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Materials and methods 
Solvents, chemical reagents, and starting materials were purchased from commercial 
sources. Phosphoramidites were purchased from ChemGenes (2’-O-PivOM-5’-DMT-
A (N-PAC) 3’-CEP) and Link Technologies (2’-OMe-Bz-A-CE). Solid support for solid 
phase synthesis was purchased from GE Healthcare (Primer SupportTM 5G ribo G 
300 (309 μmol ribo G/g). C- phosphonate nucleotide analogues were obtained 
according to the previously described procedures (Walczak et al.). 12-Cyanoethyl 2-
bromoethyl N, N-diisopropylamino Phosphite was synthesized as previously 
described (Hebert et al.). 2 The analytical analysis and purifications were performed 
using Agilent Technologies Series 1200 with UV detection at 254 nm wavelength and 
fluorescent detection (ex, 260 nm; em. 370 nm) and Shimadzu RF-20A. For chemical 
reaction analysis the Gemini 3 μm NX-C18 110Å 150 x 4.6 mm column was used 
with linear gradient of methanol in 0.05 M ammonium buffer, pH 5.9. For purification 
the Gemini 5 μm NX-C18 110 Å 150 x 10 mm column (column A) or HiChrom Vydac 
Denali 5 μm C18 120 Å 150 x 10 mm (column B) or Dr. Maisch VisionHT C18 
Highload 25 cm × 2 cm, 10 μm (column C) were used with linear gradient of 
acetonitrile in 0.05 M ammonium buffer, pH 5.9. Additionally, for purification, ion-
exchange chromatography on DEAD Sephadex resin A-25 (HCO3

- form) was used. 
To confirm the purity and structure of intermediate and final products high resolution 
mass spectrometry (HRMS) and nuclear magnetic resonance (NMR) were used. 
Mass spectra was recorded using Thermo Scientific LTQ Orbitrap Velos 
spectrometer, with the negative electrospray ionization HRMS (-) ESI. NMR spectra 
were recorded using a Bruker AVANCE III HD 500 MHz spectrometer equipped with 
a high-stability temperature unit with 5 mm PAB- BOBB/19F-1H/D Z-GRD 
Z119470/0188 probe at 500.24MHz (1H NMR) and 202.49 MHz (31P NMR) or Varian 
400 MHz with OneNMR_W016 probe at 399.90 MHz (1H NMR) and 161.89 MHz (31P 
NMR). The 1H NMR and 31P NMR chemical shifts (δH and δP) were reported in ppm 
and referenced to the respective standards: sodium 3-(trimethylsilyl)-2,2,3,3 
tetradeuteropropionate (TSP, internal standard) and 20% phosphoric acid in D2O 
(external standard). 
 
 

Tables 
 

Table S1. HPLC methods used with Agilent Technologies Series 1200 or Shimadzu 
RF-20A 
 

Analytical methods 

Method Buffer A Buffer B Gradient 

A 0.05 M 
ammonium 
buffer, pH 
5.9 

0.05 M 
ammonium buffer, 
pH 5.9/MeOH 
(v/v, 1/1) 

Linear gradient 0%- 50% of buffer B; 
15 min; 1ml/min  

B 0.05 M 
ammonium 
buffer, pH 
5.9 

0.05 M 
ammonium buffer, 
pH 5.9/MeOH 
(v/v, 1/1) 

Linear gradient 0%- 100% of buffer B; 
15 min; 1ml/min  

C 0.05 M 
ammonium 

0.05 M 
ammonium buffer, 

Linear gradient 0%- 50% of buffer B; 
7.5 min; 1ml/min  



buffer, pH 
5.9 

pH 5.9/MeOH 
(v/v, 1/1) 

Preparative methods 

D 0.05 M 
ammonium 
buffer, pH 
5.9 

0.05 M 
ammonium buffer, 
pH 
5.9/Acetonitryle 
(30%) 

Linear gradient 0%- 50% of buffer B; 
60 min; 4.7 ml/min 

 
Table S2. The affinity of cap analogs for eIF4E at 20 oC determined using FQT 
experiments.  

 
The experiments were performed in triplicate. The values in table are presented as 
weighted averages.  
 

Cap No. KAS (μM-1) 

m7GpppAmpG 29.6  2.3 

2 23.8   3.6 

4 29.7   6.0 

6 30.7   6.9 

8 20.3   3.4 

9 136.1  13.2 

10b 35.3  8.0 

 

 

Tables S3. NMR spectra, HR MS, HPLC profiles of synthetized modified nucleotides 
and cap analogues.  
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Figures 
 

Figure S1. mRNA purity  
 



 

 
 

 
Figure S1. A. Representative 1.2% (TBE) agarose gels of capped RNA encoding 
Gaussia luciferase. B. Dot blot analysis 25 ng of mRNAs were analyzed as 
previously described in Sikorski et al. 20203 with modifications. C. Representative 
1.2% (TBE) agarose gels of capped RNA encoding Gaussia luciferase. mRNAs were 
purified using a commercial kit and used in RRL experiments. 
 
 
 
 
 



 

Figure S2. Luciferase activity in rabbit reticulocyte lysate  

 
Figure S2. Luciferase activity produced by translation of mRNAs capped with various 
cap analogues in rabbit reticulocyte lysate – results of a single experiment. 

 

Figure S3. Susceptibility to degradation by hDCP1/DCP2 complex. 
 

 
Figure S2. Susceptibility to degradation by hDCP1/DCP2 complex. Two separate 
repetitions. Experiment: 20 ng of capped RNA was subjected to 11 nM hDCP1/DCP2 
in 50 mM Tris/HCl pH 8.0, 50 mM NH4Cl, 0.01% Igepal with addition of 1 mM DTT, 
5 mM MgCl2 and 2 mM MnCl2 at 37°C. Reactions were stopped at particular time points 
(5, 15, 30 and 60 min) and analysed by PAGE (15% acrylamide / 7 M urea / TBE gel) 
using SyberGold staining. Capped RNA fractions were calculated based on 
densitometric analysis of bands intensities. 
RNA25 - uncapped RNA (control).  
RNA27 - RNA capped with m7GpppAmpG, cap 4 or cap 9.  
RNA26 - RNA decapped by hDCP1/DCP2 complex.  
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