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1. Materials: 5-Flurobenzofuran-2’-deoxyuridine (1) and phosphoramidite substrates (1a) and (2a) were
synthesised following a reported procedure.s-53 5-fluoro-2'-deoxyuridine (2) was purchased from Carbosynth.
Monomers for solid-phase oligonucleotide (ON) synthesis such as N-benzoyl-protected dA, N-acetyl-protected
dC, N,N-dimethylformamide-protected dG, and dT phosphoramidite substrates were purchased from
ChemGenes, Glen Research and Innovassynth. Solid supports for DNA synthesis were procured from Glen
Research. All other reagents needed for solid-phase ON synthesis were availed from Sigma-Aldrich.
Control DNA ONs 3, 7, 8, 11 and 12 were purchased from Integrated DNA Technology, purified by denaturing
polyacrylamide gel electrophoresis (PAGE) and desalted using Sep-Pak Classic C18 cartridges (Waters
Corporation). BRACO19 hydrochloride and all reagents (Bio-Ultra grade) used in the preparation of buffers were
purchased from Sigma-Aldrich. TMPyP4 and Doxorubicin hydrochloride (DOX) were procured from Merck-
Millipore. Millipore water after autoclaving was used for the preparation of all buffer solutions and in all

biophysical studies.

2. Instruments: NMR spectra of small molecules were acquired in Bruker AVANCE Ill HD ASCEND 400 MHz
spectrometer and processed using Mnova software from Mestrelab Research. Mass data was obtained using
ESI-MS Waters Synapt G2-Si Mass Spectrometry instrument. Modified DNA ONs were synthesized on a K&A
DNA/RNA synthesizer H6. RP-HPLC analysis was performed using Agilent Technologies 1260 Infinity HPLC.
Absorption spectra were recorded on a UV-2600 Shimadzu spectrophotometer. Fluorescence of the ONs
samples were recorded using a Fluoromax-4 spectrophotometer (Horiba Scientific). UV-thermal melting analysis
of the ONs was carried out on Cary 300 Bio UV-Vis spectrophotometer and Cary 3500 multicell UV-Vis
spectrophotometer. CD measurements were done on a JASCO J-815 CD spectrometer. NMR spectra of the ONs
were acquired on a Bruker AVANCE Il HD ASCEND 600 MHz spectrometer equipped with Cryo-Probe (CP2.1 QCI
600S3 H/F-C/N-D-05 Z XT) and processed using Bruker TopSpin Software.
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3. Solid-phase DNA synthesis: FBFdU (1) and or FdU (2) modified DNA ONs 4-6, 9, 10 and 13-16 were
synthesized on a 1 pmole scale (1000 A CPG solid support) with K&A H-6 synthesizer using phosphoramidite
substrates. For modified phosphoramidites FBFdU (1a) and FdU (2a), double coupling of 3 min each was set
(total 6 min). After the synthesis, the ONs were cleaved from the solid support using 30% aqueous ammonia and
deprotected at 65 °C for 20 h. ONs were purified by denaturing PAGE (18 % or 20% gel) and the product bands
were visualized by UV-shadowing. Product bands were excised and ONs were extracted with 4 mL of 0.5 M
ammonium acetate buffer in a poly-prep column (Bio-Rad) for 12 h. Desalting was performed using a Waters C-

18 cartridge. The purity of ONs was monitored by RP-HPLC (Figure S1). The integrity was verified by ESI-MS

(Figure S2).
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Scheme S1. FBFdU phosphoramidite (1a) and FdU phosphoramidite (2a) were synthesized following reported
procedures.[51531 31p NMR spectra of phosphoramidites (1a) and (2a) are enclosed at the end of the ESI.
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Fig. S1. The purity of PAGE purified ONs containing the modification was analysed by RP-HPLC at 260 nm using
Luna C18 column (250 x 4.6 mm, 5 micron). Mobile phase A= 0.5 mM triethylammonium acetate (pH=7.3) and
B= acetonitrile. Gradient: 0—-100 % B in 30 min with a flow rate of 1 mL/min was used for ONs 4—6. Gradient: 0—
30 % B in 40 min and 30—-100% in 10 min with a flow rate of 1 mL/min was used for ONs 9, 10, 13-16.

4. ESI-MS analysis: Negative mode ESI-MS analysis was performed by injecting DNA ONs (~800 pmol) dissolved
in 50% acetonitrile in an aqueous solution of 10 mM triethylamine and 100 mM 1,1,1,3,3,3-hexafluoro-2-

propanol. See Figure S2 for mass spectra and Table S1 for details.

S5



Lz, PORT C, Z0ulfrmin

09032022_SARUPA_LTFEF 83 (1.434) Tr (500:2000,0.17 Mid); Sm (SG, 20%25 00); S (15.15.00 ); Cm (10:110)

100 8972.7500 5. 2885
(A) ON 4 A BOTLIOEDTS
3'?'
a043.3740
v
90721250
sraE.EzauF -
0+ mass
G500 Fo0a0 il oo 3500 Q000 9500 10000 10500
LS, PORT C, 20ulfmin
09032022 SARUPA _LTBF2 104 (1.793) Tr (500:2000,0.13 Low), Sm (SG, 10x10.000; Sb (5 80003, Cm (10:110)
A _ 18566
o7 (B) ON 5 8968 2500 A DIGEEO0.04
1549621
EE‘__
9044.5000
188168
0 ‘ T T ' L ‘I\ Il ‘L , ﬂl 1 L‘ I: | i
5000 500 7000 7500 5000 8500 9000 9500

S6



LS, PORT C, 20ulfmin

BOSLTS00 3 B85

100+ (C) ON 6 A BRAZAZ+0 R

Y
1

BO28.7500

85235000 ?/953.1 250

ahall

I T R T T T T T T T T R T e T A5 S

G500 7000 7500 Boao 3500 5000 8500 10000 10500

sample, port &, 2Malfmin
22102021 _LTRBF1_SARUPA, 108 (1.861) Tr (500:20C0 0.13 Mid), Sm /SG, 20:2500); Sb(15,15.00); Cr (10:110)

T048.3750 9 1405
M7 (D) ON9 A TD4£.42:003
e
7124.5000
e
£912.2500
-
L I B B2 B S s i e U CEE
£000 B500 7000 7500 8000 G300 9000 950

S7



sample, port &, 20ulfrrin
22102021 LTROM2 2_SARUPA 12 (0.229) Tr (GO0:2000,0.13,Mic); Sm (35, 20x25.00); Sb (15,15.00); &m (10:117)

7046.2500 16426
1091 (E) ON 10 A T048.200002
=2
70861250
ra
71241250
Vs
E313.5000
R
38871250
O e |H#J_Jl\|\||| rass
5000 5500 BO00 BE00 7000 7500 8000 8500

LS, PORT C, 20ulfmin

09032022_SARUPA_LT341 20 (0.358) Tr (B00:2000,0.13 Low), Sm (SG, 5x5.00); Sb (5,80.00); Cm (10:110)  TOF MS ES-
Ao 1.626R
100+ 111907500 A 11191.25:0.09
1620456
(F) ON13
a\.?__
D'|"'|"""l'‘Ll"'u!'»llwil:l'l"'"'l""'| mass
BO0D 9000 10000 11000 12000 13000

S8



LS, PORT C, 20ulfmin
09032022_SARUPA,_LT34 3 62 (1.075) Tr (00:2000,0.13 Low); S (SG, 10%10.00); Sh (6,80.00 J; Cm (10:110) TOF MS ES-

100+ A : 4.0005
(G) ON 14 111907500 A 11181.18£0.02

4002311

%
1

sl —

D I 1 I 1 I 1 1
11000 12000 13000 14000

5000 10000
LS, PORT C, 20ulimin
09032022_SARUPA_LT342 B3 (1.092) Tr (B00 2000,0.13 Low). Sm (SG, Bx5.00% Sb (5H000 ), Cm (10-10)  TOF MS ES-

A

100 _ 299e6
T 110745000 A 11075.09£002
(H) ON 15 2986106
=
] ..1..5...,....,'."'l.l;&].‘..,....,.‘.,... mass
a000 000 10000 11000 12000 13000

S9



L3, PORT C, 20ulfrin
09032022_SARUPA_LT34 4 BE (1.144) Tr (500:2000 0.13,Low); Sm (SG, 6x5.00); Sb (5,80.00); Cm (10:110)  TOF MS ES-

100 i 1 56eh
() ON 16 11194.7500 A 11195122003
1550203
'32_
110748750
158062
\J
D""1""|""|"'f|""llf"l‘tl‘\'l' “‘IJJ:‘!H"I""W""I""""maas
8000 9000 10000 11000 12000 13000

Fig. S2 ESI-MS of purified LTR ONs containing FBFdU and or FdU. See Table S1 for details.

Table S1. £,5p and mass data of modified LTR ONs

ON sequence &0 [MT cm1)? calculated found
(g/mol) (g/mol)
4 258418 8972.76 8972.75
5 268710 8968.79 8968.25
6 266087 8852.68 8852.75
9 212810 7048.58 7048.37
10 212810 7048.58 7048.25
13 342910 11191.23 11190.75
14 342910 11191.23 11190.75
15 348117 11075.11 11074.50
16 341896 11195.19 11194.75

3Molar absorption coefficient (&) of modified ONs was determined by using OligoAnalyzer 3.1. The molar
absorptivity of modified nucleosides FBFdU (g,50= 10310 M* cm™) and FdU (&= 7687 M1 cm™) was used in

place of dT.
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5. Circular dichroism (CD) analysis: ONs 3—-6, 8-10 and 12-16 were annealed in 20 mM potassium phosphate
buffer (pH 7) containing 70 mM KCl at 95 °C for 5 min and slowly cooled to RT. CD spectra were recorded from
320-200 nm at 25 °C using 1 nm bandwidth and sample volume of 200 pL using a quartz cuvette (Sterna
Scientific, path length 2 mm) on a Jasco J-815 CD spectrometer. Each spectrum was recorded in duplicate with
averaging three accumulations at scanning speed of 100 nm/min and baseline corrected for buffer contribution.
Each spectrum was smoothened using the software provided by the manufacturer present in the system.

CD analysis in intraoocyte (10) buffer: Control ON 12 (5 uM) and modified ON 16 (5 uM) were annealed in
intraoocyte (10) buffer (25 mM HEPES (pH 7.5), 10.5 mM NaCl, 110 mM KCl, 130 nM CacCl,, 1 mM MgCl,, 0.1 mM

EDTA) at 95 °C for 5 minutes and allowed to cool at RT. CD spectra were recorded as mentioned above.

6. Thermal melting analysis: ONs 3-6, 8-10 and 12-16 were annealed in 20 mM potassium phosphate buffer
(pH 7) containing 70 mM KCl as mentioned above. The spectra were recorded in Cary 300 Bio UV-Vis
spectrophotometer for ONs 3—-6 and ONs 12-16. Cary 3500 multicell UV-Vis spectrophotometer was used for
recording the spectra for ONs 8-10 with a temperature interval of 1 °C. Absorbance was recorded at 295 nm

with a data interval of 1 °C for ONs 3—6, ONs 12—-16 and 0.5 °C for ONs 8-10.
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Fig. S3 (A) CD spectra of control LTR-IIl ON 3 (5 uM), modified LTR-IIl ONs 4—6 (5 uM). (B) UV-thermal melting
profiles for the same at 295 nm (2 uM). (C) CD spectra of control LTR-IV ON 8 (8 uM), modified LTR-IV ONs 9 and
10 (8 uM). (D) UV-thermal melting profiles for the same at 295 nm (5 uM). See Table S2 for T,, values.
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Table S2. T,, values of modified and control unmodified ONs.[!

LTR-1I1 ] LTR-IV i LRIl + IV .
ONs T (°C) ONs T (°C) ONs T (°C)

trol dified

control unmoditie 3 650407 | 8 |51.6+03 12 55.6+0.2
ONs
4 69.4+16 | 9 |522+07 13 60.6+ 0.3
modified ONs

5 69.0+17 | 10 |516+12 14 55.6 + 0.4
6 64.8+0.7 15 56.5+ 0.3
16 55.2+0.4

[a] Standard deviation reported from triplicate measurements.

7. Steady-state fluorescence of modified LTR ONs: LTR GQ structures of ONs 4 (0.5 uM), 9 (1 uM) and 10 (1 uM)
were formed by heating the samples at 95 °C for 5 min in 20 mM potassium phosphate buffer (pH 7) containing
70 mM KCI. The corresponding duplexes 4¢7, 911 and 10¢11 were prepared by heating a 1:1.1 mixture of LTR
ONs 4, 9 and 10 with complementary ONs 7 and 11 at 95 °C for 5 min in the same ionic conditions as mentioned
above. All the samples were cooled slowly to RT. Experiments were done in triplicate in a micro-fluorescence

cuvette (Hellma, path length 1.0 cm) on a Fluoromax-4 spectrofluorometer (Horiba Scientific) at 25 °C.

8. NMR of LTR ONs: LTR GQ structures of ONs 3—6 (45 uM), 8 (75 uM), 9 (10 uM or 75 uM), 10 (75 uM), 13-16
(45 uM) were formed by heating the samples at 95 °C for 5 min in 20 mM potassium phosphate buffer (pH 7)
containing 70 mM KCl in 20% D,0. The corresponding duplexes 4¢7 and 911 were prepared by heating a 1:1.1
mixture of LTR ONs 4 and 9 with complementary ONs 7 and 11 respectively at 95 °C for 5 min in the same ionic
conditions as mentioned above. 1°F and 'H NMR spectra were acquired at a frequency of 564.9 MHz and 600
MHz, respectively, on a Bruker AVANCE Il HD ASCEND 600 MHz spectrometer equipped with CryoProbe (CP2.1
QCl 600S3 H/F-C/N-D-05 Z XT). All °F NMR spectrum were calibrated relative to an external standard,
trifluorotoluene (TFT = -63.72 ppm). Spectral parameters for 1°F NMR: excitation pulse: 12 us; spectral width:
90.32 ppm; transmitter frequency offset: -145 ppm; acquisition time: 0.33 s; relaxation delay: 1.0 s; number of
scans: 5000-6000. Using these parameters, spectra were obtained in 2-2.5 h. Each spectrum was processed
with an exponential window function using Ib = 20 Hz. 'H NMR spectra were obtained with water suppression

using excitation sculpting with gradients. Number of scans was 1200.

S12



hairpin GQ
—— e,

6

Ao | N

3

13 12 11
chemical shift (ppm)
Fig. S4 Partial 'H NMR spectra (45 uM) of control ON 3 and modified ONs 4-6. For details see Section 8.

F NMR "H NMR
-121.54 WC H-bond

-165.62 duplex/hairpin GQ

’AJL——“ VWJ\::\?‘ 7
-165.73

-122.51
A Y,
=121 =122 -123 -165 - 166 14 13 12 11
chemical shift (ppm) chemical shift (ppm)

Fig. S5 °F and 'H NMR spectra (45 uM) of ON 4 and its duplex 47. For details see Section 8.
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Fig. S6 Partial 'H NMR spectra of control ON 8 (75 pM) and FBFdU-modified ON 9 under different conditions. For
details see Section 8.
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Fig. S7 *°F and 'H NMR spectra of ONs 9 and 10. For details see Section 8.
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Fig. S8 (A) CD spectra of control LTR-(IlI+IV) ON 12 (5 uM), modified LTR-(llI+IV) ONs 13-16 (5 uM). (B) UV-
thermal melting profiles for the same at 295 nm (2 uM). See Section 5 and 6 for experimental details

9. Preparation of ON 16 for °F NMR analysis in intraoocyte buffer, lysate and egg extract.

An adult female Xenopus laevis was anesthetized and its oocytes were surgically removed following the protocol
approved by the Institutional Animal Ethics Committee (IAEC), Indian Institute of Science Education and
Research (IISER) Bhopal. All experiments that employed Xenopus laevis oocytes were performed in accordance
with a protocol approved by the Institutional Animal Ethics Committee (IAEC) (proposal application number
2023-1ISERB-01-IEAC), IISER Bhopal following the guidelines prescribed by the Committee for the Purpose of
Control and Supervision of Experiments on Animals (CPCSEA), Government of India.

In 10 buffer: 'H NMR and °F NMR spectra of ON 16 (100 uM) annealed in 10 buffer containing 20% D,0 were
recorded at a frequency of 564.9 MHz and 600 MHz (25 °C), respectively. Spectral parameters are the same as
mentioned in Section 8. F NMR (number of scans = 6000) and *H NMR (number of scans = 1500). °F NMR
spectra were processed with an exponential window function using Ib = 20 Hz.

In egg lysate: Near 280 healthy Xenopus laevis oocytes (stage V/VI) were selected and kept in an ice-cold petri-
dish containing 15 mL of Ori-Ca?* buffer (5 mM HEPES (pH 7.5), 110 mM NaCl, 5 mM KCI, 2 mM CaCl,, and 1 mM
MgCl,) for 15 min. Oocytes were washed with ice-cold Ori-Ca?* buffer (15 mL). The buffer was removed and
oocytes were resuspended in |0 buffer (15 mL, 15 min). This step was repeated two more times. Oocytes were
transferred to a centrifuge tube and allowed to settle down. The excess buffer was removed carefully without
disturbing the settled oocytes. Oocytes were again washed with 200 pL of 10 buffer containing 20% D,0
(repeated two times). Eggs were finally resuspended in 200 pL of 10 buffer containing 20% D,0 and mechanically
crushed. The suspension was centrifuged at 20000g (at 4 °C) for 10 min. The interphase layer was transferred to
another centrifuge tube and heat denatured at 95 °C for 10 min. The sample was centrifuged at 20000g (4 °C,
10 min) and the clear lysate (300 pL) was transferred to another centrifuge tube and stored at 4 °C. ON 16 (1
mM, 30 pL) annealed in 10 buffer containing 20% D,0 was added to the clear lysate (270 pL) and mixed well.

The final sample volume was 300 pL containing 100 uM of the ON. The sample was incubated for 30 min at 4 °C
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and then brought to 25 °C before recording the NMR using following parameters. 1°F NMR (number of scans =
6000) and 'H NMR (number of scans = 1500) spectra were acquired at a frequency of 564.9 MHz and 600 MHz
(25 °C), respectively. Spectral parameters are the same as mentioned in Section 8. °F NMR spectra were
processed with an exponential window function using lb = 20 Hz. After the analysis, the sample was stored at -
20 °C and analyzed by RP-HPLC to study the integrity of the ON in cell lysate during the NMR acquisition time.
Sample was filtered using a centrifuge spin filter. The centrifuge tube was washed with 50 pL of water. The
combined solution was analyzed by RP-HPLC and the fraction corresponding to ON 16 was further analyzed by
ESI-MS (Figure S11 and S12).

In egg extract: 850-900 healthy oocytes were transferred into a petri-dish containing cold Ori-Ca?* buffer (15
mL) and kept for 15-20 min. The eggs were then shifted to another petri-dish containing ice-cold 10 buffer and
incubated for 15 min. The oocytes were washed with ice-cold |0 buffer (2 x 15 mL) and transferred to a centrifuge
tube. Buffer above the oocytes was removed carefully after they settled down. Oocytes were washed with 10
buffer (400 puL) containing 20% D,0 (repeated two times). After the centrifugation of the oocytes at 400g for 1
min at 4 °C, the supernatant buffer was removed carefully. The oocytes were again supplemented with
intraoocyte buffer (100 pL) containing 20% D,0 and centrifuged at 12000g for 5 min at 4 °C. The eggs were
crushed mechanically and the suspension was centrifuged at 12000g for 30 min at 4 °C to obtain the interphase
layer. This crude interphase layer was directly used for the NMR analysis. 2 mM of the preannealed ON 16 (15
pL) in 1O buffer containing 20% D,0 was added to the above crude egg extract (285 pL) and incubated for 30 min
at 4 °C. The final sample volume was 300 pL containing 100 uM of the ON. The '°F (hnumber of scans = 6000) and
IH NMR (number of scans = 4000) spectra were recorded at a frequency of 564.9 MHz and 600 MHz at 25 °C,
respectively. Spectral parameters are the same as mentioned above. The 1°>F NMR spectrum was processed with

an exponential window function using Ib = 20 Hz.

10 buffer without EDTA -165.64

-122.02

10 buffer with EDTA

-120 -122  -124  -164 -166 -168
chemical shift (ppm)

Fig. S9 1°F NMR of ON 16 (100 uM) in 10 buffer without EDTA (black line) and 10 buffer with EDTA (blue line). We
obtained peaks with almost the same chemical shifts in the absence and presence of EDTA. In NMR experiments
with frog egg lysate and extract we used a small amount of EDTA as it is usually used in intracellular and lysis
buffers to reduce the degradation of DNA from nucleases.[545% |t is to be noted that the presence or absence of
EDTA did not affect the NMR analysis.
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Fig. S10 CD spectra of ONs 12 and 16 each at 5 uM in intraoocyte (10) buffer. See Section 5 for details.
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Fig. S11 Comparison of RP-HPLC chromatogram of ON 16, 16 in lysate after the NMR experiments, lysate
(control) and nucleoside FBFdU 1 at 260 nm and 330 nm. ON 16 is stable in the lysate and no detectable
degradation of ON 16 was observed (see the peak within the dashed line). Peaks between 5-8 min are from

metabolites of the clear lysate.
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Fig. S12 ESI-MS spectra of modified ON 16 extracted from lysate sample after NMR analysis (calculated
mass = 11194.75, observed mass =11195.50).

Table S3. Absorbance and emission wavelengths of nucleoside FBFdU (1) in different solvents. Data reported
from J. Am. Chem. Soc. 2018, 140, 12622-12633.54

solvent Amax (NnM) Aem (NM) (0}
water 322 437 0.11
methanol 322 418 0.04
dioxane 324 400 0.03
ethylene glycol 325 420 0.20
glycerol 326 424 0.52

Table S4. 1°F NMR chemical shift (ppm) of FBFdU (1) and FdU (2) in different solvents.[s% 521
Although °F label exhibits distinct chemical shifts in different solvents, the trend based on polarity and viscosity
order is complex.

solvent FBFdU FdU
water -121.78 -166.49
methanol -123.70 -169.39
dioxane -123.01 -169.06
ethylene glycol -122.35 -168.05

10. Computational analysis: Molecular dynamics (MD) simulations were carried out using the templates HIV
LTR-III (PDB ID: 6H1K)[61 LTR-IV (PDB ID:2N4Y)[57], Force field parameters were generated for FdU and FBFdU to
prepare the ON structures with the probes. Both structures were prepared using GaussView 6.0 with phosphate
capping at both 3’ and 5’ ends. FBFdU has a rotatable bond between the fluorophore and the base. A dihedral

scan was performed for FBFdU with 36 rotations of 10 degrees each in Gaussian 16 version B.0158! at theory
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level HF/6-31G* to find the most stable conformer. The stable conformer showing the lowest potential energy
was then optimized in Gaussian 16 at the same theory level. FdU was also optimized using a similar strategy. ESP
charges were calculated using Gaussian 16, and RESP fitting was done in the antechamber®>® module of
AmberTools 19. The parmchk2 program generated an initial set of force field parameters. However, some were
missing parameters, and others had high penalty scores. The capping was then removed, and after fixing the
overall charges, the GAFFB library was used to fill in the missing parameters. Finally, prepin files were
generated for complex preparation.

These modifications were incorporated into their respective templates in tleap. Central K* of the GQ
core was also added using manual coordinate calculations. The complex was solvated with a rectangular water
box using TIP3PBOX force field having an edge length of 10 A. ~27 K* were added to neutralize the system.
OL15011 was used to define the DNA. MD simulations were carried out using our previously reported
protocol.’519 Briefly, all the complexes were subjected to 10,000 steps of restrained minimization by the steepest
descent method with a restraint of 2.0 kcal/mol. A2 followed by 100 ps of heating and 100 ps of density
equilibration. Further, 800 ps of NPT equilibration and 500 ns of production run were carried out in GPU
accelerated version of PMEMDIS13-515] jn AMBER 18.15161 A total of ~2.5 ps (5*500 ns) simulations were carried
out. The SHAKE algorithm was applied to subject the hydrogens to bond length constraints. All the MD analyses
were carried out using the CPPTRAJYI module of AmberTools 19. The hierarchical agglomerative algorithm was
used for clustering the trajectories. The cut-offs for stacking were a COM distance of 5 A and a vector angle of
45 degrees. The trajectories were visualized using VMD, 5161 and images were rendered using PyMOL(Schrodinger

LLC.)
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Fig. S13 Cartesian coordinates and RESP charges calculated for the FdU adduct generated using Gaussian 16. Carbons atoms
are represented by green, nitrogen atoms by blue, oxygen atoms by red, fluorine by cyan and hydrogen atoms by white

respectively.
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Fig. S14 Cartesian coordinates and RESP charges calculated for the FBFdU adduct generated using Gaussian 16. Carbons
atoms are represented by green, nitrogen atoms by blue, oxygen atoms by red, fluorine by cyan and hydrogen atoms by
white respectively.
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Fig. S15 RMSD plot of (A) LTR-11l ON 3 and ON 4 (B) LTR-IV ON 8, ON 9 and ON 10. RMSD values were calculated
from the 500 ns MD simulations.

Fig. S16 Superimposed images of the major clusters of LTR-IIl native ON 3 and modified ON 4. ON 3 and 4 are
represented in green and maroon, respectively. The bases, which show maximum changes in the orientation
are labeled in the Figure. The clusters have been obtained from the 500 ns MD simulation. The incorporation
of FdU results in the partial stacking of FdU with Ggand alters the orientation slightly from the native form
while FBFdU remains the same. Model for ON 4 is available with the private link and access code (password):
https://www.modelarchive.org/doi/10.5452/ma-okc7y

Code: QwwKvEyOwE
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Fig. $17 RMSF plots of (A) LTR-IIl ON 3 and ON 4 with variation in the Gg and FdU (B) LTR-IV ON 8 and ON 9 (C)
LTR-IV ON 8 and ON 10 with variation in the probe. The nucleotides are represented from 5’ to 3'. The position
of the probe has been indicated by a dashed box around the nucleotide RMSF values were calculated from the
500 ns MD simulations.
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Fig. S18 Population distribution of the (A) centre of mass distance (COM) distance between G,zand FBFdU in
ON 4, (B) angle between the normal to G,3 and FBFdU. The values were calculated from the 500 ns MD
simulations.

Fig. S19 Representative images of three major clusters of LTR-IV ON 9. (A) Cluster 1, (B) cluster 2 and (C) cluster
3. GQ bases are represented in maroon and FBFdU in blue. K*ions are represented as orange spheres. Clusters
have been obtained from the 500 ns MD simulation.

Model for ON 9 is available with the private link and access code (password):
https://www.modelarchive.org/doi/10.5452/ma-6pmie Code: DG4iRTmwlz

(B)

Fig. S20 Representative images of two major clusters of LTR-IV ON 10. (A) Cluster 1 and (B) cluster 2. GQ bases
are represented in maroon and FBFdU in blue. K* ions are represented as orange spheres. Clusters have been
obtained from the 500 ns MD simulation. Model for ON 10 is available with the private link and access code
(password): https://www.modelarchive.org/doi/10.5452/ma-otuxm

Code: INRgkxQXS)
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Fig. S21 Superimposed images of the major clusters of LTR-IV native ON 8 and modified ON 9. ON 8 and 9 are
represented in green and maroon, respectively. The bases, which show maximum changes in the orientation
are labeled in the Figure. The clusters have been obtained from the 500 ns MD simulation.

Fig. $22 Superimposed images of the major clusters of LTR-IV native ON 8 and modified ON 10. ON 8 and 10
are represented in green and maroon, respectively. The bases, which show maximum changes in the
orientation are labeled in the Figure. The clusters have been obtained from the 500 ns MD simulation.
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11. Ligand binding studies of modified LTR ONs

Fluorescence: LTR GQ structures (0.5 uM) of ONs 4, 9 and 16 were formed by heating the samples at
95 °C for 5 min in 20 mM potassium phosphate buffer (pH 7) containing 70 mM KCI. The samples were
incubated with increasing concentrations of the ligands (TMPyP4 and BRACO19) at 25 °C for 1 h.
Samples were excited at 330 nm with an excitation and emission wavelength slit widths of 7 nm and
9 nm, respectively. For DOX titration, increasing concentrations of annealed GQ formed by ON 12 in
the same ionic conditions as mentioned above was incubated with DOX (2 uM) at 25 °C for 1 h. The
final volume of each sample solution was kept at 200 uL. Samples were excited at 480 nm, with an
excitation and emission slit widths of 7 nm and 9 nm respectively. Fluorescence experiments were
performed in triplicate in a micro-fluorescence cuvette at 25 °C. For titration with TMPyP4 and
BRACO19, an appropriate blank containing ligand in a buffer was subtracted from each reading for the
corresponding ligand concentration.  Normalized fluorescence intensity (Fy) against ligand
concentration was plotted and fitted to a Hill equation (see below) to determine the apparent Ky

values. Fitted graphs were prepared using OriginPro 8.5 software.[51

F—F

F,-F,

N

F; is the fluorescence intensity at each titration point. F, and F; are the fluorescence intensity in the
absence of ligand (L) and at saturation, respectively. n is the Hill coefficient or degree of cooperativity

associated with the binding.

Fy=F,+(F.—Fo e

Ko +[2]

19F NMR: LTR GQ structures of ONs 4 (45 uM), 9 (75 uM), 16 (45 uM) were formed by heating the samples at 95
°C for 5 min in 20 mM potassium phosphate buffer (pH 7) containing 70 mM KCl in 20% D,0. The samples were
allowed to cool at RT and then they were transferred to a Shigemi tube (5 mm advance NMR micro-tube) for
NMR analysis. 1°F NMR spectra were recorded at a frequency 564.9 MHz on a Bruker AVANCE Il HD ASCEND 600
MHz spectrometer equipped with Cryo-Probe (CP2.1 QCl 600S3 H/F-C/N-D-05 Z XT). After each experiment,
increasing concentrations of ligands were added and incubated at RT for 1 h prior to the experiment. All 1°F NMR
spectra were referenced relative to an external standard, trifluorotoluene (TFT = -63.72 ppm). Spectral
parameters for °F NMR are same as mentioned in section 8. °F NMR spectra were obtained in 2—-2.5 h with

5000-6000 scans. Spectra were processed with an exponential window function using Ib = 20 Hz.
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Fig. S23 (A) Chemical structures of GQ-binding ligands. Curve fits for the binding of TMPyP4 and BRACO19 to (B)
LTR-111 ON 4 and (C) LTR-IV ON 9. Normalized fluorescence intensity at the emission maximum is plotted against
ligand concentration. Values are denoted as mean  s.d for 3 independent experiments. (D and E) °F NMR
spectra of ONs 4 and 9 as a function of increasing TMPyP4 concentration. GQ-L represents peak corresponding
to GQ-ligand complex.
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Fig. $24 Emission spectra for the titration of labeled LTR-IIl ON 4 (0.5 uM) with increasing concentration of (A)
TMPyP4 (12.5 nM-2.5 uM) and (B) BRACO19 (10 nM-2.5 uM). Samples were excited at 330 nm with an
excitation and emission slit widths of 7 nm and 9 nm, respectively. The dashed line represents the spectrum of
ON 4 without any ligand. (C) °F NMR spectra of ON 4 (45 uM) with increasing BRACO19 concentration. GQ-L
represents peak corresponding to GQ-ligand complex. See Section 11 for experimental details.
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Fig. 25 Emission spectra for the titration of labeled LTR-IV ON 9 (0.5 uM) with increasing concentrations of (A)
TMPyP4 (12.5 nM-2.5 uM) and (B) BRACO19 (36 nM-2.8 uM). Samples were excited at 330 nm with an
excitation and emission slit widths of 7 nm and 9 nm, respectively. The dashed line represents the spectrum of
ON 9 without any ligand. (C) °F NMR spectra of ON 9 (75 uM) with increasing BRACO19 concentration. GQ-L
represents peak corresponding to GQ-ligand complex. See Section 11 for experimental details.
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Fig. S26 FBFdU and FdU report structure-specific ligand binding to LTR GQ-hairpin structure. (A) Schematic
representation of the doubly-labeled LTR ON 16 showing the preferred site of ligand (TMPyP4 to GQ and DOX
to hairpin) interaction. (B) Curve fits for the binding of TMPyP4 and DOX to ON 16 (A= 421 nm) and ON 12
(Aem= 590 nm). Normalized fluorescence intensity at the emission maximum is plotted against ligand
concentration. Values are denoted as mean + s.d for 3 independent experiments. See Section 11 for
experimental details.
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Fig. S27 (A) Emission spectra for the ligand titration of labeled LTR-(llI+IV) ON 16 (0.5 uM) with increasing
concentration of TMPyP4 (30 nM-2.5 uM). Samples were excited at 330 nm with an excitation and emission slit
widths of 7 nm and 9 nm, respectively. The dashed line represents the spectrum of ON 16 without any ligand.
(B) Emission spectra for the titration of DOX (2 uM) with increasing concentration of control ON 12 (2.5 nM-2.0
MM). Samples were excited at 480 nm with an excitation and emission slit widths of 7 nm and 9 nm, respectively.
The dashed line represents the spectrum of DOX without any ON 12.

12. Taq polymerase assay: 5'-FAM labeled primer P1 (5 uM) and template DNA ONs T1 and T2 (5 uM) were
annealed in 10 mM Tris-HCI (pH 7.8) containing 100 mM KCl at 95 °C for 5 minutes and slowly cooled to RT (Table
S5). The primer-template duplexes were further diluted to 1 uM in 10 mM Tris-HCI buffer containing 100 mM
KCI. Primer extension reactions were performed with primer-template duplex (100 nM), KCI (100 mM), 1x DNA
polymerase buffer (10 mM Tris-HCI, pH 8.3, 50 mM KCl, 1.5 mM MgCl,) at 37 °C. Reactions were initiated by
adding dNTPs (500 uM) and 0.5 uL of Tag DNA polymerase (5 U/uL, New England Biolabs, Catlog. M0273S) in a

total reaction volume of 20 puL. Reactions were stopped at different time intervals by adding 10 pL of denaturing
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loading buffer (8.3 M urea in 10 mM Tris-HCI, 100 mM EDTA, 0.05% bromophenol blue, pH 8) further flash cooled
on a dry-ice bath. The reaction mixture was then concentrated in a speedvac concentrator. The extension
products were resolved by 15% denaturing PAGE containing 8.3 M urea and was electrophoresed at a constant
power of 35 W for 2.5-3 h. The gel was scanned using an Amersham Typhon 600 (GE Healthcare) at the FAM
wavelength and quantified with the help of the ImagelJ software. Impact of ligands on the polymerase activity
was studied by adding different concentrations of TMPyP4 and or DOX. The ligands were first added to the
reaction mixture and incubated for 1 h at RT and then initiated by adding dNTPs and enzyme as above. The
reaction products were analyzed as described above.

Table S5. Sequence of templates and primer used in Tag DNA polymerase stop assay.

ON 5 3

P1 FAM-GGCAAAAAGCAGCTGCTTATATGCAG

T1 TTTTTGGGAGGCGTGGCCTGGGCGGGACTGGGGAGTGGTTTTTCTGCATATAAGCAGCTGCTTTTTGCC

T2? TTTTTGGGAGGCGTGGCCTGTGCGTGACTGGGGAGTGGTTTTTCTGCATATAAGCAGCTGCTTTTTGCC

aT represents G-T mutation. This mutation does not support GQ formation. 520!

LTR GQ (T1) mutated LTR (T2)

time (min) 2 5 10 20 30 2' 5 10! 200%0
lane 1%2 3 Kaiisl k6 7., 8 9 koduid
full-length . - —ﬂﬂ
product ' - ot et £ 4 kil l
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Fig. S28 Gel image of primer extension reactions using native LTR G-rich ON template T1 and mutated LTR
template T2. See Section 12 for details.
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TMPyP4 DOX TMPyP4 + DOX
—— — ——
ligand:T1 (equiv.) 1 3 5 75 1 5 10 20 1 2 3 5
ligand conc. (uM) 0.0 0.1 0.3 0.50.75" 01051020 0.1 0.2 0.3 0.5
lane 1. 2.3 4 5 6 7 8 9 10 11 12 13 14
full-length — Pt ot g ot et bt ot
product
stalled hpq H !q
products 4 H' ’ t - t 1”” - -

primer __-h~~~~

i . uuui el b

Fig. S29 Gel image of primer extension reactions using native LTR G-rich ON template T1 in the presence of
different ligands namely, TMPyP4/DOX and TMPyP4+DOX. See Section 12 for details.

puebj| |epowig

Fig. S30 Tailor-made bimodal ligand scaffolds composed of GQ and duplex binders could selectively interact with
respective domains of LTR G-rich motif. The design of clamping linker (length and interaction partners) will be
crucial in adding to the selectivity and location of binding within the GQ, hairpin and GQ-hairpin junction
domains. Here, a representative mode of binding of the ligand scaffold is shown.
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13.31p NMR of modified phosphoramidites
31p NMR of 1a (162 MHz, CDCls)
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