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Figure S1. Electrophoretic mobility of short (6 nt) transcripts capped in vitro with indicated 

dinucleotide cap analogs. RNA transcripts were synthesized on a synthetic dsDNA template 

(28 bp), where the SP6 promoter sequence is directly followed by a GCCCC sequence, which 

undergoes transcription to RNA. A typical in vitro transcription reaction mixture (25 μl) 

contained: SP6 transcription buffer (Frementas) 3.4 μM DNA template, 1.2 U/μl SP6 RNA 

polymerase, 2 U/μl RiboLock Ribonuclease Inhibitor (Fermentas), 2 mM CTP, 1 mM 

dinucleotide cap analog and either 0.2 mM GTP (5:1 molar ratio of cap analog to GTP; lanes 

1-9) or 0.1 mM GTP (10:1 cap to GTP; lanes 10, 11 and 12). The reaction was incubated at 37 

°C for 60 minutes. Resultant short RNA transcripts (5 and 6 nucleotides in length) were 

separated on 20% polyacrylamide gel (19:1) with 7 M urea and directly after electrophoresis 

RNA transcripts were visualised by UV shadowing.  The black arrow indicates position of a 

non-capped (GTP initiated)  transcript. 

Lane 1: pppGCCCC  

Lane 2: m7GpppGCCCC 

Lane 3: iPr-m7pppGCCCC  (Warminski et.al. 2013) 

Lane 4: iPr-m7ppSpGCCCC (D1) (Warminski et.al. 2013) 

Lane 5: iPr-m7ppSpGCCCC (D2) (Warminski et.al. 2013) 

Lane 6: m2
7,2’-OGppSpGCCCC (D2) 

Lane 7: m2
7,2’-OGppp6SGCCCC  

Lane 8: m2
7,2’-OGppSp6SGCCCC (D1) 

Lane 9: m2
7,2’-OGppSp6SGCCCC (D2) 

Lane 10: m2
7,2’-OGppp6SGCCCC                  (10:1) 

Lane 11: m2
7,2’-OGppSp6SGCCCC (D1)        (10:1) 

Lane 12: m2
7,2’-OGppSp6SGCCCC (D2)        (10:1)  
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Figure S2. Analysis of in vitro synthesized capped luciferase mRNA transcripts.  

Lane 1:  m7GpppG-luciferase-polyA31 

Lane 2: m2
7,3’-OGpppG-luciferase-polyA31 

Lane 3: m2
7,2’-OGppp6SG-luciferase-polyA31 

Lane 4: m2
7,2’-OGppSp6SG -luciferase-polyA31 (D1)   

Lane 5: m2
7,2’-OGppSp6SG -luciferase-polyA31 (D2)    

Lane 6: m2
7,2’-OGppSpG-luciferase-polyA31  (D2) 

Lane 7: iPr-m7pppG-luciferase-polyA31  

Lane 8: iPr-m7ppSpG-luciferase-polyA31 (D1) 

Lane 9: iPr-m7ppSpG-luciferase-polyA31 (D2) 

Lane 10: ApppG-luciferase-polyA31  

M: RNA size marker (Fermentas) 
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Figure S3. Representative experiment of translation efficiency in RRL lysate of luciferase mRNA 

transcripts capped with different cap analogs. Activity of synthesized luciferase is shown as a function 

of mRNA concentration.  
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c= 0.033 mmol/ L, λ=342.50 A=0.8204, λ=259.50 A=0.5820, λ=208.00 nm A=1.2872   
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c= 0.036 mmol/L,  λ=342.50 nm A=0.9047, λ=259.50 nm A=0.7054, λ=208.50 nm A=1.6924 
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c= 0.027 mmol/L,  λ=343.00 nm A=0.6676, λ=259.00 nm A=0.5238, λ=208.50 nm A=1.2236 



Nowakowska et al. Org & Biomol Chemistry, Electronic Supplementary Information (ESI) 

S14 

 

 6SGMP (3) 
S

tr
u
c
tu

re
 

N
O

O

OH

OH

O
-

O

P N

NH
N

NH2

S

OH

NH
+

CH3

CH3CH3

 

H
R

M
S

 

 



Nowakowska et al. Org & Biomol Chemistry, Electronic Supplementary Information (ESI) 

S15 

 

1
H

 N
M

R
 

 

 
6SGMP_TEA_TSP_1H_25DEG - final.ESP

9 8 7 6 5 4 3 2 1 0

Chemical Shift (ppm)

0

0.005

0.010

0.015

N
o
rm

a
li
z
e
d
 I
n
te

n
s
it
y

14.649.752.031.001.000.101.150.910.83

TMSWater

TEA signals TEA signals

8
.3

3
5
7

5
.9

4
7
3

5
.9

3
2
4

4
.5

0
6
6

4
.4

9
7
8

4
.4

9
4
7

4
.0

2
6
5

4
.0

1
7
8

4
.0

0
4
7

3
.2

2
7
1

3
.2

0
9
0

3
.1

9
0
3

3
.1

7
2
3

1
.2

9
6
3

1
.2

7
7
7

1
.2

5
9
6

 

3
1
P

 N
M

R
 

 

 
6GGMP_TEA_31P

45 40 35 30 25 20 15 10 5 0 -5 -10 -15 -20

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

0.92

0
.1

3
3
2

 

 

 
 



Nowakowska et al. Org & Biomol Chemistry, Electronic Supplementary Information (ESI) 

S16 

 

 
6SGMP-Im (4)  

(The compound is unstable in water and, therefore, domposition products were observed in 1H 
and 31P NMR spectra refcorded in D2O) 

S
tr

u
c
tu

re
 

N
O

O

OH

N

O
-

O

P N

NH
N

NH2

S

OH

N

Li
+

 

H
R

M
S

 

 



Nowakowska et al. Org & Biomol Chemistry, Electronic Supplementary Information (ESI) 

S17 

 

1
H

 N
M

R
 

8 7 6 5 4 3 2 1 0

Chemical Shift (ppm)

0

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

N
o
rm

a
li
z
e
d
 I
n
te

n
s
it
y

2.881.521.531.831.000.730.860.611.27

Water TMS

Residual sovents and TEA

8
.0

4
2
0

7
.8

2
4
0

7
.1

2
0
3

6
.9

0
1
6

5
.8

5
7
1

5
.8

4
6
9

4
.8

2
6
9
4
.8

1
6
7

4
.8

0
6
5

4
.4

3
0
4

4
.1

1
5
4 4
.1

0
8
8

4
.0

9
9
2

4
.0

8
7
8

 

3
1
P

 N
M

R
 

8 6 4 2 0 -2 -4 -6 -8 -10 -12 -14 -16 -18 -20 -22 -24

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

19.3073.4312.38

6SGMP+6SGMP-Im coupling product (6SGpp6SG)

4 (6SGMP-Im)

Hydrolyzed 4 (6SGMP)

3
.6

8
3
4

-7
.8

0
3
9

-1
1
.1

6
0
4

 
 

 

 


