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1. Experimental Section
Materials. The hyperbranched aliphatic polyesters Boltorn H40 were obtained from Perstorp AB, Sweden. Succinic anhydride was obtained from Shanghai First Reagent Co. and recrystallized from chloroform before use. THF and triethylamine were purchased from Shanghai First Reagent Co. THF was dried over Na before use. ε-(Benzyloxycarbonyl)-L-lysine and triﬂuoroacetic acid were purchased from GL Biochem (Shanghai) Ltd., China. N-Carboxy-(ε-benzyloxycarbonyl)-L-lysine anhydride (Z-L-lysine NCA) was prepared according to the method described by the Fuchs-Farthing using triphosgene.1 33% HBr solution in acetic acid (HBr/AcOH) was purchased from Acros. Fluorescein isothiocyanate (FITC) was purchased from the Aldrich Chemical Company. All other reagents and solvents were purchased from the Aldrich Chemical Company and used as received. 

Synthesis of Carboxyl-Terminated Hyperbranched Polyester (H40-COOH). H40-COOH was synthesized according to our previously reported procedure.2 Briefly, 2.00g H40 was dissolved in 50.0 ml of anhydrous THF, and then a two-fold molar excess of succinic anhydride was added in the presence of 0.5 ml of triethylamine as catalyst. After stirring for 24 h at ambient temperature, the obtained floc-like solid precipitated from the solution was washed with THF and diethyl ether to remove the residual succinic anhydride and then dried in a vacuum oven at 40 oC for 24 h. 
Synthesis of PLL. PLL was synthesized by using a reported literature procedure.3-5 Briefly, Z-L-lysine NCA was polymerized in dimethylformamide with triethylamine as initiator. After removal of the protecting Z-group the resulting PLL was characterized with 1H NMR and GPC. GPC measurement shows the number average molecular weight is 29, 800 and PDI is 1.29.

Complex Self-assembly of H40-COOH with PLL and subsequent cross-linking. 10 mL of PLL solution (1 mg/mL or 10 mg/mL) was added to 10 mL of the agitated H40-COOH aqueous solution to induce the complex self-assembly, in which the weight ratio of PLL to H40-COOH was kept at 1.0. After mixing for 5 minutes, the complex vesicles were obtained. To crosslink vesicles, a certain amount of glutaraldehyde aqueous solution (25%, weight ratio) was added under agitation into the obtained vesicle solution, in which 0.5 μL glutaraldehyde was used for 1 mg PLL. After 2 h, the un-reacted glutaraldehyde was removed by dialysis and the cross-linked vesicles were obtained inside the dialysis bag. All experiments were conducted at a temperature of 25 °C.
Cell culture. HeLa cells were cultured with high glucose Dulbecco’s Modiﬁed Eagle’s medium (DMEM, Hyclone) supplemented with 10% fetal bovine serum (FBS, Hyclone) in a humidiﬁed incubator (MCO-15AC, Sanyo) at 37 oC in which the CO2 level was kept constant at 5%.
Cell viability tests. WST-1 (Beyondtime Bio-Tech, China) assay was used to measure cell viability.6 Samples were placed into a 24-well flat culture plate (Corning), and then 500 μL of a cell suspension were transferred to each well. The cells were cultured for 24 h. 500 μL of sterilized phosphate-buffered salt solution (PBS, 0.01 M, pH 7.4) was used to substitute the culture medium, before adding 1/10 (v/v) of WST-1 reagent. The cells were incubated for another 2 h. Then 100 μL of the suspension in each well was transferred to a 96-well ﬂat plate (Corning), and the absorbance was measured at 450 nm using a microplate reader (Model 680, Bio-Rad). The cells cultured without any samples added at the same time interval were used as controls (100% viability), and background absorbance was measured in the culture medium without cells and samples. The absorbance of samples incubated in the culture medium without cells was measured to confirm whether samples affected the absorbance results or not.

Instruments and Measurements. Cryo-TEM analysis was performed with a JEOL JEM-2010 instrument equipped with a Gatan 832 CCD. Samples were prepared by staining with 2% phosphotungstic acid. The mixture of dye and vesicle solution (3 μL) was deposited on carbon grid (Quantifoil Holey carbon films, R1.2/1.3). Then the mixture solution was quickly blotted away with a strip of filter paper. After that, the carbon grid was vertically immerged into the liquid nitrogen frozen ethane, and then morphology analysis was performed at temperature below -170 oC. TEM experiments were performed on a JEM-2010/INCA OXFORD instrument operating at an accelerating voltage of 200KV. TEM samples were prepared by applying a drop of vesicle solution (about 2-4 µL) directly onto a carbon-coated copper TEM grid and allowing the solution to evaporate under ambient conditions. Afterwards, a droplet of freshly prepared 2% phosphotungstic acid aqueous solution (about 10 µL) was deposited onto the dried samples. After about 3 minutes, the excess solution was wicked away by a piece of filter paper, and the sample was allowed to dry. SEM measurement was performed on a JSM-7401F (JEOL) instrument operating with an accelerating voltage of 10 kV. The specimens for SEM observations were prepared by depositing several drops of vesicles solution onto the silicon wafer through a spraying method and then dried at the ambient temperature. The vesicle sizes and size distribution measurements were performed in aqueous solution at 25 oC  using a photon correlation spectroscopy (PCS) (Malvern Zetasizer Nano S apparatus equipped with a 4.0 mW laser operating at λ=633 nm). All samples were measured at a scattering angle of 173o with concentrations of 1.0 mg/mL. The microscopy observation of giant vesicles was performed at an optical microscopy (Leica DM 4500 B) equipped with a color video recorder (Leica DFC 300FX, 3.15 million pixels) and a 100-watt mercury lamp and laser scanning confocal microscopy (LSM 510META). The pH volume was determined by a DELTA 320 pH meter (Mettle Toledo), which equipped with a Mettle Toledo LE420 glass electrode. Zeta potentials were tested using a Malvern Zetasizer 2c Zeta Potential Instrument. The pH values of solutions were altered by adding a certain amount of HCl or NaOH solutions.

2. Vesicle intermediates in fusion
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Figure S1. TEM image of three aggregated vesicles in fusion. The red arrow shows the start of the formation of fusion pore between two vesicles, and the green arrow shows two vesicles in fusion through an enlarging fusion pore.
3. Stability evaluation of the cross-linked GCPs  

The cross-linked GCPs have good stability against all kinds of extreme environments. Figure S2B-E show the optical microscope photos of cross-linked GCPs in pH=1, pH=14 aqueous solution, acetone and DMSO, respectively. It was observed that their spherical structures were fully preserved in strong acid or alkaline and organic solvents. Furthermore, the cross-linked GCPs were collapsed on the substrates when dried (inset in Figure S2F), however, the vesicle morphology was restored after rehydration (Figure S2F). Such a result was further proved by a dye-encapsulated experiment. When the dried cross-linked GCPs were immersed in the Rhodamine B aqueous solution, it was found that the rehydrated vesicles could effectively load the dye molecules according to the fluorescent microscope measurement (Figure S2G), which indicates the restoration of the vesicle morphology.
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Figure S2. Optical microscope images of GCPs. A) Uncross-linked GCPs in aqueous solution; Cross-linked GCPs in B) pH= 1 aqueous solution, C) pH= 14 aqueous solution, D) Acetone, E) DMSO; F) Dried (inset, scale bar = 10 μm) and  re-hydrated cross-linked GCPs; G) Dried (inset, scale bar = 5 μm)  and re-hydrated cross-linked GCPs encapsulated with Rhodamine B. Figures A)-F) have the same scale bar of 10 μm.
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