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Abstract

Antibodies have been extensively used as capture and detection reagents in diagnostic applications
of proteomics-based technologies. Proteomic assays need high sensitivity and specificity, a wide
dynamic range for detection, and accurate, reproducible quantification with small confidence
values. However, several inherent limitations of monoclonal antibodies in meeting the emerging
challenges of proteomics led to the development of a new class of oligonucleotide-based reagents.
Natural and derivatized nucleic acid aptamers are emerging as promising alternatives to
monoclonal antibodies. Aptamers can be effectively used to simultaneously detect thousands of
proteins in multiplex discovery platforms, where antibodies often fail due to cross-reactivity
problems. Through chemical modification, vast range of additional functional groups can be added
at any desired position in the oligonucleotide sequence, therefore the best features of small
molecule drugs, proteins and antibodies can be brought together into aptamers, making aptamers
the most versatile reagent in proteomics. In this review we discuss the recent developments in
aptamer technology, including new selection methods and the aptamers’ application in proteomics.
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1. Introduction

Selection of reagents that specifically recognize proteins and differentiate various natural
protein variants, such as splice variants and post-translational modifications, is a major
challenge in the growing field of proteomics [1] for both protein pull-down assays and
sandwich assays. These protein capture and detection reagents should also have high
sensitivity of detection (low detection limit), and the ability to detect proteins in a wide
dynamic range of concentrations in a variety of biological fluids with often wildly different
chemical environments. In order to have both high selectivity and high affinities, the
reagents should recognize a broad surface area on the protein. Generally, small molecules do
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2. Nucleic

not have sufficient surface area to bind to a large enough surface of the protein to generate
nanomolar (nM) binding affinities that can differentiate local modifications. Traditionally,
these requirements have been met by antibodies, developed as the affinity ligands of choice
for identifying proteins in research, diagnostics, biosensors, imaging, and therapeutics [2].
The impact of antibodies on biology and medicine has been profound and is an increasingly
important component of the biotechnology industry [3, 4].

Although monoclonal antibodies (mAbs) provide highly selective, high binding affinity
ligands and have been “game changers” over the past 20 years, they have significant
limitations. Selection difficulties, selectivity problems, preparation difficulties, high costs of
production, stability and cross reactivity issues are the major limitations in using monoclonal
antibodies as detection reagents in the rapidly evolving and demanding needs of proteomics.
In the vast majority of proteomics discovery platforms, mass spectrometry (MS) is used as
the analytical method of choice to quantitate the target protein. In the majority of cases,
particularly in the case of protein biomarkers such as the inflammatory cytokines, the target
protein would be very low in concentration relative to that of the antibody, and the abundant
signals from the antibody will interfere with the MS signal detection signals of the protein of
interest, particularly after digestion of antigen/antibody complex. Therefore, non-protein
based reagents that do not produce interfering peptide sequences are highly desired.
Although these limitations have not significantly diminished the use of mAbs in
biotechnology applications to date, future advances will demand better reagents that
circumvent these limitations.

More recently, high-throughput screening of small molecule libraries, as well as
combinatorial libraries such as nucleic acid aptamers, has yielded excellent protein-binding
ligands. These aptamers have sufficient surface areas to recognize and bind their targets,
much like mAb's and thus have, the ability to differentiate between isoforms and splice
variants of a protein.

acid aptamers

Nucleic acid aptamers are emerging as attractive alternatives to antibodies and small
molecules in diagnostic, therapeutic, imaging and targeting applications [5-10]. Aptamers
are small oligonucleotide molecules that have been shown to mimic antibodies, and exhibit
high binding affinity, having dissociation constants typically in the nM and even picomolar
(pPM) range, and high selectivity towards their targets [11-15]. They are 1/10 of the
molecular weight of antibodies and yet provide complex tertiary, folded structures with
sufficient recognition surface areas to rival and even surpass the binding affinities of
antibodies. In a proximity-dependent assay using two DNA aptamers, detection limit of
zeptomole (10-21 mol) amounts was achieved [16]. The ability of single stranded nucleic
acids to fold into unique and stable secondary structures allow them to form tertiary
structures that not only recognize and bind specifically to protein targets, but also to
discriminate between subtle molecular differences within the target [17,18]. The extremely
high degree of ligand recognition and discrimination is demonstrated by several aptamers.
For e.g., an RNA aptamer selected against bronchodilator theophylline binds to the target
with a Kq of 0.1uM, but has a 10,000-fold lesser binding affinity to caffeine, which differs
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from theophylline by only a methyl group attached to nitrogen at N-7 position [19]. As such,
aptamers exhibit the potential ability to differentiate between the splice variants and post
transcriptional modifications of the same protein.

Aptamers’ promise was first demonstrated by their high-affinity binding to a target after in
vitro combinatorial library screening, known as SELEX (Systemic Evolution of Ligands by
EXponential enrichment) [11, 12]. Since then aptamers have been extensively sought and
studied as protein-capture and detection reagents, targeted therapy, as well as for
therapeutic, diagnostic and biosensor applications [6-10]. The first Food and Drug
Administration (USA) approved aptamer-based drug, Macugen [20], is used to treat age-
related macular degeneration, and several other aptamers are in various stages of clinical
trails [6, 21, 22]. Numerous aptamers against a wide range of targets have already been
selected and show affinities in the pM to low nM range. Aptamer targets range from small
organic molecules [23, 24], ions [25, 26], small peptides [27, 28], large proteins [29-33] and
even whole cells [34-38] and viruses [39-42]. Protein targets include viral proteins,
cytokines, enzymes and transcription factors such as NF-xB [31, 32, 43-46].

2.1 Advantages of aptamers over antibodies

Aptamers offer significant advantages over antibodies [8]. They are in general more stable
than antibodies, and have a longer shelf life. Aptamers are produced through a simple and
inexpensive process and the time required to generate aptamers is comparatively short.
Unlike antibodies, aptamers do not need animals or an immune response for their
production. Because aptamers are chemically synthesized, batch-to-batch variation can be
greatly reduced allowing economical, high-accuracy large-scale production of aptamers for
clinical applications. Furthermore, aptamer's affinity can be modulated by optimizing their
recognition sequence and/or by manipulating binding reaction conditions. Once selected, the
stability of the aptamers can be further increased by chemical modification of the
nucleotides as well as by altering their secondary structures (for e.g., introducing additional
base pairs). Because aptamers are chemically synthesized, chemical modifications can be
introduced into them at any desired position in the nucleotide chain. Although antibodies
can be chemically modified, site-specific modifications are extremely difficult [47, 48].
Furthermore, through established solid-phase chemical synthetic methods and site-directed
chemistries, labels for detection and linkers for conjugation can be easily inserted at desired
sites in the oligonucleotide sequence without compromising the binding affinity or
selectivity [49]. The in vitro selection process allows aptamers to be generated against
otherwise toxic compounds that would kill the animal in antibody production. Also,
aptamers are more stable at high temperature and they can be regenerated easily after
denaturation and can be repeatedly used. The chemical synthesis and the in vitro selection
process can be completely automated [50, 51] allowing rapid, parallel production of multiple
aptamers against complex target sets such as proteomes. Aptamers are smaller in size
compared to antibodies, thus allowing improved transport and tissue penetration compared
to antibodies.
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2.2 Chemical modification of aptamers

Since native oligonucleotides are susceptible to digestion by cellular nucleases present in
body fluids or cells, chemical modifications of the oligonucleotides are often required to
increase resistance for degradation by nucleases. Several strategies have been developed to
increase the stability of aptamers without compromising the binding affinity and specificity
towards their targets. These strategies include chemical modification of the phosphate
backbone [52], sugars and/or the bases [53-56], end-capping at the 3’ or 5’ termini [57] and
locked nucleic acids [58, 59]. Among the chemical modifications reported for
oligonucleotides, sulfur substitution of the phosphate backbone (for both DNA and RNA)
and the modification of the 2’ position of the ribose sugar (for RNA) are the most common.
The 2’-sugar modifications found to increase the resistance and the overall stability of the
functional oligonucleotides are the O-Me and fluoro substitutions, and the locked nucleic
acid. The 2’-amino and 2’-fluoro substitutions are shown to increase the half-life of RNA
aptamers in human serum from 8s to 86 hours [60]. The LNA modification contains an
intramolecular 2°-O to 4’-C methylene bridge, and has been reported to exhibit enhanced
secondary structure stability [58, 59, 61].

2.3 Thioaptamers

We have developed thio-substituted aptamers, called thioaptamers (TAs) [31, 32, 45, 46,
62-64], where one or both of the non-bridging phosphoryl oxygens in the oligonucleotide
phosphate backbone are substituted with sulfur (Figure 1). TAs are attractive choices for
aptamer development for several reasons: (a) The sulfur substitutions of the phosphodiester
backbone render oligonucleotides more stable in cellular and plasma environments, mostly
due to their enhanced nuclease resistance [66-68]; (b) TAs have higher affinities towards
proteins than do unmodified ODNSs [69]. Based on molecular dynamics and theoretical
calculations, we and others have suggested that increased affinity of TA may be attributed to
the decreased interaction of solvated cations with the sulfur atoms, which act as softer Lewis
bases on the polyanionic backbone [70]; (c) Thioaptamers are easy to synthesize by
chemical or enzymatic methods, and their sequences can be amplified and read out by PCR
methods. The monothio aptamers can be PCR amplified, as the Tag DNA polymerase is
capable of incorporating up to three different monothio dNTPs [71]. For RNA thioaptamers,
T7 RNA polymerase is shown to be capable of incorporating (00S)-rNTPS to produce
monothio phosphate containing RNA molecules [72]. Both DNA and RNA dithioaptamers
can be chemically synthesized by the standard solid-phase synthetic methods using
commercially available thiophosphoramidite.

The dithio-oligonucleotides contain an internucleotide phosphodiester group with sulfur
substituted for both non-bridging phosphoryl oxygens (Figure 1), so they are both isosteric
and isopolar with the normal phosphodiester bond, and are also highly nuclease-resistant.
Importantly, the dithioate oligonucleotides are achiral about the dithiophosphate center (in
contrast to the chemically synthesized monothiophosphate oligonucleotides), so problems
associated with diastereomeric mixtures are completely avoided [73]. Although sulfur
substitution often results in enhanced binding to the target proteins, complete substitution of
the phosphate backbone might result in non-specific binding. To address this problem, we
have developed a novel combinatorial selection method, where we can optimize the number

Proteomics Clin Appl. Author manuscript; available in PMC 2014 May 15.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Thiviyanathan and Gorenstein Page 5

as well as the position of the thio substitution in the TA [52]. Using this method, we have
identified TAs against several viral and human protein targets [31, 32, 45, 46, 62-64].

2.4 The next generation aptamers: X-aptamers

Although aptamers are chemically synthesizable, and more easily selected than antibodies,
they achieve their selectivity through a very limited repertoire of functional groups — the
sugar phosphate backbone and four bases. In contrast, antibodies use 20 amino acids with a
full range of chemical substituents including positively-charged, sulfhydryl, hydrophobic
sidechains, etc. Aptamers are poly anions and it is often difficult to select an aptamer
targeted to very acidic proteins because there are no cationic groups to neutralize anionic
surfaces on the protein. These limitations are overcome by chemically adding various
functional groups to the oligonucleotide bases. Using DNA SOMAmers (Slow Off-rate
Modified Aptamers), DNA aptamers uniformly modified at the 5-position of dU residues, as
capture reagents in a highly multiplexed assay platform, Kraemer et al., [74] demonstrated
that the problems of cross-reactivity and non-specific adsorption to chip surfaces can be
largely eliminated.

Using the “click chemistry’ [75-77] synthetic approach, additional functional groups can be
easily added to the 5" position of pyrimidine residues at selected positions, allowing virtually
unlimited possibilities for chemical modifications [77, 78]. Now, we can combine the
features of high throughput small molecule library selection with high throughput bead-
based aptamer combinatorial library selection. The resulting aptamers, which we call X-
aptamers, could revolutionize the next generation of protein-targeted ligands. Through
established synthetic chemistry methods, a vast range of additional functional moieties, from
small organic molecules, to amino acid side chains to large macromolecules, including
antibodies and large proteins can be conjugated to the aptamer sequence at any desired
position. Therefore, the best features of small molecule drugs and antibodies can be brought
together into the X-aptamers that will fold into unique tertiary structure scaffolds to present
to the target protein.

As a proof-of-principle, we modified previously selected thioaptamers specific for the HA
binding domain of CD44 [65], by introducing a chemical drug demonstrated to bind to the
target protein. The drug was selected as a lead compound by in-silico screening, and was
conjugated to the dU residue in the aptamer via either “click chemistry’ or amide coupling
chemistry. The modified X-aptamers showed increased binding of up to 100 fold to the
CD44-HABD (He, et al., submitted for publication).

3 Aptamer Selection Methods

Unlike antibodies, aptamers are selected by in-vitro methods, by screening a large library of
oligonucleotides against the target to find the tightest binding candidates. The selection
methods can be broadly divided into two categories. The SELEX-type method, originally
reported by Gold Tuerk, Szostak and Ellington [11, 12], involves iterative cycles of
screening and PCR amplification at each round. The other is the most recent, bead-based
method where the oligonucleotide library is synthesized on non-cleavable beads and the
high-affinity binders are identified in a single-step screening. Aptamers are also selected on
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microfludics chips [79, 80]. Like the bead-based selection method, this method would also
significantly reduce the time required for aptamer selection. Platt et al described the CLADE
technology for aptamer selection that combines the discovery, evolution and optimization in
a single-step process [80]

3.1 The SELEX method

In a typical SELEX experiment, an initial oligonucleotide library containing ca.1014 unique
but random sequences is designed and chemically synthesized. The sequence has a 30-40
nucleotide random region, flanked by PCR primer regions (18-22 residues each). The initial
library is PCR amplified, and the single stranded DNA oligos are isolated following
denaturation. This DNA pool is first heated at 95 °C and subsequently cooled in a binding
buffer in order to fold into stable structures and subsequently incubated with the target. The
bound sequences are partitioned from the unbound and weakly bound sequences by
membrane filtering or other such separation methods. The bound aptamers are eluted from
the targets, amplified by PCR and taken to the next cycle of the selection process. In the case
of the RNA aptamers, the library sequence includes the T7 RNA polymerase promoter
region to transcribe the initial DNA library into an RNA library and each iterative cycle also
involves an RT-PCR step (Figure 2). At each iterative cycle, the stringency of the selection
is progressively increased by increasing the relative ratio of aptamers to the target in order to
increase the competition between the aptamers and the target. The iterative cycle of the
selection process is continued until convergence towards a single or a few sequences with
high affinity to the target is obtained. PCR of the aptamers pool is sub-cloned and plasmids
with individual aptamers inserts are isolated and sequenced and analyzed. The selected
aptamer sequences are synthesized and their binding affinities and specificities will be
characterized. Most aptamers are selected by similar manual protocols. However,
automation of the SELEX protocol is also described for several targets [47, 81, 82].

Aptamers can also be selected against whole cells. The process, called cell-SELEX, is used
to select aptamers targeting specifically to a cell type of interest. This method is useful to
select aptamers that binds to a diseased (e.g., cancer) cell line and the selected aptamers are
used to identify the cell type and differentiate cancer cells from normal cells [83-88]. Cell-
SELEX is the method of choice for aptamer selection in instances where a clear target is not
known, or the target is hidden or shielded from the surface. (for e.g., by permeabilizing cell
membranes or by chemically removing sugar units in glycoproteins [89]). In this method,
aptamers are selected against the cell surface where the target protein is present in their
native conformation and/or with post translational modifications retaining their biological
function. The cell-SELEX method usually yields a pool of aptamers against many protein
targets on the cell surface, generating a molecular signature to the cells that can be useful in
disease diagnosis and treatment. In the selection process, an initial random library is
incubated with target cells and control cells. The library is first screened against the control
(normal) cells to filter out the sequences that bind to the control cells. The unbound
sequences are separated and screened against the diseased cells. The selection cycles are
continued similar to the SELEX procedure until the selected sequences show convergence.

Proteomics Clin Appl. Author manuscript; available in PMC 2014 May 15.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Thiviyanathan and Gorenstein Page 7

The enrichment of the pool can be monitored with a fluorescently labeled DNA pool and the
cells are monitored by flow cytometry or by fluorescent microscopy. The pool is then sub-
cloned and the sequences of pool again identified to determine any convergence of the pool
towards the target cells. Selected sequences from a converged pool are synthesized either
chemically using the standard phosphoramidite chemistry or enzymatically by PCR from the
plasmids with fluoresecence or dye labels at either the 5’ or 3’ end. Their binding affinities
and Kq values are often determined by flow cytometry. Several high affinity aptamers have
been identified successfully using the cell-SELEX method indicating that aptamers can be
generated with complex targets such as tumor cells and tissues [34, 87]. The targets can also
be identified with the aptamers in the tissue samples. A fluorophore labeled aptamer can also
bind to tissue containing the target protein.

Over the last decade, several variations of the traditional SELEX method were reported,
each designed to address specific requirements. These methods are discussed in detail in a
recent review paper [90].

3.2 Bead-based selection

While a wide-range of chemical modifications can be made on the oligonucleotides to
increase the diversity of the library, some of the modified oligonucleotides cannot be
amplified by PCR methods, posing problems for aptamer selection by SELEX-type
methods. We have developed a bead-based combinatorial library selection method to
address this limitation (Figure 3). In the first step, a combinatorial oligonucleotide library is
synthesized, via split/pool method on noncleavable beads and exposed to the target protein.
We have developed a “split and pool’ synthesis method to create a combinatorial library of
oligonucleotides, on micron-size beads, with any type of backbone modification [91]. In the
second step, the bead-based library is incubated with the fluorescently tagged protein, and
the protein-bound aptamer beads can be manually picked under the fluorescence microscope
or are sorted by high-throughput flow-cytometry [92]. Alternatively, proteins can be labeled
with biotin and the bound aptamer beads can be sorted by magnetic selection using
streptavidin coated magnetic nanoparticles (Invitrogen). In the final step of the process, the
sequences of the aptamers on the selected beads can then be read-out by PCR amplification
[92, 93].

The bead-based selection has several significant advantages. Since the bead based method
does not involve iterative selection and PCR amplification cycles as in SELEX procedure,
selection of aptamer candidates can be achieved in much shorter time (hours). Several
groups have reported that PCR can impose an “amplifiability bias” where certain sequences
are preferentially amplified while other sequences are amplified with very low efficiencies
during aptamer selection. This may significantly limit or even prevent recovery of desirable
aptamers that amplify with low efficiency [94, 95]. The bead-based process allows diverse
chemical modifications to be introduced into the oligonucleotides, and facilitates the
development of the X-aptamer technology.

The bead-based selection method reverses the conventional SELEX approach to binding and
separation. In traditional SELEX, a mixed library of oligonucleotides in solution is selected
for binding to an immobilized target (e.g. a protein bound to a filter or chromatography
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resin). In this situation, a large number of weak-binding sequences are recovered along with
the small number of tight binding aptamers. These weak binding aptamers are initially in
much higher concentration than the small number of tight binding sequences and effectively
compete with the tight binding ones. Thus, numerous rounds of selection are typically
required to enrich for the tightest binding sequences since only about 10% of the library can
be selected in a single iteration. In contrast, the bead based process incubates the soluble
target with an immobilized aptamer library. Thus, there is no direct binding competition
between tight and weak binders [92, 93, 96]. A single bead carrying a high-affinity aptamer
will bind large amounts of target at low concentrations, while the majority of beads will
show little or no binding.

4 Aptamers in proteomics applications

Detecting biomarkers is critically important for the early detection of diseases, particularly
in complex diseases such as cancer and cardiovascular diseases, for the prognosis and
treatment outcome. The majority of biomarkers are proteins and they are found in blood and
other body fluids. Although single biomarker detections form the core of molecular
diagnostics, sensitivity and specificity of diagnostics can be significantly enhanced by
simultaneously detecting multiple biomarkers, both quantitatively and qualitatively. Initially,
two-dimensional gel electrophoresis combined with MS/MS for protein identification was
widely used for proteome screens [97]. Although it was relatively economical, it is a
laborious method, and issues of sensitivity and reproducibility raise serious limitations.
Antibody based techniques are more sensitive and reliable than 2D gel and mass
spectrometry. Sandwich assays (e.g., ELISA), where two specific antibodies are required for
each protein so any non-specific binding by the primary antibody is eliminated, are required
to get increased specificity and sensitivity often required in clinical proteomic assays. For
single-analyte tests, including sandwich assays, antibodies have proven to be very effective.
However, in multiplex (multi-analyte) platforms using antibodies will have serious
limitations due to cross reactivity of antibodies. Because of this cross-reactivity limitation,
antibody-based detection systems have often failed when used for simultaneously detecting
more than a few tens of proteins [98, 99].

Since the first report in 1996 of using oligonucleotides to detect proteins in “immuno”
assays [100], significant progress has been made in utilizing nucleic acid aptamers in protein
detection assays [101]. Aptamers have replaced antibodies in dot-blot [102] and western-
blot applications [103, 104]. In the sandwich assay called ELONA (Enzyme Linked
Oligonucleotide Assay), oligonucleotide-based aptamers replaced antibodies as capture and/
or detection reagents [105-108]. Recently, several groups have reported aptamer-based
biomarker discovery platforms with multi-plexing capabilities. We have developed a protein
chip using thioaptamers to identify unknown proteins from crude biological samples [109].
Proteins, captured by specific thioaptamers, are identified by ‘on-chip’ digestion followed
by MS. Gold and co-workers have recently described biomarker discovery system that is
capable of simultaneously measuring thousands of proteins from serum or plasma samples.
Using their system, they discovered 58 potential biomarkers for chronic kidney disease
[110]. The same group, using their patented aptamers, called SOMAmers [74, 111, 112],
reported a large scale study of screening serum samples to discover biomarkers for non-

Proteomics Clin Appl. Author manuscript; available in PMC 2014 May 15.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Thiviyanathan and Gorenstein Page 9

small cell lung cancer. These two reports showcase the significant improvements in the
development of highly sensitive, aptamer-based biomarker discovery platforms. Aptamer-
facilitated biomarker discovery (AptaBiD) technology [113] was reported to detect
biomarkers differently expressed on cell surfaces. Through multi-round selection of single-
stranded DNA aptamers, biomarkers are isolated from cells and subsequently identified by
mass spectrometric methods [114-117]. Interference from non-target proteins, some of them
may be present in significantly higher concentrations in body fluids, is a serious limitation in
proteomic analysis. In a thioaptamer-based integrated electrophoretic gel-shift detection
platform [118], non-specific oligonucleotides were successfully used to suppress
interference from non-target proteins present in body fluids.

Aptamer-based sensors have been developed in a variety of formats, including microarray
slides that can be read in commercially available scanners designed for gene expression
chips as well as flow cells that use fluorescence, quartz crystals micro-mechanical detection
systems [119-121]. Some of these studies have demonstrated a unique feature of aptamers
immobilized on biosensors: after measurement is made, aptamers may be chemically
denatured (with 7M urea) to completely strip off the affinity bound analytes, and then
refolded into their active conformations by washing in binding buffers. It is possible that the
aptamers selected via the invitro processes may or may not function optimally when
immobilized on a chip surface [122]. However, since aptamers are chemically synthesized, it
is easier to covalently place additional linkers between the aptamer and the chip surface
without altering the functional structure of the aptamer [123].

Since their discovery two decades ago, aptamers have attracted significant interest among
scientists and clinicians. Significant progress has been made in the aptamer selection process
and newer applications are being reported. The bead based selection process that
significantly reduces the time required to select aptamers, advances in synthetic chemistry to
incorporate diverse functional groups into the oligonucleotide chain and the next generation
sequencing where hundreds of thousands of sequences can be read simultaneously, will
revolutionize the aptamer field in the future. The enormous potential of aptamers in
proteomics applications is revealed in the recent reports of aptamer based biomarker
discovery platforms for simultaneous detection of thousands of proteins [111, 112]. Novel
aptamer-based technologies will continue to evolve and there is little doubt that aptamers
will provide enormous opportunities in the future for both biomarker discovery and clinical
proteomics in general.
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SELEX systemic evolution of ligands by exponential enrichment
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Figure 1.
Chemical structures of modified oligonucleotides. (A) normal, phosphodiester backbone

(B). mono-thio modified thioaptamer (C) di-thio modified thioaptamers (D) di-thio modified
X-aptamer.

Proteomics Clin Appl. Author manuscript; available in PMC 2014 May 15.



1duosnuey Joyiny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuel Joyiny vd-HIN

Thiviyanathan and Gorenstein Page 17

P — S—
Target Protein '\_
Wash Unbound Sequences

ay
el

Bound Sequences

Repeat N times

Stringent wash/
Elution

il .

_ “
\ - Aptamers for
heT
\-—- Selected Aptamers the Target

Enriched pool
of Aptamers

in vitro RT-PCR

transcription = \
M h

Figure2.
Scheme showing the traditional SELEX procedure. The iterations are continued until the

sequences converge and the tightly binding sequences are selected and identified. For the
RNA oligonucleotides, two additional steps are needed for each iteration. The selected RNA
sequences are converted and amplified into DNA sequences via RT-PCR, and then
converted back into RNA sequences via in vitro transcription.
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Figure 3.
Scheme showing the bead-based selection process. In the first step, the bead based library is

incubated with fluorescently tagged protein. In the second step, the protein bound beads are
separated. Third step shows the protein is stripped from the bead. The sequence on the bead
is then PCR-amplified, cloned and sequenced. The bottom panel shows the bead-based
aptamer library screen. (A) An aliquot of bead-based library is viewed under light
microscope. (B). The same filed viewed under fluorescent microscope. The aptamer bead
bound to the protein is easily identified among the many hundreds of non-reactive beads.
(C). A single positive bead is retrieved using a hand-held micropipette under fluorescent
microscope.
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