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Abstract: mRNA gene therapy has attracted much attention due to its advantages such as scalability,
modification, no need to enter the nucleus and no integration of host genes. In gene therapy, safe and effective
delivery of mRNA into cells is critical for the success of gene therapy. In this study, we designed and synthesized
an amphiphilic cationic lipopeptide gene vector (dendritic arginine & disulfide bond-containing cationic
lipopeptide, RLS) enriched with branched arginine. We achieved a 1.5-fold higher mRNA transfection efficiency in
zebrafish compared to the commercial reagent Lipofectamine 2000, and confirmed its good biosafety by in vitro
cytotoxicity and in vivo biosafety. First, we characterized the chemical composition of the cationic lipid peptides by
nuclear magnetic resonance hydrogen spectroscopy (‘H NMR) and time-of-flight mass spectrometry (MS). The
results of particle size and potential tested by dynamic light scattering particle size analysis showed that at a
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nitrogen/phosphorus (N/P) ratio of 20, the RLS/mRNA composite assemblies formed homogeneous nanoparticles

with an average particle size of about 220 nm and a surface { potential of about +21 mV. In vitro gene transfection,

the transfection experiments demonstrated that RLS exhibited 1.2-fold higher transfection efficiency in human

embryonic kidney 293 cells (HEK293) and 3-fold higher transfection efficiency in rat mesenchymal stem cells

(MSC) compared to Lipofectamine 2000. In addition, after microinjection of RLS into zebrafish embryos, we

evaluated the survival, hatching, and teratogenicity rates, all of which confirmed its favorable in vivo safety profile.

Thus, this amphiphilic cationic lipid peptide RLS, enriched with branched arginine, exhibits excellent mRNA

delivery properties and safety. These findings highlight its potential as a promising gene therapy tool.

Key words: branched arginine; amphiphilic cationic lipid; gene vector; mRNA delivery; zebrafish
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Figure 1 Structural characterization of RLS. A:'"H NMR spectra of RLS; B: Mass spectrometer of RLS. RLS: Dendritic arginine &

disulfide bond-containing cationic lipopeptide
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transfected HEK293 (A) and MSC cells (B). Quantitative analysis of mean fluorescence intensity of EGFP mRNA transfected HEK293 (C)
and MSC cells (D) with 10% FBS. Scale bars were 200 pm. Lipo 2000 was as the control. n =3, x+s. " P < 0.001 FBS: Fetal bovine serum

A Lipo 2000/mRNA mRNA

24 hpf

48 hpf

w
2

B 24 hpf
120 ok

3 48 hpf

0
o
1

=
=]
1

w
S
I

Mean fluorescence intensity

0

Lipo 2000/mRNA  mRNA RLS/mRNA
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Figure 6 A: Biocompatibility assessment of gene delivery vectors complexed with genes in vivo. Bright field photos of zebrafish embryos

injected with EGFP mRNA with various transfection materials at 48, 72, and 96 hpf. B, C: Survival rate and hatching rate of zebrafish

embryos at 24, 48, 72, and 96 hpf
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