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of human telomeric G-quadruplexes
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Table S1: The htel-22 d[AG3(TTAGs3)3] and htel-25 d[TAG3(TTAG3)3TT] used in this paper

Name

| 5’-to-3’ sequence

wt-22

ap’
apl3
apl9
ap7,13
ap7,19
apl3,19
apl7,18,19
ap7,13,19

Substitutions in the htel-22:

1 7 13 19 22
|A GGG TTA GGG TTA GGG TTA GGG
Loop substitutions
AGGGTT _ GGG TTA GGG TTA GGG
A GGG TTA GGG TT _ GGG TTA GGG
A GGG TTA GGG TTA GGG TT _ GGG
AGGGTT _GGGTT _ GGG TTA GGG
AGGGTT _ GGG TTA GGG TT _ GGG
AGGGTTAGGGTT _GGGTT _ GGG
A GGG TTA GGG TTA GGG _ _ _ GGG
AGGGTT _GGGTT _ GGG TT _ GGG

wt-25

ap8

apla

ap20
ap8,14,20

ap3
ap4
apS

ap3,8
ap4,8
ap5,8
ap3,14
ap4,14
ap5,14
ap3,20
ap4,20
ap5,20

ap3,4
ap3,4,5
ap3,11
ap3,15
ap3,17
ap3,21
ap3,22
ap3,23
ap4,15
ap4,8,15
ap4,11
ap4,11,20
ap4,22
ap4,23
ap5,9
ap5,11
ap5,15
ap5,11,15
ap5,21
ap5,20,21
ap5,23

Substitutions in the htel-25:

1 345 8 14 20 25
|TA GGG TTA GGG TTAGGGTTAGGGTT
A/AP substitutions
TAGGGTT _GGGTTA GGG TTAGGGTT
TAGGGTTAGGGTT _ GGG TTAGGGTT
TAGGGTTAGGGTTAGGGTT _GGGTT
TAGGGTT _GGGTT _GGGTT _GGGTT
G/AP substitutions
TA _GGTTA GGG TTAGGGTTAGGGTT
TAG _GTTAGGGTTAGGGTTAGGGTT
TAGG _ TTAGGGTTAGGGTTAGGGTT
(A+G)/AP substitutions
TA GGTT_ GGGTTA GGG TTAGGGTT
TAG GTT _ GGGTTAGGGTTAGGGTT
TAGG _ TT _ GGGTTAGGGTTAGGGTT
TA GGTTAGGGTT _ GGG TTAGGGTT
TAG GTTAGGGTT _ GGGTTAGGGTT
TAGG TTAGGGTT _ GGGTTAGGGTT
TA GGTTAGGGTTAGGGTT _ GGGTT
TAG_GTTAGGGTTAGGGTT _ GGG TT
TAGG TTAGGGTTAGGGTT _ GGGTT
clustered G/AP
__GTTAGGGTTA GGG TTAGGGTT
TA  TTAGGGTTA GGG TTA GGG TT
TA GGTTAGG TTAGGGTTAGGGTT
TA GGTTAGGGTTA _GGTTAGGGTT
TA GGTTAGGGTTAGG _ TTAGGGTT
TA _GGTTAGGGTTAGGGTTA _GGTT
TA GGTTAGGGTTAGGGTTAG _GTT
TA GGTTAGGGTTAGGGTTAGG _TT
TAG_GTTAGGGTTA _GGTTAGGGTT
TAG _GTT _GGGTTA GGTTAGGGTT
TAG _GTTAGG _ TTAGGGTTAGGGTT
TAG _GTTAGG TTAGGGTT _GGGTT
TAG GTTAGGGTTAGGGTTAG _GTT
TAG_ _GTTAGGGTTAGGGTTAGG _ TT
TAGG TTA GGTTA GGG TTA GGG TT
TAGG_ TTAGG_ TTAGGGTTAGGGTT
TAGG TTAGGGTTA GGTTAGGGTT
TAGG _ TTAGG_TTA _GGTTAGGGTT
TAGG _ TTAGGGTTAGGGTTA _GGTT
TAGG TTAGGGTTAGGGTT _ _GGTT
TAGG _ TTAGGGTTAGGGTTAGG  TT

TA




Table S2: Thermal stabilities of the htel-22 and htel-25 quadruplexes and their AP site modified analogs. Tm
values were measured in 100 mM K* (10 mM K-phosphate + 85 mM KCI) and determined from the normalized

1-0 temperature dependences.

A) B) C)
htel-22 htel-25 htel-25

name ™m ATm name Tm ATm name Tm ATm
[°C1 | [°C] [°Cl | [°C] [°C1 | [°C]

wt-22 | 66.1 - wt-25 | 62.0 - clustered G/AP
single A/AP single A/AP ap3,23 | 36.2 | -25.8
ap7 66.0 | -0.1 ap8 61.0 | -1.0 ap3,15 | 35.8 | -26.2
ap13 60.0 | -6.1 apld | 558 | -6.2 ap3,21 | 33.8 | -28.2
ap19 66.5 | 0.4 ap20 | 622 | 0.2 ap3,11 | 325 | -29.5
double A/AP triple A/AP ap3,17 | 325 | -295
ap7,13 | 59.0 | 7.1 | |ap8,14,20| 653 | 3.3 ap322 | 250 | -37.0
ap7,19 | 600 | -6.1 single G/AP ap3,4,5 - -
ap13,19 | 58.0 | -8.1 ap3 465 | -155 ap3,4 - -
triple A/AP ap4 | 260 | -36.0 | | ap4,8,15 | 250 | -37.0
apl7,18,19 | 675 1.4 ap5 395 | -225 ap4,15 235 | -385
ap7,13,19 | 682 | 2.1 (A+G)/AP ap4,23 | 207 | -41.3
ap3,8 | 46.0 | -16.0 | |ap4,11,20| 18.2 | -43.8
ap4,8 | 30.0 | -32.0 ap4,11 | 18.0 | -44.0

ap5,8 | 43.7 | -18.3 ap4,22 - -
ap3,14 | 422 | -19.8 ap5,23 | 352 | -26.8
ap4,14 - - aps,21 33.8 | -28.2
ap5,14 | 36.8 | -25.2 ap59 | 32.0 | -30.0
ap3,20 | 40.8 | -21.2 ap5,15 | 31.8 | -30.2
ap4,20 | 255 | -36.5 ap5,11 | 31.0 | -31.0
ap520 | 36.2 | -25.8 | |ap5,20,21| 27.3 | -34.7
ap5,11,15 | 27.0 | -35.0




Table S3: Thermal stabilities of the htel-22 and htel-25 quadruplexes and their AP site modified analogs. Tm
values were measured in 100 mM Na* (10 mM Na-phosphate + 85 mM NaCl) and determined from the

normalized 1-0 temperature dependences.

A) B)
htel-22 htel-25
name Tm ATm name Tm ATm
[°Cl | [°C] [°Cl | [°C]
wt-22 57.2 - wt-25 50.2 -
single A/AP single A/AP
ap7 514 | -5.8 ap8 50.1 | -0.1
ap13 51.0 | -6.2 apl4 46.0 | -4.2
ap19 53.8 | -3.4 ap20 52.0 | 1.8
triple A/AP triple A/AP
ap7,13,19 | 38.4 | -18.8 ap8,14,20 | 33.00 | -17.2

single G/AP

ap3 41.0 -9.2
ap4 27.0 | -23.2
ap5 394 | -10.8
(A+G)/AP
ap3,8 30.0 | -20.2
ap4,8 19.8 | -304
aps,8 31.0 | -19.2
ap3,14 324 | -17.8

ap4,14 - -
ap5,14 30.0 | -20.2
ap3,20 33.7 | -16.5
ap4,20 195 | -30.7
ap5,20 345 | -15.7
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Figure S1: Various quadruplex folding topologies observed for human telomere sequences: (a) basket-type
with edgewise-diagonal-edgewise loop configuration formed in Na* solution (1), (b) parallel topology with all
loops in propeller-like configuration observed in crystal containing K* ions (2), (c) hybrid-1 (h-1) with
propeller-like loop followed by two edgewise loops (3-6), and (d) hybrid-2 (h-2) two edgewise loops followed
by propeller-like loop (6,7), both observed in K* solution, (e) (2 + 2) quadruplex with edgewise-propeller-
edgewise loop configuration formed in Na* solution (8), (f) 2-tetrad basket quadruplex with edgewise-diagonal-
edgewise loop formed in K™ solution (9,10), and (g) 2-tetrad basket quadruplex with edgewise-diagonal-
edgewise loop configuration but with a sugar-phosphate backbone running in the opposite direction, formed in
K" solution and acidic pH (11). The deoxyadenosine and deoxythymidine residues are shown as red and blue
circles, respectively. Tetrad deoxyguanosines in anti- and syn-conformation are represented by dark and light

green rectangles, respectively.
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Figure S2: CD spectra and melting curves (insert) of ap7,13,19 htel-22 measured in 100 mM K. The black
thick spectrum was taken at 23°C. Increasing the temperature resulted in time dependent formation of the
parallel quadruplex at 45°C (red spectrum). Further increase in temperature up to 96°C led to quadruplex
denaturation accompanied by decrease in CD amplitudes. Insert: Melting curves monitored at 265 nm in 60 mM
K™ (black circles, open circles correspond to non-equilibrium points), in 100 mM K™ (red points). Starting from
45°C to 96 °C melting took place; the cyan circles correspond to renaturation which was fast up to about 45 °C

and very slow (24 hours — the open circle corresponds to non-equilibrium) returning to room temperature.
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Figure S3: Native polyacrylamide gel electrophoresis of htel-22 analogs in (A): 10 mM K-phosphate buffer +

85 mM KCI, pH 7 (100 mM K*) run at 35°C and (B): 10 mM Na-phosphate buffer + 85 mM NaCl, pH 7 (100
mM Na") run at 21°C.
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Figure S4: The same type of CD spectra provided by (left) htel-23 TAG3;(TTAG3)3 shown (12) to form h-1
quadruplex and of ap8 htel-25 TAG3(TTAG3)sTT, and by (right) ap19 htel-22 shown (13) to form h-2
quadruplex. Inserts: The same orientation of quadruplex tetrads and anti/syn guanine glycosidic angles in the

two hybrid structures drawn according to (12).
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Figure S5: Native polyacrylamide gel electrophoresis of the htel-25 analogs in (A): 10 mM K-phosphate buffer
+85 mM KCI, pH 7 (100 mM K*) and (B): 10 mM Na-phosphate buffer + 85 mM NaCl, pH 7 (100 mM Na"),
both run at 21°C.
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Figure S6: (A) Normalized melting profiles (1 stands for native, O for denatured state), and (B) melting
profiles expressed in molar absorption of htel-25 analogs monitored by UV absorption at 297 nm measured in
100 mM K.
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Figure S7: Normalized melting profiles of htel-25 wt and its (A+G)/AP analogs monitored by UV absorption at
297 nm measured in 100 mM K.
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Figure S8: Double G/AP sites containing htel-25 analogs: (A) CD spectra in 1 mM sodium phosphate buffer
with 0.3 mM EDTA, pH 7.2 (dotted lines), in 10 mM K-phosphate (dashed lines), and in K" added up to 100
mM (solid lines); the sketch of the quadruplex with numbering G positions (in the middle); (B) Normalized
melting curves and (C) native PAGE. All measurements were undertaken in 100 mM K" at 21°C.
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Figure S9: Column graphs of changes in Tm values caused by A/AP lesions (upper panels) in htel-22 (left) and
htel-25 (right) analogs and by G/AP (left) and (A+G)/AP (right) lesions (bottom panels) in htel-25 analogs,
compared to their wt’s, in 100 mM K* or 100 mM Na".
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