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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.



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?® V! s 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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detection of anions in both aqueous and organic media.

Chemical structures of receptors C1-C3 based on Ellman’s reagent.

An initial screening of anion binding potential of C1 upon addition of
50 equiv. of various anions.

An initial screening of anion binding potential of C2 upon addition of
50 equiv. of various anions.

An initial screening of anion binding potential of C3 upon addition of
50 equiv. of various anions.

UV-vis titration of a) C1 against F, b) C2 against F, ¢) C3 against F,
d) C1 against H,PO,, €) C2 against H,PO,, and f) C3 against H,PO,".

Colorimetric response of sensors in acetonitrile upon addition of 3.0
equiv. of different anions a) C1, b) C2 and c) C3.

Determination of LOD of chemosensors with anions. a) C1 with F’, b)
C1 with H,PO,, c) C2 with F, d) C2 with H,PO,’, €) C3 with F, and f)
C3 with H,POy,.

Job plots of host with anions a) C1 with F, b) C2 with F, ¢) C3 with F,
d) C1 with H,PO,, E) C2 with H,PO,, and f) C3 with H,PO, .

Fitting and residual plots for UV-vis titrations as obtained from
BindFit a) C1 with F, b) C1 with H,PO,, ¢) C2 with F, d) C2
with H,PO,’, ) C3 with F, and f) C3 with H,PO,". BindFit URLs
are given for respective titration.

Stack plots of *H NMR spectra (500 MHz, CDsCN:DMSO-dg 9:1) of C1
with increasing amount of TBAF. The region of protons involved in the
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Figure 3.12

Figure 3.13

Figure 3.14

Figure 3.15

Figure 3.16

Figure 3.17

Figure 3.18

Figure 3.19

Figure 3.20

Figure 3.21

binding is shown.

Stack plots of *H NMR spectra (500 MHz, CD3CN:DMSO-dg 9:1) of C1
with increasing amount of TBAH,PO,. The region of protons involved
in the binding is shown.

Stack plots of *H NMR spectra (500 MHz, CDsCN:DMSO-dg 9:1) of C2
with increasing amount of TBAF. The region of protons involved in the
binding is shown.

Stack plots of *H NMR spectra (500 MHz, CDsCN:DMSO-dg 9:1) of C2
with increasing amount of TBAH,PO,. The region of protons involved
in the binding is shown.

Stack plots of *H NMR spectra (500 MHz, CDsCN:DMSO-dg 9:1) of C3
with increasing amount of TBAF. The region of protons involved in the
binding is shown.

Stack plots of *H NMR spectra (500 MHz, CDsCN:DMSO-dg 9:1) of C3
with increasing amount of TBAH,PO,. The region of protons involved
in the binding is shown.

Variation in the "H NMR chemical shifts (8 ppm) of the alpha —CH as a
function of equivalents of anions added.

Optimized geometries of (a-c) C1, (d-f) C2 and (g-i) C3, in folded- and
extended- conformations. Relative energy (Er) of the structure is
mentioned in kJ/mol. Color code: Sulfur (yellow), Nitrogen (blue),
Carbon (silver), Oxygen (red), Hydrogen (white).

Optimized geometries of host-guest complex of F~ ion with a) C1, b) C2
and c) C3. Color code: Sulfur (yellow), Nitrogen (blue), Carbon (silver),
Oxygen (red), Hydrogen (white), Fluorine (green). Hydrogen atoms
involved in the H-bonding with F" ion are presented in sky-blue color.

Structure pool of DFT optimized geometries of C1+F complexes. Color
code: Sulfur (yellow), Nitrogen (blue), Carbon (silver), Oxygen (red),
Hydrogen (white), Fluorine (green). Hydrogen atoms involved in the H-
bonding with F ion are presented in sky-blue color.

Structure pool of DFT optimized geometries of C1+H,PO, complex.
Color code: Sulfur (yellow), Nitrogen (blue), Carbon (silver), Oxygen
(red), Hydrogen (white), Phosphorus (purple). Hydrogen atoms
involved in the H-bonding with H,PO,4 anion are presented in sky-blue
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Figure 3.22

Figure 3.23

Figure 3.24

Figure 3.25

Figure 3.26

Figure 3.27

Figure 3.28

Figure 3.29
Figure 3.30
Figure 3.31

Figure 3.32

color.

Optimized geometries of host-guest complex of H,PO, anion with a)
C1, b) C2 and c) C3. Color code: Sulfur (yellow), Nitrogen (blue),
Carbon (silver), Oxygen (red), Hydrogen (white), Phosphorus (purple).
Hydrogen atoms involved in the H-bonding with H,PO, anion are
presented in sky-blue color.

Schematic representation of the various steps involved in the fabrication
of electrochemical sensor.

CVs obtained for the gold electrodes modified with a) C1, b) C2 and c)
C3 in the absence and presence of 1 ppm of F" and H,PO, ions. Scan
rate: 100 mV/s, Supporting Electrolyte: 0.1 M NaNOs,

Representative differential pulse voltammograms (DPVs) obtained for
the gold electrodes modified with host molecules at different
concentration of target anions a) C1 with F, b) C1 with H,PO4, c) C2
with F, d) C2 with H,PO,, e) C3 with F, and f) C3 with H,PO,".

Plots of difference in redox current intensities with respect to anion
concentration a) C1 with F', b) C1 with H,PO,’, ¢) C2 with F, d) C2
with H,PO,4 (peak current values were taken as marked in Figure 3.25c-
d) e) C3 with F, and f) C3 with H,PO,, with a linear fit.

SEM images in 1:1 methanol:chloroform a) C1 (1 mM) b) C2 (1 mM)
c) C3 (1 mM); TEM images of d) C1 (1 mM) e) C2 (1 mM) and f) C3
(1 mM); Histogram showing the size distribution of vesicles g) C2 and
h) C3.

SEM images in 1:1 methanol:chloroform upon addition of 1 equiv. of
anions a) C2+F, b) C2+ H,PQ,’, c) C3+F, and d) C3+ H,PO,. (Inset
shows the magnified image).

'H NMR (300 MHz, CDCls) spectrum of C1.
3C NMR (75 MHz, CDCls) spectrum of C1.
ESI-Mass spectrum of C1.

'H NMR (300 MHz, CDCls) spectrum of C2.
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Figure 3.33
Figure 3.34
Figure 3.35
Figure 3.36
Figure 3.37

Figure 4.1

Figure 4.2

Figure 4.3

Figure 4.4

Figure 4.5

Figure 4.6

Figure 4.7

Figure 4.8

*C NMR (75 MHz, CDCls) spectrum of C2.
ESI-Mass spectrum of C2.

'H NMR spectrum (300 MHz, DMSO-ds) of C3.
3C NMR spectrum (75 MHz, DMSO-ds) of C3.
ESI-Mass spectrum of C3.

a) Chemical structures of the Phe-based diacetylene-cored peptides D3-
D4, b) The pre-organization requirements for the topochemical
polymerization of diacetylenes, c) Chemical structures of Phe-based
PDAs PD3 and PDA4.

FTIR (KBr) spectrum of D3 showing the amide | and amide Il regions.
(FTIR spectrum of D4 was not recorded due to its immediate
polymerization)

Concentration-dependent 'H NMR (300 MHz, CDCls) of D3.
(Concentration-dependent *H NMR spectra of D4 was not recorded due
to its immediate polymerization)

Normalized Raman spectra of diacetylenes and corresponding
polydiacetylenes. (Raman spectrum of D4 was not recorded due to its
immediate polymerization)

UV-vis absorption spectra of diacetylene monomers and corresponding
polymers. (UV-vis absorption spectrum of D4 was not recorded due to
its immediate polymerization)

a) Cyclic voltammograms of PD3 and PD4 on a glassy carbon in
TBABF4/CH3;CN solution (Scan rate 100 mV/s); Inset shows the
zoomed reductive peaks. b) Energy band diagram of PDA4.

Powder X-ray diffraction pattern of polymer PD4. (PXRD data of PD3
was not recorded due to its sticky nature)

a) Schematic representation of the OFET fabricated in a bottom-
gate/bottom-contact configuration, b) AFM image showing the PD4
nanofibers with cross-sectional analysis along the line, ¢) SEM image of
the OFET (scale bar — 200 um); the inset in the blue broken line box
shows the 1 um channel (scale bar — 2 um), and d) full coverage of PD4
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Figure 4.9

Figure 4.10

Figure 4.11

Figure 4.12

Figure 4.13
Figure 4.14

Figure 4.15

Figure 4.16
Figure 4.17
Figure 4.18
Figure 4.19
Figure 4.20
Figure 4.21

Figure 5.1

nanofibers in the 1 um channel (scale bar — 500 nm)

FET measurements on PD4 a) Output characteristics, b) Transfer
characteristics, c) Temperature dependent output characteristics, d)
Arrhenius plot with linear fitting for different Vps values, e) Slope
extracted from the Arrhenius plot as shown in (d) as a function of Vps; a
y-intercept of 22.6 obtained from linear fit, and f) Drift velocity (vq)
with electric field at lower temperatures (Inset: at room temperature).
The OFETSs were fabricated with a channel length of 1 um and a width
of 20 um.

FET measurements on polymer PD3 a) Output characteristics and b)
Transfer characteristics.

FET performance parameters of polymer PD4 a) Variation of mobility
with Vs at room temperature under ambient conditions, b) Distribution
of mobility with different temperatures at Vps = -3 V and c¢) Activation
energy estimation.

Mobility and subthreshold slope (SS) repeatability characteristics of
PD4-based OFET stored under ambient conditions for 30 days.

'"H NMR (300 MHz, CDCls) spectrum of D1.
3C NMR (75 MHz, CDCls) spectrum of D1.

ESI-Mass spectrum of D1.

'H NMR (300 MHz, CDCls) spectrum of D2.

3C NMR (75 MHz, CDCls) spectrum of D2.
ESI-Mass spectrum of D2.

'H NMR (500 MHz, DMSO-ds) spectrum of D3.
3C NMR (125 MHz, DMSO-ds) spectrum of D3.
ESI-Mass spectrum of D3.

Graphical representation of different types of spherical assemblies
a) classical bilayer vesicle b) reverse vesicle c¢) Janus vesicle d)
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Figure 5.2

Figure 5.3

Figure 5.4

Figure 5.5

Figure 5.6

Figure 5.7

Figure 5.8

Figure 5.9

Figure 5.10

Figure 5.11

Figure 5.12

Figure 5.13

proposed model 1 and e) proposed model 2; Blue and yellow parts
represent hydrophilic and hydrophobic groups, respectively.

Chemical structures of polymers PE5-PE10 along with the graphical
representation of corresponding bottlebrush polymeric architecture.

'H NMR (300 MHz, CDCls) spectral comparison of a) monomer E5 and
b) polymer PES5.

GPC profiles of PE5 a) complete chromatogram, and b) expanded
region of polymer peak.

GPC profiles of PE6 a) complete chromatogram, and b) expanded
region of polymer peak.

GPC profiles of PE7 a) complete chromatogram, and b) expanded
region of polymer peak.

GPC profiles of PE8 a) complete chromatogram, and b) expanded
region of polymer peak.

GPC profiles of PE9 a) complete chromatogram, and b) expanded
region of polymer peak.

GPC profiles of PE10 a) complete chromatogram, and b) expanded
region of polymer peak.

Microscopic  analysis of PE5 (2 mg/mL) in 11
chloroform:methanol a) SEM, b-c) cryo-TEM, d) TEM, e) AFM,
and f) height profile analysis of AFM along the line.

Microscopic analysis of polymer PE6 (2 mg/mL) in 1:1
chloroform:methanol a) SEM, b) TEM, c) AFM, and d) height profile
analysis of AFM along the line.

Microscopic analysis of polymer PE7 (2 mg/mL) in 21
chloroform:methanol a) SEM, b) TEM, ¢) AFM, and d) height profile
analysis of AFM along the line.

Microscopic analysis of polymer PE8 (2 mg/mL) in 1.1

chloroform:methanol a) SEM, b) TEM, ¢) AFM, and d) height profile
analysis of AFM along the line.
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Figure 5.14

Figure 5.15

Figure 5.16

Figure 5.17

Figure 5.18

Figure 5.19

Figure 5.20

Figure 5.21

Figure 5.22

Microscopic analysis of polymer PE9 (2 mg/mL) in 11
chloroform:methanol a) SEM, b) TEM, ¢) AFM, d) and height profile
analysis of AFM along the line.

Microscopic analysis of polymer PE10 (1 mg/mL) in 1:2
chloroform:methanol a) SEM, b) AFM, and d) height profile analysis of
AFM along the line.

Dynamic light scattering (DLS) profiles of polymers (2 mg/mL) in
chloroform:methanol a) PE5, b) PE6, ¢) PE7, d) PE8 and e) PEO.

SEM images of monomers (2 mg/mL) a) E5 in 11
chloroform:methanol, b) E6 in 1:1 chloroform:methanol, c) E7 in 2:1
chloroform:methanol. The SEM of E8-E10 was not recorded due to
their sticky nature.

Investigation of interior of vesicles a) Confocal microscopic image
(60x) of PE5 + 0.1 equiv. of RB (red filter); Fluorescence emission
spectra of b) RB loaded PE5 vesicles [RB concentration = 1 uM, slit
width = 1 nm], ¢) Nile red [NR concentration = 5 pM, slit width = 1 nm]
and d) pyrene (Py concentration = 5 uM, slit width = 1 nm, ratio of the
intensities of band 1-to-band 3 (l;/l3) = 1.12 = 0.05 and 1.08 + 0.05 for
Py and PE5+Py, respectively] in 1:1 methanol:chloroform under
ambient conditions.

WCA measurement on a) bare glass surface; Glass surface coated with
b) PES5, c) PES, d) PE7, e) PES, and f) PEQ.

Graphical representation of a) bottlebrush polymeric architecture, b)
proposed vesicle model, ¢) classical bilayer model; Illustration of WCA
on the glass surface coated with g) proposed vesicle model, and h)
classical bilayer vesicles.

Hierarchical formation of vesicles a-c) Concentration-dependent
SEM, TEM and AFM analysis of PES5 revealing the different
intermediate stages during vesicle formation (i) 0.0625 mg/mL, (ii)
0.125 mg/mL, (iii) 0.25 mg/mL, (iv) 0.5 mg/mL, and (v) 2 mg/mL
(Insets show the zoomed images; Relevant parts are marked by
arrows), d) Schematic representation showing the evolution of
reverse micellar vesicles.

SEM images of PE5 (2 mg/mL) in varying composition of methanol
and chloroform.
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Figure 5.23

Figure 5.24

Figure 5.25

Figure 5.26

Figure 5.27

Figure 5.28

Figure 5.29

Figure 5.30

Figure 5.31

Figure 5.32
Figure 5.33
Figure 5.34
Figure 5.35
Figure 5.36

Figure 5.37

Partial ATR-FTIR spectra of PE5 in different solvent compositions,
showing amide A region.

SEM images of (a-b) PE7 (2 mg/mL) in 1:1 chloroform:methanol, c)
PE10 (2 mg/mL) in 1:1 chloroform:methanol, d) PE10 (1 mg/mL) in
1:1 chloroform:methanol.

GPC profiles of PE13 a) complete chromatogram, b) expanded region
of polymer peak and c¢) molecular weight distribution of the polymer.

GPC profiles of PE14 a) complete chromatogram, b) expanded region
of polymer peak and ¢) molecular weight distribution of the polymer.

GPC profiles of PE15 a) complete chromatogram, b) expanded region
of polymer peak and ¢) molecular weight distribution of the polymer.

Microscopic analysis (SEM, TEM and AFM) of polymers (2 mg/mL) in
1:1 chloroform:methanol (a-c) PE13, (d-f) PE14, (g-i) PE15.

SEM images of monomers (2 mg/mL) in 1:1 chloroform:methanol a)
E13, and (b) E14. The SEM of E15 was not recorded due to its sticky
nature.

X-ray crystal structure of E13.

Proposed models showing the rationale behind the low reactivity of
endo-isomers of norbornene towards ROMP (a-b) steric factors (c-d)
catalyst inhibition.

'H NMR (300 MHz, CDCls) spectrum of E1.
C NMR (75 MHz, CDCl5) spectrum of E1.
ESI-Mass spectrum of E1.

'H NMR (300 MHz, CDCls) spectrum of E2.
3C NMR (75 MHz, CDCl5) spectrum of E2.

ESI-Mass spectrum of E2.
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Figure 5.38
Figure 5.39
Figure 5.40
Figure 5.41
Figure 5.42
Figure 5.43
Figure 5.44
Figure 5.45
Figure 5.46
Figure 5.47
Figure 5.48
Figure 5.49
Figure 5.50
Figure 5.51
Figure 5.52
Figure 5.53
Figure 5.54
Figure 5.55

Figure 5.56

'H NMR (300 MHz, CDCls) spectrum of E3.

*C NMR (75 MHz, CDCls) spectrum of E3.

ESI-Mass spectrum of E3.

'H NMR (300 MHz, CDCls) spectrum of E4.

*C NMR (75 MHz, CDCls) spectrum of E4.

ESI-Mass spectrum of E4.

'H NMR (300 MHz, CDCls) spectrum of E5.

3C NMR (75 MHz, CDCls) spectrum of E5.

ESI-Mass spectrum of E5.

'H NMR (300 MHz, CDCls) spectrum of E6.

3C NMR (75 MHz, CDCls) spectrum of E6.

ESI-Mass spectrum of E6.

'"H NMR (300 MHz, CDCl5) spectrum of E7.

C NMR (75 MHz, CDCls) spectrum of E7.

ESI-Mass spectrum of E7.

'H NMR (300 MHz, CDCls) spectrum of E8.

3C NMR (75 MHz, CDCl5) spectrum of ES.

ESI-Mass spectrum of E8.

'H NMR (300 MHz, CDCls) spectrum of E9.
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Figure 5.57
Figure 5.58
Figure 5.59
Figure 5.60
Figure 5.61
Figure 5.62
Figure 5.63
Figure 5.64
Figure 5.65
Figure 5.66
Figure 5.67
Figure 5.68
Figure 5.69
Figure 5.70
Figure 5.71
Figure 5.72
Figure 5.73
Figure 5.74

Figure 5.75

C NMR (75 MHz, CDCls) spectrum of E9.

ESI-Mass spectrum of E9.

'H NMR (300 MHz, CDCls) spectrum of E10.

3C NMR (75 MHz, CDCls) spectrum of E10.

ESI-Mass spectrum of E10.

'H NMR (300 MHz, CDCls) spectrum of E11.

3C NMR (75 MHz, CDCls) spectrum of E11.

ESI-Mass spectrum of E11.

'"H NMR (300 MHz, CDCls) spectrum of E12.

C NMR (75 MHz, CDCls) spectrum of E12.

ESI-Mass spectrum of E12.

'H NMR (300 MHz, CDCls) spectrum of E13.

C NMR (75 MHz, CDCls) spectrum of E13.

ESI-Mass spectrum of E13.

'H NMR (300 MHz, CDCls) spectrum of E14.

3C NMR (75 MHz, CDCls) spectrum of E14.

ESI-Mass spectrum of E14.

'H NMR (300 MHz, CDCls) spectrum of E15.

3C NMR (75 MHz, CDCls) spectrum of E15.
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Figure 5.76
Figure 5.77
Figure 5.78
Figure 5.79
Figure 5.80
Figure 5.81
Figure 5.82
Figure 5.83
Figure 5.84
Figure 5.85
Figure 5.86
Figure 5.87

Figure 5.88

ESI-Mass spectrum of E15.

'H NMR (300 MHz, CDCls) spectrum of E16.
3C NMR (75 MHz, CDCls) spectrum of E16.
ESI-Mass spectrum of E16.

'"H NMR (300 MHz, CDCls) spectrum of PES5.
'H NMR (300 MHz, CDCls) spectrum of PES.
'H NMR (300 MHz, CDCls) spectrum of PE7.
'H NMR (300 MHz, CDCls) spectrum of PES.

'H NMR (300 MHz, CDCls3) spectrum of PE9.

'H NMR (300 MHz, CDCls) spectrum of PE10.
'H NMR (300 MHz, CDCls) spectrum of PE13.
'H NMR (300 MHz, CDCls) spectrum of PE14.

'H NMR (300 MHz, CDCls) spectrum of PE15.

XXXI

332

332

333

333

334

334

335

335

336

336

337

337

338



Table No.

Table 1.1

Table 3.1

Table 3.2

Table 3.3

Table 3.4

Table 3.5

Table 3.6

Table 3.7

Table 4.1

Table 5.1

Table 5.2

Table 5.3

LIST OF TABLES

Description

Summary of designer self-assembling peptides for drug delivery
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conditions are mentioned in Figure 3.24 caption.
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conditions are mentioned in Figure 3.24 caption.
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Details of the band structure parameters of polymers.

Molecular weight distribution of polymers as obtained from GPC
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Photo-induced conversion of hydrogel forming A118 to gel disrupting
A119.

Subtilisin-catalyzed methyl ester hydrolysis of A142.

Synthesis of Boc-protected dipeptides and corresponding N-deprotected
derivatives.
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Atomic force microscopy
Aggregation-induced emission
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Oxide capacitance
Chronoamperometry
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CD Circular dichroism

CHCl; Chloroform

CLSM Confocal laser scanning microscopy
Conc. Concentrated

CPT Camptothecin

CuCl Copper(l) Chloride

Ccv Cyclic voltammetry

d Doublet

Da Dalton

DAPI 4’ 6-diamidino-2-phenylindole

DCC N,N’-dicyclohexylcarbodiimide
DCM Dichloromethane

dd Double doublet

DFT Density functional theory

DIC Differential interference contrast
DIPEA N,N'-Diisopropylethylamine

DLS Dynamic light scattering

DMEM Dulbecco’s modified Eagle’s medium
DMF N,N-dimethylformamide

DMSO Dimethylsulfoxide

DNP Double numerical plus polarization
DOPA 3,4-dihydroxy-L-phenylalanine

DOX Doxorubicin

DPBS Dulbecco’s phosphate buffered saline
DPV Differential pulse voltammetry
DTNB 5,5’-dithio-bis(2-nitrobenzoic acid)
DTT 1,4 Dithiothreitol

E Peak potential

Ea Activation energy

ECM Extracellular matrix

EDC-HCI N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride
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EDOT-OH Hydroxymethyl-(3,4-ethylenedioxythiophene)

EE Encapsulation efficiency

Erel Relative energy

ESI Electrospray ionization

EtOAC Ethyl acetate

FBS Fetal bovine serum

FET Field effect transistor

FIB Focused ion beam

Fmoc 9-fluorenylmethoxycarbonyl

FTIR Fourier-transform infrared

g Gram

G2 Grubbs second generation catalyst
GCE Glassy carbon electrode

GGA Generalized gradient approximation
GPC Gel permeation chromatography
GSH Glutathione

GTP Guanosine triphosphate

h Hour

HBS Hank’s buffered saline

HOMO Highest occupied molecular orbital
HRMS High resolution mass spectrometry
HRTEM High resolution transmission electron microscope
Hz Hertz

I Peak current

Ibs Drain to source current

IR Infrared

ITC Isotheral calorimetry

J Coupling constant

Boltzmann constant
L Channel length
LC Loading capacity
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LC-MS Liquid chromatography-mass spectrometry

LED Light emitting diode

LOD Limit of detection

LOQ Limit of quantification

LUMO Lowest unoccupied molecular orbital
m Multiplet

MD Molecular dynamics

MeOH Methanol

mg Milli gram

min Minutes

mL Milli litre

mmol Milli moles

MMP Matrix metalloproteinase

mol Mole

MP Melting point

MTT 3-(4,5- dimethyl-2-thiazolyl)-2,5-diphenyltetrazolium bromide
MWCO Molecular weight cut-off

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
PDI

PEG
PGA

ppm
PXRD

Py

QC
QCM-D
RAFT
RB
ROMP
RT

SAM
SANS
SAXS
SCE

SD

SEM

SS

t

T

TBA
TBABF,
TBAF
TBAH,PO,
TBAP
TEA
TEG

Pair distribution function
Polydispersity Index
Polyethylene glycol
Poly(L-glutamic acid)
Parts per million

Powder X-ray diffraction
Pyrene

Quartet

Quantum confinement

Quartz crystal microbalance

Regioselectively addressable functional template

Rhodamine B

Ring opening metathesis polymerization
Room temperature

Singlet

Self-assembled monolayer

Small-angle neutron scattering
Small-angle x-ray scattering

Saturated calomel electrode

Standard deviation

Scanning electron microscopy
Subthreshold slope

Triplet

Temperature

Tetrabutylammonium
Tetrabutylammonium tetrafluoroborate
Tetrabutylammonium fluoride
Tetrabutylammonium dihydrogen phosphate
Tetrabutylammonium perchlorate
Triethylamine

Tri(ethylene glycol)
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TFA
THF
TLC
TMEDA
TMS
TPE
TTF
uv
Vs
Vs
Vis

WAXS
WCA

Trifluoroacetic acid
Tetrahydrofuran

Thin layer chromatography
Tetramethylethylenediamine
Tetramethylsilane
Tetraphenylethylene
Tetrathiafulvalene
Ultraviolet

Drain to source voltage
Gate to source voltage
Visible

Channel width

Wide-angle X-ray scattering

Water contact angle
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NOTES

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.

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.

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

All air sensitive reactions were carried out in oven dried glassware under an inert
atmosphere of argon.

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

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.

The characterization of synthesized compounds was done by *H NMR, **C NMR, IR and
High Resolution Mass Spectrometry (HRMS).

'H and *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). 'H
NMR data are reported as br (broad), s (singlet), d (doublet), g (quartet), t (triplet) and m
(multiplet). *H NMR coupling constants are reported in Hz.

High resolution mass spectra (HRMS) were recorded in Bruker MicrO-TOF-QIl model

using Electrospray lonization (ESI) technique.
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10.

11.

12.

IR spectra were recorded on Agilent-Cary 660 Series FTIR spectrometer/Nicolet, Protégé

460 spectrometer as KBr Pellets.

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.

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