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Abstract. Th e high potential of aptamers – specifi c molecular agents based on short single-stranded nucleic acids – makes high demands on the molecules 
under development for the effi  ciency of interaction with target biomolecules. In this work, approaches are considered for studying the spatial structure of 
DNA aptamers in solution using various complementary methods, which make it possible to obtain a more complete picture of the formation of the structure 
and conformational changes, to track the interaction with the target protein, the tendency to oligomerization, and to characterize the spatial structure of both 
individual molecules and complexes.
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Introduction
Research and development of various DNA and RNA 

aptamers, as well as the active development of methods for 
their selection, modifi cation, and application have shown 
the eff ectiveness of such molecular agents for targeted drug 
delivery, imaging and therapy of various diseases [1,2]. For 
a more careful selection by the binding site of the recogniz-
ing agent, it is necessary to determine the most probable 
conformation of the aptamer. To address this issue, X-ray 
diff raction analysis is the standard method for restoring 
the three-dimensional structure of biomolecules. Howev-
er, only a few developed aptamers were crystallized in the 
complex with their target proteins; for most of such objects 
this is a diffi  cult task. Th e most eff ective approach is to 
extract useful information about the structural features of 
a biomolecule from various experimental data. Th is paper 
presents approaches to the utilization of small-angle X-ray 
scattering (SAXS) method, size-exclusion chromatogra-
phy (SEC), and circular dichroism (CD), whose data are 
used to reconstruct the spatial structure of the aptamer
in solution.

Material and methods
For the study, we used a 110 DNA aptamer to inter-

leukin-6 with a sequence length of 31 nucleotides and a 
molecular weight of 9.78 kDa. Th e aptamer was prepared 
in a Tris-HCl buff er solution with a concentration of 9.8 mg 
/ ml in a volume of 80 μl, that is suffi  cient for its dilution in 
a GE Superdex 75 Increase 10/300 chromatography FPLC 
column in a volume of 24 ml and registration of scattered 
X-ray radiation. Th e SAXS measurements on the aptamer 
were carried out at the P12 BioSAXS beamline of the Petra 
III synchrotron (DESY, Hamburg, Germany). Th e X-ray 
radiation wavelength at the station is 0.124 nm, which 

corresponds to an energy of 10 keV, the sample-detector 
distance is 3.0 meters, and the exposure duration for each 
frame is 1 sec.

Initially the buff er solution in a volume of 48 ml was 
passed through the chromatographic column in the Agilent 
1260 Infi nity instrument at a pressure of 21.1 bar. Th en, 
a solution with the sample was added to the column under 
the same pressure at a temperature of 20.4 °С. Aft er passing 
through the column, the solution automatically enters the 
setup for SAXS measurements using synchrotron radiation 
supplied from the beamline of the synchrotron storage ring. 
In parallel with the dilution of the solution using liquid size 
exclusion chromatography, the installation measures the 
level of optical absorption of ultraviolet radiation to deter-
mine the concentration of oligonucleotides in the solution. 
Measured data were processed using the standard SAXS 
pipeline [3] in the program suite ATSAS [4].

Results and discussion
Joint SEC-SAXS measurements were carried out togeth-

er with UV absorption on a DNA aptamer 110 to interleu-
kin-6 in solution (fi gure 1) [5]. As a result we obtained data 
on the concentration of the aptamer in solution during the 
fl owing through the chromatographic column. We found 
out that the solution contains at least two distinguished frac-
tions with the sample, which diff er in the mass of particles. 
Th e third minor intermediate fraction was rather weakly 
expressed for a good-quality SAXS signal to be obtained.

Using the SAXS method we characterized particles 
from both main fractions separately. As a result, the fol-
lowing structural data were obtained: the distribution of 
the molecular mass relative to the center of mass – radius 
of gyration, maximum particle size and total volume of 
the electron density of the whole molecule, distance dis-
tribution functions were constructed. With the knowledge 
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of the average density of the DNA molecule it is possible 
to calculate the approximate value of the mass of the mole-
cule: in the fi rst fraction, the particles have a mass of about 
40 kDa, which corresponds to four times the mass of the 
molecule, in the second – 8-10 kDa, which corresponds to 
the mass of the monomer. Analysis of the SAXS data also 
allowed us to determine that aggregation of molecules to 
larger constituents is not observed in both fractions, since 
this would introduce noticeable changes in the scattering 
patterns, which can be determined using analytical methods 
such as Guinier analysis. For the range s > 1 nm-1, SAXS 
plots have an almost similar shape, which is associated with 
the repetition of the structure on the scale of nucleotides 
and domains of the molecule, and the diff erence at small 
angles indicates a diff erence in the structure on the scale of 
the entire molecule and its tertiary structure.

Reconstruction of the spatial shape of low-resolution 
molecules, as well as analysis of the distance distribution 
functions for data from each fraction, showed that the mon-
omer molecule has an elongated structure, which is most 
likely associated with the presence of a free single-stranded 
DNA chain and elements of a double helix in the structure. 
Th e larger structure of the tetrameric component in solu-
tion may indicate a more complex structure, for example, 

the presence of quadruplexes. Th eir presence is just con-
fi rmed by the data from CD spectroscopy, which reveal 
similar signals from the structural elements of DNA 
molecules.

Conclusion
Extracting data on biomolecules from several experi-

mental methods allows one to look at them from diff erent 
angles and fi ll the missing gaps in information about the 
behavior and structure of an object, help in developing 
a model of the object under study, and improve its predictive 
properties. Using the example of studying the DNA aptamer 
110, we showed that various kinds of information on the be-
havior and shape of a molecule in solution makes it possible 
to obtain a more complete picture of the studied molecule 
and use complementary data to construct the full-atomic 
structure of a molecule, which can be used for the methods 
of molecular dynamics and docking with target protein.

Th e reported study was funded by RFBR, project num-
ber 19-32-90266.
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