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Abstract

Cardiovascular diseas#he single greatest killer in the western world, is credited with
causing 48% of all deaths worldwide and is of huge economic importance in healthcare
provision. The cardiac troponins are definitivalicators of cardiovascular diseaaed

elevated levels of cardiac troponin | (cTaehighly-specific for cardiovascular damage.

Using a specific targeting strategypanel of novel antibodies were successfully generated
against key epitogein cTnl that areof paramount importance for specific cardiovascular
disease detection. Panels of both monoclonal and recombinant antibodies were generated
and fully characterised. This approach required a combination oftlnighghput assay
screening -oftthegahr t 60 s tnautl e | p-plasmon d resosandeated c e
instrumentation. The selected antibodies were demonstrated to outperform current

commercially available reagents.

In addition, inherent difficulties associated with the use and expression of daogiasin
I, the key target analyte, were investigated in detail and alternative recombinant constructs

developed and evaluated.

The antibodies ultimately selected were chosen for their applicability for integratioraon to
point-of-care riskchip for cardovascular diseasdeterminationdue to their specificity,

high affinity and genetic tailoring for deployment on a microfluidic device. This stage
involved close collaboration with clinical and industrial partners and the commercial

feasibility and performace of the antibodies are now under evaluation.

XXX



Chapter 1: Introduction

il



1.1 The immune system

The immune system functions as a surveillance mechanism against infectious organisms
and/or their toxic products. It can be characterised by two mechanismsdaptive

(innate) and adaptive (acquired) immunify}. Nonadaptive immunity is a geral non

specific response to foreign molecules and includes systems such as phagocytosis
(macrophages), cell lysis (natural killer cells) and a host of chemical and physical elements
[1, 2]. The key difference between the twchanisms s t he adapti ve i mi
to improve and refinéts responsdollowing exposure tantigens Adaptive immunity is
mediatedmainly by the B-lymphocytes,a subgroup of white blood cells, which are
responsible for the secretion of immunoglobsiliierminally differentiatedB-cells give

rise to memory Beells that immdiately recognise an antigen post primary exposure and

plasma cells, which are responsible for the secretiamtijenspecific antibodie$2-4].

1.1.1 Innate immunity

l nnate i mmun s firgf line of deterice and aorsigidanatomic barriers and
physiological barriers. Anatomic barriers, such as the skin and mucous membranes, prevent
passive transfer of oamisms. Rysiological barriers includingnzymes present in saliva

and tears and the acidic nature of the stomadtr oékistance to infection. Should these
initial defences beoverwhelmeda number of elements of the internal innatemune

system become activated, such as those outlin€dblel.1-1.

Table 1.1-1: Cellular elementsof the internal innate immune system

Cell Action

Mast Patogen defence, wound healing arduitment of macrophagesutrophils
Naturalkiller Functi on -steol fkd Icle ldlnso.n

Phagocytes Engulf invading matter and recruitment of chemokines.

Neutrophils Inhibit growth of bacteria and fungi.

Dendritic Antigen presentation tihe adaptive immune system

Table adapteftom [2].
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1.1.2 Acquired immunity

The adaptive immune system is an antigpacific systencapable of mounting a cell
mediated and humoral immune response. The adaptive immune system is only found in
gnathostomataand confersimmunological memory. Tand Bcels are the two major
lymphocyte sukgroupsassociated with the adaptive immune systewh @are derived from
hematopoietic cells withithe bone marrow. Icells play a role in celnediated responses

and can be furtherategorisednto helper and killer Icells. Helper Fcells drect e@lls of

the immune system whexe in contraskiller T-cells directly interact and destroy marked
cells.B-cells function inthe humoral responsand recognise specific antigens via receptors

on their surface (antibodiesPne category of @ivated Bcells called plasma cells

functionsto secrete antigespecificantibodies intdhe circulatory system

1.1.3 Antibody structure

The terms immunoglobulin and antibody are used widely and interchangeably. The term

Aanti bodyo refers t o a mo | e cwihile ethe ttehma t b
Al mmgihobul ind describes this group of prot
known or nof1]. Immunoglobulisc i r cul ate freely in an indi

humoral clearance of invadirantigens Antibodies are a family of gyoproteirs that share
structural and functional properties. There are five classes of immunoglobulin which are
distinguished by their heavy chajngA, IgG, IgM, IgD and IgE and the properties of each

aresummarised iMablel.1-2.
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Table 1.1-2: Summary of the properties and function of antibody isotypes

Isotype Form Action
IgA Mono-, di-, trimer  Found in mucosal secretians

Activates complemerand involvedn opsonisation andntibody
IgG Monomer ] o

dependent celinediated cytotoxicity (ADCC)

Activates complement and first isotype released in response t
IgM Pentamer :

antigen
gD Monomer B-cell receptor
IgE Monomer Allergic response by binding to mast cell surfaces

Table adaptetfom[1].

Classswitching of the heavy chains during gene rearrangentetatesthe isotype of the

i mmunogl obul in. There are two types of I
heavy chain to form the complete antibody moleg¢6le IgG is the predominant class of
antibody produced dimg the matured immune respongapproximately 70% of the
polyclonal antibody serum pooblowever,IgM is the first atibody secreted in respse to
primary exposure (approximately 10% of the polyclonal serum pble§.basic structure of

an immunoglobulin is outlined ifigure 1.1-1 and the more detailed ribbon structure is
illustrated byFigure1.1-2. The antibody mlecule consists of four polypeptide chains, two
heavy (H) chains each with a molecular weight of 50kDa and two light (L) chains of 25kDa
eachlinkel by di s ul p hihohgdregioni Ttheychasns tete bdthhcenstidaind
variable (V) regions. Théeavy chain has one variable regiony\and three constant
regions (G, Cy2 and Gyz). The light chain has one variable region \@nd one constant
region (Q) [5]. The antibody molecule has several distinct regions. The Fc region consists
of three domainsCui, Cy2 and Gyz that confer effector functions, such as complement
activation, on the antibody. The Fab region is separated from the Fc by the fthiilgk®
region and Fv consisbf the variable domains (Vand \4) that bring together the hyper
variable regions of # antibody, known as the complementarity determining regions
(CDRs). The antibody constant domains arenserved with onlysmall differences in
sequencdound acrossthe various antibody classeshe CDRshowever,exhibit a high

level of sequence diversifg].
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Figure 1.1-1: Overview of the basic immunoglobulin structure

A typical 1gG antibody molecule (~150kDa). The immunoglobulircéenposed of two identical heay
chains consisting of constant (C C,,, and G3) and variable (M) domains, associated by a disulphi
bond @oublered lines) at théhingedregion of the molecule. The light chain consist of a constantg

a variable(V|) domain that are linked with the heavy chain via a disulphide bond (single red lines
molecule has three distinct regions. The variable fragment (Fv) determines the-aintidjeg specificity
of the antibody molecule and the antigen bindingssiee indicatedby the yellow triangles. gcificity is

dictated by the complementarity determining regi@@DRSs). The antigen binding fragment (Fadpntains
the Fv and is separated by the hinge region from the crystédliSedgment (Fc). The Fc domai
incorporates the carbohydrate element of the molecule (red dots) and afféetsr functions on the

antibody.

Figure 1.1-2: Ribbon structure of IgG molecule
Here the arrangement of the antiparalel st r ands is clearly il lustr

via intrastrand hydrogen bonding is indicated. This image was downloaded onling7rom
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1.14 Antibody diversity

At any point in time a huge number of different antibodies circuiéttgin the serum of an
individual. The human species is capable of generatifigdifferent antibody molecules in
response tonultiple antigens. The diversity of antibodies in the immune system is achieved
by gene recombhation and somatic hypenutation(SHM) of the encoding gends§]. An
example of theencoding gene segmenssoutlined inFigure1.1-3. In vertebrate genomes,
there are 11 constant {7 123129 variable (), 27 diverse (R) and 9 joining (J) gene
segments thatombine to encode the heavy chains. DuringeB development, the
immunoglobulin loci undergo rearrangemef@. Within the heavy chain locus, theyV
Dy-Ju rearrange and this exon becomes linked toombination of @ segments during
transcription. Subsequently, the mRNA is translaite® the immunoglobulin isotype
specific to the | ymphocyte. A similar <chai

absence of D segments.

The diversity intrduced into the antibody population by these rearrangements is increased
further by SHM, a process thaintroduces errors into the genes encoding the variable
regions of the individual ®ells [10]. During a very narrow time framef B-cell
proliferationthe locus undergoes an extremely high rate of mutation, predominantly base
substitution[10], approximately one million times higher than the spontaneous rate of
mutation across the genonjigl, 12]. The introduction of random mutatiomesults in
antibodies that lose their affinity for the antigen and undergo cell death, or generates
advantageous antibodies, where there is an affinity increase and subsediferdatfmo of

the associated antibogyoducing clone of lymphocytes.
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Figure 1.1-3: Genes encodindor human antibodies

Il mmunogl obul in 1l oci: Heavy <chain (chr omosome
(chromosome 22). Variable (V), constdntjoining (J) and diverse (D) segments are showrthe reavy
chainlocusthe V-D-J segments areegembinedin immatue B-cellsand linkedby splicingt o Ce t ¢
MmMRNA encoding for Il gM or Cu to give mMRNA enc
splicing leading torecombinationof C3, ,C9 CU aby deletiérlof theotherfive C, segments. This
figure was adapted froifb, 9].

Exquisite specificitycombined with theability to refine and tailor antibody biphysical
properties has immense applicationgherapeutics and djmostics. Gargantuan advances

in molecular biology and novel applicatomf antibody technologies have propelled
antibodybased diagnostics forward. Biosensors is an area experiencing intense research to
improve both patient diagnosis and prognosisd also areas such as environmental
monitoring, counterterrorism, water monitoring, illicit drugs and food protection to name
buta few.
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1.2 Biosensors

1.2.1 Intro duction

A biosensor can be described as a transducer that incorporates a biological recognition
component as the key functional element. It consists of three main components as
illustrated inFigure1.2-1: the biorecognition elemenhe transducer and the signal display

or readouf13]. Thetransduction system converts timeraction of the analyte with the
biorecogniion element to a easurable signal which is then visualised omeadout or
display. Biosensors are powerful tools for the analysis afirulecular interactions in
clinical, biochemical and environmental analygg4. In the context of a medicaktting,
biosensors have the potential to provide rapid;tiga@ and accurate results in accident and
emergency departments or at the phipsgittoci anaé
measurement of glucose (near patient) in diabetic pafi#BtsThe area of antibodyased
sensors with emphasis on improvements in antibody prdduc and tailoring for the
design of biosensoris crucial for the next generation of usesehsoidevices.

¥ Analyte

R

H W Immobilised

AT AY Antibody
a) Biorecognition
b) Transducer l’ Sensor
= Support
g

c) Signal Display/Readout

——

Figure 1.2-1: Components of a biosensor

a) Analyte interaction with the biorecognition elemetibhis is facilitated by the specificity of th

immobilised antibody for its cognate antigen (purple). Other biorecognition elements include en
lectins, receptors and microbial cells

b) Signal transductianconverts the interaction of the analyte with the immobilisedibody into a

quantifiable signal.

¢) Readoutshows the specific signal generated (yellow =-apacific analyte
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1.2.2 Antibodies and their significance in biosensor development

T h eenzyime elémded, demonstrated by Clark and Lyons in 1962s the first biosensor.

This devicecoupled glucose oxidase to an amperometric electrode for monitoring oxygen
levels in blood[16]. In 1987, VeDinh and ceworkers showed that antibodies could be
utilised in situ for the detection of a chemical carcinogen in a fibre epdised
immunosensof17]. Antibodies have since proven thevorth as powerful tools for
diagnostic applicatias) as illustratedoy Table 1.2-1. Essentially, the specificity of the
biosensor depewsdon the bioecognitiom el ement , whi eemsingtbe c ap e
presence of an analytgl3, 14]. Immunosensors utilising abbdybased recognition
elements, have been developed on a wide range of transduction platforms for a multitude of
analytes. The transducer element translates the selective recognition of the analyte into a
quantifiable signal and thus, has a major infleeren sensitivity[18]. Transduction

approaches include electrochemical, piezoelectric and optical syst@ms
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Table 1.2-1: Examples of atibody-based biosensors

Transducer

Analyte detected

Antibody form

Electrochemical

Potentiometric Terbuthylazine Monoclonal [20]
Hepatits B surface antigen Not specified [27]
Diphtherotoxin Monoclonal [22)
Amperometric E. coliO157:H7 Polyclonal [23
Carcinoembryonic antigen (CEA) Not specified [24]
Aflatoxin M1 Monoclonal [29
Progesterone Monoclonal [26]
Impedance Listeria monoctogengénternalin B) Polyclonal [27]
Piezoelectric
E. coli O157:H7 Polyclonal [29]
Canine IgG isoforms Monoclonal [29
Cocaine derivative (BZIDADOO) Polyclonal [30]
Atrazine Monoclonal [31
Bacillus anthracis Polyclonal [32
Francisella tularensis Polyclonal [33]
Optical
SPR Urediniospores Monoclonal [34]
Polychlorinated biphenyls Monoclonal [39
Vitellogenin (Carp) Monoclonal [36]
Campylobacter jejuni Polyclonal [37]
Listeria monocytogenes Monoclonal [39]
Okadaic acid Polyclonal [39
Resonant Mirror  Listeria monocytogenes Monoclonal [40]
TIRF Testosterone (aldRIfS) Monoclonal [47
Carbohydrates (maltose and panose) Monoclonal [42)
RIfS Estrone Polyclonal [43]
Tuberculosis (also interferometry) Monoclonal [44]
Cell adhesion Monoclonal [49
OWLS Trifluralin Polyclonal [46]
Sulfamethazine Not specified [47]
Interferometry Atrazine Monoclonal [49
Hepatitis B virus surface antigen Not Specified [49
Ellipsometry Mycotoxin T-2 (TIRE also QCM) Mono-and polyclonal [50
Salmonella typhimurium Monoclonal [51]
Fibre Optic Listeria monocytogengémaging) Polyclonal [52]
Bacillus anthracidevanescent wave FO)  Not Specified [53

Ra pt obiothreat €.9. B. anthracis VariousmonoclonalAbs [54]
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Antibodies are ideal biorecognition elements due to their exquisite specificities and strong
affinities for cognate antigensFigure 1.2-2 presents aroverview of the generation of
polyclonal [55, 56], monoclonal[56, 57] and recombinant antibodig®$8, 59 from
immunised repertoires. Antibodies havadnumerous successful applicationghe area of
diagnostics with monoclonal and polyclonal antibodies exploited in many biosensors, as
illustrated byTable1.2-1. Polyclonal antibodies are derived from multiple plasma cells and
monoclonal antibodies are derived from a single clonal hybridoma, all of which have
terminally differentiated in response @n antigen[4, 55. Recombinant antibodse
discussed at length isection5.1, are the product of genetic manipulation of antibody
genes. The specific characteristics of polyclonal, mmmat and recombinant antibodies

are outlined inTable 1.2-2. While each have relative advantages the modular nature of

recombinant antibodies make them highly attractive for tailored antibody development.

Table 1.2-2: Characteristics of poly-, mono- and recombinant antibodies

Polyclonal Monaoclonal Recombinant

Ease of production Sk +++ +++
Low Cost ++++ ++ +++
Stability* A ++ i+
Commercial availability ++++ +++ +
Ease of immobilisation ++++ ++++ 4+
Sensitivity (affinity) +++ 4+ o+
Potential to engineer affinity - - (unlessconvert to rAb) ++4++

! Stability of the recombinant antibody is dependent on the format
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Immunisation
Rabbit , Serum __, Extractionof B-cells |gqation of — cDNA Synthesis
Analysis — (spleen/lymph nodes) mRNA yn
Mouse . Species-
) 1 specific
Chicken ! \ Primers
| Amplification of
' Generation of Vuand Vi
! Hybridoma
| Y RECOMBINANT
! MONOCLONAL
Development of | l l l
immunisation regime Purification
from Serum scAb Fab scFv
Identification of ! [ |
Target (1
|m === =- A Screening . A
'_EO_LIC.,I.'EN_AI_' | Roboties, High-throughput Expression in E. col
1
| Further Engineering
: Characterisation Mutagenesis,* reformatting
| E
KEY "| ELISA, Biacore, Affinity, Stability
Common to all &b Forms — : l 1
Polyclonal Ab Generation — —® M
Monoclonal Ab Generation — Platform Assay Testing
Recambinant Ab Generation— Interfintra day analysis, sensitivity, LOD, LOQ, Specificity

Figure 1.2-2: Overview of the routes toantibody generation
This image illustrates théasic route to antibody generation including polgnone, and recombinan

pathways. LOD; limit of detection, LOQ; limit of quantitation.

Key parameters exist fahe successful exploitation of antibodiessansotbased analysis
and recombinant antibgdechnologyrepresers a viable avenuéor molecular evolution
and specifietailoring to address these key parameters (discussed in detail in sécfions
and 6.1). The ability to generate and tailor highbpecific antibodies for diagnostic
applications has huge potential to meet the current challenges facingemigjtivity rapid

cardiovasculadisease diagnosis in accident and emergency rooms.
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1.3 Cardiovascular disease

1.3.1 Overview

Cardiovascular disease (CVD) is the biggest single killer in the western \@0rl@1]. In
Europe, CVD is responsible for over 4.3 million deaths, a staggering 48% of all deaths. The
healthcare and associated costghe disease are estimatedua®2 billion per year, an
average ofl 2 & EU residenf62]. CVD is also reported as the most frequent cause for
hospitalisation in developed countrigg3]. Improvementsn the dagnosis, prognosis and
treatment of cardiac disease can have an impagbatientoutcomealleviating hospital

congestion and redung the costs of the disease on the health ser{&®$1, 64).

Acute coronary syndrome (ACS) refers to disease of the coronary arteries and is discussed
in detail in sectiorl.3.2 The diagnosis oACS is one of the most difficult challenges that
medical practitioners fadé5]. The ability to diagnosa patientpresenting with acute chest

pain is imperative to thp a t i auticadmé. $n fact, a large numbarmalpracice payments

for emergency department physicisa® due tofailure in diagnosis oacutemyocardial
infarction (AMI) which can be also referred to as myocardial infarction (MI) and is
commonly known adeat attack[66, 67]. A major problem which currently faces the use

of conventional biomarkers is that they are often not useful for diagnosis at the time of the
pati ent 0 sthe awidentvaad emdrgency departmd@b]. The world health
organisation\(VHO) developed a definition of AMh 1997. This defirtion required two of

the three following criteria to be satisfiedchest pain (myocardial ischemia),
electrocardiography (ECGjregularities and detectable laboratory chand#s. In 2000,

the definition of AMI was redefined by the European Society of Cardiology ane
American College of Cardiology joint committee glace greater emphasis on the role of
biomarkers in the diagnosis of Ml and AMT4dble 1.3-1). In 2007, a joint consensus
document fromthe European Society of Cardiology (ESGhe American College of
Cardiology Foundation (ACCFthe American Heart Association (AHA) andhe World

Heart Foundation (WHHurther revised the definitionThis revision added the weight of
additionalscientific am clinical experiences to the 2086finition [68, 69].
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Table 1.3-1: Definition of myocardial infarction (MlI). Criteria for acute, evolving or recent Ml

Any of the following criteria:
a) Typical rise and gradual fall (troponin) or more rapid rise and fal- B of biochemical
markers of myocardial necrosis with at least one of the following;

i. Ischemic symptoms
ii. Development of pathological-Qavesin theECG.
iii. ECG changs indicative of ischemia (ST segment elevation)
V. Coronary artery intervention (angioplasty)

b) Pathological findings of MI.

Table adapted froffvQ].

1.3.2 Pathophysiology

AnAl most al | MI 6s are as a result of cor

superi mposed cofr/fnary thrombosi s

Numerous clinical symptoms become evident after the disruption of aagrplaqueand

are collectively referred to as AC$6]. Atherosclerotic plaque rupte, the underlying
basis forACS [64], is illustrated inFigure1.3-1. Atherogenesis causes the development of
atheromatous coronary artery plaques, a process which begins quite early [B¥]life
characterised by the remodelling of the arteries and the accumulation of fatty acid
substancef64, 72]. There are several genetic and lifestyle factors which lead to increased
risk; sex (especially male), advanced age, diabetic conditions, smoking and a family history
of coronary diseasgs7, 72]. Intracoronary thrombosis has lohgenassociated witiAMI

[73] and the importance of stabilising the plague to prevent rupture has become
increasingly pivotal to AC®eatmen{64, 74]. Lesions which tend to rupture have a large
lipid core overlaid by a fibrous capwihg to the ongoing inflammatoryesponse, matrix
degradation and cell deattestabilises the plaque andbsequentupture occurs at the
shoulder where the fibrous cap is third, 75]. The rupture of this lipid rich structure

exposes blood to procoagulants teggg thrombosisKigurel.3-1) [64, 74].
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Myocardial Infarction
Unstable Angina
Asymptomatic

Thrombosi ) RS S e Plague Rupture

Release of
procoagulants

; A\ Reduced Blood
Lipid Rich Core Ry A Flow

Direction of Blood Flowy
Figure 1.3-1: Atherogenesisleading tothrombosis formation
Plague rupture leads to intracoronary thrombosis, where the thrombus restricts bloodnéldhis
restrictionis often asymptomatic. During ischemia the resulting restriction in the supply of oxygen
myocardium can lead to unstable angina and subsequently a necrotic state, causing irreversible
This image was taken frofii6] and adapted frof67].

Clinicians divide patients presenting wiMI into those with Qwave and those with nen
Q-wave infarct, which is based on tHeCG pattern. Qwaves indicate the loss of
electrically functioning cellandrefers to a transmural infarctiavhile a norQ-wave ECG
refers to a subendocardial infarction. The classification of AZECG patternis shown in
Figure 1.3-2 and outlineghe difficulties in diagnosing Ml on the basis of ECG alone.
This assertsthe absoluterequirement for biochemical markers to differentiate between
patients exhibiting Qvave ornonQ-wave infarct and unstable anginghe treatment for
nonST-elevatioamyocardial infarctiofNSTEMI) andST-elevationmyocardial infarction
(STEMI) varies dramatically and the correct categorisation is imperggle Medically,
the ST segmentefers to the periodrom the end of ventricular depolasation to the
begnning of ventricularrepolarisationon the ECG The ischemic discomfort felt dugn
NSTEMI can be unstable anginbut may also become much more seriond aause
irreversible myocardialamage (hoi@Q-waveMl) [70].

After the initial myocardial infarction there is a reduction in cardiac output thed
increased pressure on the heart resmltheart failure. The body attempts to maintain

cardiac output and blood flow to the extremities using several mechanisms. These include
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the adrenergic nervous systetine angiotensin (rennialdosterone) system, inflammatory
cytokines and growth factofg7]. These mechanisms cause a difference in gene expression
resulting in disadvantageous functional and structural changes, a process known as left
ventricular remodelling77]. This structural and factional change of the myocytksads to
systolic and diastolic dysfunction. Changes in the myocardium (dilated and ischemic
cardiomyopathy) result in hypertrophy and a heart chambenrediiced contractibility due

to dilation[77]. These events and those leading to myocardial infarction give rise to new
strategies for biochemical marker developm@&@® 65-67, 70, 72, 77, 78] and highlights

the necessity for biochemical markers tophguide intervention and positively impact

prognosis.

. . A4
Biochemical Unstable Angina Non-Q-wave MI Q-wave M|
Marker

Figure 1.3-2: Route to the dassification of acute coronary syndromeby electrocardiography pattern
a) The majority of patients presenting with ischemiscomfort where there iso ST elevation in the
ECG are experiencingnstable angina or ne®T-elevationmyocardial infarction (NSTEMI), whict
does not evolve @aves in ECG.
b) Patients presenting with Sdlevation (STEMI) ultimately go on to develop-wave myocardial
infarction but a minority may develop ne@-wave myocardial infarction.
This figure was adapted frofi0, 71].
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1.3.3 Biomarkers of cardiovascular disease

1.3.3.1 Overview

In 1954, La Dueet al. demonstratedise ofthe first biochemical marker, serum glutamic
oxalaoacetic transaminase, to investigate transmural myocardial jAgjrySince theran
explosion of interest and research in both the clinical and analytical development of more
suitablebiomarkers of ACShas ensuef80, 81]. Combined with a better understanding of

the pathophysiology of ACS, advances in proteomics and genomics are providing new

biomarkers for exploitation as analwldools in diagnosis and treatment of pati¢Big.

Biochemical markers of cardiac injury have a pivotal role in a clinical setting for the
effective diagnosis, trément, prognosis and risk stratification of patients presenting with
symptoms of AMI[67]. Accordingly, widespread research aimed to indentify unique
biochemical marker@andalso to integrate those markers into detection systems fanuse
point-of-care devices (POC). Thimsreducedthe need fotaboratory testing and prowed

rapid, accurate and precise res{fg.

1332 4EA Oci 1 AAT &8 AEI T AOEAO

The specificity of the markeior the target organ, the heai$ of crucial importance for
clinical diagnosis Other key attributes of an ideal marker are summaiisd@ble 1.3-2.
The size of a prospective biomarker is important as it controlgateef releaseduring a
cardiovascular event and the kineticshadt release Isaan impact on the speed of diagnosis
[78, 80]. The location of the biomarkeetermines its rate of release with stuwal proteins
appearing in the blood slower than cytoplasmnes[80]. Prolonged persistence of a
biomarker in circulationis of diagnostic valudéor patients presenting latafter theearly
markers retur to normal levels[60, 80]. To ensure cardiovascular specificity, the
concentration of the biomarker mube high in cardiac tissue withelatively low
concentrations in neonardiac related tissud$6, 80]. The distribution of the biomarker
within the body under normal physiological and in pathological conditions is of

considerable importance. These of biomarkerdor infarction sizing is beneficial for
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prognosis as the extent bfomarkerrelease may be correlated to thegreeof necrosis,
indicating its severity66, 80]. The necessity to differentiabetweerreversible (ischemia)
andirreversible damage (neosis), combined with positive outcomes froime physiciars
intervention andlefining a risk scoreareparamount[66]. Ultimately, any new biomarkers
require thorough evaluation within a large, statistically relevant cohort of clinical studies
before being accepted into clinical practiéé]. Unfortunately, no one biochemical marker
identified to date meets all the criteria outlined Table 1.3-2 [60, 80]. Therefore, itis
necessary to examine multiple markers of cardiovascular injury to aid current standard
practices in accidg and emergency departmentshis movement towards multiplexed

assays is currently under enthusiastic investigg8an82).

Table 1.3-2: The characteristics of an ideal biochemical marker

Characteristic Notes

Size[67] Small markers are releakéaster frominjured tissue and underc

ize
rapid clearance.

- Soluble cytoplasmic markers are desirable as they appear i

Localisation[67] _

blood stream more rapidlyadh structural markers.
. o Early diagnosis due to early release of the marker.

High sensitivity[83] _ _ _ _
Prolonged presence in the serum for late diagnosis (Idradiife).
Present only in myocardial tissues.

High specificity [83] Not present in no@fflicted individuals.
Allow differentiation between ischemia and necr¢6ig.
Detectable and measurable by a low cost assay.

. o Ease of test procedure.

Analytical characteristics[83] _ _
Rapid analysis.
Sufficientsensitivityand precision.
Release of marker directly proportional to the size efitijury.

. - Peak levelseached soon after injutg provide diagnosis tim7].

Clinical characteristics _ _ _ _

Results that can dictate/influence intervention.

Results that can improymatient outcome.

Adapted from{60, 65, 67, 83].
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1.3.3.3 Clinical considerations

Before discussing the current and emerging biomarkers, clioaraideratios must be
taken into account.iBmarkes need to provide useful, reliable and accurate information for

clinicians and physicians alike.

The necessity for serial sampling in the diagnosis of ischemia and/or necrosis is vital due to
the rapid clangesin biomarker concentratiowith respect to time and extent of injury
which is currently recommended by established guidel[p&s63, 67, 78, 81, 84]. Single
sampling give low sensitivity for AMI diagnosisdue to the differing release kinetics of
each biomarkef67], implying thata single measurement may be early or late for AMI
detectionleading to misdiagnos [60]. By monitoring the serum levels over time the
biomarker concentratiorprofile can indicate the extent of cardiac damage or if the
therapeutic interventiorwas effective. Any rapid change inthe concentration of a
biomarker is in response to some cardiac evenms mdicative of the potential onset of a
cardiovascular event and may improve the speed at which medical intervention is taken for
a patient presenting witBuspected AMI (measurement time from symptom or{$s])

The development of poiuf-care devices would have a huge impact on the serial
measurement of biomarkerd ab wi ng physi ci ans tawithautthd y s e
need forcomplete laboratory testing henagreatly improwng the intervention decision

procesgaken.

The development of multharker detection systems is necess8® 85 due to the
complex series of events leading up to, during and after AMI combined with the variance
between symptom onset and presentattoh&E from patient to patien66]. The National
Academy of Clinical Biochemistry (NACB) Standards of Laboratory Practice recommends
that at least two biochemical markers be utilised for the diagnosis of AMI (one early
marker and one definitive markef§0, 86 and these sentiments are reflectedthe
ACCF/AHA guidelines[84]. As demonstrated ifigure 1.3-3, the Academy recommends
that(@dan early mar ker which appears in the bl
and, (b) a definitive marker appearing-® hours after symptom onset whichbsth a
definitive indicator of AMI and provides a large diagnostic windtavbe usedto

effectivelydiagnose AMI[86].
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Figure 1.3-3: The release kinetics of biomarkers during acute coronary syndrome
Biomarker appearance versus time after symptom onset. Giggatifrom [86].
Legend:

Peak A: Myoglobin release after AMI,

Peak B: Cardiac troponin release after AMI.

Peak CCreatine kinase myocardium specific isofoi@kKEMB) release after AMI.

1.3.3.4  Current and emerging biomarkers

Ultimately, the goalof employing biochemical markeiis in the prevention of a minor
infarction anda reduction in theassociatednortality rate[66]. Key factors influencing this

are the information available to physicians, the speed at which the injury is detected and the
intervention takn [78]. Presently, conventional biomarkers are commonly-diagnostic

at the time of patient prestation[65]. Figure 1.3-4 indicates the stages of AMI and the
markers releasedl'he bianarkers that araipstreamof cardiac tissuenecrosisare of
particular interest to prevent AMI developingowever,dueto their relatively new status

as biomarkers thenecessity todefinitively identify the occurrence of AMI remains
(acceptediefinitive markersarethe troponing
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Pathophysiology Event Causing Release Biomarker

Plague Formation Pro-inflammatory Cytokines Interlekin-6 (IL-6)

Placental Growth Factr (PIGF)

Plague Rupture Pregnancy Associated Plasma Protein A
(PAPP-A)

Soluble CD40Ligand {sCD40L)

Plaque Rupture
and Thrombosis

Ischemia Modified Albumin {IMA)
Unbound Free Fatty Acids (FFAL)
Choline

Glycogen Phosphorylase-BB (GP-BB)

Ischemia

Restricted Blood
L) W

) ) Brain Type Natriuretic Peptide (BNP)
it patlellel) o=ttt N-terminal proBNP (NT-proBNP)

Figure 1.3-4: Biochemical markers releasedduring acute coronary syndrome

Various stages of AMI from the initial formation of the plaque, its destabilisation, subsequent ruptt
thrombosis leading to ischenmgalminatingin myocardial cell death and ventricular overload. Edabesof
the AMI releases biologicantitieswhich have potential as biochemical markers for diagnésispted
from[78, 83, 87].

To date assays detecting thestablished biomarkemimarily indicate myocardial necrosis
[78]. The clinicallyacceptediomarkers of AMI argthetroponins {hich are thepreferred
[69]), CK-MB (Mass assay69]) and myoglobin (potentially outdatd@1]) [60, 78, 84].
Thepropertiesof these biomarkerare summarised ifiable1.3-3.
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Table 1.3-3: Current cardiovascular biomarkers and their associated properties

: Size  Cardio- Role in Elevation 178

Biomarker | hy gpecificit ACS Period* POC-test
CardiacSTATus,
Cardiac MTest,

. Early M, . 1-48
Myoglobin 17.8 Low ] ) NPV RAMP Reader,
Re-infarction hrs o

Life Lite,
Stratus CS.

Cardiac STATus,
24-36 Stratus CS,

CK-MB 85 Yes Re-infarction Rule in
hrs RAMP Reader,
Life Lite.
i-STAT,
RAMP Reader,
o AlphaDx,
Definitive, 2-4hrsupto )
Very _ ) Life Lite,
Troponin | 23.9 ) Necrosis Risk 4-7
High o Stratus CS,
Stratification days )
Architect Tnl,

Vitrous TnkES,

Access Accu Tnl.

Definitive,
: : : : 2-4hrs up
Troponin T 37 High Necrosis Risk CARDIAC T-Test.
L t010-14 days
Stratification

This table was prepared frofi6, 67, 78]. * Initial elevation to return to normaiNPV: Negative predictive

value.

Myoglobin, a lsemeprotein, is located in the cytoplasm of both cardiac and skeletal muscle
cells[80]. Myoglobin is released rapidly into circulation as earlpm@shour from the onset

of symptoms Table1.3-3) and has a high negative predictiveuea(NPV) for AMI due to

its low molecular weight and location within the cp80, 78, 80]. NPV representaccurate
determination of the number of patients with a negative result who are diagnosed correctly
and myogl obin has val ue. Mysglaobd mblse s@petc
compromised by its identical amino acid composition in both cardiac and skeletal tissues
and its appearance in patients with renal insufficig@®. However, myoglobin is still

recognised as a useful rga marker of myocardial damagas a negative predictive
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biomarker[70, 81, 86]. Myoglobin may also identify lovgradeACS patients at additional

risk, for exampe detection of a neonardiovascular disea$@l].

Cytoplasnic creatine kinase (CK) is arder composed of M (muscle) or B (brain) subunits
thatassociate to form CHIM (striated muscle), CKMB (predominantly myocardium) and
CK-BB (brain, stomach and livef80]. The normal function of CK is to provide high
energy phosphate molecules, from creatine, which is used in contractile tissues. Early
successful assays included @#B-specific massand CKMB subtype masurementThe
characteristics of each is summarisedamlel.3-4.

CK-MB isoform was considered the gold standard in AMI diagnosis until 1995, howeve
its specificity is limited, like myoglobin, due to itele in skeletal muscle damag60, 67,
78]. CK-MB remains a useful tool, especially in muttarker analysis, for the assessment

of re-infarction[60].

Table 1.3-4: Creatine kinase characteristics

Initial Elevation Duration of Elevation

Marker Cardiac Specific
(Hours) (Hours)
Total CK No 4-8 36-48
CK-MB mass Yes 34 24-36
CK-MB subtypes Yes 2-4 16-24

The troponin complex Higure 1.3-5) consists of three proteins that function in the
regulation of striated muscle contractidm.the complex, calciunmediaesthe interaction
between acti and myosin in the thin filameip80]. The Tnl and T subunits have both
skeletal (sTnl, sTnTand cardiac isoforms (cTnl, cTnT) that have differing amino acid
sequencg and immunological activitiesvhile TnC has no cardiac specific isofor[80Q].
Cardiac Troponin | and T which apeoteins of the sarcomeric pool are widely recognised
as the gold standatmomarkerdor AMI diagnosiswhich also impatthe patiert prognosis,
risk stratification and guideherapeutic interventionfi60, 65, 66, 68, 69]. The cardiac
troponins (cTn) are markers ofiyocyte necrosis and take several h®up reach peak
elevationafter the onset of ischemiddble1.3-3) [67]. As indicated byFigurel1.3-3, cTn

hasa prolonged elevatiomperiod providinga large temporatliagnostic window and &
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peak concentration can be closely correlated to the size of the infd@&@joffhe elevation

of ¢cTn occurs 2 to 4 hours aftenset of symptoméTable1.3-3) and this initial release can

be attributed to their cytosolic pool with the prolonged elevation due to the structural
release of the regulatory proteif&l, 82]. The circulating forms of cardiac troponin found
are listed inTable1.3-5. The variance in circulating forms of the structural cTn complex
and its constituents gives rise to complications in the rational design of an antibody
targeting strategy due to the inaccessibility or cloaking of epitapesformation of
complexes and interferencefrom other serum protein® exposed regions of the protein
Currently, cTnl is credited with greater discriminatory value compared to cThé.
detection limits for assaysetkecting cTnl in patient samples is stfipg/mL and so
represents a significant challenge in terms of désign of the assay and its components

[66].

Actin

N

“-“
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Figure 1.3-5: Actin-Tropomyosin-Troponin complex

The complex regulates calciumediated muscle contraction. Theoponin T I'nT) subunit anchors the
troponin complex to tropomyosin. The Tnl subunit inhibits actomyosin ATPase activity and thus mor
the interaction of actin with myosin. The TnC subunit, common to both striated and cardiac muscle
calcium[67, 8Q].

Table 1.3-5:; Circulating cTn forms

cTnT cTnl*
Free cTnT (major form)  Tnl/TnC (major form)
TnT/Tnl/TnC complex
TnT fragments Free Tnl (minoform)

TnT/Tnl complex (minor form)

This table was adapted froi®0]. *cTnl exists in these forms in phosphorylatesidised and reduced states
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1.4 Thesis aims and objectives

The principal aim of thisesearchs the production, characterisation and development of
antibodies for the early detection of cardiac disease by addressing the issues isigrround

theultra-sensitivedetection of cardiac Troponin | (cTnl).
To achieve these outcomssveral keybjectivesneed to beealised:

1. Development of antibodies based on synthepitope targeting immunisation
regimesdeveloped byational, knowledgéased antigedesignstrategies.

2. Use of thisapproachto investigate thgeneration of antibodies by the exploibati
of monoclonal and recombinant antibody technolofpesargeting key epitopes of
interest underpinned by rigorous selection and screening methodologies
incorporating higkthroughput surface plasmon resonahasednstrumentation

3. Efficient charactasation of the generated epiteppecific antibodiesby the
development and use of modified forms of the antigen

4. Tailoring, modifying and refinng the generated antibodies for higiggecific roles

in novel pointof-care platforrs.

In addition, work was ndertaken to elucidate the three dimensional structuraviain
scFvs using advanced crystallographic studies including -Ergle produion and
purification of scFvshigh-throughput screening and systematic optimisation of conditions

for crystal formabn.

Ultimately, the overallrequirement igo generatehigh-affinity, high-sensitivity anticTnl
epitopespecific antibodies téacilitate the development of a novakxt generationltra-
sensitivepoint-of-caredevice capable of detecting cTnl at less than 40pg/mL in whole

blood samples
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2.1 Materials

2.1.1 Equipment

Instrument

Nanodr opl@0 ND

Gene Pulser XcellE

Trans-Blot® Semtidry transfer cell

Bio-Rad PowerPac HC: 250V/3.0A/300W

TecanE Safire 2E pl
TecanE SunriseE pl a
PX2 thermal cycler

G-St or mE PCR machine

BiacoreE 3000 and4000
AKTA Explorer FPLC System

Manufacturer

NanoDrop Technologies, Inc.,
3411 Silverside Rd 100BC,
Wilmington,

DE198104803,

USA.

Bio-Rad Laboratories, Inc.,
2000 Alfred Nobel Drive,
Hercules,

California 94547,

USA.

Tecan Group Ltd.,
Seestrasse 103,
CH-8708 Mannedorf,

Switzerland.

Thermo Electron Corporation,
81 Wyman Street,

Waltham,

MA 02454,

USA.

GRI Ltd.,

Gene House,
Queenborough Lane,
Rayne,

Braintree,

Essex CM77 6TZ,
United Kingdom.

GE Healthcare Bigbciences AB,
SE-751 84 Uppsala

Sweden.

2i 2



Clifton stirred water bath

Ohaus Explorer balance

Heraeus Biofuge Pico

Stuart Scientific Seesaw rocker SSL4

Priorclave tactrol 2 autoclave

Eppendorf refrigerated centrifuge
Model 5810R
Rotors: F45-30-11 (14,000rpm)
A-4-62 (4,000rpm)
New Brunswick Scientific U725 {80°C )

Orbi-Safe TS Netwise orbital shaker

37°C static incubator

Nickel 1 Electro Ltd.,
Oldmixon Crescent,
WestonsuperMare,

North Somerset BS24 9BL,
United Kingdom.

Ohaus Europe GmbH,
Heuwinkelstrasse 3,
CH-8606 Nanikon,

Switzerland.

Sales,
Hanau,

Germany.

Lennox Laboratory Supplies Ltd.,
John F Kennedy Drive,

Naas Road,

Dublin 12,

Ireland.

Priorclave Ltd,

129/131 Nathan Way,

West Thamesmead Business Park,
London SE28 0AB,

United Kingdom.

Eppendorf UK Limited
Endurance House,
Vision ParkHiston,
Cambridge CB24 97ZR,
United Kingdom.

Sanyo Europe Ltd.,
18 Colonial Way,
Watford WD24 4PT,
United Kingdom.
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Laboratory Instruments &upplies (1) Ltd.

_ Pamaron House,
Inverted Microscope

Ballybin Road,
Leica BMIL
Ashbourne,
Ireland.
Thermo Steri-cycle CGO, incubator Thermo Scientific,

12-16 Sedgeway Business Park,
Hearaeus Herasafe Laminar flow cabinet | Witchford,

Cambridgeshir€B6 2HY,
Thermo Orion pH meter: Model 420A+ United Kingdom.

Jencons Scientific,
800 Bursca Dr.,
Suite 801Bridgeville,
PA 15017,

USA.

Liquid Nitrogen (LN,) Cryogenic storage
LS750

BioTek U.S.- World Headquarters,
100 Tigan Street,

Plate Washer ELx405 Winooski,

VT 05404,

USA.

2.1.2 Chemicals

All chemicals were of the highest possible quality and sourced from Siipinah
(SigmaAldrich Ireland Limited, Vale Road, Arklow, Wicklow, Ireland.) or Fisher
Scientific (Fisher Scientific Ireland, Suite 3, Plaza 212, Blanchardstown Corptaete?
Ballycoolin, Dublin 15, Ireland.) unless stated otherwise.
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2.1.3 Cells

Table2.1-1 details the mammalian cell lines amdble2.1-2 outlines thek. coli cell types

and heir genotypeghat were utilised in the coursetbis thesis

Table 2.1-1: Mammalian cell lines

Cell Line Description Catalogue  Supplier
Sp2/0Agl4 Mouse myeloma, lymphoblast CRL-1581 ATCC
Table 2.1-2: E. coli cells and genotypes
Cell Line Genotype Catalogue Brand

recAlendAl gyrA96 thil hsdR1&upE44relAl

XL1 Blue 200249 Stratagene
lac [F" proAB laclgZgiM15 Tn10 (Tetr)].
F’[laclg Tn10(TetR)] mcrA g(mrr-hscRMS-

ToplOF mcrBC) 0 80lacZqM15 gdacX74 recAl araD139 C303003  Invitrogen
gdara-leu)7697galU galk rpsL endAl nupG.

dert/dant (dam13::Tn9Cant), dem6)(endA (hsdR2 C2025H NEB
(mcrA, mcrB]) (fhuA3)
F- mcrA ggmrr-hsdRMS-mcrBC) (i80lacZqiM15

Topl0 gdacX74recAl araD139qgqaraleu) 7697galu C404010 Invitrogen
galK rpsL (StrR)endAl nupG

BL21 (DE3) Fi ompl hsdSB(rBi , mBi') gal dcm(DE3) 702353 Novagen

BpLL?; S(DE3) I(:cl: :r:\:')l' hsdSB(rBi, mBi') gal dcm(DE3) pLysS T Novagen
@p( alreau) 7697 ol abdphdRt o

Origami 2 (DE3) araD139 ahpC galE galK rpsE Nj¢" lacl® pro] 714083 Novagen
(DE3)gor522:Tn10 trxB(Str?, Tef)

Tuner (DE3) F' ompT hsd$(rs' mg') gal dem lacY(DE3) 707263 Novagen

Rosetta2 F ompT hsd§{rs' mg) gal dcmpRARE2 (Carf) 714023 Novagen
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214 Media and buffers

2.1.4.1 Media used for the growth of mammalian cells

All cell culture reagents were of the highest possible quality, tested for cell culture and
sourced from Sigmaldrich (SigmaAldrich Ireland Limited, Vale Road, Arklow,
Wicklow, Ireland.) or Fisher Scientific (Fisher Scientific Ireland, Suite 3, Plaza 212,
Blanchardstown Corporate Park 2 Ballycoolin, Dublin 15, Ireland.) unless stated otherwise.

Media Component Composition

DMEM (- L-Glutamine) 500mL
SP2/0 Agl4Growth FoetalCalf Serum (FCS) | 10%((v/v)
L-Glutamine (200mM) 2mM

DMEM (- L-Glutamine) 500mL
L-Glutamine (200mM) 2mM

DMEM w/o FCS Sodium Pyruvate (100mM 1mM
NEAA (100X) 1(X)
25ug/ml Gentamicin 25¢eg/ m

DMEM (- L-Glutamine) 500mL
FCS 10% (v/v)
L-Glutamine (200mM) 2mM

DMEM + FCS

Sodium Pyruvate (100mM 1mM

NEAA (100X) 1(X)

25ug/ml Gentamicin 25eg/ m

DMEM + FCS 500mL
Selection Media (HAT) | HAT Medium (100X) 1X

Briclone (Archportj 5% (V/v)

DMEM + FCS 500mL
Cloning Media (HT) HT Medium (100X) 1X

Briclone (Archport) 5% (v/IV)

2 Briclone is a media additive for use in the fusion stages of hybridoma development promoting the outgrowth
of new hybrids. The 116 rich conditioned media is collected from a human cell line and Briclone is a
registered product of Archport, DCU.
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Media used for the growth of bacterial cells

Media Component | Composition
Tryptone 10g/L
Luria Broth (LB) Yeast atract | 5g/L
NacCl 10g/L
MOPS 10g/L
SuperBroth (SB) Tryptone 30g/L
Yeastextract | 20g/L
N Tryptone 129/900mL
Terrific Broth (TB)
_ Yeast extrac| 249/900mL
(Completed with 100mL TB salts?*
Glycerol 4mL/900mL
KH,PO, 2.31g/100mL
TB Salts*
K HPO, 12.54¢g100mL
Tryptone 20g/L
Yeastextract| 5g/L
) . KCI 2.5mM
Super Optimal Catabolite (SOC)
NacCl 0.5¢g/L
MgCl, 20mM
Glucose 20mM

2.1.4.3 Media additives used for the growth of bacterial cells

2.1.4.3.1 Antibiotics

Antibiotics used for bacteriatell culture were prepareds described belowand sterile
fillered ( O . 2lzeforg use. Antibiotic stocks were retained in aliquots to reduce the

instances of contamination.
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Antibiotic Component Composition

~ | Carbenicillin salt 500mg
100mg/mL (w/v) Carbenicillin
Molecular grade water | 5mL

_ Kanamycin 700mg
70 mg/mL (w/v) Kanamycin
Molecular grade water | 10mL

_ Tetracycline 50mg
5mg/mL (w/v) Tetracycline
Molecular gradesthanol| 10mL

2.1.4.3.2 Additives

Additives were prepared with autoclaved@Has described belownd where possible

sterile filteredthough a 0. 2em syringe filter.
Media Additive Component Composition
Glycerol 50% (Vv/v)
100X 505 Glucose 5% (W/v)

dH,O (autoclaved) to 50mL

Glucose 30% (wi/v)

30% (w/v) Glucose
dH,O (autoclaved) to 50mL
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2144 Buffers

Buffer

Phosphate Buffered Saline (PBS)

5% (wiv) PBS-Milk (PBSM)

0.05% (v/v) PBS-Tween (PBST)

1% (w/v) PBST-Milk (PBSTM)

10X HBS-EP* (1L)

Tris Buffered Saline (TBS)

Component
NaCl
KCI

Na,PO,
KH,PO,

PBS

Milk marvel

PBS
Tween 20

PBST

Milk marvel

0.1M HEPES

1.5M NaCl

30mM EDTA

0.5%(v/v) P20/Twee®20
MilliQ H .0

Tris

NaCl

2i9

Composition

0.15M
2.5mM
10mM
18mM
pH7.4

1X
5% (W/v)

1X
0.05%(V/v)

1X
1% (wi/v)

23.831g
87.669g
11.17g
SmL
to 1L

50mM
150mM
pH 8.0



2.1.4,5 Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE)
and Western blotting (WB)

12.5% (w/v) Separation gel
(1gel: 6mL)

4.5% (w/v) Stacking gel
(1 gel: 2.5mL)

10X electrophoresis buffer

Loading buffer (4 X)

Coomassie stair(500mL)

Coomassie destairf1L)

1M TrisHCI, pH 8.8

30% (w/v) acrylamide (Acrylagel)

2% (w/v) methylamindisacrylamide (BisAcrylagel)
dH,O

10% (w/v) sodium dodec@ulphatgSDS)

10% (w/v)Ammonium persulfat€APS)

TEMED

1M TrisHCI, pH 6.8

30% (w/v) acrylamidé€Acrylagel)

2% (w/v) methylamine bisacrylamide (Bigrylagel)
dH,O

10% (w/v) sodium dodec@ulphatgSDS)

10% (w/v) APS

TEMED

50mM Tris pH 8.3
196mM Glycine
0.1%(w/v) SDS
dH,O

0.5M Tris pH 6.8
Glycerol
1-mercaptoethanol
20% (w/v) SDS
Bromophenol blue
dH,O

Coomassie blue-250
Methanol

Acetic Acid

dH,O

Acetic Acid
Methanol
dH,O

2110

1.5mL
2.5mL
1.0mL
934¢l
30¢lL
30¢lL
6¢elL

300¢l
375¢l
150¢1l
1.74mL
24¢L
24¢L
2.5¢l

30g
144g
10g
to 1L

2.5mL
2.0mL
0.5mL
2.5mL
20ppm
1.25mL

1g
225mL
50mL

225mL

150mL
200mL
650mL



Transfer Buffer (500mL) Trizma Base 2.49
Glycine 7.29
Methanol 100mL
dH;O 400mL

2.1.4.6  Protein purification

Note: Buffers were prepared 18.2ngq waterand@ e m steril e filtered

2.1.4.6.1 Monoclonal antibody purification buffers

Equilibration Buffer 1X PBS

Wash Buffer 0.05% (v/v) PBST
Elution Buffer 0.1M Glycine HCI, pH2.5
Neutralisation Buffer 1M Tris-HCI, pH8.5

2.1.4.6.2 Recombinantprotein purification buffers

PBS based buffers

Equilibration Buffer | 1X PBS + 150mM NaCl + 10mM Imidazole, @340
Wash Buffer Equilibration buffer + 0.5%w/v) Tween®20, pHB.0
Elution Buffer 100mMNaOAc pH4.2

Neutralisation Buffer | 10X PBS and 100mM NaOH (1:1)
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NaH,POsi based buffers

Equilibration Buffer
Wash Buffer # 1
Wash Buffer # 2
Elution Buffer

Neutralisation Buffer

Cation exchange buffers

Equilibration Buffer
Elution Buffer

Neutralisation Buffer

50mM NaHPQ, + 100:300mM NaCl, pH3.0
Equilibration buffer + 10mM Imidazole, pBL.O
Equilibration buffer + 20mM Imidazole, pBL.O
100mMNaOAcg pH4.2

10X PBS and 100mM NaOH (1:1)

50mM NaHPQ, + 100:300mM NacCl, pH3.0
100mMNaOAcg pH4.2

10X PBS and.0OOmM NaOH (1:1)

Gel filtration buffersfor Fast protein liquid chromatographiyRLC)

Gel filtration buffers were composed of 1X PBS or 1X TBS (depending on the intended

application of the purified protein) supplemented with 0.02% (w/v) N@Nebuffers were

prepared and

sterile filtered through O.
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2.1.5 Commercial ly sourced kits and solutions

Kit Supplier

Invitrogen Corporation

Superscript [[I® Reverse Transcriptase Kit 5791 Van Allen Way,
(180806051) PO Box 6482,
Platinum® Tag DNA Polymerase High Fidelity Carlsbad,
(11304011) California 92008,
USA.
MACHEREY-NAGEL GmbH,

NucleoTrap® Gel Extraction Kit
(636018)

NucleoBond® Xtra Midi
(740410.100)

Postfach 10 13 52,
Neumann Neander Str-&
D-52355Duren,

Germany.
N ) Novagen
BugBusterE Protei n(70023)
Merck KGaA,
. : S e ; _ Darmstadt,
Hi s ABi nd E*-dRaged (@1,03526ml)
Germany.

Promega Corporation,
2800 Woods Hollow Road,
Madison,

WI 53711,

USA.

GoTag® Flexi DNA Polymerase
(Promega M8301 )

GE Healthcare Ltd.,
Amersham Place,

Amine Coupling Kit Little Chalfont,
(BR-100050) Buckinghamshire,
HP7 9NA,

United Kingdom

Pierce,
PierceE Rapi d |asaoday pi n| 3747 N Meridian Rd, Rockford,
(26179 IL 61101,

USA.
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2.1.6 Commercial ly sourced antibodies

Antibody

Anti-Mouse (whole moleculeHRP
Anti -polyhistidine (HIS) HRP
Anti -Mouse-Fc-specificHRP

Anti -chicker+lgY -Fc-specificHRP
Anti -chicken-lgY -Fab HRP

Anti -chicken-lgY -Fc-specific

Anti -chicken-IgY -Fab

Anti -mouselgG-Fc-specific

Anti-Tnl-19C7
Anti-Tnl-228
Anti-Tnl-16A11

Anti -Hemagglutinin (HA) HRP

Anti -HA epitope pAb

(for BiacoreE 4000

Anti-HA-649Dy | i ght E

Species

Goat
Mouse
Goat

Goat
Goat
Donkey
Goat
Chicken

Mouse
Mouse
Mouse

Rat

Rabbit

Rabbit
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Supplier

SigmaAldrich Ireland Lid.,
Vale Road,

Arklow,

Wicklow,

Ireland.

Gallus Immunotech,

6570 1st Line West Garafraxa,
Fergus,

ON N1M 2W4,

Canada

Hytest,

Intelligate 6th floor,
Joukahaisenkatu 6,
20520,

Turku,

Finland.

Roche Diagnostics Ltd.,
Charles Avenue,
BurgesdHill,

West Sussex,

RH15 9RY,

United Kingdom

Thermo Fisher Scientific Inc.,
3747 N Meridian Rd,
Rockford,

IL 61101,

USA.

Rockland Immunochemicals Inc.
Gilbertsville,

PA 19525

USA.



2.1.7 Commercial ly sourced proteins

Protein Species Cat. Supplier

Life Diagnostics Inc.,
P.O. Box 5205,

cTnl Human 1210 West Chester,

PA 19380,

USA.

SigmaAldrich Ireland Ltd.,
Vale Road,

Arklow,

Wicklow,

Ireland.

Protein G Recombinant P3296

Keyhole limpet Haemocyanin Animal
(KLH) derived H7017

Pierce Protein Research Product

o Deglycosyated 3747 N Meridian Rd,
NeutrAvidin o 31000
avidin RockfordIL 61101 ,

USA.

Fisher Scientific Ireland,
: Blanchardstown Corporate Park
_ ) Animal :
Bovine serum albumin BSA) . BPE1600 | Ballycoolin,
derived ;
Dublin 15,

Ireland
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2.1.8 Vectors

Vector Resistance Catalogue Supplier
; Novagen
pET 26b(+) Kanamycin 69862
_ Merck KGaA,
pPET 28b(+) Kanamycin 69865
- Darmstadt,
pPET 32b(+)  Ampicillin 69016
Germany.

Prof. C. Barbas Il
The Scripps Institute,
- La Jolla,
pComb3xSS Ampicillin N/A ;
San Diego,
California,

USA.

Andrew Hayhurst,

University of Texas at Austin
pMopacl6  Ampicillin N/A Austin,

TX 787121095,

USA.

GenScript USA Inc.
860 Centennial Ave.

pUCS7rTnl L ;
Ampicillin Custom | Piscataway,
FABP-P1&2
NJ 08854,
USA.
2.2 Licencing

All animal procedures were ethically approved and carriedirowccordance with the
Department of Health and Children licennamber B100/3816 under the direction of
trained animal handlers minimising animal distress. PJC has completed Laboratory Animal
Science and Training program (LAST) qualifying to handle rodent and avian subjects. All

animals were handled and treated humairethe dedicated BieResource Unit (BRU).
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2.3 Methods

231 General molecular methods

2.3.1.1 Ethanol precipitation of DNA

Ethanol precipitation was carried out-20°C overnight O/N) or at-80°C for two hours
depending on thdime requirement. To the 1.5mL tube containing the DNA to be

precipitated the following was added:
0.1X the volume ofodium acetatgpH5.2

2X the volume of 100%v/v) molecular gradethanol (icecold)

lelL gl (progind)e n

Tubes were agitated amqdiaced at the relevant temperature for the desired length of time.
The DNA was then pelletedy centrifugationat 14,000rpm for 3@ninutes at 2C, washed

with 70% (v/v) icecold ethanol as above, air dried and resuspended in an appropriate
volume ofmolecudar grade watemgol. G. HO).

2.3.1.2  Plasmid propagation and purification

An overnight culture (10misuper broth $B) supplemented with relevant antibiotic) was
prepared from a single transformed colpowyglycerol stockand incubated at 3, while
shakingat 210rpm. Thisculturewas then used to inoculate 100mL SB (with antibiotic) and
grown overnight at 3, while shaking at210rpm. Bacterial cells were collect by
centrifugation at 4000rprat 4°C for 30 minutesThe gasmid was then purified using
NucleoBond® Xtra Midj as perthe manuf acturerds guidelines
resuspended in a finadO woldumaea aoft i 2b5@dL omo
1000 nucleic acid DNAO setting.
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2.3.1.3  Agarose electrophoresis

Various percentage gels (w/v) meprepared by weighing out the desigedount b give

the requiredoercentage in grams of agarose. The weighed agarose was added to-1X Tris
acetateEDTA (TAE) buffer and heated in a microwave-32minutes)until dissolved,
allowedto cool| before addingX SYBRE safe DNA gel stain.
to set in the appropriate gel box with the inserted comb. Gel electrophoresis was carried out
usingBicRad Power Pac E -bHffer ai 90V fdr betw&eh EO and #dnutes.

2.3.1.4  Ligation of DNAiInto a vector

Ligations were carried out with a number of vector and inserts using the general ligation
reaction conditionsTable2.3-1). The weight of vector (X) and insert (Y) to obtain a 1:1

ratio was determined usirigguation2.3-1.

Equation 2.3-1: 1:1 molar ratio of vector and insertfor ligation reactions

Insert Size (kb)

——————— x ng of vector = ng of insertinal:1 molar ratio
Vector Size (kb) g of g of

The ligations were incubated overnight at room temperature (RT) followed by inactivation
at 65C for 20 mirutes and precipitatioas described in secti¢h3.1.1 The ligationswere

resuspended in 1D 0 epte-heated mol. G. O (~6(0PC) post precipitation

Table 2.3-1: General ligation reaction components

Component Ligation  Control
Vector DNA Xeg Xeg
Insert DNA Yeg -
Ligase Buffer (10X) 1X 1X
Mol. G. H,0O to 1(to 11

T4 Ligase 10U/ 10U/
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2.3.1.5 Preparation of competent cells

Electrocompetent cells were preparé@shly when requiredo asto prevent losss in
efficiency associated with storage. Prior to preparation cells were streaked onto selective
agar and additionally assayed dtanamycin and Carbenicillin plates to ensure no

contamination due tioguephage

2.3.1.5.1 Electro-competent cellpreparation

A single colony(E. coli XL1 Blue) was inoculated into 5ml of SB ¢§/mL tetracycline)

and grown O/N at 3T while shaking at230rpm. Prior to cawying out any work all
surfaces and equipmewere bleached as thoroughly as possible. Sterile Pasteur pipettes,
dH,O (autoclaved)10% (v/v) glycerol (autoclaved) and centrifuge tubes were placed on
ice at #C O/N.500mls of LB media with 0.01M MggWwasinoculated with te 5mL O/N
culture and grown aB7°C, while shaking at230rpm until an Okyo of 0.5 (max) was
reachedif approx.2-3 hours or so). The culture vessel was then placed on i€ &30
minutes andswirling occasionally. The 500mtulture was divided into 10 x 5Qurtubes

and centrifuged at 3000rpat4°C for 20 minutes (Eppendorf 5810R). The supernatant was
discarded and the pellets resuspended in 10mL afaltbwater using a Pasteur pipette and
combinedinto 2 prechilled 50mLtubes (100mL). The cultures were centrifuged as before
and the volume of water used to resuspend the pellets halved (25mL/50mL tube). The cells
were collected by centrifugation as befotiee pellets resuspended in 2 x 10mL-owdd
water volumes and combind into one tube. After centrifugation the pellet was re
suspended in 10mL % (v/v) icecold glycerol. The cells were again collected by
centrifugation and rsuspended in 5mL 10% (v/v) ice cold glycerol. The cells were
centrifuged a final time and +us@nded in 1.82.0mL 10%(v/v) glycerol. The cellsare

thenreadyfor electroporabn.
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2.3.1.5.2 Chemically-competent cellpreparation

E. coli were treated for the preparation of eleatonpetent cell§as describedection
2.3.1.5.). However, all washes were carried out with 0.1M GaglIplace of water and

0.1M CaC} with 10% (v/v) glycerol. The cells wedispensednt o 50¢ L al i quot
frozen using LNand stored ai80°C.

For transformation, thecells were removed fror80°C storageand placed immediately on

ice. The vector/ligation to be transformed was also placed on ice and once the cells had

t hawe d DilAwas aulded to the cells and mixed with gentle agitation. The cells and
DNA were allowed to stand for one minute before being placed’@tfé2 30 seconds. The

tube was theputon i ce f or 2 mi-wammedsuper aptindal blohJOOL pr e
added.The cells were allowed to outgrow for 1 hour af@7while shaking a230rpm
beforebothl 0 ¢ L a n doluhdsweseplated out on LBselective agartlie antibiotic
includedwasdependent othe vector used) and grown O/N, whitwerted at 37C.

2.3.1.6  Preparation of bacterial cell stocks

Cell stocks were prepared either 1.5mL tubes or 9%ell culture plategslependent on the

numbers required

1.5mL tubesovernight cultures (2mL SB with relevant antibiotic and @) glucose)

were grown at 3 while shaking at230rpm andthe cells were thencollected by
centrifugation at 4,00rpm at 4°C for 20 minutes. The supernatant was then discarded and
thecellsresuspended in SB media containing 10%
a number of 1.5ml(screw thread) tubes whickeresnap frozen in LN Cells were then

storedlong termat-80°C.

96 well plates overnight cultures (150eL (BB wit
glycerol) were grown at 3C while shaking a2 3 0r p m. The foll owing
removed for expression in 9feep wellplatesand r epl aced with 25¢lL

and placed a80°C for longterm storage.
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2.3.1.7  Lysis of E. colicells for small-scale analysis and purification

Cells werdysed by a combined Bugu s t e r E, ard yreezgbay tmemtment regime.

The cell pellet was resuspendsih 1/10 the culture volumes(nallscalg or 2.5mL per 1g

cell paste (largscale) phosphate buffered salifeB§ and transferred tahe relevant
number of 2mL tubes (0.75mL/tupeA volume of 0.75nL o f 1X Bug Bust
1mg/mL of lysozyme was then added to each tube and the tubes placed pbatftren

rocker for 20 minutes abom temperatureRT). Post incubation the cells were alternated
from -80°C to 37C for a minimum of three times. Cellular debris was colledbsd
centrifugationat 14,000rpmat 4°C for 30 minutes and the supernatant separated. The
supernatant could then be used feodium dodecyl sulphate polyacrylamide gel
electrophoresifSDSPAGE) by addi ti on of Ilysdleonnthe 4nXoludey e / 3 |
matter tested by resuspension in 4X SBYSGE loading dyeTo enablepurification of

soluble proteirthe lysates were pooled together émel volumebrought to ~50mL with the

relevant equilbration buffer 50mL buffer/400mL largescaleinducedculture).

2.3.1.8  Optimisation of recombinant protein expression

Optimisation of the expression of various recombinant proteins was undertaken at
numerousstages throughout this work. Various lengths of induction timelsomtopytb-
D-thiogalactoside(IPTG) concentrations were evaluated with namber of different
constructsmedia typesand temperatures. Alhese expression studies can be described by
thegeneric flow containeth Figure2.3-1 with refinements or modifications to the protocol
noted in the relevant sect®mhe samples takemerecentrfuged and the pellet retained at
-80°C until required. The cell pellets were treatahilarly during lysis and loading onto

SDSPAGE ges for sideby-sidecomparisorwith anun-inducedcell control (OmMMIPTG).
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Figure 2.3-1: Generic time course experimenfor expression of recombinant proteins

A single colony or gjcerol stock was inoculated BmL of medum containing antibiotic and 1%v/v)
glucose and growrQ/N at 37C, while shaking at230pm. It was then subcultured into fresh medi:
containing antibiotic only and grown ungéh ODgqo ~0.6 was reachedThis starter culturgvasthen employed
to inoculate 50mL of media (with antibioticgjto a 250mL flask whichwas subsequently grown untihe
ODggo reached~ 0.6. At this stage the culturegreinduced with various concentrations of IPTG at a defil

temperatureX) and 1mL samples taken at two time points (A and B).

2.3.1.9  Purification of produced recombinant proteins

Numerous purificatiorstrategiesvere undertakeffor the recombinant proteingenerated

The cells were grown and expressed as described in the relevant section anddysed
described in2.3.1.7 The choice of buffers also varied and specific buffers for particular
purifications are contained within the relevant section. The buffer recipes for recombinant

protein purification can be found in secti®ri.4.6.2

Hi s A B i*nhah&tgedNresin (Novagen) slurfi-2mL) was alded to a 10mL
chromatography column and allowed to settle, correspondingt6-EmL resinbed. The

resin was washed thoroughly with-16 column volumes (CV) equilibration bufféfhe
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