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Table S1 Characterization of NPs used in the present experiments including their

chemical composition, surface property, hydrodynamic diameter measured by dynamic

light scattering (n=3), geometric diameter measured by transmission electron

microscope (TEM) (n=10), and zeta potential (n=3).

NP Chemical Surface Hydrodynamic Geometric Zeta potential
composition property diameter (nm) diameter (nm) (mV)
Negatively SiO, None 152.5+4.2 1139429 341405
charged
Neutral SiO, Amine 276.3+6.0 1143+3.9 25+04
Positively SiO, Amine 146.8 + 3.4 108.4+6.9 320+32
charged




Table S2 Composition of the Curosurf® determined by LC-MS. Data represents mean

+ SD (n = 3).
Species PC SM PI PE PG PS PA
Proportion in total lipids (%) 71.2+1.2 | 20.5+1.1 3.6+0.2 1.940.1 1.7+0.1 0.7+0.0 0.3+0.0
Number of total lipids detected 30 11 22 39 16 7 24
Number of lyso-lipid detected 4 0 4 0 0 2 5
Most abundant species 32:0 42:2 38:4 34:1 34:1 36:1 18:1
(Proportion (%)) 40.244.2 | 33.7£1.3 | 16.4+3.9 8.7+2.2 25.6+1.1 | 30.9+0.3 | 23.4+0.2
34:1 34:1 34:1 38:4 32:0 18:1 18:2
12.1£1.3 | 29.742.6 | 15.4+0.3 8.3+1.5 23.542.2 | 28.0+1.1 16.5+2.7
32:1 42:1 36:2 34:2 34:2 18:0 16:0

9.4+0.3 15.7+1.0 9.8+0.8 8.2+0.8 9.7+1.6 22.3+3.0 | 16.1£0.5




Table S3. Hydrodynamic size and zeta potential of LS at 37 °C (n=3).

Sonication time (minute) Hydrodynamic diameter (nm) Zeta potential (mV)
0 2825.0 £204.1 -44.5+2.53
5 852.3+£46.9 -
15 584.1+£21.8 -




Table S4 Detailed composition of the LS lipids used in CGMD simulations.

Species Ratio (%)
PC (32:0, 34:0, 36:0) 38
PC (32:1, 34:1, 36:1) 18
PC (32:2, 34:2, 36:2) 7
PC (36:4) 5
Lyso PC (16:0) 2
SM (d18:1/16:0, 14
d18:1/18:0)

SM (d20:1/24:1) 8
PI (32:1, 34:1, 36:1) 1
PI (32:2, 34:2, 36:2) 1
PI (36:4) 1
PG (32:0, 34:0, 36:0) 1
PG (32:1, 34:1, 36:1) 1
PE (32:1, 34:1, 36:1) 1
PE (32:2, 34:2, 36:2) 1
PS (34:1, 36:1) 1
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Figure. S1 TEM images of silica NPs with different surface charges. Scale bar, 200nm.
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igure S2. Relative lipid distribution in the corona on neutral NPs based on lipid species

after 1-hour incubation with sonication.
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Figure S3. Absolute lipid distribution in bulk LS and the corona on positively charged

NPs under 1-hour incubation, 1-hour incubation with sonication and 24-hour

incubation.
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Figure S4. Proportion of saturated and unsaturated lipids with different tail length in
the bulk LS.
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Figure S5. Snapshots for the interactions between NPs and dispersed LS, including

the initial setup, and the equilibrated structure of the LS with anionic and cationic NPs.
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Figure S6. Interaction energy per molecule of the cationic and anionic NPs with the

LS species including electrostatic and Van der Waals interactions.
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Figure S7. Time evolution of the interaction energy of the NPs with the LS bilayer

including electrostatic and Van der Waals interactions.
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Note S1

Calculation of the amount and density of adsorbed lung surfactant (LS) lipids
Number of total NPs (NN PY:

B Myp B VsolCnp
Nyp= =

Myp  PnpUnp

where Myp is the mass of total NPs, MNP is the mass of an individual NP,

Vo =0.4ml cyp = 0.5mg/ml

is the volume of the NP solution, is the density of the

. . = 3. . .
concentration of the NP solution, Pnp = 22 g/ M- is the density of the NP, and UNP is

the volume of an individual NP.

Surface of total NPs (SNP):

3VsolCNP

Syp = NypSyp = -
PnpPTNP

where SNP is the surface of an individual NP, and " NP is the geometric radius of the NP.

_ -3_72
Thus, we can obtain the Swp-neutra =479 X 10" m for the neutral NPs, and

=5.03x%x 103

SNP - positively charged —

2
M for the positively charged NPs.

Density of the adsorbed LS for fully wrapping total NPs is,
2M
0

D= LS—402m /cm2
=g oNa o

= 0.62 nm?

where N4 is the Avogadro constant, and ALs is the area per lipid of the

equilibrated LS bilayer obtained by molecular simulations, and Mys is the mole mass

of the LS that can be approximated as,
M;¢=0.8XMpppr+ 0.2 X Mpyey =750 g/mol

Density of adsorbed lipids on NPs is,

Mg ¢

Sp

where "LS is the amount of the adsorbed lipids on NPs.

13



Therefore, the density of the adsorbed lipid on the neutral NPs after after 1-hour

2
incubation with sonication is 283mglem , that on the positively charged NPs after 1-
2
hour incubation is 5'83m9/ ¢m | that on the positively charged NPs after 1-hour
2
incubation with sonication is 2.79%mglem , and that on the positively charged NPs after

24-hour incubation is 3-13mg/ sz.
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