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Scheme S3. Synthesis of the TBA analogues.
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Figure S1. 20% denaturing polyacrylamide gel electrophoresis analysis. Representative 20% denaturing
polyacrylamide gel electrophoresis (8 M urea) at 10.5 uM sample concentration, run at constant 200 V at r.t. for
2.5 h in TBE 1X as running buffer. (a) Lane 1: TBA; lane 2: TBA-Np/Dp; lane 3: TBA-NNp/DDp; lane 4: TBA-
Np/Np; lane 5: TBA-NNp/NNp; (b) Lane 1: TBA; lane 6: TBA-N/Dp; lane 7: TBA-Np/D; lane 8: TBA-N/D; lane
9: TBA-NN/DD; lane 10: TBA-D; lane 11: TBA-N.



Table 1. TDS factor analysis.

TDS factors

K*-rich buffer Na*-rich buffer
TBA 0.7 0.1 0.6 0.7 0.1 0.8
TBA-D 0.4 0.3 0.1 0.8 0.1 0.8
TBA-N 0.7 0.2 0.4 0.6 0.3 0.4
TBA-Np/Dp 1.5 0.3 0.4 0.7 0.1 0.9
TBA-N/Dp 1.1 0.6 0.3 1.4 0.4 0.2
TBA-Np/D 1.5 0.3 0.6 1.2 0.2 0.2
TBA-N/D 1.8 0.1 0.5 1.6 0.2 0.3
TBA-NNp/DDp 1.9 0.3 0.6 0.6 0.4 0.4
TBA-NN/DD 1.1 0.2 0.5 1.3 0.1 0.7
TBA-Np/Np 1.0 0.2 0.3 0.7 0.1 0.7
TBA-NNp/NNp 1.4 0.1 0.6 0.8 0.2 0.7

Ratios between values at different absorbance wavelengths as calculated from normalized TDS spectra for the indicated
oligonucleotides in both the selected phosphate buffer solutions, according to literature protocols [1].

S6



TBA-NNp/NNp

a) K*-rich buffer b)
= Experimental
= Fitted
= Residual
50 — 50—
‘—l"“ B ‘Tﬁ\
g * =
= o o—
| |
=3 =3
w w
< <
-50 —
-50 —
Parallel 27 %
Hybrid 34 %
-100— Antiparallel 38 %
| [ | | | |
220 240 260 280 300 320 220

Wavelength (nm)

Nat*-rich buffer

Parallel 27 %
Hybrid 28 %
Antiparallel 44 %

240 260 280 300 320

Wavelength (nm)

Figure S2. Prediction of G4 topologies adopted by TBA-NNp/NNp by SVD analysis. Prediction of the relative
abundance of the G4 topologies adopted by TBA-NNp/NNp, obtained by singular value decomposition (SVD)
analysis of the CD spectra recorded in both the selected buffer solutions, performed by exploiting the software
developed by del Villar-Guerra et al.[2] Deviations from 100% (+ 1%) are due to significant digits approximation

of the values originally obtained by the simulations.
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Figure S3. CD analysis of TBA. CD-melting and CD-annealing profiles (a, b) of TBA at 2 uM concentration in
both the selected K*- (a) and Na*-rich (b) buffer solutions. The CD curves were obtained following the CD signal
at 294 nm in both saline conditions, with a temperature scan rate of 1 °C/min. The overlapped CD spectra of
TBA were recorded every 5 °C during the melting (c, e) and cooling processes (d, f) in both the selected K*- (c,
d) and Na*-rich (e, f) buffer solutions.
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Figure S4. CD analysis of TBA-D. CD-melting and CD-annealing profiles (a, b) of TBA-D at 2 pM concentration
in both the selected K*- (a) and Na*-rich (b) buffer solutions. The CD curves were obtained following the CD
signal at 294 nm in both saline conditions, with a temperature scan rate of 1 °C/min. Overlapped CD spectra of
TBA-D were recorded every 5 °C during the melting (¢, ) and cooling processes (d, f) in both the selected K*-
(c, d) and Nat*-rich (e, f) buffer solutions.
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Figure S5. CD analysis of TBA-N. CD-melting and CD-annealing profiles (a, b) of TBA-N at 2 pM concentration
in both the selected K*- (a) and Na*-rich (b) buffer solutions. The CD curves were robtained following the CD
signal at 294 nm in both saline conditions, with a temperature scan rate of 1 °C/min. The overlapped CD spectra
of TBA-N were recorded every 5 °C during the melting (¢, e) and cooling processes (d, f) in both the selected

K*- (¢, d) and Na*-rich (e, f) buffer solutions.
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Figure S6. CD analysis of TBA-Np/Dp. CD-melting and CD-annealing profiles (a, b) of TBA-Np/Dp at 2 uM
concentration in both the selected K*- (a) and Na*-rich (b) buffer solutions. The CD curves were obtained
following the CD signal at 294 nm in both saline conditions, with a temperature scan rate of 1 °C/min. The
overlapped CD spectra of TBA-Np/Dp were recorded every 5 °C during the melting (c, e) and cooling processes
(d, f) in both the selected K*- (¢, d) and Na*-rich (e, f) buffer solutions.
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Figure S7. CD analysis of TBA-N/Dp. CD-melting and CD-annealing profiles (a, b) of TBA-N/Dp at 2 uM
concentration in both the selected K*- (a) and Na*-rich (b) buffer solutions. The CD curves were obtained
following the CD signal at 294 nm in both saline conditions, with a temperature scan rate of 1 °C/min. The

overlapped CD spectra of TBA-N/Dp were recorded every 5 °C during the melting (c, e) and cooling processes

(d, f) in both the selected K*- (¢, d) and
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Figure S8. CD analysis of TBA-Np/D. CD-melting and CD-annealing profiles (a, b) of TBA-Np/D at 2 uM
concentration in both the selected K*- (a) and Na*-rich (b) buffer solutions. The CD curves were obtained
following the CD signal at 294 nm in both saline conditions, with a temperature scan rate of 1 °C/min. The
overlapped CD spectra of TBA-Np/D were recorded every 5 °C during the melting (c, e) and cooling processes
(d, f) in both the selected K*- (¢, d) and Na*-rich (e, f) buffer solutions.
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Figure S9. CD analysis of TBA-N/D. CD-melting and CD-annealing profiles (a, b) of TBA-N/D at 2 uM
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Figure S10. CD analysis of TBA-NNp/DDp. CD-melting and CD-annealing profiles (a, b) of TBA-NNp/DDp at
2 uM concentration in both the selected K*- (a) and Na*-rich (b) buffer solutions. The CD curves were obtained
following the CD signal at 294 nm in both saline conditions, with a temperature scan rate of 1 °C/min. The
overlapped CD spectra of TBA-NNp/DDp were recorded every 5 °C during the melting (c, e) and cooling
processes (d, f) in both the selected K*- (¢, d) and Na*-rich (e, f) buffer solutions.
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Figure S11. CD analysis of TBA-NN/DD. CD-melting and CD-annealing profiles (a, b) of TBA-NN/DD at 2 uM
concentration in both the selected K*- (a) and Na*-rich (b) buffer solutions. The CD curves were obtained
following the CD signal at 294 nm in both saline conditions, with a temperature scan rate of 1 °C/min. The
overlapped CD spectra of TBA-NN/DD were recorded every 5 °C during the melting (c, e) and cooling
processes (d, f) in both the selected K*- (¢, d) and Na*-rich (e, f) buffer solutions.
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Figure 512. CD analysis of TBA-Np/Np. CD-melting and CD-annealing profiles (a, b) of TBA-Np/Np at 2 uM
concentration in both the selected K*- (a) and Na*-rich (b) buffer solutions. The CD curves were obtained

following the CD signal at 294 nm in both saline conditions, with a temperature scan rate of 1 °C/min. The

overlapped CD spectra of TBA-Np/Np were recorded every 5 °C during the melting (c, e) and cooling processes
(d, f) in both the selected K*- (¢, d) and Na*-rich (e, f) buffer solutions.
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Figure S13. CD analysis of TBA-NNp/NNp. CD-melting and CD-annealing profiles (a, b) of TBA-NNp/NNp at
2 uM concentration in both the selected K*- (a) and Na*-rich (b) buffer solutions. The CD curves were obtained
following the CD signal at 268 nm in both saline conditions, with a temperature scan rate of 1 °C/min. The
overlapped CD spectra of TBA-NNp/NNp were recorded every 5 °C during the melting (c, e) and cooling
processes (d, f) in both the selected K*- (¢, d) and Na*-rich (e, f) buffer solutions.
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Table S2. Standard thermodynamic parameters from van’t Hoff analysis.

K*-rich buffer

Na*-rich buffer

TBA -166.3+2.6 | -051+0.01 | -13.6+0.2 | -1466+3.2 | -047+0.01 | -57+0.1
TBA-D -1408+1.1 | -044+001 | -92+01 | -1286+17 | -042+0.01| -3.2+01
TBA-N -179.1+45 | -053+0.01 | -20.5+05 | -159.0+1.7 | -0.49+0.01 | -13.0+0.3

TBA-Np/Dp -158.0+1.7 | -049+0.01 | -13.2+0.2 | -1356+3.2 | -043+0.01 | -6.3+0.2
TBA-N/Dp -167.3+6.7 | -050+0.02 | -194+04 | -139.1+27 | -043+0.01 | -10.7+0.1
TBA-Np/D -1475+46 | -045+0.01 | -146+05 | -136.6+0.1 | -043+0.02 | -9.0+0.8

TBA-N/D -146.8+1.0 | -043+0.01 | -190+0.1 | -1348+19 | -041+0.01 | -114+0.2
TBA-NNp/DDp | -147.1+4.1 | -044+0.01 | -16.8+04 | -1184+2.0 | -0.37+0.01 | -8.2+0.3
TBA-NN/DD | -1405+15 | -042+0.01 | -154+0.1 | -1059+13 | -0.33+£0.01 | -6.5+0.1
TBA-Np/Np -136.9+16 | -042+0.01 | -106+0.1 | -1049+0.1 | -034+0.01 | -3.6+0.1

Standard thermodynamic parameters as derived from van’t Hoff analysis (AH?, AS°and AG? calculated at 298 K) for the
unfolding process of unmodified TBA and its modified analogues, followed by CD spectroscopy in the selected buffer

solutions.
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Figure S14. Nuclease resistance experiments on the TBA analogues. Enzymatic resistance experiments
performed on TBA and its analogues incubated in 80% fetal bovine serum (FBS) as monitored by denaturing
20% polyacrylamide gel electrophoresis up to 24 h (time points: 0, 0.1, 0.2, 0.5, 1, 2, 3, 5, 7 and 24 h). Intensity of
each oligonucleotide band on the gel is expressed as percentage of the remaining aptamer with respect to the
initial one (untreated oligonucleotide) for all the analyzed time points. Data are reported as mean values + SD
(error bars) for three independent determinations. Obtained values were also fitted with an equation for first
order kinetics (lines) allowing the calculation of the half-life in serum of each aptamer (ti2).
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Figure S15. Comparative reverse phase C18 HPLC analysis of the TBA analogues. Column Nucleodur 100-3
C18 ec, length 75 mm, diameter 4.6 mm (Macherey-Nagel). Linear gradient 1 mL/min, from 1% to 40% of CHsCN
in 50 mM TEAAc buffer pH 7 60 °C, over 20 min.



Table S3. Summary of aptamers properties.

Tm Serum anticoagulation Relative
Aptamers O =£1 resistance activity lipophilicty
Rt

Nat*rich oTmll Ktrich oTmll | t1/2 (h) NIb] score Nl (min) Nld]
TBA 36 - 51 - 1.9 1.0 8.0 1.0 7.0 1.0
TBA-D 31 -5 45 -6 4.0 2.1 Nd - 10.6 1.5
TBA-N 51 15 64 13 10.8 5.7 Nd - 9.6 1.4
TBA-Np/Dp 38 2 51 0 7.2 3.8 7.3 0.9 10.4 1.5
TBA-N/Dp 48 12 62 11 10.4 5.5 7.1 0.9 10.8 1.5
TBA-Np/D 42 6 57 6 4.4 2.3 6.3 0.8 11.1 1.6
TBA-N/D 51 15 68 17 5.1 2.7 2.7 0.3 11.6 1.7
TBA-
NNp/DDp 44 8 62 11 8.5 4.5 9.3 1.2 12.9 1.8
TBA-NN/DD 42 6 61 10 6.0 3.2 2.8 0.4 14.3 2.0
TBA-Np/Np 34 -2 49 -2 3.8 2.0 9.0 1.1 10.2 1.5
TBA-
NNp/NNp 44 8 56 5 6.3 3.3 2.3 0.3 11.9 1.7

[WATm relative to TBA calculated as Tm of aptamer - Tm of TBA, P Normalized data calculated as ti2 of aptamer / ti2 of
TBA, [!'Normalized data calculated as score of aptamer / score of TBA, [{/Normalized data calculated as Retention time (Rt)
of aptamer / Rt of TBA on a Cis reverse phase column. Nd: not determined

Table S4. Reverse phase C18 HPLC and MALDI-TOF MS analysis of the TBA analogues.

Retention MALDI “TOF MS? Scale Qua?tlty Yield
Compounds time (min)® Caled Found (umol) obtained %)
(nmol)
TBA-Np/Dp 10.35 5783.83 5783.77 1.5 148.5 9.9
TBA-N/D 11.60 5507.71 5507.22 1.5 924 6.2
TBA-Np/D 11.10 5645.77 5646.88 1.5 88.8 5.9
TBA-N/Dp 10.81 5645.77 5646.72 1.2 335.5 28.0
TBA-NNp/DDp 1291 6566.46 6565.59 1.5 246.3 16.4
TBA-NN/DD 14.25 6290.34 6290.28 1.5 68.7 4.6
TBA-D 10.55 5063.37 5064.18 1.2 199.8 16.7
TBA-Np/Np 10.23 5889.87 5888.68 1.2 101.5 8.5
TBA-NNp/NNp 11.88 6778.54 6779.39 1.2 94.5 7.9
TBA-N 9.55 5169.41 5170.29 1.2 278.5 232

aLinear gradient 1 mL/min, from 1% to 40% of CHsCN in 50 mM TEAAc buffer pH 7 60 °C, over 20 min,
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MALDI-TOF and RP C1s HPLC of TBA N/D
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MALDI-TOF and RP C1s HPLC of TBA-Np/D
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MALDI-TOF and RP C1s HPLC of TBA-N/Dp

5646.72
TBA-N/Dp
Calcd 5645.77
4000 5000 6000 7000
m/z
1 -10.807
min
L
00 25  's0 75 ' 100 = 125 15.0 175 120.0

S26
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MALDI-TOF and RP Ci1s HPLC of TBA-D
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MALDI-TOF and RP C1s HPLC of TBA-Np/Np
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MALDI-TOF and RP Cig HPLC of TBA-NNp/NNp
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MALDI-TOF and RP C1s HPLC of TBA-N
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