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ABSTRACT

Tuberculosis (TB) is one of the most life-threatening infectious diseases in the world,
claiming millions of lives annually. Lack of point-of-care (PoC) diagnostic tools for TB
hinders control of the disease, particularly in resource-limited, high HIV and TB
prevalence countries. Therefore, there is a need for simple, rapid, accurate, and
affordable PoC diagnostics to detect active TB early enough for opportune intervention.
To develop TB detection probes that will constitute such diagnostics, our research group
recently isolated DNA aptamers that bind to a putative marker for active TB; the ESAT-
6.CFP-10 heterodimer. Aptamers are highly specific artificial mimics of antibodies that
have shown great prospects in diagnostic applications. The aim of this study was to
characterise the anti-ESAT-6.CFP-10 aptamers, and to optimise them into more specific
and affordable detection probes for the development of potential PoC TB diagnostic
tools. Characterisation included determining the binding kinetics of six full length (90-
mer) anti-ESAT-6.CFP-10 aptamers by Surface Plasmon Resonance (SPR) technology,
and the analysis of the secondary structures and associated energetics using in silico
methods. Five of the full length anti-ESAT-6.CFP-10 aptamers exhibited high affinity to
the recombinant CFP-10 monomer, with dissociation constant (Kp) values within the
nanomolar range. In silico secondary structure analyses provided a theoretical
framework for the target-binding motifs of the aptamer sequences. Optimisation of two
of these aptamers, namely CSIR 2.11 and CSIR 2.19, was carried out by the rational
truncation of the full length sequences, retaining their predicted minimum target-binding
motifs. Rational truncation yielded two shorter derivatives of each aptamer; 70-mer and
77-mer for CSIR 2.11, and 77-and 49-mer for CSIR 2.19. In silico conformational
energy landscape analyses suggested that the truncated aptamers had improved folding
kinetics compared to the full length parent aptamers. When evaluated in an enzyme
linked oligonucleotide assay (ELONA), the functional performance of the truncated
aptamers was comparable to that of the full length aptamers. These data suggest the
potential utility of the truncated aptamers as candidate TB detection probes for the
design of a PoC TB diagnostic tool.
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CHAPTER 1

INTRODUCTION

1.1 The Epidemiology of Tuberculosis

Tuberculosis (TB) remains a major global health burden associated with high rates of
morbidity and mortality. There are approximately 8.7 million new cases of clinically
active TB, and about 1.4 million TB-attributed deaths annually (WHO, 2012). Of the 8.7
million new active TB cases, 13% were coinfected with human immunodeficiency virus
(HIV) (WHO, 2012) . Furthermore, of the reported global 1.4 million deaths in 2011,
almost a million were among HIV-negative individuals and 430 000 among those
infected HIV (WHO, 2012). Globally, TB ranks as the second leading infectious disease
(after HIV) that causes death; with the gravest burden experienced by Asia and Africa
(WHO, 2012). This is despite the disease being largely curable and the progressive

improvements in access to TB treatment in the last decade.

1.2 The Pathogenesis of TB

TB is an air-borne infectious disease caused by a group of closely related species which
collectively form the Mycobacterium tuberculosis complex. These species include M.
tuberculosis, M. bovis, M. africanum, M. microti, and M. canettii (Fukuda et al., 2013).
M. tuberculosis (MTB) is the primary causative agent for the majority of human TB
cases worldwide (Fukuda et al., 2013). This aerobic, slow-growing, rod-shaped, acid-
fast bacterium (Dinic et al., 2013) has a complex cell wall structure; which is known to
play a role in both its pathogenesis and resistance to treatment (Knechel, 2009). To
elicit pathogenesis, MTB enters the airways of exposed individuals in aerosol droplets
generated through coughing, sneezing and talking (Knechel, 2009)The introduction of
MTB bacilli into the lungs can cause respiratory infection called pulmonary TB, which
can later disseminate to other organs resulting in extrapulmonary TB (Solovic et al.,

2013).
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Generally, a small proportion of people infected with MTB will progress to develop
active TB disease (Smith, 2003). Most healthy individuals successfully control the
infection through host immune response mechanisms involving the phagocytotic arrest
of the MTB bacilli in granulomas (Smith, 2003). Successful arrest of the infection
results in the asymptomatic and non-transmissible state of the disease, termed latent
infection (Smith, 2003). However, if the exposed individual has compromised immunity
as would be the case in HIV-infected persons, or immature immunity such as in children
younger than 5 years, the infection may progress to active TB disease (Knechel, 2009,
Smith, 2003). Furthermore, reactivation of the disease , termed secondary progressive
TB, may occur in immunocompetent individuals within the first 2 years of initial
infection or even decades later, under immunity-stressful conditions (Fukuda et al.,

2013).

1.3  The problem of TB diagnosis

Central to the burden of TB is poor diagnostics, particularly in high prevalence countries
(Chamie et al., Dorman, 2010, Mathebula et al., 2009, Storla et al., 2008). Delayed or
poor diagnosis may lead to continued transmission of the disease in communities and
hospitals (Chamie et al., Dorman, 2010). In addition, inadequacies in TB diagnostic
tools may lead to false positives, resulting in unnecessary utilization of public health
resources and possibly dire health consequences to patients (Chamie et al., Dorman,

2010).

The method most commonly used to diagnose active TB is sputum smear microscopy
(Chamie et al., Dorman, 2010, Mayer and Dukes Hamilton, 2010, Davis et al., 2011)
The major disadvantages of this method of detection are the requirement of laboratory
equipment and trained personnel, as well as poor sensitivity of detection which is
estimated at 70% but also as low as 35 % in nations with a high prevalence of HIV-TB
coinfection (Davis et al., 2011). Some reports indicate that up to 50% of HIV-positive
TB-infected patients show negative smear test results (Parida and Kaufmann, 2010). The
2
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tuberculin skin test (TST) and chest radiographs are usually used in conjunction with
smear microscopy (Chamie et al., Dorman, 2010). However, the TST presents low
sensitivity for active TB while chest radiography is limited to detection of pulmonary
TB, has low sensitivity, and is generally subjective (Dorman, 2010). The diagnosis of
extrapulmonary TB often requires invasive measures of obtaining diagnostic samples
from the site of infection (Nicol and Zar, 2011, Parida and Kaufmann, 2010) and fairly
technical methods of detection (Parida and Kaufmann, 2010). The culturing of MTB,
both on solid and in liquid media, is considered the current gold standard in TB
diagnosis and is significantly more sensitive than smear microscopy (Zeka et al., 2011).
However, this method is time-consuming (Zeka et al., 2011), costly and also requires
trained personnel as well as specialized Bio-safety level-3 facilities (Chamie et al.,

Dorman, 2010, Parida and Kaufmann, 2010).

Newer technologies in TB diagnosis include the interferon y-release assays (IGRAs) and
nucleic acid amplification tests (NAATs). The IGRAs are serodiagnostic assays that
offer rapid TB diagnosis based on MTB antigen-induced immune response (de Moraes
Van-Lume, 2010, Ernst et al., 2007, Pai and Ling, 2008, Pai et al., 2008). These tests
offer a single patient visit (de Moraes Van-Lume, 2010, Ernst et al., 2007) and modestly
high sensitivity (de Moraes Van-Lume, 2010, Dheda et al., 2009, Ernst et al., 2007).
However, the IGRAs have shown poor specificity as other mycobacteria (e.g. M.
kansasii and M. marinum) can also elicit an interferon y response, and thus a give a
positive IGRA test (Dheda et al., 2009). One of the key shortcomings of these tests is
the inability to distinguish active from latent TB, particularly in high burden countries
(de Moraes Van-Lume, 2010, Dheda et al., 2009, Ernst et al., 2007). Other limitations of
the IGRAs include the requirement of equipment and trained personnel (de Moraes Van-

Lume, 2010, Dheda et al., 2009, Ernst et al., 2007).
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NAATSs use various molecular approaches to amplify and detect the Mycobacterium
tuberculosis complex (MTC) directly in clinical specimens, allowing for rapid and
accurate TB detection (Antonenka et al., 2013). Commercially available NAATS used in
TB diagnosis include the ProbeTec ET DTB (DTB) (BD), DNA based probe
Accuprobe (Genprobe), the Amplified M. tuberculosis Direct (AMPLIFIED MTD) test
(GenProbe), Amplicor MTB (Roche), COBAS TagMan MTB (CTM-MTB) (Roche),
and the Xpert MTB/ RIF™ (Cepheid) (Boehme et al., 2010, Davis et al., 2011) .
Although these tests offer promising potential in TB diagnosis with high specificity,
ranging from 85-98% for smear-positive TB, they have shown poorer sensitivity (66%)
for smear-negative TB (Nicol and Zar, 2011, Parida and Kaufmann, 2010), and still
present some notable drawbacks particularly for PoC use (LaBarre et al., 2011). These
tests require trained personnel, are labour-intensive and may present risk of cross-
contamination of samples (Nicol and Zar, 2011, Parida and Kaufmann, 2010).
Furthermore, the performance of the NAATSs is affected by the sample preparation, the
extraction of DNA and the presence of PCR inhibitors (Chang et al., 2012). However,
the fully automated Xpert MTB/RIF™ system offers an improved and easy-to-use
NAAT alternative (Nicol and Zar, 2011, Parida and Kaufmann, 2010). The Xpert
MTB/RIF™ detects MTB and rifampin resistance as a surrogatee for multi-drug
resistant (MDR) TB directly from a patient’s sputum in less than 2 hours with minimal
risk of sample contamination (Nicol and Zar, 2011, Parida and Kaufmann, 2010).
Moreover, the test has a sensitivity profile that is comparable to some culture methods
but without the need for Bio-safety level 3 facilities (LaBarre et al., 2011).While the
method presents prospects for near-patient care TB detection facilities, the high cost of
the Xpert MTB/RIF™ system and operational challenges may be limiting factors,

particularly in low income, TB-burdened populations (LaBarre et al., 2011).

Collectively, the currently available TB diagnostics present drawbacks of low sensitivity

or specificity, the inability to distinguish between latent and active disease, the
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requirement of sophisticated instrumentation, special storage conditions and proficient
technical workforce, and high cost implications (Chamie et al., Dorman, 2010, Ernst et
al., 2007, Kaufmann and Parida, 2008). Apart from the shortcomings of the current
diagnostic tools, access to TB diagnostics remains a challenge (Dorman, 2010). These
challenges necessitate the development of an affordable; sensitive; specific; user-
friendly; rapid and robust; equipment-free and deliverable to end-users (ASSURED) TB
diagnostic tools (LaBarre et al., 2011). In addition, these ASSURED TB diagnostic tools
must be tailored for use in high TB and HIV prevalence developing countries (Chamie

et al., Dorman, 2010, Ernst et al., 2007, Kaufmann and Parida, 2008).

14 Surrogate TB biomarkers and alternative tools for detection of MTB

antigens
1.4.1 ESAT-6 and CFP-10 are surrogate TB biomarkers

Reliable target biomarkers are important when developing diagnostic tools (Kaufmann
and Parida, 2008, Parida and Kaufmann, 2010). The early secreted antigenic target-6
(ESAT-6) and culture filtrate protein-10 (CFP-10) are considered good surrogate
biomarkers for TB detection (Andersen et al., 2000, Parida and Kaufmann, 2010).
ESAT-6 and CFP-10 are secreted by the ESX-1 secretion system, which is encoded for
by the MTB genomic region of difference one (RD1) (Andersen et al., 2000, Parida and
Kaufmann, 2010). The RD1 is crucial in the pathogenesis of MTB, and distinguishes TB
from non-TB-causing mycobacteria (Andersen et al., 2000, Parida and Kaufmann,
2010). This region is deleted in all Bacillus Calmette-Guérin (BCG) vaccine strains of
M. bovis, and is the primary deletion event responsible for attenuation of virulent M.
bovis (Andersen et al., 2000, Parida and Kaufmann, 2010, Pym et al., 2002, Pym et al.,
2003). The RD1 region spans open reading frames Rv3871 to Rv3879¢ (Andersen et al.,
2000, Parida and Kaufmann, 2010). CFP-10 and ESAT-6 are encoded by Rv3874 and
Rv3875, respectively, and are the two most predominant secretory proteins encoded by

the RD1 region (Andersen et al., 2000, Parida and Kaufmann, 2010). However, the RD1
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is also present in M. avium, in the facultative-pathogenic M.kansasii, and the non-
pathogenic M. smegmatis. In M. smegmatis for instance, the region is proposed to play a
role in DNA uptake (de Jonge et al., 2007), suggesting that pathogenic mycobateria have
adapted an ancestral system for protein secretion that is necessary for survival and

multiplication in the host cell (Andersen et al., 2000, Parida and Kaufmann, 2010).

ESAT-6 and CFP-10 are implicated in the pathogenesis of TB (Andersen et al., 2000,
Ernst et al., 2007, Parida and Kaufmann, 2010). While the precise role of these proteins
is not clearly defined, they elicit cellular immune response in MTB-infected individuals
(Andersen et al., 2000, Ernst et al., 2007, Parida and Kaufmann, 2010). Their expression
is associated with an increase in the cytolytic ability of MTB (Lewis et al., 2003). The
proposed pathogenesis mechanism for ESAT-6 and CFP-10 is two-fold: T-cell
activation and macrophage deactivation (de Jonge et al., 2007). A remarkable feature of
the CFP-10.ESAT-6 complex is the long flexible arm formed by the C-terminus of CFP-
10 (de Jonge et al., 2007). This arm is considered a contact point through which MTB
interacts with host cell surfaces. Thus, due to their role in MTB pathogenicity and
relatively restricted distribution in pathogenic mycobacteria, the antigenic pair may
serve as good surrogate biomarkers for TB detection (Andersen et al., 2000, Parida and

Kaufmann, 2010).

For instance, the use of ESAT-6 and CFP-10 in the diagnosis of TB has been
demonstrated; particularly in the IGRAs, the T.SPOT.TB, and QuantiFERON —TB Gold
(QTF-QG), respectively (Andersen et al., 2000, de Moraes Van-Lume, 2010, Dheda et al.,
2009, Ernst et al., 2007, Parida and Kaufmann, 2010). The IGRAs, T.SPOT.TB and
QTF-G are serodiagnostic assays and offer rapid TB diagnosis. These assays have been
developed to measure the immune response to ESAT-6 and CFP-10 (Andersen et al.,
2000, de Moraes Van-Lume, 2010, Dheda et al., 2009, Ernst et al., 2007, Parida and
Kaufmann, 2010). While these assays offer a single patient visit and modestly high

sensitivity, they have significant limitations in effectively diagnosing active TB
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(Andersen et al., 2000, de Moraes Van-Lume, 2010, Dheda et al., 2009, Ernst et al.,
2007, Parida and Kaufmann, 2010). In fact, these assays are mostly effective in the
detection of latent tuberculosis (Andersen et al., 2000, de Moraes Van-Lume, 2010,
Dheda et al., 2009, Ernst et al., 2007, Parida and Kaufmann, 2010).

Another example of ESAT-6.CFP-10-based TB diagnosis used monoclonal antibodies
against the two antigens in a sandwich ELISA (Feng et al., 2011). The performance of
the ELISA was tested on sputum culture supernatants and pleural effusion aspirates
(Feng et al., 2011). The ESAT-6 monoclonal antibody-based ELISA had a sensitivity of
95.4% and a specificity of 100% in TB samples; while the CFP-10 monoclonal
antibody-based ELISA had a sensitivity and specificity of 81.6% and 92.2%,
respectively (Feng et al., 2011). Furthermore, the results showed positive detection rates
of ESAT-6 and CFP-10 of 86.8% (33/38) and 76.3% (29/38), respectively, in the
clinical diagnosis of tuberculosis pleural effusion in patients that were negative for MTB
culture (Feng et al., 2011). Yet, these types of antibody-based assays have drawbacks
which hinder their use at PoC. For instance, in the current format, this ESAT-6.CFP-10
based detection assay requires equipment and a laboratory, and highly skilled
technicians to run and analyse the test results. Besides, the patient samples have to be
subjected to liquid bacterial culture prior to being tested for TB on the ESAT-6.CFP-10
based ELISA. This approach is therefore not feasible for PoC use. Nonetheless, there are
some commercially available rapid tests that use antibodies as detection reagents
(Pendergrast et al., 2005). However, antibody-based tests can present drawbacks such as
low specificity for cognate targets and the requirement of special transportation and
storage facilities (Pendergrast et al., 2005). These limitations call for alternative
detection tools that will allow for immediate, sensitive and specific diagnosis of TB at

PoC.
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1.4.2 Aptamer-based sensors that detect ESAT.6.CFP-10 as alternative TB

diagnostic tools

Aptamer-based sensors that detect pathogenic antigens and disease biomarkers such as
the ESAT-6.CFP-10 heterodimer are promising alternative tools for diagnosing TB.
Aptamers are an interesting class of molecules with high specificity and sensitivity to
their respective targets (Famulok et al., 2007, Lee et al., 2010). These molecules, which
rival antibodies in function, are aptly defined as “chemical antibodies” (Famulok et al.,
2007, Lee et al.,, 2010). Aptamers have many of the functional properties and
applications of monoclonal antibodies (Famulok et al., 2007, Lee et al., 2010). In
addition, aptamers have advantages over antibodies; particularly in the diagnostics

application.

1.5 Properties and prospects of aptamers

1.5.1 Properties of aptamers

Aptamers are artificial nucleic acid ligands that can bind with high affinity and
specificity to their cognate targets (Lee et al., 2008). Aptamers can in principle be
selected against virtually any target including non-immunogenic molecules, as the
method through which they are isolated does not require the use of living organisms
(Strehlitz et al., 2008). Aptamers are generated from combinatorial oligonucleotide or
peptide libraries by an in vitro process called systematic evolution of ligands by
exponential enrichment (SELEX) (Ellington and Szostak, 1990b). SELEX is an iterative
process typically comprising multiple rounds of alternate cycles of ligand selection from
pools of diverse sequences and amplification of target-binding species (Ellington and
Szostak, 1990b). The process yields a pool of aptamer sequences that will have have
formed specific structural compatibility interactions (secondary and tertiary) with the

target of interest (Ellington and Szostak, 1990b).
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Aptamers are typically about 22 to 100 nucleobases long, and comprise a variable region
flanked by constant regions which allow for amplification and sequence identification
(Ellington and Szostak, 1990b, Kanwar et al., 2011, Simmons et al., 2012). Similar to
monoclonal antibodies, aptamers have a number of applications including biomarker
identification (Kim et al., 2009c), therapeutics (Shigdar et al., 2011), diagnostics
(Famulok et al., 2007, Khan, 2008, Savory et al., 2010, Zhu et al., 2010) and high
throughput screening (Green et al., 2001). However, by virtue of their biophysical

properties, aptamers rival antibodies in many aspects (Proske et al., 2005).

1.5.2 Aptamers versus antibodies

Compared to antibodies, aptamers have lower detection limits; in the low nanomolar to
picomolar range (Chiu, 2009, Famulok et al., 2007, Pendergrast et al., 2005, Proske et
al., 2005). Another key advantage of aptamers is their ability to fold into multiple
intricate structures to specifically accommodate their respective targets (Proske et al.,
2005). Consequently, aptamers can be isolated against a wide range of targets, and bind
them in a perfect manner akin to that of antibody-antigen interactions (Proske et al.,
2005). Aptamer targets include small molecules such as amino acids, chemical toxins,
peptides, proteins, polysaccharides, and whole microorganisms such as bacteria, viruses

and protozoa (Chiu, 2009, Famulok et al., 2007, Khan, 2008, Lee et al., 2010).

In contrast to antibodies, aptamers are much smaller and compact; therefore bypass
challenges such as steric hindrance when interacting with their respective targets (Chiu,
2009, Famulok et al., 2007, Khan, 2008, Lee et al., 2010). In clinical applications,
aptamers have faster tissue penetration and better bioavailability (Simmons et al.,
2012). The non-immunogenic nature of aptamers also make them ideal therapeutic
agents (Simmons et al., 2012). Furthermore, unlike antibodies, aptamers (particularly
DNA-based) are more stable and able to tolerate harsh chemical, physical and biological

conditions (Proske et al., 2005). Thus, aptamers maintain their functional integrity even
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after exposure to extreme conditions, which would generally be destructive to antibodies

(Chiu, 2009, Famulok et al., 2007, Khan, 2008, Lee et al., 2010).

In addition, aptamers have a simple conjugation chemistry, which makes them amenable
to various chemical modifications for improved stability and the attachment of reporter
molecules for various applications (Pendergrast et al., 2005). These properties make
aptamers easily compatible with most biosensor devices (Famulok et al., 2007,
Pendergrast et al., 2005, Xia et al., 2010), including multiplex systems which are able to
detect different analytes in patients’ samples (Chiu, 2009, Famulok et al., 2007,
Pendergrast et al., 2005). Moreover, the production of aptamers is easier and less
expensive relative to that of antibodies (Pendergrast et al., 2005). Following initial
isolation in vitro, aptamers can be produced in large amounts either by enzymatic
methods or chemical synthesis (Pendergrast et al., 2005). In chemical synthesis,
aptamers can be produced in lyophilized form without batch to batch variation, and can
be stored at room temperature for up to a year and retain full functionality activity

(Pendergrast et al., 2005).

The properties and advantages discussed above; make aptamers attractive candidate
probe molecules for the development of highly sensitive and selective detection methods
(Kanwar et al., 2011, Pendergrast et al., 2005). Overall, aptamer-based detection
systems offer such advantages as rapid detection, high sensitivity and specificity,
stability of detection probe, ease of use, relatively low cost of production, and minimal
technical hurdles (Famulok et al., 2007, Khan, 2008, Savory et al., 2010, Zhu et al.,
2010).

1.5.3 Aptamer-target interaction

The term “aptamer” is derived from the Latin word aptus, meaning “to fit”, and the
Greek word meros, meaning “part” or “region” (Ellington and Szostak, 1990b,
Robertson and Joyce, 1990, Tuerk and Gold, 1990). The combination of aptus and
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meros describes the inherent manner in which an aptamer interacts with its target. These
interactions occur mainly via structural compatibility between the aptamer and the target

(Kanwar et al., 2011, Pendergrast et al., 2005).

Aptamer structures are driven by and formed through complementary base-pairing
(Pendergrast et al., 2005). These secondary structures primarily consist of short helical
(double-stranded) stems and single-stranded loops (Hermann and Patel, 2000). These
stem-loop structures form the basis of aptamer-target interaction (Figure 1-1). The
helical regions stabilise the secondary structures and allow the single-stranded regions
(loops and such others) to “collapse” into the most likely three-dimensional shapes that

are suitable for target interaction (Gold et al., 2012).

The multiple stable tertiary structures resulting from the different combinations of
secondary structures, allow aptamers to bind to their respective targets via electrostatic
interactions, ionic or dipole forces, Van der Waals interactions, as well as hydrogen
bonds and stacking interactions (Hermann and Patel, 2000, Pendergrast et al., 2005).
Sequence-specific interactions of aptamers with their respective targets are based on
hydrogen bonds and Van der Waals interactions, while nonspecific interactions result

from electrostatic interactions (Jones et al., 2001).
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Aptamer-target recognition

Aptamer sequences Target molecule (ligand) Ligand-specific “form-fitting” aptamer
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Figure 1-1: Schematic illustration of aptamer-target interaction. Upon encountering a
target, an aptamer assumes a target-induced conformation. The structural compatibility
is a consequence of the selection pressure from the SELEX process.

1.5.4 Applications of aptamers

Aptamers have a wide range of applications; in basic research (Marro et al., 2005),
biomarker discovery, in environmental analytics (Stoltenburg et al., 2012, Kim et al.,
2009a) and clinical practice (Moore et al., 2011, Ng et al., 2006, Rusconi et al., 2004).
For basic research purposes, aptamers can be used for target validation and biomarker
discovery (Chang et al.,, 2013), as well as to study the functional properties and
mechanisms of complementary targets such as proteins and enzymes (Marro et al.,
2005). Environmental applications of aptamers include the detection and removal of
toxic substances for such purposes as water remediation. In 2009, Kim and colleagues
developed DNA aptamers that are able to remove arsenic from Vietnamese groundwater
(Kim et al.,, 2009b). Furthermore, aptamer-based sensors can be used in the
identification of toxins in food and agricultural products (Kim et al., 2009b). Recently,
NeoVentures Biotechnology has successfully commercialized the first aptamer based

diagnostic platform for analysis of mycotoxins in grain (Rusconi et al., 2004).
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In clinical practice, aptamers can be used both as detection reagents in diagnostics, and
as active molecules in therapeutic agents (Rusconi et al., 2004). Macugen (Pegaptanip)
is the first aptamer-based therapeutic agent to be used in clinical practice (Ng et al.,
2006). Macugen is used to treat macular degeneration (Ng et al., 2006). The therapeutic
is based on an RNA aptamer with both a high affinity for, and an antagonistic effect on
the Vascular Endothelial Growth Factor (VEGF), and can thus inhibit angiogenesis (Ng
et al., 2006). Aptamers also have potential applications in the control of infectious
diseases such as HIV (Dey et al., 2005, Khati et al., 2003, Moore et al., 2011).
Moreover, aptamers can be used, with suitable nanocarriers for targeted drug delivery
(Kanwar et al., 2011). For instance, aptamers isolated against prostate specific
membrane antigen (PSMA) was conjugated to nanoparticles for potential targeted

prostate cancer therapy (Ng et al., 2006).

1.54.1 Aptamers in diagnostics

In clinical diagnostics, aptamers can be used as probe molecules in a variety of
molecular sensors for the detection of specific biomarkers (Reviewed in (Kanwar et al.,
2011). These sensors can take on a range of formats such as ELISA (Drolet et al., 1996),
electrochemical devices (Ikebukuro et al., 2004), quartz crystal-based detectors (Liss et
al., 2002), Surface Plasmon Resonance (SPR) technology (Proske et al., 2005, Wang et
al., 2008, Xia et al., 2010), lateral flow strip assays (Liu et al., 2009, Liu et al., 2006),
and simple, single step (“mix and measure”) nanoparticle solution-based detection
systems (Proske et al., 2005, Wang et al., 2008, Xia et al., 2010). As indicated, such
properties as size, conformational flexibility, ease of modification and high stability,

make aptamers readily compatible with most biosensor designs.

Both RNA and DNA aptamers can be easily conjugated to reporter molecules for use in
biosensors, without compromising their functionality (Chiu, 2009, Famulok et al., 2007,

Khan, 2008, Lee et al., 2010). However, when developing aptamer-based sensors, DNA
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aptamers are usually preferable due to the inherent stability of DNA relative to RNA
(Moore et al., 2011, Neves et al., 2010). Generally, DNA aptamers can be readily
synthesized, chemically modified, refolded, and integrated into microarrays,
microfluidics, sandwich assays and electrochemical biosensors (Neves et al., 2010).
Examples of DNA-aptamer based biosensors inc