the biocompatible 
antioxidant silk fibroin hydrogel system can be used as a potential wound healing dressing in diabetes. 
   
1. Gurtner, G. C.; Werner, S.; Barrandon, Y.; Longaker, M. T.  Nature, 2008, 453, 314–321.  
2. Falanga, V.   Lancet, 2005, 366, 1736–1743. 
3. Manchineella, S.; Thrivikraman, G.; Khanum, K. K.; Ramamurthy, P. C.; Basu, B.; Govindaraju, T. Adv. 

Healthc. Mater. 2016, 5, 1222-1232.  
4. Maity, B.; Samanta, S.; Sarkar, S.; Alam, S.; Govindaraju, T. ACS Appl. Bio Mater. 2020, 3, 3544–

3552 
5. Wang, X.; Qiu, S.; Yao, X.; Tang, T.; Dai, K.; Zhu, Z. J. Orthop. Res. 2009, 27, 1487–1492. 
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The scheme molecular architectonics facilitate custom design and engineering of molecular 
assemblies by manipulating the subtle noncovalent interactions to generate nature-inspired 
architectures. In this poster, we exemplify this customized strategy to modulate the assembly 
behavior of pyrene conjugated peptidomimetics (AkdNMCPy) incorporated with cyclic dipeptide units. 
AkdNMCPy spontaneously self-assembled into fibrils, which gradually transformed to nanosheets in the 
presence of Cu(II). Notably, the slow and stepwise addition of Cu(II) to AkdNMCPy resulted in micelle-
like hollow architectures that subsequently transformed into nanosheets over a period of 7 days. In 
contrast, addition of Cu(II) at once to AkdNMCPy formed nanosheets without the intermediate micelle-
like hollow architectures. Our further studies revealed that micelle-like hollow architecture stabilized 
Cu(II) state, while the nanosheets contained Cu(I) state. Interestingly, the micelle-like hollow 
intermediates were found to catalyze the tandem-like oxidation of 2ʹ,7ʹ-dichlorofluorescin diacetate 
(DCFH-DA) into fluorescent DCF, while the nanosheets were ineffective for the same reaction. Further, 
the micellar-like architectures of AkdNMCPy-Cu(II) that induced the DCFHDA oxidation was rearranged 
to form oxidatively inactive nanosheets due to reduction of Cu(II) to Cu(I). This molecular 
architectonics-guided differential architectures and reactivity of redox-metal-peptidomimetics 
complexation is anticipated to provide insights into the complex redox behaviors of biological 
metalloproteins. 
 
1. M. Avinash, T. Govindaraju, Acc. Chem. Res. 2018, 51, 414. 
2. H. Moorthy, L. Dutta, T. Govindaraju, Chem Asian J. 2021, 16, 423. 
3. S. Manchineella, T. Govindaraju, Chempluschem. 2017, 82, 88. 
4. B. Roy, S. Pal, T. Govindaraju, ACS Appl. Mater. Interfaces. 2020, 12, 14057 
5. C. Rufo, Y. Moroz, O. Moroz, J. Stöhr, T. Smith, X. Hu, IV. Korendovych. Nat. Chem  2014, 6, 303. 
6. OV. Makhlynets, PM. Gosavi, IV. Korendovych. Angew. Chem. Int. Ed. 2016, 55, 9017. 
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BACKGROUND: Nature has an excellent ability to design multifunctional materials that require 
organization of complex multicomponent systems in a set of subsystems mediated by the orthogonal 
relationships among the structural components. In this regard, self-sorting- an ability to distinguish 
between the self and non-self, plays an important role to the formation of specific self-assembled 
structures rather than all possible ensembles of unspecific architectures. 

 
Figure: Visualization of chirality driven self-sorted self-assembled nanofibers. 

 
RESULTS: We designed enantiomeric peptide amphiphiles with the sequence, NVFFAC inspired by Aβ42 
amyloid nucleating core. The competitive formation of self-sorted fibers over coassembled fibers is 
investigated in details using peptide fluorophores having donor and acceptor FRET pairs. We postulate 
chiral-recognition-driven efficient FRET in the homochiral peptide co-assembly and quantified the 
chiral self-sorting in the self-assembled nanofibers. The nucleation-mediated growth for the peptide 
amphiphiles is evident from the seeding and cross-seeding experiments, as obtained from AFM image 
analysis and time dependent thioflavin-T (ThT) binding assays indicating the chirality driven 
orthogonal growth of nanofibers. Chirality driven self-sorted peptide fibers were directly visualized 
using super resolution structured illumination microscopy (SR-SIM) for the first time. Lastly, the 
orthogonal nature of the assembly was established with the enantioselective enzymatic degradation 
of the L-peptide fibers and consequential weakening of the mechanical strength of hydrogels. 
 
CONCLUSION: We have demonstrated the fidelity of the self-sorted system by utilizing structurally 
similar chiral FRET pairs that was further validated with the seeding and cross-seeding methodology 
and SR-SIM. Finally, we have shown enantioselective hydrolysis of the L-fibers over D-fibers for the 
first time through super resolution microscopy. This results in enantioselective weakening of the 
hydrogel’s strength, that may potentially be used in desiging stimuliresponsive hydrogel mediated 
drug delivery applications in future. We postulate that the present study elucidates a deeper 
understanding of self-sorting events and may have implication in the design of mutually orthogonal 
functional biomimetic supramolecular systems. 
 
1. D. Gupta,  R. Sasmal, A. Singh,  J. P. Joseph, S. Agasti, A. Pal,  Nanoscale, 2020, 12, 18692-18700. 
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Nanoclusters (NCs) are new era materials with size less than 2 nm that have witnessed wide attention 
owing to their unique optoelectronics and chemical properties including strong photoluminescence, 
large stork shift and excellent photostability along with good biocompatibility. Proteins are among the 
extensively used template for the green synthesis of NCs mainly due to presence of distinct functional 
groups offering a number of binding sites, synthesis at ambient conditions, and also eliminates the 
use of toxic reducing agent by acting as both reducing and capping agent.  
In the present abstract, bovine serum albumin (BSA) has been reported as template for the effective 
and one pot synthesis of bimetallic Au-Ag NCs (BSA@AuAg NCs). The synthesized BSA@AuAg NCs has 
been utilized to fabricate an ultrasensitive sensing scheme based upon enzymatic strategy for the 
pico-molar level detection of ethyl parathion; an organophosphorus pesticide (OPs). The toxicity of 
ethyl parathion derives its origin from being an effective inhibitor to plasma, red blood cells and brain 
acetylcholinesterase (AChE). This inhibition leads to imbalance of acetylthiocholine (ATCh) amount, a 
neurotransmitter in central nervous system (CNS), giving rise to sensory and behavioral disturbances. 
The synthesized biosensor is appropriate for the ultrasensitive sensing of ethyl parathion in pM range, 
exhibiting 2.40 pM as lowest limit of detection (LOD). Further, the developed sensing scheme has 
shown excellent reproducibility and robustness in real sample analysis, along with specificity towards 
OPs in general and ethyl parathion in particular when employed with other commonly used non-OPs 
pesticides.  
In summary, a rapid and highly sensitive fluorometric biosensor for detection of ethyl parathion has 
been reported by utilizing BSA@AuAg NCs as an effective probe. The overall high sensitivity of the 
developed sensing strategy owing to the involvement of fluorescence-based methodology, synergic 
effect of both atoms (Au and Ag) exhibiting better performance in terms of electronic, catalytic and 
optical properties along with inhibition of catalytic activity of acetylcholinesterase (AChE) enzyme 
even in the trace concentration of ethyl parathion. 
 
D.Sharma, N. Wangoo, R.K. Sharma, Talanta, 2021, 221, 121267. 
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BACKGROUND Lead (Pb2+) is a naturally occurring toxic metal found in the Earth’s crust and its 
widespread usage has resulted in extensive exposure that is mainly responsible for deterioration of 
human health such as cancer, brain disease, cardiovascular disorders, failure of kidney and nervous 
system when the permissible limit (72 nM) is exceeded along with environmental contamination. 
Therefore considering the serious complications arising worldwide due to the presence of Pb2+ ions, it 
is needful to fabricate a highly sensitive and selective device for on-site detection. Among all the 
biological molecules, peptides offer better opportunity for developing a reliable and cheap sensor 
because of their easy synthesis, self-assembly, biocompatibility, structural diversity and specific 
targeting ability. Herein, we developed a cost effective, rapid, highly selective and sensitive method 
for the detection of Pb2+ ions using cationic peptide, AuNPs and Pb2+ specific aptamer. 
   
RESULTS In the present work, we propose a simple, cost effective, rapid, sensitive and label free 
colorimetric biosensor for detection of lead ions using a novel strategy which employs cationic peptide 
(KRKRKR-amide) AuNPs and aptamer. The proposed assay for lead detection has limit of 
detection(LOD) in pico-molar range, which is the best reported so far as per latest literature survey. In 
the absence of Pb²⁺ ions, the cationic peptide interact electrostatically with Pb²⁺ specific aptamer as a 
result the AuNPs retain their dispersity and red color. The Pb²⁺ ions addition “turns on” the aptasensor 
and its color change from wine red to blue owing to presence of free peptide which aggregates the 
AuNPs. Moreover, the SPR peak depicts the red shift from 520 nm to 650 nm which further validates 
the Pb²⁺ ions detection. The Pb²⁺ ions could be quantitively detected in the range of 0.01 nM to 1 μM 
with high determination coefficient. The sensor array was demonstrated to be highly selective to Pb²⁺ 
ions as compared to other metal ions and shows excellent reproducibility and robustness in real 
sample analysis. 
 
CONCLUSION In summary, herein a novel AuNPs based colorimetric aptasensor has been designed 
and tested which allows selective, sensitive and reliable detection of Pb²⁺ ions. The LOD of the 
proposed biosensor was observed to be 98.7pM for Pb²⁺ ions, which is the best reported so far using 
colorimetric method. The principle of present sensing system is based on aggregation of AuNPs which 
induces color change in the solution from wine red to blue with subsequent change in the absorption 
spectra. Further the presently designed methodology was observed to be highly selective when tested 
in the presence of other metal ions as well as in real samples. Thus, the proposed aptasensor allows 
the rapid detection of trace amount of Pb²⁺ ions with use of inexpensive portable devices in simple 
and highly specific way.  
 
M. Solra, R. Bala, N. Wangoo, G. K. Soni, M. Kumar, R. K. Sharma, Chem.Commun, 2020, 56, 289.  

 

 
 
 
 

 



 58 

Synthesis and optimization of Fmoc-Phenylalanine hydrogels at physiological conditions 
 
Jagannath J, Virender Singh, Ashwani K.Thakur 
 
Institute of Affiliation – Indian Institute of Technology Kanpur, UP-208016, India. 
 
BACKGROUND Hydrogels are hydrophilic 3-dimensional assemblies that can remarkably integrate a 
high volume of water molecules into their structure. The  rheological properties of the hydrogels make 
them ideal scaffolds for many biological applications such as tissue engineering and drug 
encapsulation.1 Hydrogel can be synthesized from peptides, amino acids, and their derivatives. These 
molecules self-assemble to form fibril-like structures, which then entrap water molecules resulting in 
hydrogels. Fmoc-Phenylalanine (FMOC-F) is one such amino acid derivative with potency to form 
stable hydrogel at certain conditions owing to the anti-parallel stacking and π-π interactions of FMOC 
molecules to form β-sheet rich fibrils.2 However, most of these processes involve the dissolution of 
FMOC-F in organic solvents, making them biologically incompatible.3 In this study, we have reported 
the mechanism of FMOC-F gel formation and the possible factors governing the gelation process.4 
  
RESULTS For FMOC-F hydrogel synthesis at physiologically relevant conditions, a method was 
developed. For this purpose, FMOC-F (99%, Sigma) powder was added to sodium phosphate buffer 
(50 mM, pH 7.4). The suspensions were vortexed and then sonicated for 10 minutes to increase the 
homogeneity and then heated at 80˚C for 10 minutes to aid the dissolution. The vials were kept 
undisturbed overnight at 25˚C, resulting in the formation of a stable hydrogel. The gel formation was 
dependent on multiple factors like pH, buffer ionic concentration, and sonication time. FMOC-F 
hydrogelation occurred in sodium phosphate buffer and potassium phosphate buffer but not in TRIS 
buffer. This behaviour might be because of specific ions contributing to the increase in solubility of 
Fmoc-F and cation-pi/anion-pi interactions. No gelation was observed up to pH 5.5, whereas at pH 7.4, 
Fmoc-F formed a stable, transparent hydrogel. From FTIR studies, it was confirmed that there were 
no changes in the molecular structure of Fmoc-F, post sonication. However, as analyzed by DLS, the 
particle size and polydispersity index dropped significantly, indicating that the Fmoc-F dispersion was 
comparatively more homogeneous. Analysis of pyrene fluorescence assay indicates the critical 
gelation concentration as 6mM. The hydrogel so formed shows sustained release as observed in time-
dependent studies, making it fit for potential biological applications. FTIR analysis of Fmoc-F powder, 
gel state, and lyophilized gel showed a significant drop in the peak intensity at 1720cm-1 of lyophilized 
gel compared to powder form. However, the features were retained during the transition of gel state 
to a lyophilized gel state, signifying these structures' stability. 
 
CONCLUSION : In this study, we have developed a novel method of FMOC-F hydrogel synthesis at 
physiological conditions and elucidated the factors governing the hydrogel formation. The synthesized 
gel shows optimum stability after lyophilization and exhibits sustained release of FMOC-F at 
physiologically relevant conditions. According to FDA guidelines, the synthesis process must be 
optimized and scaled-up for industrial use. As a part of this approach, the method would be optimized 
to enable the translation of this gel for potential biomedical applications.  

1. Gaharwar, A. K.;  Peppas, N. A.; Khademhosseini, A., Nanocomposite hydrogels for biomedical 
applications. Biotechnology and Bioengineering 2014, 111 (3), 441-453. 
2. Li, R.;  Horgan, C. C.;  Long, B.;  Rodriguez, A. L.;  Mather, L.;  Barrow, C. J.;  Nisbet, D. R.; 
Williams, R. J., Tuning the mechanical and morphological properties of self-assembled peptide 
hydrogels via control over the gelation mechanism through regulation of ionic strength and the rate of 
pH change. RSC Advances 2015, 5 (1), 301-307. 
3. Ryan, D. M.;  Doran, T. M.;  Anderson, S. B.; Nilsson, B. L., Effect of C-Terminal Modification on 
the Self-Assembly and Hydrogelation of Fluorinated Fmoc-Phe Derivatives. Langmuir 2011, 27 (7), 
4029-4039. 
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BACKGROUND Nature has unprecedented handle over the conformation and dynamics of its 
macromolecular morphologies. In order to mimick engineering of nature to design greatly precise 
supramolecular materials with higher order morphology from nano to macro, it demands perfect 
control over dimensions using bottom-up self-assembly. While most of the self-assembly processes in 
nature are controlled by out-of-equilibrium phenomena, chemists have been able to develop very few 
kinetically controlled supramolecular polymers in the laboratory. 
 
RESULTS In a bid to design precise supramolecular materials with higher order morphology, we took 
cue from amyloid beta sheet assembly and developed coumarin tethered short peptide fragments to 
perform stimuli-responsive self-assembly processes out-of-equilibrium to yield kinetically controlled 
1D fibers and 2D nanosheets. Control over length and area distribution was realized by living 
supramolecular polymerization on fiber and sheet seeds which later played important role in 
determining the mechanical stiffness of the resulting hydrogels. The peptide nanostructures were also 
envisioned as excellent exfoliating agents for inorganic hybrid materials e.g. MoS2. Further the 
dynamic amide crosslinking of a semi-flexible fibrous network of peptide with thermo-responsive 
polymer resulting in peptide polymer conjugate network is demonstrated that exhibited inner stress 
generation by onset of a coil-to globule transition upon heating above the lower critical solution 
temperature. This renders mechanical heat-stiffening response that extended to higher orders of 
magnitude in modulus. Furthermore, conjugate network intensely stiffen in response to applied shear 
stress and large amplitude oscillator strain in rheology with power law exponents that match with 
biopolymer networks 
 
CONCLUSION Thus a new approach to show unprecedented topological control over dimensions is 
demonstrated in a synthetic supramolecular material by interplay of orthogonal interactions that led 
to self-assembly in multiple pathways. This study pave the way for a prototype to apply design and 
functional properties of nanocomposites in adaptive materials and devices. Further, the strain-
stiffening phenomenon, a ubiquitous characteristics of soft biological materials e.g. fibrin gels in blood 
clotting and actin filaments in cellular cytoskeletons that manifests on deformation in its 
microenvironment is shown in the synthetic peptide fiber network. 
 
1. J. P. Joseph, A. Singh, D. Gupta, C. Miglani, A. Pal,  ACS Appl. Mater. Interfaces, 2019, 11, 

28213−28220 
2. A. Singh, J. P. Joseph, D. Gupta, I. Sarkar, A. Pal,  Chem. Commun., 2018, 54, 10730-10733. 
3. J. P. Joseph, C. Miglani, A. Bhatt, D. Ray, A. Singh, D. Gupta, Md E. Ali, V. K. Aswal, A. Pal,  Polym. 

Chem. 2021, 12, 1002−1013. 
 

 

 

 

 



 60 

Development of lipopeptide based antimicrobial hydrogel 
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Growing antimicrobial resistance against the widely used antibiotics has stimulated the research for 
alternate therapeutic molecules.  Antimicrobial peptides, AMPs present in several classes of plants 
and animals are an exciting group of compounds that are being studied and an alternative class of 
antimicrobial therapeutics. Some AMPs have an intrinsic property to self-assemble and give rise to a 
new class of materials which are known as antimicrobial hydrogels. Lipopeptides are known to have 
enhanced antimicrobial properties and abilities of self-assembly. In the present study we have 
focussed on the development of lipopeptide based antimicrobial hydrogels for the treatment of 
localized infections.  We have developed the material, studied their antimicrobial properties and their 
self-assembling ability. We intend to further load these antimicrobial hydrogels with standard 
antibiotics and administer them on the resistant microbial strains. 
 
1. Nandi, N.; Gayen. K.; Ghosh, S.; Bhunia, D.; Kirkham, S.; Sen, S.K.; GhosH, S.; Hamley, I. W.; Arindam 
Banerjee. A. Biomacromolecules 2017, 18, 3621-3629. 
2. Li, S.; Dong, S.; Xu, W.; Tu, S.; Yan, L.; Zhao, C.; Ding, J.; Chen, X. Adv. Sci. 2018, 5, 1700527. 
3. Li, J.; Xing, R.; Bai, S.; Yan, X. Soft Matter, 2019, 15, 1704. 
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BACKGROUND Fluorenylmethyloxycarbonyl (FMOC) protected amino acids or peptides self-assemble 
to form fibrous structures using non-covalent interactions and entrap water molecules to form a 
hydrogel.1 Emergence of bacterial resistance and the need for new antibiotic therapeutics have led to 
prominence of hydrogels as antimicrobial agents due to their biological compatibility, biomimetic 
mechanical properties, and sustained drug release ability. Based on cues of earlier works displaying 
antibacterial activity of FMOC-protected peptides,2 in this study, we have shown significant 
antibacterial activity of FMOC-Phenylalanine (FMOC-F) hydrogel prepared in physiologically relevant 
conditions against multiple Gram-positive bacteria when used alone and synergistic activity against 
Gram-negative bacteria with antibiotics aztreonam.3-4  
 
RESULTS Antibacterial activity of FMOC-F hydrogel alone and with aztreonam against Gram-positive 
and Gram-negative bacteria - FMOC-F solution at a concentration above 0.4 mM and hydrogel formed 
at a concentration >10mM exhibited an 80% reduction in S.aureus and other Gram positive bacteria 
cell survival. The effective concentration (EC50) and minimum inhibitory concentration (MIC) were 
found to be 0.35 mM and 0.46 mM respectively, against S.aureus. Mechanistic studies with bacterial 
cells and oleic acid liposomes suggest that the FMOC-F molecules disrupt the cell membrane and 
induce oxidative stress. FMOC-F alone did not show any significant antibacterial effect on Gram-
negative bacteria. Therefore, we loaded FMOC-F hydrogels with aztreonam (AZT), an FDA-approved 
antibiotic, specific for Gram-negative bacteria. The drug release was observed to be  a diffusion-
controlled process and decreased 90% bacterial cell survival against a co-culture of S.aureus and 
P.aeruginosa. AZT loaded hydrogels exhibited a significant bacterial load decrease in mouse superficial 
skin wounds, aiding in healing wounds loaded with a co-culture of S.aureus and P.aeruginosa. 
Mechanistic investigation suggests that AZT increases bacterial membrane permeability, thereby 
facilitating FMOC-F entry into the bacterial cell. 
 
CONCLUSION FMOC-F in hydrogel and solution phase shows significant antibacterial activity against 
Gram-positive bacteria. For Gram-negative bacteria, membrane permeabilizers such as AZT need to 
be loaded into the gel for synergistic activity. The biological compatibility of these hydrogels, both in-
vitro and in-vivo, exhibits their potential for biomedical applications. Toxicological data regarding the 
polymorphic structures of the molecule in hydrogel and solution phases at different conditions might 
further explain the mechanistic details and lead the way to translation. 
 
1. Fichman, G.; Gazit, E., Self-assembly of short peptides to form hydrogels: design of building 
blocks, physical properties and technological applications. Acta biomaterialia 2014, 10 (4), 1671-82. 
2. McCloskey, A. P.; Draper, E. R.; Gilmore, B. F.; Laverty, G., Ultrashort self-assembling Fmoc-
peptide gelators for anti-infective biomaterial applications. Journal of Peptide Science 2017, 23 (2), 
131-140. 
3. Gahane, A. Y.; Ranjan, P.; Singh, V.; Sharma, R. K.; Sinha, N.; Sharma, M.; Chaudhry, R.; Thakur, 
A. K., Fmoc-phenylalanine displays antibacterial activity against Gram-positive bacteria in gel and 
solution phases. Soft Matter 2018, 14 (12), 2234-2244. 
4. Gahane, A. Y.; Singh, V.; Kumar, A.; Kumar Thakur, A., Development of mechanism-based 
antibacterial synergy between Fmoc-phenylalanine hydrogel and aztreonam. Biomaterials science 
2020, 8 (7), 1996-2006. 
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BACKGROUND Regenerative medicine demands design of smart scaffolds that mimic the structural 
and functional characteristics of natural tissue for inducing healing. Bioactive glass (BG) has shown 
interesting applications as bone cementing materials in drug delivery and prosthetic medical implants 
due to its biomineralization properties. Interestingly, peptide amphiphile templated biomineralization 
shows structural analogy with collagen template mineralization in tendon and ligaments. Herein, we 
demonstrate pathway controlled self-assembly of peptide amphiphile 1 to furnish kinetically 
controlled nanofibers (1NF) and thermodynamically stable twisted helical bundles, which directly 
regulate the properties of resulting bioglass composite matrices and eventually influence the bone 
regeneration. 

RESULTS Peptide supramolecular nanostructures have varied persistence lengths and promote in 
sitmineralization to form templated bioactive glass composites, 1NFBG and 1TBBG. The resulting 
hydrogel composites are resorbable, mesoporous and degradable biomaterials to serve as bone 
scaffolds. Upon extensively investigating the structural features with microscopic characterization, 
EDX, Raman, XPS 1TBBG exhibit superior material characteristics. From rheological studies excellent 
dynamic and self-healing behaviour was observed, with the elastic modulus of 1TBBG being almost 
comparable to natural bone. Upon incubation in simulated body fluid, the bioglass composites 
illustrate tuneable bioactive response mediated by the structural and topological control to induce 
the deposition of multiphasic calcium phosphate along with octacalcium phosphate and carbonate 
hydroxyapatite. Lastly, such spatiotemporal composites assist stiffness- controlled osteoblast cellular 
interactions to support U2OS subsistence in the hydrogel matrix highlighting their potential as 
substrate in 3D bone tissue modelling and for osteoblast growth for prolonged culture periods. 

CONCLUSIONS In summary, we have exploited pathway driven peptide self-assembly for developing 
supramolecular inorganic-organic hybrid hydrogel composites with variation in mechanical stiffness 
of the scaffold in context of matrix microenvironment cues. Such hybrids can be further explored as 
an implant coating for bone tissue engineering applications. 

1. G. Nidhi, S. Ashmeet, D. Namit, C. Sabyasachi, J. Jojo, G. Deepika, G. Munia, P. Asish. Pathway-
Driven Peptide–Bioglass Nanocomposites as the Dynamic and Self-Healable Matrix. Chem. Mater. 
2021, 33, 589-99. 
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BACKGROUND T-cell epitopes that function as key antigenic determinants are typically Nona-
peptides. In the realm of immunological applications such as Vaccine development, their Shannon 
entropy measure [1] is calculated on basis of overlapping 9-mer peptides (1–9, 2–10...n–(n+8)...9–17) 
[2] as per a specific methodology [3]. At any given nonamer position, we have to take into account both 
the incidence and number of distinct nonamer peptides which are part of the T-cell epitope protein 
primary structure. Actually, the nonapeptide entropy is computed with respect to the median (5th) 
position amongst the nine residue-sites of overlapping 9-mer peptide sequences, theoretical 
maximum being 38.897352854 
 
RESULTS The Relative Entropy measure (KL-divergence) which essentially results upon a positive 
addendum to maximal nonamer entropy, corresponding to Optimized Genetic Coding characterized 
by near-nepit neighborhood-dependent mutation framework, computed assuming “uniform” 
distribution of amino-acid residues that have unary representation each in averaged-20-length 
PROSITE motif accounts exactly for Establishment of the Nonamer core-length of T-cell epitopes. As 
per following Equation [4] : 

log2(20x) + log2(20) = log4(2020) 
Solving for x in above KL-divergence Computational equivalence yields, x=9 , core-9-mer T-cell epitope. 
 
CONCLUSION   In-silico Computational T-cell epitope mapping and prediction is an important problem, 
especially the aspect of achieving high accuracy, so as to phenotype T-cells. Herein, a  mathematical 
paradigm shift has been initiated, in agreement with Big Data Genetic Coding concept [5].  
 
1  Shannon CE. A mathematical theory of communication. Bell Syst Tech J [Internet]. 1948 ;27:379–
423.  Available from: http://affect-reason-utility.com/1301/4/shannon1948.pdf 
2  Chemistry of peptides associated with MHC class I and class II molecules.Rammensee HGCurr 
OpinImmunol. 1995 Feb; 7(1):85-96. 
3  Conservation and variability of dengue virus proteins: implications for vaccine design.Khan AM, 
Miotto O,  Nascimento EJ, Srinivasan KN, Heiny AT, Zhang GL, Marques ET, Tan TW, Brusic V, 
Salmon J, August  JTPLoS Negl Trop Dis. 2008 Aug 13; 2(8):e272. 
4  Kanchinadham SPS. Max. Proteome Entropy and CMBR [version 1; not peer reviewed]. 
F1000Research  2019, 8(ISCB Comm J):196 (slides) 
(https://doi.org/10.7490/f1000research.1116442.1)  
5  Sharma P. BIG DATA genetic code [version 1; not peer reviewed]. F1000Research 2016, 5:171 (slides) 
(https://doi.org/10.7490/f1000research.1111304.1)  
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BACKGROUND Sudden outbreaks of multidrug resistant pathogens increase the demand of novel 
classes of antimicrobial agents with extreme resistance to drug resistant mechanisms ((Khem Raj et 
al., 2016). In the present scenario, peptides produced by microorganisms that are in close contact with 
higher organisms are considered as the molecule of future antimicrobial therapy ((Laxminarayan et 
al., 2013). This study deals with the identification of peptide class of antibiotics produced by the 
microflora associated with the gills of fish.     
 
RESULTS A novel strain Bacillus tequilensis PP1 (accession number MK648314) isolated from the gills 
of an estuarine water fish Chelon parsia was found to exhibit broad spectrum antibacterial activity 
against different bacterial pathogens. A molecule with m/z 1018.54 produced by the isolate was found 
to contribute the antimicrobial property. The partially elucidated LC-MSMS spectrum of the molecule 
showed fragmentation pattern corresponding to peptides conjugated with a non-peptide moieties. 
The purified peptide was found to be highly potent against clinically relevant bacterial pathogens with 
minimum inhibitory concentration range (MIC) of 3 to 6 �g/ml. The amphiphilic nature of the peptide 
was determined by emulsification index (32.21 %) and oil spreading test. As a result of its surfactant 
property, the molecule is efficient enough to remove the Pseudomonas aeruginosa biofilm formed on 
silicone catheters.   
 
CONCLUSION This study bring forward an antibacterial peptide (m/z 1018.54) derived from the fish-
gill commensal bacterium Bacillus tequilensis PP1. The peptide was found to exhibit strong 
antibacterial activity with MIC range 3 to 6 �g/ml. The amphiphilic nature of the peptide contributes 
to biofilm removal from abiotic surfaces. This is an ongoing research and the detailed structural 
identity of the peptide is under investigation.  
 
1. Khem Raj Meena, Rajni Dhiman, Abhishek Sharma,S Shamsher. Kanwar, Applications of 

Lipopeptide(s) from a Bacillus sp: An Overview, Research Journal of Recent Sciences, 2016, 5(11), 
50-54. 

2. R.Laxminarayan, A. Duse, C. Wattal, Zaidi, H.F.Wertheim, N.Sumpradit, Antibiotic resistance-the 
need for global solutions. Lancet Infect. Dis. 2013, 13(12), 1057-1098. 
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BACKGROUND  Tau is an intrinsically disordered protein and helps maintain the structure and stability 
of axonal microtubules. In Alzheimer's disease and related disorders, tau may undergo biochemical 
and structural changes to form intraneuronal tangles of paired helical filaments, which progressively 
result in neuronal death. 
 
RESULTS  In the present study, we have demonstrated the length dependency effect of the tau-derived 
peptides on the tau fibrilization. All peptides were synthesized by using the Fmoc-SPPS method as 
described by Ralhan et al.and characterization done by using MALDI TOF/TOF and Ion Trap MS. The 
full-length recombinant tau protein expressed by using Escherichia coli  BL21DE3 (RP) strain and 
further purified tau used to study the tau aggregation and the inhibitory effect of these peptides using 
ThS fluorescence assay and turbidity assay. The real-time aggregation monitored by using ThS 
fluorescence assay and turbidity assay showed the concentration-dependent effect of the peptides on 
tau fibrillization and was further confirmed by using  Fluorescence Microscopy and Atomic Force 
Microscopy. The AFM data showed the nano-scale insights of the fibrils morphology of the aggregates 
when compared to control tau fibrils; we did not observe tau fibrils formation in the case of the 
aggregation prone peptide region which further confirmed the inhibition of tau fibrillization in the 
aggregation reaction. The aggregation prone peptide region showed the complete inhibition of tau 
fibrillation, and no toxicity was observed in SH-SY5Y human neuroblastoma cells.  
 
CONCLUSION In the present study, we have successfully express tau 2N4R isoform by using a 
heterologous recombination system with  Escherichia coli  BL21 DE3 (RP) Strain. The amyloid 
formation reduced in the presence of tau-derived peptides in the concentration manner, which 
indicated the tau fibril formation inhibition, while no significant decrease was observed for the control 
peptides. The tau-derived peptides of the aggregation prone region can inhibit tau fibrillization. 
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BACKGROUND The aggregation of proteins and peptides into fibrils is associated with many 
neurodegenerative diseases in humans, including Alzheimer’s disease, Parkinson’s disease and non-
neurological type-II diabetes. To date, amyloidogenesis is an incompletely understood process. A 
better understanding of the fibril formation process and defibrillation using biochemical tools is highly 
important for therapeutics. Under physiological conditions, acidic pH promotes the formation of toxic 
fibrils. 
 
RESULTS Here, a mimic of living systems has been achieved by the acid-responsive assembly of 
benzyloxycarbonyl-L-phenylalanine to fibrils, as well as the urease-assisted disassembly of the said 
fibrils. The simultaneous incorporation of the two triggers helped to prepare a transient 
supramolecular hydrogel from benzyloxycarbonyl-L-phenylalanine-entangled fibrils with a high 
degree of control over the self-assembly lifetime and mechanical properties. Further, under acidic pH, 
the compound formed the O–H---O=C hydrogen-bonded dimer. The dimers were further self-
assembled by intermolecular N–H---O=C hydrogen bonds and π-π stacking interactions to form fibrils 
with high mechanical properties, from this simple molecule. However, the self-assembly process is 
dynamic. Hence, the in situ generated NH3 uniformly increased the pH and led to the homogeneous 
disassembly of the fibrils. Thus, this report provides a valuable approach to defibrillation. 
The cartoon showing acid-responsive fibril formation and NH3-responsive defibrillation. HCl was 
responsible for decreasing the pH while the counter trigger NH3 reverted the pH causing the gel to sol 
transition. 

 
CONCLUSION In conclusion, we successfully created a supramolecular transient hydrogel from 
benzyloxycarbonyl-L-phenylalanine. The hydrogel is highly responsive to temperature and pH. We 
developed the pH-responsive transient gel system by the simultaneous incorporation of two triggers. 
Acidic pH promotes fibril formation and gelation. The controlled and uniform pH increase caused by 
NH3 generated from the autocatalytic reaction between urease and urea leads to defibrillation and 
dehydrogelation. The gel fibrils exhibited positive results in the Congo red assay but the sol showed 
negative results. The results presented here provide a valuable approach to defibrillation and may 
foster new studies. 
 
S. Mondal, D. Podder, S. K. Nandi, S. Roy Chowdhury, D. Haldar*, Soft Matter, 2020, 16, 10115-
10121. 
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Quantum dots (QDs) are semiconductor particles a few nanometres in size, having optical and 
electronic properties that differ from larger particles due to quantum mechanics. They are a central 
topic in nanotechnology. When the quantum dots are illuminated by UV light, an electron in the 
quantum dot can be excited to a state of higher energy. 

This report illustrates a strategy for designing a nanoconjugate derived vector that efficiently 
delivers antimicrobial drug directly into bacterial cells. The nanoconjugate comprises of negatively 
charged CDTe@CdS quantum dots (QDs) with its surface functionalized using cationic BP-100 
(KKLFKKILKYL-amide), a known cell-penetrating peptide (CPP), via electrostatic approach. The 
interactions between QD and CPP in QD-functionalized CPPs (QD–CPP) have been well analyzed using 
fluorescence spectroscopy, gel electrophoresis, and ζ-potential analysis. The QD–CPP conjugate was 
internalized into Gram negative (Escherichia coli) as well as Gram positive (Staphylococcus aureus) 
bacterial strains with confocal studies exhibiting a strong signal in tested microorganisms. Further, to 
check the applicability of QD–CPP conjugate as a delivery vector for generating an effective 
therapeutics, ampicillin molecules were conjugated on QD–CPP surface to generate QD–CPP–Amp 
conjugate. The CPP and drug molecules on the surface of QDs were well quantified using high-
performance liquid chromatography (HPLC) data. It was observed that the internalization and 
bacterial debilitation of the QD–CPP–Amp conjugate is 2- to 4-fold effective as compared to that of 
bare ampicillin. The morphological changes to the bacterial cells upon the treatment with QD–CPP–
Amp conjugates were noted with no cytotoxic effect on tested mammalian cell lines. The results 
inferred that the proposed QD–CPP vector provides a targeted and proficient approach for cellular 
internalization of cargo (drug) in bacterial cells with effective tracking through florescent QDs. 
 
Munish Kumar, Satish Pandey,Anuradha Swami,Nishima Wangoo, Saima, Rahul Jain, Rohit K. Sharma, 
R.K. Sharma , ACS Appl. Bio Mater. 2020, 3, 4, 1913–1923 
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The discotic compound contains a C3-symmetric aromatic core functionalized with three amide 
groups. Depending on the orientation of the amide groups, there are two distinct types of discotic 
tricarboxamides, namely, N-centered and C=O-centered. Both types of discotic compounds self-
aggregate resulting in well-defined supramolecular architectures.1, 2 A series of discotic tripeptides 
containing a rigid aromatic core and L-phenylalanine have been developed.3 The orientation of the 
amide bonds yielded variations of the structure and self-assembly properties of the compounds. The 
aggregation behaviour of the discotic tripeptides was studied by various spectroscopic techniques. 
The morphology of the resulting aggregates was studied by field emission electron microscopy and 
atomic force microscopy. These studies showed that the orientation of the amide bonds has a strong 
influence on the intermolecular interactions, resulting in huge differences in the aggregation 
properties, and morphology of the discotic tripeptides. Only the C3-symmetric discotic tripeptides 
formed organogels. The supramolecular aggregation mechanism of N-centered and C=O-centered 
discotic tripeptides for forming 3-fold intermolecular H-bonded helical column were the same, there 
was only a smaller enthalpy change due to the occurrence of longer distances for the N–H...O=C bonds 
of the N-centered discotic tripeptide. Whereas, the C2-symmetric discotic tripeptides 2 and 3 adopted 
a 6-fold intermolecular H-bonded dimer structure. Thus, this report presents a valuable approach for 
the fine-tuning of the discotic tripeptide based functional material. 

 

Figure 1: Proposed molecular assembly pattern of the discotic tripeptides. 

1. T. F. A. De Greef, M. M. J. Smulders, M. Wolfs, A. P. H. J. Schenning, R. P. Sijbesma and E. W. Meijer, 
Chem. Rev., 2009, 109, 5687–5754. 

2. T. Wohrle, I. Wurzbach, J. Kirres, A. Kostidou, N. Kapernaum, J. Litterscheidt, J. C. Haenle, P. Staffeld, 
A. Baro, F. Giesselmann and S. Laschat, Chem. Rev., 2016, 116(3), 1139–1241. 

3. S. Kumar, S. Bera, S.K. Nandi, D. Haldar*, Soft Matter, 2021, 17, 113-119. 
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BACKGROUND Diabetes and related complications are a global phenomenon with rising incidences 
over the past 30 years. Glucokinase (GK), an isoform of hexokinase, is a key component of the glucose 
sensing mechanism of the Islet cells in the pancreas and hence is an important factor in blood glucose 
management. Glucokinase Activators (GKAs) have emerged as viable candidates for the management 
of type-II diabetes as proven by various in-vitro studies, animal models and phase-II clinical trials[1]. 
However, GKAs have not been granted public approval due to concerns over hepatic toxicity and 
development of resistance over time[2]. Peptide-based GKAs constitute a much less investigated 
family of GKA with potential to alleviate the mentioned shortcoming of traditional GKAs. This study 
utilizes ligand- and structure-based computational approaches along with solid-phase peptide 
synthesis for the identification of novel peptides as potential GKAs for the management of type-II 
diabetes. 
 
RESULTS We were able to develop quality pharmacophores and validated them against a decoy set 
comprising of 1000-drug like ligands. These pharmacophores along with extensive molecular docking 
analysis led to the identification of peptides with comparable in-silico performance to that of known 
GKAs. Following lead optimization, the most promising leads were synthesized using Solid-phase 
peptide synthesis with Fmoc chemistry on Wang resin. Incorporation of α,β-dehydrophenylalanine 
was performed in solution phase via azlactonization. Subsequent characterization was done via ESI-
MS and NMR. 
 
CONCLUSION We believe to have identified promising peptides containing non-standard residues with 
the potential to allosterically activate glucokinase. Such peptides can aid the development of GKAs for 
the management of type-II diabetes. 
 
1. J. Grimsby, R. Sarabu, W.L. Corbett, N.E. Haynes, F.T. Bizzarro, J.W. Coffey, K.R. 

Guertin, D.W. Hilliard, R.F. Kester, P.E. Mahane, L. Marcus, L. Qi, C.L. Spence, J. Tengi, 
M.A. Magnuson, C.A. Chu, M.T. Dvorozniak, F.M. Matschinsky, J.F. Grippo,  Science, 
2003, 301(5631):370-3. 

2. A. Nakamura, Y. Terauchi, J Diabetes Investig, 2015, 6(2):124-32. 
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Sourav Samanta, Kolla Rajasekhar, Madhu Ramesh, Natarajan Arul Murugan, Shadab Alam, Devanshi 
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Bioorganic Chemistry Laboratory, New Chemistry Unit, Jawaharlal Nehru Centre for Advanced 
Scientific Research (JNCASR), Jakkur P.O., Bengaluru 560064, India 

BACKGROUND: Alzheimer’s disease (AD) is a major neurodegenerative disorder and the leading cause 
of dementia worldwide. Predominantly, misfolding and aggregation of amyloid-β (Aβ) peptides 
associated with multifaceted toxicity is the neuropathological hallmark of AD pathogenesis and, thus 
the primary therapeutic target to ameliorate neuronal toxicity and cognitive deficits. Herein, the 
design, synthesis, and evaluation of small molecule inhibitors with naphthalene monoimide scaffold 
to ameliorate in vitro and in vivo amyloid induced neurotoxicity are reported. 
 
RESULTS: The detailed studies establish TGR63 as the lead candidate to rescue neuronal cells from 
amyloid toxicity. The in silico studies show the disruption of salt bridges and intermolecular hydrogen 
bonding interactions within Aβ42 fibrils by the interaction of TGR63, causing destabilization of Aβ42 
assembly. Remarkably, TGR63 treatment shows a significant reduction in cortical and hippocampal 
amyloid burden in the progressive stages of APP/PS1 AD mice brain. Various behavioral tests 
demonstrate rescued cognitive deficits. 
 
CONCLUSION: The excellent biocompatibility, blood-brain barrier permeability, and therapeutic 
efficacy to reduce the amyloid burden make TGR63 a promising candidate for the treatment of AD. 

 
1. Samanta, S.; Rajasekhar, K.; Madhu, R.; Murugan, N. A.; Alam, S.; Shah, D.; Clement, J. P.; 

Govindaraju, T. Naphthalene monoimide derivative ameliorates amyloid burden and cognitive 
decline in a transgenic mouse model of Alzheimer’s disease. Adv. Therap. 2021, 2000225. 

2. Rajasekhar, K.; Chakrabarti, M.; Govindaraju, T., Function and toxicity of amyloid beta and recent 
therapeutic interventions targeting amyloid beta in Alzheimer's disease. Chem. Commun. (Camb) 
2015, 51 (70), 13434-50. 

3. Rajasekhar, K.; Govindaraju, T., Current progress, challenges and future prospects of diagnostic 
and therapeutic interventions in Alzheimer's disease. RSC Adv. 2018, 8 (42), 23780-23804. 

4. Hardy, J.; Selkoe, D. J., The amyloid hypothesis of Alzheimer's disease: progress and problems on 
the road to therapeutics. Science 2002, 297 (5580), 353-6. 
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Helix-Coil Transition at a Glycine Following a Nascent α-Helix: A Synergetic Guidance Mechanism 
for Helix Growth  
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Studies on the helix folding kinetics so far have established a transition primarily between time-
averaged bulk states of a long-lived helix and several transiently populated random coils, along the 
whole helix model sequence. However, the two-state helix-coil transition theory that fits this kinetics 
is proposed to originate at the residue level by the two long-standing models of Zimm & Bragg[1] and 
Lifson & Roig[2]. Additionally, the conformational space of the random coil state, as well as the 
predominant thermodynamic forces driving either this two-state transition, or the faster helix-growth 
following helix-nucleation, are not well-defined. Here we investigate the restrictions placed on the 
conformational space of a Gly residue backbone, as a result of it immediately succeeding a nascent α-
helical turn that is artificially rigidified by our recently developed covalent hydrogen bond surrogate 
(HBS)[3]. Analyses of the temperature-dependent 1D-, 2D-NMR, FT-IR, CD spectra and GROMACS MD 
simulation trajectory of our model reveal that: i) the α-helical turn guides the φ torsion of the Gly 
exclusively into either a predominantly populated entropically favored α-helical (α-φ) state or a 
scarcely populated random coil (RC-φ) state; ii) the α-φ state of Gly in turn favors the stability of 
preceding α-helical turn, while the RC-φ state disrupts it, revealing an entropy driven synergetic 
guidance for helix growth in the residue following helix-nucleation[4].  

 

 
 
 
1 Zimm, B. H.; Bragg, J. J. Chem. Phys. 1959, 31, 526. 
2 Lifson, S.; Roig, A. J. Chem. Phys. 1961, 34, 1963. 
3 Pal, S.; Banerjee, S.; Kumar, A.; Prabhakaran, E. N. ACS omega 2020, 5, 13902. 
4 Pal, S.; Banerjee, S.; Prabhakaran, E. N. J. Phys. Chem. A 2020, 124, 7478. 
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BACKGROUND Amyloids are proteinaceous deposits of misfolded proteins, enriched in cross β-sheet 
structures.1 More than 30 proteins of human origin have been reported to be associated with amyloid 
diseases till date.2 Amyloid formation is linked to several neurodegenerative disorders like 
Alzheimer’s, Huntington’s, Parkinson and Prions disease.2 Till date, for most of these diseases, 
symptomatic treatment is the only therapeutic option available. Decoding the mechanisms underlying 
amyloid formation in these disorders has been a daunting challenge to the scientific community since 
ages. This might account for one of the major failures in developing therapeutic strategies for amyloid 
disorders. Aggregation and dissociation kinetics of amyloidogenic peptides and proteins is one such 
study that plays a role in understanding the kinetic control on different molecular events underlying 
amyloid formation. In this study we have portrayed the aggregation and dissociation kinetics of an 
amyloid prone peptide, derived from a yeast prion Sup 35 protein. Both the amyloidogenic peptide 
and full-length Sup35 forms amyloid like fibrils enriched in steric zipper structure.3 It serves as a 
potential candidate to understand the aggregation and dissociation process because of its small size 
and ability to form diverse fibrous structures.  

RESULTS The peptide was solubilized in water, pH 2.0. The size exclusion chromatography (SEC) 
confirmed homogeneity of the peptide solution. It was aggregated at a concentration of 1700 µM and 
the kinetics was monitored by the drop in monomer concentration at different time intervals using 
RP-HPLC method. The peptide aggregated via nucleation dependent mechanism to attain equilibrium 
state in 5 days. The final fibrils formed exhibited intense green fluorescence and apple green 
birefringence in presence of thioflavin T (ThT) and Congo red dye respectively confirming their amyloid 
structures. Water was added to the fibrils to start the dissociation process. The kinetics was monitored 
in a similar manner as association. The dissociation kinetics also reached equilibrium in around 4-5 
days. The decrease in the number of ThT positive fibrils as the dissociation progresses further confirms 
the dissociation process. 

CONCLUSION We have elucidated the aggregation and dissociation kinetics of the heptapeptide, 
GNNQQNY at pH 2. Understanding the aggregation kinetics (association and dissociation) of these 
small peptide fragments might enable us to successfully interpret the amyloidogenic behavior of the 
corresponding full-length proteins. Besides, it will pave new ways in future to identify the dynamic 
structural features underlying the events associated with amyloid formation and disassembly of these 
intrinsically disordered proteins. Moreover, it will help in developing several mechanistic based 
therapeutic strategies to target the amyloid formation associated with neurodegenerative disorders. 

 

1.  Riek, R.; Eisenberg, D. S., The activities of amyloids from a structural perspective. Nature 2016, 539 
(7628), 227-235. 
2.  Benson, M. D.;  Buxbaum, J. N.;  Eisenberg, D. S.;  Merlini, G.;  Saraiva, M. J.;  Sekijima, Y.;  Sipe, J. 
D.; Westermark, P., Amyloid nomenclature 2020: update and recommendations by the International 
Society of Amyloidosis (ISA) nomenclature committee. Amyloid 2020, 27 (4), 217-222. 
3.  Balbirnie, M.;  Grothe, R.; Eisenberg, D. S. J. P. o. t. N. A. o. S., An amyloid-forming peptide from the 
yeast prion Sup35 reveals a dehydrated β-sheet structure for amyloid. 2001, 98 (5), 2375-2380. 
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The development of hybrid systems by encapsulating nanoparticles in low molecular weight 
supramolecular gel scaffolds are highly crucial for the catalysis and organic synthesis.1 We have 
developed smart materials for diverse applications.2 Recently we have developed a fenamic acid 
containing phase selective organogel which is highly sensible to H2SO4.3 Herein, a series of peptides 
containing a m-aminobenzoic acid at the N-terminal and Gly/ Phe/ Leu at the middle and dimethy 
amine(dma) at C-terminal were synthesized and studied. Among them, only the peptide 1 (Boc-maba-
gly-dma) can form organogel in different solvent by heating-cooling and sonication. The organogel is 
further proved by inverted vial method. From rheology, the gel has shown storage modulus (G’) greater 
than loss modulus (G”) and did not cross each other over the entire range of angular frequency, which 
indicates that the gel is elastic in nature. Further, The Palladium acetate was embedded in peptide 1 
organogel in dichlorobenzene. The TEM images of the hybrid gel have confirmed the formation of Pd 
nanoparticles which incorporated in the gel fibres. This hybrid gel was used for catalysis of different 
Pd catalyzed C-C cross coupling reaction. The Suzuki and Negeshi cross-coupling reaction was 
successfully carried out in water medium by slight vibration using the hybrid gel as a catalyst. The Pd 
doped gel was easily recovered from the reaction mixture and can be reused as a catalyst for multiple 
cycles.  

 

 

Fig: Schematic representation of the catalysis of cross coupling reaction. 

 

1. P. Slavik, D. K. Smith, Tetrahedron, 2020, 76, 131344. 
2. K. Maji, R. Sarkar, S. Bera, D. Haldar, Chem. Commun. 2014, 50, 12749–12752. 
3. S. Roy Chowdhury, S. K. Nandi, D. Podder, D. Haldar, ACS Omega, 2020, 5, 2287−2294. 
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β-sheets are dynamic, non-static structures that rapidly equilibrate with non-β-sheet conformations[1]. 
Conventional static β-sheet models have revealed details of the β-sheet structure [2]. But an 
understanding of factors influencing the β-sheet ↔ non-β-sheet equilibrium in proteins and amyloids 
requires models that can mimic such dynamism. So, the dynamic β-sheet template is very important 
in this regard in which the template is restricted with the shortest (Gly/Ala) residue pair in dynamic 
equilibrium between a compact, antiparallel, 14-membered ring H-bonded β-sheet conformer (1t) and 
a disordered random coil ensemble (1c) [3].  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
The β-sheet fold in 1t is compacted by a hydrogen-bond surrogate (HBS), Thorpe-Ingold effect from a 
tertiary (3°) amide and a nosyl group, inter-strand interactions and a H-bond. 1c is largely favoured by 
entropy. The s-trans/s-cis rotational energy barrier (Ea = 16.7±0.1 kcal/mol) at the 3° amide slows the 
1t↔1c equilibrium so that structural and energetic details of even rapid β-sheet ↔ non-β-sheet 
transitions between single residue strands are easily elucidated from simple 1D, 2D NMR data. These 
are ideal features to understand the dynamism in longer biologically important β-sheets containing 
this template. 
  
1 J. Jarvet, P. Damberg, K. Bodell, L. E. Göran Eriksson, A. Gräslund, J. Am. Chem. Soc. 2000, 122, 4261–
4268. 
2 J. Nowick, Org. Biomol. Chem., 2006, 4, 3869–3885 
3 S. Reddy, S. Pal, S. Ghosh, E. N. Prabhakaran, ChemBioChem. (Manuscript under Review) 
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BACKGROUND The abnormal self–assembly of amyloid beta peptide plays a key role in pathogenesis 
of Alzheimer’s disease (AD). Along with this, the presence of redox active metals like Cu2+, Fe2+, Zn2+ 

further induce Aβ aggregation, oxidative stress and cellular toxicity. Due to the complex 
pathomechanism and lack of clear understanding of the molecular mechanism of AD, there is no such 
potential drug until a date that can completely cure or halt the progression of disease. During last 
years, numerous multifunctional small molecules1, peptides and peptidomimetics2 have been 
synthesized against self–induced Aβ42 aggregation, metal–induced Aβ42 aggregation, β–secretase 
(BACE1), acetylcholinesterase (AChE) as well as possessing metal chelating and antioxidant activities.   
 
RESULTS Herein, we presented a library of multifunctional peptidomimetics based on the conjugation 
of a metal chelator (di–triazole moiety) and Aβ42 aggregation inhibitor (hydrophobic core sequence). 
Among the synthesized peptidomimetics S2 was identified as the most potent inhibitor of amyloid 
aggregation. The results of the studies highlighted that S2 interacts with Aβ42 and prevents the 
formation of Aβ42 aggregates as well as disassembles the preformed Aβ42 aggregates. Moreover, S2 
inhibited metal induced Aβ42 aggregation and disassembled preformed metal induced Aβ42 
aggregates. Further, S2 successfully reduces oxidative stress by sequestering Cu2+ from copper redox 
cycle and thus halt the generation of reactive oxygen species (ROS). In addition, S2 rescued SH–SY5Y 
cells from toxicity generated by Aβ42 aggregates and itself did not show any cytotoxicity. In addition, 
molecular docking was performed to find the preferred binding modes and key interactions of S2 with 
Aβ42 monomer and Aβ42 fibrilar structure. All these attributes make S2 a potential therapeutic 
candidate for the treatment of multifaceted AD.   
 
CONCLUSION From the designed and synthesized series of peptidomimetics (S1, S2, S3 and S4), S2 
exhibited as most potent inhibitor of Aβ42 aggregation and all the above mentioned results make S2 a 
potential candidate for the treatment of multifaceted AD.  
 
1. (a) D. Goyal, A. Kaur, B. Goyal, ChemMedChem 2018,13, 1275.  (b) A. Kaur, S. Mann, A. Kaur, N. 

Priyadarshi, B. Goyal, N. K. Singhal, D. Goyal, D. Bioorg. Chem. 2019, 87, 572. 
2. (a) D. Goyal, S. Shuaib, S. Mann, B. Goyal, ACS Comb. Sci.2017, 19, 55. (b) P. Ryan, B. Patel, V. 

Makwana, H. R. Jadhav, M. Kiefel, A. Davey, T. A. Reekie, S. Rudrawar, M. Kassiou, ACS Chem. 
Neurosci.2018, 9, 1530. 
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In this report, we have investigated the effect of insertion of three geminally di-methyl substituted 
gamma amino acid residues [g2,2 (4-amino-2,2-dimethylbutanoic acid), g3,3 (4-amino-3,3-
dimethylbutanoic acid) and g4,4 (4-amino-4,4-dimethylbutanoic acid)] at the (i+2) position of a two 
residue ag C12 turn segment, in a model octapeptide sequence Leu-Phe-Val-Aib-Xxx-Leu-Phe-Val 
(where Xxx = gamma amino acid residues). The conformation of the peptides in solution was 
confirmed by NMR, CD, IR and ab initio structure calculations. Peptides, with γ3,3 and γ4,4 residues were 
well accommodated into the αγ C12 turn, adopts well-defined β-hairpin conformation, in contrast to 
g2,2 which was unable to form a tight C12 b-hairpin nucleating turn and promote a well registered b-
hairpin. Geminal disubstitution at the Ca carbon in g2,2 led to unfavorable steric clashes, limiting its 
accommodation in ag C12 hairpin nucleating turn. Germinal substitutions of gamma amino acid residue 
at different carbon atoms generates diverse effect on their conformation. This fundamental idea can 
further be explored for the designing of unique foldamers in future. 
 
1. Debnath, S.; Ghosh, S.; Pandit, G.; Satpati, P.; Chatterjee, S. Effect of differential geminal 
substitution of gamma amino acid residues  at the (i+2) position of ag turn segments on the 
conformation of template β hairpin peptides. Manuscript Submitted. 
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Background Self-assembling peptide amphiphiles are structures that have a hydrophobic lipid tail and 
hydrophilic peptide sequences. They can self-assemble and form bilayers, micelles, and 
nanostructures like nanofibers. The hydrophobic interactions between the alkyl tails, the attractive 
force caused among the peptides play significant roles in the self-assembly of such amphiphiles. 
Therefore, the hydrophobic alkyl tail can be varied, and on such variation, it disrupts the β sheet 
formed by the hydrogen bonds and reduces their ability to develop the nanostructures.[1] They can 
behave as surfactants. Positively charged peptides like lysine, histidine, arginine can form cationic 
surfactant like peptide amphiphiles with the peptide as the hydrophilic head. Nanorods, nanospheres 
are also created.  
These peptide amphiphiles have been studied and used to analyze the membrane proteins as they 
can improve the order of the assemblies formed by the supramolecules [2]. Another set of structures 
named “bola amphiphiles” are compounds with two hydrophilic heads, and they can be developed 
into nanowires, nanotubes, nanotubes, and membrane-mimetic films [3]. 
 
Results Lysine is a positively charged amino acid and, when dissolved in water, tends to self-assemble 
into amyloid-like structures upon adding a large number of lysine residues. In our studies, we 
synthesized various length-dependent lysine peptides starting from 3K to 8K. After synthesizing 
different peptides’ lengths, we modified its N-terminal side chains with various alkyl chains ranging 
from acetyl to nonanoyl. We observed that these different lengths of peptides with varying alkyl chains 
form amyloid-like structures and peptide amphiphiles upon varying carbamylation conditions of lysine 
side chain residues. Further, the systems were characterized by ThT assay, ANS assay, Fluorescence 
Microscopy, congo red birefringence, and SEM. We confirmed that varying conditions could tune 
different kinds of nanostructures. 
 
Conclusion The above results confirmed the length of the peptide sequences and alkyl chain length 
and observed the differences in the structure and width of the nanofibers formed. After following the 
differences, the characterization techniques further confirmed the formation of the nanostructures. 
These self-assembling peptide amphiphiles have potential applications in tissue regeneration and 
regenerative medicine. They are biodegradable and biocompatible. The future prospects of peptide 
amphiphiles include employing their excellent thixotropic properties for prolonged drug delivery 
release applications. They can be prepared into scaffolds and utilized for various cell culture studies. 
 
1. Paramonov, Sergey E., Ho-Wook Jun, and Jeffrey D. Hartgerink. "Self-assembly of peptide− 

amphiphile nanofibers: the roles of hydrogen bonding and amphiphilic packing." Journal of the 
American Chemical Society 128.22 (2006): 7291-7298. 

2. Al-Halifa, Soultan, et al. "Amyloid self-assembling peptides: Potential applications in nanovaccine 
engineering and biosensing." Peptide Science 111.1 (2019): e24095.Yeh, Joanne I., et al. 
"Peptergents: peptide detergents that improve stability and functionality of a membrane protein, 
glycerol-3-phosphate dehydrogenase." Biochemistry 44.51 (2005): 16912-16919. 

3. Sun, Xue-Long, et al. "Membrane-mimetic films of asymmetric phosphatidylcholine lipid 
bolaamphiphiles." Langmuir 22.3 (2006): 1201-1208. 
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Functionalized porous polymers find significant application in drug delivery, ion transport, ion-
encapsulation, catalysis, and gas/liquid separation.1 They are traditionally synthesized using 
supramolecular approaches which are often challenging and suffer from poor selectivity.2 An elegant 
alternative using peptide templates for accessing functionalized porous polymer membranes was 
reported by Perrier and Jolliffe.  They developed multi-shell soft nanotubes with an internal pore 
having aldehyde group, using an cyclic octapeptide template.3 Inspired by this our group reported the 
use of a similar cyclic octapeptide template to synthesize robust carboxylated polymeric pores.4 In 
spite of these, no other reports exist on the synthesis of functionalized pores using peptide templates. 
On the other hand diketopiperazines (DKPs) are well known to undergo self-assembly to furnish 
nanotubes and nanospheres and are relatively easy to synthesize as compared to the cyclic 
octapeptides.5 However the use of DKP as a template to prepare functionalized pores is yet elusive. 
So working in the regard serine derived DKPs were conjugated with norbornene acid, using an easily 
cleavable ester linkage. These conjugates were then self-assembled in DCM and polymerized using a 
ring opening metathesis reaction using Grubbs IInd generation catalyst. The resulting nanospheres 
were then subjected to base mediated hydrolysis to remove the DKP template to furnish porous 
nanospheres bearing carboxylate groups. In conclusion carboxylate functionalized porous 
nanospheres were synthesized using a serine derived DKP template and further explorations towards 
their application and functional group modification are currently underway in our laboratory. 
 
1. T. Ben, H. Ren, S. Ma, D. Cao, J. Lan, X. Jing, W. Wang, J. Xu, F. Deng, J. M. Simmons, S. Qiu, G. Zhu, 
Angew. Chem. Int. Ed. 2009, 48, 9457. 
2. a) D. T. Bong , T. D. Clark , J. R. Granja , M. R. Ghadiri , Angew. Chem. Int. Ed. 2001 , 40 , 988; b) R. 
Chapman , M. Danial , M. L. Koh , K. A. Jolliffe , S. Perrier , Chem. Soc. Rev. 2012 , 41 , 6023 . 
3. R. Chapman, K. Jolliffe , S. Perrier, Adv. Mater. 2013, 25, 1170. 
4. Mahesh P. and Nandita M. Polym. Chem., 2016, 7, 31. 
5. J. MacDonald, G. Whitesides, Chem. Rev. 1994, 94, 2383. 
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 Activo-P11 is a fully automated peptide synthesizer 
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monitor in our synthesizers allows you very efficient quality 
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