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Table S1. The amino ligands used for solid-phase attachment to oligonucleotides and selected optimal
solvents for this reaction.

Structure Solvent Mole:cular References
weight
Pyrenemethylamine
(Pyr-CH2-NH>)
O ‘ NH DMSO 231.29  Sigma-Aldrich

SN

1,6-Diaminohexane

NH:-(CHz)e-NH: CH:Cl2 116.21  Sigma-Aldrich
3-Amino-1-propanol THF . .
HO-(CHa)s-NH> 7511  Sigma-Aldrich
Propargylamine THF . .
HC=C-CH>-NHz 55.08  Sigma-Aldrich
Oleylamine
(Oleyl-NH>) CH:Cl 26749  Sigma-Aldrich

Hsc\/\/\/\/=\/\/\/\/\NH2

Cholesteryl-6-aminohexylcarbamate (I)
(Chol-C(O)-Le-NH>, where Le: -NH(CHz2)¢-)

See Materials

CHxCl2 528.85  and Methods,
o] Section 4.4
JlH
0" N NH
™
N-(6-Aminohexyl)-4-methoxybenzamide (II)
(MB-Le-NH2, where Leé: -NH(CH2)¢-) See Materials

CH:CL2 250.36 and Methods,

0
H
/O)LN\(V)’SNHz Section 4.4
e}
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Figure S1. Electrophoretic analysis of reaction mixtures upon solid-phase conjugation.Analysis of
reaction mixtures after solid-phase synthesis by PAGE: (A) line 1 - dT7, line 2 - initial 5'-p-dT7, line 3 -
HO-(CH2)3-NH-p-dT7 (6), line 4 - Oleyl-NH-p-dT7 (3), line 5 - MB-Le-NH-p-dT7 (1), line 6 - NH2-(CHz)e-
NH-p-dT7 (7), line 7 and 8 - Chol-C(O)-Le-NH-p-dT7 (2), line 9 - CHs-NH-p-dT7 (9), line 10 - Pyr-CH>-
NH-p-dT7 (5); line 11 - CH=C-CH>-NH-p-dT7 (4);(B) line 1 and 4 - initial 5'-p-sisiDmS, line 2 - Oleyl-
NH-p-sisiDmS (11), line 3 - MB-Le-NH-p-sisiDmS (i), line 5 - CH=C-CH2-NH-p-sisiDmS (i); (C) line 1
- initial 5'-p-siDmS, line 2 - Chol-C(O)-Le-NH-p-siDmS (15), line 3 - MB-Le-NH-p-siDmS (i), line 4 -
Oleyl-NH-p-siDmS (16), line 5 - CH=C-CH2-NH-p-siDmS (17). Conditions: 15% denaturating PAAG
(7M urea, acrylamide/N,N’-methylene bis-acrylamide (19/1)) in TBE buffer. Gel stained with "Stains-
all". BP — bromophenol blue.Chol-C(O)-Le-NH-, cholesteryl-6-aminohexylcarbamate residue; Oleyl-
NH-, oleylamine residue; Pyr-CH>-NH-, pyrenemethylamine residue; MB-Ls-NH-, N-(6-aminohexyl)-
4-methoxybenzamide residue; NH2-(CH2)s-NH-, 1,6-diaminohexane residue; HO-(CH2)s-NH-, 3-
amino-1-propanole residue; CH=C-CH:-NH-, propargylamine residue; -p-, -P(O)(OH)-; Ls -, -
NH(CHz)e-; dTr = 5-d(TTTTTIT); 5-p-dIr = 5-p-d(TTTTTTT); 5-p-sisibmS = 5-p-
GrGmCmUmUmGmAmCmA™,  5'-p-siDmS = 5-p-GGCUUGACAAGUUGUAUAUGG™ (d(N),
deoxyribonucleotide; N™, 2-O-methylribonucleotide; N, ribonucleotide). Full-size images of
electropherograms after analyses of reaction mixtures are given in Figure S4. .
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Figure S2. Functionalization of the 5-amino modified oligonucleotide (7) with Biotin N-
hydroxysuccinimide ester. (A) Scheme of the synthesis of Biotin-conjugate of 5-p-dT7 (8). (B) RP
HPLC analysis of reaction mixtures of initial oligonucleotide 5'-p-dT7 and conjugates (7) and (8). The
degree of conversion of (7) to (§) was 82%. Conditions: Alphachrom A-02 high performance liquid
chromatograph (EcoNova, Novosibirsk, Russia), ProntoSil-120-5-C18 AQ (75x2.0 mm, 5.0 pm)
column, gradient elution from 0 to 50% (25 min) of acetonitrile in 0.02 M triethylammonium acetate
buffer, pH 7.0, flow rate 100 pL per min, detection at 260 nm.(C) Analysis of reaction mixtures of 5’-
p-dT7 and conjugates (7) and (8) by PAGE: line 1 - deblocked reaction mixtures of dT7oligonucleotide;
line 2 - deblocked reaction mixtures of 5’-p-dT7oligonucleotide; line 3 - reaction mixture after Biotin-
NHS attachment to derivative (7) in solution to obtain conjugate (8); line 4 — deblocked reaction
mixture after solid-phase attachment of 1,6-diaminohexane to the activated 5-p-dT7 to obtain
derivative (7). Conditions: 15% denaturating PAAG (M urea, acrylamide/N,N’-methylene bis-
acrylamide (19/1)) in TBE buffer. Gel stained with "Stains-all". BP — bromophenol blue. 5'-p-dT7 = 5"-
p-d(TTTTTTT); -p-, -P(O)(OH)-; d(N), deoxyribonucleotide Full-size images of electropherograms
after analyses of reaction mixtures are given in Figure 54.
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Figure S3. Attachment of FAM or a-GalNAc azides to the 5'-alkyne-modified oligonucleotide (12) or
(17) using “click”-chemistry reaction.(A) Scheme of the synthesis of conjugates (13) and (18) using
“click”-reaction of with 5'-propargylamine-modified oligonucleotides (12) and (17), respectively. (B1)
Reverse phase-HPLC (RP-HPLC) analysis of reaction mixtures of the 5’-p-sisiDmS and conjugates (12)
and (13). The degree of conversion of (12) to (13) was 87%. Conditions: Alphachrom A-02 high
performance liquid chromatograph (EcoNova, Novosibirsk, Russia), ProntoSil-120-5-C18 AQ (75x2.0
mm, 5.0 pum) column, gradient elution from 0 to 50% (25 min) of acetonitrile in 0.02 M
triethylammonium acetate buffer, pH 7.0, flow rate 100 uL per min, detection at 260 nm. (B2) Analysis
of reaction mixtures of 5’-p-sisiDmS and conjugates (12) and (13) by PAGE: line 1 and 4 - deblocked
reaction mixtures of initial 5'-p-sisiDmS oligonucleotide; line 2 — deblocked reaction mixture after
solid-phase attachment of propargylamine to the activated 5-p-sisiDmS to obtain derivative (12); line
3 - reaction mixture after FAM azide attachment to derivative (12) via “click”-chemistry in solution to
obtain conjugate (13). (B3) Structure of FAM azide. (C1) Analysis of reaction mixtures of 5-p-siDmS
and conjugates (17) and (18) by PAGE: line 1 - deblocked reaction mixtures of initial 5'-p-siDmS
oligonucleotide; line 2 — deblocked reaction mixture after solid-phase attachment of propargylamine
to the activated 5’-p-siDmS to obtain derivative (17); line 3 - reaction mixture after a-GaINAc-PEG3
azide attachment to derivative (17) via “click”-chemistry in solution to obtain conjugate (18). (C2)
Structure of a-GalNAc-PEG3-azide.Conditions of PAGE: 15% denaturating PAAG (7M urea,
acrylamide/N,N'-methylene bis-acrylamide (19/1)) in TBE buffer. Gel stained with "Stains-all". BP —

bromophenol  blue.

5-p-sisiDmS =
GGCUUGACAAGUUGUAUAUGG™;,  -p-,

5'-p-GrGnCrUnUnGmAmCmA™;
-P(O)(OH)-; N, ribonucleotide;

5-p-siDmS =
Nm,

5-p-

methylribonucleotide.Full-size images of electropherograms after analyses of reaction mixtures are

given in Figure S4.
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Table S2. Representative ESI or MALDI-TOF mass spectra of the 5'-conjugates of

oligonucleotides.
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[H6] / 526.0 3162.0 - 3*23(Mnar) + 3*1 (M) > M 3096.0 —N=P-5'=sisiDms ~3'~OH
[H5]/ 635.8 3184.0 — 4*23(Mnas) + 4*1 (M) > M 3096.0 y I
[H4] / 8005 3206.0 — 5*23(Mnas) + 541 (M) > M 3096.0 4 OH
[H3]/1075.3 3228.9 — 6*23(Mnas) + 6*1 (M) > M 3096.9
Mitound 3096.2 Maaled 3098.1
(13) FAM-click-CH>-NH-p-GnGmCmUnUmGmAmCmAm
103 |5 Scan (1t 0.262-0,376 min, 126 scans) Frag=135.011231_3643_1_FAM_md
34 591.4000
26 09:3000
2
e £ exm
i AR AT T P i Y TV i ol = s i OO
40 440 450 430 500 50 540 560 530 600 60 640 60 680 0 70 740 760 780 mmﬁ?vsms-ﬁmﬂm?w 90 940 90 950 1000 1020 1040 1060 1080 1100 1120 1140 1160 1180 1200 1220 1240 1260 1280
[H7]/ 506.6 3553.2 > M 35532 HO 0 oH
[H6]/591.4 3554.4 > M 3554.4 0
[H5] / 709.9 3554.5 > M 3554.5 9 -
[H4]/887.8 3555.2 > M 3555.2 »
[H3]/1184.1 3555.2 > M 3555.3
Miound 3554.5 Ly :
N N=P-5=sisiDmS~3'~0OH

A OH

Maaled 3555.5
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(14) MB-Le-NH-p-GGCUUGACAAGUUGUAUAUGG™

6848.077

7080284

N

T T T
4000 5000 6000

5’-phosphorylated oligonucleotide
O

Il

HO—IT‘S'_siDmS -3'—OH
OH

Meaica 6848.0

Miound 6848.08

T T T
7000 8000 000

T T T
10000 11000 12000

miz

H 0
-W T e T = B = N - =
Hagsb N—P-5"=siDms~3'-OH

|
OH
~0

Macaicd 7080.4
Mifound 7080.28

(15) Chol-C(O)-Le-NH-p-GGCUUGACAAGUUGUAUAUGG™

nanb‘»N—“h A hephomrast k A

6848300

7358.987
A —

T T
4000 5000

5’-phosphorylated oligonucleotide

HO— Ll =5'=siDmS-3'—OH
OH

Mealed 6848.0

Mifound 6848.3

T T T
6000 7000 8000

T T T
9000 10000 11000
miz

- o
L N-p-s-siDms-3-0H
NN SCN TP S=3'=
07N =5~ siDm
H OH

Maaled 7358.9
Mifound 7358.98
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%104
56
54
52

(16) Oleyl-NH-p-GGCUUGACAAGUUGUAUAUGGH

-ESI Scan (¢t 0,204-1,038 min, 205 scans) Frage135.0% 1231_3844 2 dleyl 14

5 7220000
36
2
i e
04
540 560 580 600 620 840 860 880 700 720 740 760 C;$ e Mafmcmrffmﬂ 840 860 880 900 20 840 960 980 1000 1020 1040 1080
[H13]/549.9 7161.7 — 3*23(Mnar) + 3*1(Mit) > M 7095.7 o
[H12] /597.8 7185.6 — 4*23(Mnas) + 4*1 (M) > M 7097.6 ﬁ\/i\/\NA\/\E—P -5'=5iDmS-3'~OH
[H11]/652.3 7186.3 — 4*23(Mnar) + 4*1(Mit) > M 70983 OH
[H10] / 722.0 7230.0 — 6*23(Mnar) + 6*1(Mit) > M 7098.0
[H9] / 804.5 7249.5 — 7423(Mnar) + 741(Mit) > M 7095.5
[H8] /908.2 7272.6 — 8*23(Mnar) + 8*1(Mit) > M 7097.6
[H7]/1044.4 7317.8 — 10*23(Mnes) + 10¥1(Mits) > M 7097.8
Mieound 7097.2 Mecaled 7097.6
(17) CH=C-CH>-NH-p-GGCUUGACAAGUUGUAUAUGG™
%104 |-ESI Scan (rt: 0.281-1.089 min, 162 scans) Frage135.0 1234_3855_11_alkyl_r_1d
[
5 5803000
375 s
27; s il
& 8845000
1.75.
0.75
480 500 520 540 580 580 500 &0 840 860 680 700 720 Fgﬂmm V,Y%a!,rm?&rge (mﬁf:) 820 B840 B0 880 800 20 840 960 980 1000 1020 1040 1060
[H14] / 494.0 6930.0 — 2*23(Mnas) + 2*1(Mit) > M 6886.0 " 0
o 4 3 (M i _
[H13]/533.9 6953.7 — 3*23(Mnar) + 3*1(M) > M 6887.7 N—P-5'—siDmS-3'-OH
[H12] /580.3 6975.6 — 4*23(Mnar) + 441(Mit) > M 6887.6 y |
[H11]/635.0 6996.0 — 5*23(Mna+) + 5*1(Mit) > M 6886.0 4 OH
[H10] / 700.8 7018.0 — 6*23(Mnas) + 6*1(Mit) > M 6886.0
[H9] / 783.7 7062.3 — 8*23(Mnar) + 8*1(Mi:) > M 6886.3
[H8] / 884.5 7084.0 — 9*23(Mna+) + 9*1(Mir) > M 6886.0
[H7]/1017.3 7128.1 — 1123(Mnas) + 11¥1 (M) > M 6886.1
Miound 6886.4 Malcd 6885.1
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(18) GalNAc-click-CH-NH-p-GGCUUGACAAGUUGUAUAUGG™ Chol
3 10t 6848.406 0i-
e C(O)
= Le-
1.0+ NH—/

084

7263.873
06+

044

024

LMK

T T
EOIOU TUbO BUbO QUbO 100‘00 11000 12000

T
13000
miz

5’-phosphorylated oligonucleotide OHSO':)
HO

[ D PN .

HO—P-5'=siDm8-3'—OH b g DN
NN EN-B-5-siDms-3-0H

OH on
Mealca 6848.0 Mealed 7263.7
Mifound 6848.4 Mifound 7263.87

Cholesteryl-6-aminohexylcarbamate residue; Oleyl-NH-, oleylamine residue; Pyr-CH>-NH-,
pyrenemethylamine residue; MB-Ls-NH-p-, N-(6-aminohexyl)-4-methoxybenzamide residue; NH>-
(CH2)s-NH-, 1,6-diaminohexane residue; HO-(CH2)>-NH-, 3-amino-1-propanole residue; CH=C-CH>-
NH-, propargylamine residue; Biot-, Biotin residue (see aslo Figure S2); FAM-click-CH>-NH-, FAM
residue with 1,2,3-triazole linker (see also Figure S3); GaINAc-click, GaINAc residue with 1,2,3-triazole
linker (see also Figure S3); -p-, -P(O)(OH)-; Ls -, -NH(CH2)s-; N, ribonucleotide; N™, 2'-O-
methylribonucleotide; d(N), deoxyribonucleotide.
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Table S3. 'H-NMR spectra of amino containing ligand.

(A) 'H-NMR spectrum of cholesteryl-6-aminohexylcarbamate (I). NMR spectrum was measured with CDCls as a solvent using
AVANCE II 300 NMR spectrometer. The assignment of peaks in the NMR spectrum is given in the Materials and Methods.

SpinWorks 2.5: J-1-4; CDCL3

e

PPM 72 6.8 6.4 6.0 56 52

438

44

4.0 36 32 28 24 20 16 1.2 0.8 04

file: D:Amarivinmrinibhj-1-4- Chol-C6-NH2\1\fid  expt: <zg>
transmitter freq.: 300.132101 MHz

time domain size: 32768 points

width: 5081.30 Hz = 16.930214 ppm = 0.155069 Hz/pt
number of scans: 80

freq. of O ppm: 300.130012 MHz
processed size: 65536 complex points
LB: 0000 GB:0.0000

Hzem: 92233 ppmicm: 0.30731

o}
O N NH

(B) 'H-NMR spectrum of N-Boc-protected N-Boc-(6-aminohexyl)-4-methoxybenzamide. NMR spectrum was measured with
CDClIs as a solvent using AVANCE III 400 NMR spectrometer. The assignment of peaks in the NMR spectrum is given in the

Materials and Methods.

SpinWorks 2.5: nibh-MBK-Boc, CDCI3

T T T T T 17T 7T 1T ™1
PPM 76 72 6.8 6.4 6.0

T

I
56

I
52

T 717 T 717 ™17 ™ 1T T T ™
48 44 4.0 36 32 28 24 20 16

file: D:\marivinmrKNO nmr TocBoc,MBKBoc, MBKNH2\nibh-mbk-boc\nibh-mbk-boc\1\fid  expt: <zg30> freq. of 0 ppm: 400.130018 MHz

transmitter freq.: 400.134001 MHz

time domain size: 32768 points

width: 8802.82 Hz = 21.999672 ppm = 0.268641 Hz/pt
number of scans: 56

processed size: 65536 complex points
LB: 0.000 GB:0.0000
Hz/em: 120.802 ppm/cm: 0.30190

e}
H
0 N\/\/\/\NAOX
H

-0

(C) 'H-NMR spectrum of N-(6-aminohexyl)-4-methoxybenzamide (IT). NMR spectrum was measured with CDCls as a solvent
using AVANCE III 400 NMR spectrometer. The assignment of peaks in the NMR spectrum is given in the Materials and Methods.
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SpinWorks 2.5: nibh-MBK-NH2, CDCI3 Os N NH>

L0

L A A

T — T T 17 T 1 T~ T T T T T " T T T T 1 " T T T T ] " T T T T T T T T T T
PPM 7.6 7.2 6.8 6.4 6.0 5.6 52 4.8 4.4 4.0 3.6 3.2 28 24 20 1.6 12 0.8
file: D:AmarivinmrKNO nmr TocBoe, MBKBoc MBKNH2\nibh-mbk-nh2inibh-mbk-nh2\1\fid  expt: <2g30> freq. of 0 ppm: 400.130018 MHz

transmitter freq.: 400.134001 MHz processed size: 65536 complex points
time domain size: 32768 points LB: 0000 GB:0.0000
width: 880282 Hz = 21.999672 ppm = 0.268641 Hz/pt Hzlem: 119883 ppm/cm: 029961

number of scans: 40
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WMEZE RSB

(A) (©)

Figure S4. Full-size images of electropherograms after PAGE analysis and Stains-all staining for 5'-
phosphorylated oligonucleotides and their conjugates (1-18).(A) 5'-p-dT7 (K1) and conjugates (1-9);
(B) 5'-p-sisiDmS (K2) and conjugates (10-13); (@)} 5'-p-siDmS (Ks) and conjugates (14-18). Conditions:
15% denaturating PAAG (7M urea, acrylamide/N,N'-methylene bis-acrylamide (19/1)) in TBE buffer.
Gel stained with "Stains-all". BP — bromophenol blue.
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Experimental Section S1. Automated synthesis of polymer-bound
oligonucleotides

Oligodeoxyribonucleotides,oligo(2’-O-methylribonucleotides),
oligoribonucleotides and their 5-phosphate derivatives were synthesized on an
automatic ASM-800 synthesizer at 0.4 mmol scale using solid-phase
phosphoramidite synthesis protocols optimized for the instrument, with a 3 min
coupling step for deoxy phosphoramidites (0.05 M in CHsCN), 10 min coupling
step for 2'-O-TBDMS protected and CPR phosphoramidites (0.1 M in CHsCN), 6
min coupling step for 2’-O-methyl phosphoramidites (0.05 M in CH3CN) and 5-
ethylthio-1H-tetrazole (0.25 M in CHsCN) as an activating agent. A mixture of
propionic anhydride (10%, v/v) with 2,6-lutidine (10%, v/v) in THF and N-
methylimidazole (16%, v/v) in THF were utilized as capping reagents. The
oxidizing agent was 0.02 M iodine in pyridine/water/THF (1/9/90, v/v/v).
Dichloroacetic acid (3%, v/v) in CH2Cl> was used as detritylating reagent.
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Table S4. Stability of the P-N-bond within the oligonucleotide conjugates (14-16, 18) at different pH
values.

(14) MB-Le-NH-p-GGCUUGACAAGUUGUAUAUGG™
(14) 1h 2h 4h 6h 24h (*) 1h 2h 4h 6h 24h (14) 1h 2h 4h 6h 24h (%)

pH4.5

(*) 1h 2h 4h 6h 24h 1h 2h 4h 6h 24h (14) (*) 1h 2h 4h 6h 24h (14)

o m

(14) 1h 2h 4h 6h 24h1h 2h 4h 6h 24h (*) (14) 1h 2h 4h 6h 24h (*)

. m

(15) Chol-C(O)-Le-NH-p-GGCUUGACAAGUUGUAUAUGG™
(15) 1h 2h 4h 6h 24h1h 2h 4h 6h 24h (*) (15 (*) 1h 2h 4h 6h 24h

pH 4.5

(15) 1h 2h 4h 6h 24h 1h 2h 4h 6h 24h(*) 1h 2h 4h 6h 24h (15)

- H

(*) 1h 2h 4h 6h 24h (15) 1Th 2h 4h 6h 24h (*) 1h 2h 4h 6h 24h (*) (15)

pH 6.0
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(16) Oleyl-NH-p-GGCUUGACAAGUUGUAUAUGG™

pH 4.5

(16) 1h 2h 4h 6h 24h 1h 2h 4h 6h 24h (16) (16) (*) 1h 2h 4h 6h 24h

pH5.2

(16) 1h 2h 4h 6h 24h1h 2h 4h 6h 24h(*) 1h 2h 4h 6h 24h (16)

— e b e O e
- e - e o u-.-‘.‘-

pH 6.0

(*) 1h 2h 4h 6h 24h (16) (*) (16) 1h2h 4h6h24h 1h 2h 4h 6h 24h (16) (*)

(18) GaINAc-click-CH>-NH-p-GGCUUGACAAGUUGUAUAUGG™

(18) 1h 2h 4h 6h 24h1h 2h 4h 6h24h (18) (18) 1h 2h 4h 6h 24h (*)

(*) 1h 2h 4h 6h 24h (18)

pH 4.5 “_-aa¢Uuu;w
(18) 24h 6h 4h 2h 1h (*) 24h 6h 4h 2h 1h

pH5.2

pH 6.0

(*) Th 2h 4h 6h 24h 1h 2h 4h 6h 24h(18) 1h 2h 4h 6h 24h (18)(*)

(*) - 5"-phosphorylated oligonucleotide 5'-p-siDm$ (5'-p-GGCUUGACAAGUUGUAUAUGG™). MB-
Ls-NH-p-, N-(6-aminohexyl)-4-methoxybenzamide residue; Chol-C(O)-Le-NH-, cholesteryl-6-
aminohexylcarbamate residue; Oleyl-NH-, oleylamine residue; GaINAc-click, GaINAc residue with
1,2,3-triazole linker; -p-, -P(O)(OH)-; Le -, -NH(CH2)s-; N, ribonucleotide; Nm, 2'-O-
methylribonucleotide.Conditions: 15% denaturating PAAG (7M urea, acrylamide/N,N'-methylene
bis-acrylamide (19/1)) in TBE buffer. Gel stained with ethidium bromide.



