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Figure 1.1 Top-down and Bottom- up approach of nanomaterial fabrications 
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Figure 2.1 Schematic representation of Ramachandran map and torsion angles leading to the formation of 

different structural organization of peptides. 
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Figure 2.2 Surface mesh model of BP02 mini-protein. Blue colour represents β-(1-azulenyl)-L-alanine 
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Figure 2.3  Schematic representation of the mechanism of Antimicrobial peptides 
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Figure 2.4 Schematic representation of Ester hydrolysis by self-assembled nanostructures 
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Figure 2.5 Peptide based self -assembled nanostructures 
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Table 2.1. Fmoc based peptide hydrogels 

S.No Sequence References 

1 Fmoc-FF 171 

2 Fmoc-F,Fmoc-W, Fmoc-Y 172 

3 Fmoc-FRGD-OH, Fmoc-RGDF-OH, Fmoc-FG-OH 150 

4 Fmoc-VLK(Boc), Fmoc-K(Boc)LV 173 

5 Phosphorylated Fmoc-FFpY 174 

6 Fmoc-FFY 175 

7 Fmoc-RGDS, Fmoc-RGDS, Fmoc-GRDS and Fmoc-GRDS 176 
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Figure 2.6 Schematic representation of aromatic interactions; (A) sandwich, (B) Parallel displaced, and (C) 

Edge- to- face stacking leading to the formation of nanostructure. Blue line represents repulsive interactions, 

and green line represents attractive interactions. 
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Table 2.2. Peptide based hydrogels for diabetic foot ulcer 

S.No. Hydrogels Compositions Ref 

1 Chitosan-peptide-

collagen  hydrogel 

Chitosan-collagen hydrogel with peptide : QHREDGS 244 

2 Hydroxyethyl cellulose 

peptide hydrogel 

Peptide : RQPKIWFPNRRKPWKKRPRPDDLEI  

entrapped in cellulose   

245 

3 Multidomain peptide 

hydrogel 

Peptide: K2(SL)6K 246 

4 Dispersin B-KSL-W 

hydrogel 

Dispersin B 

Peptides: KKVVFWVKFK, and KKVVFKVKFK 

Pluronic F-127 

247 

5 ODEX/HA-AMP/PRP 

hydrogel 

Oxidized dextran 

Platelet-rich plasma 

Peptide: 

SWLSKTAKKLFKKIPKKIPKKRFPRPRPWPRPNMI-NH2 

248 

6 Chitosan-peptide 

hydrogel 

Chitosan 

Peptide: LLGDFFRKSKE-

KIGKEFKRIVQRIKDFLRNLVPRTES 

249 

7 Glucose oxidase loaded 

antimicrobial peptide 

hydrogels 

Glucose oxide 

Peptide : IKYLSVN 

250 
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Figure 2.7 Applications of self-assembled nanostructures 
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Figure 4.1. Structure of Trp-cage. Trp-6 is surrounded by residues Tyr-3, Leu-7, Pro-12, Pro-18 and Pro-19. 
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Table 4.1. Details of the designed proteins 

S.No. Protein Code Amino acid Sequence Observed 

molecular mass 

(Da) 

Expected 

molecular  mass 

(Da) 

1 VG01 ELsKETaLKKsFkFlVlIiLWnNtvDaIhI 3489 3484.1 

2 BP01 ELsKETaLKKsFkFlVlIiZWnNtvDaIhI 3574 3568.2 

3 BP02 ELsKETaLKKsFkFlVlIiLZnNtvDaIhI 3498.2 3495.2 

4 Trp-cage NLYIQWLKDGGPSSGRPPPS 2169.3 2168.4 

5 BP03 NLYIQZLKDGGPSSGRPPPS 2179.5 2179.4 

(Amino acids in large fonts are L- amino acids, and small fonts are D- amino acids. Z indicates AzAla) 
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Figure 4.2 HPLC Chromatogram of synthesized peptides. Chromatogram was recorded at 342 nm (for BP01, 

BP02, and BP03), 280 nm (for Trp-cage and VG01), and 210 nm (for VG01, Trp-cage, BP01, BP02, and BP03). 
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Figure 4.3 MALDI-TOF spectra of synthesized peptides. The observed molecular mass was found equivalent to 

the expected molecular mass. 
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Figure 4.4. Schematic representation of: (A) Generation of folds by Automated Repetitive Simulated Annealing 

(AR-SAMD); and (B) Flowchart illustrating the sequence optimization steps involved in IDeAS program suite. 

 

Figure 4.5. Root mean square deviation (RMSD) and Radius of gyration (Rg) of designed peptide sequences. 
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Figure 4.6. Representation of  (A)  Surface  model, (B)  C-alpha  traces,  and  (C)  Dihedral  angles  of protein 

foldamer BP02 where D-  amino acids are shown in red circles and L-  amino acids are shown in black circles. 

The representation in all four quadrants of Ramachandran map confirm the heterochiral nature of the designed 

protein. (D) CD spectra of the designed proteins indicating the disordered conformation of the designed 

proteins 

 

TH-2916_166106003



 

72 
 

 

Figure 4.7.  UV-vis absorption spectra of the synthesized peptides. The absorption peaks (A) VG01, and (D) 

Trp-cage showed absorption peak at 280 nm while of (B) BP01, (C) BP02, and (E) BP03 were observed at 342 

nm. 
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Figure 4.8. Fluorescence emission spectra of synthesized protein foldamers: (A) at an excitation wavelength 

of 342 nm, BP01 (red), BP02 (green), and BP03 (blue) showed emission at 363 and 382 nm; (B) at an excitation 

wavelength of 280 nm, NATA (cyan), Trp-cage (black), and VG01 (orange) showed emission at 356, 355, and 

348 nm, respectively. (C) UV illumination of synthesized proteins. BP02 shows a more visible bright blue color 

compared to BP03. 
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Figure 4.9. DSC thermogram of proteins (A) BP02, and (B) BP03. Tm value of protein BP02 (66°C) is greater 

than BP03 (42°C). Solid Black line represents experimental data while dashed red line represents curve fit 

(non-linear curve fit). 
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Figure 4.10. FT IR spectra of the synthesized proteins VG01 (orange), BP01 (red) and BP02 (green). Spectra 

show fingerprint region at 1638 cm-1 which confirms β sheet content of the proteins. 
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Figure. 5.1 (A) Chemical structure of FF Peptide. (B) Ramachandran map depicting allowed basins 1–3, and 

(C) their respective combinations for FF peptide. (D) Representative image of the distance between geometric 

centers of two benzene rings in FF peptide. 
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Figure 5.2. Radius of gyration suggesting the folded conformation of (Ff)3-OH peptide. Root mean square 

deviation (RMSD) as a function of time is shown. Cluster analysis based on RMSD with respect to the starting 

structure, suggesting 85.8% of structures are populating the largest structure. 
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Figure 5.3. Radius of gyration (Rg) and RMSD of (Ff)3-OH in methanol. 

 

 

Figure 5.4 Average structure of the largest cluster in an RMSD based cluster analysis. (A) (Ff)3-OH in water, 

(B) (Ff)3-OH in methanol, and (C) (FF)3-OH in methanol 

 

Table 5.1.  , dihedral angle combinations of the largest cluster 

 Water Methanol 

Residue Φ Ψ Φ Ψ 

Phe -1 -118.193 101.98 -144.936 125.8458 

(D) Phe -2 87.36 -117.04 67.30651 -109.814 

Phe -3 -114.339 84.69 -119.77 82.20351 

(D) Phe -4 85.06 -99.69 81.62392 -97.2331 

Phe -5 -121.07 74.13 -136.15 81.19471 

(D) Phe -6 116.04 -132.154 110.0318 -112.387 
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Figure 5.5 (A) HPLC chromatogram of the synthesized peptide. Chromatogram was recorded at 210 nm (black 

solid line) and 254 nm (red line). (B) MALDI-TOF spectra of synthesized peptide. Observed molecular mass 

(901 Da) was found equivalent to the expected molecular mass (901.05 Da). Na+ (924 Da) and K+ adducts (940 

Da) were also observed. 
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Figure 5.6. (A) Chemical structure of (Ff)3-OH peptide. Capital letter denotes L- amino acid, and small letter 

denotes D-amino acid. (B) Designed structure of (Ff)3-OH peptide. (C) Ramachandran plot of designed peptide, 

with geometrical basins alternating between L and D chiral regions, (D) CD spectra of (Ff)3-OH peptide showing 

a positive peak at 195 nm, and negative peaks at 212 and 226 nm. (E) CD spectra of Gramicidin A showing a 

positive peak at 195 nm, and two negative peaks at 210 and 230 nm. CD results suggest that overall 

conformation of the (Ff)3-OH peptide may be similar to that of Gramicidin A. (E) FT-IR spectrum of synthesized 

peptide confirming β structure 
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Figure 5.7. FESEM images of (A) (Ff)3-OH peptide, (B) (Ff)3-OH organogel. (C) DLS analysis, and (D) Rheology 

of (Ff)3-OH organogel.  Solid black line represents storage modulus, and red line represents loss modulus 
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Figure 5.8. FESEM images of (Ff)3-OH peptide at different magnification confirming nanofibers formation by 

self-assembly of nanospheres; (A) 15K (B) 30K (C) 35K (D) 75K (E) 200K  (F) 300K 
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𝑟𝐵
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ħ2

𝑚0𝑒2 
𝑚0

𝑅𝑦  =  
𝑚0𝑒4

2ħ2 µ =  
𝑚𝑒𝑚ℎ

(𝑚𝑒+𝑚ℎ)
  

 

Figure 5.9. PL spectra of (Ff)3-OH peptide at the excitation wavelengths (a) 252 nm and (b) 258 nm. PLE 

spectra of the peptide at emission wavelengths (c) 282 nm and (d) 290 nm. (e) Optical absorption spectra at 

different concentrations. 
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Figure 6.1. Characterization of synthesized peptides; (A) chemical structure of the designed sequences, (B) 

HPLC chromatogram of the synthesized peptide, and (C) Mass spectrum for primary characterization by 

verifying the mass of the synthesized peptide.  
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Figure 6.2 (A) FTIR analysis of peptide hydrogels suggesting β structure.  B, C, and D showing ThT fluorescence 

spectra of the three peptides, Fmoc-FFH, Fmoc-FHF, and Fmoc-HFF respectively 
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Figure 6.3. (A) Concentration dependence of Hydrogelation (concentration of peptides: from left to right; 

500µM, 1mM, 2mM, 4mM, 8mM, 16mM, 32mM). (B) Optimization of pH for hydrogel formation (pH of peptides: 

from left to right; 5.8, 6.7, 7.4, 10). 
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Figure 6.4 Dependence of hydrogelation property with pH switch. Hydrogels lose their gelation property in 

acidic pH but regained again when switched to basic conditions. 
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Figure 6.5. Morphology of hydrogels confirmng fibrous structures by (A) FESEM and (B) AFM 
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Figure 6.6 Rheology of peptide hydrogels; (A) amplitude sweep and (B) frequency sweep of the synthesized 

hydrogels. The error bars represent the standard errors of three independent observations. 
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Figure 6.7 Continuous step strain measurements at alternate 0.1% and 300% strains over time, for peptide 

hydrogels showing self-healing behavior. 
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Figure 6.8 Serum stability test of peptides showing stability in the presence of human serum 
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Figure 6.9 Antimicrobial potency of peptide hydrogels on (A) Staphylococcus aureus, and (B) Pseudomonas 

aeruginosa. For each treatment group, the control and hydrogel treated bacterial cells were compared by Two-

tailed Student's t-test. (*p<0.05, n=3) 
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Figure 6.10 FESEM analysis describing bacterial membrane disruption after hydrogel treatment. Scale bar 

represents 1µm scale. 
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Figure 6.11 (A) ROS generation in  Staphylococcus aureus, and Pseudomonas aeruginosa. (B) Outer membrane 

permeabilization assay for Pseudomonas aeruginosa. For each experiment, the control and hydrogel treated 

bacterial cells were compared by Two-tailed Student's t-test. (*p<0.05) 
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% Adsorption = (C0 − Ce)/C0 × 100
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𝑚𝑡𝑜𝑡𝑎𝑙 =
𝐶0 × 𝑄 × 𝑡𝑡𝑜𝑡𝑎𝑙
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Figure 7.1. Synthesis of 1, 2-bis(tritylthio)ethane crystals. Trityl chloride salt was incubated with 1, 2-Ethane 

dithiol in the presence of Tri-fluoro acetic acid for 24 h. After 24 h, the obtained crystals were washed with 

diethyl ether 
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Figure 7.2 (A) FESEM image of 1, 2-bis(tritylthio)ethane crystals, and (B) FETEM image of  magnetite 

nanoparticles. 

Figure 7.3 Stability of 1, 2-bis(tritylthio)ethane crystals at different pH conditions. FESEM image of 1,2 

bis(tritylthio) ethane crystals at different pH, showed no significant difference in the morphology of the crystal 

structure. Scale bar represents 1µm scale. 
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Figure 7.4 (A) Pilot experiment to verify Cr removal by different adsorbent systems, A: glass wool, B: 1,2-

bis(tritylthio)ethane, C: Trityl-Magnetite hybrid, D: hybrid materials with human hair, and E: human hair. (B)  

Reduction of Cr (VI) by hybrid material. Hybrid material reduced up to 90% toxic Cr (VI) to nontoxic Cr (III) 

form 
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Figure 7.5 FESEM analysis of adsorbents (A), PH (B) RH and (C) HP  after Cr (VI) adsorption with EDX plot in 

D, E, F for PH, RH and HP respectively confirming Cr (VI) adsorption. Image (G) and (H) are the surface of human 

hair and hair powder before Cr (VI) adsorption. 
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Figure 7.6 FTIR analysis of (A) PH, (B) HP and (C) RH before and after Cr adsorption. Black solid line represents 

IR spectral peaks before Cr (VI) adsorption and red solid line represents after Cr (VI) adsorption 
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Figure 7.7 Chromium adsorption: Effect of pH (A) and adsorbent dose (B). Adsorption capacity (qe) is 

calculated from the initial and final concentrations, volume of the solution and weight of the adsorbent 

(equation 2). Percentage adsorption (black) increases with increase in adsorption dose, while adsorption 

capacity (blue) decreases. 
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Figure 7.8 Change in adsorption capacity with time. Adsorption capacity increases with time, reaches 

saturation in 3 hours.  
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Figure 7.9 Adsorption Isotherm during chromium adsorption. (A) Langmuir Isotherm and (B) Freundlich 

Isotherm, and (C) Dubinin–Radushkevich Isotherm, suggesting the possible mechanism of adsorption at 

equilibrium.  
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Figure 7.10 Adsorption kinetics during chromium adsorption. Graph A, B and C represents Pseudo-first order; 

graph D, E and F represents Pseudo-second order, and graph G, H and I represents intra-particle diffusion plot 

for three hair samples (PH, HP and RH respectively). The adsorption data follows pseudo second order kinetics, 

suggesting the possibility of chemisorption.  
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Table 7.1.  Estimated values of parameters for different Isotherm models 

Isotherm model Parameters PH HP RH 

Langmuir Q0 27.94 18.60 21.52 

 b 0.138 0.065 0.097 

 RL 0.42 0.60 0.51 

 R2 0.94 0.80 0.86 

Freundlich KF  1.83 1.28 1.58 

 1/nF 0.60 0.59 0.53 

 R2 0.99 0.86 0.98 

Dubinin–Radushkevich Q 14.53 9.78 11.37 

 E  0.955 0.479 0.763 

 K  5.49E-07 2.18E-06 8.58E-07 

 R2 0.80 0.67 0.69 

 

Table 7.2.  Estimated values of parameters for different kinetic models

Ads

orbe

nts 

Co  Pseudo-First-Order Pseudo-Second-Order Intraparticle Diffusion 

 (mg

/L) 

K1 

(min-1) 

qe 

(mg/

g) 

R2 K2 

(g/mg/min

) 

qe 

(mg/g

) 

R2 C 

(mg/g

) 

Kid 

(mg/g/min1

/2) 

R2 

PH 10 0.457 1.719 0.974 0.04 3.87 0.997 0.868 0.107 0.89 

 20 0.495 3.113 0.962 0.016 9.98 0.950 0.102 0.289 0.96 

 30 0.270 1.754 0.615 0.046 11.38 0.985 6.954 0.161 0.78 

 40 0.604 3.652 0.763 0.025 18.54 0.985 6.199 0.445 0.74 

 50 0.255 2.489 0.885 0.029 19.31 0.985 8.469 0.403 0.87 

HP 10 0.284 1.354 0.530 0.051 3.99 0.834 1.867 0.066 0.30 

 20 0.275 0.963 0.596 0.102 6.50 0.997 5.317 0.046 0.72 

 30 0.267 1.386 0.755 0.064 8.75 0.997 6.016 0.105 0.79 
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Table 7.3 Percentage Cr removal after Regeneration 

Cycles PH HP RH 

1 75.21 56.68 45.34 

2 59.41 43.43 48.23 

3 40.12 25.34 36.67 

 40 0.149 1.76 0.665 0.048 10.44 0.982 5.635 0.188 0.76 

 50 0.210 1.98 0.668 0.078 13.35 0.986 10.75 0.110 0.37 

RH 10 0.004 1.032 0.760 0.091 3.628 0.997 2.256 0.053 0.88 

 20 0.002 1.408 0.326 0.0059 6.63 0.950 3.161 0.117 0.65 

 30 0.003 1.741 0.716 0.043 9.53 0.985 4.41 0.192 0.87 

 40 0.038 2.018 0.173 0.035 11.50 0.985 4.302 0.268 0.87 

 50 0.003 2.36 0.794 0.027 14.06 0.985 3.561 0.380 0.89 
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47.67 57.80 

 

Figure 7.11 (A) Effect of bed height on breakthrough curve for Cr (VI) ion adsorption on human hair (C0 = 50 

ppm, flow rate = 5 mL/min). (B) Set-up of continuous column experiment, (C) Elution of Cr (VI) solution at 

different time  
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Table 7.4. Breakthrough parameters at different bed height 

Bed 

Height 

(cm) 

C0 

(mg/L) 

M 

(g) 

Q  

(mL/ 

min) 

Tb  

(h) 

ttotal 

(h) 

qtotal 

(mg) 

Qe(exp) 

(mg/g) 

mtotal 

(mg) 

Y 

(%) 

Veff 

(mL) 

5 50 4 5 1.3 16 190.70 47.67 240 96 4800 

10 50 9 5 2.5 30 447.3 49.7 450 97 9000 

20 50 20 5 44 80 1156 57.80 1200 98 24000 
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Figure A1. Gibbs free energy landscape, calculated based on the cluster population, obtained from a 10 ns MD 

simulation run of (A) (FF)3 peptide, (B) (Ff)3 peptide 
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Table A1. Comparison of bio-adsorption capacity of PH against already reported bio-adsorbent 

S.No Bioadsorbent Bioadsorption capacity (mg/g) References 

1 Coconut Coir 26.8 392 

2 Boiled sunflower head 7.9 393 

3 Cranberry kernel shell 10.42 394 

4 Hevea Brasilinesis 44.05 395 

5 Sugarcane bagasse 1.76 396 

6 Water lily 8.44 397 

7 Pulverized Hair 15.14 Present study 
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Figure A2. Prototype of a possible device for chromium removal 
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