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Figure S1. Susceptibility of TMG analogues to the Nudt16 decapping enzyme. 

Electrophoretic mobilities of TMG cap analogues and TMG species (visible under UV 

305nm). Active hNudt16 enzyme (lanes indicated with [+]), but not thermally 

inactivated hNudt16 (lanes indicated with [−]), shows low decapping activity on TMG 

caps: m2,2,7GpppA, m2,2,7GpppG, m2,2,7GpppA-N3, high decapping activity on: 

m2,2,7GpNHppA-N3, m2,2,7GpNHppG. TMG caps m2,2,7GppNHpG and m2,2,7GppNHpA-

N3 are stable against hNudt16 decapping activity under the same conditions. 
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Figure S2. Susceptibility of TMG analogues to the Nudt16 decapping enzyme. 

Electrophoretic mobilities of TMG cap analogues and TMG species (visible under UV 

305nm). Active hNudt16 enzyme (lanes indicated with [+]), but not thermally 

inactivated hNudt16 (lanes indicated with [−]), shows low decapping activity on TMG 

caps: m2,2,7GpppA, m2,2,7GpppA-N3, m2,2,7GppCH2pA-N3, high decapping activity on: 

m2,2,7GpCH2ppA-N3,. TMG cap m2,2,7GppNHpA-N3 is stable against hNudt16 

decapping activity under the same conditions. 

 



 

5 
 

 

Figure S3. Susceptibility of TMG analogues to the Nudt16 decapping enzyme. 

Electrophoretic mobilities of TMG cap analogues and TMG species (visible under UV 

305nm). Active hNudt16 enzyme (lanes indicated with [+]), but not thermally 

inactivated hNudt16 (lanes indicated with [−]), shows low decapping activity on TMG 

caps: m2,2,7GpppA, m2,2,7GpppA-N3, high decapping activity on: m2,2,7GpppsA-N3 D2 

and m2,2,7GppspA-N3 D2,. TMG cap m2,2,7GpppsA-N3 D1 and m2,2,7GppspA-N3 are stable 

against hNudt16 decapping activity under the same conditions. 
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Ado-link-N3 /NH4
+ HRMS (-)ES C14H19N9O5 392,04209, [M-H]- Exact Mass: 392,14309 
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AMP-link-N3/NH4
+ HRMS (-)ES C14H20N9O8P, 472.10938 [M-H]- Exact Mass: 473,117249 
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Im-AMP-link-N3/Na+ HRMS (-)ES C17H22N11O7P, 522.13762, [M-H]- Exact Mass: 523,144132 
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AMPS-link-N3 /NH4
+ HRMS (-)ES C14H20N9O7PS, 488.08654 [M-H]- Exact Mass: 489,094406 
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52 
 

 

T
M

G
-p

C
H

2
p

p
-A

d
o

-l
in

k
-N

3
 (
4
) 

TMG-pCH2pp-Ado-link-N3 1H NMR 

TMGpCH2ppA_linkN3_NH4_D2O_25deg

9 8 7 6 5 4 3 2 1 0

Chemical Shift (ppm)

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

N
o
rm

a
li
z
e
d
 I
n
te

n
s
it
y

2.005.773.572.767.111.031.891.930.940.960.820.730.65

Water

9
.2

9

8
.5

5
8
.3

7

6
.2

4
6
.2

3
6
.0

3
6
.0

2

4
.6

8
4
.6

7
4
.6

5 4
.5

1
4
.3

1
4
.2

7

4
.0

9

3
.4

0 3
.3

9

3
.1

8

2
.4

9 2
.4

3
2
.3

8

 



 

53 
 

 

T
M

G
-p

C
H

2
p

p
-A

d
o

-l
in

k
-N

3
 (
4
) 

TMG-pCH2pp-Ado-link-N3 31P NMR 

TMGpCH2ppAlinkN3_NH4_31P_25deg

120 100 80 60 40 20 0 -20 -40 -60

Chemical Shift (ppm)

-0.1

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0
N

o
rm

a
li
z
e
d
 I
n
te

n
s
it
y

1.040.951.00

1
7
.2

9

7
.7

6

-1
0
.8

6
-1

1
.0

0

 



 

54 
 

T
M

G
-p

C
H

2
p

p
-A

d
o

-l
in

k
-N

3
 (
4
) 

TMG-pCH2pp-Ado-link-N3 FTIR ATR 

 

 

600700800900100011001200130014001500160017001800190020002200240026002800300032003400360038004000

1/cm

69

70,5

72

73,5

75

76,5

78

79,5

81

82,5

84

85,5

87

88,5

90

91,5

%T

3
1

4
0

,1
1

2
9

5
3

,0
2

2
1

0
4

,3
4

1
7

0
3

,1
4

1
6

9
3

,5
0

1
6

0
8

,6
3

1
4

4
4

,6
8

1
3

7
3

,3
2

1
2

0
3

,5
8

1
0

7
0

,4
9

1
0

4
5

,4
2

9
3

9
,3

3

8
8

9
,1

8

7
9

8
,5

3

7
6

9
,6

0

7
2

1
,3

8

6
4

6
,1

5

TMGpCH2pp-Ado-link-N3



 

55 
 

T
M

G
-p

p
C

H
2
p

-A
d

o
-l

in
k

-N
3

 (
2
) 

 

 



 

56 
 

T
M

G
-p

p
C

H
2
p

-A
d

o
-l

in
k

-N
3

 (
2
) 

TMG-ppCH2p-Ado-link-N3/NH4
+ HRMS (-)ES C28H40N14O17P3, 937.18983 [M-2H]-  Exact Mass: 937,19870 
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+ HRMS (-)ES C27H39N15O17P3, 938.18215 [M-2H]-   Exact Mass: 938.18612 

 



 

68 
 

 

 
T

M
G

-p
N

H
p

p
-A

d
o

-l
in

k
-N

3
 (
5
) 

TMG-pNHpp-Ado-link-N3 1H NMR 

TMGpNHppA-linkerN3_NH4_1H_D2O_25deg.esp

9 8 7 6 5 4 3 2 1 0

Chemical Shift (ppm)

0

0.005

0.010

0.015

0.020

0.025

0.030

0.035

0.040

0.045

N
o
rm

a
li
z
e
d
 I
n
te

n
s
it
y

5.964.1115.552.270.950.970.860.730.59

Water

9
.1

3 8
.3

6
8
.2

4

6
.1

1

5
.9

1

4
.5

8 4
.4

3
4
.4

0
4
.2

2

4
.0

8

3
.3

9
3
.3

4

3
.1

3

 



 

69 
 

 

T
M

G
-p

N
H

p
p

-A
d

o
-l

in
k
-N

3
 (
5
) 

TMG-pNHpp-Ado-link-N3 31P NMR 

TMGpNHppA-linker-N3_NH4_31P_D2O_25deg.esp

56 48 40 32 24 16 8 0 -8 -16 -24 -32 -40 -48 -56 -64

Chemical Shift (ppm)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0
N

o
rm

a
li
z
e
d
 I
n
te

n
s
it
y

2.000.97

-0
.8

7

-1
1
.0

0

 

 



 

70 
 

 

T
M

G
-p

p
N

H
p

-A
d

o
-l

in
k
-N

3
 (
5
) 

TMG-pNHpp-Ado-link-N3 FTIR ATR 

 

  

60080010001200140016001800200024002800320036004000

1/cm

60

62,5

65

67,5

70

72,5

75

77,5

80

82,5

85

87,5

90

92,5

%T

3
3

0
4

,0
6

3
1

8
4

,4
8

3
1

5
1

,6
9

2
9

4
5

,3
0

2
1

0
8

,2
0

1
6

9
7

,3
6

1
6

5
1

,0
7

1
6

0
8

,6
3

1
5

4
8

,8
4

1
4

6
2

,0
4

1
4

4
6

,6
1

1
3

7
1

,3
9 1

3
3

4
,7

4

1
2

2
0

,9
4

1
1

1
2

,9
3

1
0

5
5

,0
6

9
7

9
,8

4

9
1

8
,1

2

8
1

9
,7

5

7
6

9
,6

0

7
1

9
,4

5

TMGpNHppAdo-link-N3 2



 

71 
 

 

T
M

G
-p

p
p

s
-A

d
o

-l
in

k
-N

3
 D

1
 (

7
a

)  

 



 

72 
 

T
M

G
-p

p
p

s
-A

d
o

-l
in

k
-N

3
  
D

1
 (

7
a
) 

TMG-ppps-Ado-link-N3 D1/NH4
+ HRMS (-)ES C27H38N14O17P3S, 955.14762 [M-2H]-  Exact Mass: 955.14729 
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TMG-ppsp-Ado-link-N3 D1/NH4
+ HRMS (-)ES C27H38N14O17P3S, 955.14670 [M-2H]-   Exact Mass: 955.14729 
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+ HRMS (-)ES C27H38N14O17P3S, 955.14711 [M-2H]-   Exact Mass: 955.14729 
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HRMS ESI (-)of TMG capped oligonucleotides 

No.  Monoisotopic 
mass 

21 

 

hex-RNA 
C63H78N22O43P6

-2 

1008.15149 
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TMGpppA-linker-
GCUAAU 

C90H116N36O61P9
-3 

985.15789 
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TMGpppsA-linker-
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D1 
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Stability studies of phosphate-modified m3G-cap analogs in FBS. 
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