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I.  General remarks
Thin layer chromatography  (TLC) was carried out on silica gel coated plates (60F254, Merck), and Merck silica gel 60 (mesh 230–400) was used for column chromatography. 

Anion-exchange HPLC was performed with a Waters chromatograph equipped with a 996 spectral diode array detector using a Source column (15Q 4.6/100 PE, GE Healthcare). The column was eluted with a linear gradient 50-650 mM NaBr in a 20 mM Na2HPO4-NaH2PO4 buffer solution (pH 7.5) containing 50 μM EDTA and 10% ACN at a constant flow rate of 1 mL/min. Reversed-phase  HPLC was performed with a Shimadzu Prominence HPLC system equipped with a SPD-M20A  spectral photodiode array detector using a Reprospher column (RP, 100 Å, C18, 5 μm, 250 x 4.6 mm, Dr. Maisch). Analysis of the nucleoside composition after enzymatic digestion was performed on column eluted with a linear gradient of buffer A (10 mM KH2PO4, pH 5.3) and buffer B (20% MeOH in 10 mM KH2PO4, pH 5.1) at a constant flow rate of 0.75 mL/min. 

NMR spectra were recorded on a Bruker Avance DPX 250 spectrometer at 250 MHz (for 1H and 31P), or a Bruker Avance II Plus 700 spectrometer at 700 MHz (for 1H) and 176 MHz (for 13C).  Chemical shifts (δ) are reported in ppm relative to TMS (an internal standard) for 1H, 13C and 31P. The signal multiplicities are described as s (singlet), d (doublet), dd (doublet of doublets), t (triplet), q (quartet), m (multiplet), and bs (broad singlet). Coupling constants (J) are reported in hertz.

High-resolution mass spectrometry (HRMS) measurements were performed using Synapt G2Si mass spectrometer (Waters) equipped with an ESI source and quadrupole-Time-of-flight mass analyzer. The measurement was performed in negative ion mode with capillary voltage set to 2.7 kV and sampling cone to 20 V. The source temperature was 110 °C. To ensure accurate mass measurements, data were collected in centroid mode and mass was corrected during acquisition using leucine enkephalin solution as an external reference (Lock-SprayTM), which generated reference ion at m/z 554.2614 Da ([M+H]-) in negative ESI mode. The results of the measurements were processed using the MassLynx 4.1 software (Waters). Electrospray mass spectrometry measurements were performed using Synapt G2-Si mass spectrometer (Waters) equipped with quadrupole-Time-of-flight mass analyser. The mass spectrometer was operated in the negative ion detection mode. The results of the measurements were processed using the MassLynx 4.1 software (Waters) incorporated with the instrument. 

The amount of OD260 was checked using UV absorbance measurements on spectrophotometer SPECORD 50 PLUS.
All solid compounds were dried under high vacuum prior to use.

II. Synthesis of 5-methylaminomethyl-2-selenouridine phosphoramidite (mnm5Se2U- phosphoramidite, 14)

5’-O-(4,4’-Dimethoxytrityl)-5-(N-trifluoroacetyl)methylaminomethyl-2-selenouridine (9). Selenium (554 mg, 7.0 mmol, 10 equiv) was suspended in anhydrous ethanol (5 ml) at 0°C and then sodium borohydride (NaBH4, 398 mg, 10.5 mmol, 15 equiv) was added. The reaction was stirred for 2 h at 0°C to get the clear solution of ethanolic NaSeH. Then S-methyl-2-thiouridine 8 (503 mg, 0.7 mmol, 1 equiv) was added and the mixture was stirred for 2 h at room temperature. The reaction mixture was then evaporated under reduced pressure. The solid residue was dissolved in the mixture of ethyl acetate – water (10 ml, 1:1, v/v). The organic phase was separated and water was extracted several times with ethyl acetate (4 x 5 ml). Organic layers were combined, dried over anhydrous MgSO4 and evaporated under reduced pressure. The residue was purified by flash column chromatography using argon overpressure. Pure selenouridine 9 was obtained in 82 % yield (431 mg). TLC (CHCl3:MeOH, 95:5, v/v) Rf =0.42; 1H NMR (250 MHz, CDCl3) δ (ppm): 3.20 (s, 3H, NCH3), 3.50 (dd, 1H, 2J=11.2 Hz, 3J=3.5 Hz, H5”), 3.56 (d, 1H, 2J= 13.3 Hz, H-5,1), 3.60 (dd, 1H, 2J=11.2 Hz, 3J=1.4 Hz, H5’), 3.67 (d, 1H, 2J= 13.3 Hz, H-5,1), 3.78 (s, 6H, 2xOCH3), 4.21-4.25 (m, 1H, H4’), 4.26-4.31 (m, 1H, H3’), 4.45-4.48 (m, 1H, H2’), 6.46 (bs, 1H, H1’), 6.81-6.85 (m, 4H, HAr), 7.21-7.45 (m, 9H, HAr), 8.17 (s, 1H, H6); 13C NMR (176 MHz, CDCl3) δ (ppm): 36.21 (NCH3); 46.46 (CH2N), 54.36 (2xOCH3), 61.28 (C5’), 68.75 (C3’), 75.33 (C2’), 83.60 (C4’), 86.05 (CPh3), 95.89 (C1’), 112.47 (CAr), 113.82 (C5), 115.17 (q, 1J= 287.76 Hz, CF3), 126.17 (CAr), 127.15 (CAr), 127.37 (CAr), 127.48 (CAr), 129.44 (CAr), 134.49 (CAr), 134.1 8(CAr), 140.53 (C6), 143.77 (CAr), 156.21 (q, 2J= 36.26 Hz, COCF3), 157.84 (CAr), 158.43 (C4), 174.31 (C2). HRMS (ESI) calcd. for C34H33F3N3O8Se [M-H]+ 748.1385, found 748.1371. (Figures S1-S3).
3'- and 2'-O-tert-butyldimethylsilyl-5'-O-(4,4'-dimethoxytrityl)-5-(N-trifluoroacetyl)methylamino methyl-2-selenouridine (10, 11). To the solution of 5'-O-DMTr-2-selenouridine 9 (431 mg, 0.58 mmol, 1 equiv) in anhydrous pyridine (8.5 ml) imidazole (157 mg, 2.32 mmol, 4 equiv) and tert-butyldimethylsilyl chloride (209 mg, 1.39 mmol, 2.4 equiv) were added. The reaction was stirred for 24 h at room temperature and monitored by TLC (2 % methanol in dichloromethane). The residue was partitioned between chloroform (5 ml) and water (2 ml). The organic phase was separated and water was extracted with chloroform (3 x 2 ml). Organic layers were combined, dried over anhydrous MgSO4 and evaporated under reduced pressure. The traces of pyridine were removed by co-evaporation with anhydrous toluene. Two regiomers 10, 11 were purified by flash column chromatography (2 % acetone in DCM) without separation using argon overpressure in 62 % yield (310 mg). The mixture of 10, 11 obtained in a ratio 1:1 was moved to the next step without separation. TLC (CH2Cl2:MeOH, 98:2, v/v) Rf =0.3; 1H NMR (700 MHz, CDCl3) δ (ppm): -0.11 (s, 1.5H, -SiCH3), 0.01 (s, 1.5H, -SiCH3), 0.12 (s, 1.5H, -SiCH3), 0.14 (s, 1.5H, -SiCH3), 0.80 (s, 5H, -SiC(CH3)3),  0.92 (s, 4H, -SiC(CH3)3),3.22 (s, 3H, NCH3), 3.40 (2xdd, 1H, 2J=11.2 Hz, 3J=3.5 Hz, H5”), 3.51-3.59 (2xdd, 2H, 2J= 13.3 Hz, H-5,1), 3.73 (dd, 1H, 2J=11.2 Hz, 3J=1.4 Hz, H5’), 3.78 (s, 6H, 2xOCH3), 4.12-4.15 (m, 1H, H4’), 4.18-4.20 (m, 0.6H, H2’), 4.21-4.24 (m, 1H, H3’), 4.44-4.46 (m, 0.4H, H2’), 6.76 (d, 0.5H, H1’), 6.81-6.84 (m, 4H, HAr), 6.94 (d, 0.5H, H1’), 7.21-7.47 (m, 9H, HAr), 8.03 (s, 1H, H6). (Figures S4) 
2'-O-tert-butyldimethylsilyl-5'-O-(4,4'-dimethoxytrityl)-5-(N-trifluoroacetyl)methylaminomethyl-2-(β-cyanoethyl) selenouridine (12). The mixture of 2'- and 3'-TBDMS 2-selenouridines 10 and 11 (310 mg, 0.36 mmol, 1 equiv) was dissolved in anhydrous methylene chloride (5 ml). The solution was cooled to 0 ⁰C and then diisopropylethylamine (235 µl, 1.35 mmol, 3.75 equiv) and β-cyanoethyl iodide (235 µl, 1.35 mmol, 3.75 equiv) were added. After 15 minutes the ice bath was removed and the reaction was continued at room temperature. The reaction was monitored by TLC (5 % acetone in dichloromethane) and completed after 22 h. The solvent was evaporated under reduced pressure and the residue was dissolved in the mixture of ethyl acetate – water (30 ml, 2:1, v/v). The water phase was separated and extracted with ethyl acetate (20 ml). The organic layers were combined, dried over anhydrous MgSO4 and evaporated under reduced pressure. Se-alkylated regiomers 2’-TBDMS (12) and 3’-TBDMS (13) were separated by flash column chromatography (7 % acetone in DCM) using argon overpressure. 2'-O-tert-butyldimethylsilyl-5'-O-(4,4'-dimethoxytrityl-5-(N-trifluoroacetyl)methylaminomethyl-2-β-cyanoethylselenouridine 12 was obtained in in 48% (156 mg) while 3’-TBDMS analogue in 32 % yield (104 mg). Data for 2’-TBDS isomer 12: TLC (dichloromethane: acetone, 95:5, v/v) Rf =0.5; 1H NMR (700 MHz, CDCl3) δ (ppm): 0.03 (s, 3H, -SiCH3), 0.04 (s, 3H, -SiCH3), 0.89 (s, 9H, -SiC(CH3)3), 2.99–3.07 (m, 2H,  SeCH2-), 3.25-3.27 (dd, 1H, 2J=10.1 Hz, 3J=2.9 Hz, H5”), 3.34 (s, 3H, NCH3), 3.39-3.50 (m, 2H, -CH2CN), 3.59 - 3.61 (dd, 1H, 2J=10.1 Hz, 3J=2.8 Hz, H5’), 3.78 (s, 6H, 2xOCH3), 3.85 - 3.93 (dd, 2H, H-5,1),  4.11-4.12 (m, 1H, H3’), 4.24-4.25 (m, 1H, H4’), 4.46-4.48 (m, 1H, H2’), 5.56 (d, 1H, 3J=7.1 Hz, H1’), 6.83-6.85 (m, 4H, HAr), 7.21-7.43 (m, 9H, HAr), 8.10 (s, 1H, H6). 13C NMR (176 MHz, CDCl3) δ (ppm): ): -5,43 (SiCH3), -5,02 (SiCH3), 17,91 (SiC), 18,71 (SeCH2), 24,03 (CH2CN), 25,65 (-SiC(CH3)3), 37,53 (NCH3), 48,37 (CH2N), 55,18 (2xOCH3), 63,72 (C5’), 71,31 (C3’), 76,35 (C2’), 85,25 (C4’), 87,20 (CPh3), 92,41 (C1’), 113,31 (CAr), 113,31 (CAr), 115,42-118,71 (m, CF3), 116.82 (C5), 118.49 (CN), 127,10 (CAr), 128,06 (CAr), 129,97 (CAr), 135,39 (CAr), 140,03 (C6), 144,40 (CAr), 156,89 (q, 2JC-F= 36,26 Hz, COCF3), 158.41 (CAr), 158,71 (C2), 167,35 (C4). HRMS (ESI) calcd. for C43H52F3N4O8SeSi [M+H]+ 917,2672, found 917,2697. (Figures S5-S8).
2'-O-tert-butyldimethylsilyl-5'-O-(4,4'-dimethoxytrityl)-5-(N-trifluoroacetyl)methylaminomethyl-2-(β-cyanoethyl)selenouridine phosphoramidite (14). Protected selenouridine 12 (115 mg, 0.126 mmol, 1 equiv) was dissolved in anhydrous dichloromethane (997 µl) and then diisopropylethylamine (87.3 µl, 0,.5 mmol, 4 equiv) and 2-cyanoethyl N,N-diisopropylchlorophosphoramidite (55.8 µl, 0.251 mmol, 2 equiv) were added. The reaction was stirred for 2 h at room temperature under an inert gas atmosphere and monitored by TLC (benzene: dichloromethane: triethylamine, 7/2/1, v/v/v). The reaction mixture was diluted with dichloromethane (10 ml) and washed with water (5 ml). The organic layer was separated and dried with anhydrous MgSO4. After filtration, the organic solvent was evaporated in vacuo and solid residue was purified by flash column chromatography (ethyl acetate: petroleum ether, 1:1, v/v) using argon overpressure. Compound 14 was obtained in 72 % yield (100 mg). TLC (benzene: dichloromethane: triethylamine, 7/2/1, v/v/v) Rf =0.7; 1H NMR (700 MHz, CDCl3) δ (ppm): -0.07-0.09 (m, 6H, -SiCH3), 0.83-0.87 (m, 9H, -SiC(CH3)3), 0.98-1.25 (m, 14 H, N(CH(CH3)2)2), 2.66-2.73 (m, 2H, OCH2-CH2CN), 2.99-23.04 (m, 2H, SeCH2-CH2CN), 3.22-3.27 (m, 1H, H5”), 3.35 (s, 3H, NCH3), 3.40-3.46 (m, 2H, OCH2-CH2CN), 3.49-3.52 (m, 1H, H5'), 3.54-3.60 (m, 2H, SeCH2-CH2CN), 3.78 (s, 6H, 2xOCH3), 3.91-3.92 (m, 2H, H-5,1); 3.96-4.23 (m, 2 H, H4’, H3’), 4.42-4.46 (m, 1H, H2'), 5.58-5.69 (m, 1H, 3J=7.5,  H1'), 6.82-7.45 (m, 13H, HAr), 8.13 (s, 1H, H6). 31P NMR (250 MHz, CDCl3) δ (ppm): 148,91, 152,63. HRMS (ESI) calcd. for C52H69F3N6O9PSeSi [M+H]+ 1117,3750, found 1117,3777. (Figures S9-S11).
III. 1H and 13C NMR spectra of mnm5Se2U-phosphoramidite 14 and all intermediate compounds 
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Figure S1. 1H NMR (250 MHz, CDCl3) of 5’-O-(4,4’-dimethoxytrityl)-5-(N-trifluoroacetyl)methylaminomethyl-2-selenouridine (9).
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Figure S2. 13C NMR (176 MHz, CDCl3) of 5’-O-(4,4’-dimethoxytrityl)-5-(N-trifluoroacetyl)methylaminomethyl-2-selenouridine (9).
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 Figure S3. HRMS (ESI) of  5’-O-(4,4’-dimethoxytrityl)-5-(N-trifluoroacetyl)methylaminomethyl-2-selenouridine (9).
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Figure S4. 1H NMR (700 MHz, CDCl3) of 3'- and 2'-O-tert-butyldimethylsilyl-5'-O-(4,4'-dimethoxytrityl)-5-(N-trifluoroacetyl)methylaminomethyl-2-selenouridine (10, 11).
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Figure S5. 1H NMR (700 MHz, CDCl3) of 2'-O-tert-butyldimethylsilyl-5'-O-(4,4'-dimethoxytrityl)-5-(N-trifluoroacetyl)methylaminomethyl-2-(β-cyanoethyl)selenouridine (12).
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Figure S6. 13C NMR (176 MHz, CDCl3) of 2'-O-tert-butyldimethylsilyl-5'-O-(4,4'-dimethoxytrityl)-5-(N-trifluoroacetyl)methylaminomethyl-2-(β-cyanoethyl)selenouridine (12).
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Figure S7.  COSY (CDCl3) of 2'-O-tert-butyldimethylsilyl-5'-O-(4,4'-dimethoxytrityl)-5-(N-trifluoroacetyl)methylaminomethyl-2-(β-cyanoethyl)selenouridine (12).
[image: image8.png]Single Mass Analysis

Tolerance =5.0 PPM / DBE: min =-1.5 max = 80.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 9

Monoisotopic Mass, Even Electron lons

422 formula(e) evaluated with 3 results within limits (all results (up to 1000) for each mass)

Elements Used:

C:0-80 H:0-90 N:0-4 0O:0-10 F:3-3 Si:1-1 Se:1-1

201218_GL_OB_13_2_P_A 28 (0.303) Cm (28:59-2:11) TOF MS ES+
2.04e+007

10 917.2697

915.2705 918.2715
919.2709
9202732 921.2769

%

9132706 9140722 | 916.2723

008.2485 9092476 94 5666 ‘ |7 923.2889 9257808 904948
B B e B B B e R LSS
908.0 910.0 912.0 914.0 916.0 918.0 920.0 922.0 924.0 926.0
Minimum: -1.5
Maximum: 5.0 5.0 80.0
Mass Calc. Mass mDa PPM DBE i-FIT Norm Conf (%) Formula
917.2697 917.2672 2.5 2.7 20.5 2737.5 0.025 97.56 C43 H52 N4 08 F3 si Se
917.2712 -1.5 -1.6 24.5 2741.2 3.777 2.2 C48 H52 N2 0O€ F3 Si Se
917.2653 4.4 4.8 33.5 2744.0 6.525 0.15 C55 H48 N2 O F3 Si Se




Figure S8.  HRMS (ESI) of 2'-O-tert-butyldimethylsilyl-5'-O-(4,4'-dimethoxytrityl)-5-(N-trifluoroacetyl)methylaminomethyl-2-(β-cyanoethyl)selenouridine (12).
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Figure S9. 1H NMR (700 MHz, CDCl3) of 2'-O-tert-butyldimethylsilyl-5'-O-(4,4'-dimethoxytrityl)-5-(N-trifluoroacetyl)methylaminomethyl-2-(β-cyanoethyl)selenouridine phosphoramidite (14).  
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Figure S10. 31P NMR (250 MHz, CDCl3) of 2'-O-tert-butyldimethylsilyl-5'-O-(4,4'-dimethoxytrityl-5-(N-trifluoroacetyl)methylaminomethyl-2-(β-cyanoethyl)selenouridine phosphoramidite (14).  
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Figure S11. HRMS (ESI) of 2'-O-tert-butyldimethylsilyl-5'-O-(4,4'-dimethoxytrityl)-5-(N-trifluoroacetyl)methylaminomethyl-2-(β-cyanoethyl)selenouridine phosphoramidite (14). 
IV. HPLC purification and MS analysis of mnm5Se2U-RNA oligomer; RP HPLC of nucleotides mixture after enzymatic digestion of mnm5Se2U-RNA
mnm5Se2U-modified RNA oligomer 17 was purified using ion exchange HPLC equipped with the Source 15Q 4.6/100 PE S16 column (Figure S12). The elution was performed with a linear gradient 50-650 mM NaBr in a 20 mM Na2HPO4-NaH2PO4 buffer solution (pH 7.5) containing 50 μM EDTA and 10% acetonitrile, at a constant flow rate of 1 mL/min. Fractions containing RNA was desalted on a Sep-Pak®. mnm5Se2U-RNA (17) was analysed by ESI mass spectrometry (mnm5Se2U-RNA: m/z calcd 5436.6, found 5436.65) (Figure S13) and characterized by enzymatic digestion analysis (Figure S14).
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Figure S12. IE-HPLC of oligonucleotide mnm5Se2U-RNA (17).
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Figure S13. ESI MS spectrum of oligonucleotide mnm5Se2U-RNA (17); calculated monoisotopic mass is 5436.6; measured m/z is 5436.65.

V. Enzymatic digestion of mnm5Se2U-RNA

mnm5Se2U-RNA oligomer 17 (0.25 OD260) was hydrolyzed with nuclease P1 and alkaline phosphatase in a 20 mM TEAxHCl (pH 7) [Gehrke CW, Kuo KC. J Chromatogr 1989, 471, 3–36. Gehrke CW, Kuo KC, McCune RA, Gerhardt KO. J Chromatogr B Biomed Sci Appl. 1982, 230, 297–308]. The resulting nucleoside mixture was analyzed by RP-HPLC (Reprospher 100 C18, 5 μm, 250 x 4.6 mm) at a constant flow rate of 0.75 mL/min. Elution was performed with a linear gradient of buffer A (10 mM KH2PO4, pH 5.3) and buffer B (20% MeOH in 10 mM KH2PO4, pH 5.1). The peaks were compared with reference sample of modified unit in separate control experiments indicating the presence of mnm5Se2U with a retention time of 20.4 min.
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Figure S14. RNA enzymatic digestion of mnm5Se2U-containing oligonucleotide.
VI. Melting profiles and thermodynamic data for U*- and mnm5U*-modified RNA-RNA duplexes
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Figure S15. Melting profiles of RNA duplexes containing  A) U, B) S2U, C) Se2U with G or A complement at pH 7.4, pH 7.0 and pH 6.4.
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Figure S16. Melting profiles of RNA duplexes containing  A) mnm5U, B) mnm5S2U, C) mnm5Se2U with G or A complement at pH 7.4, pH 7.0 and pH 6.4.

	
	
	

	

	
	


Figure S17.  UV-melting curves of A) all RNA duplexes complemented with A at pH 7.4; B) RNA duplexes containing U*-A pairs at pH 7.4;

C) RNA duplexes containing mnm5U*-A pairs at pH 7.4

	
	
	

	

	
	


Figure S18. UV-melting curves of A) all RNA duplexes complemented with G at pH 7.4; B) RNA duplexes containing U*-G pairs at pH 7.4;

C) RNA duplexes containing mnm5U*-G pairs at pH 7.4
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