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Figure S1. Gel permeation chromatography (GPC) of C12-PBAE. The GPC results 

showed the molecular weight (MW) of C12-PBAE increased from 4173 Da to 5435, 6241, 

and 8653 Da with different molar ratios of C12-lipid to PBAE (from 1:10, 1:5 and 1:2) in the 

reactions, respectively. After calculating ΔMW/(MW of C12 lipid), there are an estimated six, 

twelve and twenty C12-lipids conjugated on the PBAE backbone, respectively. 
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Figure S2. Fourier-transform infrared spectroscopy (FTIR) of L-PBAEs. The FTIR 

spectrum revealed the carbon-carbon double bond characteristic peaks of linoleic lipids 

conjugated on PBAE backbones. (C=C-H at ~3000 cm-1 and C=C at ~1600 cm-1) 
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Figure S3. Nuclear Magnetic Resonance (NMR) spectroscopy of L-PBAEs. The 

conjugation of the C12-lipid and Linoleic-lipid on PBAE backbone were proved by NMR 

spectrum. The C12-lipid peaks of C12-PBAE were detected by NMR and briefly labeled ‘o’ 

and ‘p’ (Figure S3B) compared with the absence of these peaks in the original PBAE 

spectrum shown in Figure S3A. Similarly, the linoleic-lipid peaks of Lin-PBAE were also 

detected by NMR and labeled ‘o’, ‘p’ and ‘n’ (Figure S3C) which included carbon-carbon 

double bond characteristic peaks compared with C12-PBAE, which does not have an ‘n’ peak 

(Figure S3B). 
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Figure S4. Characterization of different lipid molar ratios of PNP/L-PBAE NPs. Size 

distribution and zeta potential of PNP/L-PBAE NPs library were characterized. As the lipid 

molar ratios (of PBAE backbone) increased from 1:10 to 1:2, the NP size increased from 150 

to 210 nm with narrow distribution of PDI of around 0.15. 
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Figure S5. Characterization of long-term stored lyophilized PNP/C12-PBAE NPs. The 

lyophilized PNPs have been stored for 12 months at -20 °C and still maintained transfection 

efficacy for both plasmid (green) and mRNA (red) comparing to fresh PNPs. The comparison 

of size distribution of fresh and 12 months stored lyophilized PNP NPs. 
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Figure S6. Histopathological analysis of muscle tissues surrounding nanoparticle 

injection site. (A) Muscle sections from mice in the PNP/C12-PBAE NP group were stained 

with haematoxylin and eosin (H&E), and representative photomicrographs were taken at 20x 

and (B) 40x magnification. (C) Muscle sections from the PBS group were stained with H&E 

and representative photomicrographs were taken at 20x and (D) 40x magnification (scale bars, 

50 µm).  
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Figure S7. Immunofluorescence assay of IL-6 proinflammatory biomaker of muscle 

tissues surrounding nanoparticle injection site. Muscle sections from lipopolysaccharide 

LPS (1 µg/µL, 100 µL, top), PNP NPs (50 µL, middle) and PBS (50 µL, bottom) injected 

mice were detected by IL-6 antibodies, and representative photomicrographs were taken at 

20x magnification under brightfield, FITC, DAPI and merged channels (scale bars, 50 µm).  
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Figure S8. Flow cytometry gating strategy of intracellular cytokine staining. SARS-CoV-

2 spike peptide pool stimulated T cells were stained and analyzed by flow cytometry. The T 

cell samples were gated to identify lymphocytes, singlets, live CD3+ T cells and T cell 

subsets of CD4+ and CD8+ T cells on the top row. For CD4+ and CD8+ T cells, the gates of 

IFN-γ, TNF-α, IL-2 and IL-4 were established (middle and bottom rows). 
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Figure S9. Spike protein sequence. Amino acid sequence alignment of the full-length spike 

protein of SARS-CoV-2 used in PNP vaccine immunization studies. 

 

 

 


