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Supplementary Fig.1. In vitro evaluation methods of MRNA LNPs. (a), Cell viability and (b),
in vitro FLuc expression of MRNA LNPs with Moderna control under 100 i 500 ng/mL of total
FLuc mRNA doses on HepG2 cells for 24 h (Data are shown for triplicates).
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Supplementary Fig.2. Example of step-by-step guide to quantifying mRNA encapsulation
within mRNA LNPs (Data are shown for triplicates).
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Supplementary Fig.3. Example of step-by-step guide to calculate cell viability using Alamar
blue cell viability assay (Data are shown for triplicates).
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Supplementary Fig.4. Original gating to quantify the Cy5-EGFP expression at (a), 6 h and (b),
24 h for HePG2 cells
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Supplementary Fig.5. mMRNA encapsulation efficiency measurement at 22 <C and 37 <C *p <
0.05 and ns > 0.05 with 95% of confidence level from paired t-test (Data are shown for triplicates).
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Supplementary Fig.6. (a), Cell viability and (b), normalized in vitro FLuc expression of mRNA
LNPs with Moderna control under 100 i 500 ng/mL of total FLuc mRNA doses on HepG2 cells
over desired time (day O, 7, 14 and 21). (c), The percentage of in vitro FLuc expression over desired
time (7, 14 and 21) as compared to day 0 (Data are shown for triplicates).
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Supplementary Fig.7. (a), Representative data of EGFP signals vs. Cy5 signals on HepG2 cells
incubated in the absence (control) or presence mMRNA LNPs for 6 h at 37 <T. Q1 represents EGFP
(+) and Cy5 (+) signal (MRNA LNPs uptake and EGFP expression), Q2 represents EGFP (+) and
Cy5 (-) signal (false), Q3 represents EGFP (-) and Cy5 (-) signal (no mRNA LNPs and no EGFP
expression), Q4 represents EGFP (-) and Cy5 (+) signal (nRNA LNPs uptake and no EGFP
expression). (b), Heat-map summary of cell uptake and EGFP expression of HepG2 cells treated
with Cy5-EGFP mRNA LNPs for 6 h at 37 <C. (c), Representative data of EGFP signals vs. Cy5
signals on HepG2 cells incubated in the absence (control) or presence mMRNA LNPs with Moderna
control for 24 h at 37 <C.
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Supplementary Fig.8. Representative confocal images of HepG2 cells incubated with calcein or
calcein and mRNA LNPs with nuclei and cytoskeletons staining in the (a) absence (top row) and
(b) presence (bottom row) of inhibitor bafilomycin A: for 4 h at 37 <C are shown. Nuclei (blue)
are stained with Hoechst 33342 and cytoskeletons are stained with CellMask™ Deep Red Actin
Tracking Stain (red). Scale bars are 20 um.
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Supplementary Fig.9. After 24 h, fluorescence images of mMRNA DiD-LNPs to indicate the

biodistribution ex vivo (n = 3) for each group via intravenous (1.V.) administration are shown.

Mice injected with naked FLuc mRNA and only PBS served as controls.
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Supplementary Fig.10. (a), After 24 h, bioluminescence images of MRNA Moderna LNPs ex
vivo (n = 3) for each group via I.V. administration are shown. Mice injected with naked FLuc
mRNA and only PBS served as controls. (b), After 24 h, fluorescence images of mMRNA DiD-
Moderna LNPs to indicate the biodistribution ex vivo (n = 3) for each group via intravenous (1.V.)
administration are shown.
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Supplementary Fig.11. Percent weight retention results. 24 h after respective intravenous dose

of FLuc mRNA LNPs into mice (Data are shown for triplicates).
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Supplementary Fig.12. Hematological tests testing CBC result of FLuc mRNA LNPs. Mice

injec

only

ted with naked FLuc mRNA and PBS were used as controls (Data are shown for

triplicates)
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Supplementary Fig.13. Statistical analysis of data in Fig. 6c, 7c, 8c and 8e. ****p < 0.0001,
***p < 0.001, **p < 0.01, *p < 0.05 and ns > 0.05 with 95% of confidence level from unpaired t-
test (Data are shown for triplicates).



Supplementary Table S1. Size, PDI, zeta potential and mRNA encapsulation efficiency of
Moderna LNPs

Size (nm) PDI Zeta potential (mV) | mRNA Encapsulation Efficiency (%)
Moderna LNPs | 155.1 +4.8 0.24 +£0.02 -2.84 £5.40 56.1 +11.2

Supplementary Table S2. The N/P ratio of the LNPs

1. Molecular weight of SM-102: 710.182 pg/pmol

2. Amount of SM-102 used: 430 g (has 1 amine group (N))

3. Amount of mRNA used: 40 g (3 nmol of P/ 1 g of nucleic acid)

4. Moles of Nitrogen (N) in SM-102 (430 pg / 710.182 pg/pmol =0.61 pmol)

5. Moles of Phosphorus (P) in SM-102 (40 g <3 nmol/ 1 g of nucleic acid =120 nmol =
0.12 pmol)

6. N:P Ratio = 0.61 pmol of nitrogen / 0.12 pmol of Phosphorus = 5.1






