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Abstract

A facile biofouling-resistant surface coating was developed based on catechol-conjugated poly(N-vinylpyrrolidone) (CA-PVP).
CA-PVP can be securely and effectively coated on glass, gold, and tissue culture polystyrene (TCPS) surfaces under a mild
condition as characterized by ATR-FTIR and PVP-complexation with iodine and hydrogen peroxide. PVP itself without catechol
conjugation, on the other hand, cannot achieve well-coating on surfaces. The coated surfaces became more hydrophilic and
protein-resistant due to the presence of PVP as measured by the reduced contact angles and surface plasmon resonance (SPR)
responses. The significantly enhanced protein resistance created by CA-PVP coatings leads to its significant anti-biofilm and
fibroblast cell adhesion resistance as observed by fluorescent microscope. CA-PVP coating also demonstrated its high biocom-
patibility that >95% cell viability of mouse fibroblast cells still can be maintained after 48 h cultivation.
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Introduction

In recent time, implantations of biomaterials and/or medical
settings in human body have become more routinely per-
formed to improve the life quality of patients. However, the
performance of implanted biomaterials usually will be ham-
pered by the nonspecific deposition of proteins from the body
fluid soon after implantation. The deposition of proteins on
the surface of in vivo biomedical devices can also promote
attachment of bacteria to form a biofilm which can cause
serious health-associated infections. According to the report
of National Institutes of Health, 75% of human microbial in-
fections are caused by bacterial biofilm [1]. Biofilm is very
difficult to treat with antibiotics due to the fact that bacteria are
well-encapsulated in a robust biofilm matrix, consisted of high
density of surface-attached proteins, exopolysaccharides, and
extracellular DNA (eDNA) [1, 2]. Therefore, an effective way
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to prevent bacteria from surface attachment to form biofilm is
to overcome the nonspecific adsorption of proteins on the
surface. An anti-fouling (AF) coating that makes the surface
inert to processes in the human body is highly desirable. A
variety of chemically polymerized surfaces with hydrophilic
polymers such as poly(ethylene glycol), poly(methyl methac-
rylate-co-butyl acrylate), and polymers containing zwitterion
functionalities are widely used as anti-fouling coatings due to
their very low-protein adsorption property [3—7]. In addition
to anti-fouling coating for the prevention of nonspecific pro-
tein surface adsorption, anti-biofilm coatings have also been
developed to incorporate antimicrobial agents, for example,
quaternary ammonium compounds and silver nanoparticles
which possess stronger antimicrobial titer with the polymeric
coating materials to kill the bacteria for the prevention of
biofilm formation [8, 9]. In contrast to the anti-fouling coat-
ings, the antimicrobial compounds involved anti-biofilm coat-
ing may have to face with more environmental considerations
and the increased costs in preparation [10].
Poly(N-vinylpyrrolidone) (PVP) is a well-known nontoxic,
water-soluble, bioinert, and chemically stable polymer with
resistance against a wide range of biofouling compounds
[11-13]. PVP as anti-fouling coatings are often prepared by
grafting PVP from a substrate surface, using surface-initiated
atom transfer radical polymerization (ATRP) of N-
vinylpyrrolidone (NPV) [11-15]. The ATRP method for
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grafting PVP on surface, although quite effective for
preventing nonspecific protein adsorption, requires complicat-
ed chemical synthetic steps for immobilizing initiator on the
surface as well as for the preparation of catalytic agents.
Simpler methods but require special equipment such as UV-
induced photo grafting [16], y-radiation-induced grafting [17,
18], and plasma polymerization [19] have also been devel-
oped to modify the surface of polymeric membranes with
hydrophilic PVP. Anti-fouling PVP coatings were also often
prepared by cross-linking into hydrogel to make the polymer
insoluble when in contact with body fluid. Electron beam
[20], redox reactions [21], or UV-activated molecules [16]
have been used as cross-linking agents of PVP coating. In
addition, generation of radicals in PVP for cross-linking by
thermal annealing has been proposed [22]. Telford et al. not
only characterized the thermal annealing cross-linked PVP
films but also demonstrated their excellent protein-repellent
properties [23]. However, a minimum of 200 °C for 3 h is
required for the thermal annealing cross-linking which may
damage the supporting substrate. Recently, a facile and versa-
tile aqueous surface modification technique based on mussel-
inspired surface chemistry using dopamine as a modifier has
been developed by Messersmith et al. and widely employed
for coating on various materials [24, 25]. Dopamine is able to
undergo self-polymerization in aqueous solution under oxida-
tive conditions, creating an adherent polydopamine (PDA)
adlayer onto various substrate surfaces. Anti-fouling PVP
coating can be easily formed on the PDA-coated surface via
hydrogen bonding interactions [26]. Nevertheless, the major
challenges in this method, including possible loss of PVP
coating from PDA adlayer and easy loss of PDA adlayer from
flat substrate surface due to the noncovalent bonding interac-
tions, and significant loss of transparency of substrate due to
the dark color of PDA.

The key aspect of mussel-inspired surface chemistry is the
ortho-dihydroxyphenyl (catechol) functional groups in mussel
adhesive protein structure which forms strong bonds with var-
ious surfaces [27-29]. Inspired by these facts, various poly-
mers bearing catechol side chains have been designed and
synthesized to achieve facile coating of polymers on various
substrate surfaces for biomedical application [30-35].
Recently, copolymers of PVP backbone with catechol side
chains have been synthesized for the preparation of robust
underwater biomimetic adhesives [36]. A much simpler one-
step conjugation method for grafting catechol groups to PVP
(CA-PVP) has also been developed by Mosaiab et al. for
covalent attachment of PVP onto the magnetic core that can
facilitate silver nanoparticle formation for antibacterial treat-
ment [37]. However, this CA-PVP surface coating against
biofouling has never been reported. In this work, we take the
advantage of CA-PVP on its easy preparation for facile sur-
face modification of PVP onto several substrate surfaces. The
aim of the present work is to study the effect of this facile one-
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step coating on fouling resistant against proteins, bacterial
biofilm, and mammalian cells. The anti-biofouling activity
of PVP-grafted substrates was evaluated with their perfor-
mances against the bovine serum albumin protein, L929 cell,
and Gram-positive Staphylococcus epidermidis bacteria. The
biocompatibility of PVP-immobilized surface was also
studied.

Materials

Poly(N-vinylpyrrolidone) (PVP, MW =10,000), bovine se-
rum albumin (BSA), and fluorescein isothiocyanate (FITC)
were purchased from Sigma—Aldrich. 2-Chloro-3,4'-
hydroxyacetophenone (97% ACS) was obtained from Alfa
Aesar. All other chemicals were reagent grade.

Synthesis of catechol-grafted
poly(N-vinylpyrrolidone)

2-Chloro-3,4"-hydroxyacetophenone (CA) was employed to
conjugate catechol groups to the structure of polyvinylpyrrol-
idone (PVP) based on the method described elsewhere [37].
Briefly, CA and PVP with mole ratio of 30:1 were dissolved in
25 ml of ethanol in a reagent tube. After purging with nitrogen
gas for 30 min, the reaction was then carried out at 70-80 °C
under magnetic stirring for 24 h. After reaction, the solution
was concentrated in a rotary evaporator, and ample amount of
cold diethyl ether was then added to induce the precipitation.
After washing thoroughly with diethyl ether, the obtained pre-
cipitate was dried in a vacuum oven and used as CA-PVP.

PVP coating

Typically, the substrates including glass slide disc with a size
of 1-cm diameter were first immersed in coating solutions
prepared by dissolving 50 mg CA-PVP or PVP in the mixture
of ethanol (5 mL) and deionized water (3.75 mL). Tris buffer
(pH 8.5) of 2.5 mL was then added to the above mixture. The
solution immediately turned into pale yellowish and gradually
changed to brownish. The reaction was allowed to proceed for
12 h. Later, 10 mM NalO4 of 12 puL. was added, and the
reaction continued for another 12 h. The substrate was then
taken out from the reaction solution and rinsed thoroughly
with deionized water followed by ethanol.

Protein adsorption

Bovine serum albumin (BSA) was first fluorescent-labeled
with fluorescein isothiocyanate (FITC) as described elsewhere
[38]. The labeled BSA was diluted with 1x PBS buffer (pH =
7.4) to a concentration of 1 mg/mL. The bare glass and CA-
PVP-coated glass surfaces were pre-wetted in pH 7.4 PBS
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before incubation in the labeled BSA solution at room tem-
perature for 24 h. After incubation, the glass surface was
rinsed three times (10 min each) with PBS and observed by
confocal laser scanning microscopy (CLSM, Olympus [X73).
For evaluating the protein-binding resistance toward the CA-
PVP-coated surface, BSA protein solution of 1 mg/mL was
employed to interact with CA-PVP-coated gold surface of the
sensor chip in surface Plasmon resonance (SPR) study using
Autolab SPRINGLE instrument. This instrument uses a pho-
todiode detector (p-polarized, A = 670 nm) to record the SPR
angle shift from light-reflecting at the interface (1 mm x 2 mm
spot of the sensor disk). The incidence angle can be varied an
angle of 5° in approximately 13 ms by using a scanning mirror
with a frequency of 76 Hz.

Biofilm formation

Staphylococcus epidermidis (ATCC 35984) was cultured
in TSB nutrient medium overnight. Then, 1 mL of bac-
terial suspension with the cell concentration of 10°
cells/mL was added to each bare or coated well in a
PS 24-well plate (Jet Biofil®). Biofilm formation on
glass surface was also studied by culturing 1 mL bac-
terial suspension in the wells containing glass slide with
coated surface faces the bacterial solution in a 24-well
plate. The bacterial cells were allowed to grow at 37 °C
for 72 h in static. After decanting the solution in the
wells, the fresh culture medium was replenished, and
the cultivation was continued for another 24 h. The
surfaces of substrates were washed thoroughly with
PBS prior to further biofilm quantitative analysis and
fluorescence imaging observation.

For quantitative analysis of biofilm on the surface, crystal
violet staining was employed. Methanol of 1 mL was filled to
each well and incubated for 20 min. The methanol solution
was then removed, and the wells were air-dried for 5 min
before filling with 1 mL of 0.1% (w/v) crystal violet to stain
the biofilm for 15 min. After the crystal violet solution of each
well was removed, DI water was added to wash the well for
three times. The washed well was air-dried before 1.5 mL
33% acetic acid was added to extract dark blue color stained
on the biofilm. Finally, the optical density of each well was
measured at 570 nm (ODs7o) in order to quantify the amount
of formed biofilm on the surface.

BacLight LIVE/DEAD Bacterial Viability Kits (Life
Technologies, Catalog number L7012) was also employed to
verify the live and dead bacterial cells on the surface. In detail,
each 1.5 pL of SYTO9 dye (component A) and propidium
iodide (component B) was mixed together with 1 mL 1x PBS,
and the mixture were placed on the glass surface for dying
15 min. Fluorescence images on the dyed surface were ob-
served by fluorescence microscope (Olympus 1X73).

Cell adhesion

L.929 mouse fibroblasts cells were first grown in DMEM nu-
trient medium. The 1-mL cell solution at a density of 10* cell/
mL was then seeded into the 24-wells plate containing glass
slide on the bottom of the well. After cultivation at 37 °C for
24 h in static, the glass slide surface was washed with PBS 1x
for three times. The number of cell attachment on the glass
surface was quantitatively measured by colorimetric LDH as-
say. LDH analysis solution was prepared by mixing solutions
(in PBS 1x at pH 7.4) of 4 mg/mL INT dye, 36 mg/mL sodi-
um lactic acid, 12 mg/mL NAD, 1.2 mg/mL BSA, 48 mg/mL
Sucrose, 5.4 mg/mL Diaphorase with volume ratio of
4:4:1:1:1:1. For evaluation, 0.5 ml of 0.1% Triton was added
and shaken at 100 rpm for 30 min to lysis the cell membrane.
Fifty microliters of supernatant was incubated with 60 pL
reaction mixture at 37 °C for 30 min, the optical density at
490 nm was valued.

Biocompatibility

To test the cytotoxicity of coating surface, the 1 cm x 1 cm
coating samples were immersed in 1 mL DMEM medium for
1, 3, and 5 days at 37 °C to extract the releasable chemicals
from the coating. 1.929 cells were pre-culture into 96-well
plates for 24 h at a density of 10,000 cells/well. After incuba-
tion at 37 °C under 5% CO, atmosphere, 100-uL cell suspen-
sion in each well was replaced with the extracted solutions.
After 24 and 48 h of incubation, the viability of cells in plates
was measured by MTT assay. MTT solution (5 mg/mL in PBS
1x) of 20 uL/well was added to each well and incubated for
4hat37°Cina5% CO, humidified atmosphere. The solution
in each well was then removed and refilled with 200 pL/well
DMSO to dissolve the formed formazan crystals. The optical
density (OD) of DMSO solution in each well was recorded at
570 nm.

Characterization

Scanning electronic microscope (SEM) (JEOL, Japan, JSM-
6500F) operated at 15 kV was used for surface observation.
Attenuated total reflection—Fourier transform infrared spectro-
photometer (FTS-3500, Bio-Rad) was employed for analyz-
ing the chemical structure of the coating surface. The optical
density (OD) values of the samples were measured by
Biochrom® Asys UVM340. The transmittance of PVP and
CA-PVP-coated glass surface was recorded with Jasco V-730
UV-Vis spectrometer. The wettability of the substrates was
evaluated by measuring the static contact angles (Sindatek)
with deionized water (10 puL droplet volume). The value
was recorded at least five replicates for each sample.
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Results and discussion

Preparation and characterization of CA-PVP-coated
surface

Catechol-conjugated poly(N-vinylpyrolidone) (CA-PVP) was
synthesized by quanternizing the amino group in the pyrrol-
idone structure of PVP by using 2-chloro-3,4’'-
hydroxyacetophenone following the same procedure reported
by Mosaiab et al. [37]. Structural analyses of the as-prepared
CA-PVP were confirmed by the 'H-NMR and FT-IR spectros-
copy. As shown in the Fig. S1, "H-NMR spectra of the syn-
thesized CA-PVP conjugation in D,0O were found to have not
only very strong peaks of PVP polymer in the range of 1.0—
4.0 ppm, which correspond to 1.00-2.60 ppm for six protons
per unit of lactam CH, and backbone CH,; 3.0-4.0 ppm for
three proton per unit of lactam CH, (linked to amide group)
and backbone CH, but also additional signals at 7.0-7.6 ppm
indicating for the presence of catechol protons. This suggests
successful quanternized grafting catechol groups to PVP. The
catechol content of the as-prepared CA-PVP was determined
to be 22 catechols per PVP chain based on the integrated value
difference of the proton 2.2-2.6 ppm of NVP unit (four pro-
tons) and the proton 7.0-7.12 ppm of catechol (one proton).
Moreover, glass slide surface was drop-coated with CA-PVP
and characterized by ART-FTIR. As shown in Fig. 1a and S2,
very strong absorption bands observed at 1170 and 810 cm ™
for every sample resulted from the Si—-O-Si asymmetric/
symmetric stretch of glass material. In comparison with bare
glass surface, several weak absorption peaks at 2959, 1420,
and 1280 cm ' corresponding to the stretching vibration of
methylene group (-CH,—) and (—CH-) bend appeared in PVP
and CA-PVP-coated sample surface. Remarkably, carbonyl
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group (C=0) in the pyrrolidone ring vibration at 1770 cm ',

amide linkage (O=C-NH-), C-N bend at 1660 cm ! or (N-
C=0) bend at 690 and 590 cm ' in CA-PVP were slightly
shifted in comparison with unmodified PVP. These indicate
not only the synthesis of CA-PVP but also the CA-PVP coat-
ing were successfully obtained. Approximately, 65+10 pg/
cm’® of CA-PVP was coated on a glass slide as estimated by
measuring the weight gain after drop-coating. In the UV-Vis
spectrum of CA-PVP (Fig. 1b), absorbance peaks for the cat-
echol group and PVP polymer were found at 280 and 210 nm
which is again confirmed the successful conjugation of CA to
the structure of PVP polymer. Besides, diffuse reflectance UV-
Vis spectra could more clearly characterize the optical prop-
erties of the surface-coated CA-PVP as shown in Fig. S3. The
CA-PVP coating did not affect the absorbance of glass slide
much; however, a peak at 220 nm in CA-PVP coating was
noted which is slightly left-shifted from the peak of bare glass
but close to the peak of PVP itself.

Due to their preference of forming complex with PVP,
H,0, and I, were loaded on the coated surface, and their
presence was detected to show the success of facile coating
of PVP on glass surface via catechol groups of CA-PVP was
achieved. The presence of H,O, was checked by its ability to
reduce KMnO, that leads to the disappearance of purple color
of KMnQ,. The presence of iodine was demonstrated by the
purple color developed due to the complex reaction between
starch indicators and iodine. After loading the H,O, on sur-
face, as shown in Fig. 2c, light purple color of KMnO,
remained on the bare glass and PVP coated surface. In con-
trast, the purple color of KMnO, faded away immediately on
CA-PVP coating surface. Similarly, a weak but apparent color
change was observed when iodine-loaded CA-PVP coating
was incubated in 1% starch indicator solution. The iodine
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Fig. 1 (a) FT-IR spectra of PVP, CA-PVP, and CA-PVP drop-coated glass and (b) UV-Vis spectra of PVP, CA, and CA-PVP prepared in DI-water at

concentration of 10 pg/ml
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Fig. 2 (a) Schematic illustration of functionalization of
polyvinylpyrrolidone with catechol groups (CA-PVP preparation) and
its surface coating via oxidative cross-linking. Colorimetric assay of the
presence of PVP- on CA-PVP-coated surface, (b) iodine-complexed

complexes with CA-PVP coating also demonstrated its anti-
microbial activity against E. coli as shown by a clear zone
formation around the sample disc in the inhibition zone test.
In contrast, no appreciable clear zone could be observed for
the bare glass and PVP coating samples (Fig. S4). Evidently,
only CA-PVP coating can make PVP persists on glass surface
after thoroughly washing with water. The oxidative catechol
groups of CA-PVP play the major role for PVP adhering on
the glass surface.

The wettability of PVP- and CA-PVP-coated surfaces was
also compared to demonstrate the effect of CA conjugation on
improving the adhesion of PVP onto the surface. As shown in
Fig. 3, contact angles of water droplet on bare glass, gold, and
PS surface were 30°, 78°, and 89°, respectively. After PVP
coating and thoroughly washing, the contact angles of glass
and PS surface decreased slightly to 28° and 73°, respectively.
In contrast, the contact angle reduction on gold surface was
quite significant to 55° that indicates some of the hydrophilic
PVP molecules persist on the surface after thoroughly rinsing
with water. The strong interaction of PVP toward noble me-
tallic surface has been known previously and frequently
employed as a steric stabilizer or capping agent for the noble
metal nanoparticles [39]. When CA-PVP coatings were ap-
plied on the surfaces of these materials, the contact angles
were significantly decreased to 8°, 18°, and 54° for glass,
gold, and PS surface, respectively. Evidently, CA-PVP was
much effective to be coated on these surfaces in comparison
with PVP, and the originally more hydrophilic surface, such as
glass surface was much easier to be coated with CA-PVP to
generate a nearly super hydrophilic surface.

Cross-linking

——> 4
. l)pH 85

CA-PVP

surface generated slightly blue-color when a droplet of starch indicator
solution (1%) was applied, (¢) H,O, complexed surface discolored the
purple color of applied KMnOy solution

Anti-fouling property
Protein adsorption

Bovine serum albumin (BSA) was used as model protein to
investigate the effect of CA-PVP coating against protein ad-
sorption. Surface plasmon resonance (SPR) analysis
employed to study the real-time BSA adsorption behavior
on CA-PVP-coated gold surface of a SPR sensor chip. In
SPR measurement, BSA solution was loaded into a solution
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Fig. 3 Contact angle images and value of bare-, PVP-, and CA-PVP-
coated surfaces (glass, gold, and PS). All the surfaces were under the
same pre-treatment for drying before H,O was employed for contact
angles measurement
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that continuously pumped over the SPR sensor surface, and
bound BSA mass was followed as response units (RUs) in a
sensogram, which shows the RU as a function of time. SPR
sensor chips of bare and PVP-coated surfaces were used as a
negative and positive control, respectively. As demonstrated
in Fig. 4, a significant increase of RU was observed on bare
surface in comparison with PVP- and CA-PVP-coated sur-
faces when BSA was injected. When estimated by RU differ-
ence from the base line, only about 50% of BSA bound onto
the surface during the loading period was eluted from bare
gold surface. In contrast, approximately 75 and 90% of
adsorbed BSA were washed away from PVP- and CA-PVP-
coated gold surface, respectively. Apparently, the effective-
ness of protein adsorption resistance of PVP and CA-PVP
coating is much better than that of bare gold surface. Out of
our expectation, PVP coating also shows good performance
on protein adsorption resistance although its effectiveness is
still inferior to that of CA-PVP coating. This indicates that
PVP itself has a strong interaction toward gold surface in
comparison with glass surface. The similar results were also
observed on wettability study shown in Fig. 3 that PVP itself
has a stronger adhesion on gold surface rather on glass sur-
face. In other words, once drop-coated on gold surface, PVP
cannot be completely displaced by water molecule. The
protein-binding resistance of different coating surfaces was
also studied by employing fluorescent FITC-BSA as a model
protein. As shown in Fig. 5 and S5, very bright fluorescence
was observed on bare and PVP-coated surface by fluorescence
microscope after incubating FITC-BSA on the surfaces

followed by thoroughly washing. In contrast, no trace fluores-
cence could be observed on the CA-PVP-coated surface under
the same conditions. Evidently, CA-PVP is much effective to
be coated on glass surface than PVP to prevent protein from
binding onto the surface. This result again confirms what ob-
served in previous section that H,O, and iodine could only be
detected on the CA-PVP-coated glass surface due to their
complex interaction with immobilized PVP.

Anti-biofilm and cell adhesion

S. epidermidis is well-known for its biofilm formation capac-
ity that most often causes biomaterial-associated infections
[40]. Therefore, S. epidermidis was employed to test the
anti-biofilm capacity of PVP- and CA-PVP-coated surfaces.
The bacterial cells were cultured in a 24-well plate with coated
bottom surface or containing surface coated glass discs of
1 cm in diameter. The amount of biofilm formed on the sur-
face was quantified by crystal violate staining. As shown in
Fig. 6a, the bare surfaces have the deepest purple color which
reflects a thick biofilm was formed. When PVP was coated,
the amount of biofilm formed on the surfaces reduced. But,
the amount on PS surface was much higher than that on the
glass surface. Based on the color intensity of acetic acid ex-
traction solution (33%) of the stained surface (Fig. 6b), the
amount of biofilm on PVP-coated PS surface was estimated
to be approximately fivefold higher than that on coated glass
surface. Since proteins bound to the surface is the initial step
for the biofilm development, the much higher amount of
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Fig. 4 (a) Real-time response of protein adsorption on bare-, PVP-, and
CA-PVP-coated gold chip surfaces of surface plasmon resonance (SPR)
sensors at room temperature and BSA protein solution of 1 mg/mL. (b)
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Fig. 5 Fluorescence images of Coated Half-coated Uncoated
green-color FITC-BSA protein
adsorption on CA-PVP-bare
(control), CA-PVP-coated, and
CA-PVP-half-coated surface
resulted by contacting labeled
protein solution of 1 mg/mL at
room temperature

biofilm observed on PVP-coated PS surface can attribute toits ~ generally leads to an enhanced protein adsorption as shown
lower wettability (higher hydrophobicity) (Fig. 3) which by the stronger fluorescence intensity observed from FITC-
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BSA surface binding (Fig. 5). In contrast to PVP coating, CA-
PVP-coated surfaces either on PS or glass shows no apprecia-
ble biofilm formation (Fig. S6). The biofilms on different
coating surfaces were also observed by fluorescent micro-
scope after Baclight LIVE/DEAD staining. As shown in Fig.
S6, the number of cells on bare glass surface is much higher
than that of PVP- and CA-PVP-coated glass surface. Barely,
bacterial cells can be observed on CA-PVP-coated surface.
These results show that CA-PVP coating was not only gener-
ating a protein-resistant surface but also a very effective anti-
biofilm surface.

The effect of PVP coating on the surface adhesion of
mouse fibroblast L.929 cells was also studied. As observed
by Fig. 7, the amount of cells adheres to the surfaces follows
the similar trend as the amount of biofilm formed on the coat-
ing surfaces. Bare surface has the highest amount of L929

Fig. 7 (a) Microscopic images of
L929 cell grew on glass and
polystyrene substrates (x 10
magnifications) at 37 °C within
24 h and (b) OD490 of
colorimetric LDH assay on cells
grew on different coated surfaces
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cells while very few cells could be observed on CA-PVP-
coated surface. Evidently, the presence of PVP on the CA-
PVP coating surface is not favorable for the fibroblast cells
to anchor and grow because of its anchorage-dependent
growth nature. On the other hand, PVP without conjugated
with CA cannot be well-coated on glass and TCPS surface, as
a consequence, an appreciable amount of L929 cells still can
adhere and grow on PVP-coated surfaces. The cytotoxic effect
of CA-PVP coating was also studied by culturing L929 cells
in CA-PVP coating extract prepared by incubating the coating
surfaces with culture medium for different days. As shown in
Fig. S7, all the cells were well-grown with spindle, triangular
and quadrangular shape. But, the cell viability of L.929 cells
cultured in the extracts was slightly reduced (82 ~86%) after
24-h cultivation as compared with that in the fresh medium.
However, no significant decrease could be observed after 48-h

I Control

PS Glass



Colloid Polym Sci (2018) 296:1173-1182

1181

cultivation even when the extraction time was prolonged to
5 days. This clearly indicates that the CA-PVP coating will not
cause cytotoxic effect.

Conclusion

Catechol-conjugated PVP (CA-PVP), prepared by reacting
PVP with 2-chloro-3, 4'-hydroxyacetophenone, can be well-
coated on glass, gold, and TCPS surfaces under a mild condi-
tion. Without conjugating with catechol groups, PVP itself did
not show much effectiveness on coating onto the glass and
TCPS surfaces as demonstrated by their poor performances on
changing the surface contact angles and reducing the anti-
biofouling ability. But, gold surface can allow PVP itself to
be well-adhered and an appreciable protein resistance capabil-
ity was demonstrated by SPR measurement. In contrast, all the
CA-PVP coatings showed much better performance than PVP
coatings on protein resistance and anti-biofilm. The CA-PVP-
coated surface also showed a strong adhesion resistance
against anchorage-dependent mouse fibroblast cells L929.
No appreciable cytotoxicity caused by CA-PVP coating could
be measured. This new facile biofouling resistant coating may
find greater biomedical applications to eliminate the potential
infection and adherence problems caused by implanted
devices.
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