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General. 1H NMR and 13C NMR spectra were measured at 300 MHz and 75 MHz relatively on a Varian Mercury-VX300 spectrometer. Chemical shifts are reported in parts per million (ppm) with TMS as an internal reference. FAB and ESI mass spectra were determined using ZAB-HF-3F or Finnigan LCQ Advantage mass respectively. MALDI-TOF mass spectra were recorded on a Voyager DE-RP (Applied Biosystems, CA, USA), in a positive ion linear mode with a delayed extraction. IR spectra were recorded with a PERKIN ELMER spectrophotometer. Freshly prepared sodium methoxide was used. Methyl acrylate, N,N-dimethylethylenediamine and ethylenediamine were distilled before use. All other reagents and solvents were used without further purification from commercial sources.
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{2-[Bis-(2-cyanomethoxyethyl)amino]ethoxy}acetonitrile (1): To a solution of triethanolamine (1.50 g, 10.0 mmol) in H2O (20 mL) was added 40% aqueous KOH solution (0.6 mL), then acrylonitrile (5.32 g, 100 mmol) was added. The reaction solution was stirred at 25℃ for 4 days. The reaction mixture was extracted with CH2Cl2 (3×20 mL). The combined organic layers were dried over Mg2SO4 and concentrated. Purification with flash chromatography (CH3OH/CH2Cl2 1/15) gave 1 as a yellow oil (2.10 g, 68.1%). 1H NMR (300 MHz, CDCl3): δ 3.69 (t, 6H, J = 6.0 Hz), 3.60 (t, 6H, J = 5.4 Hz), 2.83 (t, 6H, J = 5.4 Hz), 2.62 (t, 6H, J = 6.0 Hz); 13C NMR (75 MHz, CDCl3): δ 118.2, 69.9, 65.6, 54.5, 18.9; IR (cm-1): υ 2250.8; MS (FAB): Calcd. for C15H24N4O3: 309.2 (M+H)+, Found: 309.0 (M+H)+.
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3-(2-{Bis-[2-(2-methoxycarbonylethoxy)ethyl]amino}ethoxy)propionic acid methyl ester (2): To a solution of 1 (101 mg, 0.328 mmol) in MeOH (5 mL) was added dropwise concentrated sulfuric acid (1 mL). The reaction solution was refluxed at 80℃ for 6 days and then was concentrated. The reaction mixture was dissolved in H2O (20 mL) and then was extracted with CH2Cl2 (3×20 mL). The combined organic layers were dried over Mg2SO4 and concentrated. Purification with flash chromatography (CH3OH/CH2Cl2 1/15) gave 2 as a pale yellow oil (95.4 mg, 71.5%). 1H NMR (300 MHz, CDCl3): δ 3.67 (t, 6H, J = 6.6 Hz), 3.66(s, 9H), 3.48 (t, 6H, J = 6.0 Hz), 2.72 (t, 6H, J = 6.0 Hz), 2.55 (t, 6H, J = 6.6 Hz); 13C NMR (75 MHz, CDCl3): δ 171.5, 70.0, 66.8, 54.9, 52.1, 35.6; IR (cm-1): υ 1739.1; MS (FAB): Calcd. for C18H33NO9: 408.2 (M+H)+, Found: 409 (M+H)+.
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G0-NH2
G0-NH2: To a solution of 2 (167 mg, 0.411 mmol) in MeOH (1 mL) was added ethylenediamine (5 mL). The reaction solution was stirred at 25℃ for 24 hours and then the solvent was removed. The residue was washed by ether and concentrated in vacuo to gave G0-NH2 as a pale yellow oil (196 mg, 96.9%). 1H NMR (300 MHz, D2O): δ 3.69 (t, 6H, J = 5.7 Hz), 3.54 (t, 6H, J = 5.4 Hz), 3.28 (t, 6H, J = 6.3 Hz)，2.69-2.86 (m, 12H), 2.46 (t, 6H, J = 5.7 Hz); 13C NMR (75 MHz, D2O): δ 174.1, 68.4, 66.9, 53.2, 42.0, 40.2, 36.6; IR (cm-1): υ 1645.6; MS (FAB): Calcd. for C21H45N7O6: 492.3 (M+H)+, Found: 492.0 (M+H)+.

[image: image4.emf]N


O


N


H


O


N


H


O


H


N


O


O


O


N


N


N




N

O

NH

O

NH

O

HN

O O

O

N

N N


G0-NMe2
G0-NMe2: To a solution of 2 (41.8 mg, 0.103 mmol) in MeOH (1.5 mL) was added N,N’-dimethylethylenediamine (1.5 mL). The reaction solution was stirred at 50℃ for 5 days and the solvent was removed in vacuo to gave G0-NMe2 as a pale yellow oil (57.2 mg, 96.9%). 1H NMR (300 MHz, CDCl3): δ 3.69 (t, 6H, J = 6.0 Hz), 3.51 (t, 6H, J = 6.0 Hz), 3.32 (m, 6H, J = 6.0 Hz), 2.76 (t, 6H, J = 6.0 Hz), 2.43 (m, 12H, J = 6.0 Hz), 2.23 (s, 18H); 13C NMR (75 MHz, CDCl3): δ 171.4, 69.3, 67.1, 57.9, 54.4, 45.2, 37.0, 36.9; IR (cm-1): υ 1650.9; MS (ESI): Calcd. for C 27H57N7O6: 576.5 (M+H)+, Found: 576.4 (M+H)+.
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G0-NMe3+
G0-NMe3+: To a solution of G0-NMe2 (66.5 mg, 0.116 mmol) in CH2Cl2 (5 mL) was added MeI (246.2 mg, 1.73 mmol). The reaction was stirred at 25℃ for 3 days. The solvent and the excess MeI were removed in vacuo to gave G0-NMe3+ as a white solid (131.8 mg, 99.6%). 1H NMR (300 MHz, D2O): δ 3.71 (m, 6H), 3.57 (t, 6H, J = 6.0 Hz); 3.42-3.52 (m, 12H), 3.32 (t, 6H, J = 6.3 Hz), 2.95-3.05 (m, 30H), 2.38 (t, 6H, J = 6.0 Hz); 13C NMR (75 MHz, D2O): δ 174.2, 67.1, 64.8, 63.2, 54.2, 54.0, 36.2, 34.1, 27.3; IR (cm-1): υ 1657.3; MS (ESI): Calcd. for C31H69N7O6·4I: 1016.2 (M-I)+, 444.7 (M-2I)2+, 254.1 (M-3I)3+, 158.9 (M-4I)4+, Found: 1015.8 (M-I)+, 444.7 (M-2I)2+, 254.2 (M-3I)3+, 158.9 (M-4I)4+,.
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G0.5
G0.5: To a solution of G0-NH2 (154 mg, 0.276 mmol) in MeOH (7mL) was added saturated aqueous NaOMe solution as catalyst. Then methyl acrylate (0.7 mL) was added. The reaction solution was stirred at 25℃ for 5 days and then the solvent was removed. The residue was washed by ether and concentrated in vacuo to gave G0.5 as a yellow oil (301 mg, 95.2%). 1H NMR (300 MHz, CDCl3): δ 3.61-3.79 (m, 24H), 3.41-3.60 (m, 6H), 3.21-3.37 (m, 6H), 2.61-2.86 (m, 18H), 2.52 (t, 6H, J = 5.7 Hz), 2.32-2.50 (m, 18H); 13C NMR (75 MHz, CDCl3): δ 172.9，170.9，69.4，67.5, 54.7, 53.9, 53.3, 52.1, 49.7, 37.6, 33.3; IR (cm-1): υ 1733.8, 1647.2; MS (FAB): Calcd. for C45H81N7O18: 1008.6 (M+H)+, Found: 1009.0 (M+H)+.
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G1-NH2
G1-NH2: According to the same procedure described for the synthesis of G0-NH2, G1-NH2 was obtained from G0.5. 1H NMR (300 MHz, D2O): δ 3.55 (t, 6H, J = 5.7 Hz), 3.42 (t, 6H, J = 5.4 Hz), 3.02-3.24 (m, 18H), 2.41-2.75 (m, 30H), 2.47 (t, 6H, J = 6.6 Hz), 2.34 (t, 6H, J = 5.7 Hz), 2.27 (t, 12H, J = 6.9 Hz); 13C NMR (75 MHz, D2O): δ 174.5，173.3，68.6，67.1, 53.5, 51.8, 49.6, 42.2, 40.4, 37.5, 36.8, 33.5; IR (cm-1): υ 1643.0; MS (ESI): Calcd. for C51H105N19O12: 1176.8 (M+H)+, 1198.8 (M+Na)+, Found: 1176.7 (M+H)+, 1198.7 (M+Na)+.
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G1-NMe2
G1-NMe2: According to the same procedure described for the synthesis of G0-NMe2, G1-NMe2 was obtained from G0.5. 1H NMR (300 MHz, D2O): δ 3.51 (t, 6H, J = 6.0 Hz), 3.38 (t, 6H, J = 6.0 Hz), 3.10 (t, 18H, J = 6.6 Hz), 2.61 (m, 12H), 2.54 (m, 6H), 2.41 (t, 6H, J = 6.9Hz), 2.28 (t, 18H, J = 6.6 Hz), 2.20 (t, 6H, J = 6.6 Hz), 2.01 (s, 36H); 13C NMR (75 MHz, D2O): δ 174.7, 173.9, 68.2, 66.7, 56.9, 53.0, 51.3, 49.1, 44.0, 37.0, 36.2, 32.8, 31.4; IR (cm-1): υ 1647.4; MS (ESI): Calcd. for C 63H129N19O12: 1367.0 (M+Na)+, Found: 1367.0 (M+Na)+.
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G1-NMe3+
G1-NMe3+: According to the same procedure described for the synthesis of G0-NMe3+, G1-NMe3+ was obtained from G1-NMe2. 1H NMR (300 MHz, D2O): δ 3.75 (m, 6H), 3.48-3.64 (m, 36H), 3.30-3.42 (m, 24H), 2.96-3.06 (m, 66H), 2.72-2.82 (m,12H), 2.40-2.46 (m, 6H); 13C NMR (75 MHz, D2O): 174.7, 170.6, 66.9, 64.4, 64.3, 62.9, 59.8, 58.3, 53.8, 51.6, 49.2, 36.3, 33.9, 33.3, 28.9; IR (cm-1): υ 1660.5; MS (ESI): Calcd. for C73H159N19O12·10I: 794.2 (M-3I)3+, 563.9 (M-4I)4+, 425.8 (M-5I)5+, 333.6 (M-6I)6+, Found: 794.3 (M-3I)3+, 564.0 (M-4I)4+, 425.7 (M-5I)5+, 333.9 (M-6I)6+.
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G1.5
G1.5: According to the same procedure described for the synthesis of G0.5, G1.5 was obtained from G1-NH2. 1H NMR (300 MHz, CDCl3): δ 3.67-3.71 (m, 6H), 3.60-3.66 (m, 42H), 3.21-3.33 (m, 18H), 2.77-2.84 (m, 12H), 2.68-2.77 (m, 30H), 2.49-2.63 (m, 18H), 2.32-2.44 (m, 42H); 13C NMR (75 MHz, CDCl3): δ 172.3, 171.7, 68.0, 53.3, 52.6, 52.0, 50.3, 49.7, 37.7, 36.5, 34.5, 33.3; IR (cm-1): υ 1736.1, 1651.3; MS (ESI): Calcd. for C 99H177N19O36: 1105.6 (M+2H)2+, Found: 1105.5 (M+2H)2+.
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G2-NH2
G2-NH2: According to the same procedure described for the synthesis of G0-NH2, G2-NH2 was obtained from G1.5. 1H NMR (300 MHz, D2O): δ 3.59 (m, 6H), 3.45 (m, 6H), 3.05-3.25 (m, 42H), 2.55-2.75 (m, 66H), 2.42-2.55 (m, 18H), 2.18-2.41 (m, 42H); 13C NMR (75 MHz, D2O): δ 175.2, 174.9, 174.0, 68.4, 66.9, 53.2, 51.5, 50.3, 49.4, 42.9, 42.0, 40.1, 37.0, 36.4, 33.1, 33.0; IR (cm-1): υ 1642.5; MS (ESI): Calcd. for C111H225N43O24: 1273.9 (M+2H)2+, 849.6 (M+3H)3+, 637.5 (M+4H)4+, Found: 1274.1 (M+2H)2+, 849.6 (M+3H)3+, 637.5 (M+4H)4+.
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G2-NMe2
G2-NMe2: According to the same procedure described for the synthesis of G0-NMe2, G2-NMe2 was obtained from G1.5. 1H NMR (300 MHz, CDCl3): δ 3.66 (m, 6H), 3.52 (m, 6H), 3.19-3.40 (m, 42H), 2.62-2.82 (m, 42H), 2.50-2.62 (m, 18H), 2.44 (t, 24H, J = 6.0Hz), 2.29-2.40 (m, 42H), 2.24 (s, 72H); 13C NMR (75 MHz, CDCl3): δ 172.8, 172.7, 67.6, 58.5, 58.4, 52.8, 51.8, 50.6, 50.5, 50.4, 45.9, 45.7, 45.5, 37.9, 37.2, 37.0, 36.3, 34.5, 34.4, 34.2; IR (cm-1): υ 1646.3; MS (ESI): Calcd. for C135H273N43O24: 1142.1 (M+2H)2+, 961.7 (M+3H)3+, 721.6 (M+4H)4+, 577.4 (M+5H)5+, 481.4 (M+6H)6+, Found: 1141.9 (M+2H)2+, 961.8 (M+3H)3+, 721.7 (M+4H)4+, 577.5 (M+5H)5+, 481.5 (M+6H)6+.
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G2-NMe3+
G2-NMe3+: According to the same procedure described for the synthesis of G0-NMe3+, G2-NMe3+ was obtained from G2-NMe2. 1H NMR (300 MHz, D2O): δ 3.72 (m, 6H), 3.42-3.62 (m, 78H), 3.28-3.42 (m, 48H), 3.20 (m, 6H), 2.92-3.16 (m, 138H), 2.71-2.81 (m, 24H), 2.64-2.71 (m, 12H), 2.41 (m, 6H); 13C NMR (75 MHz, D2O): δ 174.6, 170.7, 67.1, 64.4, 63.1, 61.5, 60.0, 58.4, 57.1, 54.3, 53.9, 51.6, 49.9, 49.2, 36.4, 34.0, 33.4, 30.1, 29.0; IR (cm-1): υ 1662.5; MS (ESI): Calcd. for C157H339N43O24·22I: 1074.0 (M-5I)5+, Found: 1074.2 (M-5I)5+.
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G2.5
G2.5: According to the same procedure described for the synthesis of G0.5, G2.5 was obtained from G2-NH2. 1H NMR (300 MHz, CDCl3): δ 3.60-3.73 (m, 84H), 3.20-3.35 (m, 42H), 2.77-2.88 (b, 12H), 2.68-2.77 (m, 78H), 2.49-2.67 (m, 42H), 2.33-2.46 (m, 90H); 13C NMR (75 MHz, CDCl3): δ 172.7, 172.0, 68.2, 53.5, 52.8, 52.3, 52.2, 50.4, 50.0, 37.9, 34.6, 33.5, 33.4; IR (cm-1): υ 1735.9, 1647.6; MS (ESI): Calcd. for C207H369N43O72: 1538.2 (M+3H)3+ , 1153.9 (M+4H)4+, Found: 1538.7 (M+3H)3+ , 1154.2 (M+4H)4+. 
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G3-NH2
G3-NH2: According to the same procedure described for the synthesis of G0-NH2, G3-NH2 was obtained from G2.5. 1H NMR (300 MHz, D2O): δ 3.58 (m, 6H), 3.45 (m, 6H), 3.02-3.25 (m, 90H), 2.53-2.80 (m, 114H), 2.40-2.53 (m, 42H), 2.18-2.40 (m, 90H); 13C NMR (75 MHz, D2O): δ 174.6, 174.2, 68.4, 67.0, 53.5, 51.7, 50.6, 49.6, 49.4, 43.2, 42.4, 40.4, 37.4, 33.4, 33.3; IR (cm-1): υ 1645.5; MS (ESI): Calcd. for C231H465N91O49: 1331.9 (M+3H+Na)4+ , 1065.7 (M+4H+Na)5+, Found: 1331.8 (M+3H+Na)4+ , 1065.6 (M+4H+Na)5+.
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G3-NMe2
G3-NMe2: According to the same procedure described for the synthesis of G0-NMe2, G3-NMe2 was obtained from G2.5. 1H NMR (300 MHz, CDCl3): δ 3.68 (m, 6H), 3.53 (m, 6H), 3.19-3.40 (m, 90H), 2.62-2.90 (m, 90H), 2.47-2.60 (m, 42H), 2.38-2.47 (m, 48H), 2.27-2.38 (m, 90H), 2.22 (s, 144H); 13C NMR (75 MHz, CDCl3): δ 172.5, 172.3, 66.3, 58.7, 58.6, 53.0, 52.0, 50.9, 50.6, 46.1, 45.9, 38.4, 37.6, 36.6, 35.1, 34.8; IR (cm-1): υ 1647.2; MS (ESI): Calcd. for C279H561N91O48: 1490.6 (M+4H)4+, 1192.7 (M+5H)5+, 994.1 (M+6H)6+, 852.2 (M+7H)7+, Found: 1490.3 (M+4H)4+, 1192.4 (M+5H)5+, 994.0 (M+6H)6+, 852.3 (M+7H)7+.
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G3-NMe3+
G3-NMe3+: According to the same procedure described for the synthesis of G0-NMe3+, G3-NMe3+ was obtained from G3-NMe2. 1H NMR (300 MHz, D2O): δ 3.40-3.70 (m, 126H), 3.16-3.40 (m, 96H), 2.85-3.05 (m, 282H), 2.44-2.82 (m, 108H), 2.20-2.42 (m, 42H); 13C NMR (75 MHz, D2O): δ 174.4, 170.5, 64.1, 62.2, 59.8, 58.1, 53.8, 53.6, 51.3, 49.2, 49.0, 48.5, 36.4, 33.8, 33.6, 32.1, 28.8; IR (cm-1): υ 1656.0; MS (ESI): Calcd. for C325H699N91O48·46I: 913.8 (M-12I)12+, 765.1 (M-14I)14+, Found: 913.2 (M-12I)12+, 764.9 (M-14I)14+.
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G3.5
G3.5: According to the same procedure described for the synthesis of G0.5, G3.5 was obtained from G3-NH2. 1H NMR (300 MHz, CDCl3): δ 3.42-3.76 (m, 156H), 3.16-3.38 (m, 90H), 2.62-2.98 (m, 186H), 2.48-2.62 (m, 90H), 2.24-2.48 (m, 186H); 13C NMR (75 MHz, CDCl3): δ 173.1, 172.4, 68.2, 53.0, 52.5, 52.3, 51.7, 50.2, 49.8, 49.3, 37.6, 37.2, 33.9, 32.8, 32.7; IR (cm-1): υ 1733.8, 1646.1.
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G4-NH2
G4-NH2: According to the same procedure described for the synthesis of G0-NH2, G4-NH2 was obtained from G3.5. 1H NMR (300 MHz, D2O): δ 3.52-3.62 (m, 6H), 3.40-3.50 (m, 6H), 3.03-3.27 (m, 186H), 2.53-2.77 (m, 282H), 2.40-2.53 (m, 90H), 2.15-2.40 (m, 186H); 13C NMR (75 MHz, D2O): δ 175.1, 174.6, 68.2, 66.8, 53.0, 51.3, 50.1, 49.1, 44.4, 41.5, 40.4, 39.8, 36.8, 32.8, 32.7; IR (cm-1): υ 1644.2.
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G4-NMe2
G4-NMe2: According to the same procedure described for the synthesis of G0-NMe2, G4-NMe2 was obtained from G3.5. 1H NMR (300 MHz, CDCl3): δ 3.67 (m, 6H), 3.52 (m, 6H), 3.10-3.39 (m, 186H), 2.61-2.90 (m, 186H), 2.48-2.61 (m, 90H), 2.38-2.48 (m, 96H), 2.25-2.38 (m, 186H), 2.23 (s, 288H); 13C NMR (75 MHz, CDCl3): δ 172.5, 62.8, 58.7, 52.9, 51.9, 50.8, 50.6, 46.0, 45.8, 38.3, 37.5, 36.5, 34.9, 34.6, 34.3; IR (cm-1): υ 1645.5.
.
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G4-NMe3+
G4-NMe3+: According to the same procedure described for the synthesis of G0-NMe3+, G4-NMe3+ was obtained from G4-NMe2. 1H NMR (300 MHz, D2O): δ 3.45-3.65 (m, 192H), 3.30-3.45 (m, 144H), 3.20-3.28 (m, 48H), 2.98-3.20 (m, 666H), 2.70-2.90 (m, 168H), 2.55-2.70 (m, 18H), 2.30-2.48 (m, 90H);13C NMR (75 MHz, D2O): δ 174.6, 174.2, 170.5, 64.2, 59.9, 58.2, 54.2, 53.7, 51.5, 49.1, 49.0, 48.7, 36.5, 33.7, 33.3, 32.1, 28.9; IR (cm-1): υ 1652.3.
Preparation of Ca.L-11 ribozyme and 5’-labeled RNA substrate. Ca.L-11 ribozyme was synthesized and purified as previously described.1 The substrate RNA oligonucleotide GCCUCUAAAAA was synthesized by Dharmacon Research, Inc. (Lafayette, IN). The RNA oligonucleotide was labeled at the 5’-end as previously described to yield [5’-32P]-Ca/sub-11.1 
Preparation and label of precursor RNA. The precursor RNA is 608 nt containing 129 nt of 5’exon, 379 nt of intron and 100 nt of 3’ exon were labeled by in vitro transcription of the template DNA by T7 polymerase in the presence of [-32P] GTP (3000 Ci/mmol, PerkinElmer, Boston) as previously described.2
Trans-cleavage reaction catalyzed by Ca.L-11. Each reaction (10 (L) contained 20 nM Ca.L-11 ribozyme, 0.1 mM GTP, 10 mM MgCl2, 50 mM Tris-HCl (pH 8.0), 50 nM [5’-32P]-Ca/sub-11. Reactions were run at 37℃ for 2.5 min and stopped by adding an equal volume of loading buffer containing 100 mM EDTA and 8 M urea. Samples were then placed on ice until electrophoresis on a 15% polyacylamide-8 M urea gel that was then exposed to X-ray film or phosphor screens. Signals on the phosphor screens were scanned and analyzed using a variable scanner (Typhoon 9200, Amersham Pharmcia Biotech). The data were plotted using the GraphPad Prism 4.0 program.
Self-splicing reaction of precursor RNA Ca.LSU. Splicing reactions were carried out in the presence of purified precursor RNA, 10 μM GTP, 2 mM MgCl2, 400 μM spermidine, 50 mM Tris-HCl (pH 8.0) at 37℃ for 40 min. The control sample was incubated on ice for 40 min. Then the reactions were stopped by adding an equal volume of loading buffer containing 100 mM EDTA and 8 M urea. Samples were then placed on ice until electrophoresis on a 5% polyacylamide-8 M urea gel that was then exposed to X-ray film or phosphor screens. Signals were detected and analyzed as described above.
Gel retardation experiments of Ca.L-11 RNA. Ca.L-11 RNA were synthesized by in vitro transcription and purified as described above. Each complex (5 (L) contained 25 ng Ca.L-11 RNA and the indicated amounts of dendrimers was kept at 37℃ for 10 min before loading on a 1% agarose gel for electrophoresis. The RNA bands were stained by ethidium bromide and then detected by a Kodak 290 digital camera.
Gel retardation experiments of DNA. DNA template of the Ca.L-11 ribozyme was synthesized by PCR amplifacation, followed by a purification process including phenol/chloroform extraction and ethanol precipitation. Each complex (5 (L) contained 25 ng DNA and the indicated amounts of dendrimers was kept at 37℃ for 10 min before loading on a 1% agarose gel for electrophoresis. The DNA bands were stained by ethidium bromide and then detected by a Kodark 290 digital camera.
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