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Nucleoside 2 (173 mg, 0.58 mmol, see synthesis on reference S1) was dissolved in dry DMF
(5.0 ml). To the solution was added TBDMSCI (105 mg, 0.70 mmol) and TEA (242 pl,
1.74 mmol) and a small crystal of DMAP. The reaction was mixed in room temperature
overnight after which TLC analysis (4% MeOH in DCMor) indicated the reaction was partially
complete. More TBDMSCI (75 mg, 0.5 mmol) and TEA (150 pl, 1.08 mmol) was added to the
mixture. After stirring the mixture for overnight, the TLC indicated complete transformation
of the starting material into a non-polar product. The reaction mixture was evaporated in a
vacuum into a syrup, which was extracted using ethyl acetate (100 ml). The organic phase was
washed with NaHCOs (2 x 25 ml) and brine (25 ml). The organic phase was then dried using
Na,S0,, filtered, evaporated to dryness, and purified by silica column chromatography (2.5%
MeOH in DCM). The resulting product (157 mg, 65%) was amber and highly viscous oil.
'H NMR (CDCl;, 600 MHz): 6 9.43 (1H, br, NH), 7.14 (1H, d, J=1.2 Hz, H6), 6.18 (1H, t,
J=6.0 Hz, H1’), 4.08 (1H, dt, J: = 6.6 Hz, J, = 4.8 Hz, H3'), 3.78 (1H, dt, J: = 9.6 Hz, J, = 4.8 Hz,
H4'), 3.68 (3H, s, OMe), 2.49 (2H, m, H7), 2.59 (1H, ddd, J; = 13.6 Hz, J> = 6.6 Hz, J3=4.2 Hz,
H2"), 2.07 (1H, ddd, J1=13.6 Hz, J, =6.6 Hz=6.6 Hz, H2""), 2.04 (1H, m, H5"), 1.94 (3H, d,
J=1.2 Hz, MeT), 1.90 (1H, m, H5""), 0.89 (9H, s, TBDMS), 0.08 (3H, s, TBDMS), 0.07 (3H, s,
TBDMS). 3C NMR (CDCl3): 6 173.5 (C8), 163.9 (C4), 150.3 (C2), 135.3 (C6), 111.1 (C5), 85.5
(C4’), 84.7 (C1), 74.8 (C3’), 51.7 (OMe), 40.5 (C2"), 30.5 (C7), 28.5 (C5°), 25.7 (TBDMS), 17.9
(TBDMS), 12.6 (MeT), —4.5 (TBDMS), —4.8 (TBDMS). HRMS-ESI (m/z) calc. for CisH32N,NaOgSi
[M + Na*]: 435.1927; Found: 435.1947.
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Figure S1 'H NMR (600 MHz, CDCls) spectrum of 3.
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Nucleoside 3 (157 mg, 0.38 mmol) was dissolved in dry THF (4.0 ml) under nitrogen and cooled down
to 0 °C using ice—water-bath. The mixture was stirred vigorously using a magnetic stirrer during which
was added dropwise a 1.0 M solution of LiAlH4 (390 ul, 0.39 mmol) over a period of 30 min. 30 minutes
after final addition, the reaction was monitored using TLC (5% MeOH in DCM), which indicated the
reaction was partially complete. More of the 1.0M solution of LiAlH4 (100 ul, 0.10 mmol) was added
to the mixture during a period of 15 min. After addition, TLC indicated a complete consumption of the
starting material into a more polar product. The reaction was quenched carefully by addition of cold
H,0 (11 ml). The quenched reaction mixture was extracted using ethyl acetate (3 x 30 ml). The organic
phase was washed using aq. 10% NH4Cl (20 ml) and brine (20 ml) and then dried using Na,SO,, filtered,
evaporated to dryness, and purified by silica column chromatography (4.5% MeOH in DCM). The
resulting product (91 mg, 62%) was amorphous colorless solid. 'H NMR (CDCls;, 500 MHz): § 8.95 (1H,
br, NH), 7.16 (1H, d, J = 1.0 Hz, H6), 6.19 (1H, t, J = 6.6 Hz, H1’), 4.10 (1H, dt, J1 = 6.7 Hz, J> = 4.2 Hz,
H3), 3.83 (1H, ddd, J1 = 8.0 Hz, J, =J5=4.2 Hz, H4'), 3.73 (2H, m, H8), 2.28 (1H, ddd, J1 = 13.6 Hz, J,
=6.8 Hz, /5=4.2 Hz,H2"), 2.10 (1H, ddd, J1 =13.6 Hz, J, = /3 =6.8 Hz, H2""), 1.95 (3H, d, J = 1.0 Hz, MeT),
1.86-1.65 (3H, m, H5" & H5""), 1.86-1.65 (3H, m, H7 & H7"), 0.91 (9H, s, TBDMS), 0.10 (3H, s, TBDMS),
0.09 (3H, s, TBDMS). 3C NMR (CDCl5): 6 163.7 (C4), 150.2 (C2), 135.4 (C6), 111.1 (C5), 86.5 (C4'), 84.9
(C17), 75.0 (C3’), 62.4 (C8), 40.5 (C2°), 30.0 (C7), 29.2 (C5°), 25.7 (TBDMS), 17.9 (TBDMS), 12.7 (MeT),
—4.5 (TBDMS), —4.8 (TBDMS). HRMS-ESI (m/z) calc. for CigH33N,OsSi [M + H*]: 385.2153; Found:
385.2100.
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Figure $3 'H NMR (500 MHz, CDCls) spectrum of 4.
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Nucleoside 4 (0.90 g, 2.37 mmol) was dissolved in dry dioxane (30 ml) under argon. The solution was
bubbled with argon gas for 20 min. To the solution was added 2-iodoxybenzoic acid (2.0 g of 45%wt
in stabilizer (benzoic acid, isophtalic acid), 3.1 mmol) and DMSO (0.40 ml, 5.70 mmol), and a stirring
magnet. The reaction vessel was tightly sealed and placed in an oil bath (70 °C) and mixed with a
magnetic stirrer. After two hours the reaction was monitored by LC/MS (C18, 150 x 4.6 mm, 5 um) a
linear gradient of 0—100% MeCN over 30 min) which indicated the starting material was fully
consumed. The reaction was cooled using ice bath and diluted with a mixture (1:1, v/v) of MeCN/H,0
(20.0 ml). The mixture was vacuum-filtered using a size 4 glass frit (10—16 um pore size). The filtered
solids were washed with a mixture (10:2, v/v) of MeCN/H,0 (8 ml). The filtrate was evaporated to
dryness using a vacuum. The evaporation residue was suspended in ethyl acetate (100 ml) and filtered
again. The filtrate was washed with H,0 (4 x 25 ml), sat. ag. Na,HCOs3 (2 x 25 ml), and brine (2 x 25 ml).
The organic phase was dried using Na,SO4 and evaporated to dryness. The product (0.89 g, 99%) was
slightly yellow amorphous solid and produced a single spot (Rf=0.5) on TLC analysis (6% MeOH in
DCM). *H NMR (CDCls, 500 MHz): & 10.30 (1H, br, NH), 9.81 (1H, s, H8), 7.14 (1H, d, J = 1.1 Hz, H6),
6.15 (1H, t, J=6.5 Hz, H1"), 4.10 (1H, dt, J;=7.0 Hz, J, = 4.6 Hz, H3"), 3.77 (1H, ddd, J1 =9.0 Hz, J; =
J3=4.6 Hz, H4"), 2.65 (2H, m, H7), 2.27 (1H, ddd, J: = 13.6 Hz, J, = 6.7 Hz, Js = 4.7 Hz, H2’), 2.15 (1H,
ddd, /1 =13.6 Hz, J,=J3=6.8 Hz, H2""), 2.03 (1H, m, H5"), 1.95 (3H, dd, J= 1.1 Hz, MeT), 1.91 (1H, m,
H5"’), 0.89 (9H, s, TBDMS), 0.08 (3H, s, TBDMS), 0.08 (3H, s, TBDMS). *C NMR (CDCl5): 6 201.5 (C8),
164.8 (C4), 150.5 (C2), 135.9 (C6), 111.2 (C5), 85.4 (C4’), 85.0 (C1"), 74.7 (C3’), 40.5 (C2), 40.4 (C7),
25.4 (C5°), 17.9 (TBDMS), 12.6 (MeT), —4.6 (TBDMS), —4.8 (TBDMS). HRMS-ESI (m/z) calc. for
Ci1sH30N,0sSi [M + H*]: 383.1997; Found: 383.1958.
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Nucleosides 1 (0.31g, 1.15 mmol) and 5 (0.44 g, 1.15 mmol) were dissolved in a mixture of
DMSO/AcOH (3:1, v/v, 2 ml). The mixture was placed in an oil bath (40 °C) and stirred with a magnetic
stirrer. The reaction was monitored by TLC, which indicated starting materials were consumed after
30 min. The reaction mixture was quenched by cooling on an ice bath and adding aq. sat. ammonia
(2.0 ml) and H,0 (20 ml). The reaction mixture was extracted using ethyl acetate (3 x 50 ml), and the
organic phase was washed with aq. sat. NaHCO3 (25 ml) and brine (25 ml). The organic phase was dried
using Na,SQ,, filtered, and evaporated to dryness. The crude product was purified by silica column
chromatography (0.1% TEA and 5.0% MeOH in DCM). The resulting product (0.56 g, 76%) was a white
solid foam. A mixture of isomers in 2:1 ratio was obtained determined by the ratio of uracil H6 NMR
signals. *H NMR (CDsCN, 600 MHz): § 11.15 (1H, br, NH), 7.82 (1H, d, J = 8.2 Hz, H6U minor) 7.73 (1H,
d, J=8.1 Hz, H6U major), 7.30 (1H, s, H6T), 6.18 (1H, t, J = 6.8 Hz, H1'T), 6.02 (1H, br, H1’U minor) 5.72
(1H, d, J=8.1 Hz, H5U), 5.70 (1H, d, J = 8.6 Hz, H1'U major), 4.70 (1H, dd, J1 = 7.3 Hz, J, = 3.6 Hz, H3"U),
4.62 (1H, br, H8), 4.29 (1H, m, H2°U), 4.25 (1H, m, H3'T), 4.00 (1H, m, H4°U), 3.82-3.64 (3H, m, H4'T
& H5'U & H5°U’), 3.54 (3H, s, OMe minor), 3.50 (3H, s, OMe major), 2.19 (2H, m, H2'T), 2.00 (2H, br,
H7), 1.87 (3H, m, MeT), 1.87 (1H, m, H5'T), 1.78 (1H, m, H5'T"), 0.92 (9H, s, TBDMS), 0.13 (3H, s,
TBDMS), 0.11 (3H, s, TBDMS). 3C NMR (CDsCN, 150 MHz): 164.1 (CAT), 163.4 (C4U), 150.7 (C2T), 150.6
(C2u), 141.6 (C6U), 141.5 (C6U), 136.1 (C6T), 136.0 (C6T), 110.5 (C5T), 110.5 (C5T), 102.4 (C5U), 102.2
(C5U), 101.5 (C8), 95.9 (C8), 88.2 (C1'U), 86.1 (C4'T), 86.0 (C4°U), 84.2 (C1'T), 84.1 (C1°'T), 78.7 (C3°V),
77.4 (C2°U), 74.9 (C3'T), 74.8 (C3'T), 61.9 (C5'V), 61.7 (C5'U), 60.8 (OMe), 39.5 (C2°T), 29.5 (C5°T),
25.2 (TBDMS), 24.9 (C7), 17.6 (TBDMS), 11.6 (MeT), 11.6 (MeT), -5.3 (TBDMS), -5.3 (TBDMS). HRMS-
ESI (m/z) calc. for CagH44Ns010Si [M + H*]: 638.2852; Found: 638.2924.
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Nucleoside dimer 6 (0.55 g, 0.86 mmol) was dissolved in pyridine (15 ml). To the mixture was added
acetic anhydride (0.20 ml, 1.72 mmol) and a small crystal of DMAP. After one hour the starting
material was completely consumed according to TLC (6% MeOH in DCM). The reaction mixture was
concentrated using a vacuum and then diluted with ethyl acetate (150 ml) and washed with agq. sat.
NaHCO; (2 x30 ml) and brine (30 ml). The organic phase was dried using Na,SO,, filtered, and
evaporated to dryness to yield a solid white foam, which was dried in a vacuum desiccator overnight.
The evaporation residue was dissolved in dry THF (10 ml) and tetrabutylammonium fluoride (1.0 M in
THF, 2.5 ml, 2.5 mmol) was added. The reaction vessel was tightly sealed and placed in an oven (55 °C).
After one hour the solvents were removed in vacuum. The evaporation residue was dissolved in water
(50 ml) to which was added dropwise aq. NaClO4 (3.0 M) until forming of a white solid was ceased.
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The mixture was filtered through a glass frit and then a syringe filter (0.2 uM pore size). The filtrate
was salted with NaCl (18 g, 0.31 mol) and then extracted using ethyl acetate (6 x 100 ml). The organic
phase was dried with Na;SO,, filtered, and evaporated to dryness. The evaporation residue was
adsorbed on silica gel and purified by silica column chromatography (0.1% TEA and 7.0% MeOH in
DCM). The product (0.34 g, 70%) was a white solid foam. A mixture of isomers in 1:1 ratio was obtained
determined by the ratio of uracil H6 NMR signals.*H NMR (CDsCN, 500 MHz): 6 9.95 (1H, br, NH), 7.55
(0.5H, d, J = 8.1 Hz, H6U), 7.54 (0.5H, d, J = 8.1 Hz, H6U), 7.31 (1H, m, H6T), 6.19 (1H, t, J = 6.5 Hz,
H1'T), 6.00 (0.5H, d, J = 3.2 Hz, H1'U) 5.76 (0.5H, d, J = 8.1 Hz, H5U), 5.75 (0.5H, d, J = 8.1 Hz, H5U),
5.72 (0.5H, br, H1°U), 4.70 (1H, br, H8), 4.65 (1H, m, H3°U), 4.37 (1H, m, H2'U), 4.30 (1H, dd, J; = 11.9
Hz, J, = 3.5 Hz, H5°U), 4.23 (1H, m, H5°U’), 4.18 (1H, m, H3'T), 4.15 (1H, m, H4°U), 3.83 (1H, m, H4'T),
3.56 (1.5H, s, OMe), 3.50 (1.5H, s, OMe), 2.20 (2H, m, H2'T), 2.05 (1.5H, s, Ac), 2.04 (1.5H, s, Ac), 2.00
(2H, br, H7), 1.86 (3H, m, MeT), 1.86 (1H, m, H5'T), 1.79 (1H, m, H5'T’). 3C NMR (CDsCN, 125 MHz): 6
170.6 (Ac), 170.6 (Ac), 164.4 (C4T), 163.7 (C4U), 163.6 (C4U), 150.8 (C2T), 150.7 (C2U), 141.4 ( C6U),
136.2 (C6T), 136.0 (C6T), 110.6 (C5T), 102.5 (C5U), 102.5 (C5U), 101.6 (C8), 88.5 (C1°U), 86.0 (CA'T),
85.7(C4°T),84.2(C1°T), 84.2 (C1'T), 82.9 (C4°U), 78.8 (C3°U), 77.0 (C2°U), 73.8 (C3'T), 73.7 (C3'T), 64.2
(C5'U), 64.0(C5°U), 61.8 (OMe, minor isomer), 60.9 (OMe, major isomer), 39.0 (C2°T), 39.0 (C2°T), 29.6
(C5°T), 20.1 (Ac), 20.1 (Ac), 11.7 (MeT), 11.7 (MeT). HRMS-ESI (m/z) calc. for Ca4H31NsO11 [M + H*]:
566.2093; Found: 566.2.
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Figure S9 'H NMR (CDsCN, 500 MHz) spectrum of 7.
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Figure $10 1*C NMR (CDsCN, 125 MHz) spectrum 7.

Synthesis of 8

Nucleoside 7 (170 mg, 0.30 mmol) was dissolved in dry acetonitrile (2.5 ml) under nitrogen. To the
solution was added DIPEA (125 pl, 0.72 mmol) and N,N-diisopropylcyanoethylchlorophosphoramidite
(80 ul, 0.36 mmol). After one hour, the reaction mixture was concentrated in a vacuum. The

evaporation residue was purified using silica column chromatography (1.0% TEA and 4% MeOH in

DCM). The product (143 mg, 62%) was colorless amorphous solid. A mixture of multiple isomers was

obtained, for which the number of isomers and their ratios could not be determined due to
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overlapping of *H NMR signals. *H NMR (CDsCN, 500 MHz): § 9.20 (1H, br, NH), 7.50 (1H, m, H6U), 7.28
(1H, s, H6T), 6.19 (1H, m, H1'T), 6.00 (0.5H, m, H1°U), 5.71 (1H, m, H5U), 5.70 (0.5H, m, H1°U), 4.71
(1H, br, H8), 4.63 (1H, m, H3"U), 4.38 (1H, m, H3'T), 4.36 (1H, m, H2"U), 4.29 (1H, m, H5°U), 4.23 (0.5H,
m, H5°U’), 4.23 (0.5H, m, H4°U), 4.14 (0.5H, m, H4°U), 4.00 (0.5H, m, H4°T), 3.95 (0.5H, m, H4'T), 3.85
(1H, m, POCH,), 3.78 (1H, M, POCHz), 3.58 (m, OMe), 3.52 (s, OMe), 3.50 (s, OMe), 2.70 (1H, t,J = 6.2
Hz, CH,CN), 2.69 (1H, t, J = 6.2 Hz, CH,CN), 2.42—2.25 (2H, m, H2'T), 2.18 (1H, br, H7), 2.05 (3H, s, Ac),
1.94 (1H, m, H5'T), 1.87 (3H, m, MeT), 1.82 (1H, m, H5'T"), 1.22 (s, iPr), 1.20 (s, iPr) . **C NMR (CDsCN,
125 MHz): & 170.4 (Ac), 170.4 (Ac), 163.7 (CAT), 163.0 (C4U), 163.0 (C4U), 150.4 (C2T), 150.4 (C2U),
141.4 (C6U), 141.1 (C6U), 135.9 (C6T), 135.8 (C6T), 135.8 (C6T), 118.7 (CN), 118.6 (CN), 110.6 (C5T),
110.6 (C5T), 110.5 (C5T), 110.5 (C5T), 102.5 (C5U), 102.2 (C5U), 101.4 (C8), 101.3 (C8), 88.4 (C1°V),
84.8 (C4'T), 84.8 (CA'T), 84.7 (C4'T), 84.7 (C4'T), 84.3 (C1'T), 84.2 (C1°T), 84.2 (C1'T), 84.1 (C1'T), 78.8
(C3°U), 76.3-75.6 (8 peaks, C2°U, C3'T, C4°U), 64.1 (C5°U), 63.9 (C5°U), 63.8 (C5'U), 61.7 (OMe), 60.8
(OMe), 58.6 (POCH,), 58.4 (POCH,), 58.3 (POCH,) 58.3 (POCH,), 43.1 (iPr), 43.1 (iPr), 43.1 (iPr), 43.0
(iPr), 38.2 (C2'T), 38.2 (C2'T), 38.0 (C2°T), 38.0 (C2'T), 35.0 (C7), 29.4 (C5°T), 24.0 (iPr), 23.9 (iPr), 23.9
(iPr), 23.8 (iPr), 20.1 (Ac), 20.0 (Ac), 20.0 (Ac), 20.0 (Ac), 11.5 (MeT). MS-ESI (m/z) calc. for
C33HisN7NaO12P [M + H*]: 766.3; Found: 766.3. HRMS-ESI (obtained for the excepted hydrolysis
product H-phosphonate) (m/z) calc. for C;7H3sNsO13P [M + H*]: 683.2072; Found: 683.1989.
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Figure S11 *H NMR (CDsCN, 500 MHz) spectrum of 8.
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Figure $12 *C NMR (CDsCN, 125 MHz) spectrum of 8.

Synthesis of oligonucleotides

All oligonucleotides were synthesized on 1.0 pmol scale using an automatic DNA/RNA-synthesizer,

commercially available phosphoramidite building blocks and phosphoramidite 8, commercial solid

support and solid support 9. Benzylthiotetrazol was used as an activator. Coupling times of 2 min for

commercial building blocks and 30 min for phosphoramidite 8 were used. After the chain assembly,

the solid-supported oligonucleotides were exposed to ag. 25% NH,OH for 16 h in oven at 55 °C. The

resulting suspensions were filtered and the filtrates were evaporated to dryness. The residues were

dissolved in water and purified by RP HPLC After lyophilization, the oligonucleotides were

characterized by MS (ESI-TOF) and quantified UV spectrophotometrically.

Table S1 Molecular masses for the synthesized ONs.

Oligonucleotide Isolated yield (%) Observed Calculated
molecular mass molecular mass
ON1 15 3571.7 3572.5
ON2 13 8001.3 8002.3
ON3 12 4303.9 4305.0
ON4 5 4554.9 4556.1
ONS5 22 71194 7119.7
ON6 13 9210.8 9211.1
ON7 11 4905.0 4905.4
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ON2|(RIS) ON3 (R/S)
ON1 (RIS)
ON3 (RIS)
ON4 (R/S)
0 - 25 min 0 -25min 0 - 25 min 0 -25min
ON7
ONS5
ON6

® =

® =

@ @

[ N %

‘,__J L__L_; L)
0 - 25 min 0 - 25 min 0 - 25 min
ON4 (R/S)
ON2 (R/S)
ON1 (R/S) ON3 (R/S)
ON2 (R/S)
ON1 (R/S) ON3 (R/S)
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A
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Figure S13 RP HPLC of the synthesized ONs (ON1, ON2, ON3, ON4, ON5, ON6, and ON7). A) Crude
products. B) After purification. Note, that isolation of single isomer is difficult due to rapid
isomerization in aqueous conditions. RP HPLC analyses were run using C18-column (250

x 10 mm, 5 uM) with a linear gradient of MeCN (5—40% in 25 min) over 50 mM aq.
triethylammonium acetate (pH 7). A flow rate of 2.5 ml min-1 and a detection wavelength of 260 nm
were employed.

S18



[M-3H]

238
1139.20693
ON1
22565 [M-4H]
713.34243 [M_ZH]
5] I713.54067 178485342
1189.23140-]
17565 78535513
1505 71312441
[M-SH 119022976
59427254
é 12565 [M_3H] 17843517
= [713.73803
g 89151188
2 100000 178585691
59410972 9215571
8916680
75000
11393722 119056264
B 179584439
24z 796.31619
soo00 -]
s496525
15 e
25000 92691421 - 119089557 150731079
i "~ . 7
1196.89622 —e130730 i
1032.88399 jﬂﬁfg Pszaszg;n 23 SE‘ETE
0 ak a1l [ | L l T . 1197.89780 [ m 2380.10890 h"uzssu'?gﬁsg
400 500 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000
Obiserved mass [m/z]
Figure S14 Mass spectrum for ON1.
7
100000 888.03571 ONZ
—888.14628 [M 4H]
90000 4 1999.33105
[1809.56332
887.92514-
80000
—888.25685
20000 1999.06561=
54605220 1999,82878
60000+ 2013.55750
- ]
€
§ 26236744 12013.79039
:“‘ 50000
-E 736.92248 E94'34920
= 04.46016
40000 [M-8H] 1998.83337-|-2014,05700
80457113 [M-5H]
0999,15701 M 6H 1509.25276
300001 —099,29775 2332 54804] 1599.46050 —2014.20012
—1006.27686 '
M H =1332.711057 |-1509.56824
e Sl g ~6i08471s M-3H]
134237203 '
1508.86700—] =1611.05564 - 266610561
- ' 1998.56797— 1 —2019.78909 - 26665.45046
10000 R 134253517 11 23436 2665.76078-|_ 56675702
1 314;;9;539130 ~1611.44287 2665.41507 ~2685.06724
l . 161165139 ~ 268606708 |
0l [l ! lu FITEw| " : . .
500 750 1000 1250 1500 1750 2500 2750 3000 I

Figure S15 Mass spectrum for ON2.
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Figure S17 Mass spectrum for ON4.
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Figure $19 Mass spectrum for ONG6.
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Figure $S20 Mass spectrum for ON7.

Preliminary DNA-templated ligation studies with ON1, ON4, and
ON5 (deprotection, reprotection, and hairpin L1 formation)

General: The buffers used in all DNA-templated hairpin self-assembly studies are listed in Table S2.

Table S2 List of the buffers used in DNA-templated ligation studies.
pH Acid/base I to c ratio (adjusted
using NaCl)

4 AcOH/AcONa

5 AcOH/AcONa

6 MES/MES-Na

7 HEPES/HEPES-Na
8 HEPES/HEPES-Na
9 CHES/CHES-Na
10 CHES/CHES-Na
11 CAPS/CAPS-Na

PR R R R R R R

N,O-transacetalization: ON5 (750 pmol, 5 uM) and ON1-Cap (750 pmol, 5 uM) were dissolved in
water (150 pl) which pH was adjusted using a 0.1 M buffer solution. Samples (10 ul) were taken at
adequate intervals and basified to pH 8 using 0.4 M buffer solution ( 90 ul) and analyzed immediately
by RP HPLC (Scheme S1). The data points were fitted to exponential decay function (Equation S2)
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Hydrolysis of ON1: ON1 (750 pmol, 5 uM) was dissolved in water (150 ul) containing 0.1 M buffer.
Samples (10 ul) were taken at adequate intervals and basified to pH 8 using 0.4 M buffer solution
(90 pl) and analyzed immediately by RP HPLC (Scheme S1). The data data points were fitted to
reversible bimolecular integrated rate law (Equation S1).

Reprotection of ON1* and ON4*: The ON (ON1 or ON4, 825 pmol, 5.5 uM) was dissolved in water
(150 pl) adjusted to pH 5 using trace amount of acetic acid and then incubated overnight at 37°C after
which RP HPLC analysis indicated the ON was fully deprotected (ON1* or ON4*). Then, the mixture
was allowed to cool to room temperature and the pH was adjusted by addition of 1.0 M buffer (15 pl).
To the solution was added nucleoside 1 (3.94 ul of stock solution for final concentration of 500 uM).
Samples (10 pl) were taken at adequate intervals and quenched to pH 8 using aqueous 0.4M buffer
solution (90 pl) and analyzed immediately by RP HPLC (ON1 in Scheme S1 and ON4 in Scheme S2). The
data data points were fitted to reversible bimolecular integrated rate law (Equation S1).

DNA-templated N-methoxyoxazolidine formation: ON1 (825 pmol, 5.5 uM) was dissolved in water
(150 pl) adjusted to pH 5 using trace amount of acetic acid. The solution was incubated overnight at
37 °C after which RP HPLC analysis indicated that ON1 was fully deprotected into ON1*. The pH of the
solution was adjusted by adding aqg. 1.0 M buffer (15 pl, see list of buffers below). To the solution was
added ONS5 (825 pmol, 5 uM). Samples (10 ul) were taken at adequate intervals and quenched to pH
11 using 0.4 M buffer solution (90 ul) and analyzed immediately by RP HPLC (Scheme S1). The data
data points were fitted to reversible bimolecular integrated rate law (Equation S1).

Reversible bimolecular rate law for the reaction A+ B = C:

(1—-e~*t)
B(1—e*t)+k(1+e~Kt)

C(t)=Cy+ (Equation S1)

where a = 2(k1AgBy — k;Cy), B = k1(Ag+By) + k3,

and k& = \/kZ(Ag — Bo)? + 2kyky(Ag + By + 2Co) + k2

Half-life was determined as the time-point, where the concentration of the product was half from
the concentration at the equilibrium (first half-life).

Exponential decay function:
y=ae Xt +b (Equation S2)
From which half-life (to5) was calculated:

- t
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Scheme S1 Selected examples for the HPLC chromatograms obtained during the preliminary studies
with ON1, ON4 and ON5. RP HPLC analyses were run using C18-column (250 x 4.6 mm, 5 um) with a
linear gradient of MeCN (5-20% in 25 min) over agq. 50 mM TEAA buffer (pH 7.0). A detection
wavelength of 260 nm was employed.
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Scheme S2 Reprotection of ON4. RP HPLC analyses were run using C18-column (250 x 4.6 mm, 5 pm)
with a linear gradient of MeCN (5—-20% in 25 min) over ag. 50 mM TEAA buffer (pH 7.0). A detection
wavelength of 260 nm was employed.

Table S3 Kinetic and thermodynamic data obtained during the preliminary studies. See Figure S21
for graphical illustration. Equilibrium yields are shown in parentheses.

Tm (°C ty of N,O- tx of deprotection  tx of hairpin ty of

pH Starting  transacetalizatio (ON1)® formation (ON1* reprotection
material n + ON5)® (ON1* +
ON2 + (ON1 + ON5) nucleoside 1)°
ONA4)

4  notfound 7.69+0.45h 8.57+0.14 h 29.4 0.6 min 1.85+0.04 h

5 22.1+0.1
6 26.3+0.1
7 31.5+0.1
8 30.8+0.1
9 27.6+0.1
10 23.1+0.1

11 not found

(76 + 1 %)?
223+1.1h
(87 + 1 %)
228+38h
(95 + 6 %)?
N/A
N/A
N/A
N/A

N/A

(96 + 2 %)°
30.3+0.5
h

(96 + 1 %)?

188+ 6h
(97 £3 %)

70.2+9.9d
(15.9 £ 9.4 %)
N/A

N/A

N/A

N/A

(76 £ 1 %)

3.42 £1.30 min
(94 £ 19 %)?

5.70 +0.58 min
(83 £5 %)

29.6 £ 0.7 min
(79 +£1 %)
3.05+0.07 h
(79 £ 1 %)?
13.7+0.3h
(75 £2 %)?
27.9+13h
(78 £2 %)°
N/A

(33 £1 %)
5.00£0.15 h
(30 + 1 %)?
30.1+0.7h
(34 £1 %)
235+12h
(29 £1 %)
N/A

N/A

N/A

N/A

N/A: Reactions reactions were not monitored due to their slowness (<4% of product after one
month). The equilibrium yield determined for the reaction. PDeprotection, reprotection, and L1
hairpin formation were fitted to reversible bimolecular integrated rate law (Equation S1). SDNA-
templated transacetalization was fitted to exponential decay function (Equation S2) (Because poorer
fit was obtained by using Equation S1).
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Figure $21 pH-dependent kinetic profiles obtained during the preliminary studies with ON1, ON4,
and ONS. See Table S3 above for the results in numerical form and below for individual reaction

profiles.

Table S4 Molecular masses obtained from the preliminary studies.

ON observed molecular weight calculated molecular weight
ON1* 3317.2 3317.2

ON4* 4298.8 4300.9

L1 10418.9 10418.9
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Figure $23 Mass spectrum for ON4*.
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Figure S25 Kinetic profiles for the preliminary studies at pH 4. Solid line was obtained by fitting the
data points to Equation S1. Dashed line was obtained by fitting to Equation S2.
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Figure S26 Kinetic profiles for the preliminary studies at pH 5. Solid line was obtained by fitting the
data points to equation S1. Dashed line was obtained by fitting to equation S2.
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Figure S27 Kinetic profiles for the preliminary studies at pH 6. Solid line was obtained by fitting the
data points to equation S1. Dashed line was obtained by fitting to equation S2.
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Figure $28 Kinetic profiles for the preliminary studies at pH 7. Solid line was obtained by fitting the
data points to equation S1.
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Figure S29 Kinetic profiles for the preliminary studies at pH8. Solid line was obtained by fitting the
data points to equation S1.
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Figure S30 Kinetic profiles for the preliminary studies at pH 9. Solid line was obtained by fitting the
data points to equation S1.
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Figure S31 Kinetic profiles for the preliminary studies at pH 10. Solid line was obtained by fitting the
data points to equation S1.

Split aptamer formation

General procedure for the quinine induced split aptamer (CBA) formation: ONs (0.5 — 2.5 nmol, 1-5
UM, see table below) were dissolved in water (500 pl) containing buffer (0.1 M AcOH/AcONa, /=0.1 M
adjusted using NaCl, pH 5) and variable amount of quinine (see table below). The mixture was placed
in oven (55 °C) for overnight. A sample (5 pl) was taken from the warm solution and analyzed using
denaturing PAGE. The reaction mixture was then allowed to cool to room temperature (21 °C).
Samples (5 ul) were taken at intervals (see table below) at room temperature and analyzed using
native PAGE. Native PAGE analyses were performed using precast TBE-Urea gel (15% acrylamide, TBE,
7 M urea), which was fixed into a vertical electrophoresis chamber, and the chamber was filled with
the running buffer (90 mM Tris, 90 mM borate, and 2 mM EDTA, pH 8.3). The reaction samples (5 pl)
were premixed with Novex™ TBE-urea 2x sample buffer (5 ul) and then applied to gel wells. The
loaded gels were run at 200V and 45 mA for 60 min. The completed gels were imaged by the
fluorescence label in ON6 or ON7 (Figure S32). The bands containing ON6 or ON7 were quantified by
processing the images into 2D density profiles and integrating them using Image) software. Mass
spectra was obtained for the ligation products (Table S6 and Figure S33—Figure S36).
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Table S5 List of the split aptamer formation reactions.

SI Entry Denoted in the ONs c(quinine) / uM
main text as
S1@ Control ON2, ON7DNA® 1000
S2° Control ON2DNA?¢, ON7 1000
S3¢ Model A ON2, ON7 0
S4@ Model A ON2, ON7 1
S5 Model A ON2, ON7 10
S6° Model A ON2, ON7 100
S7°¢ Model A ON2, ON7 1000
S8 Model B ON3, ON6 0
S9° Model B ON3, ON6 1
S10° Model B ON3, ON6 10
S11° Model B ON3, ON6 100
§12° Model B ON3, ON6 1000
S13° Thrice-split (lane 1)  ON4, ON7 0
S14° Thrice-split (lane 2) ON3, ON7 0
S15° Thrice-split (lane 3) ON3, ON4, ON7 0
S16° Thrice-split (lane 4) ON4, ON6 100
S17° Thrice-split (lane 5) ON3, ON7 100
s18° Thrice-split (lane 6) ON3, ON4, ON7 100
S19b¢ Thrice-split (lane 7)  ON3, ON4, ON7 100

3Concentration of each ON is 1 M. PConcentration of each ON is 5 uM. ¢ Additional MgCl,
(50 mM) in the reaction mixture. ‘Regular DNA with 5’-fluoroscein (FAM) and 3"-uridine: FAM-
GGGAGTCAAGAACuU. *Regular DNA: TGTTCTTCAATGAAGTGGGACGACA
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Model A control reactions
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ON7 5 GGGAGTCAAGAAC D
S1:
ON2DNA TGTTCTTCAATGAAGTGGGACGACA 3’
ON7DNA 5" GGGAGTCAAGAACU quinine
S2:
ON2 =7 GTTCTTCAATGAAGTGGGACGACA 3°
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Scheme S3 Model A control reactions. For reaction conditions see Table S5
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Figure S32 Reversibility of model A.
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Table S6 Molecular masses obtained from the split aptamer studies.

ON observed molecular weight calculated molecular weight
L2 12634.5 12634.5
L3 13242.0 13244 .9
L4 8936.7 8937.1
L5 13218.1 13219.9
[M-8H] L2
1578.28101 [M-5H] 377
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Figure $33 Mass spectrum for L2.
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Figure S35 Mass spectrum for L4.
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Figure $36 Mass spectrum for L5.
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