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Table S1. Synthesized polypeptides and particles characteristics, and their efficacy towards mRNA 
binding. Monomers to initiator ratio was maintained at 50. Polymer:mRNA mass ratio was main-
tained at 4/1. 

Sample [Lys]:[Ile] 
initial ratio 

Composition of 
copolymer, 

mol% (HPLC a)  
SEC data b DLS and ELS data c mRNA bind-

ing  
efficacy, %  

Lys 
 

Ile Mn Mw ƉM 
DH, nm 
±SD 3 

ζ-potential, 
mV ±SD 4 

P(Lys-co-Ile) 60:40 66.9 33.1 8.300 11.500 1.38 550±41 42±2 - 
P(Lys-co-Ile) 

+mRNA 60:40 -“- -“- -“- -“- -“- 467±48 33±6 62 

P(Lys-co-Ile) 70:30 77.6 22.4 7.300 9.500 1.29 510±43 38±5 - 
P(Lys-co-Ile) 

+mRNA 
70:30 -“- -“- -“- -“- -“- 405±28 30±6 77 

P(Lys-co-Ile) 80:20 85.7 14.3 6.300 8.100 1.28 400±48 39±6 - 
P(Lys-co-Ile) 

+mRNA 80:20 -“- -“- -“- -“- -“- 134± 29±7 95 

a data were obtained for Z-protected polymers with application of PMMA standards; b data were 
obtained for the self-assembled polymer particles after removal of Z-protection; c particles were ob-
tained by ultrasonication during 30 sec. Size and ζ-potential were measured in ultrapure water.  
 
 
 
 
 

 
Figure S1. HPLC chromatogram obtained during analysis of hydrolysate of P(Lys-co-Ile) copolymer 
synthesized with initial [Lys]/[Ile] equal to 70/30. Equipment and conditions: LC-20 Prominence HPLC 
system (Shimadzu) equipped with the RID-20A refractometric detector and Shodex IC YS-50 col-
umn of 125 mm ×4.6 mm (5 µm beads). 3 mМ H3PO4 was used as an eluent; flow rate was 0.8 
mL/min, injection loop volume was 20 µL. Analysis was performed at 40 °С. Equations for calibra-
tion plots were Y = aX + b where for Ile: a = 557.066, b = 0, R2 = 0.9996053, R = 0.9998027; for Lys: a = 
672.324, b = 0, R2 = 0.9992335, R = 0.9996167. Concentration ranges used for calibration were 0.5-20 
µg/mL for Lys and 1-20 µg/mL for Ile. 
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Figure S2. The change of P(Lys-co-Ile) particles hydrodynamic diameter during two weeks: (A) in-
cubation of particles in 0.01M PBS, pH 7.4; (B) incubation of particles in FBS-free Opti MEM cell 
culture medium. 

 

 
Figure S3. Effect of US on particles size distribution appearance. P(Lys-co-Ile)-3 copolymer polyplex 
with RNA/Сa2+ was applied here at N/P = 4. The measurements were performed in ultrapure H2O. 

 

Enzymatic stability of DNA 

Pure DNA (Deoxyribonucleic Acid (DNA), Sodium Salt from Salmon Testes, Sigma Aldrich) and its 
complexes with cationic polypeptides (N/P = 4) were coincubated with enzyme (DNase I from Bo-
vine Pancrease, Merck). The degradation and stability of DNA were detected by 1 % agarose gel 
electrophoresis (Fig. 8). Comparison of lanes 2 and 3 clearly shows that unprotected DNA is de-
graded by DNase. Complexation of DNA within polyplex based on P(Lys-co-Ile) at N/P 4 resulted 
in the stabilization of DNA towards degradation by DNase. Lane 5 (Fig. 8) shows the fate of DNA, 
which was released from polyplex under action of heparin excess. The released DNA was degraded 
by enzyme, which was present in the same mixture. Lane 6 (Fig. 8) shows the stability of DNA, 
which was released from polyplex by addition of heparin excess after DNase removal from the mix-
ture. In this case, we can observe the same mobility of released DNA as that for initial one. 
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Figure S4. Stability of pDNA-luc within complexes with P(Lys-co-Ile) towards degradation by 
DNase I. Experiment was performed with P(Lys-co-Ile)-3 at N/P = 4. 100 V for 15 mins and 120 V for 
45 mins. Lane 1 – 1 kb DNA Ladder; Lane 2 – DNA; Lane 3 – pDNA + DNase; Lane 4 – P(Lys-co-
Ile)-3+ DNA + DNase; Lane 5 – P(Lys-co-Ile)-3+ DNA +heparin (P(Lys-co-Ile)/heparin = 8 w/w) + 
DNase; Lane 6 – P(Lys-co-Ile)-3+ DNA+ DNase + heparin (after removal of DNA; P(Lys-co-Ile)/hep-
arin = 8 w/w). 

 

 

 

Luciferase pDNA transfection 

Cells were seeded at a density of 50,000 cells per well. Next day, the cell culture medium was 
refreshed and 50 µL of nanoparticles, containing 1 µg of pDNA-luc, varying the concentration of 
polymer according to the N/P ratio desired. The cells were incubated with nanoparticles in a serum-
free medium for 4 h, then the medium was refreshed with a serum-containing medium. After 24 h 
a half of the supernatant (150 µL) was collected, and after 48 hour remaining 250 µL supernatant 
was collected for the analysis.  

Analysis was performed using Gaussia Luciferase kit (Thermo Fisher Scientific). Briefly, 20 µL 
of each sample was transferred to 96-well plate (Black/White Corning) and mixed with 50 µL of 
substrate 1x coelenterazine, which was prepared in Gaussia Flash Assay Buffer. Luminescence was 
measured at 485/535 nm with application of Microplate Spectrophotometer-Fluorometer Fluoros-
kan Ascent reader. Transfection efficiency obtained by PEI/pDNA polyplexes was used as control. 
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Figure S5. Transfection of HCE and ARPE-19 cells with pDNA-luc polyplexes with PLys and P(Lys-
co-Ile)-3. Mean (±SD), n = 5. 
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Figure S6. Transfection of K562 cell line with (A) EGFP-mRNA control; (B) Lipofectamine 2000-
mRNA-GFP lipoplexes and (C) P(Lys-co-Ile)+EGFP-mRNA/Ca2+ N/P 4 polyplexes after 24 and 48 h 
post-transfection. 

 
Figure S7. 1 % agarose denaturing gel electrophoresis, showing mRNA obtained from different vials 
after synthesis. Lane 1 – Ribo Ruller HighRange; Lane 2 – initial mRNA control from vial #1; Lane 3 
– initial mRNA control from vial #2; Lane 4 – initial mRNA control from vial #3. 


