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TECHNICAL NOTE

Phosphorylation Site Specific Aptamers for Cancer
Biomarker Peptide Enrichment and Detection in
Mass Spectrometry Based Proteomics

INTRODUCTION

The development of renewable capture reagents that could be produced more efficiently and cost-effectively
than monoclonal antibodies is a key topic in diagnostics and therapeutics. The cancer research community
has demonstrated a critical need for these reagents for biomarker detection. In collaboration with the Na-
tional Cancer Institute’s Office of Cancer Clinical Proteomics Research, Base Pair Biotechnologies has de-

veloped anti-peptide capture reagents that can be used to identify and quantify proteins containing a specific
target peptide sequence and specific modification. Such reagents could be extremely useful in biomarker
validations using powerful technologies, such as Stable Isotope Standard Capture with Anti-Peptide Anti-
bodies (SISCAPA) in conjunction with Multi-Reaction Monitoring Mass Spectrometry (MRM-MS)'3. The sci-
entists at Base Pair Biotechnologies have developed high-affinity aptamers against specific phosphorylated
and unmodified peptide target sequences (Table 1) of certain cancer biomarkers of interest by utilizing a
patented, multiplexed “Systematic Evolution of Ligands by Exponential enrichment” (SELEX) approach.

TARGETS

Protein phosphorylation is one of the most common post-translation modifications and plays an essential
role in nearly every cellular process*°. Many diseased states, such as cancer, arise from the disruption of
protein phosphorylation events*®. As a result, one particular class of cancer biomarkers of interest are extra-
cellular signal related kinases (ERKs), also known as mitogen activated protein kinases (MAPKSs). Phos-
phorylation of these enzymes and subsequent proteins in the ERK/MAPK cascade leads to their activity
which plays a role in the initiation and regulation of meiosis, mitosis, and post-mitotic functions in differentiat-
ed cells. The cascade may be initiated by a diverse range of external stimuli, including mitogens, growth
factors, and cytokines. Cancers arise when the proteins in the pathway become unregulated via mutations,
therefore it is important in the cancer diagnostic and therapeutic community to develop binding agents that

may distinguish the phosphorylated versions of certain proteins®"".



http://proteomics.cancer.gov/
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APTAMER SELECTION

Aptamers are single-stranded DNA or RNA oligonucleotides selected to have unique three dimensional fold-

ing structures for binding to a variety of targets such as proteins, peptides, and even small molecules with an
affinity and specificity rivaling that of antibodies. They are typically selected by an /n vitro process referred to
as “SELEX” '>'® as depicted in Figure I. Using a proprietary variant of this process, Base Pair Biotechnolo-
gies is developing aptamers to multiple targets simultaneously, decreasing development time and cost. Our
novel, multiplexed SELEX platform also presents a unique advantage for developing binding agents against
peptides. Due to the low immunogenicity of molecules such as peptides (<5000 Daltons), raising antibodies
against these targets requires coupling the peptide to a carrier molecule, potentially affecting the affinity and
specificity of the binding agent towards the desired target™. SELEX is well-suited for generating binders

against peptides and other small molecules, and counter-selections can be employed to remove binders of

structurally related molecules. Aptamer pool
o
24

We were able to find specific, high affinity aptamers towards peptides -

phosphorylated at one particular residue from its non-phosphorylated
version. We also were able to determine site specificity by challenging

a phosphorylation specific aptamer to the same peptide with a proxi- Aem:d
mate alternate phosphorylation site. We verified the binding affinity via binder

Microscale Thermophoresis (MST)'>"’ which allows fast, immobiliza-
tion-free and label-free quantification of biomolecule interactions with
high sensitivity and accuracy as well as low sample consumption. A

previous technical note entitled “Binding Analytics of an Aptamer to a

Small Molecule Determined by Microscale Thermophoresis” details Eluate

Figure I: Overview of SELEX for Produc-
tion of DNA Aptamers. A randomized li-
brary, flanked by two constant regions for
PCR priming is constructed. The library is
allowed to bind with the target and parti-
tioned from the non-binding population.
Following repeated rounds of selection and
enrichment, high dffinity DNA ligands are
cloned and sequenced.
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the MST analysis of Base Pair aptamers.


http://bit.ly/Rr9dtJ
http://bit.ly/Rr9dtJ
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METHODS

To select aptamers binding with a high affinity and specificity to these targets, the target peptide molecules
were synthesized and multiplexed, and multiple rounds of selection were performed using a 32-nucleotide
randomized DNA library. A proprietary approach to counter-selection was also performed to increase the
likelihood of phosphorylation specificity. After all rounds of selection were completed, the targets and their
corresponding bound DNA sequences were subjected to next generation sequencing. An /n silico analysis of
the secondary structure (using either Vienna or mfold'®'%) and sub-sequence motifs as well as enrichment of
particular sequences was performed in an effort to predict which candidate sequences are most likely to ex-
hibit strong binding. Furthermore, sequence alignments and consensus sequences were determined to re-
duce the number of unique candidates per target to be tested. Selected clones were then characterized by
MST binding studies in both PBS and 20% human serum.

RESULTS

We were able to find aptamers towards both phosphorylated and unmodified versions of the same peptide
sequence (ERK1* peptide and ERK1 peptide, respectively), as well as aptamers against peptides that were
phosphorylated at two different locations (ERK3* peptide and ERK4* peptide). We determined the binding
affinity (Kq) of the aptamers to these peptides using MST binding studies in duplicate using a nonlinear fit of
the data according to the law of mass action.

Table | Comparison of binding dffinities of aptamers in PBS versus 20% serum. * indicates phosphorylated protein. Lowercase,
underlined letters in Target Peptide Sequence indicates a phosphorylated amino acid.

Aptamer | Parent K420%
Name Protein Selected Target Kq PBS Serum

Ka 20%

Cross reactivity Serum

D5A4Z | ERK1* IADPEHDHTGFLIEYVATR 16.9 nM 12.9nM IADPEHDHTGFLTEYVATR No binding

EBSGH ERK1 IADPEHDHTGFLTEYVATR 13.2nM 10.1 nM IADPEHDHTGFLIEYVATR No binding

DAMWEF | ERKS3* VADPDHDHTGFLIEYVATR 8.0 nM 7.7 nM VADPDHDHTGFLTEYVATR No binding

D46VZ | ERK4* VADPDHDHTGFLTEYVATR 160 nM “uM VADPDHDHTGFLIEYVATR No binding
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RESULTS

Peptide aptamers selected in 20% serum were proven to bind similarly in both serum and PBS. Figure 2
shows the binding of ERK1* peptide aptamer (D5A42Z) against the ERK1* peptide target sequence in Table 1
in both PBS (Figure 2a) and 20% serum (Figure 2b). We achieved a binding of 16.9 nM and 12.9 nM, respec-
tively, with an R? fit of >0.97.

1 |(a) D5A47 ERKI* (b) D5A47 ERKI* e 3
PBS T Serum
0s . Kd=169nM Kd =129 nM Figure 2: Equilibrium binding constants
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(Kd’s) of aptamers and target peptides as
determined by microscale thermophoresis
(MST). (a) ERKI* aptamer (D5A42)
against ERK | * peptide sequence in PBS
buffer, Kd = 16.9 + 3.5nM, R* = 0.978.
(b) ERKI* peptide aptamer (D5A4Z)
against ERK | * peptide sequence in serum,
Kd=129 +4.3nM,R*=0.951 .

Figure 3 shows the raw data binding events of the ERK3* peptide aptamer to the ERK3* peptide sequence in
20% serum (Figure 4a). However upon addition of the ERK4* peptide aptamer to the ERK3* peptide, (Figure
4b) no binding is indicated, showing lack of cross-reactivity of this aptamer against site-specific phosphoryla-
tion. Raw data is used due to inability to determine binding curves for cross reactive aptamers.
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CONCLUSION

Base Pair Biotechnologies has characterized the binding affinity (dissociation constant, Ky) of several ap-
tamer-peptide interactions as well as their off-target interactions (cross-reactivity). We have developed novel
affinity reagents which tightly bind clinically relevant peptides and have showcased our abilities to provide
highly specific and sensitive affinity agents in comparison to monoclonal antibodies in a short period of time
and at low cost compared to conventional SELEX. The resulting reagents will be provided to researchers at
the National Cancer Institute and will be made available to the larger research community. In the near term,
they will be evaluated as surrogates for antibodies in a SISCAPA MRM-MS approach. Based on the repre-
sentative binding performance above, we expect the reagents to be of great value to the cancer research
community. More importantly, we will have demonstrated the ability to rapidly and inexpensively generate

anti-peptide affinity reagents - something that has proved quite challenging for conventional antibody techno-
logy.

Talk to the aptamer selection specialists at Base Pair about our ability to address
sophisticated affinity reagent goals with unique aptamer selection strategies.
info@basepairbio.com

N
2PN N\ "N



cambio

A

TECHNICAL NOTE-

Phosphorylation Site Specific Aptamers for Cancer Biomarker Peptide
Enrichment and Detection in Mass Spectrometry Based Proteomics

REFERENCES

10.
.

13.

14.
15.

18.
19.

Anderson, N. L. et al. Mass Spectrometric Quantitation of Peptides and Proteins Using Stable Isotope Standards and Capture by Anti-
Peptide Antibodies (SISCAPA). J. Proteome Res. 3, 235-244 (2004).

Anderson, L. & Hunter, C. L. Quantitative mass spectrometric multiple reaction monitoring assays for major plasma proteins. Mol.
Cell Proteomics 5, 573-588 (2006).

The SISCAPA Process. SISCAPA Assay Technologies at <http://www.siscapa.com/the-siscapa-process.html|>

Johnson, L. The regulation of protein phosphorylation. Biochemical Society Transactions 37, 627—41 (2009).

Ubersax, J. A. & Ferrell Jr, J. E. Mechanisms of specificity in protein phosphorylation. Nature Reviews Molecular Cell Biology 8, 530-541
(2007).

Roux, P. P. & Blenis, J. ERK and p38 MAPK-Activated Protein Kinases: a Family of Protein Kinases with Diverse Biological Functions.
Microbiology and Molecular Biology Reviews 68, 320-344 (2004).

Baccarini, M. Second nature: biological functions of the Raf-1 ‘kinase’. FEBS Letters 579, 3271-7 (2005).

Meloche, S. & Pouyssegur, J. The ERK /2 mitogen-activated protein kinase pathway as a master regulator of the GI- to S-phase tran-
sition. Oncogene 26, 3227-39

Roberts, P] & Der, CJ. Targeting the Raf-MEK-ERK mitogen-activated protein kinase cascade for the treatment of cancer. Oncogene
26, 3291-310 (2007).

Rubinfield, Hadara & Seger, Rony. The ERK cascade: a prototype of MAPK signaling. Molecular Biotechnology 31, 151-174 (2005).
Murphy, Leon & Blenis, John. MAPK signal specificity: the right place at the right time. Trends in Biochemical Sciences 31, 268-75
(2006).

Tuerk, C. & Gold, L. Systematic evolution of ligands by exponential enrichment: RNA ligands to bacteriophage T4 DNA polymerase.
Science 249, 50510 (1990).

Ellington, A. D. & Szostak, J. W. In vitro selection of RNA molecules that bind specific ligands. Nature 346, 818-22 (1990).

Kuby, J. Immunology. 3rd, (W.H. Freeman, 1997).

Morris, M., Baaske, P., Langst, G. & Jackson, G. W. Binding analytics of DNA aptamers to small molecules determined by microscale
thermophoresis (MST). in Southwest Regional Meeting of the American Chemical Society (2012).

Zillner, K. et al. in Functional Genomics (eds. Kaufmann, M. & Klinger, C.) 241-252 (Springer New York, 2012). at <http://
link.springer.com/protocol/10.1007/978-1-61779-424-7 _18>

Baaske, P., Wienken, C. ]., Reineck, P., Duhr, S. & Braun, D. Optical Thermophoresis for Quantifying the Buffer Dependence of Ap-
tamer Binding. Angewandte Chemie International Edition 49, 2238-2241 (2010).

Hofacker, I. L. Vienna RNA secondary structure server. Nucleic Acids Res 31, 3429-3431 (2003).

Zuker, M. Mfold web server for nucleic acid folding and hybridization prediction. Nucleic Acids Res 31, 3406—15 (2003).



