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ABSTRACT 

The thesis entitled "A Minimalistic Approach for Functional Self-Assembling Peptide and 

Pseudopeptide Systems" presents the modest designs of peptide and pseudopeptide molecules 

for the multifaceted applications in the diverse fields of nanotechnology and biotechnology. In 

addition, we have explored a hitherto unknown class of vesicles altogether different from the 

conventional bilayer vesicles. The work presented in the thesis has been divided into five 

chapters.  

Chapter 1 

Chapter 1 gives a panoramic view of designer peptide and pseudopeptide systems in a systematic 

manner encompassing all the preliminary designs as well as the recent advancements. A variety 

of self-assembling peptidic systems ranging from short peptides, amphiphilic peptides, cyclic 

peptides, linear peptides to polymeric peptides have been reviewed thoroughly. The mechanistic 

insight into the formation of nanotubes and vesicles using different strategies proposed in the 

literature, is also given. In addition, the diverse applications of designer peptides in the field of 

drug delivery, anion sensing and organic electronics is highlighted. 

Chapter 2 

Chapter 2 deals with the design, synthesis and self-assembling properties of a series of cystine-

cored minimalistic dipeptides that exhibited the prominent redox-responsive behavior. Various 

experimental as well as the computational investigations were performed to reveal the self-

assembling mechanism of dipeptides in water. Further, the encapsulation of drug molecules by 

the vesicle-forming dipeptide and their subsequent redox-triggered sustained release in an 

intracellular milieu is demonstrated. 
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Chapter 3 

Chapter 3 presents the minimalistic design strategy for the development of amino acid appended 

supersensitive anion sensors that can detect anions in both aqueous as well as organic media. 

Various spectroscopic and electrochemical measurements were performed to demonstrate the 

ultratrace sensing of anions in water with the lowest limit of detection values reported so far. 

Further, the self-assembled morphologies of the host molecules were also investigated using 

different ultramicroscopic techniques. 

Chapter 4 

Chapter 4 outlines the fabrication of organic field effect transistors (OFETs) in a bottom-

gate/bottom-contact configuration using the self-assembling peptidic polydiacetylenes. The 

peptide-based OFETs were found to exhibit a p-type FET behavior with an exceptionally high 

hole mobility of up to 9.29 cm
2
 V

−1
 s

−1
 at room temperature. The key role of aromatic amino 

acids in providing high mobility values to the OFET is highlighted. 

Chapter 5 

Chapter 5 describes the new class of vesicles named as “reverse micellar vesicles”, possessing 

dual features of classical micelles and conventional vesicles. The novel model of vesicles was 

established by using a series of self-assembling pseudopeptidic polymers that were synthesized 

by the ring opening metathesis polymerization (ROMP) of lipidated amino acids appended 

norbornene monomers. The comprehensive ultramicroscopic and spectroscopic analyses were 

performed to delineate the hierarchical mechanism of formation of reverse micellar vesicles. 
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m/z    Mass/charge 

NCCS    National Centre for Cell Science 

NDI    1,4,5,8-naphthalenetetracarboxylic diimide 

NHE   Normal hydrogen electrode 

NHS   N-hydroxysuccinimide 

NMR    Nuclear magnetic resonance 

NPT    Isothermal isobaric 

NR    Nile red 

OFET    Organic field effect transistor 

PAG   Photoacid generator  

PARP   Poly(ADP-ribose) polymerase 

PB   Polybutadiene 

PBS   Phosphate buffered saline 

PDA    Polydiacetylene 
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PDF    Pair distribution function 

PDI    Polydispersity Index 

PEG   Polyethylene glycol  

PGA    Poly(L-glutamic acid) 

ppm    Parts per million 

PXRD    Powder X-ray diffraction 

Py    Pyrene 

q    Quartet 

QC    Quantum confinement 

QCM-D  Quartz crystal microbalance 

RAFT    Regioselectively addressable functional template 

RB    Rhodamine B 

ROMP   Ring opening metathesis polymerization 

RT    Room temperature 

s    Singlet 

SAM    Self-assembled monolayer 

SANS    Small-angle neutron scattering 

SAXS    Small-angle x-ray scattering 

SCE    Saturated calomel electrode 

SD    Standard deviation 

SEM    Scanning electron microscopy 

SS    Subthreshold slope 

t    Triplet 

T   Temperature 

TBA             Tetrabutylammonium  

TBABF4  Tetrabutylammonium tetrafluoroborate 

TBAF     Tetrabutylammonium fluoride 

TBAH2PO4  Tetrabutylammonium dihydrogen phosphate 

TBAP             Tetrabutylammonium perchlorate 

TEA   Triethylamine 

TEG   Tri(ethylene glycol) 
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TFA   Trifluoroacetic acid 

THF   Tetrahydrofuran 

TLC   Thin layer chromatography 

TMEDA  Tetramethylethylenediamine 

TMS   Tetramethylsilane 

TPE   Tetraphenylethylene 

TTF   Tetrathiafulvalene 

UV    Ultraviolet 

VDS    Drain to source voltage 

VGS   Gate to source voltage 

Vis    Visible 

W    Channel width 

WAXS   Wide-angle X-ray scattering  

WCA    Water contact angle 
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NOTES 

1. All amino acids used in syntheses were of L-configuration and were purchased from SRL 

India. Unless, otherwise stated, the standard single/triple letter codes are used to represent 

amino acids.  

2. All commercial chemicals and reagents used in chemical syntheses were purchased from 

Sigma-Aldrich or Alfa Aesar unless, otherwise stated and used as received without any 

further purification. 

3. All the solvents employed in the reactions were distilled/dried by standard protocols prior 

to use. 

4. All air sensitive reactions were carried out in oven dried glassware under an inert 

atmosphere of argon. 

5. All the reactions were monitored by silica gel thin layer chromatography (TLC), wherever 

possible. 

6. All the synthesized compounds were purified by silica gel (100-200 mesh) column 

chromatography. The slurry was generally made in chloroform, DCM and/or MeOH. 

7. The characterization of synthesized compounds was done by 
1
H NMR, 

13
C NMR, IR and 

High Resolution Mass Spectrometry (HRMS). 

8. 1
H and 

13
C NMR spectra were recorded on a Bruker-DPX-300/400/500 MHz spectrometer 

and the chemical shifts are reported downfield relative to tetramethylsilane (TMS). 
1
H 

NMR data are reported as br (broad), s (singlet), d (doublet), q (quartet), t (triplet) and m 

(multiplet). 
1
H NMR coupling constants are reported in Hz. 

9. High resolution mass spectra (HRMS) were recorded in Bruker MicrO-TOF-QII model 

using Electrospray Ionization (ESI) technique. 
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10. IR spectra were recorded on Agilent-Cary 660 Series FTIR spectrometer/Nicolet, Protégé 

460 spectrometer as KBr Pellets. 

11. Attenuated Total Reflectance Infrared (ATR-IR) spectra were recorded on an Agilent-Cary 

660 Series FTIR spectrometer. For ATR-IR, the samples were placed on the diamond 

sample holder and 32 scans were performed on each sample.   

12. Melting points were recorded on a Fisher-Scientific melting point apparatus. 
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