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Th e aim of the research. In this work we studied the structure of LC-18 DNA aptamer, which exhibits specifi c binding to lung adenocarcinoma cells. Obtain-
ing the 3D structure of the aptamer is necessary for understanding the mechanism of binding of the aptamer to the target. Th erefore, the aim of the research 
was modeling of the LC-18 aptamer spatial structure using combination of theoretical methods: DNA folding tools, quantum-chemical calculations and 
molecular dynamic simulations.
Material and methods. Th e secondary structure of the LC-18 aptamer was predicted by using OligoAnalyzer and MFold online soft ware under the conditions 
typical small-angle X-ray scattering (SAXS) experiment. Th e molecular modeling of the aptamer was carried out using the Avogadro program. For predic-
tion of the structure two computational methods were used: quantum-mechanical method with third-order density-functional tight-binding (DFTB3) and 
molecular dynamics (MD) with force fi elds.
Results. In this paper it was shown that molecular simulations can predict structures from the SAXS experiments. OligoAnalyzer and MFold web servers have 
been used to generate a set of several likely models. However, more accurate calculations have showed that these models do not predict the relative importance 
of isomers. Meanwhile, application of quantum-chemical and molecular dynamics calculations have showed reliable molecular structures which have a small 
deviations from the experimental SAXS curves.
Conclusion. Th is study demonstrates the approach for modeling 3D structures of DNA-aptamers in solution using both experimental and theoretical meth-
ods. It could be very helpful in designing more effi  cient aptamers based on results obtained from molecular simulations.
Key words: LC-18, DNA aptamer, lung adenocarcinoma, SAXS, DFTB3.
Confl ict of interest. Th e authors declare the absence of obvious and potential confl icts of interest associated with the publication of this article.
Citation: Shchugoreva IA, Artyushenko PV, Tomilin FN, Morozov D, Mironov V, Moryachkov RV, Kichkailo AS. Applying joint theoretical experimental 
research to aptamer modeling.. Siberian Medical Review. 2021; (2):105-106. DOI: 10.20333/2500136-2021-2-105-106

Aptamers are synthetic RNA or DNA oligonucleotide 
ligands capable of recognizing and binding with other 
molecules. Aptamer-target interactions depend on the 
aptamer’s spatial structure, distribution of its charges, and 
the nature of its binding molecules. However, obtaining the 
3D structure is a diffi  cult task. Th e approach suggested in 
this work is to apply joint theoretical-experimental research 
to aptamer modeling.

Using the small-angle X-ray scattering (SAXS), the 
aptamer was investigated in solution at temperatures of 
5 °C and 20 °C. As a result of the experiment, the shape of 
the molecule in solution was obtained. Th e LC-18 aptamer 
consists of 35 nucleotides. To predict its secondary struc-
tures, the online servers for folding DNA molecules Oligo-
Analyzer [1] and Mfold [2] were used. Th e simulation was 
carried out under conditions of the SAXS experiment: in the 
presence of ions Na+ 146 mM and Mg2+ 0.5 mM at 5 °C and 
20 °C. Four models were chosen for further investigation 
as the most probable secondary structures with the lowest 
energy, moreover Model-1 according to both programs is 
the most likely secondary structure of LC-18 (fi g.). 

Th e corresponding tertiary structures of Model-1, Mod-
el-2, Model-3, and Model-4 were prepared using the Avog-
adro and Facio [3] programs and optimized with the FMO-
DFTB3/PCM method. Th e distribution of LC-18 structures 

in the order of increasing their total energy aft er optimization: 
Мodel-4 → Мodel-1 → Мodel-3 → Мodel-2, which diff ers 
from the distribution in MFold and OligoAnalyzer. Compar-
ison of the molecules geometry with the shape obtained by 
SAXS showed the greatest agreement for the Model-4 model.

For the optimized structures, molecular dynamics (MD) 
calculations were performed using the Gromacs 2019.8 [4] 
soft ware package with the Amber14sb force fi eld and the 
TIP3P model for water. As a result of simulations (200 ns at 
310 K), the initial geometry of the molecules changed, most 
signifi cantly for the Model-1, Model-2, Model-4 models. 
A  comparison of the structures obtained aft er MD with 
the SAXS shape showed a high convergence of the geom-
etry with the Model-3 model, better than for the Model-4 
model before molecular dynamics. Th e calculations have 
shown that geometry optimizations using both the quan-
tum-chemical and molecular dynamics methods produce 
structures that are very similar to the experimental SAXS 
curves with small deviations.

Th us, the combination of computer simulations and 
SAXS methods allows to select the secondary structure of 
the aptamer from a variety of options off ered by the serv-
ers for folding. It also allows to identify the conformation 
of the molecule that is closest to the conformation of the 
aptamer in solution.
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