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Supporting figures 

 

Figure S1. Synthesis routes of MIC1 and MIC2. 

 

 

Figure S2. Synthesis routes of MIC3 and MIC4. 

 



 

Figure S3. Synthesis routes of MIC5 and MIC6. 

 

 

Figure S4. Formulation screening and optimization of 4N4T-LNPs. 

A) MIC1-LNPs@FLuc mRNA were prepared using the two formulas reported in literatures, 

namely 50:10:38.5:1.5
[1]

 (F-50) for MC3 and 35:16:46.5:2.5
[2]

 (F-35) for C12-200 and OF-2
[3]

. 

The relative luciferase expression via intramuscular injection (10 μg of mRNA per mouse) was 

shown in the figure above. Since the fluorescence intensity of the F-35 formula was much higher 

than that of the F-50 formula, we selected F-35 formula for further research. B) Entrapment 

efficiency at different mass ratios of mRNA to MIC1 was investigated and 15:1 was the optimized 

mass ratio. C) Entrapment efficiency of different 4N4T-LNPs prepared using F-35 and mass ratio 

of 15:1 was examined. The results showed that different LNPs had good entrapment efficiency of 

mRNA. In summary, we believe that this formula can be universal for the construction of 4N4T-

LNPs. 

 

 

Figure S5. Average ζ potential (A) and PDI (B) of 4N4T-LNPs. 

 



 

Figure S6. Representative TEM images of 4N4T-LNPs with no mRNA loaded (eMICx) and 

4N4T-LNPs loaded with mRNA (mMICx). LNPs of eMICx appeared looser, while LNPs of 

mMICx were more compact. This should be caused by the compression of ionizable lipids by 

long-chain mRNA molecules. Scale bar = 100 nm. 

 

 

Figure S7. Representative fluorescence microscopic images of DC2.4 cells after 24 h of 

incubation with 4N4T-GFP mRNA. Scale bar = 100 μm. 

 

 

Figure S8. Luciferase activity over time after administration of 10 μg of FLuc mRNA. 

 

 

Figure S9. The quantification of IL-4-secreting T cells in splenocytes and lymph node cells. 



 

Figure S10. IgG2a/IgG1 ratio of serum in high-dose groups at week 8. 

 

 

Figure S11. Blood biochemistry of mice 24 h after intramuscular administration with 30 μg 4N4T-

DS mRNA. 

 

 

Figure S12. Representative histopathology (H&E) of major organs harvested 8 weeks after 

vaccination. Scale bar = 100 μm. 

 



 

 

Figure S13. Chemical structure and synthetic route of SM-102. 

 

Table S1. Characterization of 4N4T lipids 

Abbreviation 
1
H NMR (400 MHz, CDCl3, δ) 

Compound 1 

δ (ppm) = 6.45 (s, 1H), 6.26 (d, J=17.0, 1H), 6.10 (dd, J=17.0, 10.3, 1H), 5.64 

(d, J=10.3, 1H), 4.96 (s, 1H), 3.44 (dd, J=11.1, 5.4, 2H), 3.38–3.21 (m, 2H), 

1.44 (s, 9H). 

Compound 2 
δ (ppm) = 8.13 (s, 2H), 4.96 (s, 2H), 3.35 (dd, J=11.6, 5.7, 4H), 3.19 (dd, 

J=42.8, 6.3, 4H), 2.83–2.45 (m, 12H), 2.39 (t, J=6.1, 4H), 1.40 (s, 18H). 

MIC1 
δ (ppm) = 8.21–8.01 (m, 2H), 3.58 (s, 4H), 3.41–3.22 (m, 4H), 2.76–2.30 (m, 

28H), 1.49–1.37 (m, 8H), 1.26 (s, 88H), 0.88 (t, J=6.8, 12H). 

MIC2 
δ (ppm) = 7.69 (t, J=4.7, 2H), 3.29 (dd, J=11.2, 5.7, 4H), 2.62 (t, J=6.4, 4H), 

2.57–2.28 (m, 24H), 1.40 (m, 8H), 1.35–1.17 (s, 88H), 0.88 (t, J=6.8, 12H). 

Compound 3 
δ (ppm) = 6.64–6.51 (m, J=16.7, 5.6, 4.6, 2H), 6.33 (dd, J=16.8, 1.7, 2H), 5.76 

(dd, J=10.5, 1.7, 2H), 3.70 (d, J=34.4, 8H). 

Compound 4 
δ (ppm) = 5.20 (s, 2H), 3.58 (dd, J=53.6, 16.8, 8H), 3.22 (d, J=5.0, 4H), 2.79–2.68 

(m, 4H), 2.50 (dd, J=12.4, 6.1, 8H), 2.25 (s, 6H), 1.44 (s, 18H). 

MIC3 
δ (ppm) = 5.19 (s, 2H), 3.75–3.42 (m, 8H), 3.23 (d, J=5.0, 4H), 2.88–2.16 (m, 

30H), 1.47–1.16 (m, 92H), 0.89 (t, J=6.8, 12H). 

MIC4 
δ (ppm) = 3.57 (dd, J=48.8, 18.3, 8H), 2.86–2.21 (m, 30H), 1.55–1.18 (m, 

96H), 0.89 (t, J=6.8, 12H). 

MIC5 
δ (ppm) = 4.61–3.77 (m, 4H), 3.73–3.49 (m, 4H), 2.91–2.14 (m, 24H), 1.68–

1.53 (m, 4H), 1.50–1.38 (m, 8H), 1.34–1.23 (s, 88H), 0.88 (t, J=6.8, 12H). 

MIC6 
δ (ppm) = 2.79–2.30 (m, 24H), 1.76–1.65 (m, 4H), 1.54–1.43 (m, 8H), 1.34–

1.18 (s, 88H), 0.88 (t, J=6.1, 12H). 
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