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1. General 

High performance liquid chromatography (HPLC) was performed on a JASCO LC-2000 PLUS series equipped 

with YMC-Triart Bio C18 column (4.6 x 250 mm). UPLC/QTOF-MS and MSMS measurement were performed on 

a Waters ACQUITY UPLC Xevo G2-XS QTof equipped with Oligonucleotide BEH C18 column (2.1 x 50 mm). The 

UV spectra measurement and the determination of the concentration of oligonucleotides were performed by 

Thermo Scientific NanoDrop One. The DNA and RNA oligomer were purchased from Japan Bio Services Co.,LTD. 

S-(bromomethyl) ethanethioate was purchased from Enamine Ltd. 

 

2. General procedure of preparation of Ac-probe 

To the 95 µL solution of 50 µM oligonucleotide probe containing a 6-thioguanine in 250 mM CAPS buffer pH10 

was added 5 µL 10 % S-(bromomethyl) ethanethioate in ACN (v/v, final 0.5 %), and the reaction mixture was 

incubated at 0 oC for 1h. After filtration, HPLC purification was performed (YMC-Triart Bio C18 column (4.6 x 

250 mm), A: 0.1 M TEAA buffer pH7 containing 5 % ACN, B: ACN, B % [0 to 30 % over 20 min], UV: 254 nm, flow 

rate: 1 mL/min, column oven: 40 oC). The separated solution was concentrated with (Amicon® Ultra 3K, 25 °C, 

14,000xg, 25 min). After ultrapure water exchange with Amicon, pure Ac-probe was obtained. The 

determination of the concentration of oligonucleotide was performed by the measurement of the 260 nm 

absorption. 

 

3. General procedure of acetyl modification of RNA 

The following 10 µL solution was prepared on an ice bath and allowed to stand at respective temperatures. 

[Ac-probe (7.5 µM), target RNA (5 µM) and NaCl (100 mM) in buffer solution (50 mM, pH10: carbonate, pH8.5 

and pH7.4: phosphate)] 
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4. UV spectra measurement  

The following solutions were prepared and their UV absorption were measured by NanoDrop One (Thermo 

Scientific). [probe or Ac-probe (7.5 µM) in buffer solution (50 mM, pH5.2: sodium acetate, pH7.4: HEPES-NaOH, 

pH9.0: Tris-HCl, pH10: carbonate) 

 

5. Analysis of acetyl modification of 131 mer RNA 

131 mer RNA (5´-ggg ucu aga guu uaa cuu uaa gaa gga gau aua cau aug gcu agc aug acu ggu gga cag caa aug 

ggu acc gaa uuc aag acc gcg caa gac uac aag gac gac gac gau aag uag uga aua acu aau cc -3´) was prepared with 

general transcription method using T7-RNA polymerase from the purchased DNA template containing T7 

promoter. Acetylation reaction of 131 mer RNA was analyzed by UPLC/MS and the MS numbers were obtained 

as ions adduct. 

ACQUITY UPLC: Oligonucleotide BEH C18 Column, 130Å, 1.7µm, 2.1x50 mm, A: 15 mM TEA, 400 mM HFIP 

pH7.9, B: A/MeOH=1/1, D:35% to 70% /10min, Flow rate: 0.2 mL/min, Column oven: 40 oC. 

MS conditions: Xevo G2-XS Qtof, Mass range: 450 – 3000 Da, Internal Standard: LE, Mode: ESI negative 

resolution, continuum, Cone voltage: 40 V, Capillary voltage: 4 kV, desolvation: 600 oC, desolvation gas flow: 

700 L/hr. 

The target MS numbers were set as below; 131 mer RNA [927.797 - 928.140 (46 valent ion)], Ac-RNA [928.703 

– 929.021 (46 valent ion)]. 

 

 

6. Supplemental data 

 

 

Table S1  Sequences and MS numbers. 

 

 

foundcalcd. M.W.SequenceName

471947195'd-GTA GTC TTX' CGC GGTAc-probe-1

463146315'd-GTA GTC TTX CGC GGTregenerated probe-1

485948595’d-CTT TX’T TCT CCT TTC TAc-probe-2

47814781
3'r-cau cag aaa gcg cca

RNA (N=a)

48234823Ac-RNA (N=a)

47974797
3'r-cau cag aag gcg cca

RNA (N=g)

48394839Ac-RNA (N=g)

47574757
3'r-cau cag aac gcg cca

RNA (N=c)

47994799Ac-RNA (N=c)

47584758
3'r-cau cag aau gcg cca

RNA (N=u)

48004800Ac-RNA (N=u)
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Fig. S1  TIC chart of the acetyl modification reaction under the condition of pH10 and 37 oC for 1h.  

ACQUITY UPLC: Oligonucleotide BEH C18 Column, 130Å, 1.7µm, 2.1x50 mm, A: 15 mM TEA, 400 mM HFIP 

pH7.9, B: A/MeOH=1/1, D:35% to 70% /10min, Flow rate: 0.2 mL/min, Column oven: 40 oC. 

MS conditions: Xevo G2-XS Qtof, Mass range: 450 – 3000 Da, Internal Standard: LE, Mode: ESI negative 

resolution, continuum, Cone voltage: 40 V, Capillary voltage: 4 kV, desolvation: 600 oC, desolvation gas flow: 

700 L/hr. 
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Fig. S2  HPLC charts of the acetyl modification. a) under various conditions, b) for time-course plots under 

pH10 at 37 oC. 

YMC-Triart Bio C18 column (4.6 x 250 mm), A: 0.1 M TEAA buffer pH7 containing 5 % ACN, B: ACN, B % [0 to 

10 % over 30 min], UV: 254 nm, flow rate: 1 mL/min, column oven: 40 oC. 

-10000

0

10000

20000

30000

40000

7 12 17 22

N=a, 7.5 min

-10000

0

10000

20000

30000

40000

7 12 17 22

N=a, 15 min

-10000

0

10000

20000

30000

40000

7 12 17 22

N=a, 30 min

-10000

0

10000

20000

30000

40000

7 12 17 22

N=g, 7.5 min

-10000

0

10000

20000

30000

40000

7 12 17 22

N=g, 15 min

-10000

0

10000

20000

30000

40000

7 12 17 22

N=g, 30 min

-10000

0

10000

20000

30000

7 12 17 22

N=c, 7.5 min

-10000

0

10000

20000

30000

7 12 17 22

N=c, 15 min

-5000

0

5000

10000

15000

20000

7 12 17 22

N=c, 30 min

-10000

0

10000

20000

30000

7 12 17 22

N=u, 7.5 min

-10000

0

10000

20000

30000

7 12 17 22

N=u, 15 min

-10000

0

10000

20000

30000

7 12 17 22

N=u, 30 min

67 %
33 %

47 %
53 %

41 %

59 %

78 %

22 %

32 %68 %

60 % 40 %

95 %

5 %

89 %

11 %

82 %

18 %

92 %

8 %

86 %

14 %

75 %
25 %

b)  



5 

 

 

5’

a1

wn-1 xn-1 yn-1 zn-1

b1 c1 d1 RNA: [a-B], c, w, y

[a-B]1

y2
-

c2
-

[a-B]3
-

y3
-

w3
-

c3
-

[a-B]4
-

y4
-

w4
-

c4
-

[a-B]5
-

y5
-

w5
-

y6
- y7

-
c7

-
y8

- w8
- c8

-

[a-B]9
-

c9
-

[a-B]10
-

y10
-

c10
-

w10
-

[a-B]11
-

y11
-

w11
-

c11
- y12

-
c12

-

w12
-

y13
-

c13
-

y14
-

⊿A

⊿G

⊿C

⊿H2O

[M-H]-

w6
-

c5
-

y-w-c-[a-B]-

foundcalcd.foundcalcd.foundcalcd.foundcalcd.

4466.61874466.6730 4546.57474546.6393 14-328.0452 -113.0244 1

4161.66994161.6317 4241.55184241.5980 13633.0449633.0865 442.0373442.0769 2

3856.61623856.5904 3936.52053936.5567 12938.0936938.1278 747.0793747.1182 3

3511.55493511.5429 3591.52713591.5093 111283.15731283.1753 1052.12961052.1595 4

3206.50373206.5017 3286.45213286.4680 101588.21281588.2166 1397.17901397.2070 5

2819.51662819.4437 2899.37132899.4100 91993.30931993.2851   -1745.25886

2514.35522514.4024 2594.33912594.3687 82280.27662280.3158 2089.33082089.3062 7

2185.27762185.3498 2265.27392265.3162 72609.34422609.3684 2394.30962394.3475 8

1856.30751856.2973 1936.27031936.2637 62938.39942938.4209 2723.35942723.4001 9

1511.23411511.2499 1591.21331591.2162 53283.46833283.4683 3052.44263052.4526 10

1182.17641182.1974 1262.14761262.1637 43612.54303612.5208 3397.49003397.5000 11

877.1246877.1561 957.0889957.1224 33917.59033917.5621 3726.55793726.5525 12

571.0921571.1308 651.0558651.0971 24223.64064223.5874 4031.51984031.5938 13

-242.0782 -322.0446 1-4552.6400 4337.59084337.6191 14

fragment table of Ac-RNA (N = c)

y2
-

c2
-

[a-B]3
-

y3
-

w3
-c3

-

[a-B]4
-

y4
-
w4

-

c4
-

[a-B]5
-

y5
-

w5
-

y6
-

y7
-

c7
- y8

- c8
-

[a-B]9
-

c9
-

[a-B]10
-
y10

-
c10

-

w10
-

y11
-

w11
-

c11
-

y12
-

c12
-

y13
-

c13
-

y14
-

⊿A

⊿G

⊿C

⊿H2O

[M-H]-

w6
-

c5
-

w9
-w7

-

y-w-c-[a-B]-

foundcalcd.foundcalcd.foundcalcd.foundcalcd.

4467.86084467.6570 4547.81104547.6233 14-328.0452 -113.0244 1

4162.96294162.6157 4242.72564242.5820 13633.1127633.0865 442.0921442.0769 2

3857.83643857.5744 3937.78833937.5407 12938.1685938.1278 747.1423747.1182 3

3512.71903512.5270 3592.72923592.4933 111283.23131283.1753 1052.19751052.1595 4

3207.62993207.4857 3287.60723287.4520 101588.30221588.2166 1397.26331397.2070 5

-2820.4277 2900.51562900.3940 91993.41331993.2851  1745.36651745.2588 6

2514.49512514.4024 2594.39262594.3687 82281.39672281.2999 -2089.3062 7

2185.53002185.3498 2265.41042265.3162 72610.45292610.3524 2395.43582395.3316 8

1856.42961856.2973 1936.40271936.2637 62939.51202939.4049 2724.48122724.3841 9

1511.33301511.2499 1591.29741591.2162 53284.60253284.4523 3053.59593053.4366 10

1182.24691182.1974 1262.20671262.1637 43613.72273613.5049 3398.64753398.4840 11

877.1901877.1561 957.1562957.1224 33918.82353918.5462 3727.76423727.5366 12

571.1503571.1308 651.1192651.0971 24224.93264224.5715 -4032.5778 13

-242.0782 -322.0446 14533.79644553.6240 4338.83694338.6032 14

fragment table of Ac-RNA (N = u)

y2
-

c2
-

[a-B]3
-

y3
-

w3
-

c3
-

[a-B]4
-

y4
-
w4

-

c4
-

[a-B]5
-

y5
-

w5
-

y6
- y7

- c7
- y8

- c8
-
[a-B]9

-

c9
-

[a-B]10
- y10

-

c10
-

w10
-

y11
-

w11
-

c11
-
y12

-c12
-

y13
-
c13

-

y14
-

⊿A

⊿G

⊿C
⊿H2O

[M-H]-

c5
-

w7
- w8

-

y-w-c-[a-B]-

foundcalcd.foundcalcd.foundcalcd.foundcalcd.

4490.82624490.6842 4570.80964570.6505 14-328.0452 -113.0244 1

4185.95314185.6429 4265.75204265.6092 13633.0997633.0865 442.0878442.0769 2

3880.83373880.6016 3960.72833960.5679 12938.1493938.1278 747.1331747.1182 3

3535.72003535.5542 3615.68873615.5205 111283.20981283.1753 1052.19251052.1595 4

3230.62673230.5129 3310.60333310.4792 101588.28411588.2166 1397.23541397.2070 5

-2843.4549 -2923.4212 9-1993.2851 1745.30931745.2588 6

2514.47272514.4024 2594.44802594.3687 82304.39822304.3271 2089.45702089.3062 7

2185.42632185.3498 2265.39432265.3162 72633.44242633.3796 2418.38622418.3588 8

1856.39761856.2973 1936.34501936.2637 62962.55272962.4321 2747.57912747.4113 9

1511.31531511.2499 1591.26511591.2162 53307.60743307.4796 3076.57763076.4638 10

1182.22731182.1974 1262.20511262.1637 43636.71513636.5321 3421.64793421.5112 11

877.1812877.1561 957.1535957.1224 33941.78763941.5734 -3750.5638 12

571.1462571.1308 651.1142651.0971 24247.87744247.5987 -4055.6051 13

-242.0782 -322.0446 14576.83204576.6512 4361.76464361.6304 14

fragment table of Ac-RNA (N = a)

y2
-

c2
-

[a-B]3
-

y3
-

w3
-c3

-

[a-B]4
-

y4
-
w4

-

c4
-

[a-B]5
-

y5
-

y6
-

y7
- c7

-
y8

-
c8

- c9
-

[a-B]10
-

y10
-

c10
-

y11
-

w11
-

c11
-

y12
-
c12

- y13
-

y14
-

⊿A

⊿G

⊿C
⊿H2O

[M-H]-

c5
- w7

- w8
-

w14
-

y-w-c-[a-B]-

foundcalcd.foundcalcd.foundcalcd.foundcalcd.

4506.85304506.6791 4586.77884586.6454 14-328.0452 -113.0244 1

4201.92974201.6378 4281.71734281.6042 13633.1104633.0865 442.0866442.0769 2

3896.82353896.5965 3976.76273976.5629 12938.1546938.1278 747.1393747.1182 3

3551.75933551.5491 3631.67213631.5154 111283.21511283.1753 1052.1951052.1595 4

3246.63943246.5078 3326.58083326.4741 101588.29141588.2166 1397.25421397.2070 5

2859.51612859.4498 2939.49662939.4161 91993.41831993.2851 1745.30351745.2588 6

2514.46022514.4024 2594.46922594.3687 82320.35942320.3220 2089.45362089.3062 7

2185.52512185.3498 2265.37552265.3162 72649.44512649.3745 2434.44952434.3537 8

1856.40091856.2973 1936.38131936.2637 62978.52372978.4270 2763.44902763.4062 9

1511.32261511.2499 1591.29941591.2162 53323.65113323.4745 3092.55003092.4587 10

1182.2421182.1974 1262.19931262.1637 43652.72173652.5270 3437.67483437.5062 11

877.1857877.1561 957.1550957.1224 33957.83473957.5683 -3766.5587 12

571.1468571.1308 651.1183651.0971 24263.91464263.5936 -4071.6000 13

-242.0782 -322.0446 14592.81454592.6461 4377.83114377.6253 14

fragment table of Ac-RNA (N = g)

y2
-

c2
-

[a-B]3
-

y3
-

w3
-c3

-

[a-B]4
-

y4
-w4

-

c4
-

[a-B]5
-

y5
-

y6
-

y7
-
c7

- y8
-
c8

-

c9
-

[a-B]10
-

y10
-c10

- y11
-

w11
- y12

-
c12

-
y13

-

y14
-

⊿A

⊿G

⊿C

⊿H2O

[M-H]-

c5
-

w7
-

w8
-

c13
-

w10
-

y9
-

w6
-

[a-B]6
-w5

-

w9
-

y-w-c-[a-B]-

foundcalcd.foundcalcd.foundcalcd.foundcalcd.

4449.16944448.6736 -4528.6400 14-328.0452 -113.0244 1

4144.27884143.6323 4223.30184223.5987 13633.1155633.0865 442.0819442.0769 2

3839.14773838.5911 3919.04373918.5574 12938.1991938.1278 747.1524747.1182 3

3493.96783493.5436 3574.00273573.5099 111283.29611283.1753 1052.25161052.1595 4

3188.88923188.5023 3268.81053268.4687 101588.40931588.2166 1397.35441397.2070 5

2843.75392843.4549 2923.72462923.4212 91933.53301933.2640 1702.45981702.2482 6

2514.64042514.4024 2594.59672594.3687 82262.50982262.3165 2047.46692047.2957 7

2185.49832185.3498 2265.50052265.3162 72591.62792591.3690 2376.55132376.3482 8

1856.55691856.2973 1936.52321936.2637 62920.71292920.4216 2705.66022705.4007 9

1511.42221511.2499 1591.41041591.2162 53265.87303265.4690 3034.78103034.4532 10

1182.30311182.1974 1262.28591262.1637 43594.0023594.5215 3379.86473379.5007 11

877.2213877.1561 957.1956957.1224 33899.10163899.5628 3708.05223708.5532 12

571.1516571.1308 651.1283651.0971 24205.5881 -4013.5945 13

-242.0782 -322.0446 14534.17244534.6406 4320.05134319.6198 14

fragment table of unmodified RNA (N = a)

Ac-modified RNA 

unmodified RNA 

y2
-

c2
-

[a-B]3
-

y3
- w3

-c3
-

[a-B]4
-

y4
-
w4

-

c4
-

[a-B]5
-

y5
-

y6
- y7

- c7
-

y8
-

c9
-

[a-B]10
-

y10
-
c10

-
y11

-

w11
-c11

-

y12
-c12

-
y13

-
y14

-

⊿A

⊿G

⊿C
⊿H2O

[M-H]-

c5
-

w7
-

w8
- c13

-

w9
-

y9
-

w6
-

[a-B]6
-

w5
-

c6
-

y-w-c-[a-B]-

foundcalcd.foundcalcd.foundcalcd.foundcalcd.

4465.17534464.6686 4545.18464544.6349 14-328.0452 -113.0244 1

4160.29494159.6273 4240.12504239.5936 13633.1253633.0865 442.0891442.0769 2

3855.15843854.5860 3934.79443934.5523 12938.2109938.1278 747.1656747.1182 3

3510.04693509.5385 3590.02983589.5049 111283.31341283.1753 1052.25441052.1595 4

3204.89363204.4972 -3284.4636 101588.42051588.2166 1397.37441397.2070 5

2859.78002859.4498 2940.75852939.4161 91933.55421933.2640 1702.47831702.2482 6

2514.67702514.4024 2594.64652594.3687 82278.53782278.3114 2047.46252047.2957 7

2185.55442185.3498 2265.51732265.3162 72607.64452607.3640 2392.59912392.3431 8

1856.56401856.2973 1936.52931936.2637 62936.77102936.4165 2721.68162721.3956 9

1511.43181511.2499 1591.43311591.2162 53281.89653281.4639 3050.82813050.4482 10

1182.31701182.1974 1262.30161262.1637 43611.04543610.5164 3395.93023395.4956 11

877.2301877.1561 957.2137957.1224 33916.15363915.5577 3725.02983724.5481 12

571.1570571.1308 651.1307651.0971 24221.0644221.5830 -4029.5894 13

-242.0782 -322.0446 14551.11724550.6356 4336.08154335.6147 14

fragment table of unmodified RNA (N = g)

y2
-

c2
-

[a-B]3
-

y3
-

w3
-c3

-

[a-B]4
-

y4
-
w4

-

c4
-

[a-B]5
-

y5
-

y6
-

y7
-

y8
-

c9
-

[a-B]10
-

y10
-

y11
-
w11

-
c11

-y12
-

c12
-

y13
-

y14
-

⊿A

⊿G

⊿C

⊿H2O

[M-H]-

c5
-

w7
-

w8
-

c13
-

w9
-y9

-

w6
-

[a-B]6
-w5

-

c6
-

w10
-

c8
-

y-w-c-[a-B]-

foundcalcd.foundcalcd.foundcalcd.foundcalcd.
4425.25934424.6624 -4504.6287 14-328.0452 -113.0244 1
4120.36824119.6211 4199.41214199.5874 13633.1309633.0865 442.0912442.0769 2
3814.21073814.5798 3895.14843894.5462 12938.2265938.1278 747.1763747.1182 3
3470.05593469.5324 3550.04133549.4987 111283.33701283.1753 1052.26231052.1595 4
3164.92073164.4911 -3244.4574 101588.44961588.2166 1397.38331397.2070 5
2819.80402819.4437 2899.78542899.4100 91933.57071933.2640 1702.50381702.2482 6
2514.70532514.4024 2594.67942594.3687 82238.53932238.3053 2047.61682047.2957 7
2185.55622185.3498 -2265.3162 7-2567.3578 2352.64752352.3370 8
1856.60451856.2973 1936.59771936.2637 62896.78912896.4103 2681.72192681.3895 9
1511.46141511.2499 1591.44561591.2162 5-3241.4578 3010.85793010.4420 10
1182.34111182.1974 1262.31471262.1637 43571.05103570.5103 -3355.4895 11
877.2451877.1561 957.2219957.1224 33876.18753875.5516 -3684.5420 12
571.1700571.1308 651.1432651.0971 24182.11574181.5769 -3989.5833 13

-242.0782 -322.0446 14511.23494510.6294 4295.16894295.6086 14

fragment table of unmodified RNA (N = c)

y2
- c2

-

[a-B]3
-

y3
-

w3
-c3

-

[a-B]4
-

y4
-w4

-c4
-
[a-B]5

-

y5
-

y6
-

y7
-

y8
-

c9
-

[a-B]10
-

y10
-

y11
-

w11
-

c11
- y12

-

c12
-

y13
-

y14
-

⊿A

⊿G

⊿C⊿H2O

[M-H]-

c5
-

c13
-w9

-y9
-

[a-B]6
-

w5
-

c8
- c10

-

c7
-

y-w-c-[a-B]-

foundcalcd.foundcalcd.foundcalcd.foundcalcd.

4426.25984425.6464 4506.23394505.6128 14-328.0452 -113.0244 1

4121.37114120.6051 4201.11724200.5715 13633.1327633.0865 442.0935442.0769 2

3816.2183815.5638 3896.11723895.5302 12938.2300938.1278 747.1787747.1182 3

3471.05543470.5164 3551.05573550.4827 111283.34201283.1753 1052.27921052.1595 4

3165.92093165.4751 3245.83743245.4414 101588.45391588.2166 1397.39591397.2070 5

2820.79962820.4277 2900.77122900.3940 91933.60021933.2640 1702.50781702.2482 6

2514.72532514.4024 2594.65062594.3687 82239.55082239.2893 -2047.2957 7

2185.58112185.3498 2265.56232265.3162 72568.65602568.3418 2353.60522353.3210 8

1856.60721856.2973 1936.58371936.2637 6-2897.3943 2682.73902682.3735 9

1511.47271511.2499 1591.45591591.2162 53242.92773242.4418 3011.85423011.4260 10

1182.34481182.1974 1262.32911262.1637 43572.06203571.4943 3356.94213356.4735 11

877.2471877.1561 957.2286957.1224 33878.18603876.5356 3686.13823685.5260 12

571.1735571.1308 651.1478651.0971 24183.01764182.5609 -3990.5673 13

-242.0782 -322.0446 1-4511.6134 4296.08694296.5926 14

fragment table of unmodified RNA (N = u)

precursor ion [M-3H]3-[M-H]-

1605.914819.74Ac-RNA (N=a)

1611.244835.73Ac-RNA (N=g)

1597.904795.73Ac-RNA (N=c)

1598.234796.71Ac-RNA (N=u)

1591.904777.73RNA (N=a)

1597.244793.72RNA (N=g)

1583.904753.71RNA (N=c)

1584.234754.70RNA (N=u)
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Fig. S3  MS/MS fragment analysis of the acetylated RNA and unmodified RNA. 

LC conditions, ACQUITY UPLC: Oligonucleotide BEH C18 Column, 130Å, 1.7µm, 2.1x50 mm, A: 15 mM TEA, 400 

mM HFIP pH7.9, B: A/MeOH=1/1, D:35% to 70% /10min, Flow rate: 0.2 mL/min, Column oven: 40 oC. 

MS/MS conditions, MS system: Xevo G2-XS Qtof, Mass range: 450 – 2500 Da, Mode: ESI negative resolution, 

continuum, Capillary voltage: 2.7 kV, Cone voltage: 31 V, source: 120 oC, desolvation: 300 oC, desolvation gas 

flow: 500 L/hr, precursor ion: [M-3H]3-, LockMass: 1685.765 (Cs6I7
-), scan time: 0.2sec, collision energy ramp: 

25 to 55 V. 

 

 

 

 

Fig. S4  The results of Ac-probe-1 vs. fully 2’-OMe-modified RNAs under the condition of pH10, 37oC for 1 h. 

YMC-Triart Bio C18 column (4.6 x 250 mm), A: 0.1 M TEAA buffer pH7 containing 5 % ACN, B: ACN, B % [0 to 

10 % over 30 min], UV: 254 nm, flow rate: 1 mL/min, column oven: 40 oC. 

fully 2’-OMe-modified RNA (N=c) fully 2’-OMe-modified RNA (N=u)

10 15 20 25 30 35 10 15 20 25 30 35

2’-OMe RNA
2’-OMe RNA

Ac-probe-1

probe-1

Ac-probe-1

probe-1

X’=

(min) (min)

No 

acetylation
No 

acetylation

a) 
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16 21 26 31 16 21 26 31

RNA
Ac-
RNA

probe-S1

Ac-probe-S1 RNA
Ac-
RNA probe-S2

Ac-probe-S2

Ac-probe-S1 Ac-probe-S2

60 %

40 %

64 %

36 % 53 % 47 % 48 %

52 %

X’=

retention time (min)

a)

y2
-

c2
-

[a-B]3
-

y3
- w3

-
c3

-

[a-B]4
-

c4
-

[a-B]5
-

y5
-

y6
-

y8
-

c8
-

c9
-

[a-B]10
-

y10
- c10

-

y11
- w11

-
y12

- y13
-

y14
-

⊿A⊿G

⊿C

⊿H2O

[M-H]-

c5
-

w7
- w8

-
y9

-

c6
-

[a-B]6
-

w5
-

y-w-c-[a-B]-

foundcalcd.foundcalcd.foundcalcd.foundcalcd.

4466.95654466.6730 -4546.6393 14-328.0452 -113.0244 1

4161.73144161.6317 -4241.5980 13633.0855633.0865 442.0628442.0769 2

3856.97713856.5904 3936.88133936.5567 12938.1613938.1278 747.1301747.1182 3

3511.83403511.5430 3591.85643591.5093 111283.23341283.1753 1052.19761052.1595 4

3206.70923206.5017 3286.76593286.4680 101588.34451588.2166 1397.30441397.2070 5

2861.65142861.4542 2941.62432941.4206 91933.46081933.2640 1702.40371702.2482 6

2556.52882556.4129 2636.52662636.3793 82238.45802238.3053 2047.49332047.2957 7

2227.63062227.3604 2307.45922307.3267 72567.51512567.3578 2352.42902352.3370 8

1898.49511898.3079 1978.50071978.2742 62896.57322896.4103 2681.51832681.3895 9

1553.34961553.2605 1633.35231633.2268 53241.69293241.4578 3010.63113010.4420 10

-1182.1974 1262.24491262.1637 43630.76763630.5314 -3355.4895 11

877.1832877.1561 957.1523957.1224 33917.67363917.5621 -3726.5525 12

571.1285571.1308 651.1008651.0971 2-4223.5875 -4031.5938 13

-242.0782 -322.0446 14552.93074552.6400 4337.97314337.6191 14

fragment table of Ac-RNA (by Ac-probe-S1)

y2
- c2

-

[a-B]3
-

y3
-

w3
-

c3
-

[a-B]4
-

y4
-

w4
-

y5
-

y6
-

y7
-

c7
-

y8
- c8

-

c9
-
[a-B]10

-

y10
-

c10
- w11

-
c11

-

y14
-

⊿A

⊿G
⊿C

⊿H2O

[M-H]-

c5
- w7

- w8
- c13

-

y12
-w9

-

[a-B]6
-w5

-

y-w-c-[a-B]-

foundcalcd.foundcalcd.foundcalcd.foundcalcd.

4467.10994466.6730 4546.6393 14-328.0452 -113.0244 1

4162.22464161.6317 -4241.5980 13633.1063633.0865 442.0746442.0769 2

3857.10993856.5904 -3936.5567 12938.1761938.1278 747.1495747.1182 3

-3469.5324 3549.81453549.4987 111344.23431343.1964 1094.23141094.1700 4

3164.80033164.4911 3244.72023244.4574 101630.39051630.2271 -1439.2175 5

2819.66722819.4437 2899.69072899.4100 91975.37081975.2746 1744.47731744.2588 6

2514.60772514.4024 2594.56272594.3687 82280.65452280.3158 -2089.3062 7

2185.49562185.3498 2265.43462265.3162 72609.53172609.3684 -2394.3475 8

1856.53891856.2973 1936.43321936.2637 62938.70432938.4209 2723.65142723.4001 9

1511.39161511.2499 1591.36351591.2162 53283.78003283.4683 3052.71923052.4526 10

1182.28551182.1974 1262.25051262.1637 43612.90063612.5208 3397.78913397.5000 11

877.2006877.1561 957.1861957.1224 33918.05883917.5621 -3726.5525 12

571.1416571.1308 651.1103651.0971 24224.15774223.5874 4031.73954031.5938 13

-242.0782 -322.0446 1-4552.6400 4337.92724337.6191 14

fragment table of Ac-RNA (by Ac-probe-S2)

X’=

18 23 28 33

RNA
Ac-RNA

probe-2

Ac-probe-2

18 23 28 33

65 % 35 %

53 %

47 %

64 %

36 %

60 %

40 %

63 %

37 %

43 %
57 %

39 %
61 %

60%

40%

Ac-probe-2

18 23 28 33 18 23 28 33

retention time (min)

N = a, g, c or u

N = a N = c

N = g N = u

b) 
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Fig. S5  The variation of modification reactions under the condition of pH10 and 37oC for 1 h. a) using Ac-

probe-S with a 6-thioguanine reactive site (X’) at different position (upper part), MS/MS analysis of the product 

RNAs (lower part), b) using Ac-probe-2 and its complementary target RNAs, c) using the pairs of Ac-probe and 

target RNA not forming a duplex.  

15 17 19 21 23 25 27 29 31 33 15 17 19 21 23 25 27 29 31 33

Ac-probe-1

probe-1

RNA RNA
Ac-probe-2

probe-2

Ac-probe-2 (not forming duplex)Ac-probe-1 (not forming duplex)

No 

acetylation

No 

acetylation

c) 

retention time (min)

X’=


