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Figure. S1. a, Fourier Transform Infrared (FT-IR) spectra of PEG 5K-modified and amine-modified silica
nanoparticles, The spectrum for methoxy polyethylene glycol (m-PEG-NHS) is also given for comparison. New
absorption peaks at 2886 and 2960 cm™ were observed in PEG 5K-modified silica nanoparticles corresponding to
peaks of PEG-NHS!. b, Thermogravimetric analysis (TGA) of plain and PEG 5K-modified silica nanoparticles. Particle
weight loss as a function of temperature was used to estimate the grafting density of PEG molecules using

Equation 2. PEG 5K-modified silica particles had an estimated grafting density of 0.33 PEG chains/nm?.

800



Asymmetric

097790
e ,

Figure. S2. Vesicles mimicking the exofacial (Ve,) and cytofacial (V) leaflet of erythrocyte plasma membranes
were synthetized based on the lipid composition of the erythrocyte cell membrane?®™®. V., vesicles had a
composition of 44% cholesterol (Chol), 26% dioleoylphosphatidylcholine (DOPC), 24% sphingomyelin (SM), and 6%

dioleoylphosphatidylethanolamine (DOPE) and V., vesicles had a composition of 44% Chol, 8% DOPC, 5% SM, 25%
DOPE, and 18% dioleoylphosphatidylserine (DOPS).
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Figure. S3. Leakage of CF from V,,, vesicles induced by various concentrations of a, Plain, b, Amine-modified, c,
Carboxyl-modified, and d, PEG 5K-modified engineered silica nanoparticles (50 nm) following incubation at 37 °C in
PBS. Error bars demonstrate the standard deviation from at least three independent experiments. A, One-way
ANOVA with Dunnett’s post-hoc compared to control (i.e. no particles), after two hours of incubation: plain silica
P(0.0001 g/L)=0.9930, P (0.001 g/L)=0.1520, and ****P (0.01 g/L)<0.0001. B, One-way ANOVA with Dunnett’s post-
hoc compared to control (i.e. no particles), after two hours of incubation: amine-modified P(0.0001 g/L)>0.9999,
P(0.001 g/L)=0.7923, and ****P(0.01 g/L)<0.0001. ¢, One-way ANOVA with Dunnett’s post-hoc did not reveal a
significant difference compared to control (p>0.05), d, One-way ANOVA with Dunnett’s post-hoc did not reveal a

significant difference compared to control (p>0.05).
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Figure. S4. Leakage of CF from V., vesicles induced by various concentrations of a, Plain, b, Amine-modified, c,
Carboxyl-modified, and d, PEG 5K-modified silica nanoparticles (50 nm) following two hours of incubation at 37 °C
in PBS. Error bars demonstrate the standard deviation from at least three independent experiments. A, One-way
ANOVA with Dunnett’s post-hoc compared to control (i.e. no particles) after two hours of incubation: P(0.0001
g/L)=0.9999, P (0.001 g/L)=0.9912, and *P(0.01 g/L)=0.0207.B, One-way ANOVA with Dunnett’s post-hoc
compared to control (i.e. no particles) after two hours of incubation: amine-modified P(0.0001 g/L)=0.5378,
P(0.001)=0.6777, and *P(0.01 g/L)=0.0208. ¢, One-way ANOVA with Dunnett’s post-hoc did not reveal a significant
difference compared to control (p>0.05). d, One-way ANOVA with Dunnett’s post-hoc did not reveal a significant

difference compared to control (p>0.05).
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Figure. S5. Confocal microscopy of V,,, vesicles, labeled with 0.2 mole% Rho-DOPE (red), after
incubation with fluorescent engineered silica nanoparticles (green) at a concentration of 0.01 g/L
for 2 hours. a, Ve, Vvesicles exposed to plain nanoparticles, b, V., vesicles exposed to amine-
modified nanoparticles.
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Figure. S6. Lipid transfer using HPaCD for the synthesis of asymmetric vesicles following the methods of Lin and
London®. The vesicle pellet following ultracentrifugation (please see the Experimental section) in each case were
analyzed using thin layer chromatography. A, Incubation of POPC MLVs with HPaCD in presence of 3:3:4 POPE:
POPS: cholesterol LUVs yielded asymmetric vesicles (lane 1 of the thin layer chromatography plate from left side).
Removing cyclodextrin (lane 2), acceptor vesicles (lane 3), acceptor vesicles and cyclodextrin (lane 4), donor
vesicles (lane 5), and donor vesicles and cyclodextrin (lane 6) inhibited the synthesis of asymmetric vesicle. The
rest of lanes are only lipid bands as controls. b, Incubation of POPC/SM MLVs with HPaCD in presence of 3:3:4
POPE: POPS: cholesterol LUVs yielded asymmetric vesicles (lane 1 of the thin layer chromatography plate from left
side), the rest of lanes are only lipid bands as controls.
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Figure. S7. TNBS labeling of POPE in symmetric and asymmetric vesicles. a, symmetric vesicles with a
lipid composition of POPE/POPC/Chol (3:3:4) with TNBS labeling (left lane, note the additional band
from TNBS-labeled POPE) or without TNBS labeling (right lane). b, asymmetric vesicles with a lipid
composition of SM:POPCo/POPE:POPSi/Chol without TNBS labeling (left lane) or with TNBS labeling
(right lane, note the additional band from labeled POPE).



Table S1. Hydrodynamic diameter and zeta potential (in PBS at physiological pH) of vesicles used in the current

study.
Extruded vesicles size Zeta potential
Membrane model
(nm) (mV)
Exofacial vesicles (Veyo) 354.9+42.8 -49+3.2
Cytofacial vesicles (Veyto) 205.7 £ 159.4 -25.9+1.0




Table S2. Surface functional group, hydrodynamic diameter, and zeta potential (in PBS at physiological pH) of silica
nanoparticles used in the current study. In addition to silica, polystyrene particles (size: 234.1 + 54.8 nm and zeta

potential: 27.4 £ 2.6 mV) were also used.

* PEG 2K: Poly(ethyleneglycol) with a molecular weight of 2K Daltons.

Non-fluorescent, nominal diameter=100 nm Fluorescent, nominal diameter= 50 nm

Surface Hydrodynamic | Zeta potential | Surface Hydrodynamic | Zeta potential
functional | diameter (nm) (mV) functional | diameter (nm) | (mV)

group group

Plain 154.7+54 -43.6+3.5 Plain 51.1+22.0 -11.1+1.9
Amine 160.4 £ 6.6 -13.6+2.5 Amine 49.4+19.0 -8.0+£0.9

PEG 2K* 170.6 £ 6.6 -19.2+3.1 Carboxyl 53.1+22.9 -11.2+1.41

PEG 5K 182.3+8.5 -32.1+23 PEG 5K 253.0+127.5 -12.7+0.5

PEG 20K 184.3+2.6 -33.5+1.1
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