
Supplementary Table S1. The full sequence of the reporter pDNA used for assessment of delivery efficacy. 

ACATTACCCTGTTATCCCTAGATGACATTACCCTGTTATCCCAGATGACATTACCCTGTTATCCCTAGATGACATTACCCTGTTATCCCTAGATGACATTTACCCTGTTATCCCTAGATGACATTA

CCCTGTTATCCCAGATGACATTACCCTGTTATCCCTAGATACATTACCCTGTTATCCCAGATGACATACCCTGTTATCCCTAGATGACATTACCCTGTTATCCCAGATGACATTACCCTGTTATCC

CTAGATACATTACCCTGTTATCCCAGATGACATACCCTGTTATCCCTAGATGACATTACCCTGTTATCCCAGATGACATTACCCTGTTATCCCTAGATACATTACCCTGTTATCCCAGATGACATA

CCCTGTTATCCCTAGATGACATTACCCTGTTATCCCAGATGACATTACCCTGTTATCCCTAGATACATTACCCTGTTATCCCAGATGACATACCCTGTTATCCCTAGATGACATTACCCTGTTATCC

CAGATGACATTACCCTGTTATCCCTAGATACATTACCCTGTTATCCCAGATGACATACCCTGTTATCCCTAGATGACATTACCCTGTTATCCCAGATGACATTACCCTGTTATCCCTAGATACATT

ACCCTGTTATCCCAGATGACATACCCTGTTATCCCTAGATGACATTACCCTGTTATCCCAGATAAACTCAATGATGATGATGATGATGGTCGAGACTCAGCGGCCGCGGTGCCAGGGCGTGCC

CTTGGGCTCCCCGGGCGCGACTAGTTCTAGCGAATTCGAGCTCGCCCCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACG

TATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACG

TCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTA

CATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTC

CGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAA

GACACCGGGACCGATCCAGCCTCCGGGGGATCTTGGTGGCGTGAAACTCCCGCACCTCTTCGGCCAGCGCCTTGTAGAAGCGCGTAGGCCTTCTAGCGTACAAGTCCGGACTCAGATCTCGA

GCTCAAGCTTCGGCGACGTCGCCACGTGATGGGAGTCAAAGTTCTGTTTGCCCTGATCTGCATCGCTGTGGCCGAGGCCAAGCCCACCGAGAACAACGAAGACTTCAACATCGTGGCCGTGG

CCAGCAACTTCGCGACCACGGATCTCGATGCTGACCGCGGGAAGTTGCCCGGCAAGAAGCTGCCGCTGGAGGTGCTCAAAGAGATGGAAGCCAATGCCCGGAAAGCTGGCTGCACCAGGG

GCTGTCTGATCTGCCTGTCCCACATCAAGTGCACGCCCAAGATGAAGAAGTTCATCCCAGGACGCTGCCACACCTACGAAGGCGACAAAGAGTCCGCACAGGGCGGCATAGGCGAGGCGAT

CGTCGACATTCCTGAGATTCCTGGGTTCAAGGACTTGGAGCCCATGGAGCAGTTCATCGCACAGGTCGATCTGTGTGTGGACTGCACAACTGGCTGCCTCAAAGGGCTTGCCAACGTGCAGT

GTTCTGACCTGCTCAAGAAGTGGCTGCCGCAACGCTGTGCGACCTTTGCCAGCAAGATCCAGGGCCAGGTGGACAAGATCAAGGGGGCCGGTGGTGACTAAACCGGTCGACAAGGTGAGT

TTGGGGACCCTTGATTGTTCTTTCTTTTTCGCTATTGTAAAATTCATGTTATATGGAGGGGGCAAAGTTTTCAGGGTGTTGTTTAGAATGGGAAGATGTCCCTTGTATCACCATGGACCCTCAT

GATAATTTTGTTTCTTTCACTTTCTACTCTGTTGACAACCATTGTCTCCTCTTATTTTCTTTTCATTTTCTGTAACTTTTTCGTTAAACTTTAGCTTGCATTTGTAACGAATTTTTAAATTCACTTTTGT

TTATTTGTCAGATTGTAAGTACTTTCTCTAATCACTTTTTTTTCAAGGCAATCAGGGTATATTATATTGTACTTCAGCACAGTTTTAGAGAACAATTGTTATAATTAAATGATAAGGTAGAATATT

TCTGCATATAAATTCTGGCTGGCGTGGAAATATTCTTATTGGTAGAAACAACTACACCCTGGTCATCATCCTGCCTTTCTCTTTATGGTTACAATGATATACACTGTTTGAGATGAGGATAAAAT

ACTCTGAGTCCAAACCGGGCCCCTCTGCTAACCATGTTCATGCCTTCTTCTTTTTCCTACAGGCTCGACGGAGATGGGGGAGGCTAACTGAAACACGGAAGGAGACAATACCGGAAGGAACC

CGCGCTATGACGGCAATAAAAAGACAGAATAAAACGCACGGGTGTTGGGTCGTTTGTTCATAAACGCGGGGTTCGGTCCCAGGGCTGGCACTCTGTCGATACCCCACCGAGACCCCATTGG

GGCCAATACGCCCGCGTTTCTTCCTTTTCCCCACCCCACCCCCCAAGTTCGGGTGAAGGCCCAGGGCTCGCAGCCAACGTCGGGGCGGCAGGCCCTGCCATAGCCACTGGCCCCGTGGGTTA

GGGACGGGGTCCCCATGGGGAATGGTTTATGGTTCGTGGGGGTTATTATTTTGGGCGTTGCGTGGGGTCTGGGTATACCCTCGACCTGCAGGGTACCAGATCTGCTAGTTCTAGCGAATTCG

AGCTCGCCCCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGA

CGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAG

TACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGA

TTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGG

TGGGAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTCCGGGGGATCTTGGT

GGCGTGAAACTCCCGCACCTCTTCGGCCAGCGCCTTGTAGAAGCGCGTAGGCCTTCTAGCGTACAAGTCCGGACTCAGATCTCGAGCTCAAGCTTCGAAATGGAAGATGCCAAAAACATTAA

GAAGGGCCCAGCGCCATTCTACCCACTCGAAGACGGGACCGCCGGCGAGCAGCTGCACAAAGCCATGAAGCGCTACGCCCTGGTGCCCGGCACCATCGCCTTTACCGACGCACATATCGAG

GTGGACATTACCTACGCCGAGTACTTCGAGATGAGCGTTCGGCTGGCAGAAGCTATGAAGCGCTATGGGCTGAATACAAACCATCGGATCGTGGTGTGCAGCGAGAATAGCTTGCAGTTCTT

CATGCCCGTGTTGGGTGCCCTGTTCATCGGTGTGGCTGTGGCCCCAGCTAACGACATCTACAACGAGCGCGAGCTGCTGAACAGCATGGGCATCAGCCAGCCCACCGTCGTATTCGTGAGCA

AGAAAGGGCTGCAAAAGATCCTCAACGTGCAAAAGAAGCTACCGATCATACAAAAGATCATCATCATGGATAGCAAGACCGACTACCAGGGCTTCCAAAGCATGTACACCTTCGTGACTTCC



CATTTGCCACCCGGCTTCAACGAGTACGACTTCGTGCCCGAGAGCTTCGACCGGGACAAAACCATCGCCCTGATCATGAACAGTAGTGGCAGTACCGGATTGCCCAAGGGCGTAGCCCTACC

GCACCGCACCGCTTGTGTCCGATTCAGTCATGCCCGCGACCCCATCTTCGGCAACCAGATCATCCCCGACACCGCTATCCTCAGCGTGGTGCCATTTCACCACGGCTTCGGCATGTTCACCACG

CTGGGCTACTTGATCTGCGGCTTTCGGGTCGTGCTCATGTACCGCTTCGAGGAGGAGCTATTCTTGCGCAGCTTGCAAGACTATAAGATTCAATCTGCCCTGCTGGTGCCCACACTATTTAGCT

TCTTCGCTAAGAGCACTCTCATCGACAAGTACGACCTAAGCAACTTGCACGAGATCGCCAGCGGCGGGGCGCCGCTCAGCAAGGAGGTAGGTGAGGCCGTGGCCAAACGCTTCCACCTACC

AGGCATCCGCCAGGGCTACGGCCTGACAGAAACAACCAGCGCCATTCTGATCACCCCCGAAGGGGACGACAAGCCTGGCGCAGTAGGCAAGGTGGTGCCCTTCTTCGAGGCTAAGGTGGT

GGACTTGGACACCGGTAAGACACTGGGTGTGAACCAGCGCGGCGAGCTGTGCGTCCGTGGCCCCATGATCATGAGCGGCTACGTTAACAACCCCGAGGCTACAAACGCTCTCATCGACAAG

GACGGCTGGCTGCACAGCGGCGACATCGCCTACTGGGACGAGGACGAGCACTTCTTCATCGTGGACCGGCTGAAGAGCCTGATCAAATACAAGGGCTACCAGGTAGCCCCAGCCGAACTGG

AGAGCATCCTGCTGCAACACCCCAACATCTTCGACGCCGGGGTCGCCGGCCTGCCCGACGACGATGCCGGCGAGCTGCCCGCCGCAGTCGTCGTGCTGGAACACGGTAAAACCATGACCGA

GAAGGAGATCGTGGACTATGTGGCCAGCCAGGTTACAACCGCCAAGAAGCTGCGCGGTGGTGTTGTGTTCGTGGACGAGGTGCCTAAAGGACTGACCGGCAAGTTGGACGCCCGCAAGAT

CCGCGAGATTCTCATTAAGGCCAAGAAGGGCGGCAAGATCGCCGTGTAACCGCGGTACCAGGTCGACAAGGTGAGTTTGGGGACCCTTGATTGTTCTTTCTTTTTCGCTATTGTAAAATTCAT

GTTATATGGAGGGGGCAAAGTTTTCAGGGTGTTGTTTAGAATGGGAAGATGTCCCTTGTATCACCATGGACCCTCATGATAATTTTGTTTCTTTCACTTTCTACTCTGTTGACAACCATTGTCTC

CTCTTATTTTCTTTTCATTTTCTGTAACTTTTTCGTTAAACTTTAGCTTGCATTTGTAACGAATTTTTAAATTCACTTTTGTTTATTTGTCAGATTGTAAGTACTTTCTCTAATCACTTTTTTTTCAAGG

CAATCAGGGTATATTATATTGTACTTCAGCACAGTTTTAGAGAACAATTGTTATAATTAAATGATAAGGTAGAATATTTCTGCATATAAATTCTGGCTGGCGTGGAAATATTCTTATTGGTAGA

AACAACTACACCCTGGTCATCATCCTGCCTTTCTCTTTATGGTTACAATGATATACACTGTTTGAGATGAGGATAAAATACTCTGAGTCCAAACCGGGCCCCTCTGCTAACCATGTTCATGCCTT

CTTCTTTTTCCTACAGGCTCGACGGAGATGGGGGAGGCTAACTGAAACACGGAAGGAGACAATACCGGAAGGAACCCGCGCTATGACGGCAATAAAAAGACAGAATAAAACGCACGGGTG

TTGGGTCGTTTGTTCATAAACGCGGGGTTCGGTCCCAGGGCTGGCACTCTGTCGATACCCCACCGAGACCCCATTGGGGCCAATACGCCCGCGTTTCTTCCTTTTCCCCACCCCACCCCCCAAG

TTCGGGTGAAGGCCCAGGGCTCGCAGCCAACGTCGGGGCGGCAGGCCCTGCCATAGCCACTGGCCCCGTGGGTTAGGGACGGGGTCCCCATGGGGAATGGTTTATGGTTCGTGGGGGTTA

TTATTTTGGGCGTTGCGTGGGGTCTGGGTATACCCTCGACCTGCAGGGTACCAGATCTGCTAGCTAGTCTTTCCGATCGATGGAAGGATCCGTCGGAGCTCTACCTTGCGGCCGCGACATGAT

AAGATACATTGATGAGTTTGGACAAACCACAACTAGAATGCAGTGAAAAAAATGCTTTATTTGTGAAATTTGTGATGCTATTGCTTTATTTGTGAAATTTGTGATGCTATTGCTTTATTTGTAAC

CATTATAAGCTGCAATAAACAAGTTAACAACAACAATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAGGTGTGGGAGGTTTTTTAAAGCAAGTAAAACCTCTACAAATGTGGTAGATCATT

TATCTCTAGAGTCGACCCATGGGGGCCCGCCCCAACTGGGGTAACCTTTGAGTTCTCTCAGTTGGGGGTAATCAGCATCATGATGTGGTACCACATCATGATGCTGATTATAAGAATGCGGCC

GCCACACTCTAGTGGATCTCGAGTTAATAATTCAGAAGAACTCGTCAAGAAGGCGATAGAAGGCGATGCGCTGCGAATCGGGAGCGGCGATACCGTAAAGCACGAGGAAGCGGTCAGCCC

ATTCGCCGCCAAGCTCTTCAGCAATATCACGGGTAGCCAACGCTATGTCCTGATAGCGGTCCGCCACACCCAGCCGGCCACAGTCGATGAATCCAGAAAAGCGGCCATTTTCCACCATGATAT

TCGGCAAGCAGGCATCGCCATGGGTCACGACGAGATCCTCGCCGTCGGGCATGCTCGCCTTGAGCCTGGCGAACAGTTCGGCTGGCGCGAGCCCCTGATGCTCTTCGTCCAGATCATCCTGA

TCGACAAGACCGGCTTCCATCCGAGTACGTGCTCGCTCGATGCGATGTTTCGCTTGGTGGTCGAATGGGCAGGTAGCCGGATCAAGCGTATGCAGCCGCCGCATTGCATCAGCCATGATGGA

TACTTTCTCGGCAGGAGCAAGGTGTAGATGACATGGAGATCCTGCCCCGGCACTTCGCCCAATAGCAGCCAGTCCCTTCCCGCTTCAGTGACAACGTCGAGCACAGCTGCGCAAGGAACGCC

CGTCGTGGCCAGCCACGATAGCCGCGCTGCCTCGTCTTGCAGTTCATTCAGGGCACCGGACAGGTCGGTCTTGACAAAAAGAACCGGGCGCCCCTGCGCTGACAGCCGGAACACGGCGGCA

TCAGAGCAGCCGATTGTCTGTTGTGCCCAGTCATAGCCGAATAGCCTCTCCACCCAAGCGGCCGGAGAACCTGCGTGCAATCCATCTTGTTCAATCATGCGAAACGATCCTCATCCTGTCTCTT

GATCAGAGCTTGATCCCCTGCGCCATCAGATCCTTGGCGGCGAGAAAGCCATCCAGTTTACTTTGCAGGGCTTCCCAACCTTACCAGAGGGCGCCCCAGCTGGCAATTCCGGTTCGCTTGCTG

TCCATAAAACCGCCCAGTCTAGCTATCGCCATGTAAGCCCACTGCAAGCTACCTGCTTTCTCTTTGCGCTTGCGTTTTCCCTTGTCCAGATAGCCCAGTAGCTGACATTCATCCGGGGTCAGCAC

CGTTTCTGCGGACTGGCTTTCTACGTGCTCGAGGGGGGCCAAACGGTCTCCAGCTTGGCTGTTTTGGCGGATGAGAGAAGATTTTCAGCCTGATACAGATTAAATCAGAACGCAGAAGCGGT

CTGATAAAACAGAATTTGCCTGGCGGCAGTAGCGCGGTGGTCCCACCTGACCCCATGCCGAACTCAGAAGTGAAACGCCGTAGCGCCGATGGTAGTGTGGGGTCTCCCCATGCGAGAGTAG

GGAACTGCCAGGCATCAAATAAAACGAAAGGCTCAGTCGAAAGACTGGGCCTTTCGTTTTATCTGTTGTTTGTCGGTGAACGCTCTCCTGAGTAGGACAAATCCGCCGGGAGCGGATTTGAA

CGTTGCGAAGCAACGGCCCGGAGGGTGGCGGGCAGGACGCCCGCCATAAACTGCCAGGCATCAAATTAAGCAGAAGGCCATCCTGACGGATGGCCTTTTTGCGTTTCTACAAACTCTTTTGT

TTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTT

CTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCA

AATACTGTCCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTC

TTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACA



GCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGG

TATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCT

TTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTC

AGTGAGCGAGGAAGCGGAAGAGCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCATATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCA

GTATACACTCCGCTATCGCTACGTGACTGGGTCATGGCTGCGCCCCGACACCCGCCAACACCCGCTGACGCGCCCTGACGGGCTTGTCTGCTCCCGGCATCCGCTTACAGACAAGCTGTGACC

GTCTCCGGGAGCTGCATGTGTCAGAGGTTTTCACCGTCATCACCGAAACGCGCGAGGCAGCAGATCAATTCGCGCGCGAAGGCGAAGCGGCATGCATAATGTGCCTGTCAAATGGACGAAG

CAGGGATTCTGCAAACCCTATGCTACTCCGTCAAGCCGTCAATTGTCTGATTCGTTACCAATTATGACAACTTGACGGCTACATCATTCACTTTTTCTTCACAACCGGCACGGAACTCGCTCGGG

CTGGCCCCGGTGCATTTTTTAAATACCCGCGAGAAATAGAGTTGATCGTCAAAACCAACATTGCGACCGACGGTGGCGATAGGCATCCGGGTGGTGCTCAAAAGCAGCTTCGCCTGGCTGAT

ACGTTGGTCCTCGCGCCAGCTTAAGACGCTAATCCCTAACTGCTGGCGGAAAAGATGTGACAGACGCGACGGCGACAAGCAAACATGCTGTGCGACGCTGGCGAT 

 

Supplementary Table S2. Reagents and antibodies used for flow cytometry. 

Antigen Clone Fluorophore Dilution Used for Staining Source 

Fixable Viability Dye  eFluorTM 506 1:800 Thermo Fisher Scientific 

Cd45 30-F11 AlexaFluor700 1:400 Biolegend 

Cd11b M1/70 PE-Dazzle 1:800 Biolegend 

Cd11c N418 APC-Cy7 1:400 Biolegend 

Cd19 1D3/CD19 PerCP-Cy5.5 1:200 Biolegend 

Cd8 53-5.8 BrilliantViolet650 1:200 Biolegend 

Cd4 RM4-5 BrilliantViolet570 1:400 Biolegend 

F4/80 BM8 PE-Cy7 1:400 Biolegend 

 

 

Supplementary Table S3. Size distribution and zeta-potentials of CPP/mRNA and CPP/pDNA nanoparticles formed at CPP/NA charge ratio 3:1. 

 Size distribution Zeta-potential 

CPP mRNA, CR3  pDNA, CR3  mRNA, CR3 pDNA, CR3 

 Size, nm pDI Size, nm pDI   

PF14 166 ± 11 0.34 ± 0.03 188 ± 8 0.21 ± 0.01 46.4 ± 0.49 36.7 ± 0.36 

NF71 165 ± 14 0.35 ± 0.06 134 ± 2 0.29 ± 0.02 37.0 ± 0.25 37.4 ± 0.63 

NF55 186 ±10 0.24 ± 0.01 163 ± 2 0.30 ± 0.05 33.6 ± 0.01 38.2 ±1.01 

NF430 167 ± 2 0.22 ± 0.01 143 ± 2 0.16 ± 0.01 35.5 ± 0.71 46.8 ± 1.45 

NF424 172 ± 13 0.31 ± 0.02 138 ± 6 0.14 ± 0.03 34.6 ± 0.32 42.1± 1.13 

NF436 177 ± 5 0.35 ± 0.02 140 ± 1 0.18 ± 0.01 33.8 ± 0.47 35.8 ± 0.65 

 



Supplementary Figures: 

MALDI and UPLC data of CPPs used in this work. 

PF14 

UPLC retention time: 12 min 50 s 

 

MALDI main peak 2405 m/z 

 

 



NF55 

UPLC retention time 13 min 12 s 

 

MALDI main peak 2376 m/z 

 

  



NF71 

UPLC retention time 9 min 36 s 

 

MALDI main peak 2627 m/z 

 

  



NF430 

UPLC retention time 13 min 6 s 

 

MALDI main peak 2149 m/z 

 

  



NF424 

UPLC retention time 13 min 

 

MALDI main peak 2136 m/z 

 

  



NF436 

UPLC retention time 12 min 55 s 

 

MALDI main peak 2137 m/z 

 

Figure S1. HPLC and MS for used peptides. Peptides were analyzed with reverse-phase ultra-performance liquid chromatography (ACQUITY UPLC H-class 

(Waters, USA)) accompanied with Empower software and equipped with C18 column (ACQUITY UPLC® BEH130 C18, 1.7 μm, 100 × 2.1 mm) used with temperature 

set to 40°C. The gradient was set from 5 – 95 % acetonitrile/water supplemented with 0.1% TFA, over a period of 13 min. The molecular weight of the peptides was 

determined by matrix-assisted laser desorption-ionization/time of flight mass spectrometry (Brucker Microflex LT/SH, USA). 

  



 

 

Figure S2. Total reporter levels and transfected cell population in vitro. All CPPs achieve high expression levels with both pDNA and mRNA in CHO-K1 cells. a) 

Transfection efficacy based on total reporter levels 24 h post-transfection from whole cell lysate. As commercially available transfection reagents Lipofectamine 3000 

(LF3000) and PEI-Max (PEI) were used. PEI/NA complexes were formed at N/P ratio 20. Transfection with 0.1 µg of nucleic acid per 96-well plate well in 100 µl of 

serum (10% FBS) containing media. 24 h post-transfection cells were lysed, and from cell lysate relative luminescence (RLU) were detected after addition of substrate. 

RLU vales are normalized to total protein in the whole cell lysate b) transfected cell population percentage determined with flow cytometry. CHO-K1 cells were 

transfected with 0.5 µg of NA per 24-well plate well and in 500 µl of serum containing media. 4 h post-transfection media was replaced with fresh media and cells 

were further incubated for 20 h. 24 h post-transfection cells were detached and analyzed with flow cytometer to detect fluorescent positive cell population (GFP+) 

out of live cells. For threshold setting untreated cells were used. 

  



 

Figure S3. In vivo screening of NF55/mRNA and controls groups for imaging. mRNA dose reduction in NF55/mRNA complexes results in reduction of expression 

in the lungs whereas in the spleen the reporter levels remain relatively high even with the lower dose. Tissues were harvested 24 h post-injection of NF55/mRNA 

complexes. 2.5 mg/kg, 1 mg/kg and 0.5 mg/kg doses of mRNA in the complex were compared. b) Representative images from whole body imaging with equalized 

radiance scales shown in Figure 1e. Mice treated with 0.5 mg/kg of luciferase encoding mRNA or 2.5 mg/kg luciferase encoding pDNA. Images taken at 1h, 6h, 12h 

and 24h post-administration. c) Ex vivo imaging of tissues collected 48 h post injection. 



 

Figure S4. Gating strategy for sorting cells from spleen tissue from NF55/mRNA treated mice and reporter levels detected from different steps of sorting and from 

sorted cells. Spleen harvested 24 h post-administration of complexes via single i.v. injection. a) Detected reporter levels after single administration of NF55/mRNA. 

Samles were collected and lysed to detect expressed luciferase levels in the sorted cell lysate.  

 

 

 

  



   

 

Ladder ZipRuler2: 

 

Figure S5. A) CPPs are efficiently able to interact with mRNA and limit its migration in 1% agarose gel. CPP/mRNA complexes were formed at charge ratios (CR) 

1:1; 2:1 and 3:1 with CPP in excess. After incubation samples were diluted, loading dye was added and samples transferred to agarose gel tooth. LD – ladder ZipRuler 

2. NA – free mRNA at the same concentration as used in the CPP/NA complexes. B) CPPs are efficiently able to interact with pDNA and limit its migration in agarose 

gel. CPP/pDNA complexes were formed at charge ratios (CR) 1:1; 2:1 and 3:1 with CPP in excess. After incubation samples were diluted, loading dye was added 

and samples transferred to agarose gel tooth. LD – ladder ZipRuler 2. NA – free pDNA at the same concentration as used in the CPP/NA complexes. 



 

Figure S6. Helical wheel projections of NF55, NF424, NF436 C-terminal pert from the linker amino acid. Projections are modified from the calculations done in: 

http://rzlab.ucr.edu/scripts/wheel/wheel.cgi. 

  



 

 

Figure S7. The in vivo efficacy of CPP/pDNA complexes formed with new CPPs. CPP/pDNA complexes were formed at charge ratio (CR) 2:1 with CPP in excess. 

The reporter levels from delivered luciferase encoding pDNA was detected from tissue homogenate 16 h post-injection.  

  



Statistical Analysis 

 



 



 



 



 

 

 



 

 



 

 


