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Mussel-Inspired Polyglycerol Coatings for Surface
Modification with Tunable Architecture

Peng Tang, Guoxin Ma, Philip Nickl, Chuanxiong Nie, Leixiao Yu,* and Rainer Haag*

Mussel-inspired coatings, known for their outstanding substrate-independent
adhesive capabilities, have numerous potential applications in materials
science and biomedical fields. To improve the understanding of how these
polymers’ molecular structure and chemical composition affect their coating
mechanisms and resulting coating properties, herein three mussel-inspired
polymers are developed: dendritic polyglycerol with 40% catechol groups and
60% amines (dPG40), linear polyglycerol with 80% catechols and 20% amines
(IPG80), and finally IPG40 with 40% catechols and 60% amines. After a series
of characterizations, it is found that chemical surface modification with a
monolayer coating can be easily achieved with IPG40, and that robust and
well-defined nano- to micro-structural surface coatings are possible with
IPG80 and dPG40. Tunable properties are found to include not only coating
speed, but coating thickness, roughness, and surficial topography. This
diverse suite of controllable attributes enables mussel-inspired polyglycerol
(MiPG) coatings to satisfy a wide-range of applications on multiple materials.

1. Introduction

In the past decades, many surface modification techniques, in-
cluding chemical vapor deposition (CAD),!l self-assembly of
monolayer coating (SAM),[?! spin-coating,[?] surface grafting
to/from chemistry,*l have been developed and successfully used
to endow materials with different chemical, physical and bi-
ological properties to extend their application.’) Compared to
traditional chemical modification, increasing evidence suggests
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that the construction of well-defined
nanostructures  and/or  microstruc-
tures on the surface of biomaterials
and biomedical devices, such as dental
implants,!®] orthopaedic implants,!”! and
artificial hips,l® can play a vital role in
regulating cell activities and functions,
particularly in the domain of tissue
engineering. The native extracellular
matrix (ECM) is a macromolecular
network complex that possesses a mi-
croscale and nanoscale hierarchical
structure to mediate many aspects of
cell behavior including cell adhesion,
growth, proliferation, differentiation,
and immune response.’! In that sense,
ECM-mimicking biomaterials  with
nanostructural or microstructural sur-
faces are exceptionally appealing in
cellular studies. Hou et al. engineered
hydrogels with different stiffness and
roughness to investigate the cellular mechano-response of
stem cells and induce osteogenesis of MSC.'% Evidence
shows that the tailored nano-structural surface coatings can
also greatly enhance the capture efficiency of biochips toward
circulating cancer cells.""] Clinically, micro- to nanoscale
topographies on dental implants were extensively used
to improve osseointegration.®! Therefore, versatile meth-
ods, e.g. stereolithography (SLA),'2!3] chemical etching,!'¥]
electrospinning,!®! and polymer coatings,!'®! were developed to
engineer various micro/nano-structures, including nanorods,*”]
nanopillars,[*®! and nanofibers, ') to meet the requirements of
different applications. However, SLA and chemical etching face
the problems of multiple-step processes and strict conditions.
Moreover, most polymer coatings require reactive moieties
between the biomedical devices and polymers, limiting both
the choice and applications of biomaterials use. Developing a
method that is simple and substrate-independent is therefore
especially intriguing and promising.

Benefiting from the abundant amine groups (lysine) and cat-
echol groups (3,4-dihydroxyl-L-phenylalanine, in the mussel foot
proteins (mfps, e.g. 15% mol% for mfps-1 and 28% mol% for
mpfs-5[21), mussels can adhere and quickly form strong surface-
adherent protein films on virtually any material’s surface through
their mfp-rich byssus.[?!] Dopamine, containing both the cat-
echol and amino groups, was used as the first generation of
mussel-inspired building blocks for surface coating. The result-
ing polydopamine (PDA) films were found capable of adhering to
almost all kinds of solid surfaces.?? However, the coating process
took up to tens of hours to achieve a very thin PDA layer (%50 nm
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Figure 1. Mussel-inspired polyglycerol polymers. a) Structure of dPG40 with 40% catechol and 60% amino groups. b) Structure of catecholic IPG
polymers. ¢) MiPG coating is achieved by dip-coating method under basic conditions. Polymer aggregates adsorb to substrates and bond tightly via
hydrogen bond (with glass substrates). Possible reactions involved in the process of MiPG coating are indicated in the box.

in thickness) with limited surface structures. To accelerate the
self-polymerization of dopamine, many methods, for example
oxidants,[?] catalysts,[?*] UV irradiation,!®! and microwave,!??]
were used to promote the involved reaction kinetics including
Michael addition, Schiff base reaction, and oxidative coupling.?®!
In spite of improved coating processes, it is still hard to ob-
tain well-defined surface structures, especially microstructures
via polydopamine coatings. Mimicking the molecular structure
of mussel foot proteins, we previously developed several hetero-
multivalent catecholic polymers.'"!] Many coatings and surfi-
cial structures have been thereby achieved through those build-
ing blocks. However, the relationship between the polymeric
molecular structures and the resulting nano-/microscale coating
structures had not yet been fully understood, which is essential
for the design of coating polymers and fabrication of topograph-
ical structures.

Herein, three MiPGs with different polymer conformation
and catechol functionality, i.e., mussel-inspired dendritic polyg-
lycerol with 40% catechol groups (dPG40), and mussel-inspired
linear polyglycerol with 80% and 40% of catechol groups (IPG80
and IPG40) were synthesized to understand the underlying
reaction processes and establish relationship between the
molecular structure and chemical composition of a coating
polymer with the obtained surficial topographic structures.
By tuning various parameters, the toolbox that we offer here,
consisting of mussel-inspired polyglycerol building blocks, can
be developed further to study surface coatings with well-defined
structures from nanoscale to microscale. This can extend the
scope of their biomedical applications, e.g. implant surface
modification, medical device surface design, and pre-surgery
treatment, as well as potential application in regenerative
medicine.
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2. Results & Discussion

2.1. Mussel-Inspired Polyglycerol Coating Polymers

To explore how the catechol/amine content and the polymer
chain conformation affect the coating process and the obtained
coating surficial structures, three mussel-inspired polyglycerol
coating polymers (MiPGs), i.e., dendritic polyglycerol with 40%
catechol and 60% amino groups (dPG40), linear polyglycerol
with 80% catechol and 20% amino groups (IPG80), and linear
polyglycerol with 40% catechol and 60% amino groups (IPG40)
were prepared based on our previous synthesis protocols.['17]
The dPG40 was obtained by modifying dendritic polyglycerol
(M, = 5180 g mol™, M,, = 7120 g mol™', D = 1.37), through
amination and amide coupling with 3-(3,4-dihydroxyphenyl)-
2-hydroxypropanoic acid (DHHA) under acidic condition,
nearly 40% catechol groups functionalization were achieved,
with 60% free amines (Figure 1a). To prepare the IPG80 and
1PG40, poly(allyl glycidyl ether) (PAGE) was first synthesized via
ring opening anionic polymerization, followed respectively by
thiol-ene and amide coupling reactions (Figure 1b). The degree
of catechol grafting densities was controlled by tuning the
equivalent relation between DHHA and amino groups from the
polymer chain. The obtained 1PG40 was characterized by FTIR
and NMR (Figure S2, Supporting Information). The adsorption
peak at the wavelength of 1518 (cm™2) on the FTIR diagram
was assigned to the amide bond, which suggests the successful
coupling of catechol groups (Figure S1, Supporting Informa-
tion). The 'H NMR characteristic peak for the aromatic ring of
catechol confirms the successful functionalization. Moreover,
the integrals of peaks for catechol and cysteamine allowed us to
calculate the functionalization of catechol groups (47% and 83%
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Figure 2. a) Photos of coating solutions after different incubation times (from left to right: dPG40, IPG80, and IPG40). b) UV absorption of coating

solutions at wavelength of 486 nm.

of catechol functionalization in PG40 and IPG80 was achieved,
respectively, Figures S2 and S3, Supporting Information).

In mussel adhesion, the catechol group serves as the an-
choring domain while amines offer sites for intra- or inter-
molecular crosslinking. The interplay of catecholic oxidation and
amine-induced crosslinking forms a stable and robust network,
which contributes to strong adhesion.[?®] Under basic conditions,
MiPG polymers may undergo vigorous oxidation and covalent
crosslinking. Investigation of the reaction rate or coating kinetic
guides us to a better understanding of our three MiPG polymers.
All three polymers were pre-dissolved in methanol (20 mg poly-
mer in 15 mL, 1.3 mg mL™!), and then 5 mL base aqueous buffer
(MOPS buffer, pH = 8.5) was added to form the coating poly-
mer solution (1 mg mL™" in methanol/MOPS buffer solution).
The dPG40 and 1PG80 solutions immediately turned cloudy af-
ter the base buffer addition. However, for IPG40, no obvious
change was observed (Figure 2a). Meanwhile, due to the exother-
mic manner of catechol oxidation,[?8] dPG40 displayed the most
heat release, accompanied by air bubbles in solution. For IPG80
the heat release was less intense, while for IPG40 only extremely
small temperature changes were detected. In the coating solution
(methanol/MOPS buffer, 3v/1v), the catechol groups underwent
immediate oxidation to quinone. Nucleophilic addition then oc-
curred between the amine and quinone, forming quinone-amine
adducts. In the meantime, a Schiff-base reaction took place be-
tween amine and quinone to yield imine. These reactions con-
tributed to the crosslinking of the polymer.[262°1 The obtained
highly crosslinked polymer microgel-like aggregates were insol-
uble in the coating solution and subsequently precipitated. In the
case of dPG40 and IPG80, these aggregates grew larger and then
bonded tightly to the bottom of the vials with incubation. After
the thorough consumption of polymer, the solution was clarified
again, and a thick polymer layer was found at the bottom of the
vial (Figure 2). For PG40, the polymer solution remained clear
for days, as expected for this significantly milder reaction. UV—
vis spectra were performed to analyze the reactions. The absorp-
tion at the wavelength of 486 nm was ascribed to the polymer
aggregates formed in the solution. The change in the absorbance
at 486 nm allowed us to investigate the reaction kinetics of these
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coating polymers under base condition. In Figure 2b, both dPG40
and IPG80 showed strong absorption because of the immediate
occurrence of the aggregates (~1.78 AU), while no obvious ab-
sorption was observed for IPG40. Besides, a drastic decrease at
3 h for dPG40 (from 1.78 to 0.96 AU) suggests the rapid precip-
itation of polymer aggregates from solution, indicating a faster
reaction rate than IPG80. After 24 h, both dPG40 and IPG80 solu-
tion became clear and showed very low UV-vis absorption, while
an increase in IPG40 was found (up to 0.22 AU), proving that the
slow reaction of IPG40 under the same condition.

2.2. MiPG Coating with Well-Defined Surface Structures

Mussel-inspired coating polymers are well-known as universal
coatings that can form stable coating layers on various substrates,
such as TiO,, PS (polystyrene), and glass, via coordinative and/or
hydrogen bonding depending on the substrate (Figure 1c).
Here we used glass substrates (1 cm X 1 cm), on which MiPG
coatings were formed via simple dip-coating method at room
temperature.

As mentioned before, insoluble polymer aggregates formed af-
ter incubation under basic conditions, then precipitated and at-
tached to the substrate to achieve a coating layer. These aggre-
gates adhered tightly to the surfaces of glass slides via hydro-
gen bonding. By controlling the coating time, these three differ-
ent polymers formed coatings with different thickness and to-
pographical features. As seen in Figure 3a, a thin and translu-
cent layer was quickly formed on the glass slides, and a yellow
and opaque layer was observed with increasing incubation time.
Shorter times taken to form a thick opaque coating indicated
faster coating kinetic. The transmittance of the resulting coat-
ings was measured by UV-vis spectrometry. A drastic decrease
in the transmittance of the dPG40 coating surface was observed
within one hour of dip-coating. In comparison, for IPG80 trans-
mittance dropped below 10% after 3 h. No significant decrease
was observed for PG40, even after 48 h (Figure 3b). This result
agreed with our observations of the polymer solution and sug-
gests that dPG40 was more reactive and formed a coating more
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Figure 3. a) Pictures of dPG40, IPG80, and IPG40 coatings on glass substrates with different incubation times. b) Transmittance of dPG40, IPG80, and
IPG40 coated glass substrates measured by UV—vis spectrometry. c) SEM images of dPG40, IPG80, and IPG40 coatings with different incubation time.

The scale bar indicates 50 pm.

rapidly than the other two polymers. In comparison, IPG80 dis-
played similar results to dPG40 with a relatively longer incuba-
tion time, while IPG40 showed barely any evidence of thick coat-
ing layers. The dendritic structure is renowned for its potential to
provide a multivalent adhesion system, thus providing multiple
sites for crosslinking and greatly enhancing reaction efficiency
as compared to the linear structure. On the other hand, owing to
the manner of the reaction mechanism, the oxidation of catechol
groups is the main factor in determining reaction speed, because
only the presence of oxidized catechols can effectively crosslink
the quinones and amines. Hence, a higher content of catechol
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groups results in a faster coating process. Despite the higher cat-
echol content in 1PG80, dPG40 still showed a faster coating pro-
cess. This can be attributed to the linear chain structure of IPG80.
In a linear polymer solution, one would expect a greater degree of
possible entanglement and a larger hydrodynamic volume, both
of which would hinder reactivity during the coating process.
After formation of aggregates in a coating solution, aggregates
would accumulate on the substrate, resulting in certain architec-
tures on the coating surfaces. The surface topology is supposedly
determined by the size of aggregates and how they come together
to form the coating layer. The surface structures of the coatings
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Thickness (um) Roughness (Rq in pm)
b) Coating time
dPG40 IPG80 IPG40 dPG40 IPG80 IPG40
3h 4,75+ 0.39 3.73+0.40 0.55+0.07 1.62 +£0.12 1.54+0.14 0.02+0.01
Sh 5.83+0.42 4.74 +0.47 1.00+0.14 1.89+0.23 2.64+0.16 0.04 +0.01
20h 7.08 +£0.61 6.75+0.29 1.87+0.29 2.87+0.18 3.18+0.25 0.32+0.03

Figure 4. a) 3D-model of MiPG coating layer detected by CLSM. b) Summary of the thickness and roughness (Rq, root mean square) of dPG40, IPG80,

and IPG40 coating surfaces.

were detected by SEM. As shown in Figure 3c, the biggest aggre-
gates were found in dPG40-coated samples. The size of the gen-
erated aggregates decreased from 2.84 + 0.82 um (1 h) to 2.41 +
0.57 um (5 h), then reached 2.17 + 0.63 pm (20 h). The decrease in
size with incubation time is explained by the consumption of the
polymers in solution as the polymer concentration decreases with
time. While smaller sizes of aggregates formed on IPG80, which
decrease from 1.77 # 0.33 um (5 h) to 1.51 + 0.25 pm (20 h). As
results indicated above, dPG40 is the most reactive coating poly-
mer compared with the other two. Under basic conditions, it is
prone to a fast oxidation and crosslinking reaction, quickly gen-
erating aggregates in the solution, depositing onto the substrate
surface and self-growing from the substrate surface. Because of
the entanglement polymer conformation, the less reactive IPG40
slowly crosslinked and formed a comparatively smooth mono-
layer coating with smaller surficial structures.

Due to the detection limitation of AFM (atomic force mi-
croscope), it was very challenging to image a surface structure
with high roughness (Rq > 1.5 um).}! Therefore, confocal laser
scanning microscope (CLSM) was used to analyze topograph-
ical structures of these coating surfaces. CLSM can be imple-
mented as an alternative to AFM benefiting from the autoflu-
orescent nature of the eumelanin structure on MiPG coating
surface.®?] 3D models of the coating layer were reconstructed
by z-stacking scanning (Figure S8, Supporting Information). The
coating thickness was measured from the z-stacking of the 3D
models and the surface roughness was analysed and calculated
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through Image] with the RoughnessCalculation Plugin. The re-
sulting roughness values were presented as root mean square (Rq
in pm). As shown in Figure 4b, dPG40 yielded thicker coating
in a relatively short time (4.75 ym at 3 h to 7.08 pm at 20 h).
While 1PG80 needed more time to form comparable thickness
(3.73 ym at 3 h to 6.75 um at 20 h) compared to dPG40. More-
over, the dPG40 surfaces were rougher than IPG80 (1.62 pm and
1.54 um, respectively) due to the faster formation of the coating
layer. However, as the coating process continued, the roughness
of the IPG80 layer (Rq = 2.64 um at 5 h) surpassed that of dPG40
(Rq=1.89 ym), reaching 3.18 um after 20 h in comparison to and
2.87 um for dPG40. As discussed before, smaller aggregates are
formed when the polymer concentration is lower in IPG80, the
piling up of smaller aggregates increased the gap between peaks
and valleys the roughness profile, yielding higher roughness pa-
rameter value. As for IPG40, the thickness and roughness were
difficult to be measured using this method since only very thin
layers of polymer films can be formed, causing barely no changes
on the glass surface.

Wettability of a surface is dependent not only on the surficial
chemical composition but also on the physical structures. Rough-
ness plays an important role in surface static contact angle.*}] In
the measurements, although the MiPG polymer is hydrophilic,
higher contact angle values were obtained with the increase of
the roughness parameters (Figure 5). The water contact angle of
1PG80 increased from 31° + 1.7° (10 min) to 52.3° + 2.3° (5 h).
We assume water droplets wetted the surfaces as predicted by
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Figure 5. Wettability of dPG40, IPG80, and IPG40 coating surfaces.

the Cassie-Baxter model, where higher roughness contributes to
higher hydrophobicity, as more air can be trapped in the grooves
during inhomogeneous wetting.[**l However, a decrease in con-
tact angle values was observed in both dPG40 and 1PG80 (20 h
and 48 h). This can be explained by the fact that after the rough-
ness exceeds a certain value, the grooves become big enough and
the water molecules can easily spread within the surficial struc-
tures, resulting in lower contact angle values (37.6° = 4.3° for
IPG80, 48 h and 39.8° + 2.5° for dPG40, 48 h).

XPS was used to characterize the chemical compositions of the
MiPG coated surface. In the deconvoluted C-1s spectra, similar
chemical compositions were observed for all materials, confirm-
ing the successful surface coating with MiPG polymer (Figure
6). The chemical composition of the surface coating remained
unchanged even after a long period of incubation in the coat-
ing solution, demonstrating the stability of this coating surface
in aqueous solution. Besides, the chemical compositions of the
surface coatings, also the elemental compositions were studied
(Figure S7, Supporting Information). The absence of sulphur in
dPG40 and the presence of that in IPG80 and IPG40 are explained
by the addition of cysteamine during synthesis, some residue of
sulphur in dPG40_20 h could be explained by the long incubation
time in coating solution which containing MOPS buffer. In con-
trast to confocal microscopy, where no coating with IPG40 was
apparent, the successful chemical functoinalization of glass sub-
strates with IPG40 could be confirmed by XPS, where highly re-
solved Cls spectrum revealed the chemical composition of the
polymer.

2.3. Cell Adhesion on Nanostructured Coated Surfaces

It has been proven that specific nanostructures can enhance cell
adhesion as the nanostructured surfaces offer ECM-mimicking

Adv. Mater. Interfaces 2023, 10, 2300165 2300165 (6 of 10)

Time

Time

morphology, promoting the formation of cellular focal adhesions
(FA) and filopodia.>>!!l Controlled interaction between cell and
nanostructured substrates enables applications such as control
of cell adhesion and detachment, rare cell detection, and regu-
lating stem cell specification.’*37925] MiPG polymers have the
advantage of forming a well-defined coating with customizable
roughness, making it facile to find an optimized structure for cell
adhesion.

In this study, we chose human breast cancer cells (MCF-7) as
a model cell line to study cell-substrate interaction. As shown in
Figure 7a and Figure 7b, MCF-7 cells preferentially adhere on the
dPG40 surface with roughness at ~2 pm in Rq, as compared to
surfaces with lower or higher surficial roughness values. A simi-
lar phenomenon was observed on IPG80 surfaces. However, after
optimal surface roughness was reached, substrates with higher
roughness impeded the adhesion and spreading of MCF-7 cells.
This result was further confirmed by single-cell imaging with
SEM. After 3 h of incubation, the adhered cells were fixed and ob-
served. A larger cell spreading area indicated better cell adhesion
behavior.®®! The result from SEM was in line with the conclusion
we drew from fluorescence microscopy (Figure 7c). A given cell
line, due to its particular size and shape, will display a surface-
structure-dependent behavior toward the MiPG coated surfaces,
which indicates the potential of our coating materials with
tunable architectures in biomedical applications.

3. Conclusion

To realize simple and versatile solid surface functionalization
with defined nano- and micro-structures for biomedical applica-
tions, we designed three mussel-inspired polyglycerol-based coat-
ings with different molecular structures and chemical composi-
tion. We then studied their polymer solution, coating processes,
and corresponding coated surfaces. It was found that dPG40 can
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Figure 6. The deconvoluted highly resolved C1s XP spectra of the resulting dPG40, IPG80, and IPG40 coating surfaces.

achieve effective thick coating within one hour despite lower cat-
echolic content in its polymeric chain, yielding a robust, stable
hydrogel-like coating layer with a thickness of up to 7 microns.
In comparison, the linear structure of 1PG80 slowed the reac-
tion due to molecular chain entanglements and a larger hydro-
dynamic diameter. This decelerated coating process made the
resultant coating more controllable than dPG40. Owing to its
slower coating process, IPG80 can form coatings with a wider
range of roughness (1.54 — 3.18 um, Rq). This type of coating
polymer is therefore especially suitable for fabricating nano and
micro-structured surfaces and for application to cell study. Last
but not least, although IPG40 could not easily form a measurably
thick coating layer, monolayer functionalization was confirmed
by XPS. Suggested applications for IPG40 might therefore in-
clude only chemical functionalization for further modification,
rather than topographical alternation. We investigated the versa-
tility of mussel-inspired polyglycerol coating and demonstrated
examples of biological application, and the potential of this type
of coating polymer can be suitable for cellular biointerfaces.

4. Experimental Section

Materials and Methods: ~ All chemicals and solvents were used directly
without any further purification unless pointed out individually. Dialy-
sis was done in benzoylated cellulose tubes (molecular weight cut-off
2000 g mol~', Sigma-Aldrich). "H-NMR spectra were recorded on a Bruker
AC 400 under 400 MHz. Analytes were dissolved corresponding deuter-
ated solvents at concentration of ~20 mg mL~!. Gel permeation chro-
matography (GPC) measurements were performed on Agilent 1250 series
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instrument. Molecular weight and distribution were determined by the cal-
ibration with standards.

Synthesis of Mussel-Inspired Polyglycerol 40 (dPG40): Dendritic poly-
mer was synthesized according to previous protocol with some
modifications.[?’2] In brief, dendritic polyglycerol (dPG-OH, M, =
3816 g mol™', M,, = 5813 g mol™', D = 1.52) was functionalized through
mesylation, azidation, and reduction. Unlike the previous reported
method, where the catechol groups were protected by acetal then depro-
tected after coupling,[?2] the process was simplified by directly amide
coupling with amine and 3-(3,4-dihydroxyphenyl)-2-hydroxypropanoic acid
(DHHA) under acidic condition (2-(N-morpholino)ethanesulfonic acid
buffer, pH = 5). "TH-NMR (400 MHz, Methanol-d3) 6 = 6.65 — 6.46 (m,
Ar), 4.02 - 3.05 (m, PG-backbone), 2.72 (m, -COCH,CH,C-), 2.41 (m, -
COCH,CH,).

Synthesis of Poly(allyl glycidyl ether) (PAGE): The PAGE was synthe-
sized through anionic polymerization reaction under argon atmosphere
and exclusion of moisture. A Schlenk flask was completely dried, then
tetra-n-octylammonium bromide (NOc,Br 1 g, 1.92 mmol) was added to
the flask and dried at in 120 °C for 3 h under vacuum to remove the trace
of water. After cooling down to room temperature, dry toluene (30 mL)
was added to dissolve the initiator. Afterwards, allyl glycidyl ether (10 mL,
84 mmol) was added, followed by the slow addition of catalyst triisobuty-
laluminum (6.97 mL, 7.6 mmol) under 0 °C with ice/water bath and then
the mixture was stirred overnight. 1 mL of H,O was added to quench the
reaction. The solvent was dried with sodium sulfate then evaporated by
rotary distillation. Later diethylene ether was added to precipitate the ini-
tiator residues and catalyst and the solvent was removed by evaporation.
Further purification was performed by dialysis in dichloromethane (DCM)
for 2 days. M, =5796 g mol~' TH-NMR (400 MHz, Chloroform-d) & = 5.98
- 5.77 (1H, CH,-0-CH,-CH = CH,), 5.32 — 5.05 (2H, CH,-O-CH,-CH =
CH,), 3.97 (2H, CH,-O-CH,-CH = CH,), 3.77 — 3.34 (7H, PG-backbone).
IR: v (cm~") = 3357, 2871, 2101, 1646, 1456, 1350, 1264, 1066, 921, 875.

Thiol-Ene Reaction of PAGE:  PAGE was dissolved in THF/MeOH (1:1).
Then cysteamine hydrochloride (4 g, 35 mmol, 4 eq. to allyl groups) and 2-
2-dimethoxy-2-phenylacetophenone (Irgacure 651, 0.045 g, 2% eqy. to allyl
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Figure 7. Cell adhesion on MiPG coating surfaces. a) Cells spiked on dPG40 surface; b) Cells spiked on IPG80 surface. MCF-7 cells were spiked and
incubated for 3 h before washing with PBS buffer. The remaining stained cells were counted with Image]. c) Single-cell morphology characterized by
SEM, with larger cell spreading area indicating better cell-substrate interaction.
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groups) were added to the mixture. The reaction was carried out under UV
radiation (~1.2 mW cm~2, 2 =365 nm) at room temperature. The reaction
was monitored by TH-NMR and finished in around 10 hours. Afterwards,
the product was purified by dialysis in methanol.

TH-NMR (400 MHz, Deuterium Oxide) § = 3.87 — 3.49 (8H, PG-
backbone), 3.24 (2H, CH,-S-CH,-CH,-N), 2.88 (2H, CH,-S-CH,-CH,-N),
2.68 (2H, CH, O-CH,.CH, CH, S), 1.91 (2H, CH,-O-CH,-CH,-CH,-S). IR:
v (cm™1) = 3410, 2862, 2008, 1599, 1479, 1374, 1261, 1108, 932, 887.

Synthesis of Mussel-Inspired Linear Polyglycerol 40 and 80 (IPG40
and IPG80): The catecholic coating polymers were prepared by
coupling amino groups from polymer and carboxyl groups from
3,4-dihydroxyhydrocinnamic acid (DHHA). Polymer and 1-Ethyl-3-(3-
dimethylaminopropyl) carbodiimide hydrochloride (EDCI, 6 eq. to amino
groups) were dissolved into pH 5 MES buffer/methanol (1/1, v/v) mix-
ture solvent. Afterwards, 3,4-dihdroxyhydrocinnamic acid (1.2 eq. to amino
groups) was added into the mixture and gently stirred overnight at room
temperature. Purification was conducted by dialysis in methanol. "TH-NMR
(400 MHz, Methanol-d4) 6 = 6.73 — 6.45 (TH, Ar-H), 3.83 —3.38 (10H, PG-
backbone), 3.01-2.69 (3H, S-CH,-CH,-N), 2.68 — 2.46 (3H, O-CH,-CH,-
CH,-S), 1.94-1.66 (2H, O-CH,-CH,-CH,-S). IR: v (cm~1) = 3133, 2922,
1666, 1602, 1518, 1441,1281, 952, 821

Coating  Preparation: Freshly cleaned glass slides were im-
mersed in polymer solution (1 mg mL™" in MeOH/3-(N-
morpholino)propanesulfonic acid (MOPS) buffer (pH = 8.5), 3v/1v)
for pre-set time points. Afterwards, slides were thoroughly rinsed with
methanol, Milli Q water, then dried with nitrogen gas flow. All the slides
were further dried in oven (60 °C) overnight before use.

UV-Vis Absorption and Transmission: UV-vis absorption was con-
ducted on Agilent Cary 8454 UV-vis spectrometer, using half-micro quartz
cuvettes. Polymers were dissolved in methanol at the concentration of
1 mg mL™". Upon the addition of MOPS buffer (pH = 8.5), samples were
measured at the different time point (10 min, 30 min, 1 h, 2 h, and 3 h,
respectively). Methanol/MOPS mixture was employed as background. UV-
transmission of the polymer coated slides was measured on Agilent Cary
854 UV-vis spectrometer. Transmittance at the wavelength of 600 nm was
used for data analysis.

Scanning Electron Microscopy (SEM):  All pre-dried samples were sput-
tered with a thin layer of gold nanoparticles (~8-10 nm) under high vac-
uum using sputter coater (Emscope SC 500, Quorum Technologies, UK).
Surface morphology or single cell on substrates were investigated with
scanning electron microscope (Hitachi SU8030, Japan, at high voltage of
15 kV, with working distance of 8.3 mm).

Single Cell Imaging with SEM:  Spiked cells were incubated for 3 h in
RPMI 1640 medium, then gently rinsed with DPBS. Afterwards, cells were
fixed with glutaraldehyde solution (2.5 wt.% in DPBS) for 1 h at room
temperature, followed by dehydration with ethanol/DPBS gradient solu-
tion (30/70, 50/50, 70/30, 90/10, 95/5, 100/0, v/v, 30 min for each time).
Critical-point dry was done by Hexamethyldisilazane (HMDS)/ethanol so-
lution (50/50, 100/0, v/v, 30 min for each time). Samples were dried in
well-ventilated hood overnight at room temperature before measured with
SEM.

Confocal Laser Scanning Microscopy (CLSM): Coated substrates were
put on microscope cover glasses (bottom side up, fixed with glycerine),
then imaged with confocal laser scanning microscope (Leica SP8). The
surface roughness of the coatings was analysed and calculated by Image].

Water Contact Angle (WCA):  Water contact angle measurements were
carried out on a contact angle goniometer (DataPhysics Instruments, Ger-
many) with sessile drop method. Mean values of several measurements
of each sample were taken.

X-Ray Photoelectron Spectroscopy: X-ray photoelectron spectroscopy
(XPS) spectra were recorded on a Kratos (Manchester, UKAxis Ultra DLD
spectrometer), equipped with a monochromatic Al Ka X-ray source. The
spectra were measured in normal emission, and a source-to-sample angle
60° was used. All spectra were recorded utilizing the fixed analyzer trans-
mission (FAT) mode. The binding energy scale of the instrument was cal-
ibrated, following a technical procedure provided by Kratos Analytical Ltd
(calibration was performed according to ISO 15 472). The spectra were
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recorded utilizing the instrument’s slot and hybrid lens modes. An analy-
sis area of ~300 um x 700 pm was investigated; charge neutralization was
applied. For quantification, the survey spectra were measured with a pass
energy of 80 electron Volt (eV), and the spectra were quantified utilizing
the empirical sensitivity factors that were provided by KRATOS (the sen-
sitivity factors were corrected with the transmission function of the spec-
trometer). The high-resolution XPS spectra were measured with a pass en-
ergy of 20 eV, and the respective data were processed using UNIFIT 2020
spectrum processing software. For peak fitting, a Shirley background and
a Gaussian/Lorentzian sum function were applied. If not denoted other-
wise, the L-G mixing component was set to 0.35 for all peaks. All binding
energies were calibrated to the signal observed for the C sp?/sp> compo-
nent (observed at 284.8 eV).

Cell Culture and Cell Adhesion Analysis:  Human breast cancer cell lines
(MCF7) were obtained from the American Type Culture Collection (ATCC).
Roswell Park Memorial Institute RPMI-1640 culture medium (Gibco) was
supplemented with 10% (v/v) fetal bovine serum (FBS) (Gibco) and 1%
(v/v) of penicillin-streptomycin solution (Gibco). All the cancer cell lines
were cultured at 37 °C with 5% CO, in culture flask.

MCF-7 cells were first dissociated by trypsin solution (Gibco) for 2 min.
Then the cells were pre-stained with CellTrace™ Violet dye (Thermo Fisher
Scientific, Waltham, MA, USA) for 20 min according to standard protocol
from the manufacturer. Stained cells were spiked in serum-free RPMI-1640
medium with a concentration of 5000 cells mL~". Samples were incubated
in 1mL of prepared cell suspension for 3 h at 37 °C. Afterwards, all samples
were gently rinsed with DPBS for 3 times to remove the excess cells then
observed and photographed under fluorescence microscope (Zeiss Axio
Observer Z1).
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