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Table S1. Scattering length densities (SLD) of the different materials used in the neutron
reflectivity experiments, calculated using the Neutron Activation and Scattering Calculator and

the Biomolecular Scattering Length Density Calculator.!?

Material SLD (-10-5 A-2)
Silicon (Si) 2.07
Silicon oxide (Si10,) 3.47
Titanium oxide (TiO,) 2.42
Head groups in h-buffer 2.00?
Head groups in CM-buffer 2.06°
Head groups in d-buffer 2.17°
Hydrogenated acyl tails (2/1/1 palmitoyl/arachidonoyl/oleyl) -0.231b
h-buffer -0.56
CM-buffer 2.07
d-buffer 6.10-6.254
2Calculated assuming a 3/1 PC/PG (mol/mol) head group composition, which varies due to partial hydrogen exchange
of the PG groups.
b Calcu}l:a(t]f]d. e;js) the arithmetic mean of the SLD of palmitoyl, arachidonoyl and oleyl chains by the formula:
SLD = ———

¢ Calculated from the amino acid sequence using the Biomolecular Scattering Length Density Calculator, and allowing
the default 90% labile hydrogen exchange.

410 mM Tris buffer made using 99% D,0; SLD value adjusted manually from the critical edge position in each
neutron reflectivity sample curve.



Table S2. Summary of structural data obtained from the neutron reflectivity fits of 50/25/25 (molar
ratio) POPC/PAPC/POPG bilayers before and after incubation with the samples indicated, all in
10 mM Acetate buffer, pH 3.4. Values in bold were fixed and assumed constant. An extra
outermost layer was also included in the analysis for the final bilayer after incubation the
nanoparticles and 2 h of UV exposure in order to obtain good fits, and its resulting parameters are
listed in Table S3. Errors were calculated using the Bootstrap Error Estimate function in

RasCAL.3* Error analysis showed less than 1 A error for thickness and roughness, 2% for

hydration, and 0.1 - 106 A-2 for SLD, unless otherwise specified.

e Virus-like Mesoporous SiO, Nanoparticles

Initial bilayer Final bilayer
Sample Thick Rough Hyd APM tletc?: Thick Rough Hyd APM tletcE;:
A) A (A (A) A) A) (%) (A (A)
100 ppm Virus-
Lo B 1o Heads 75 4 34 7.5 8 71
2 63 44 146 42
ppm TiO, ]
Tails 29 6 0 27 11 52
100 ppm Virus-  gooqs 7.5 4 30 7.5 4 39
like SiO, 60 46 68 44
Tails 31 5 0 29 5 7
e Smooth Mesoporous SiO, Nanoparticles
Initial bilayer Final bilayer
Sample Thick Rough Hyd APM tTh"i“;(l Thick Rough Hyd APM tTl:’l“Ll
S R (O I S By W C I C N (OB CO I
100 ppm
Smooth  Heads 7.5 4 32 7.5 8 77
Si0, + 25 62 45 181 45
ppm TiO;  Tails 30 5 0 30 5 66
e TiO, Nanoparticles
Initial bilayer Final bilayer
Sample Thick Rough Hyd APM tTlﬂt?(l Thick Rough Hyd APM tTlﬁtil
@ A ) @ G @ A ) @)
ISPPM  geads 7.5 5 30 75 78
TiO, 60 46 185 43
Tails 31 5 0 64




Table S3. Structural parameters obtained for the outermost region in the neutron reflectivity fits
of 50/25/25 (molar ratio) POPC/PAPC/POPG bilayers after incubation with the different

nanoparticles and 2 h of UV exposure at pH 3.4, characterized in 3 contrasts.

Final outermost layer 100 pf Izns\;l;;s:l!il:)i 8i0, IOOEEISnPSpl:lno%til(l)zSiOZ 25 ppm TiO,
Thickness () 1742 16+1 29+ 1
Roughness (A) 29+2 10+2 2342
Hydration (%) 47+2 71£2 64 +2
SLD (- 106 A?) 1.7+0.1 24+0.1 1.6+0.1




Figure S1. Size distribution of 25 ppm bare TiO, nanoparticles at pH 3.4 (A), and corresponding
correlation coefficient for TiO, nanoparticles at pH 3.4 (B), from which the distribution function
of Figure S1A is calculated. The correlation coefficients measured for TiO, nanoparticles at pH
5.4 and 7.4 are also shown, while reliable distribution functions cannot be calculated with
conventional models (e.g. Contin and cumulants algorithms) due to the severe aggregation of the

samples.
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Figure S2. Size distributions of 100 ppm free smooth SiO, at pH 3.4, 5.4 and 7.4 (top), 100/25
ppm smooth Si0O,/TiO, obtained by direct mixing at pH 3.4, 5.4 or 7.4 (middle), and 100/25 ppm

smooth SiO,/Ti10, obtained by mixing at pH 3.4 followed by pH increase and rinsing (bottom).
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Figure S3. Size distributions of 100 ppm free virus-like SiO, at pH 3.4, 5.4 and 7.4 (top), 100/25
ppm virus-like SiO,/Ti0O, obtained by direct mixing at pH 3.4, 5.4 or 7.4 (middle), and 100/25

ppm virus-like Si0,/TiO, obtained by mixing at pH 3.4 followed by pH increase and rinsing

(bottom).
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Figure S4. CryoTEM images of TiO, nanoparticles (25 and 100 ppm) at pH 3.4 (top) and 7.4
(bottom).
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Figure SS. Oxidation curves, obtained from C;;-BODIPY oxidation assays, showing the effect of
Si0,/Ti0, combinations, consisting of 100 ppm of either virus-like or smooth SiO, with increasing
TiO, concentrations (0-100 ppm), as well as the corresponding TiO, controls, on
POPC/PAPC/POPG (50/25/25) unilamellar liposomes subjected to in situ UV exposure in 10 mM

buffer at pH 3.4 (top) and pH 7.4 (bottom).
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Figure S6. Oxidation curves obtained from C,;-BODIPY oxidation assays in the presence of D-
mannitol (*OH scavenger, 100 mM) and SOD (superoxide inhibitor, 10 U/mL), showing the effect
of 100/25 ppm SiO,/TiO, combinations of either virus-like or smooth SiO,, as well as the
corresponding TiO; control on POPC/PAPC/POPG (50/25/25) unilamellar liposomes subjected to
in situ UV exposure in 10 mM buffer at pH 3.4 (top) and pH 7.4 (bottom).
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Figure S7. Neutron reflectivity curves with best model fits (left) and SLD profiles (right) obtained
for supported POPC/PAPC/POPG bilayers before and after incubation with 100 ppm non-loaded
virus-like SiO, nanoparticles, 2 h of in situ UV exposure and final rinsing, performed in 10 mM
Acetate buffer at pH 3.4. Curves are shown for two different buffer contrasts, dAcet and hAcet,
with the data for the latter offset by 10! for clarity. The grey box in the SLD profiles indicates the

position of the silicon block and reflecting interface, consisting of bulk Si and a SiO, layer.
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Figure S8. Neutron reflectivity curves and best fits (A) for non-loaded virus-like silica
nanoparticles (100 ppm) measured as a function of UV irradiation time, as well as corresponding
SLD kinetics (B). Shown also are the calculated bilayer thickness (C) and area per molecule (APM;
D) before, during UV exposure.
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Scheme S1. Schematic illustration of the different fitting models applied to the neutron reflectivity
data, which assumes a homogeneous lateral (i.e., over the bilayer plane) and distal (i.e., between
both bilayer leaflets) distribution of the different lipid species, the presence of a water layer in
between the bilayers and the quartz surface, and (after UV exposure) the formation of a thick,

hydrated and rough top layer with an intermediate SLD in between the different types of

Quter buffer
! medium

Y

nanoparticles and the lipids.
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