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Figure S14: An example of the calculation considering the extinction co-efficients for 
heptamer7b 
 

The picture below shows the percentage cleavage of all products separated by both RP-
Hplc and SMART™ RP-Hplc analysis and subsequent indentification of the components 
by Maldi Tof mass spectral analysis for the heptamer 7b (after 1 h alkaline degradation at 
20ºC). 
 

1.4% 1.3% 3.0% 2.7%
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0.6%

 
 
Now, the molar extinction coefficient, ε, for the heptamer 7b is 68.5 x 103  L/(mole·cm). 
 
(1) Molar extinction coefficient, ε, for 5′-ACGAAC-3′ is 62.9 x 103  L/(mole·cm). 
Therefore the value 1.4% is corrected by the multiplication factor of ε(7mer)/ ε(6mer) 
=1.089. The corrected value for the % cleavage at CP1A is 1.5% instead of 1.4%.  
 
(2) Molar extinction coefficient, ε, for 5′-CGAAC-3′ is 49.1 x 103  L/(mole·cm). 
Therefore the value 1.3% is corrected by the multiplication factor of ε(7mer)/ ε(5mer) 
=1.395. The corrected value for the % cleavage at AP2C is 1.8% instead of 1.3%.  
 
(3) Molar extinction coefficient, ε, for 5′-GAAC-3′ is 42.8 x 103  L/(mole·cm). 
Therefore the value 3.0% is corrected by the multiplication factor of ε(7mer)/ ε(4mer) 
=1.600. The corrected value for the % cleavage at CP3G is 4.8% instead of 3.0%.  
 
(4) Molar extinction coefficient, ε, for 5'-CACG(2'/3'-P)/2', 3'-cMP is 37.2 x 103  L/(mole·cm). 
Therefore the value 2.7% is corrected by the multiplication factor of ε(7mer)/ ε(5mer) 
=1.841. The corrected value for the % cleavage at GP4A is 5.0% instead of 2.7%.  
 
(5) Molar extinction coefficient, ε, for 5'-CACGA(2'/3'-P)/2', 3'-cMP is 50.9 x 103  
L/(mole·cm). Therefore the value 1.3% is corrected by the multiplication factor of ε(7mer)/ 
ε(5mer) =1.346. The corrected value for the % cleavage at AP5A is 0.8% instead of 0.6%.  
 
Hence the final percentage cleavage for the heptamer 7b is as follows, which is used in 
Figure 4 in the text: 
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Table S9(A): 
RNA Sequence: 5′-r(CAAGAAC)-3′  
Maldi Tof (Negative ion mode) mass analysis of the degradation products (separated by 
RP-Hplc analysis) after 1h alkali digestion [Condition: pH 12.5 (0.03N aqueous NaOH) / 
20○C, followed by neutralization at pH 7 (see experimentals) ]. For Hplc separation 
profile, see Fig S12(a2), Fig S12(a2i)-(a2j). For mass spectrum, see Fig S13(a1)-(a8). 
 

Mass (m/z) RP-Hplc 
Retention 
Time (RT 
in min)# 

SMART™ 
RP-Hplc 
Retention 
Time (RT 
in min)* 

 
Observed 

 
Expected 

 
Nucleotide fragment 

(5′→3′) 
 

 
21.52 

 
23.86 

 
 

25.44 
 
 

26.21¥ 
 
 

27.10 
 

 
 
 

34.74 
34.07 

 
27.93 
27.12 

 
 
 
 
 
 

 
962.2 

 
1245.3 
1307.3 

 
15.74.4 
1636.3 

 
900.2 

2208.3 
 

1903.3 

 
963.2 

 
1246.2 
1308.2 

 
1575.3 
1637.3 

 
901.2 
2209.4 

 
1904.3 

 
HO-CAA2′/3′-P-OH 

 
HO-GAAC-OH 

HO-CAAG(2’, 3’-cMP) 
 

HO-AGAAC-OH 
HO-CAAGA(2′, 3′-cMP) 

 
HO-AAC-OH 

Heptamer 
 

HO-AAGAAC-OH 
 

 
# RP-Hplc retention times shown represent the first round of Hplc separation, which 
although showed single peak at times but they were in fact a mixture of constituent 
oligonucleotides as a result of co-elution as evident by Maldi Tof mass spectrometry.  
 
*SMARTTM RP-Hplc retention times shown represent the separation of the constituent 
oligonucleotides which did not separate by the first round of RP-Hplc sepration. 
 
¥Smaller molecular weight species was found to form from the larger molecular weight 
species, which was proven by the fact that when the strength of the laser energy was 
reduced in the Maldi Tof spectrometry, the daughter ion disappeared. 
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Table S9(B): 
RNA Sequence: 5′-r(CAAGCAC)-3′  
Maldi Tof (Negative ion mode) mass analysis of the degradation products (separated by 
Hplc analysis) after 1h alkali digestion [Condition: pH 12.5 (0.03N aqueous NaOH) / 
20○C, followed by neutralization at pH 7 (see experimentals) ]. For Hplc separation 
profile, see Fig S12(b2) and Fig S12(b2i)-(b2j). For Mass spectrum, see Fig S13(b1)-
(b10). 
 

Mass (m/z) RP-Hplc 
Retention 
Time (RT 
in min)# 

SMART™ 
RP-Hplc 
Retention 
Time (RT 
in min)* 

 
Observed 

 
Expected 

 
Nucleotide fragment 

(5′→3′) 
 

 
19.87 

 
21.04 

 
 

21.77 
 

22.76 
 

24.05 
 
 

25.27 
 

~25.50 
 
 

27.31 
 

 
 
 

22.16 
20.68 

 
 
 
 
 

29.33 
30.12 

 
 
 
 
 
 
 

 

 
876.1 

 
980.1 

1221.3 
 

962.1 
 

1325.3 
 

1307.3 
1612.4 

 
2184.7 

 
1550.4 
2184.6 

 
1879.5 

 

 
877.2 

 
981.2 
1222.2 

 
963.2 

 
1326.2 

 
1308.2 
1613.2 

 
2185.4 

 
1551.3 
2185.4 

 
1880.3 

 

 
HO-CAC-OH  

 
OH-CAA2′/3′-P-OH 

OH-GCAC-OH 
 

HO-CAA(2′, 3′-cMP) 

 
HO-CAAG2′/3′-P-OH 

 
HO-CAAG(2′, 3′-cMP) 

HO-CAAGC(2′, 3′-cMP) 
 

Heptamer 
 

OH-AGCAC-OH 
Heptamer 

 
HO-AAGCAC-OH 

 

 
# RP-Hplc retention times shown represent the first round of Hplc separation, which  
although showed single peak at times but they were in fact a mixture of constituent 
oligonucleotides as a result of co-elution as evident by Maldi Tof mass spectrometry.  
 
*SMARTTM RP-Hplc retention times shown represent the separation of the constituent 
oligonucleotides which did not separate by the first round of RP-Hplc sepration. 
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Table S9(C): 
RNA Sequence: 5′-r(CACGAAC)-3′  
Maldi Tof (Negative ion mode) mass analysis of the degradation products (separated by 
Hplc analysis) after 1h alkali digestion [Condition: pH 12.5 (0.03N aqueous NaOH) / 
20○C, followed by neutralization at pH 7 (see experimentals) ]. For Hplc separation 
profile, see Fig S12(c2) and Fig S13(c2i)-(c2j). For Mass spectrum, see Fig S13(c1)-(c8). 
 

Mass (m/z) RP-Hplc 
Retention 
Time (RT 
in min)# 

SMART™ 
RP-Hplc 
Retention 

Time (RT in 
min)* 

 
Observed 

 
Expected 

 
Nucleotide fragment 

(5′→3′) 
 

 
23.18 

 
24.97 

 
 

26.50 
 
 

27.36¥ 
 
 

28.06 
 

 
 
 

31.48 
30.27 

 
31.49 
30.97 

 
 

 
1550.2 

 
1245.1 
1283.1 

 
1879.2 
1612.2 

 
900.0 
2184.2 

 
1879.1 

 

 
1551.3 

 
1246.2 
1284.2 

 
1880.3 
1613.2 

 
901.2 
2185.4 

 
1880.3 

 

 
HO-CGAAC-OH 

 
HO-GAAC-OH 

HO-CACG(2′, 3′-cMP) 
 

HO-ACGAAC-OH 
      HO-CACGA(2′, 3′-cMP) 

 
HO-AAC-OH 

Heptamer 
 

HO-ACGAAC-OH 
 

 
# RP-Hplc retention times shown represent the first round of Hplc separation, which  
although showed single peak at times but they were in fact a mixture of constituent 
oligonucleotides as a result of co-elution as evident by Maldi Tof mass spectrometry.  
 
*SMARTTM RP-Hplc retention times shown represent the separation of the constituent 
oligonucleotides which did not separate by the first round of RP-Hplc sepration. 
 
¥Smaller molecular weight species was found to form from the larger molecular weight 
species, which was proven by the fact that when the strength of the laser energy was 
reduced in the Maldi Tof spectrometry, the daughter ion disappeared. 
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Table S9 (D): 
RNA Sequence: 5′-r(CACGCAC)-3′  
Maldi Tof (Negative ion mode) mass analysis of the degradation products (separated by 
Hplc analysis) after 1h alkali digestion [Condition: pH 12.5 (0.03N aqueous NaOH) / 
20○C, followed by neutralization at pH 7 (see experimentals) ]. For Hplc separation 
profile, see Fig S12(d2) and Fig S13(d2i)-(d2l). For Mass spectrum, see Fig S13(d1)-
(d12). 
 

Mass (m/z) RP-Hplc 
Retention 
Time (RT 
in min)# 

SMARTTM 
RP-Hplc 
Retention 

Time (RT in 
min)* 

 
Observed 

 
Expected 

 
Nucleotide fragment 

(5′→3′) 
 

 
19.98 

 
 

21.23 
 
 

24.14 
 
 
 

25.39 
 
 

 
18.10 
18.55 

 
20.58 
21.15 

 
21.79 
23.04 
26.20 

 
14.11 
14.75 

 

 
876.2 
938.0 

 
1221.2 
1526.1 

 
1283.2 
1588.2 
2160.2 

 
1855.1 
2160.1 

 

 
877.2 
939.1 

 
1222.2 
1527.3 

 
1284.2 
1589.2 
2161.4 

 
1856.3 
2161.4 

 

 
HO-CAC-OH 

OH-CAC(2′, 3′-cM.P) 
 

OH-GCAC-OH 
OH-CGCAC-OH 

 
HO-CACG(2′, 3′-cMP) 

HO-CACGC(2′, 3′-cMP) 
Heptamer 

 
HO-ACGCAC-OH 

Heptamer 
 

 
# RP-Hplc retention times shown represent the first round of Hplc separation, which  
although showed single peak at times but they were in fact a mixture of constituent 
oligonucleotides as a result of co-elution as evident by Maldi Tof mass spectrometry.  
 
*SMARTTM RP-Hplc retention times shown represent the separation of the constituent 
oligonucleotides which did not separate by the first round of RP-Hplc sepration. 
 
 
 
 
 
 
 
 
 



 S7

Table S9(E):  
RNA Sequence: 5′-r(CAAGMeAAC)-3′  
Maldi Tof (Negative ion mode) mass analysis of the degradation products (separated by 
RP-Hplc analysis) after 1h alkali digestion [Condition: pH 12.5 (0.03N aqueous NaOH) / 
20○C, followed by neutralization at pH 7 (see experimentals) ]. For Hplc separation 
profile, see Fig S12(e2), Fig S12(e2i)-(e2j). For mass spectrum, see Fig S12(e1)-(e11). 
 

Mass (m/z) RP-Hplc 
Retention 
Time (RT 
in min)# 

SMART™ 
RP-Hplc 
Retention 

Time (RT in 
min)* 

 
Observed 

 
Expected 

 
Nucleotide fragment 

(5′→3′) 
 

 
20.39, 20.47 

 
21.36 

 
22.89 

 
23.37 

 
25.50 

 
 

25.70 
 
 

26.16 
 

26.91 
 

28.45 

 
 
 
 
 
 
 
 
 

29.41 
30.08 

 
27.71 
29.24 

 
 
 
 
 
 

 
980.1 

 
962.1 

 
1339.2 

 
1321.2 

 
1668.2 
1997.2 

 
1259.2 
1650.2 

 
2222.2 

 
1588.2 

 
1917.2 

 
981.2 

 
963.1 

 
1340.2 

 
1322.2 

 
1669.3 
1998.3 

 
1260.2 
1651.2 

 
2223.4 

 
1589.3 

 
1918.3 

 
HO-CAA2′/3′-P-OH 

 
HO-CAA2′, 3′-cMP 

 
HO-CAAGMe

2′/3′-P-OH 
 

HO-CAAGMe
2′, 3′-cMP 

 
HO-CAAGMeA2′/3′-P-OH 

HO-CAAGMeAA2′/3′-P-OH 
 
       HO-GMeAAC-OH 

HO-CAAGMeA2′, 3′-cMP 
 

Heptamer 
 

HO-AGMeAAC-OH 
 

HO-AAGMeAAC-OH 
 

 
 
# RP-Hplc retention times shown represent the first round of Hplc separation, which 
although showed single peak at times but they were in fact a mixture of constituent 
oligonucleotides as a result of co-elution as evident by Maldi Tof mass spectrometry.  
 
*SMARTTM RP-Hplc retention times shown represent the separation of the constituent 
oligonucleotides which did not separate by the first round of RP-Hplc sepration. 
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Table S9(F): 
RNA Sequence: 5′-r(CACGMeAAC)-3′  
Maldi Tof (Negative ion mode) mass analysis of the degradation products (separated by 
Hplc analysis) after 1h alkali digestion [Condition: pH 12.5 (0.03N aqueous NaOH) / 
20○C, followed by neutralization at pH 7 (see experimentals) ]. For Hplc separation 
profile, see Fig S12(f2) and Fig S12(f2i). For Mass spectrum, see Fig S12(f1)-(f10). 
 

Mass (m/z) RP-Hplc 
Retention 
Time (RT 
in min)# 

SMART™ 
RP-Hplc 
Retention 

Time (RT in 
min)* 

 
Observed 

 
Expected 

 
Nucleotide fragment 

(5′→3′) 
 

 
19.68 

 
21.81 

 
22.89 

 
23.85 

 
24.77 

 
25.93$ 

26.49$ 

 
 

 
 
 
 
 
 
 
 
 
 
 

25.15 
26.15 
27.71 
29.00 
29.91 

 
938.2 

 
958.2$ 

 
1297.3 

 
1564.3 

 
1626.3 

 
902.3§ 

902.2§ 
1259.2 
1893.4 
2198.4 

 

 
939.1 

 
958.1 

 
1298.2 

 
1565.3 

 
1627.2 

 
901.2 
901.2 
1260.2 
1894.3 
2199.4 

 
HO-CAC2′, 3′-cMP 

 
HO-CAC2′/3′-P-OH 

 
HO-CACGMe

2′, 3′-cMP 
 

HO-CGMeAAC-OH 
 

HO-CACGMeA2′, 3′-cMP 
 

HO-AAC-OH 
HO-AAC-OH 

HO-GMeAAC-OH 
HO-ACGMeAAC-OH 

Heptamer 
 

 
# RP-Hplc retention times shown represent the first round of Hplc separation, which  
although showed single peak at times but they were in fact a mixture of constituent 
oligonucleotides as a result of co-elution as evident by Maldi Tof mass spectrometry.  
 
* SMARTTM RP-Hplc retention times shown represent the separation of the constituent 
oligonucleotides which did not separate by the first round of RP-Hplc sepration. 
 
$ Peaks at RT = 25.93' and RT = 26.49' were mixed together and further separated by 
SMARTTM RP-Hplc as they were not completely separated by RP-Hplc. 
 
§ Mass values obtained in these cases were recorded in positive mode as they were not so 
clearly seen in negative mode. 
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Table S9 (G): 
RNA Sequence: 5′-r(CACGMeCAC)-3′  
Maldi Tof (Negative ion mode) mass analysis of the degradation products (separated by 
Hplc analysis) after 1h alkali digestion [Condition: pH 12.5 (0.03N aqueous NaOH) / 
20○C, followed by neutralization at pH 7 (see experimentals) ]. For Hplc separation 
profile, see Fig S12(g2) and Fig S12(g2i)-(g2j). For Mass spectrum, see Fig S12(g1)-
(g8). 
 

Mass (m/z) RP-Hplc 
Retention 
Time (RT 
in min)# 

SMARTTM 
RP-Hplc 
Retention 

Time (RT in 
min)* 

 
Observed 

 
Expected 

 
Nucleotide fragment 

(5′→3′) 
 

 
19.68 

 
 

22.55 
 

23.15 
 
 
 

24.87 
 

25.82 
 

 
20.09 
20.80 

 
 
 

26.73 
 

27.76 
 
 
 
 

 
876.1 
938.1 

 
1540.2 

 
1235.2§ 

1297.2§ 

1602.3 
 

2174.2 
 

1869.3 

 
877.1 
939.1 

 
1541.3 

 
1236.2 
1298.2 
1603.2 

 
2175.4 

 
1870.3 

 
HO-CAC-OH  

OH-CAC(2′, 3′-cM.P) 
 

HO-CGMeCAC-OH 
 

HO-GMeCAC-OH 
HO-CACGMe

2′, 3′-cMP 
HO-CACGMeC2′, 3′-cMP 

 
Heptamer 

 
HO-ACGMeCAC-OH 

 
 

 
# RP-Hplc retention times shown represent the first round of Hplc separation, which  
although showed single peak at times but they were in fact a mixture of constituent 
oligonucleotides as a result of co-elution as evident by Maldi Tof mass spectrometry.  
 
* SMARTTM RP-Hplc retention times shown represent the separation of the constituent 
oligonucleotides which did not separate by the first round of RP-Hplc sepration. 
 
§ These two fragments were not separated in the SMARTTM RP-Hplc, but could be 
assigned by careful fraction collection.  
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Figure S15 
 
 
 

 
Figure S15(a1): Hplc analysis of alkaline Hydrolysis products of 5′-r(CAAGAAC)-
3′ (5b) [after digestion for 0.5h at pH 12.5  using 0.03N NaOH/ 20°C, followed by 
quenching with 0.03 N aq. acetic acid]. For Hplc conditions see the experimental section 
in the text. 
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Figure S15(a2): Hplc analysis of alkaline Hydrolysis products of 5′-r(CAAGAAC)-
3′ (5b) [after digestion for 2h at pH 12.5  using 0.03N NaOH/ 20°C, followed by 
quenching with 0.03 N aq. acetic acid]. For Hplc conditions see the experimental section 
in the text. 
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Figure S15(a3): Hplc analysis of alkaline Hydrolysis products of 5′-r(CAAGAAC)-
3′ (5b) [after digestion for 3h at pH 12.5  using 0.03N NaOH/ 20°C, followed by 
quenching with 0.03 N aq. acetic acid]. For Hplc conditions see the experimental section 
in the text. 
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Figure S15(a4): Hplc analysis of alkaline Hydrolysis products of 5′-r(CAAGAAC)-
3′ (5b) [after digestion for 4h at pH 12.5  using 0.03N NaOH/ 20°C, followed by 
quenching with 0.03 N aq. acetic acid]. For Hplc conditions see the experimental section 
in the text. 
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Figure S15(a5): Hplc analysis of alkaline Hydrolysis products of 5′-r(CAAGAAC)-
3′ (5b) [after digestion for 8h at pH 12.5  using 0.03N NaOH/ 20°C, followed by 
quenching with 0.03 N aq. acetic acid]. For Hplc conditions see the experimental section 
in the text. 
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Figure S15(a6): Hplc analysis of alkaline Hydrolysis products of 5′-r(CAAGAAC)-
3′ (5b) [after digestion for 15h at pH 12.5  using 0.03N NaOH/ 20°C, followed by 
quenching with 0.03 N aq. acetic acid]. For Hplc conditions see the experimental section 
in the text. 
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Figure S15(a7): Hplc analysis of alkaline Hydrolysis products of 5′-r(CAAGAAC)-
3′ (5b) [after digestion for 27h at pH 12.5  using 0.03N NaOH/ 20°C, followed by 
quenching with 0.03 N aq. acetic acid]. For Hplc conditions see the experimental section 
in the text. 
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Figure S15(a8): Hplc analysis of alkaline Hydrolysis products of 5′-r(CAAGAAC)-
3′ (5b) [after digestion for 48h at pH 12.5  using 0.03N NaOH/ 20°C, followed by 
quenching with 0.03 N aq. acetic acid]. For Hplc conditions see the experimental section 
in the text. 
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