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$1. CD spectra

Normalized CD spectra measured at pH values 3.0, 4.6, 5.1, and 5.6 (20mM sodium acetate or phosphate buffer),
150mM KCl and 25°C. The normalization has been carried out to remove artifacts due to the potential differences in

DNA concentration among different measurements. The normalization has been done as follows:

Normalized CD spectrum = experimental CD spectrum /(maximum(ellipticity) — minimum(ellipticity)).
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S2. NMR spectra

2.1. NMR spectra measured at pH 5.2, 20mM sodium phosphate buffer, 100mM KCl and 5°C. Cpya = 600 pM.
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2.2. Exchangeable protons regions of the *H NMR spectra of TT (a), CC (b), AA (d) and CG (d) at different

temperatures. Same buffer as in the previous figure.
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2.3. Cytosine imino/amino region of NOESY spectra of TT, CC and AA at pH 3.5 and T = 5°C, 90:10 H,0/D,0 (mixing
time: 150 ms). Buffer conditions were 20 mM potasium phosphate, 100 mM KCI. Differences in cytosine chemical

shifts indicate that the loop sequence affects significantly the overall spectra.
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3. SEC analysis in non-denaturing conditions

3.1. SEC chromatograms for GC sequence at several pH values
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3.2. SEC data and calibration plot at pH 7.1 (phosphate buffer).

Standards MW (g/mol) log (MW) Measured tz (min)
Ti5 4501.0 3.6533 9.86
T20 6022.0 3.7797 9.61
T25 7542.9 3.8775 9.39
T30 9063.9 3.9573 9.20

Samples MW (g:mol?) log(MW) Measuredt; Calculatedty Proposed structure

T 7362.8 3.867 9.44 9.43 Unfolded sequence
cc 7332.8 3.865 9.42 9.43 Unfolded sequence
AA 7380.8 3.868 9.42 9.43 Unfolded sequence
GG 7412.8 3.870 9.44 9.42 Unfolded sequence
GC 7372.8 3.867 9.43 9.43 Unfolded sequence
TA 7372.0 3.867 9.44 9.43 Unfolded sequence
CA 7357.0 3.866 9.44 9.43 Unfolded sequence
TG 7388.0 3.868 9.45 9.44 Unfolded sequence
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This graph represents the dependence of log(MW) with t; for a series of four standards (Tys, Tog, T2s, and T3g). These
standards do not show a folded structure in these experimental conditions. The variation of log(MW) with t; shows a
linear dependence. The samples eluted at tz values equal (or very similar) to those calculated from the regression

line, which means that these samples are not folded in this experimental conditions.



Standards MW (g-mol?) log(MW)

3.3. SEC data and calibration plot at pH 5.3 (acetate buffer).

Measured tg

T15 4501.0 3.6533 9.92
T20 6022.0 3.7797 9.71
T25 7542.9 3.8775 9.55
T30 9063.9 3.9573 9.31
Samples MW (g-mol!) log(MW) Measured t; Calculated t; Proposed structure
1T 7362.8 3.867 9.93 9.53 i-motif
cC 7332.8 3.865 9.94 9.53 i-motif
AA 7380.8 3.868 10.03 9.52 i-motif
GG 7412.8 3.870 9.98 9.52 i-motif
GC 7372.8 3.867 9.96 9.52 i-motif
TA 7372.0 3.867 9.86 9.43 i-motif
CA 7357.0 3.866 9.89 9.43 i-motif
TG 7388.0 3.868 9.84 9.42 i-motif
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As in the previous graph (pH 7.1), the dependence of log(MW) with tg for a series of four standards (T;s, Ty, T2s, and
Ts0) is shown. Again, these standards do not show a folded structure in these experimental conditions, and the

variation of log(MW) with tz shows a linear dependence. However, at pH 5.3, the samples eluted at t; values greater
than those expected for unfolded strands, which means that the hydrodynamic volume of samples is smaller than at

pH 7.1. This fact is related to the folding into i-motif structures.



S4. Acid-base titrations

4.1. Experimental spectra recorded throughout the titration of the AA sequence. Arrows indicate the absorbance

changes when pH is lowered from pH 7 to 2.5 at 25°C.
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4.2. Calculated distribution diagrams and pure spectra from multivariate analysis of data recorded along acid-base

titrations of the considered sequences at 25°C.

Name Distribution diagram Pure absorption spectra Experimental (symbols) and calculated values (lines) at 295nm
5 5
TT 5X10 / 3x10 045
4 %
0.4
\ [/ < 2
34 [ \/ g SR £ 038
=7 \ % PR
S s 2 Q03
g 1 ] 3
52 = 15 g 025
s I o N—— c
8 5 &
2 @ £ 02
5. | g 5 \
! / \ I} \' 801
1 o 05 © \
/ \ = o
Y — \ ey
— e 9 0.05
25 3 35 4 45 5 55 6 65 7 15 220 230 240 250 260 270 280 290 300 310 25 3 35 4 45 5 55 6 65 7 15
pH Wavelength/nm pH
5 5
CC 45510 x10 ~ 055
TN 3 N
4 05
J NN . JARN WA
3 \ : \ oa
\ 2 0.35 N

0.3 \
0.25 \
0.2

0.15

[—

——

Concentration/M

oD

e ——
>-<\

Molar absorptlvlty/cm2 mor!
AN
N\
absorbance at 295nm

0.5

% 0.1 ~
Q 0.05
25 3 35 4 45 5 55 6 65 7 15 2200 230 240 250 260 270 280 290 300 310 25 3 35 4 45 5 55 6 65 7 75

pH Wavelength/nm pH

AA x10° x10°

0.4

NANAVANY ; Za T
/// \\ ™

I\~ W\ - ~
NN " N\

Concentration/M

absorbance at 295nm

—
Molar absor[:;tivity/crnz-mor1

0.15 \\

Q 0.05

2 3 4 5 6 7 220 230 240 250 260 270 280 290 300 310 2 3 4 5 6 7
pH Wavelength/nm pH




i values (lines) at 295nm

Is) and

Experil

Pure absorption spectra

Distribution diagram

Name

pH

#

0.18

0.16

s 3z 8 8 3
S s s S S
WUGEZ Je 8oUBqIosge

310

\!
290 300

\
\

Af\
260 270
Wavelength/nm

240 250

) )

x 10

P

o
o

220 230

~ ) - )

Q

2 S
" ._oE.NEo}S_.Eownw JeJON

pH

™~

x10

—

——

GG

~

) = 0 °
< S

J\/UOIEUBOUOD

x10

x10

GC

pH

/

§ 3 e ez s ;88 8 e e = o 5 8 8 3 8§
S S 5 s o s s o s s & o S S s o
WUGEZ Je aoueqlosqe WUGEZ Je aoueqlosqe

2 2

8 8

s 3

=4

— 8 D 8

&g 8
=

N oE \ \ o

L ISy 7 N
5

AN gt : E

= %

N N V)L

g \ g

& 2 \ A 2

& &

\“ K m — | K

e B ~ @ = o e I I = o N

, ._oE.NEo\bS_.Eownm JeJON L ‘_oE.NEo\bS_.Eowgm JejoON

© V)e

o N o ©
[=%

><_

~
T

C

AN

p
—— ”/ . ///VA\\\\/
~ ] - ] C e e ¥ 8 - % e ¥ a o
JN/UONEIUSOUOD |N/UOnEUSOUOD

TA

pH

Wavelength/nm

pH

0.18

o
e £ 8 5 8 8 2 g
s s o s s o o

WUGEZ e 8oUBqIoSge

310

\
290 300

\\

280

.

260 270

~
240 250

O\
)
-

x10

220 230

© ~ 0 = )
N

2 S
L ‘_oE.m:o\bS_a_owgm JejoON

Q

/ \

N
P

CA

AN
~~ i
— L~
. e
= ~
NR e ¥ 8 - ® 9 % o o
2z g 3 3 3
IN/UOEUSOUOD

pH

Wavelength/nm

pH

WUGEZ e 8oueqIosge

7
\K
-
] °
% -
*| I
a
-
7 o
L
\
2 e ¥ & 5 8 & 8 &
S s 5 s S S s ¢

x10

©

x10

°
8
3
\ \m
\ —— s
S E
c
(
i)
]
N ge
L]
N 8>
/ ~
g
8
&
& « 2 - 3 b
L ‘_oE.m:o\b_z.Eownm JeJON
/l/ \\\
©
o
// \\ 5
/ \ .
x/
7 ™~
v NG \
~— i °
e
N X% @ ¥ N - @ © ¥ a4 o

TG

/UOljeuUSouU0)

10



4.3. Validation of the existence of the additional transition for several acid-base titrations carried out at 25°C
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Fits at 295nm

Number of
components (nc) Sum Of_ Pl?t of absorbance data not Symbols represent the experimental
Sequence considered in the squares in explained by the proposed model absorbance values. Lines represent
model matrix E (matrix E) the calculated absorbance values
with the proposed model
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4.4. Absorbance spectra of T,5 sequence measured from pH 7.4 to pH 2.6 at 25°C. The shape of the spectrum
remains unaltered, and only the intensity shows a small variation due to dilution.
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4.5. Calculated distribution diagrams and pure spectra from multivariate analysis of data recorded along acid-base
titrations of the considered sequences at 37°C.

Name Distribution diagram Pure absorption spectra Experimental (symbols) and calculated values (lines) at 295nm
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Calculated parameters from the multivariate analysis of spectra recorded along spectrophotometrically-monitored

acid-base titrations at 37°C.

Name | pH-transition midpoint (p parameter ?) | pH range predominance of the i-motif structure ®

6.20.04 (3)

2.740.1(3)

5.8610.04 (3)
AA 4.6:0.2 (1) 3.4

2.5:0.3 (3)

5.8310.02 (3)
CcA 43:0.1 (1) 3.2

2.620.1 (3)

2 As commented before, this parameter describes the cooperativity of the transition.
b Calculated from the difference between the first and last pH-transition midpoints.
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$5. Thermal stability studies

5.1. Normalized heating and cooling curves. Absorbance spectra were recorded at 1°C intervals with a hold time of 3

min at each temperature, which yielded an average heating rate of approximately 0.3°C min-'. Buffer solutions were

20 mM phosphate or acetate, and 150 mM KCI.
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GCsequence at pH 5.1
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5.2. Multivariate analysis of melting data by means of hybrid modelling.

Green and red thick lines correspond to acid-base species in acid-base distribution diagrams. Magenta thick line
represents the unfolded strand. Thin black lines correspond to mathematical components not related with the
unfolding process, just explaining noise and baseline drifts.

Distribution diagram for the melting of AA sequence at
pH 4.6

Concentration/M

45

50

55 60

65

70 75 80 85

Temperature’C

Molar absorptivity/crr12-mol'1

240

260

280

320

Wavelength/nm

Calculated parameters for the unfolding process:

Concentration/M

Molar absorptivity/crr12-mol'1

Distribution diagram for the melting of CA sequence at
pH5.1

30 35
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65
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System First transition Second transition
AHO (kcal-mol?) | AS? (cal-K1-mol?) | Ty, (°C) AHO (kcal-mol?) | AS° (cal-K*mol?) | Tr (°C)
AAatpH 4.6 6.910.1 21+1 5242 71.610.5 215+2 60.7+0.8
CAatpH5.1 24.5+0.2 78+1 40.9+0.7 100.9+0.6 3104 52.5+0.7
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5.3. Melting temperatures corresponding to Table 1 (main text).
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5.4. AG® dependence upon pH. Thermal stability studies were carried out at 20mM phosphate or acetate buffer and
150mM KCI.

—
7 0 S S | S A
. S o
R e T cc
I - SR T S S A
Lﬁ 4 ! ! & : A AA
e e SRS ssiee ! --------------- s
T P T B e o * GG
% 4 e b [ . =
3 : : : : a Gt
O o g * TA
[T R RS | RIS S SO NSRS AT | EO R RS SR | P, a--- .
A
‘2 | | | .—
4.5 5 5.5 6 LS

17



