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ABSTRACT

Pseudomonas aeruginosa azurin, a small copper containing redox metalloprotein was cloned
in pET28a vector in fusion with an affinity tag (6 X histidine) for single step purification using
Ni-NTA (Nickel-nitrilotriacetic acid). The protein was overexpressed and purified and the yield
was 50 times higher for recombinant azurin than reported values for wild type azurin from P.
aeruginosa. Recombinant azurin was characterized by UV-visible spectroscopy and the
characteristic peak at 620 nm was observed with purity ratio (Abse20/Abs2g0) of 0.174. Azurin
was also characterized by fluorescence, and CD spectroscopy. The electrochemical behavior of
protein was studied by cyclic voltammetry and conductive atomic force microscopy. In cyclic
voltammetry azurin protein showed oxidation and reduction peaks at 280 mV and 178 mV,
respectively. Azurin variants (Cu-azurin, Fe-azurin and Ni-azurin) were reconstituted by
modifying the metal ion center of the protein. They were characterized by UV-visible
absorbance and fluorescence spectroscopy. All the three azurin variants showed good redox
active characteristics observed by the presence of oxidation and reduction peaks. Azurin
variants were prudently immobilized on three different devices which acted as a channel (200
nm) between the source and drain electrodes and the devices realized in highly scalable and
reproducible manner to act as a field effect transistor (FET). Electrical measurements illustrated
p-type FET behavior for all three variants. The devices possess low subthreshold swing (200
mV/decade) and high on-off current ratio (10°). The FET devices showed consistent behavior
in highly stable mode as measured for a span of 8 weeks. These FETs having high throughput
with long term stability and exhibited commendable robustness. The Al/Azurin/ITO/PET

(Aluminium/Azurin/Indium tin oxide/Polyethylene terephthalate) structure based on
v|Page



recombinant azurin was used for the flexible memory applications. Highly stable LRS (low
resistance state) and HRS (high resistance state) were demonstrated for 500 cycles. The flexible
device has also exhibited stable current and both switching states upon bending test for multiple
cycles. Azurin metal ion variants based memory devices were also studied. Stable HRS and
LRS were observed in all three devices for 10 cycles. The Cu-azurin based device showed best
memory behavior with larger memory window. Also, all three devices exhibited good
repeatability and endurance. Recombinant azurin has shown good conducting behavior and may
be used for the development of electronic biosensors. These devices also fill the technological
gap to integrate protein based memory with other biocompatible and bio-integrated electronic

device, which is extremely desirable.
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ETp Electron transport

FET Field-effect transistor

FTIR Fourier transform infrared spectroscopy

h Hour

HEPES 4-(2-Hydroxyethyl)-1-piperazineethanesulfonic acid
HOMO Highest occupied molecular orbital

HRS High resistance state

Ip Drain current

IPTG Isopropyl-B-D-thiogalactopyranoside

ITO Indium tin oxide

-V Current-voltage
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kDa

Ket

kVem?t

LB

LRS

LUMO

M icm™

mg

mg/mL

mg/L

mm

mM

nQ'm

MPTS

mV

mVsec?

MWCO

Kilodaltons

Electron transfer rate constant

Kilo volt per centimeter

Luria Broth

Low resistance state

Lowest unoccupied molecular orbital

Per molar per centimeter

Milligram

Milligram per milliliter

Milligrams per liter

Millimeter

Millimolar

Nanoohm-meter

3-mercaptopropyl trimethoxysilane

Millivolt

Millivolt per second

Molecular weight cut-off
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nA

NHE

Ni-NTA

nm

OLED

pA

PCR

PET

PMMA

POC

mm

SDS

SEM

ST™M

SS

B

Nanoampere

Normal hydrogen electrode

Nickel-nitrilotriacetic acid

Nanometer

Organic light emitting diode

Picoampere

Polymerase chain reaction

Polyethylene terephthalate

Poly(methyl methacrylate)

Point of care

Revolutions per minute

Second

Sodium dodecyl sulphate

Scanning electron microscopy

Scanning tunneling microscopy

Subthreshold swing

Terrific Broth
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TC

TEMED

Tm

Tris

MM

uv

Vbs

Vs

viv

Vreset

Vet

V1H

w/v

Transfer characteristics

N,N,N’,N’-tetramethylethylene diamine

Melting temperature

Tris(hydroxymethyl)aminomethane

Micromolar

Ultraviolet

Volt

Drain-source voltage

Gate-source voltage

VVolume by volume

Reset voltage

Set voltage

Threshold voltage

Weight by volume

xxi|Page



LIST OF SYMBOLS

Alpha

Beta

Centimeter

Molar absorption coefficient
Relative centrifugal force
Micro

Wavelength
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