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ABSTRACT 

The thesis entitled "Functional Self-assembling Systems: Synthesis and Biophysical 

Characterization" deals with the design and synthesis of peptide-based molecules and their 

self-assembling properties. We have demonstrated the self-assembly of various peptide-based 

molecules and their self-assembly upon addition of cations and anions along with their 

conformational changes. The self-assembly of various designer peptides and their effect on 

liquid crystals were also studied. The research work presented in this thesis is divided into five 

chapters.  

Chapter I 

Chapter I deals with selected exaples of self-assembling peptides. The focus has been majorly on 

small peptide, cyclic peptde, peptide-polymers, amphiphilic, and aromatic-based peptides. A 

special emphasis is given to cation and anion induced self-assembling peptidtic systems. 

Chapter II 

Chapter II presents the design, synthesis and self-assembly of Zn-finger resembling cystine-

cored trizole containing pseudopeptides. The pseudopeptides exhibited conformational transition 

to β-sheet upon binding with Cu2+, resulting in the disruption of vesicles. 

Chapter III 

Chapter III deals with the design and synthesis of hydrophobically driven chiral functional 

assembly of diacetylene-cored pseudopeptides. The designer pseudopeptides self-assembled, as a 

result of tuning solvent environment, causing associations through hydrophobic forces resulting 

in chiral assembling system with Aggregation Induced Emission (AIE) property. The self-

assembling dialkynes with supramolecular chirality and AIE property induce chirality to the non-

chiral LC matrix with high helical twisting power. 
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Chapter IV 

Chapter IV presents the investigation on the self-assembly of aromatic cored bis-urea systems. 

The phenylalanine adjacent to urea peptides showed supramolecular helical organization. Anion 

binds to these self-assembled urea-peptides causing the inversion of helicity. The amino acid 

dependence on the helicity was also investigated.  

Chapter V 

Chapter V describes the design, synthesis and self-assembly of a series of fluorescent disulfide-

cored molecules. These disulfide containing molecules associate to heterodimers and shows 

intermolecular fluorescence resonance energy transfer (FRET). The microscopic analysis of 

designer fluorescent molecules shows vesicular morphology in acetonitrile. These molecules 

forms heterodimers that further self-assemble to vesicles. In addition, these disulfide cored 

fluorescent molecules serve as sensor for nitroaromatics (NACs). 
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साराांश 

"उपादेय स्व-सांयोजित जसस्टम्स: सांशे्लषण और िैवभौजतक जिस््रपण" नामक थीसिि पेप्टाइड-

आधारित अणुओ ंके सडजाइन औि िंशे्लषण औि उनके स्वयं-िंयोजन गुणो ंिे िंबंसधत है। हमने सिसिन्न 

पेप्टाइड-आधारित अणुओ ंके स्व-िंयोजन का प्रदर्शन सकया है औि उनके गठनात्मक परिितशनो ंके िाथ-

िाथ धनायनो ंऔि आयनो ंको जोड़ने पि उनकी स्व-िंयोजन का प्रदर्शन सकया है। स्व-िंयोजन सिसिन्न 

सडजाइनि पेप्टाइड्ि औि सिक्विड सिस्टि पि उनके प्रिाि का िी अध्ययन सकया गया। इि र्ोध प्रबंध में 

प्रसु्तत र्ोध कायश को पााँच अध्यायो ंमें सििासजत सकया गया है। 

अध्याय 1 

अध्याय 1 स्व-िंयोजन पेप्टाइड्ि के चयसनत उदाहिणो ंिे िंबंसधत है। मुख्य रूप िे छोटे पेप्टाइड, चिीय 

पेप्टाइड, पेप्टाइड-पॉसिमि, एम्फीसफसिक औि िुगंसधत-आधारित पेप्टाइड्ि पि ध्यान कें सित सकया गया है। 

धनायन औि ऋणायन पे्ररित स्व-िंयोजन पेसप्टडसटक प्रणासियो ंपि सिरे्ष बि सदया जाता है। 

अध्याय 2 

अध्याय 2, Zn-Finger के सडजाइन, िंशे्लषण औि स्व-िंयोजन को प्रसु्तत किता है जो सिस्टीन-कोि िािे 

टर ाइजोि िे समिता-जुिता है सजिमें सू्यडोपेप्टाइड होते हैं। सू्यडोपेप्टाइड्ि ने Cu2+ के िाथ बंधने पि β-र्ीट 

में गठनात्मक िंिमण प्रदसर्शत सकया, सजिके परिणामस्वरूप पुसटकाओ ंका सिघटन हुआ। 

अध्याय 3 

अध्याय 3, डायिेसटिीन-कोिेड सू्यडोपेप्टाइड्ि के हाइडर ोफोसबक रूप िे िंचासित काइिि फंक्शनि 

अिेंबिी के सडजाइन औि िंशे्लषण िे िंबंसधत है। सडजाइनि सू्यडोपेप्टाइड्ि स्व-इकटे्ठ, टू्यसनंग िॉल्वेंट 
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पयाशििण के परिणामस्वरूप, हाइडर ोफोसबक बिो ं के माध्यम िे िंघो ं का कािण बनता है सजिके 

परिणामस्वरूप एकत्रीकिण पे्ररित उत्सजशन (एआईई) िंपसि के िाथ काइिि िंयोसजत सिस्टम होता है। 

िुपिमॉिेकू्यिि कायिैसिटी औि एआईई प्रॉपटी के िाथ स्व-िंयोसजत डायिकेनेि उच्च पेचदाि घुमा 

र्क्वि के िाथ गैि-काइिि एििी मैसटरक्स के सिए कायिैसिटी को पे्ररित किता है। 

अध्याय 4 

अध्याय 4 िुगंसधत कोडश  सबि-यूरिया प्रणासियो ंके स्व-िंयोजन पि जांच प्रसु्तत किता है। यूरिया पेप्टाइड्ि 

िे िटे फेसनिएिसनन ने िुपिमॉिेकू्यिि हेसिकि िंगठन सदखाया। आयन इन स्व-इकटे्ठ यूरिया-पेप्टाइड्ि 

को बांधता है सजििे हेसिकि िंगठन का उिटा होता है। हेसिकि िंगठन पि अमीनो एसिड सनिशिता की 

िी जांच की गई। 

अध्याय 5 

अध्याय 5 फ्लोिोिेंट डाइिल्फाइड कोडश  अणुओ ंकी एक श्रंखिा के सडजाइन, िंशे्लषण औि स्व-िंयोजन 

का िणशन किता है। ये डाइिल्फाइड युि अणु हेटेिोसडमिश िे जुड़ते हैं औि इंटिमॉसिकु्यिि फ्लोिेिेंि 

िेजोनेंि एनजी टर ांिफि (FRET) को दर्ाशते हैं। सडजाइनि फ्लोिोिेंट अणुओ ंका िूक्ष्म सिशे्लषण िेसिकुिि 

आकारिकी को दर्ाशता है। ये अणु हेटेिोसडमिश बनाते हैं जो आगे पुसटकाओ ंमें स्वयं-इकटे्ठ होते हैं। इिके 

अिािा, ये डाइिल्फाइड कोडश  फ्लोिोिेंट अणु नाइटर ोएिोमैसटक्स (एनएिी) के सिए िेंिि के रूप में काम 

किते हैं। 
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NOTES 

 

1. All amino acids were used of L-configuration. Standard single/triple letter codes are used to 

represent the amino acids.  

2. All solvents used in the reaction were distilled or dried from appropriate drying agent prior 

to use. All reagents were used  in the reactions without further purification.  

3. Melting points were recorded in a Fisher-Scientific melting point apparatus and were 

uncorrected.  

4. IR spectra were recorded on a Nicolet, Protégé 460 spectrometer as KBr pellets.  

5. 1H NMR spectra were recorded on Bruker-DPX (1H NMR, 300, 300 and 500 MHz; 13C 

NMR, 75, 100 and 125 MHz) spectrometer using tetramethylsilane (1H) as an internal 

standard. 1H NMR data are reported as s (singlet), d (doublet), br (broad), br d (broad 

doublet), t (triplet), q (quartet), m (multiplet) and coupling constnats are in Hz.  

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

Electrospray Ionization (ESI) technique.  

7. Silica gel G (Merck) Thin Layer Chromatography (TLC) was used for monitored the 

reactions. Silica gel (100-200 mesh and 60-120) was used for column chromatography 

prrification, which were generally made from slurry in hexane, hexane/ethyl acetate or 

chloroform.  
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8. CD measurements were made using AVIV-420/ Jasco spectropolarimeter. Quartz cell of 0.1 

cm was used for the measurements.  

9. UV-Vis spectroscopy-The absorption spectra were recorded on a Shimadzu UV-2450 

spectrometer.  

10. SEM images were recorded using ZEISS EVO Series Scanning Electron Microscope EVO 

50 operating at an accelerating voltage of 0.2 − 30 kV. For SEM, a 10 μL aliquot of the 

sample solution was drop-casted on a glass cover slip, dried and coated with ∼10 nm of 

gold.  

11. HR-TEM images were recorded on a TECHNAI G2 (20S-TWIN) electron microscope 

operated at an accelerating voltage of 200 kV. Samples were prepared by drop-casting the 

sample on 200 square mesh carbon-coated copper grids.  

12. Atomic force microscope (Bruker Dimension Icon) in tapping mode was used for imaging. 

The data obtained was analyzed using Nanoscope 5.31r software.  About 10μl aliquot of the 

sample solution was transferred onto freshly cleaved mica and allowed to dry and imaged 

using AFM. 

13. X-ray diffraction study was carried out on a BRUKER AXS SMART-APEX diffractometer 

with a CCD area detector (Mo Ka = 0.71073Å, monochromator: graphite). Frames were 

collected at T = 298 by w, f and 2q-rotation at 10 s per frame with SMART. The measured 

intensities were reduced to F2 and corrected for absorption with SADABS. Structure 

solution, refinement, and data output were carried out with the SHELXTL program. Non-

hydrogen atoms were refined anisotropically. C-H hydrogen atoms were placed in 
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geometrically calculated positions by using a riding model. Image was created with the 

diamond program.  

14. Confocal microscopy was recorded using FLUOVIEW FV1200 laser scanning confocal 

microscope. The samples were excited using 405 nm and emission was captured from 450-

500 nm. The images captured were processed using Image J software.  

15. Fluorescence measurements, were recorded in FluoroMax-4 spectrofluorometer (HORIBA 

JOBIN YVON Scientific), using a 3 mL quartz cuvette with slit width of 5 nm. 

16. The pitch of the induced cholesteric phases has been calculated by measuring the distance 

between two neighboring extinction dark striations of cholesteric fingerprints as per the 

earlier reported methods. The ImageJ software has been used for precise measurements of 

length scales of fingerprints. 

17. The helical twisting power (β) was calculated using the formula 𝛽𝑤= 100𝑝𝑐⁄ where p is the 

calculated pitch in micron and c is the weight fraction of chiral dopant in 5CB. In addition, 

the plot of the inverse helical pitch with the concentrations of chiral dopant give straight line 

and the slope of this line within the linear region is used to calculate the helical twisting 

power of the compound as per the previous reports.  

 

 

 

 


