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v' Versatile biomimetic medical device surface: hydrophobin coated,

nitric oxide-releasing polymer for antimicrobial and hemocompatible
applications’
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o - - _ R Fig.1 Thickness of SC3 layers after incubation in varying concen-
Scheme 1 a) Fabrication of SC3-SNAP-PDMS samples. () SNAP is swelled within POMS using a THF solution (il THF is evaporated out of POMS ,
overnight at room conditions (i) SNAP-PDMS is placed within a SC3 solution for 24 h at room conditions. (iv) Samples are dried and stored for trations of 5C3 for 24 hours. A thickness of 7-10 nm suggests the for-
testing. (b) SNAP NO-release mechanism, The SNAP nitroso group is easly broken by several cataysts to create surface NO flux mation of the f-sheet state. Data shown represent mean + SD (n = 3),
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Fig. 2 Wettability after SC3 coating and storage for one month. (a) Change in contact angle after incubation in varying SC3 concentration. Data
shown represent mean + SD (SD too small to be depicted for most data points, n = 3). (b) Contact angle measurements of SC3 covered surface at
100 pg mL™* for 1 month in physiological conditions (37 °C in a humid environment). Data shown represent mean + SD (n = 3).

Fig. 3 SEM images to show the morphology of the SNAP-swelled PDMS surface uncoated and coated with SC3. (a) SNAP-PDMS (b) SC3-
SNAP-PDMS.
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Fig. 5 Biological characterization of SC3-SNAP-PDMS samples. (a) The thickness of the EPS layer after exposure to 1 mg mL™* fibrinogen from
bovine serum for 90 minutes. Data shown represent mean + SD (n = 3). (b) Antimicrobial adhesion assay conducted with S. aureus. Calculated as a
log of the colony forming units (CFU) per cm? of surface material. Data represents mean + SD (n = 5). (c) Cytocompatibility assay exposing material
leachates to mouse fibroblast cells. Reported as percent viability compared to control cells not exposed to any material leachates (n = 6). (d)
Adhered platelet counts of samples incubated in porcine platelet-rich plasma. Data represented mean + SD (n = 6). Ap < 0.01 vs. CarboSil and
SNAP-CarboSil. #p < 0.05 vs. PDMS. *p < 0.05 vs. SC3-PDMS. §p < 0.01 vs. PDMS, SC3-PDMS, & SNAP-PDMS.

Table 1 Comparison of bacterial adhesion in terms of percentage

reduction

Reduction (%) + SD p value
Control vs. SC3 36,129 + 8,510 (0.003
Control vs. MO 58.581 + 5.429 1=10"*
Control vs, SC3-NO F9.097 + 7.529 4x10"
SC3 vs. NOy 35.152 + B.499 0.005
SC3 vs. SC3-NO 67.273 + 11.79 1x10"
NO ps. SC3-NO 49.533 + 18.18 0.005



v Biomimetic Bioactive Biomaterials: The Next Generation of
Implantable Devices?
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v Development and performance of a biomimetic artificial
perilymph for /n vitro testing of medical devices?
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Table 1. Composition of BAP ordered by abundance of functional class identified from mass

spectrometry analysis of human perilymph, [4] John Wiley & Sons. © 1996, CCC

Republication.

Functional class Proportion from Representative Abbreviation Concentration in
spectral analysis (%) protein BAP (mg ml™?)
2]

Albumins 40.3 Albumin 1.03-1.57

Immunoglobulins 14.5 Immunoglobulin G 0.29

Glycoproteins 11.4 Transferrin 0.23

Protease 11.2 Inter-a-trypsin 0.22

inhibitors inhibitor

Apolipoproteins 8.8 Apolipoprotein Al 0.18

Complements 5.9 Complement C3 0.12

Enzymes 5.1 — —

Ungrouped 2.8 — —
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Figure 1. (A) Sample adsorption curve of B binding to platinum displayed as changes in

Figure 2 (A) Mass adsorption of ingle BAP componens (exclucing (B} onto platinum when

frequency (Af) and dissipation (AD) versus time. (B) Was exposed to the surface for 1 h. The
vertical arrows indicate the addition of DPBS or B. (B) Mass adsorption of (B) ento platinum expoged 10[' l h 1 detem]j_ned b}[ Vmgt mode”jng‘ Error bars represem SEM ( I = 3). (B) D f

when exposed in the concentration range of 0.01-2 mg ml~! for 1 h as determined by Voigt o . o
modeling. Eror bars represent SEM (1 = 3. (C) Df plots (25 MHz) for Bexpasedto LS (23 MH) for single BAP components expose to platinuun for 1 . The arows ncicae

platinum over the concentration range of 1-2 mg ml~! for 1 h. The arrows indicate the time

the time courseofth datapoints,

course of the data points.
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Figure 4. (A) The mass adsorbed on platinum from three to six component BAP mixtures
determined by QCM-D after 1 h of incubation investigating the effect of the inclusion of 1.
Error bars represent SEM (2 = 3). Indicates significant difference with p = 0.05. (B)—(E) Df
plots for three to six component BAP mixtures exposed to platinum for 1 h. The arrows

indicate the time course of the data points.
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Figure 5. (A)The mass adsorbed on platinum from three to six component BAP determined by
QCM-D after 1 h of incubation investigating the effect of the inclusion of (A). Error bars
represent SEM (72 = 3). Indicates significant difference with p =< 0.05. (B)— (D) Df plots for
three to six component BAP mixtures exposed to platinum for 1 h. The arrows indicate the

time course of the data points.
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Figure 6. (A) The mass adsorbed on platinum from three to six component BAP determined
by QCM-D after 1 h of incubation investigating the effect of the inclusion of (C). Error bars
represent SEM (72 = 3). Indicates significant difference with p = 0.05. (B) Df plots for three
to six component BAP mixtures exposed to platinum for 1 h. The arrows indicate the time

course of the data points.
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Figure 7. (A) The mass adsorbed on platinum from B, AP, FBS and the six component BAP
determined by QCM-D after 1 h of incubation. Error bars represent SEM (72 = 3). Indicates
significant difference with p = 0.05 compared to AP and ~ indicated significant difference
with p = 0.05 compared to FBS. (B) Df plots for B, AP, FBS and the six component BAP

exposed to platinum for 1 h. The arrow indicates the time course of the data points.
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Figure 8. Change in polar impedance of cochlear implant electrodes due to protein adsorption.
Electrodes were stimulated with a current amplitude of 150 A, a phase length of 200 ys and
inter-stimulus delay of 5 ms. Data presented with whiskers indicating the 5-95 percentile and
individual dots are outliers. " Indicates significant difference with p < 0.05 compared to AP
and " indicates significant difference with p < 0.05 compared to both BGT and BGTAC. All
protein containing mixtures significantly increased the polar impedance compared to PBS with
p < 0.5,



v" Biomimetic Inks Based on Cellulose Nanofibrils and Cross-
Linkable Xylans for 3D Printing*
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Printable Nanocellulose + Crosslinkable Xylan
T
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Figure 3, (A) Change in frequency (top) and dissipation (bottom) as a function of time for adsorption of xylan (black) and XT (red) on cellulose
model surfaces. The rinsing step with Milli-Q water is seen at 22 min. Measurements were conducted at 296 K. Results are shown for the third
overtone of quartz crystal resonance frequency. (B) AFM images showing CNFs and XT of Ink19¢ (diluted to 10 ppm CNF) on mica after drying,
Left: topographical image and right: phase-contrast image.
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Figure 2. (A) Ink composition graph with varying CNF concentration and XT concentration divided into four parts with respect to predicted
printability and cross-linking ability. Blue section: inks are printable but not cross-linkable. Green section: inks are printable and cross-linkable. White
section: inks are neither printable nor cross-linkable. Yellow section: inks are cross-linkable but not printable. (B) A queen chess piece printed with
pure CNFs which cannot cross-link. (C) An unsuccessful grid printed with XT. (D) Ink composition graph where the stars indicate the placement of

the prepared inks with respect to predicted printability and cross-linking ability.
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Figure 4. (A) Storage modulus measured by oscillation time sweep for six different inks: +Ink0, @Ink1S, MInk19a, AlInk19b, 4Ink19c, and
Wink32. Cross-linking started at t = 60 s upon the addition of H,0,. (B) Storage modulus, G’ (closed symbols), and loss modulus, G” (open
symbols), vs the oscillation stress. Yield stress marked by a red cross for the five different inks: @Ink15S, lInk19a, Alnk19b, €Ink19c, and WInk32.
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Figure 5. Results from compression testing at a strain rate of 1% s (A) Compressive stress at 30% strain, n = 6. (B) Compressive stiffness (tangent
modulus) at 30% strain, n = 5. (C) Stress—strain plot representative of samples of Ink19¢ and Ink19a.



10 mm

Figure 6. Printed grids of two crossing layers with S different inks: Ink15 (A,F); Ink19b (B,G); Ink19a (C,H); Ink19¢ (D,I); and Ink32 (EJ). Top
row: images taken directly after printing. Bottom row: images taken after cross-linking 10 min in 1% H,0,.

Figure 7. Handling of printed and cross-linked inks, all scale bars indicate 10 mm. (A—C) Comparison of cross-linked discs prepared from Ink19c¢
(left) and Ink19a (right). The images show the (A) cross-linked discs from the side, (B) the top, and (C) the cross-linked discs after three days in
water. Printed and cross-linked grids of Ink19b (D) and Ink19¢ (E) after handling with spatula. (F) Freestanding printed and cross-linked cylinder
with Ink32. (G) Printed and cross-linked grid with Ink19c handled and bent in air. (H) Printed and cross-linked rook chess piece, held upside down.



v Biomimetic Interfaces in Biomedical Devices®
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Extreme phenomena and multiscale Smart nature:

structures: Response to external stimuli (non-linear
Adhesiveness, toughness, superwettability, behaviour), adaptability, self-healing,
hierarchical organization... /

\ Chemistry:

Natural systems — Non-covalent and cooperative
interactions, supra-molecular
organization, chirality, high-
specific molecular recognition,
hybrid materials.

Precision chemistry;

Surface physical-chemistry;
Materials science and engineering;
Nano/micro-technologies;
Cell/molecular biology;
Bioengineering;

Tools

Bio-inspiration

Biomimetic Interfaces

/Aﬂlﬁﬁti@k\

Implantable devices = Tissue engineering ‘ Biosensors ‘Drug delivery systems

Scheme 1. Interfaces for biomedical applications can be designed based on biomimetic principles and through the use of advanced tools.
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