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Synthesis of PEI- GA, PEI-GL and FITC-PEI-GA, FITC-PEI-GL1, conjugates.
[bookmark: _Hlk18837380]
Scheme S1. Synthetic routes of PEI-GA (A) and PEI-GL (B).
[bookmark: _Hlk18652862]Substitution amount of GA or GL were calculated from 1HNMR (400 MHz, Bruker, Germany, D2O). And detailed information about the characterization of the conjugates is given as follows: PEI-GA0.75: δ: 5.5(1H, s, CH=), 3.4 -2.2 (243, broad, NHCH2CH2), 2.0- 0.43 (43H，broad). PEI-GA1.1, δ: 5.5(1.21H, s CH=), 3.4 -2.2 (143H, broad, NHCH2CH2), 2.0- 0.43 (43H, broad). PEI-GA1.7, δ: 5.5(1H, s, CH=), 3.4 -2.2 (87.3H, broad, NHCH2CH2), 2.0- 0.43 (43H, broad). PEI-GL10.62, δ: 5.5(1.6H, s, H=), 3.7-2.2 (218.8, broad, NHCH2CH2), 2.0- 0.43 (50H, broad). PEI-GL20.65, δ:7.6(1.65H, s, Imidazole ring), δ: 6.7(1.62H, s, Imidazole ring), δ: 5.5(0.81H, s, CH=), 3.7-2.2(211.5H, broad, NHCH2CH2), 2.0-0.43 (44H, broad). 


Synthesis of FICT-PEI- GA and FICT-PEI-GL1 conjugates.
Synthesis of fluorescent dye-labeled PEI-GA0.75 and PEI-GL10.62 100mg PEI-GA0.75 or PEI-GL10.62 and fluorescein isothiocyanate (FITC) (0.8 mg) were dissolved in 6mL deionized water or DMSO. And the reaction mixtures were stirred overnight at room temperature and dialyzed in deionized water to remove the free dye molecules for 24h and finally lyophilized to obtain ginger powders.
In intro transfection efficiency.
Just like PEI25K, the presence of 10% FBS led to a significant reduction in gene expression and similar results were observed in all modified PEIs polyplexes, while the inhibition effects were much attenuated. 



[bookmark: _Hlk18837435]Figure S1. IR characterization of PEI-GA0.75, PEI-GL10.62 and PEI.


[bookmark: _Hlk18674708]Figure S2. In vitro gene transfection efficiency. Luciferase expression efficiency of PEI-GA/pLUCI and PEI-GL/pLUCI polyplexes and the controls (PEI.8K and PEI25K) in serum-free medium on A549 cancer cells with 2.25μg/ml Luciferase plasmid concentration. Results are shown as mean ± SD (n = 3). Statistically significant differences are indicated by *p < 0.05, **p < 0.01 and ***p < 0.001 using t-test (Unpaired).


[bookmark: _Hlk18837639]Figure S3. In vitro gene transfection efficiency of PEI-GA and PEI-GL conjugates and the controls under 10% FBS. Luciferase expression efficiency on HepG2 (A) and SW480 (B) cancer cells with 2.25μg/ml Luciferase gene concentration. Results are shown as mean ± SD (n = 3). (C) GFP expression efficiency of the four polyplexes and the controls on SW480 and HepG2 cells with 2.5μg/mL EGFP gene concentration. And GFP-positive cells measured by ﬂow cytometry.

Figure S4. In vitro TRAIL expression induced killing of SW480 cancer cells. Images of cells after being treated with PEI-GL10.62 /pTRAIL polyplexes (w/w 3) and PEI/pTRAIL polyplexes (PEI25K, w/w 1) at various DNA doses for 4 h in serum-free medium (A) or containing 10% FBS medium (B), and then cultured in fresh medium for 44 h. All the scale bars represent 10 μm.


PEI-GA1.1 conjugate transfection efficiency in vitro.

[bookmark: _Hlk18837560]Figure S5. In vitro gene transfection efficiency of PEI-GA1.1 conjugate and PEI 1.8K in serum-free medium on HepG2 cells, SW480 cells and A549 cancer cells with 2.25μg/ml Luciferase plasmid concentration. Results are shown as mean ± SD (n = 3).

Endocytosis inhibitor effects on cellular uptake and transfection
[bookmark: _Hlk14276191][bookmark: _Hlk14275854]Genistein was investigated to further illustrate intracellular trafficking of FITC-PEI-GA0.75 and FITC-PEI-GL10.62 conjugates by using a combination of flow cytometry and laser confocal microscope. As shown in Figure S5 A and B, flow cytometry results showed that cellular uptake of the two polyplexes were suppressed by the genistein inhibitor, resulted in a 30.8% and 64.1% decrease in intracellular uptake. Laser confocal microscope result confirmed the cellular uptake inhibition (Figure 7C). Genistein was a tyrosine kinase inhibitor, known to disrupt caveolae-dependent endocytosis and caveolae & clathrin independent endocytosis [1, 2]. Caveolin pathway is an acknowledged beneficial pathway for gene transfection[3, 4], in which vectors were initially localized into caveosomes to avoid pDNA lysosomal degradation [5]. Some studies reported that HepG2 cell have very poor expression of caveolin [6, 7], but another studies also confirmed that in liver and in different hepatocyte cell lines, the internalization of specific ligands was through caveolae, e.g. LDL receptor[8]. It was a pity that there is no direct evidence to confirm GA receptor located in caveolae. Combining the endocytosis inhibitors results and the role of GA receptors, we can infer that HepG2 cells endocytose PEI-GA0.75 and PEI-GL10.62 polyplexes through caveolae & clathrin independent pathway.
Figure S6. Endocytosis inhibitor effects on cellular uptake of FITC-PEI-GA0.75/pDNA (A) and FITC-PEI-GL10.62/pDNA (B) polyplexes. HepG2 cells were pretreated with each inhibitor for 0.5 h and cultured with FITC-PEI-GA0.75/pDNA (A) and FITC-PEI-GL10.62/pDNA (B) for 2h in serum-free medium, then measured by flow cytometry.
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