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Scheme S1. lllustration of the resistive pulse curve to indicate the maximum resistance change
(AR) from the baseline level with the applied voltage time. Inset: illustration of the cross-section of
membrane pore structure with the passing of particle along.
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Figure S1
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Figure S1. (a) UV-Visible absorption spectra of the Ab in ultrapure water with the different
concentrations, and (b) their calibration curves between the concentration and absorbance
(R?=0.99913).
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Figure S2

Transmittance / arb. unit

1700 1650 1600
Wavenumber / cm-’

Figure S2. FT-IR spectral deconvolution results of the amide | absorption band of Ab, and their
secondary structural components ((i): B-sheet, (ii): random, (iii): a-helix, (iv): turn, (v)(vi): B-turn),

and their (vii) re-synthesized and (viii) raw spectra.
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Figure S3

Figure S83. Possible illustration of folding protein structures at the (a) native state and (b)

denatured states.
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Table S1

Table S1. Resultant chemical compositions of HA and the nanostructured MS/HA hybrid

particles, and their Ca/P and Ca/Si molar ratios, which were measured by an XRF analysis.

Si O Ca P The others Ca/P Ca/Si
(mol %) (mol %) (mol %) (mol %) (mol %)  (molar ratio) (molar ratio)
HA — 52.8 17.9 10.1 9.4 1.77 -
MS/HA-0 12.3 58.2 9.5 5.1 14.8 1.86 0.77
MS/HA-1 12.3 58.7 9.5 5.1 14.0 1.87 0.77
MS/HA-2 11.7 61.5 9.6 5.1 10.8 1.87 0.82
MS/HA-3 12.1 58.9 10.0 5.3 12.0 1.87 0.83
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Figure S4
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Figure $4. (a) solid state 2°Si—-NMR spectral deconvolution results of MS and the

nanostructured MS/HA hybrid particles, indicating the separated spectra of (1) Q; (i.e., two Si—-O-
Si and two Si—-OH bonds) at —-93+2 ppm, (2) Qg (i.e., three Si—-O-Si and one Si—OH bonds) at —
102+2 ppm and (3) Q4 (i.e., four Si-O-Si bonds) at —111+2 ppm, and (4) their re-synthesized
and (5) raw spectra. (b) (Q2+Qj3)/Qq ratios of the nanostructured MS/HA hybrid particles with the
concentration of P123. Here, the (Q,+Qj3)/Q ratio of MS is 0.98.
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Scheme S2
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Scheme S2. lllustration of the possible interfacial bonding formation between the MS and HA
phases.

SI-8



Figure S5
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Figure S5. XRD pattern of the MS at the lower 28 region.
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Scheme S3
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Figure S6
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Figure S6. FT-IR spectral deconvolution results of three hydration layers formed on the

particles. The separated (/), (/) and (/ll) peaks are attributed to free, intermediate and nonfreezing

water molecular states, respectively, and (/V) their re-synthesized and (V) raw spectra.
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Figure S7
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Figure S7. FT-IR spectral deconvolution results of six water-interactive states formed on the

particles, indicating the separated spectra of (1) asymmetric O-H stretching vibration between

waters, (2) deformation O—H vibration of water, stretching O—H vibration of water on Si-OH, (3)

symmetric O—H stretching vibration of water, (4) non-stretching O—H vibration of water on Si—OH,

(5) hydrogen bonded stretching O—H vibration, stretching O—H vibration of water on Si—~OH and

(6) non-stretching O—H vibration of structural OH in HA, respectively, and (7) their re-synthesized

and (8) raw spectra.
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Figure S8

Adsorbed Ab amount (a) per weight and (b) per BET surface area on the particles

Figure S8.
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Figure S9
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Figure S9. FT-IR spectral deconvolution results of the amide | bands of the adsorbed Ab on the
particles to provide the secondary structural components ((i): B-sheet, (ii): random, (iii): a-helix,

(iv): turn, (v)(vi): B-turn), and their (vii) re-synthesized and (viii) raw spectra.
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Figure S10
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Figure S10. The component ratios on the secondary structures of the amide | bands in the
adsorbed Ab on the particles, and (inset) their averaged ratios of the reference samples between
HA and MS and the hybrid particles between MS/HA-0, MS/HA-1, MS/HA-2 and MS/HA-3. **
indicates the students’ t-test values as P < 0.01 based on the significant difference of (iii) a-helix
component between the reference samples and the hybrid particles (n=3, mean £ S.D.).
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Figure S11
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Figure S11. (a) Adhered osteoblast-like cell density changes on TCPS dish without particle
addition and with adding APACERAM®, HA, MS/HA-0 and MS/HA-3 (n=10, mean = S.D.), and
(b) the representative optical microscope images of the cells at the culture time of 72 h, and the
added particles were observed around the cells.
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