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Abstract:

Multilayers incorporated with stimuli-responsive substances by means of layer-by-layer (LbL)
self-assembly are much attractive due to the advantages of stimuli-responsiveness and potential
applications in different fields. In this study, pyrenemethyl acrylate (PA) was synthesized, and was
copolymerized with acrylic acid (AA) to obtain the amphiphilic and photodegradable P(PA-co-AA)
polymers with a PA:AA molar ratio of 1.3:3, and an average molecular weight of 6.9 kDa and
polydispersity index of 1.04. They formed micelles spontaneously when dispersed in aqueous solution
with a size of 27.5 nm in a dry state and 136.6 nm in a wet state. The micelles were readily
decomposed to form aggregates as a result of the cleavage of the pyrenemethyl ester bonds under
UV-irradiation. UV-responsive micelles-containing multilayers were prepared by LbL self-assembly of
the UV-responsive micelles and polyallylamine hydrochloride (PAH). UV-irradiation of the
multilayers resulted in the decomposition of micelles, leading to larger surface roughness, and
enhanced swelling ratio and wettability of the multilayers. In vitro culture of A549 and HepG2 cells
showed significantly better adhesion at 4 h on the UV-illuminated multilayers, whereas the cell
proliferation was not affected until 5 d.
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1. Introduction

The stimuli-responsive biomaterials have witnessed tremendous growth in recent years due to the huge
demands in nanotechnology, drug delivery [1-3] and tissue engineering [4, 5]. This type of materials
can be triggered by versatile stimuli, including temperature [6], light [2, 7], magnetic field [1] and
several chemical [8] or biological [9, 10] signals. Ultra-violet (UV) responsive materials have been
widely studied because of their precise control, swift processing and low cytotoxicity [7, 11]. One
particular example is materials based on pyrenemethyl ester bond [12, 13], which is cleavable with
365 nm illumination.

Layer by layer (LbL) self-assembly is an effective bottom-up surface functionalization method to
construct tailored architectures with multiple composites in nano-scale [14]. The driving forces of LbL
self-assembly involve versatile types of interactions between molecules such as electrostatic forces
[15], hydrogen bonding [16] and hydrophobic interactions [17]. The multilayers built up by
electrostatic interaction between polyelectrolytes, or polyelectrolyte multilayers (PEM), have many
applications, especially in the biomedical field [18], for example, protein [15] and cell adhesion [19],
drug delivery [20] and biosensors [21]. The composition of multilayers is not restricted to the
traditional synthetic polyelectrolytes but also includes proteins, micelles, inorganic nanoparticles and
their combinations [15, 21-23]. The self-assembly of amphiphilic copolymers in dilute solutions is
widely utilized to fabricate stimuli-responsive micelles or vesicles that are originally intended for drug
delivery. Incorporating micelles into PEM by immobilizing them into desired surfaces without losing
functions provides an innovation for extending unique properties of micelles into 2D surfaces, which
have versatile applications in drug delivery, protein adsorption and cell adhesion [24].

To maintain the advantages of the stimuli-responsive nano-scaled micelles into 2D surfaces, the
multilayers incorporated with stimuli-responsive particles by means of LbL self-assembly have been
paid much attention in recent years [25-27]. Julia et al. [26] fabricated nanoporous multilayers with
reversible pH-triggered swelling transition by self-assembly of pH-responsive block copolymer
micelles and polystyrene sulfonate. The swelling degree, morphology and mechanical properties of
films are reversibly tuned by solution pH. Zhu et al. [27] reported a type of hydrogen-bonded
multilayers composed of temperature-responsive micelles and poly(methacrylic acid). The films are
reversibly swollen in response to changes in temperature or salt-concentration as a consequence of
collapse or reorganization of the micelle cores.

However, so far there is no attempt to assemble multilayers from photo-decomposable micelles, let
alone their manipulation of physiochemical properties and cellular behaviors. Unlike the pH-triggering,
the photo illumination is rather green and easily achieved at mild conditions, whereas the structures
and properties of multilayers can be manipulated in a wide range. In this work, multilayers are
assembled from UV-decomposable poly(pyrenemethyl acrylate-co-acrylic acid) P(PA-co-AA) micelles
and poly(allylamine hydrochloride) (Scheme 1). The pyrenemethyl ester bonds in P(PA-co-AA)
polymers are easily cleaved by UV irradiation (Scheme 1la) [11], resulting in the release of
pyrenemethanol and PAA, and thereby the decomposition of the micelles. This decomposition may
further cause the change of multilayer structures and properties such as wettability, swelling property
and surface chemical compositions, which in turn bring influences on cell adhesion and proliferation
(Scheme 1b). Therefore, A549 and HepG2 cells shall be cultured in vitro on the pristine and
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UV-illuminated multilayers to compare their cellular behaviors.

2. Experimental

2.1 Materials

1-Pyrenemethanol, acrylate acid (AA), 3-(4,5-dimethyl-thiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) and 4’,6-diamidino-2-phenylindole (DAPI) were purchased from Sigma-Aldrich. Acryloyl
chloride (AC), triethylamine (TEA), azobisisobutyronitrile (AIBN) and poly(allylamine hydrochloride)
(PAH) were purchased from TCI. Dulbecco's Modified Eagle's Medium (DMEM) was purchased from
Gibco. Fetal bovine serum (FBS) was purchased from Sijiqing. Bovine serum albumin (BSA),
streptomycin and penicillin were purchased from Beyotime Biotechnology. Calcein AM was
purchased from Yeasen. Rhodamine-labeled phalloidin was purchased from Invitrogen. Other
chemicals were of analytical grade and used as received. The water used in all experiments was
purified by a Millipore Milli-Q system, and has a resistivity higher than 18.2 MQ-cm.

2.2 Fabrication of photoresponsive micelles-containing multilayers

Pyrenemethyl acrylate was synthesized by a reaction between pyrenemethanol and acryloyl chloride
(AC). In brief, 2.32 g (10 mmol) pyrenemethanol and 4.2 mL (30 mmol) TEA were dissolved in 100
mL tetrahydrofuran (THF). A solution of 2.45 mL (30 mmol) AC in 20 mL THF was added dropwise
under agitation at 0-5 °C. The reaction was then maintained at room temperature for 24 h. The resulted
mixture was filtered to obtain the filtrate, which was dried under reduced pressure. It was dissolved in
dichloromethane and washed with saturated sodium bicarbonate aqueous solution for several times to
remove acrylic acid. Then the organic phase was evaporated, and the residue was recrystallized in
ethanol and dried under vacuum at 40 °C. Finally, the pyrenemethyl acrylate (PA) was obtained with a
yield of 77%.

Poly(pyrenemethyl acrylate-co-acrylic acid) (P(PA-co-AA)) was synthesized by copolymerization of
PA and AA. 286 mg (1 mmol) PA, 274 ul (4 mmol) AA, and 22.96 mg (2.8%, mol ratio, AIBN:C=C)
AIBN were dissolved in 1,4-dioxane, and reacted under nitrogen atmosphere at 60-70 °C for 8 h. After
the mixture was dried under reduced pressure, the obtained product was dissolved in THF. Precipitate
was obtained by adding excess of cold hexane, which was dried in vacuum at 40 °C. P(PA-co-AA) was
obtained with a yield of 31%.

To prepare photoresponsive P(PA-co-AA) micelles, P(PA-co-AA) was dissolved in THF with a
concentration of 1 mg/mL, which was then added dropwise into a 5-fold 0.1 M NaCl aqueous solution
under ultrasonic dispersion. The solution was then agitated (500 rpm) at room temperature for 1 h.
After the pH value was adjusted to 7.0 and followed with dialysis against 0.1 M NaCl aqueous
solution for 1 d in a dialysis tube, the photodegradable pyrene-containing micelles were obtained.
Photo-responsive micelles-containing multilayers were fabricated by LbL self-assembly of
P(PA-co-AA) micelles and PAH. In brief, glass slides, silica substrates and quartz substrates were cut
into a size of 1.5%1 c¢m, soaked in piranha solution (70% H,SO,+30% H,0,) overnight, washed with
plenty of Millipore water, and finally dried in a 60 °C oven. The cleaned substrates were first dipped in
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0.2 mg/mL PAH/0.1M NaCl solution with a pH value of 7.0 for 5 min, washed with Millipore water
for 3 times, and dried with a nitrogen flow. The substrates were then dipped in the micelles-containing
solution with a concentration of 0.2 mg/mL for 5 min, washed with Millipore water for 3 times, and
dried with a nitrogen stream. The multilayers were obtained by repeating the above steps alternatingly,
and are referred as pristine multilayers. For all the characterizations and applications, 6 bilayers were
assembled except of the monitoring of thickness increase by UV-vis spectroscopy.

2.3 Photo-irradiation of the micelles and multilayers

The photoinduced transformation of micelles and multilayers were carried out by illuminating micelles
solution or multilayers soaked in certain amount of water with 365 nm wavelength light source (50
mW/cm?) for 5 min.

To confirm the photo-responsiveness and to determine the extent of transformation induced by UV
illumination, the multilayers assembled on quartz substrates were illuminated for different time, and
were then incubated in ethanol for 30 min to dissolve the dissociated pyrenemethanol in the
multilayers. Then the UV-vis spectroscopy was used to determine the remained pyrene in the
multilayers.

2.4 Characterizations

'H nuclear magnetic resonance spectra (NMR) were measured by a Brucker DMX500 equipment by
using dimethyl sulfoxide-ds (DMSO-dg) as the solvent. UV-vis absorbance spectra were measured by a
Shimadzu UV-2550 spectrophotometer. Fourier transform infrared spectra (FTIR) were measured by
Brucker TENSOR I1. The molecular weight and weight polydispersity index (PDI) were characterized
by a Waters 1515 gel permeation chromatography (GPC) setup at 60 °C by using poly(methyl
methacrylate) standards for calibration and THF as eluent. The size and zeta potential of the micelles
were measured by dynamic light scattering (DLS) with a Zetasizer Nano-ZS from Malvern
Instruments. Transmission electron microscopy (TEM) was measured by JEM-1230. The wettability of
the multilayers was analyzed by a static water contact angle measurement system (DSA 100, Kriiss,
Germany) using a sessile-drop method. The volume of each droplet was 2 uL, and each measurement
was repeated for 3 times. The surface morphology and thickness of the films were measured by atomic
force microscopy (AFM) with a Nanoscope V Multimode Atomic Force Microscope, Bruker. For the
thickness analysis, each sample was scratched with a pipette tip previously. Images were acquired in a
tapping mode using oxide-sharpened silicon nitride tips for air measurement and antimony-doped Si
tips for liquid (in Milli-Q water) measurement. Results were analyzed with Gwyddion software.

2.5 Cell experiments

A549 and HepG2 cell lines were obtained from the Cell Bank of the Chinese Academy of Sciences
(Shanghai, China), and were maintained in DMEM supplemented with 10% FBS, 100 pg/mL
streptomycin, and 100 U/mL penicillin at 37 °C in a 5% CO, humidified incubator (Forma Series 11,
Thermo Fisher Scientific Inc., USA).

For the cell adhesion experiments, after labeled with 4 pL/10ml Calcein AM, A549 and HepG2 cells
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were seeded on different surfaces at a density of 1.1x10* cell/cm’®. After 4 h incubation, the substrates
were gently rinsed with phosphate buffered saline (PBS) 3 times to wash off unattached cells. The
cells on different surfaces were recorded under a fluorescence microscope (IX81, Olympus). At least
10 images were randomly recorded and 3 paralleled samples were conducted. The numbers were
counted with Image Pro Plus software.

To determine the cell viability, 20 uL. MTT (5 mg/mL) was added to each well after certain time
periods of incubation on different substrates, and the cells were continuously cultured at 37 °C for 4 h.
Dark blue formazan crystals generated by mitochondria dehydrogenase in viable cells were dissolved
in dimethyl sulfoxide (DMSO) to measure the absorbance at 570 nm using a microplate reader (Tecan
infinite M200Pro). Three parallel experiments were conducted.

Cell actin organization and nucleus were visualized after fluorescent staining. Cells were seeded at a
density of 1.1 x 10* cells/em’ and incubated for 4 h, and then were fixed with 4% paraformaldehyde at
37 °C for 30 min. Next, they were washed with PBS 3 times and treated with 0.5% Triton X-100 for 5
min. After being washed with PBS 3 times again, the samples were incubated in a 1% BSA/PBS
solution for 1 h. After washed twice, the cells were stained with DAPI and rhodamine-labeled
phalloidin for 1 h. After washed 3 times in PBS, the cells were observed under a confocal
laser-scanning microscope (CLSM, LSM-510, Zeiss).

2.6 Statistical analysis

Statistical analysis was performed based on one-way analysis of variance (ANOVA) with a Tukey post
hoc method. A significance level of p < 0.05 was chosen for all the tests. A few comparisons were also
made between individual groups via t-test with the same significant level.

3. Results and discussion

3.1 Synthesis and characterization of P(PA-co-AA) copolymers

To prepare the amphiphilic and photo-responsive polymers, the key monomer, pyrenemethyl acrylate
(PA) was synthesized by the reaction between pyrenemethanol and acryloyl chloride (AC) under 0-5
°C. In Fig. 1a, the peaks of '"H NMR at 6.00, 6.27 and 6.28ppm (No.2,3,4) are assigned to protons of
the ethylene groups. Signals of methylene groups at 5.95 ppm (No.1) and aromatic rings between 8.13
and 8.38 ppm (No.5) refer to the structure of pyrene methyl groups. The integral ratio of peaks
No.5:1:2:3:4 was 9.21:2.02:1:1:1.04, which had a good accordance with that of protons in
pyrenemethyl acrylate (9:2:1:1:1), proving the successful synthesis of pyrenemethyl acrylate.

Next, the P(PA-co-AA) copolymers were synthesized by radical polymerization of PA and AA, whose
structure was also characterized by 'H NMR (Fig. 1b). The peaks between 5.44 and 5.91 ppm (No.1),
and 7.65 and 8.41 ppm are assigned to protons of methylene and aromatic rings of pyrenemethyl
groups, which had a similar integral ratio (9.1:2) to protons of corresponding structures (9:2). However,
the similar structures of PA and AA units lead to overlapping of peaks of protons in the backbone
between 1.25 and 3.60 ppm. The amount of AA units can hardly be quantified by peak at 12.32 ppm
either because of the swift exchange between reactive hydrogen of carboxyl groups and hydrogen of
water.

Compared the FTIR spectra of PA, AA and P(PA-co-AA) copolymers (Fig. 1c), the absorbance at
1000-983cm™ referring to the C=C of PA disappeared in the P(PA-co-AA) spectrum, revealing the
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success of copolymerization. The existing peaks of C-O-C at 1245 and 1172cm™ confirmed the
reservation of ester bonds.

Moreover, the copolymer ratio of PA: AA was quantified as 1.3:3 by UV-vis spectroscopy by referring
to a standard curve of pyrenemethanol at 342 nm (data not shown). The molecular weight (Mn) and
PDI of the copolymers was measured by GPC, which were 6.9 kDa and 1.04, respectively.

3.2 Preparation of P(PA-co-AA) micelles and their photoresponsive transformation

The P(PA-co-AA) micelles with an average size of 27.5 nm and a spherical morphology (Fig. 2a) were
easily formed by diluting the P(PA-co-AA)/THF solution with 0.1 M NaCl aqueous solution. They had
a larger hydrodynamic diameter of 136.6 nm with a PDI of 0.17 in water (Fig. 2¢). The high swelling
ratio of the micelles, which was 5.0 calculated by the ratio of sizes from DLS and TEM, suggests the
strong hydration rate due to the repulsive force of carboxylate groups, as confirmed by the negative
zeta potential of -21.6£1.1 eV.

After illumination by UV, the spherical micelles (Fig. 2a) were transformed into irregularly shaped
aggregates (Fig. 2b), with an increase of the average size to 201 nm and a broadened PDI to 0.26 (Fig.
2d). When illuminated by UV, the micelles were decomposed into water-soluble poly(acrylic acid) and
pyrenemethanol as a result of the breaking of the pyrenemethyl ester bonds. The released
pyrenemethanol is rather hydrophobic, and thus self assembles into larger aggregates via hydrophobic
interaction and 7wt stacking.

3.3 Photoinduced transformation of micelles-containing multilayers

Next, these photo-decomposable and negatively charged micelles were used as a building block to
assemble multilayers with positively charged PAH. The increase of absorbance in 250-400 nm, which
includes several specific absorbance peaks of pyrene, demonstrates the stepwise assembly of the
multilayers (Fig. 3a). Taking into account the linear absorbance at 343 nm vs bilayer number, one can
conclude that the multilayers were built up in a linear pattern too. This result is similar to the growth
law of PAA/PAH multilayers in other research [28], which shows linear growth of PAA/PAH in pH
between 6.0 and 8.0.

Photo-decomposition of the micelles in the multilayers was demonstrated by UV-vis spectroscopy too
(Fig. 4). After the multilayers were illuminated with UV for 30 s, they were incubated in ethanol for 30
min to dissolve the released pyrenemethanol. Compared with the pristine sample, there was a sharp
decrease in absorption of the photo-irradiated multilayers between 250 to 400 nm (Fig. 4a). The same
ethanol treatment to the pristine multilayers did not bring significant weakening of the absorption,
revealing the good stability of micelles in the multilayers and pyrenemethyl ester bonds against
ethanol (good solvent for pyrenemethanol). Fig. 4b shows the remnant absorbance at 343 nm as a
function of the UV-irradiation time, demonstrating that the decomposition took place in a very fast rate.
30s illumination resulted in over 50% cleavage of the pyrenemethyl bonds, and 300 s was long enough
to decompose almost completely the micelles. Hence, this irradiation time was chosen for all the next
experiments to prepare the UV-illuminated films.

After illuminated by UV, the surface roughness of multilayers increased from 0.60 nm (Fig. 5a) to 1.68
nm (Fig. 5b), which is contributed from the transformation of micelles to aggregates formed by the
released pyrenemethanol. The thickness of multilayers was measured by AFM in both dry and wet
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states (Fig. 6) by the line profiles (Fig. 6b,d,f,h) recorded from the images (Fig. 6a,c,e,g). The pristine
multilayers had a thickness of 19.4 nm (Fig. 6a,b) in a dry state, which was not significantly changed
after UV-illumination (21.2 nm, Fig. 6¢,d). The multilayers were swollen in water, with values of 28.3
nm and 51.9 nm for the pristine (Fig. 6e,f) and UV-illuminated ones (Fig. 6g,h), respectively. The
significantly enhanced swelling ratio after UV illumination than the pristine one (2.45 over 1.46)
reveals that the crosslinking density of the multilayers is decreased due to the breakup of the
hydrophobic micellar cores, which function as the super crosslinking points for the multilayers and
hence whose release enables free motion of the chain segments. Meanwhile, the excess carboxyl
groups generated in such a process offer larger charge repelling in the multilayers, leading to the
increase of swelling ratio too.

It has to be mentioned that the thickness of the multilayer film, no matter in a dry state or under water,
was far thinner than the theoretical one (by multiplying the scale of micelles and layer numbers). This
is likely due to the strong conformational restriction induced by the static electric forces and the fact
that the micelles intersect with each others when adsorbed on substrates. The free chain segmentation
generated in such a process can influence not only the swelling behavior but also the surface
wettability by exposing more hydrophilic carboxyl groups to surface, as revealed by the significant

decrease of static water contact angle from 78 © to around 52 © after UV-irradiation (Fig. 7).

3.4 Cell behaviors on the photoresponsive multilayers

The change of surface roughness, wettability and chemical composition may bring some unexpected
influence on cellular behaviors, because cells are sensitive to these factors. To assess the cellular
response, A549 and HepG2 cells were cultured on the pristine and photo-irradiated multilayers. On
both types of surfaces, the cells could well attach with good viability (Fig. 8). Quantitative counting of
the cell numbers, however, shows that both A549 and HepG?2 cells attached onto the UV-illuminated
multilayers with significantly faster rates (p<0.05), leading to the values of 141% and 152% of those
of their pristine multilayers, respectively.

It is known that the organization and distribution of actin fibers can reflect the adhesion conditions of
cells [29, 30]. As illustrated in the CLSM images in Fig. 9, most of the A549 on the pristine
multilayers (Fig. 9a,c) had round morphology with less spreading, suggesting the weaker interaction
between the cells and the substrate at this very initial stage (4 h). By contrast, on the UV-illuminated
surface (Fig. 9b,d), there were more cellular pseudopod extension and actin fibers, showing stressed
actin fibers and rather spreading cell morphology which are the sign of stronger cell-substrate
interaction. The HepG2 were mostly in a round shape, whose actin fibers were distributed near
membrane rather than in cytoplasm on the pristine multilayers (Fig. 9e,g). However, on the
UV-illuminated surface (Fig. 9f,h) the cells were angulate, and the actin fibers were thicker and largely
spread in cytoplasm. All these results confirm that the UV-illuminated surface can enhance the
cell-substrate interaction, leading to a faster cell adhesion at the very initial stage.

Cell adhesion to biomaterial is a complicated procedure, and is influenced by various factors of
materials, including the surface morphology, chemical composition, wettability, charge and so on [31,
32]. The minor increase of surface roughness after UV-irradiation, although nearly 3 times higher in
the absolute value, is unlikely to have a primary effect due to the undersized magnitude compared to
roughness change of micro or sub-micro meters reported in literatures [33, 34]. The UV illumination
generates both extra carboxylic groups and pyrenemethanol, which are supposed to form a
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phase-separated microstructure on the surface, and thereby may benefit the faster cell adhesion [35].
Higher density of carboxyl groups can lead to the promotion of cell adhesion as well [36-38].
Moreover, the increased density of carboxyl groups also decreased water contact angle from 78 ° to
52 °, which is regarded as more suitable for cell adhesion [36, 39, 40].

Although the initial cell adhesion was enhanced on the UV-irradiated multilayers, the cell proliferation
on both types of surfaces showed no significant difference for both the A549 and HepG2 cells over a
period of 5 d (p>0.05) (Fig. 10). Both the A549 and HepG2 cells proliferated almost linearly on both
the pristine and UV-illuminated multilayers, revealing the very good cytocompatibility of the
PAH/P(PA-co-AA) micelles multilayers regardless of the UV-treatment. The relative faster
proliferation of A549 cells than HepG2 cells should be attributed to the nature of the cells. The reason
for the difference in cell adhesion and proliferation can be explained by the different experimental
protocol: the unattached cells were washed away before measuring the cell adhesion number at 4 h,
while the cell viability was measured at least 1 d later. It is indeed that 1 d is long enough to achieve
similar cell adhesion as shown in Fig. 10, and hence the later cell proliferation is not affected.

4. Conclusions

The photo-responsive multilayers containing UV responsive micelles were successfully prepared by
assembling P(PA-co-AA) micelles and PAH on planar substrates in a layer-by-layer manner. The
P(PA-co-AA) was prepared by copolymerization of pyrenemethyl acrylate and acryloyl chloride (AC),
and formed micelles spontaneously in aqueous solution with an average size of 27.5 nm in a dry state
and 136.6 nm in a wet state. After UV illumination, the micelles were broke up and transformed into
irregular aggregates. The micelles in the multilayers could be similarly decomposed, which took place
in a very fast rate, and 300 s was long enough to decompose almost completely the micelles in the
multilayers. UV-irradiation led to the increase of surface roughness, enhanced wettability and swelling
ratio of the multilayers. As a result, A549 and HepG2 cells showed significantly better adhesion at 4 h
on the UV-illuminated multilayers, whereas the cell proliferation was not affected until 5 d. These
results highlight an efficient bottom-up method for mediating structures and properties of
photo-responsive multilayers, and thereby some basic cellular behaviors such as adhesion, shedding a
light on their essential functions in biomedical field as surface coating on different types of materials

and devices.
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Figure Captions:

Scheme 1 Chemical structure of P(PA-co-AA) copolymer and its decomposition under UV irradiation
(a). Ilustration of structure change of multilayers under UV irradiation and their influence on cell
adhesion.

Figure 1 "H NMR spectra (a) of pyrenemethyl acrylate and P(PA-co-AA) measured in DMSO-ds. (b)
FT-IR spectra of P(PA-co-AA) copolymers, PA and AA.

Figure 2 TEM images of photo responsive micelles before (a) and after UV irradiation at 50 mW for
0.5 h (b). Insets are higher magnification images. Scale bars represent 500 nm. Statistic histograms of
micelle sizes before (c¢) and after (d) UV irradiation.

Figure 3 (a) Absorbance of multilayers in 250-400 nm with different bilayer numbers. (b) Absorbance
at 343 nm as a function of bilayer number.

Figure 4 (a) Absorbance of pristine, ethanol treated, and UV irradiated for 30 s and ethanol treated
multilayers in 250-400 nm. (b) Absorbance of the multilayers at 343 nm as a function of UV
irradiation time. The irradiate multilayers were thoroughly washed with ethanol before measurement.
Figure 5 AFM images of pristine (a) and UV-irradiated multilayers (b).

Figure 6 AFM images (a, c, e, g) and line profiles (b, d, f, h) of multilayers before (a, b, e, ) and after
(c, d, g, h) UV irradiation for 300s measured in a dry state (a-d) and under Milli-Q water (e-h),
respectively.

Figure 7 Water contact angles of pristine (a) and UV-irradiated multilayers (b). (c) Statistical analysis
of contact angles. 3 independent experiments were carried out. * indicates statistically significant
difference at p < 0.05 level.

Figure 8 Representative fluorescent images of A549 (a, ¢) and HepG2 cells (b, d) being cultured on
pristine (a, b) and UV-irradiated (c, d) multilayers. Scale bars represent 50 um. (e) Adhesion numbers
of A549 and HepG2 cells after being cultured for 4 h with a seeding density of 1.1x10* cells/cm®. At
least 10 images were analyzed for each sample and 3 independent experiments were carried out. *
indicates statistically significant difference at p < 0.05 level.

Figure 9 CLSM images of A549 (a-d) and HepG2 (e-h) cells after being cultured on pristine (a, c, e, g)
and UV-irradiated (b, d, f, h) multilayers for 4h with a seeding density of 1.1x10* cells/cm’. F-actin
(red) and nucleus (blue) were stained with rhodamine-labeled phalloidin and DAPI, respectively. Scale
bars represent 20 pm.

Figure 10 Viability of A549 and HPG2 cells seeded on different surfaces for 1, 3 and 5 d. 3
independent experiments were carried out for each group. * indicates statistically significant difference
at p <0.05 level.
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