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Abstract

Indinavir is a potent and well tolerated protease inhibitor drug used as a component of the
highly active antiretroviral therapy (HAAR of HIV/AIDS, which results in
pharmacokinetics that may be favourable or adverse. These drugs work by maintaining a
plasma concentration that is sufficient to inhibit viral replication and thereby suppressing a
patientos viral | o awral drufys, includmy eindinawr,f undargot i r et

metabolism that is catalysed by cytochrome P3BA8 enzyme found in the human liver

microsomesThe rate of drug metabolism influences
as drug interacdliidfies eabhexni enggonh@iatdi dn s, suc
anaemi a, ki dney f ai Therapeutic @mgl mohitorimmge(TDMp duang | e ms .

HIV/AIDS treatment has been suggested to have a potential to reduce drug toxicity and
optimise individual therapyA fast and reliable detection technique, such as biosensing, is
therefore necessary for the determination of
appropriate dosing of the drugs. In this study biosensors developed for the determination of
ARV drugs comprised of cysteamine saffisembled on a gold electrode, on which was
attached 3dnercaptopropionic acidapped palladium telluride {8PA-PdTe) or thioglycolic
acidcapped palladium telluride (TGRdTe) quantum dots that are crtisked to
cytochrome P453BA4 (CYP3A4) in the presence of-ethyl3(3-dimethylaminopropyl)
carbodiimide hydrochloride and-Mydroxysuccinimide. The quantum dots were synthesized

in the presence of capping agentdBA or TGA) to improve their stability, solubility and
biocompatibility. The capping of PdTe quantum dots with TGA-MFBA was confirmed by

FTIR, where the SH group absorption band disappeared from the spetvP#-PdTe and
TGA-PdTe. The particle size of the quantum dots (< 5 nm) was estimated from high
resolution transmission electron microscopy (HRTEM) measurements. Optical properties of

the materials were confirmed by WWis spectrphotanetry which produced absorption



bands at ~320 nm that corresponded to energy band gap values of 3 eV (3.87 eV){for TGA
PdTe (3MPA-PdTe) quantum dots. The electrocatalytic properties of the quantum dots
biosensor systems were studied by cyclic voltammgdy) for which the characteristic
reduction peak at 0.75 V was used to detect the response of the biosensor ta.ifksailts

for indinavir biosensor constructed witiMPA-SnSe quantum dots are also reported in this
thesis. The three biosensors systems were very sensitive towards indinavir; and gave low
limits of detection (LOD) values of 3.22, 4.3 and 6.2 ngholL3-MPA-SnSe, aMPA-PdTe

and TGAPdTe quantum dots biosensors, respectively. The LOD values are within the
Omaxi mum pl as manmasrvalueofdndibavird t 15 myimb) ngrn@lly observed

8 h after drug intake.
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Chapter one




1.0 Summary

This chapter describes thaspects involved in the study namely; quantum dots, selisers,
cytochrome P4®-3A4, linking agents such as-tysteineh u ma mmunodeviircuisency
HIM nf eatmitom e tARMdrn w@ad i(ln agneddelt a drug wused in
(ndinavir drug) whichrihgékangbi biot ar <.t A Else caa
chapttdreeliasti onshi ps psatmtde egametirmiebsuet i acseef aivaadsd
successful studyy.cl Thle decnh dgett sgtrreondd nsto ad nimdb a n d

objectives of the study as well as thesis ou

1.1Background

Human immunodeficiency virus (HIV) belongs to the claaBed retrovirus which carries
genetic information in the form of RNA hevirus destroya type of defense cslin the body
called aCD4 helper lymphocytéHost cells) which plays an important role in controlling
HIV replication (Norris and Rosenberg, 20@hong and Yeh, 1999Thus when airusis
attacredto the CD4 cells itauses damaga the processeading to fewer functioing CD4

cells and weakening the ability of different cells within the immune system that join forces
together and fight off future infections Therefore an infected patient becomes more
susceptible tocontract opportunistic infections which can be caused by whole host of
microorganisms leading to a development of symptoms when theeeinsmune system for
prevention(Weiss,2008. There are significant impactwhich the disease have saciety
based oncultural, social and economic effect to a country wWalge number of victims

According to World Health OrganisatigWHO), there are amstimated number of more than



33.3 million people infected with HIV worldwide and nearly virus resulted in deztimore

than 25 million peole in the past three decade (Michaidcl 2012).

The most critical component of replicative cycle HV-1 proteaseenzyme which is
responsiblefor the generation of maturdunctional viral enzymes and structural proteins
through cleavage of viral Gag and Gd#&ypl precursompolyproteins Wensinget al, 2010;
Kohl et al, 1988) An investigationon HIV protease structure and its substrate has led into a
developmenbf antiretroviral ARV) drugs in agoal of deducingand maintaimg maximum
suppession of HIV replication anfbster maximum CD%cell counts to improve the quality
of life for pegle who have HIV infectionl{n, 1997). The earliest drugs developed to fight
against HIV/AIDS were nucleosideghich comprise®f the following drugs: zidovudine or
didanosine andstavudine but their therapy is limited lygh toxicity level and a rapid
development of viral resistan¢®loyle, 1995; Tomasselli and Heinrikson, 200Thus there
was an urgent need falevelopment ohew class ofARV drugsthat caninhibit the viral
replicationby delayingemergence of viral resistance atess toxic These new developed
drugs arecalled protease inhibitorsyhich weredesigned to mimic the transition state of
peptide substrate and compete withrthfor binding the active site of thpgoteaseenzyme
i.ean enzyme that brealeslong chainlike moleculef proteins into shorter fragmengsoisy
and Sommadossi, 1999%n important role played by thegeRV drugs in HIV replication
cycle istheinhibition of active site of viral enzymi® prevent the breakinigy forming non
infectious viral particlegClavel and Hance, 2004nd they are used as a component of
highly active antiretroviral therapy (HAART) which results in dramatic reduction changes in
theviral load and increase the amount of CD4 coS8eteral other studies linking the decline
of morbidity and mortality to (HAART) have beeweported (Wlodawer an&/ondrasek
1998) and arrent literature suggests that thesags are metabolised by CYP3A%fisrm

and being abundaribrms in the liverresponsiblgor formation of metaboliteshat can be

3



excreted in urineGhiba, 1997 Zuberet al, 2003. Hence all its substrates may be able to
compete and leads tisk of drug interactions (Dresset al, 2000). The following figure

shows the structure of HIV proteasezymeand protease inhibitomdinavir complex.

Indinavir complex

HIV protease enzyme

Figure 1. Schematic representation of HIV protease enzyme and protease inhibitor
(indinavir complex).

1.2 Problem statement and motivation

Protease inhibitors have played a major role in decreasing the mortality and maeuiidity
people with HIV infection(Arts and Hazuda2012) however i has been shown that the
variablity in drug metabolism haveubstantial efct onclinical outcomes in patients due to
impact of intetindividual respasiveness to same dose of givdrag (Pokornaet al, 2009;
Michaud et al,2012, such effects may be caused fmor adherence, virological resiste

and pharmacological issu@=ord et al,2004 Cressy and Lallemant, 200de Requenat al.,



2003. According toCancer Information Support Netwo(CISN) metabolism ofdrug is
affected by numerous factors of environment and genetic argislow metablizers and
normal metabolizexr Slow metabolizerindividuals tend to accumulate substantially higher
drug concentrationvhich increase the risk for drug related adverse events (life thiegte
toxicity such as vomitingand kidney stones) such patients may require smaller dose while
normal metabolizerbreals down drug to quickly and require high dos€he effect of such
factors complicates the life of diagnosed patients and need a therapy to monitoftiees.
have been several reports in relation with protease inhibitor expoduee, dctivity and
toxicity in combination with wide inteindividual variability in pharmacokinetics which
resulted ingrowinginterest in therapeutic drug monitoriiBDM) of antiretroviral drugs as a
tool in mangement of HIV infected people §m Heeswi et al, 2002). The process dfug
monitoring can be dongy optimization of antiretroviral theragpotent toreduce toxicityand
adequate viral suppressidbeveral relative simple techniques which can be used in hospital
for measurements of proteasdilmtors have been described (Frapmeral, 1998; Sarasa
Nacentaet al, 200). Such techniques includésghly performance liquid chromatography
with ultraviolet detection (HPLC) and also Liquid chromatography or mass spectrometry
(LC/MS) but the prolem with these techniques is thequirenent of large volume of
samples, expensive application and maintenance and not giving results in real time. Several
works has been reported on assays for determinatiocoréentration of HIV protease
inhibitor, indinavir in serum/fasma Burger, et al, 1997).Current literature suggested that
an assay byMarzolini et al,200Q can measure protease inhibitors and-noaleoside
reverse transcriptas¢hat may not be sensitive enough for quantification of trough
concentration in patients on a single proteashbilitor containing regimes, the problem has
led into development o1 devicethat will be fast, portable, cheap, easy to monitor and use

small volume of analytén orderto address the issues pétientsfalling ill as a result of



inappropriate dosing and treatment. The device can be achigmMadcing a sensor material
with nanomaterialfor fast responses in electrocheadi biosensors. Inour study a
combination of CYP3A4 and electron mediatof(quantum dat) has been used for
electrochemical studynd modelling of ARV drug metabolism therefore the status of
metabolism of ARV drugs in patients woulé evaluated by the use lmbsensor consisting

of cyskeamne modified3-MPA-PdT&)Ds and TGAPdTeQDsand samples ogblasma and

urine

1.3Aims and objectives

The aim of this study was to develop quantum dot modified bioseftsodetermination of
indinavir drug. e biosensas developed omold electrodeusing capped palladium telluride
guantum dotscapped tin selede quantum dotsl.-cysteineor cysteamineand CYRBA4
enzyme Fabrication of CYP3A4 biosens@:MPA-SnS@Ds/L-cyst/Aubiosensor system for

indinavirinvolved

Immobilisation of a gold electrodavith L-cysteine, the bindindormed a seH
assembled monolayemodified electrode dcyst/Au SAMSs) by taking advantage
of strongsulphurgold interaction.

Il. The synthesis of aqueous route SnSe capped wntler8aptopropionic acid and
immobilisation of AMPA-SnSeQDonto selfassembled monolayer of-tystAu
for 2 h, which then reacted chemically twifree amino group from the-tysteine
in the presence of cro$isking agents (EDC/NHS) via formation of a strong ester
amide bond.

[1I. Charactesation of3-MPA-SnS&Ds/L-cyst/Au using CVUV and SEM



V. The construction of bioseor by bindingthe aminogroups of enzyme CYP3A4
with 3-MPA-SnS&Ds/L-cyst/Au quantum dots (carboxylic acid) to form
biocompatible surfaces.

V. Testing of CYP3A43-MPA-SnS&Ds/L-cyst/Au biosensoin the presence and

absence ofndinavir using CV, UV and SEMespectively.

The following schemeepresentations the development of CYP3AMIBA-SNS&Ds/L-

cyst/Au biosensor.
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Figure 2.1: Schematic representations for development of CYP3A4/BIPA-SnS&Ds/L-
cyst/Au biosensor



Fabrication of CYP3A4 biosensorTGAPdTeQDs/Cyst/Aliosensor system for indinavir

involved

Surface modification of gold electrodeth cysteamine resulting in the
formation of selfassembled monayer (SAM) on a gold electroddy
taking advantage of strong sulpfgoid interaction.

Further modification of cysteamine modified geld electrode with 3
mercaptopropionic acid capped PdTe or thioglycolic acid capped PdTe
guantum dots in the presence of carbodiimide and succinimide cross
linking agents.

Incorporation of CYP3A%bnto cysteamine and®ercaptopropionic acid

or thioglycolic acid capped PdTe quantum dots modified gold electrode
resulting inCYP3A4/TGAPdT&Ds/Cyst/Au biosensor

Testing of CYP3A4IGA-PAT&Ds/CystAu biosensor in the presence

and absence of indinavising CV, UV and SEM respectively.
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Figure 2.2 Schematic representations for the development of CYP3A4/TGA
PdTeQDs/Cyst/Au
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1.4 Thesislay-out

This thesis is presented in seven chapters

Chapter 1: Gives brief background information on the projectplgem statement and

motivation as well as aims and objectives.

Chapter 2: Provides a detailed literature review

Chapter 3: Consists of reagents, procedures and instrumentations used for the success of this

study.

Chapter 4: lllustrates morphological, speascopic, electrochemical results obtained from
L-cyst, nanomaterial (BIPA-SnS&Ds) and developed biosensor CY¥&4/3-MPA-

SnS&Ds/L-cyst/Au

Chapter 5: Provides spectroscopic, morphological and electrochemical resitismed from

linker, Cyst nanomateal, TGA-PdTeé)Dsand deeloped biosensor and detection.

Chapter 6: Provides spectroscopic, morphological and electrochemical results obtained from

linker, Cyst: nanomateriaB-MPA-PdTeQDs and developed biosensor and detection.

Chapter 7: Represents concéion and recommendations
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Chapter two
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Literature review

2.0 Summary

This chapter covers the role of sasembled monolayers atitkir applicatiors in the field
of sensors. Alsathis chapter givesan introduction of quantum dots déding their
composition and properties.Types of quantum dots, their functionalization and
immobilization process applied in field of sensare also described in this chapter. The
family of enzyme (Cytochrome P450) and its isofasead for successfulusty (CYRBA4),

electrode immobilization and brief description of indinavir deugl pharmacokinetic use

2.1 Indinavir drug

H H v H
= k/n\/‘/\/ﬂ\ /l!l Indinavir
- C

Figure 3: Indinavir drug
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Indinavir drug is a proteasehibitor manufacturedoy Merck in 1996 wherethe strategy

began on transitiestate mimetic concept (Richt al, 1991) Amongst any othedrug

indinavir blocks theactivity of the protease enzyme, which HIV uses to break up large
polyproteins into the smaller pieces required for assembly of new pasdicles. In
pharmacokinetic, the drug 60% protein bounth circulation and has been investigated by
(Steigbigel et al 1996 Lewis Il and Terriff, 199y by using highdose of indinavir
monotherapy for comparing the amount of increas€¥ lymphocye with respect o
decrease I n  viral | oad. phrahri ma ciorkv e suthiii gcaht S toun
indithaedindinavir drug is wel/ absorbed in
aftegla dbese of 800 nmd aien dndneaSiarttNden Ald C

val ues wer eh 1a0n d h20IMm eGsMp. B ¢ tni, v BLiSyd Dwe d ai mlecr e a
ChasaNAUW@ al weesand mi ni stered with meal .hh®&@se i n
studies have been compiamieglt nmia it chio ncaognBo@ Onderdg §d r
wi mlo-mucl eosi de r e V&aNINRE ssttraamwsdimwihg c@s® | mg)Xd i n

change in Bo@mdi sd aw@dimempared to. sol e admi

2.2 Selfassembled monolayers (SAMs)

A scientific discovery on alkanethiols performexh noble metal was done ih9 8 Gsidch ;
noble metals including gold havargely been employed in different methodologies and
techniques for investigation of molecule, ¢pdaand electron transfeCéevalhal, 204). The
methodologies involves the modification of electrodes via functionalization of thiol group
which has been attractive and of prime importance in sensor technology since their
adsorption onto gold surface can result in formation of -axgllnised dé-assembled

monolayers (Wirde an@elius, 1999Mozaffari and Shervedani, 200Brettet al, 2003 and
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offers a starting place in the construction of electron transfer moGalmuzancet al,

2006 Weng and Du, 2002 Alkanethiols such ascysteamine ath L-cysteinehave been
broadly applied as linker molecules to immobilize functional organic, inorganic materials as
well as proteins (Zhangt al, 2005)and have played erucial role in biosensor fabrication

and promoter in bioelectrochemistry (Karlssetral, 1997) An investigation orapplication

of sef-assembled monolayerer the design of modified electrodes and biosensors was
reviewed by Mandler. In this workysteamne and Lcysteinehavebeen used to form self

assembledhiol layer on gold elecbde surface for promotion of electron transfer.

2.3 Quantum dots

Quantum dot term was operated by Marke®eat Texas Instrument and known as
semiconductors ranging from® nm, due to their small sizes they display unique optical
and electrical propeds that differ in character to those corresponding to bulk materials
(Khateiet al, 2011). Quantum dotaere discovered and prepared at the beginning of 1980s
by Alexei Ekimov in a glass (Bawendt al, 1990) and by Louis E. Brud984in colloidal
soluions. The effect of their small size causes energy levels of different bands to be
guantized in relation to the size of the dot (Michakedl, 2005). As the size of quantum dots
becomes smaller, the energy bag gap becomes larger which results in ergyeneeded to
excite electrons from valence band to conduction band or the band gap becomes blue shifted
(Hambro& et al, 2001). They have widenge of applications in diverse fields ranging from
drug delivery(Vicentet al, 2006), biosensing ( ChandNei, 1998),materials for solar cells

andphotovoltaicfHunchet al, 2003)and in light emitting diodes (Caat al., 2002).
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2.3.1 Types of quantum dots

2.3.11 Tin selenide quantum dots

Tin selenide quantum dot belongs to W) in periodic table.These (I\*VI) chalcogens
present electronic and transport properties such as high dielextsitants, narrow band gaps
and high carrier mobilities (Nimtizet al, 1983) Fabrication of I\VI semiconductors for

solid state device began in 1874 with Ferdthan Br a u n 6rselectriegd ectificatiam
(McCann, 2006). At present, most attention dentred on IV-VI used primarily in
optoelectronic devices designed for detection and emission ofimfrisded electrochemical
radiation Pearsorand llegems1975) laser diodes and photovoltaic cells which are used in
different applications such as industrial process monitoring, medical diagnostics and

atmospherigollution control

2.31.2 Palladium telluride quantum dots

Platinum group metal chalcogenides araipum group metal containingulphur selenium,
tellurium and oxygem@ndhave attracted attention in recent years due to catalysis and material
scierce relevance (Deyand Vimal, 200% which pose extensive applications in
electrochemical industry in multyar ceramic capacitor (MLCCs)Due to their
semiconductor properties they are used in-lmlitage and lowenergy contacts, thieand
thin-film circuits, thermocouples and furnace components, and elect(Bdgbaudet al,
1997).An investigation of moditd sensors based on the chemical modification of electrode
with immobilized nanoparticles of transition metal palladiwas done by (Miacet al,

2000).
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Several synthetic methods have been reported since the first synthesis of monodispersed
CdTe nanocrystgMurray et al, 1993).The development of colloidal synthesis provides the
ability to precisely tailor the structural characteristics (e.g., size, shape, compadition
nanoparticles) thus thimethod is applicable for biological application of quantuotsdo

give rise to their solubility, stability, netoxic to biomolecules, neagglomerate and
biocompatibility. Publication by (Ndangilet al, 2011), the author used zinc selenide
guantum dotgunctionalized with 3mercaptopropionic acid to give rise water soluble and

biocompatible nanocrystals.

2.31.3Surface capping agents

Surface capping agents are used to functionalize quantum dots in colloidal synthesis to inhibit
nanoparticle overgrowth, aggregation and control the structural characteoistioemed
nanoparticlegNiu et al, 2013) and the choices of choosing a good capping agent depends on
solvent type, size of quantum dot and its surface chemistry (Cethah, 1994).The process

of capping is utilized to promote catalytic perforram nanoparticles and interactions such

as hydrophobic, electrostatic or chemisorptiamch provides a strong binding of capping
agent to nanoparticle surfade. this study 3mercaptopropionic acid and thioghlic acid

have been used ithe synthesis toibd quantum dots from thiol groupSH) and free

carboxylic group used for attachment of biomolec(@¥sg and Rao, 2008).
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Figure 4: Schematic representatiorof thioglycolic acid capped PdTe quantum dots

2.3.1.4immobilization of quantum dots on surfaces

Quantum dots havbeeen immobilized onto planaurfaces in thdabrication of photonic
devices and design of various sensing platform (Gapenikl, 2003. A famous method

used involves covalent coupling between chemical mgopresent on the substrate and
functional groups locatl at quantum dot surface. Thigethod is achieved by using cross
linking agents such as ED#hich is used to couple carboxylitoup to primary amines and
have been used in wide applications such asming amide bonds in peptide synthesis
(Panchauckt al, 2008)and NHS a water-soluble analog (Sulf®diHS) often included in EDC
coupling protocols to improve efficiency or create-dtgble (amingeactive) intermediates
(Sam et al, 2009). This approachinvolves the coupling of carboxylate functionalized
guantum dots to terminal amine group resulting in a dense quantum dot film (Shavel et al.,

2005)
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Figure 5: Immobilization of quantum dots on a substrate via covant bonding

2.4 Biosensors

Biosensors are of interest within the field of modern analytical chemistry and pharmaceutics
due to major demands and opportunities that appearing in clinical diagnostics, environmental
analysis, food analysis and production mamng (Ngoepeet al, 2013). Biosensors are
devices that utilises biological components such as enzyme, antibody and nucleic acid to
indicate the amount of materidlhe major part of biosensor is biological recognition system
which translates informatio from the analyteconcentrationinto a chemical or physical
output signal with a defined sensitivity and its purpose is to provide the sensor with a high
degree of selectivity for the analyte to be measured while the transducer part of the sensor

serves @ transfer the signal from the output domain of the recognition systest|y to the

19



electrical domain because it provides bidirectional signal trari$fezvenot et al, 2001).
Concept of biosensor was introduced by Professor Leland C.Clark in 1962bwheze
described how to make electrochemical sensors more intelligent by adding enzyme
transducer as membrane enclosed sandwich.

Biosensors are divided into basic groups depending on their methods of signal transductions:
these groups are optical, mass,cetechemical, magnetic, micromefical and thermal

sensors$ethi, 1994).

2.4.1 Enzyme based electrochemical biosensors

Enzymes are proteins with high catalytic activity and selectivity towards substrates and have
been used for decades to assay the cdrai®n of diverse analytes. Their commercial
availability at high purity levels makes them very attractive for mass production of enzyme
sensors since theyabe unique propertiesCorcuera and Cavelieri, 2003). Biosensors
constituting enzymes employ aask of enzymes known as oxidoreductases since they are
heavily involved in metabolism and catalyses reducior oxidation reactions witlirect
electron transfer which makes them highly suitable for electrochemical sensors providing real
time monitorizatn of the target biomoleculesT(ojanowicz et al, 1995. Enzyme based
electrochemical biosensoecan be produced by immobilizing enzyme onto working electrode
surface to take the advantage of redox recycling effect and faradaic currents generated by
redox cycle is due to increased mass transport of redox active species of the enzyme thus
enhancing sensitivity and improves the signal to noise ratio and detection limit of the
biosensor (Chemt al, 1999 Menaet al, 2005. Electrochemical measurements of &
immobilized on bare electrode had been investigation by (Bistolls 2005 and found that

el ectron transfer bet we en e wds @aotlyr acmhished,n d e n:
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therefore mediatorsuch as nanomaterials am@nducting polymers wereintroducedto

promote electron transfer to and from the enzyme to produce better signal ¢Badik

2010) . Since 197006s attempts have concentr a
electrochemical sensoPublication by (Nxisani,2012jhe author sed3-mercaptopropionic

acid capped gallium selenid8-MPA-GaSe;) quantum doteis amediator incorporated with

CYP3A4 enzyme to promote electron transfer to and from the enzyme. In this study
thioglycolic acid capped palladium telluride quantum dots (TR e), 3mercapopropionic

acid palladium telluride quantum dot3-NPA-PdTe) and 3nercaptopropionci acid capped

tin selenide quantum dots3{MPA-SnSe) havdeen used as miadorsfor the promotion of

electrontransferin the system

2.5 Enzymes

2.51 Cytochrome P450

Cytochrome P450s were first discovered in 1955 in rat liver microsomes and characterized by
an intense absorption band at 450 nm in the presence of carbon mo(eglgarenko,
1995) andbeing alarge family of hemeenzymes used to catalydversity of chemicals and
involved in metabolism of many druggenobioticwhich holds biactivation responsibility
(Estabrooket al, 1996 Shumyantseveet al, 2005. CYPs and other mixed function
monooxygenases are located on the smooth endoplasntiglusti of cells throughout the
body with the highest concentrations in the liver and intestifgis. CYPfamily comprises

of many isoforms such a&CYP1Al, 2C9, 2C19, 2D6which are responsible for drug
metabolism in the body (Williamst al, 2004 Schneder and Clark, 20)3with CYP3A4
known as anajor form of cytochome PI50 in the adult liver which metabolizes the greatest
proportions of drugshus its characteristics attracted the field of pharmacology and virology

for study of newly developed drugsd their monitorisation(Gunaratna, 2000). Publication
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by (Hendrickset al, 2009, the author used this type of enzymenandiosensor fabrication
for 2, 4dichlorophenol. In this study CYAA4 enzyme was used as a 4ommponent in

developed electrocheoa sensor for indinavir drug.

Figure 6 below describes the binding of indinavir drug onto the active site of the enzyme
followed by reduction of an electron and shift spin state from low spin to high spin.-Mono
oxygen onto the active site may lead to &eotelectron reddion and formation of by

product
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Figure 6: Schematic for electrocatalytic oxygenation reaction of indinavibound
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Chapter three
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Experimental

31 Summary

This chapterdescibes the procedures for theynthesis of3-MPA-SnS&Ds, 3-MPA-
PdTeQDs and TGRdAT&Ds using appropriate reagents and different routes. This chapter
also includs the immobilizatiorprocedure used to attach tieazyme fothe development of
biosensor.ncluded here are theharacterizationprocedures for thdiosensorsas well as
other materiak used towards the fabrication of the biosenagssig various techniques;

spectroscoe (UV, FTIR and P), microscopic (HRSEM, HRTEM) arelectrochemical

(CV).

3.2 Reagents

Analytical reagent grade Tin chloride (98%), palladium chloride (99.9%6)

mer captopropioni c iacgildy c(oMR A) a(cGodurdBHiRAde ( O 9 ¢
(0 99 %), selenium powder (99. 99%) , sodium b
(37%), sodium dihydrogen phosphate monobasic anhydroidaf0) (.99 %) , di s
hydrogen phosphate dibasic (HIR&) ( . ,%8&dMn phosphate monobasic dehydrate
(NaH,POy.H,0), disodium hydrogen phosphate dibasic #\N0,.H,O) 1-ethyl3-(3-
dimethylaminopropyl) carbodiimide hydrochloride (EDC) andhydiroxysuccinimide (NHS)

(98%), Lcyste i ne ( Oystead %)e, (O 98 %) an d3ALKEYPSAAhr o me
human expressed irBaccharomyces cerevisiagere purchased from i@gna Aldrich.

Indinavir drug (Crixivanjand engineered Cytochrome P4584 enzyme, purified from a full

length human CYP3A cDNA clone and over expressed Hscherichia colicells were

purchased from Merck while the Alumina micro polishing pads were obtained from Buehler,
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LL, USA. 0.1 M phosphate buffer solution, pH 7.4 was prepared from disodium hydrogen
phosphate dibasic dnsodium dihydrogen phosphate monobasic using Milli Q water
purification. Theindinavir drug was used without any purification and dissolved in 0.1 M
PBS pH 7.4 whereby thactive ingredient was removehd undissolved componengre
removed usindiltering througha Whatman polytetrafluoroethylene syringe filter (pore size

0.3 um).

3.3 Instrumentation

All electrochemical measurements were done using BAS106Wgrated automated
electrochemical work station from Bio Analytical Systems (BAS), LafayetteA @8d
Princeton Applied Research Potentiostat model 273Atravioletvisible (UV-Vis)
measurements were made usinljieolet Evolution 100 UW/isible spectrorater (Thermo
Electron, UK) where the samples were placeduartz cuvette beforeanalyss. All cyclic
voltammograms were recorded with computer interfaced to BAS 100W and Princeton 273A
electrochemical work ation using a0 mL electrochemical cell with three electrodes set up
was used. The electrodes used in the study were (1) gold working @ééefire: 0.0201 cf)

from BAS, (2) platinum wire from Sigma Aldrich acted as counter electrode and (3) Ag/AgCI
from BAS kept in (3M NaCl) was the reference electrode and alumina micro polishing pads
were obtained from Buehler, LL, USA and were used foisholg the gold electrode before
modification. HRTEM images were taken using Tecnai G2 FZ0n MAT 200kV Field
Emission Transmission Microscopy from FEI (Eindhoven, Netherlands).All FTIR spectra
were recorded on spectrum 100 FTIR spectrometer (PerkinBUS&\) in a region of 400 to

4000 cnt.
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3.3.1 Spectroscopic techniques
3.3.1.1 UV-Vis spectroscopy

Ultraviolet-visible spectroscopylV-Vis) is a technique used to study molecules and their
electronic transitions, molar absorptivity) which ranges from 0 to $@nd transition with

molar absorptivity less than 1(Chen,2013). The technique is used to confirm the identity of
the substance through measured speat with reference spectrunigny, 1996) and for
semiconductors this teclue is used to offer convenient methode&timate optical band
gapsdue to electronic transitions between the valence band and conduction band. The
transition metals arise from 3d and are quite broad and affected by ligands, solvents and
charge transfer ich occurs between the metal and ligand undergo jump from one orbital
centred on ligand to an orbital centred on a metal-\il/is a complementary technique to
fluorescence since the transition of a molecule releases photons from excited state to ground
state, and uses the absorption band (excitation) wavelength to deissiberof light from
molecule. UV-Vis spectroscopy has limitations compared to other techniques because it
shows only few broad absorbance bands and provides limited qualitativeatitorrand also

pH, temperature may have an influence on changing the intensity and absorption maxima.

In the study by Rriyam et al,, 2005), the author usedysteinecapped cdmium selenide
guantum dotsyrthesised in agueous solution whiekhibited absgption bands at 320 nm
and shifted to 380 nm at different refluxing time to monitor the growth of quantum dots.
Similar resultshad been foundn the studyfor 3-MPA-SnS&Ds, 3-MPA-PdTe&)Ds and

TGA-PAT&)Ds
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3.3.1.2 Fourier transforms infra-red spectroscopy(FTIR)

Fourier transforms infraed spectroscopy (FTIR) is a powerful tool that has strength to
identify functional group of molecules and (IR) portion of spectrum gives information
regarding vibrational and rotationahotion of atoms in molecules iwidely used for
gualitative analysisRegram, 2007). This technique allows molecules to excite to higher
energy by absorbance of infrared radiation and the energy of absorbed IR radiation increases
with amplitude of the vibrational ntion of bonds in moleculg&riffiths et al, 2007). In this
study FTIR hadbeen used to study the presence -ofedcaptopropionic acid, thioglycolic
acid in the synthesidequantum dots. The study byHeneet al, 2011)usedTGA-CdTeQDs
which exhibited COO st r et c H' dwuetto carBody® acid functional group of
CdTeQDs and the absee of SH stretch from the Cd@®s spectra which showeah
interaction between the CdD®s and the TGA capping agentnfdar results were found in

our study

3.3.2 Microscopictechniques
3.32.1 High resolution scanning electron microscopy (HRSEM)

High resolution scanning electron microscopy (HRSEM) is one of most powerful technique
fort studying surice morphology of material@y, 2009). This technique has been dayet!

for the observation of surface fine structures through the introduction of an electron beam
deceleration method and HRSEM image has been used to show ntiieoatyangement of
mesopores but also fluctuations of the pore size and shape withcagelamcontamination
during crosssectioning and the ability to filter collected signals and dmegolution low

voltage backscatter imaging whiehows observation of compositional differences as well as
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precise location of nanoparticles within the indual pores. The study by ¢znyaket al,
2005), indicates the use of HRSEM determine surface morphology of TGA oiMPA
capped CileQDs The results obtained from study showed that the nanoparticles were

spherical irshape and similar results were atveelin our study.

3.32.2 High resolution transmission electron microscopy (HRTEM)

High resolution transmission microscopy is the technique that provides structural and
distribution information at better than 0.2 nm, dnecrystallographic informatioof paticle

of atom in materia (Smith, 1997). The technique uses phase contrast resulting from an
interference of several beams and determines whether the particle that makes the specimen
are dispersed or agglomerated. The technique is limited in highification imaging which
requires high electron dose where by the specimen nebdsétatively insensitiveHowe et

al., 2003). Quantundots tend to agglomerate if no stabilizing agents are used to prevent this.

In this study HRTEM was used to confitire $ze and shapalistribution andnorphologyof
synthesized quantum dots. a study by Kui, 2013) carboxyliccapped CdS quantum dots
showed individual particle sizes of22nm. Similar results were observed in our study3for

MPA-PdTe&QDs and TGAPdT&QDs.

3.3.3 Electrochemicatechniques

3.3.31 Cyclic voltammetry

Cyclic voltammetry (CV) has become an important and widely used electroanalytical
technique in many areas of chemistry. This technique is widely used for the study of redox
processes, for wlerstanding reaction intermediates, and for obtaining stability of reaction

products Mathson andNicholas, 1938). It islsousedin the measurement of kinetic rates
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and constants, determination adsorption processes on surfaces electron trans&ciand
mechanisms Bard andFaulkner, 1980). This technique is based on varying the applied
potential (E) at a working electrode in both forward and reverse directions (at different scan
rates) while monitoring the current (i). In many cases the appliedt@dtenvaried or the
current is monitored over a period of time (t). Thus, all voltammetric techniques can be
described as some functionkf i, and t. They are considered active techniques (as opposed
to passive techniques such asgmtiometry) because the applied potential forces a change in
the concentration of an electroactive species at the electrode surface by electrochemically
reducing or oxidizing it. The limitation of this technigisdbased on substance which is only
oxidizable or reducible in a range where the solvent and the electrode are electrochemically
inert. The most important parameters in a cyclic voiteogram are the peak potentials (

Enc, Epa) and peak currentsig,ipa) Of the cathodicand anodic peaks, respectively. If the

electron transfer process is fast compared with other processes (such as diffusion), the

reaction is said to be electrochemically reversible, and the peak separation is given by:

D &= | Epc- Epa| = 2.303 RTnF (1)

Thus, for a reversible redox reaction at 25 °C witiectronsD & shouldbe0.0592/nV .

The formal reduction potential {Efor a reversible couple given by:

— Epa+ Epc
E="— 2

5 2)
In a study by(Kheneet al, 2011, the chalcterisation of TGACdTeQDs hasheen done to

determine the electrochéral properties of CdT@Ds ona gold electrode surfasavhereby
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two peals located at0.6 V and-0.9 V were attributed to reduction of 'feéo T€’ and T& to

Te* with one pealobserved for CdT@Dswhich was also observed in our study.

3.4Methodology
3.4.1Synthesisof selenide and telluride ggantum dots
3.4.1.1 Mercaptoproponic acid-capped tin selenide quantum dots3-MPA-SnS&)Ds)

SnCh.2H,O (0.069g) and 3mercaptopropionic acid (132.9 plwere dissolved in 10 mL of
deionised water in a three neck round bottomed flask, followed by adjustment of the pH to 12
by the additionof 2 M NaOH solutionand the colour changed to gredhe mkture was
stirred and bubbled witiN, gas for 30 min.Separately, another solution blaHSe was
preparedby mixing seleniumpowder 0.254 g and equamolar grams of NaBH10 mL
deionised water. Tik solution wasstirred continuously at room temperature for 30 min until
the solution attained a dark yellow colour. Then 5 mlith&fNaHSe solution was injected

into the (SnChL and 3MPA) solution and theolour changed to pale yel. After that the

reaction quencheimmedately when placeah thefreezer at 20C.

3.4.1.2 Thioglycolic acid capped palladium elluride quantum dots (TGA-PdTeQDSs)

PdC}h (0.332 g, 1.875 mmol) andhioglycolic acid (TGA) (392uL, 5.625 mmol) were
dissolved in 10 mL of eéionised water in a three neckund bottomed flask, followety
adjustment of the pH tb1.8 by addition of 3 NaOH solution. The mixture was stidend
bubbled withN, gas for 30 min.In another container, a fresh solution M&HTe was
preparedoy mixing télurium powder (0.254, 1.25 mmol) and NaBH0.151g, 2.5 mmol)

in 10 mL deionised water and heated td°®Cor 30 min until the solution attained a light
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purple colour. The molar ratio of PATGA/Te was 1.5:3:1. Thereafteb, mL of NaHTe
solution wasnjected nto the (PdChL and TGA) solution and a calo changed was observed
from reddish to orange then greenish colafter some time. After injection, the solution was
heated to 100C and the aliquotsf the resultant produatere collected at differértime

intervals in order to monitdhe growth of TGA capmkePdTeQDs.

3.4.1.3 Mercaptopropionic acidcapped palladium telluride quantum dots @-MPA-

PdTeQDs)

PdC} (0.332g, 1.875mmol) and3-mercaptopropionic acid3{MPA) (490puL, 5.625 mmol)

were dissoled in 10 mL of deionised water in a three neck round bottomed flask, followed
by adjustment of the pH tb1.8 by addition of 3V NaOH solution. The mxture was stirred

and bubbled witiN; gas for 30 min. In a clean flask, a solutionN#HTewas preparethy

mixing tellurium powder (0.319, 1.25 mmol) and NaBH(0.189g, 2.5mmol) in 10 mL
deionised water and covered by aluminium foil at room temperature for 30 min until the
solution attained a light purple colour. The molar ratio fH@GA/Te was 1.5:3. Then 5

mL of NaHTe solution was injectedito the (PdChL and 3-MPA) solution and a colo
changed was observed from reddish to dark orange after some time. After injection, the
solution was heated to 100 and the aliquotsf resultant produavere colected at different

time intervals in order to monitdine growth of3-MPA cappeePdTeQDs.
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3.4.2 Fabrication of CYP 3A4 biosensors

3.4.2.1 Fabrication of CYP3A4 biosensor3-MPA-SnS&)Ds/L-cyst/Aubiosen®r system

for indinavir

In thefabrication procesef biosensor, gold electrode wa#rst polished with 1 pm, 5 min,

0.3 pum, 10 min and 0.05 um, 20 min alumina slurries in glassy polishing pads respectively,
followed by ultrasonication in absolute ethanol and distilled water for 5 min each. The clean
Au electrode was then immersed in a solution containing 0.02dykskine solutionat room
temperature for 24 tand keptin the dark in order to forma well characterised, self
assemblednorolayer on metal electrodes (Au). This wasedas a strategy to immadise

and organisebiomoleculs at the interface and also give stability argfovide electron
trarsfer (Goncolves et al., 2007). After that tthecyst/Au modified electrode was rinsed
carefully with distilled water to remove unboundcyseine molecules. e L-cyst/Au
modified electrode was é&m activated by dipping into &olution containing 1:1 of
(EDC/NHS) for 30 min followed by drop coating of SnSe nanocrystals functionalized with 3
mercaptopropionic acid solution for 2 h to foBfMPA-SnS&Ds/L-cyst/Au modified gold
electrode. A volume of 3 pL of a 4 uM CYP3A4 enzyme solution \kas drop coated onto
3-MPA-SnS&)Ds/L-cyst/Au modifiedelectrode surface and allowed to dry for 3 h4a®C.

The resulting electrode was rinsed gently with distilled wateretmove any physical
adsorbed enzymeThis fabriation process resulted into C3IR4/3-MPA-SnS&Ds/L-

cyst/Au (biosensor) and was kept&tC in 0.1 M PBS when not in use.
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3.4.2. 2 Fabrication of CYP3A4 biosensor:TGA-PdTeQDs/Cyst/Aubiosen®r system for

indinavir

The developed biosensor used cysteamine as a linking material whereby a monolayer was
formed on gold electrode surface due to egmitphur interaction. The Cyst/Amodified
electrode was threactivated by dipping into solution containing 1:1 ofEDC/NHS) for 30

min followed by drop coating of PdTe nanocrystals functionalized with thioglycolic acid
solution for2 h to formTGA-PdTeQDs/Cyst/Aumodified electrode. Arolume of 3 uL of
concentratedCYP3A4 enzyme solution vgathen drop coated onftGA-PdTe&)Ds/Cyst/Au
modified gold electrode surface and allowed to dry for 3 ¥ &C. The resulting electrode

was rinsed gently with distilled water to remove any physical adsorbed enzyme. This
fabrication process resulted into CYA/TGA-PdTe&)Ds/CystAu (biosensor) and was kept

at-4 °C in 0.1 M PBS when not in use.

3.4.2.2bFabrication of CYP3A4 biosensor 3-MPA-PdTeQDs/Cyst/Aubiosen®r system

The biosensorfabrication processvas similar to the description given in Section 3.4.2.2a
except that a diffent capping agent {@ercaptopropionic acjdwas used. The resultant
biosensor systemCYP3A4/3-MPA-PdT&Ds/CystAu, was kept at-4 °C in 0.1 M PBS

when not in use.

3.4.2.3 Preparation of indinavir stock solution

A capsule of indinavir drug was placeda 25 mL volumetric flask which was filled up to
the mark with 0.1 M sodium phosphate buffer solution, pH T#a-dissolvedcomponents

were removed by filtering the formed suspension thraigthatman polytetrafluoroethylene
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syringe filter (pore size 0.3m) into a clean storage bottle and the concentration of meépar
indinavir was found to be 28.08 pMhe solution was used as stock indinavir solution from
which all the other working solutions were prepared using appropriate dilutions with 0.1 M

sodium plesphate buffer.
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Chapter four
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Results and discussion

4.0 Summary

This chapter deals with characterisation thie L-cyseine, 3-MPA-SnS€Ds and CYBA4
used as a proof afoncept forthe development ahe biosensor ahterest Their properties

were investigated using techniques such as CV, SEM andsUV

4.1 Characterisation of 3-MPA-SnSe quantum dots

4.1.1UV-Vis spectrophotometry of3-MPA-SnS&Ds

The UV-Vis absorption spectruraf the 3MPA-SnSeis shownin Fig 7 Herein theoptical

propertiesof the quantum dots amexhibitedby a weak broad absorpion bandat 350 nm
associated with energy band gap of 3.5valie(Menadeet al, 2013) Thebroad absorption
peak indicatesnhomogeneity othe particle size distbution be dueto interferences from

carrier matrix, i.e. different reagents used during the synthesis.
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Figure 7: UV-Vis spectra of 3-MPA-SnSe quantum dots

4.2 Electrochemial characterisation of 3MPA-SnS&)Ds ard L-cysteine

4.2.1Electrochemistry of Au/3-MPA-SnSequantum dots

Figure 8 depicts cyclic voltammograsof bare Auelectrode and-81PA-SnSe quantum dots
immobilized onto the Au electroda 0.1 M PBSsolution. For the bare electrodinree
reduction peaksvhere observed attributed ¢ld oxide Epc = (400 mV,-200 mV and-500
mV) and one oxidation peak attributedtte formation ofgold oxide Epa = (1100 mV),CV
showed a decrease in peak separatitae= 405 mV thatwas due toelectrode oxygen
reduction.Thepeak at50mV corresponded tie reduction of Qto H,O,while the peak at
500 mV isresponsible foafurther reduction of KO, As compared to bare Au electrodiee
Au/3-MPA-SnSe quantum dotdsoexhibited three reduction pea&s405 mV,-20 mV and

380 mV but two oxidation peaksit 400 mV and 990 mVThe reduction peak at (405 mV)
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showed an increase in peak current tthert ofbare gold electrodat approximately the same
region. Observeddre is also a shiffto more negative potentgalas a result othe capping
agent3-MPA donatingnegative chargeso the SnSe quantum dotsVhen the bare gold
electrode was scanned using redox potentials in cyclic voltammetry, the formation of a
monolayer 6 electrosorbed oxygen at gold electrode was shown in the following meehanis

(Bruckensten and Shay, 1985).

(@) Au-(H20)a0sY AQH+H +€ (3
(b) Au-OH Xu=O+H +¢ (4)

and finally the placed reaction

() Au=0 + HLO  D=Au- (H20) ads (%)
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Figure 8: Cyclic voltammogramsof bare Au and Au/3MPA-SnSeQDsn 0.1 M PBS pH
7.4 at 50 mV/s

4.2.2Electrochemistry of Au/L-cysteine

Figure 9 showsthe g/clic voltammogram of Au/tcysieine where two reductin peaks were
exhibitedat (476 mV and6 mV) attributed todesorption of thio{Hager and Brolo2002). A
high peak current separaticsonpared tothe bare electrodevas observed. Onexidation
peakat (800 mV)due to adsorption ahe thiol groupwas obsrved and found to be more
enhancedhat what was seem from the bare electrode. A &hifiore negative potentgivas
seenmeaning thathe reduction process was favourgdth an indication of an electron
transferresulting from the thiol group actiras a promoter due tats high affinity for gold

hence their redox peaks potentials occurred at same potentialdZala@006)
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The adsorption process of sulphur onto gold is describéldebipllowingequation(Wierseet

al., 1978).
Au-H,0 +§ 7 Au-Sagst+ HO + 26 (6)
0.000010
& 476 mV
Au/L-Cystine
Bare Au 6 mv
0.000005 - 10 mvV
480 mVa
€ 0.000000 -
T
o
5
O .000005 -
-0.000010
1500 1000 500 ) 0 © 500

Potential (mV)

Figure 9: Cyclic voltammograms of bare Au and Au/L-cysteine in 0.1 M PBS pH 7.4 at
50 mV/s

4.2.3Electrochemistry of Au/L -cyst/3-MPA-SnS&)Ds/CYP3A4 biosensor modification

Figure 10 shows a cydic voltammogram of Au/L-cyst3-MPA-SnS&Ds/ICYP3A4
(biosensor)without the analyte additions, tH®osensor exhibited a good current response
indicating a quasireversible process characterised by the presence of redox potentials with
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reduction gaks(Ex,c = 600 mV and250 mV) andan oxidation peal E,a =750 mV)which
shifted towards negative potentiahis huge shift was due to the coupling between AN
building block material (kcyseine) and (COOH) of3-MPA-SnSequantum dots sinc8-
MPA-SnSe acted as a diator by shuttling electrort® and from the enzyme to speed up the
reaction. The layemy- layer fabrication step was necessary for speeding up the reaction. An
investigation regarding the direct eleochemistry of CYP3A4 using laydiy-layer films in

order to improve the direct electron transfer between the heme pratesndone (Josepdt

al., 2003) In this study a layeby-layer improved the electron transfer of redox cosipte
CYP3A4/3MPA-SnSQDs/L-cyst/Au whereby the oxidation peak shifted to 750 mV and

reduction peak te250 mV as compared to bare electrode.
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Figure 10: Cyclic voltammograms ofbare Au and Au/L-Cyst/MPA-SnS&Ds/CYP3A4
in 0.1 M PBS pH 7.4 at ® mV/s

4.2.4 Electrochemistry of L-cyst,3-MPA-SnS&)Ds and biosensor

Figure 11 shows acyclic voltammograms of icyst, 3MPA-SnSeQDs and CYP3A4/3
MPA-SnS&Ds/L-cyst/Au modified onto gold electrode in the absencehsf analyte The
redox potentiabeaks 6 each layer showed an increase in peak current as cethpmthe
bare gold electrodeThe reduction peaks are seen to be shifting towards more positive
potentialswhile the oxidation peaksre seen to be shiftinth more negativepotentials

indicating arelectron transfer and irreversible process.
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Figure 11 Cyclic voltammograms illustrated different films deposited onto gold
electrode 0.1 M PBS pH 7.4 at 50 mV/s. (black line) Bare gold, (red line)gréen
line) Au/3-MPA-SnS&Ds and (blue line) Au/L-cyst/3-MPA-SnS&Ds/CYP3A4

4.3 Biosensor measurements

The cyclic voltammetry was used to study the catalytic behaviour to successiveradditi
indinavir drugunder aerobic conditionas shown inFig 12, the aerobic conditianin the
reactionwas necessary fdrinding themonooxyenation andqHEME) of CYP3A4 (Fé") in
orderto form FeO centre (§naszaket al, 2009) At 0 nM there was no catalytic signal
observed for theCYP3A4/3-MPA-SnS&Ds/L-cyst/Au but when the analyte (indina) was
added a catalytic response was observed witheduction pealk E,c = -400 mV) which
showed an increase at differeadditionalconcentration®f the analyte. khibited here isa
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shift from -450 mV to-400 mV due to the presenckoxygen bindingo the active site of the
(HEME) until 0.098 nM concentration (saturation poimtas reached. The electrochemical
properties of kcysieine and 3MPA-SnSe quantum dots showed a decrease in peak currents
as the analyteancentrations weradded therefore an interaction only occurbetiveen the

active site of the enzyme and the analyte. The biosensor gave a very good response up to

maximum concentration of 0.093 nM.

0.093 nM
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Figure 12 Cyclic voltammograms of Aul-cyst/3-MPA-SnS&Ds/CYP3A4 biosensor
responses to successive additions of indinavir in 0.1 M PBS pH 7.4 at 20 mV/s
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4.4. Microscopyof L -cyst, 3-MPA-SnSe quantum dots and the biosensor

In Fig 13, the scanning etdgron micrographs of thearious stagesf electode modification
are shown. The SHKE micrograph in Fig 13b) shows the morphology after the
immobilisation of L-cyst on a screen printed electrodehe morphology resembles
(smooth) flat flower onto the electrode surface which was due to chemisorbest. Eig
13(c) showsa star shaped surface whereby the flat flower shapeyst.disappearedue to
the binding orthe interactionof the amino group of kcyskeine andthe carboxylic group of
the quantundots which were crodinked using(EDC/NHS). Thequantum dots exhibited a
charging effect due to their fluorescent propertidsle Fig 13(d) showssmall bubblesof
different sizes and very tinlgright dots which areaused by the eyme immobilised onto

the Au/L-cyst/3MPA-SnSeQDs
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Figure 13: Scanning electron micrographs of (a) bare Au electrode, (b) AuAcyst, (c)
AU/L -cyst/3-MPA-SnSeQDs (d) Au/L-cyst/3MPA-SnS&@QDsCYP3A4
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4.5 Hectrochemicalcharacterisation of biosensor responsdsr indinavir drug

In order to ascertaithe correct reduction currents for the biosensor responses, a short
potential window (200 mV to800 mV) was used for this evaluation. The increase in

reduction potential and the shift in peak currents were observed for each indinavir addition.
This CV response pattern was a characteristic of an electrocatalytic reaction of CYP

biosensor in the presence of a substrate and an oxygen saturated solutions éwaigha

1998).
0.0000020 - 0.093 nM
A
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g 0.0000010 = 0nM
e
c -~
£ /
G 0.0000005
0.0000000 - —
v T v T ’ T v T . ! o
200 0 -200 400 -600 -800

Potential (V)

Figure 14: Cyclic voltammograms of CYP3A4B-MPA-SnS&)Ds/L-cyst/Au biosensor
response to successive additions of indinavir in 0.1 M PBS pH 7.4 at 20 mV/s
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4.5.1Calibration curve for Au/L -cyst/3MPA-SnS&Ds/CYP3A4 biosensor

The interpretation of hyperbolic calibration curve obtained for the biosensor wasnexbpl

using the Michaeldlenten kinetics for enzyme to substrate.

_ Imajindinavir]
"= K+ [indinavir] 0

The value of K% obtained wa$.007.93 mMand the value ofnsxwas1l . 2 9 The Bw
value for Ky* obtained for biosensor confirmed the CYP3A4 was immobilized in a
biocompatible environment and retained its catalytic properties and high dizwactavity
towards indinavir.The biosensossensitivity was determined to @221 ¢eA/nM with a
response time ofl s and limit of detection (LOD) 08.22 rg/mL. Therefore thebiosensor

was suitable for low measuring the low concentrations of indinavir.
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Figure 15: Calibration curve drawn from the linear re gion of the biosensor responses in
Fig 14
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