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Aptamers are short DNA, RNA, or peptide structures that have enormous therapeutic potential,
because they possess the ability to target molecules and proteins for which antibodies are not well
suited with equally high specificity and affinity. inek
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Aptamers:

small, compact
- cost effective
- do not require refrigeration
- do not evoke a negative immune response
- can bind to smaller targets that antibodies cannot

reach
- can be targeted against toxins and other molec‘; =
that do not cause strong immune responses )

“aptus” (Latin) - fit, suitable



The structure provides the function




Primary structure is known:
5-GTGACGTAGGTTGGTGTGGTTGGGGCGTCAC-3'
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DNA/RNA sequencing
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crystal of the protein-aptamer complex

X-ray diffraction Electron density map of the
Single-stranded nucleic acids are mostly not crystallized structure aptamer RE31 to thrombirl
Except several protein-aptamer complexes Russo Krauss et al. Acta Crystallographica Section D: X

Biological Crystallography (2013)
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A 1 mg/ml solution of a globular protein 15kDa molecular

such as lysozyme or myoglobin will scatter in the order of

1 photon in 10%incident photons

from H.B. Stuhrmann
Synchrotron Radiation Research
H. Winick, S. Doniach Eds. (1980)
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Small-Angle X-Ray Scattering (SAXS) Lt
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Radiation sources:
X-ray tube (A=0.1-0.2 nm) Scattered beam,
Synchrotron (A=0.05-0.5 nm) k, = 2m/A
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H.D.T. Mertens, D.I. Svergun/Journal of Structural Biology 172 (2010) 128-141 \



DIKSI station ; ;) v£)
Wavelength - 0,162 nm (7,65 keV) ~e ' == - = Il =] sr=2020

Beam size - 0.3x0.2 mm
Detector - Dectris Pilatus 1M
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European Synchrotron Radiation Facility Deutsches Elektronen-Synchrotron (DESY)
BioSAXS beamline BM29 Ry BioSAXS beamline P12 EMBL :







Data acquisition, integration
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Big vs small objects and the scattering angle!

* Intensity drops off more rapidly for larger particles!
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Radius of gyration, R,

* A SAXS parameter for “size”
* Distribution of components around an axis (or center of mass)

*  “the root-mean-square distance of all elemental scattering volumes
from their center of mass weighted by their scattering densities”

o [Ap(r)r?av,
© [aprav,

Andre Guinier
1930s

R, solid sphere < R, hollow sphere



Guinier analysis

Guinier equation for globula: @)
I(s) = I1{0) exp (—%Ri;'sz) -

10 4

Guinier plot (In[I(s)]vs s?) -

approximation at small angles

Tomilin, F.N., Moryachkov, R., Shchugoreva, I. et al. Anal Bioanal
Chem (2019). https://doi.org/10.1007/s00216-019-02045-0
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SAXS and Guinier plots for
RE31 aptamer
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Indirect Fourier transformation
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H.D.T. Mertens, D.I. Svergun/Journal of Structural Biology 172 (2010) 128-141 Dmax
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Distance distribution function
plot for RE31 aptamer

Tomilin, F.N., Moryachkov, R., Shchugoreva, I. et al. A=al Bicanal
Chem (2019). https://doi.org/10.1007/s00216-019-02045-0 * %
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Kratky analysis €)'
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SAXS curves for aptamer RE31 Kratky plots for RE31

Tomilin, F.N., Moryachkov, R., Shchugoreva, I. et al. Anal Bioanal Chem (2019).
https://doi.org/10.1007/s00216-019-02045-0
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Temperature correlation of CD spectra of aptamer RE31

Tomilin, F.N., Moryachkov, R., Shchugoreva, I. et al. Anal Bioanal Chem (2019).
https://doi.org/10.1007/s00216-019-02045-0
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Simulated annealing, modeling

Experimental
Starting Model
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H.D.T. Mertens, D.I. Svergun/Journal of Structural Biology 172 (2010) 128-141



Step 64 Temperature = 0.131E-05 Chi= 1.04
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RE31 aptamer
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SAXS 3D model
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—— SAXS
—— XRD fit (3 =5.851)
—— MSR fit (3’=5.279)
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Fit of the bead model of RE31 with the structure obtained from X-Ray diffraction (XRD) analysis (left)
and comparison of calculated scattering curves from SAXS, XRD and Molecular Structure Restoration
(MSR) performed in CRYSOL software

Tomilin, F.N., Moryachkov, R., Shchugoreva, I. et al. Anal Bioanal Chem (2019). N
https://doi.org/10.1007/s00216-019-02045-0



The secondary structure of the DNA aptamer RE31 (A), electron density distribution based on
X-Ray diffraction (B), Small-Angle X-Ray scattering (C) and molecular modeling (D).
IS



Oligonucleotide (sequence) Gyration [ Maximal ;L%!
radius dimension
Rg, nm Daxe NM
T5 (GTGACGTATTTTTGGCGTCAC) 1.30 3.91
» T10 (GTGACGTATTTTTTTTTTGGCGTCAC) 1.42 4.23
& T15 (GTGACGTATTTTTTTTTTTTTTTGGCGTCAC) | 158 4.38
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DNA aptamer Gli-233
7 ¢ - T ’ = T/
5-ACTATTCCAC TGCAACAACT GAACGGACTG GAA-3’ " J
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—— SAXS data
—— DAMMIN fit
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p(r) 7] Ini(s) Rg: 1.4 nm
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0 1 2 3 4 D : 4.46 nm
s, nm”’
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Parameters:

Ry, =14nm
Gli-233 aptamer Dyay = 4.46 Nm
SAXS-model \Vj = 11.05 nm3

p

of the spatial structure = _
fitted with the molecular model MW =12.44 kDa “ \:



Structural parameters:
e Maximum dimension

e Radius of gyration

e Molecular Weight
e \Volume of the molecule

Possibilities:

e ab initio shape reconstruction
atomic modeling validation
missing fragments
refinement
conformational transitions
rigid-body modeling
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Thank you for attention!
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