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ABSTRACT

Bioluminescent solid-phase analysis was proposed to monitor
the selection process and to determine binding characteristics
of the aptamer–target complexes during design and develop-
ment of the specific aptamers. The assay involves Ca2+-regu-
lated photoprotein obelin as a simple, sensitive and fast
reporter. Applicability and the prospects of the approach
were exemplified by identification of DNA aptamers to car-
diac troponin I, a highly specific early biomarker for acute
myocardial infarction. Two structurally different aptamers
specific to various epitopes of troponin I were obtained and
then tested in a model bioluminescent assay.

INTRODUCTION
Nucleic acid aptamers are a unique class of affinity ligands that
offer significant advantages over antibodies, among which smal-
ler size, greater stability and ease of production by chemical syn-
thesis should be noted (1,2). These single-stranded DNA or
RNA molecules (typically 25–100 nt), with a particular three-di-
mensional shape, are capable of binding a wide variety of targets
beginning from metal ions to whole cells with a high affinity
(KD ranges from 10�9 to 10�12

M), specificity and selectivity
(3,4). Aptamers are mainly isolated from large random libraries
through systematic evolution of ligands by exponential (SELEX)
enrichment. Several techniques were developed to monitor
SELEX. Among those are the ones based on separation tech-
niques (dialysis, ultrafiltration, electrophoresis or HPLC) and
mixture-based techniques (fluorescence intensity and anisotropy,
UV-Vis absorption and circular dichroism, surface plasmon reso-
nance, etc.) (see, e.g. 5). Besides, there are widely used elec-
trophoretic mobility shift assay (EMSA) (6), Differential Radial
Capillary Action of Ligand Assay (DRaCALA) (7) and ELISA-
like assay based on aptamer (ELASA) with fluorescent (8) or
colorimetric (9) detection. Some of them are time- or cost-con-
suming, the other ones require complicated equipment and highly
qualified staff.

In current work, we propose the photoprotein obelin as a label
in ELASA binding assay for fast and easy determination of

aptamer–target binding characteristics throughout the whole apta-
mer discovery process. It includes monitoring of DNA library
enrichment in the course of selection, identification of the indi-
vidual aptamers with high affinity and specificity to the target,
optimization of the aptamers size and identification of the
matched aptamer pairs.

The Ca2+-regulated photoprotein obelin is a stable noncova-
lent complex of an apoprotein and a pre-oxidized substrate, 2-hy-
droperoxycoelenterazine (10). Light is emitted as a fast blue
flash (kmax = 482 nm) when calcium ions become bound to the
protein. At saturating concentration of Ca2+, a linear relationship
between protein amount and the emitted light integral intensity
overlaps several logs of concentration. As a reporter, obelin has
a number of advantages such as bioluminescence high quantum
yield and virtual absence of the background that provide high
sensitivity of the assay, simple reaction (no dependence on a
substrate, oxygen or any cofactor), stability under storage and
modifications, and no toxicity. All this makes obelin-based labels
convenient for research and biomedical applications (11,12).

Here, we describe the use of obelin as a highly sensitive
reporter for monitoring the course of selection and evaluation of
the affinity of DNA aptamers to cardiac troponin I (cTnI), a
highly specific and early biomarker for acute myocardial infarc-
tion (13). Low diagnostic level of this cardiac marker
(0.01 µg L�1) causes high demands on the detection techniques
in terms of sensitivity. So, the development of novel supersensi-
tive biosensors including aptasensors for cTnI detection is a chal-
lenge to modern biotechnology. Recently, several DNA aptamers
were obtained to recombinant variant of cTnI (14–16). As
opposed to the works mentioned, in our study a native human
cardiac troponin I was used as a target for development of
aptamers.

MATERIALS AND METHODS
The highly purified Ca2+-regulated photoprotein obelin with a unique
cysteine residue (Obe D12C) was obtained as previously described (17).
Coelenterazine was from NanoLight Technologies. Conjugate Obe D12C
with monoclonal anti-cardiac troponin I antibody (Obe-anti cTnIAb) was
synthesized as described in Ref. (18). Obe D12C conjugate with
oligothymidine carrying a 5’-hexamethylenamino group 5’-NH2-(CH2)6-
p-T30 (Obe-dT30) was synthesized as described in Ref. (19). Hybrid
protein streptavidin–obelin (Stavi-Obe) was obtained as described in
Ref. (20).*Corresponding author email: vasilisa.krasitskaya@ibp.ru (Vasilisa V. Krasitskaya)
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Native human cardiac troponin I, recombinant cardiac troponin I, tro-
ponin T (cTnT) and troponin C (cTnC) were from HyTest (Finland).
Streptavidin, human immunoglobulin G (hIgG) and bovine serum albu-
min (BSA) were from Sigma-Aldrich. Human myoglobin (Myo), creatine
kinase MB (CKMB) and monoclonal anti-cardiac troponin I antibody
(anti-cTnIAb) were from Abcam. Human serum albumin (HSA) was
obtained from Reanal (Hungary), Hot Start Taq DNA polymerase—from
Evrogen (Russia) and dNTPs—from SibEnzyme (Russia).

All oligonucleotides as well as their biotinylated derivatives were syn-
thesized by Biosan (Russia). The ssDNA library was purchased from
Sangon Biotech (China). The enriched library was sequenced on a MiSeq
platform (Illumina) in SB RAS Genomics Core Facility (ICBFM SB
RAS, Russia) as described in the Supporting Information. A solid-phase
bioluminescent assay was carried out in white Low Volume StripwellTM

Microplate (Corning).
Selection of the aptamers specific to cTnI. Single-stranded DNA

library consisting of a randomized region of 40 nucleotides (N40) flanked
by two constant primer hybridization regions for PCR (5’-
GGCAGCAGGAAGACAAGACA–N40–TGGTTCTGTGGTTGCTCTGT-
3’) was used as the initial pool. Before each round of selection and
binding experiment, the DNA library or individual aptamer was
denatured by heating for 5 min at 90°C in binding buffer (0.15 M NaCl,
50 mM K-Na phosphate buffer pH 7.0 (PBS), 1 mM MgCl2) and then
renatured at room temperature (RT) for 15 min.

The cTnI or proteins used for negative selection—cTnT, cTnC, Myo,
CKMB, HSA or BSA—were immobilized on the well surface by incuba-
tions (50 lL per well, 10 lg mL�1 in PBS) overnight at 4°C. After wash-
ing, 1 nmol (rounds 1–3) or 0.2–0.48 nmol (rounds 4–12) of ssDNA was
added into the cTnI-coated well and incubated at the RT for 1 h (rounds 1–
3), 45 min (rounds 4–7) or 30 min (rounds 8–12) with shaking. The wells
were washed from two to five times (0.1% Tween 20 in binding buffer),
and the bound ssDNA was eluted three times with 50 lL of TE buffer
(10 mM Tris-HCl pH 8.0, 1 mM EDTA) at 95°C for 10 min.

Negative selection was performed with HSA (rounds 3 and 9), cTnT
(rounds 4 and 11), BSA (round 5), Myo (rounds 6 and 10), CKMB
(round 7) and cTnC (rounds 8 and 12). The selection was strengthened
by decreasing incubation time and increasing the number of washing
steps.

The cTnI-binding aptamers were amplified using symmetric (a) and
then asymmetric (b) PCR:

a. 5 µL of the aptamer pool (5–15 ng) in TE was mixed with 45 µL of
symmetric PCR mixture containing PCR buffer, 0.2 mM dNTPs, for-
ward (5’-GGCAGCAGGAAGACAAGACA-3’) and reverse (5’-ACA-
GAGCAACCACAGAACCA-3’) primers, 0.3 µM each and
0.05 U µL�1 Hot Start DNA polymerase. Amplification was per-
formed as follows: 2 min at 95°C, 15 cycles of 30 s at 95°C, 15 s at
56°C and 15 s at 72°C.

b. 5 µL of the symmetric PCR product in TE buffer was mixed with
45 µL of the asymmetric PCR mixture containing PCR buffer,
0.2 mM dNTPs, 1 µM forward primer, 50 nM reverse primer and 0.05
U µL�1 Hot Start DNA polymerase. Amplification was performed as
described in (a).
For every next round of selection, ssDNA was cleaned with Amicon

Ultra-0.5 10K Centrifugal Filter Devices (Merck Millipore, Germany).
The concentration of ssDNA was quantified by NanoDrop Lite Spec-
trophotometer (Thermo Scientific). In total, 12 rounds of selection were
carried out.

Biotinylated enriched DNA library was synthesized after 8, 10 and 12
selection rounds by amplification as described above using biotinylated
forward primer (Bio-5’- GGCAGCAGGAAGACAAGACA-3’).

Binding affinity studies of individual DNA aptamers by bioluminescent
solid-phase assay. The 50 nM solution of biotinylated aptamer or
biotinylated enriched DNA library (50 lL) in binding buffer was added
into the streptavidin-activated well, incubated with shaking for 30 min at
RT and washed (three times, PBS, 1 mM MgCl2, 0.1% Tween 20). Then,
50 lL aliquots of cTnI (1.25 lM–0.08 nM in binding buffer) or 50 lL
binding buffer (control wells) was added and incubated for 1 h at RT.
After washing, 50 lL aliquots of Obe-anti cTnIAb (0.1 lg mL�1 in
binding buffer containing 0.1% BSA) were added, incubated for 40 min
at RT and washed thereafter. Obelin bioluminescence was measured with
LB 940 Multimode Reader Mithras (Berthold, Germany) by rapid
injection of 0.1 M CaCl2 in 0.1 M Tris-HCl, pH 8.8. The signal was
integrated for 5 s.

Signals from the corresponding control wells were taken as the back-
ground and subtracted during dose–response curve plotting. All measure-
ments were performed in duplicate. The dissociation constants (KD) were
calculated by fitting the relative bioluminescence emission to Eq. (1), a
slightly modified equation used to calculate immunoglobulins’ affinity
constant described elsewhere (21):

L
Lmax

¼
xþ Rþ KD�

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
xþ Rþ KDð Þ2�4xR

q

2
; ð1Þ

where L is the integral light intensity from a sample; Lmax is the inte-
gral light intensity from samples with saturating concentrations of cTnI;
R is the surface concentration of biotinylated aptamer; x is concentration
of cTnI in solutions placed into the wells; and KD is the dissociation
constant. Parameters were calculated by nonlinear regression using Sig-
maPlot 2000 software.

DNA aptamers’ specificity study. cTnI, cTnT, cTnC, HSA or hIgG
(50 lL, 10 lg mL�1 in PBS) was adsorbed on the surface of microtiter
plates, overnight at 4 °C. After washing, the solution of biotinylated
aptamer (TnAp1, TnAp2 or TnAp12) in binding buffer was placed into
the wells, incubated for 1 h at RT and washed (PBS, 1 mM MgCl2, 0.1%
Tween 20). Then, 50 lL hybrid protein Stavi-Obe solutions
(50 ng mL�1 in binding buffer) were incubated for 40 min at RT. After
washing, obelin bioluminescence was measured as described above.

Search of noncompetitive pairing aptamer for TnAp2t1 or TnAp2t3.
The 50 nM solution of biotinylated aptamer (TnAp1, 2, 2t1, 2t2, 2t3, 4,
5, 10, 12, 13, 14) in binding buffer was placed into streptavidin-activated
wells, incubated with shaking for 30 min at RT and washed (three times,
PBS, 1 mM MgCl2, 0.1% Tween 20). The 50 nM solution of cTnI in
binding buffer was placed into the wells and incubated for 1 h at RT.
After washing, the 50 nM solution of TnAp2t1-(dA)20 or TnAp2t3-(dA)20
was added into the wells, incubated for 1 h at RT and washed. Then,
50 lL aliquots of Obe-dT30 (0.5 lg mL�1 in binding buffer, containing
0.1% BSA) were added, incubated for 40 min at RT and washed
thereafter. Obelin bioluminescence was measured as described above.

Model aptamer-based solid-phase bioluminescent assay of cTnI. The
25 nM solution of biotinylated aptamer (TnAp1, 2, 4, 5, 10, 12) in
binding buffer was placed into streptavidin-activated wells, incubated
with shaking for 30 min at RT and washed (three times, PBS, 1 mM

MgCl2, 0.1% Tween 20). Then, the 50 lL aliquots of cTnI (9-0.01 nM in
binding buffer) were added into the wells and incubated for 1 h at RT.
After washing the wells, the 50 nM solution of TnAp2t3-(dA)20 was
added into the wells, incubated for 1 h at RT and washed. Then, 50 lL
aliquots of Obe-dT30 (0.5 lg mL�1 in binding buffer, containing 0.1%
BSA) were added, incubated for 40 min at RT and washed thereafter.
Obelin bioluminescence was measured as described above.

Model aptamer-based solid-phase bioluminescent assay of cTnI in
human serum. Performed as described above, Bio-TnAp10 was
immobilized on streptavidin-activated surface of a well, and then,
aliquots of human serum of healthy patient containing 9–0.01 nM of cTnI
were added into the wells with further addition of aliquots of TnAp2t3-
(dA)20. The surface-formed complex was revealed by Obe-dT30

bioluminescence.

RESULTS AND DISCUSSION
In order to obtain high-affinity DNA aptamers to cTnI, the con-
ventional SELEX technology was applied. Randomized oligonu-
cleotide pool (1014–1015 different sequences) was incubated with
cTnI adsorbed on the Stripwell surface, unbound DNAs were
washed out, and bound aptamers were eluted by denaturation.
Every round of selection yielded the DNA mixture enriched with
the affinity sequences binding to the target. To enhance the
specificity of aptamer, we used human serum protein and other
cardiac markers such as troponins T and C, myoglobin and cre-
atine kinase MB for negative selection steps (see Material and
Methods section).

To monitor the selection course and to study the binding
affinity of individual aptamer, we developed the bioluminescent
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solid-phase assay using a stable, “self-contained”, triggerable and
fast reporter—Ca2+-regulated photoprotein obelin.

With the earlier developed methods applied (17), we chemi-
cally conjugated obelin with monoclonal anti-cardiac troponin I
antibody or with oligothymidine giving Obe-anti cTnIAb and
Obe-dT30, correspondingly. Fig. 1 gives the relationship between
signal intensity and concentration of these conjugates as com-
pared to the one of the recombinant obelin. It is linear over 5-6
log units with the detection limit being about 1 attomol (calcu-
lated as a protein amount in a sample with a signal-to-back-
ground ratio of 2). To trigger obelin bioluminescence, nothing
but Ca2+ ions are needed, and the stop-reaction stage is missing.
Bioluminescent response is integrated within a few seconds after
the reaction is triggered. This significantly distinguishes obelin-
based labels from those based on peroxidase or fluorescent repor-
ters (see, e.g. 7–9, 15) and makes them more convenient for
applications.

Bioluminescent solid-phase assay to monitor DNA library
enrichment and evaluate individual aptamers’ affinity

The scheme for the proposed bioluminescent solid-phase assay is
presented in Fig. 2a. Biotinylated derivatives of the enriched
DNA library or individual aptamers were immobilized on the
surface of microtiter plate activated with streptavidin. After
incubation with cTnI, the complex formed on the surface
was detected by the conjugate Obe-anti cTnIAb. Obelin biolumi-
nescence was triggered by Ca2+ and measured by plate
uminometer.

To evaluate DNA library enrichment with anti-troponin I apta-
mers, the libraries enriched after the 8th, 10th and 12th SELEX
rounds were re-amplified with biotinylated forward primer and

Figure 1. Bioluminescence as a function on the amount of obelin (-○-),
Obe-anti cTnIAb (-D-) and Obe-dT30 (-□-) conjugates. Each point is an
average � 1 standard deviation (n = 3).

Figure 2. (a) Bioluminescent solid-phase assay to monitor the library
enrichment and to evaluate the individual aptamers’ affinity. Label—con-
jugate Obe-anti cTnIAb; Stavi—streptavidin. (b) Bioluminescent assay of
initial DNA library (0R) and after SELEX rounds 8 (8R), 10 (10R) and
12 (12R). (c) Saturation curve for aptamers TnAp1 (-□-), TnAp2 (-○-)
and TnAp12 (-Δ-) obtained by solid-phase bioluminescent assay. (d)
Full-length aptamer TnAp2 and its truncated variants’ binding ability to
cTnI (33 nM). All the points are the medium value from 3 independent
measurements � standard deviation.
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the obtained biotinylated derivatives were analyzed by the pro-
posed assay. The results of the bioluminescent assay are shown
in Fig. 2b. The progressive increase in obelin bioluminescence
with the number of rounds indicates the enrichment of the library
with oligonucleotide sequences binding to cTnI.

After the 12th round of SELEX, the library was sequenced
with the Illumina NGS. To choose potentially high-affinity apta-
mers, raw NGS data were analyzed as described in the Support-
ing Information. All sequences were ranked according to their
abundance in the enriched library. The sequences of candidate
aptamers and some of their properties are represented in Table 1.

To evaluate binding affinities of individual aptamers (TnAp1,
2, 4, 5, 10, 12, 13 and 14) applying the developed biolumines-
cent solid-phase assay, candidate aptamers bearing biotin at 5’
terminus were chemically synthesized. Using the bioluminescent
assay data, the saturation curves were plotted (Fig. 2c) and disso-
ciation constants of aptamer–cTnI complexes (KD) were calcu-
lated. The highest binding affinity to cTnI was found for the
most abundant aptamers TnAp1 and TnAp2, and for nonabun-
dant aptamer TnAp12 (Table 1).

Specificity of aptamers TnAp1, TnAp2 and TnAp12 was eval-
uated for cTnI, cTnT, cTnC, HSA and hIgG by bioluminescent
solid-phase assay according to the scheme in Fig. 3. Proteins
under study were immobilized on the plate and incubated with
biotinylated aptamer. The surface-formed complex was detected
by using streptavidin–obelin hybrid protein. As is displayed in
Fig. 3, the bioluminescent signals from nontarget proteins are
lower than that from cTnI by more than an order of magnitude.

Optimization of aptamer size

Aptamer sequence is usually optimized by truncation so to nar-
row down the aptamer sequence region responsible for target
binding. On the one hand, it reduces the cost of aptamer produc-
tion, on the other—may increase the binding affinity. The trunca-
tions of aptamer TnAp2 were performed based on its 2D
structure (see Supporting Information). All the truncated aptamer

variants were biotin-labeled at the 50-end and tested for their
functionality using the developed bioluminescent binding assay.
Deletion of primer sequences at 30 and 50 termini (TnAp2t1) was
found to slightly enhance the affinity of the aptamers to cTnI
(Fig. 2d). The binding ability of truncated aptamers TnAp2t2
and TnAp2t3 became essentially improved (Table 1). So, the 80-
nt long aptamer TnAp2 can be shortened down to 27 nt with
binding ability to cTnI improved at that.

It was interesting to evaluate aptamer binding affinity using
another analytical approach. To make this experiment, we use
recombinant variant of cTnI as a target. Aptamer’s TnAp2t1
affinity was determined in parallel with the bioluminescent and
surface plasmon resonance (SPR) techniques. Detailed

Table 1. Nucleotide sequences of candidate DNA aptamers and some of their properties

Aptamer Nucleotide sequence 5’-Bio ? 3’ Abundance, % G %; GQ motif* (+ or –) KD, nM

TnAp1 GGCAGCAGGAAGACAAGACATGGGTGGCGGGGACGGGGC
GATGGGAACTTAGATTGCTAGTGGTTCTGTGGTTGCTCTGT

17.64 40 (+) 61.51

TnAp2 GGCAGCAGGAAGACAAGACAGGCAGTGTCACGCGCTCAAG
GGTGGAGGGGTCGGGGAGGTTGGTTCTGTGGTTGCTCTGT

11.17 42.5 (+) 42.01

TnAp4 GGCAGCAGGAAGACAAGACACAACGCATGGGTGGGACGA
CGGGTGGGCAAGAGACACGCCTGGTTCTGTGGTTGCTCTGT

6.97 38.8 (+) 167.1

TnAp5 GGCAGCAGGAAGACAAGACACACGGGAGGGAGGGTAGGG
TGTGTGTCGAATCACTGCGCATGGTTCTGTGGTTGCTCTGT

5.23 41.3 (+) 255.7

TnAp10 GGCAGCAGGAAGACAAGACACCACATCTATGGGTGGGACG
ATGGGTGGGCCGAAACGACCTGGTTCTGTGGTTGCTCTGT

1.98 36.3 (+) 121.4

TnAp12 GGCAGCAGGAAGACAAGACATCGGGAGGGAGGGAGGGC
AGTCTAGTCTCATGTGTTTCCATGGTTCTGTGGTTGCTCTGT

1.2 37.5 (+) 24.16

TnAp13 GGCAGCAGGAAGACAAGACACCACGACCACCAACAGATCC
ACTAGCTATTCGACTGCACTTGGTTCTGTGGTTGCTCTGT

1.1 23.8 (-) -†

TnAp14 GGCAGCAGGAAGACAAGACACTACCCATACACTTAGGGA
CGGGTGGCCGGGGAGGGAGGTTGGTTCTGTGGTTGCTCTGT

1 38.8 (+) 79.04

TnAp2t1 GGCAGTGTCACGCGCTCAAGGGTGGAGGGGTCGGGGAGGT 52.5 (+) 39.06 (20‡)
TnAp2t2 AGACAAGACAGGCAGTGTCACGCGCTCAAGGGTGGAGGG

GTCGGGGAGGTTGGT
46.3 (+) 24.93

TnAp2t3 GCTCAAGGGTGGAGGGGTCGGGGAGGT 59.3 (+) 30.6

*The secondary structures of aptamers predicted by VIENNA RNA fold. †We failed in calculating the constant, probably due to the common epitope for
binding of the labeled antibody and this aptamer. ‡KD was calculated by SPR, see Fig. S2.

Figure 3. Scheme (upper panel) and results (lower panel) of the biolu-
minescent solid-phase assay of specificity of aptamers TnAp1, TnAp2
and TnAp12 toward troponin I and other proteins.
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description of the SPR experiment is given in the Supporting
Information. The dissociation constant values for interaction of
TnAp2t1 with the recombinant cTnI obtained using biolumines-
cent and SPR techniques were 96.5 and 20 nM, correspondingly
(Fig. S2). Thus, the assessment of the aptamer affinity by the
proposed solid-phase bioluminescent method gives adequate
results. The discrepancy in absolute values of the constant can
be explained by differences in analysis conditions.

The screening of the aptamers bound to the distinct epitopes
on cTnI

The pairs of aptamers that recognize distinct epitopes on the tar-
get protein can greatly improve the sensitivity and specificity of

molecular detection. A simple experiment on competitive binding
of cTnI by truncated variants of aptamer (TnAp2t1 or TnAp2t3)
and other anti-cTnI aptamers allowed estimating whether all of
them bind the same or different epitopes on a target. This analy-
sis was carried out according to the scheme presented in Fig. 4a.
Biotinylated aptamer under study was immobilized on strepta-
vidin-activated surface and incubated with cTnI. The truncated
TnAp2t1 or TnAp2t3 carrying oligoadenylate at 3’ terminus
(TnAp2t1-dA20 or TnAp2t3-dA20) forms a sandwich-type com-
plex only if aptamers are bound to different cTnI epitopes. This
complex is detected by bioluminescent signal of the conjugate
Obe-dT30. Thus, the increase in bioluminescence signal points to
the formation of independent sandwich-type complex.

It is quite reasonable that the shortest aptamer TnAp2t3 (27
nt) forms a more stable triple complex as compared to TnAp2t1
(40 nt) due to the smaller space it occupies (Fig. 4b). Aptamers
TnAp1, TnAp2, TnAp4, TnAp5, TnAp10 and TnAp12 yielding
the highest bioluminescent response when being paired with
aptamer TnAp2t3 were then tested in model bioluminescent
assay of cTnI. The best result was obtained for the TnAp10 case:
the linear dependence cTnI concentration—bioluminescent signal
value was observed in the range of 3–0.04 nM. Close results
were obtained when this pair of aptamers was applied to analyze
cTnI in artificial human serum (Fig. 3c). So, the developed anal-
ysis allows the detection as small as 40 pM of cTnI, this value
corresponding to cTnI concentration at small myocardial infarc-
tion (13).

Thus, the solid-phase bioluminescent assay we developed
made it possible to find DNA aptamers to distinct epitope of
cTnI. A couple of the selected aptamers (TnAp2t3 and TnAp10)
can be further applied as biospecific molecules not only in biolu-
minescent, but also in other various assay formats including “la-
bel free” ones, which were shown to provide the highest
sensitivity (22). At the next step of the study, we plan to conju-
gate these aptamers through a flexible linker to obtain a single
“bivalent” molecule. We assume that the binding affinity of this
molecule will essentially exceed that of the initial individual
aptamers (23,24).

CONCLUSION
The current research has demonstrated the use of Ca2+-regulated
photoprotein obelin as an instrument to monitor the development
of high specific DNA aptamers. Cardiac troponin I was taken as
a target.

Obelin-based labels were applied to monitor the course of all
conventional stages of aptamer development. They provided fast
and easy assessment of DNA library enrichment, relative evalua-
tion of the binding affinity of individual aptamers and their trun-
cated variants, and identification of pairing aptamers. One of the
obtained labels, Obe-dT30, is suitable for detection of any mole-
cules containing oligoadenylate and can be applied in the devel-
opment of other aptamers. Practically simultaneously we have
successfully applied the bioluminescent analysis of the kind to
evaluate the affinity of novel RNA aptamers to total and glycated
hemoglobins (25). The proposed approach allows evaluation of
any aptamers in terms of solid-phase assay format, which is
preferably used for aptasensor development. Aptamers found
with the use of the proposed approach can be further applied as
biospecific molecules not only in the bioluminescent but also in
other types of analysis.

Figure 4. Scheme (a) and results (b) of the bioluminescent assay for
identification of aptamers that form sandwich complexes with cTnI and
TnAp2t1 or with cTnI and TnAp2t3. (c) Results of the model sandwich-
type aptamer-based solid-phase bioluminescent assay of cTnI in buffer
(-●-) or in human serum (-■-) using aptamers Bio-TnAp10 and TnAp2t3
(n = 3).
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Figure S1. Secondary structures of aptamer TnAp2 and its
truncated variants (RNAfold web server). Probable formation of
GQ motif is shown by a dashed line.

Figure S2. SPR sensogram for association and dissociation of
TnAp2t1 to recombinant cTnI.
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