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Oligonucleotide synthesis
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Scheme S1. Synthetic scheme for the preparation of cycNU172-EG2 and cycNU172-EG3 by
CUAAC cyclization. NU172 sequence = 5-CGCCTAGGTTGGGTAGGGTGGTGGCG-3.
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Figure S1. HPLC profiles of crude oligonucleotides 6 (a) and 7 (b), precursors respectively of
cycNU172-EG2 and cycNU172-EG3.
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Figure S2. HPLC (a) and MALDI-TOF (b) profiles of pure cycNU172-EG2.
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Figure S3. HPLC (a) and MALDI-TOF (b) profiles of pure cycNU172-EG3.
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Oligonucleotide synthesis
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Scheme S2. Synthetic scheme for the preparation of cycNU172-Ph and cycNU172-Pro, obtained by
bis-oxime cyclization. NU172 sequence = 5-CGCCTAGGTTGGGTAGGGTGGTGGCG-3.

S7



4501
1 11.62

400+
1 11
300+

200+

1004

L. I~

_50-| T T T T T T T T T T T T T T T T T T T T T T T T T 1

0.0 50 10.0 15.0 200 260
min
Figure S4. HPLC profile of crude oligonucleotide 11, precursor of both cycNU172-Ph and
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Figure S5. HPLC (a) and MALDI-TOF (b) profiles of pure cycNU172-Ph.
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Figure S6. HPLC (a) and MALDI-TOF (b) profiles of pure cycNU172-Pro.
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Figure S7. Representative 20 % denaturing polyacrylamide gel electrophoresis (8 M urea) at 4.5 uM
sample concentration, run at constant 200 V at r.t. for 2.5 h in TBE 1X as running buffer. Lane 1: 15-

mer NU; lane 2: NU172; lane 3: cycNU172-EG2; lane 4: cycNU172-EG3; lane 5: cycNU172-Ph;
lane 6: cycNU172-Pro.
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15-mer NU TDS factors

K*-rich buffer
AA240/AA95 AAs55AA95 AA275 [AA295

0.5 0.1 0.5
Na*-rich buffer
AA240/AA295 AA255AA295 AA275 [AA295

Table S1. Ratios between values at different absorbance wavelengths as calculated from normalized
TDS spectra for the 15-mer NU in both the selected phosphate buffer solutions, according to literature
protocols.(1)
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a) K*-rich buffer b) Na*-rich buffer
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Figure S8. Representative UV-melting profiles of the cyclic NU172 derivatives (light blue, orange,
green, and magenta lines, respectively for cycNU172-EG2, cycNU172-EG3, cycNU172-Ph and
cycNU172-Pro), at 2 M concentration in both the selected K*- (a) and Na*-rich (b) buffer solutions,
in comparison with unmodified NU172 (dark red line). UV-melting profiles - recorded at 260 nm
using a scan rate of 1 <T/min - are reported in terms of normalized absorbance as a function of the
temperature.
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15-mer NU
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Figure S9. Representative normalized UV-melting and UV-annealing profiles of the 15-mer NU at
2 UM concentration in both the selected K*- (a) and Na*-rich (b) buffer solutions. The UV-monitored
thermal curves were recorded following the signal at 295 nm in both saline conditions, with a
temperature scan rate of 1 <T/min.
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NU172
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Figure S10. Representative normalized UV-melting and UV-annealing profiles of NU172 at 2 pM
concentration in both the selected K*- (a, ¢) and Na*-rich (b, d) buffer solutions. The UV-monitored
thermal curves were recorded following the signal at 295 (a, b) or 260 (c, d) nm in both saline
conditions, with a temperature scan rate of 1 <C/min.
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cyeNU172-EG2
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Figure S11. Representative normalized UV-melting and UV-annealing profiles of cycNU172-EG2
at 2 M concentration in both the selected K*- (a, ¢) and Na*-rich (b, d) buffer solutions. The UV-
monitored thermal curves were recorded following the signal at 295 (a, b) or 260 (c, d) nm in both
saline conditions, with a temperature scan rate of 1 <C/min.
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cycNU172-EG3
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Figure S12. Representative normalized UV-melting and UV-annealing profiles of cycNU172-EG3
at 2 M concentration in both the selected K*- (a, ¢) and Na*-rich (b, d) buffer solutions. The UV-
monitored thermal curves were recorded following the signal at 295 (a, b) or 260 (c, d) nm in both
saline conditions, with a temperature scan rate of 1 <C/min.
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Figure S13. Representative normalized UV-melting and UV-annealing profiles of cycNU172-Ph at
2 M concentration in both the selected K*- (a, ¢) and Na*-rich (b, d) buffer solutions. The UV-
monitored thermal curves were recorded following the signal at 295 (a, b) or 260 (c, d) nm in both

saline conditions, with a temperature scan rate of 1 <T/min.
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cycNU172-Pro

a) K*-rich buffer b) Na*-rich buffer
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Figure S14. Representative normalized UV-melting and UV-annealing profiles of cycNU172-Pro at
2 UM concentration in both the selected K*- (a, ¢) and Na*-rich (b, d) buffer solutions. The UV-
monitored thermal curves were recorded following the signal at 295 (a, b) or 260 (c, d) nm in both
saline conditions, with a temperature scan rate of 1 <T/min.
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UV-melting and annealing experiments

K*-rich buffer

Nat*-rich buffer

A =295 nm
15-mer NU 41 - 42 29 - 29
NU172 42 - 41 41 - 40
cycNU172-EG2 | 44 + 2 47 39 -2 43
cycNU172-EG3 42 0 45 40 -1 42
cycNU172-Ph 44 + 2 41 40 -1 43
cycNU172-Pro 42 0 46 41 0 45

A =260 nm
NU172 60 - 47 58 - 48

cycNU172-EG2

71 +11 58

62 +4 55

cycNU172-EG3

71 + 11 60

71 + 13 50

cycNU172-Ph

68 +8 50

64 +6 44

cycNU172-Pro

71 + 11 55

68 +10 54

Table S2. Apparent melting temperature values obtained by UV-monitored thermal experiments at
295 and 260 nm for heating and cooling profiles of the here studied oligonucleotides in the selected
K*- and Na*-rich buffer solutions. Apparent Tr values were determined from the normalized data as
the temperature at which half of the sample is folded, i.e. NAA = 0.5. The error associated with the
Tm determination is £1 <C. ATn is calculated by subtracting the measured Tm of unmodified NU172
from that observed for each cyclic NU172 analogue.
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CD profile
Na*-rich buffer

Aptamer K*-rich buffer

15-mer NU 294 269 248 294 276 257

NU172 293 262 245 293 261 247
cycNU172-EG2| 292 263 245 292 260 247
cycNU172-EG3| 292 262 246 291 260 247

cycNU172-Ph | 291 259 245 290 258 246
cycNU172-Pro | 293 262 245 292 260 246

Table S3. Specific A values in nm relative to the maxima and minima of the observed CD bands of
the analyzed oligonucleotides. “+” and “—” refer to the positive and negative CD bands, respectively.
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Prediction of G4 topologies relative abundance
from SVD analysis of CD spectra

K*-rich buffer
Parallel (%0) Hybrid (%)  Antiparallel (%)
0 17 83
Na*-rich buffer
Parallel (%0) Hybrid (%)  Antiparallel (%)

15-mer NU

Table S4. Prediction of the relative abundance of the G4 topologies adopted by the 15-mer NU,
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 S15. CD difference spectrum obtained subtracting the spectrum of the 15-mer NU from that
of NU172 in the selected K*-rich buffer solution.
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Figure S16. CD-melting and CD-annealing profiles (a, b) of the 15-mer NU at 2 UM concentration
in both the selected K*- (a) and Na*-rich (b) buffer solutions. The CD curves were recorded following
the CD signal at 294 nm in both saline conditions, with a temperature scan rate of 1 <C/min.
Overlapped CD spectra of 15-mer NU recorded every 5 <T 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 S17. CD-melting and CD-annealing profiles (a, b) of NU172 at 2 M concentration in both
the selected K*- (a) and Na*-rich (b) buffer solutions. The CD curves were recorded following the
CD signal at 293 nm in both saline conditions, with a temperature scan rate of 1 <T/min. Overlapped
CD spectra of NU172 recorded every 5 T during the melting (c, €) and cooling processes (d, f) in
both the selected K*- (c, d) and Na*-rich (e, f) buffer solutions.
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Figure S18. CD-melting and CD-annealing profiles (a, b) of cycNU172-EG2 at 2 UM concentration
in both the selected K*- (a) and Na*-rich (b) buffer solutions. The CD curves were recorded following
the CD signal at 292 nm in both saline conditions, with a temperature scan rate of 1 <C/min.
Overlapped CD spectra of cycNU172-EG2 recorded every 5 T during the melting (c, €) and cooling
processes (d, f) in both the selected K*- (c, d) and Na*-rich (e, f) buffer solutions.
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Figure S19. CD-melting and CD-annealing profiles (a, b) of cycNU172-EG3 at 2 UM concentration
in both the selected K*- (a) and Na*-rich (b) buffer solutions. The CD curves were recorded following
the CD signal at 292/291 nm respectively in the K*/Na* buffer solutions, with a temperature scan rate
of 1 <T/min. Overlapped CD spectra of cycNU172-EG3 recorded every 5 <T 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 S20. CD-melting and CD-annealing profiles (a, b) of cycNU172-Ph at 2 M concentration
in both the selected K*- (a) and Na*-rich (b) buffer solutions. The CD curves were recorded following
the CD signal at 291/290 nm respectively in the K*/Na* buffer solutions, with a temperature scan rate
of 1 <T/min. Overlapped CD spectra of cycNU172-Ph 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 S21. CD-melting and CD-annealing profiles (a, b) of cycNU172-Pro at 2 M concentration
in both the selected K*- (a) and Na*-rich (b) buffer solutions. The CD curves were recorded following
the CD signal at 293/292 nm respectively in the K*/Na* buffer solutions, with a temperature scan rate
of 1 <T/min. Overlapped CD spectra of cycNU172-Pro 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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CD-melting and annealing experiments

K*-rich buffer

Nat*-rich buffer

15-mer NU

40 - 41

29 - 28

NU172

41 - 42

36 - 36

cycNU172-EG2

49 +8 50

40 +4 42

cycNU172-EG3

49 + 8 49

40 +4 42

cycNU172-Ph

47 +6 47

36 0 39

cycNU172-Pro

48 +7 48

39 +3 40

Table S5. Apparent melting temperature values obtained by CD-monitored thermal experiments for
heating and cooling profiles of the here studied oligonucleotides in the selected K*- and Na*-rich
buffer solutions. Apparent Tm values were determined from the normalized data as the temperature
at which half of the sample is folded, i.e. o = 0.5. Each Tr, value is calculated as the average of three
independent measurements. The error associated with the Tm determination is £1 <T. ATm is
calculated by subtracting the measured Tr of unmodified NU172 from that observed for each cyclic

NU172 analogue.
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CD

15-mer NU -125+2 |-0.40+0.01| -7.0+0.5
NU172 -170+7 |-0.54+0.02| -10.1 + 0.7
cycNU172-EG2| -136+4 |-0.42+0.01| -7.8+04
cycNU172-EG3| -118+4 |(-0.36+0.02| -9.3+0.2
cycNU172-Ph | -120+6 |-0.37+0.02| -9.5+0.7
cycNU172-Pro | -131+8 |[-0.40+0.03| -9.9+0.7

Table S6. Standard thermodynamic parameters as derived from van’t Hoff analysis (AH®, AS® and
AG? calculated at 298 K) for the unfolding process of the 15-mer NU, NU172 as well as its cyclic
variants, followed by CD spectroscopy in the selected K*-rich buffer.
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Figure S22. Enzymatic resistance experiments performed on NU172 (a) and cycNU172s (b-e)
incubated in 80 % fetal bovin serum (FBS) as monitored by denaturing 20 % polyacrylamide gel
electrophoresis up to 72 h (time points: 0, 0.2, 0.5, 1, 2, 3, 5, 24, 48 and 72 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 multiple independent determinations (at least 5). Obtained values were
also fitted with an equation for first order kinetics (lines) allowing to calculate the half-life in serum
of each aptamer (ti).
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