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Achieving One-Step Surface Coating of Highly Hydrophilic
Poly(Carboxybetaine Methacrylate) Polymers on
Hydrophobic and Hydrophilic Surfaces

Harihara S. Sundaram, Xia Han, Ann K. Nowinski, Norman D. Brault, Yuting Li,
Jean-Rene Ella-Menye, Kagya A. Amoaka, Keith E. Cook, Patrick Marek,

Kris Senecal, and Shaoyi Jiang*

It is highly desirable to develop a universal nonfouling coating via a simple
one-step dip-coating method. Developing such a universal coating method
for a hydrophilic polymer onto a variety of surfaces with hydrophobic and
hydrophilic properties is very challenging. This work demonstrates a versatile
and simple method to attach zwitterionic poly(carboxybetaine methacrylate)
(PCB), one of the most hydrophilic polymers, onto both hydrophobic and
hydrophilic surfaces to render them nonfouling. This is achieved by the
coating of a catechol chain end carboxybetaine methacrylate polymer (DOPA-
PCB) assisted by dopamine. The coating process was carried out in water.
Water miscible solvents such as methanol and tetrahydrofuran (THF) are
added to the coatings if surface wettability is an issue, as for certain hydro-
phobic surfaces. This versatile coating method was applied to several types of
surfaces such as polypropylene (PP), polydimethyl siloxane (PDMS), Teflon,
polystyrene (PS), polymethylmethacrylate (PMMA), polyvinyl chloride (PVC)

and also on metal oxides such as silicon dioxide.

1. Introduction

The settlement of unwanted biomolecules and microganisms!—
is a major problem on wet surfaces. To prevent biofouling on
a material, surface modification?=! with hydrophilic polymers
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such as poly(ethylene glycol) (PEG)I®
and zwitterionicl'®!!l polymers such as
poly(carboxybetaine methacrylate)?
(PCB), poly(sulfobetaine methacrylate)!’]
(PSB) and poly(2-methacryloyloxyethyl
phosphorylcholine) (PPC)!' is an effec-
tive method. PCB is used as a nonfouling
polymer with an additional benefit that it
is also functionalizable for the convenient
immobilization of molecular recognition
elements.> However, PCB is extremely
hydrophilic and hence has high solubility
in water, making it difficult to attach onto
a surface. In general, there are two strat-
egies to attach a polymer chain onto a
surface, known as “graft from” and “graft
to” methods.l'®! The “graft from” method
requires the pre-modification of a surface
with initiators for polymerization, but
it is easier to achieve a higher grafting
density.'”l Using this method, PCB was
grown on a glass surface via atom transfer radical polymeri-
zation (ATRP)I? and on a gold surface via photoiniferter!!®!
polymerization. On the other hand, the “graft to” method is
simple and easy to carry out. This method involves the attach-
ment of a well-defined polymer to a surface using an adhesive
chain end." For example, PCB brushes were grafted to a silica
surface through a catechol chain end.') Although there are sev-
eral surface-adhesive groups and surface modification methods
known, these are all surface specific and there is no universal
method for coating a variety of surfaces ranging from hydro-
phobic to hydrophilic. Examples of specific surface interactions
include thiols with gold?*?? and silanes with hydroxylated sur-
faces.??l Another type of surface modification consists of using
block copolymers with at least one hydrophobic block. The
limitation of this method is that it works only for hydrophobic
surfaces.[23-20]

Hence, it is difficult to identify one universal binding group
for the “graft to” attachment of polymer chains onto a variety
of surfaces. However, it is inspiring to note that marine organ-
isms use the amino acid DOPA (3,4-dihydroxyphenylalanine) in
their polypeptide foot print to bind to different surfaces under-
water.2-2l In addition to DOPA, these polypeptide chains also
possess lysine residues!?’~?%! which provide amine groups that

wileyonlinelibrary.com

(1 of 8) 1400071

didvd 11Ind


http://doi.wiley.com/10.1002/admi.201400071

[
™}
o
g
-l
wd
=
[

ADVANCED
MATERIALS

INTERFACES

www.advmatinterfaces.de

\SI

1m1dazole
THF O

I —

o
\/ ©
O/\/ N
CBMA o
1. ATRP

2. TBAF/THF (Deprotection)

Scheme 1. Synthesis of DOPA-PCB from DOPA-Br initiator via ATRP.

react with the catechol groups of DOPA. Catechol groups have
been used as a biomimetic adhesive for hydrophilic polymers,
such as PEG (DOPA-PEG) on titanial*® and for zwitterionic pol-
ymers, such as polycarboxybetaine methacrylate (DOPA-PCB)
on silica’3l, gold®? and iron oxidel*¥], and polysulfobetaine
methacrylate (DOPA-PSB) on gold.** Different DOPA-PCB
polymers such as DOPA-PCB, DOPA,-PCB and DOPA,-PCB,
with one catechol group and one PCB chain, two catechol
groups and one PCB chain and two catechol groups and two
PCB chains, respectively, were tested by Gao et al.?? For low
fouling coatings, surface packing density of the polymer chains
is essential?®3%3% and DOPA,-PCB, showed the best non-
fouling properties on silica due to its strong surface binding
and increased surface coverage.’?l On the other hand, DOPA-
PSB polymers were found to work satisfactorily on many
surfaces.3

Despite progress in the development of catechol-containing
zwitterionic polymers, it is still challenging to coat highly
hydrophilic polycarboxybetaine polymers, specifically onto
hydrophobic surfaces via a simple “graft to” method. A different
strategy needs to be adopted for the coating of DOPA-PCB onto
hydrophobic surfaces to compensate for the high solubility of
the polymer. Hence, we have developed a universal, simple
dip-coat method to attach highly soluble zwitterionic carboxy-
betaine-based polymers to different surfaces via DOPA-PCB
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assisted by dopamine. Dopamine is a small molecule con-
taining a catechol group and an amine on the same molecule,
and it has been found to polymerize itself.}] It is well known
that the catechol group upon oxidation to a quinone reacts
with amine functional groups forming polydopamine which
enhances surface attachment.[?’-2$37-#2] Therefore, when DOPA-
PCB is mixed with dopamine, the catechol group of DOPA-PCB
can react with the amine group present on dopamine. Messer-
smith and coworkers attached an ATRP initiator onto a surface
using a mixture of a dopamine derived ATRP initiator (DOPA-
Br) and dopamine and then grew polymers from the surface
via ATRP.B® In this work, we use DOPA-PCB along with dopa-
mine, resulting in the direct attachment of PCB polymer to the
surface in one step. Furthermore, methanol can be added to
water as a mixed solvent to improve the wettability of hydro-
phobic surfaces and to form a more uniform coating on certain
hydrophobic surfaces. We also study the effect of using a mixed
solvent on the resulting nonfouling behavior of the coating.

2. Results and Discussion

DOPA-PCB polymers with two different molecular weights were
synthesized from DOPA-Br, using ATRP (Scheme 1).3% Gel per-
meation chromatography (GPC) was used to characterize the

Adv. Mater. Interfaces 2014, 1, 1400071



M

ADVANCED
MATERIALS

www.MaterlaIsV|ews.com

Table 1. GPC characterization of synthesized DOPA-PCB polymers.

Sample Name for Targeted Degree of Molecular PDI
DOPA-PCB polymers Polymerization Weight

DOPA-PCB-100 100 30300 1.40
DOPA-PCB-300 300 60800 1.39

polymer molecular weight and polydispersity (Table 1). From
the literature it is evident that the coating of catechol chain end
hydrophilic polymers has been achieved on titania®, silical**-3!
and gold23¥ surfaces. As our objective is to coat DOPA-PCB
polymer onto a variety of surfaces, including hydrophobic sur-
faces, DOPA-PCB attachment was first studied on a hydrophilic
piranha cleaned silicon surface and on a hydrophobic C10
SAM. This initial study was performed to evaluate whether
or not the DOPA-PCB polymer can attach to hydrophilic and
hydrophobic surfaces and create a nonfouling coating. An in
situ surface plasmon resonance (SPR) experiment was con-
ducted where the polymer is first flown over the surface and is
subsequently tested for fouling against fibrinogen.

Previous studies have demonstrated that carboxybetaine
catechol chain end polymers strongly bind to silicall®3l],
resulting in a nonfouling coating. In this work, the DOPA-
PCB-100 polymer also displayed ultra low fouling to fibrinogen
(<5 ng/cm?) when coated onto a silica substrate, with a polymer
surface coverage of ~115 ng/cm? (Figure 1A). Adsorbed
fibrinogen (negatively charged) on uncoated silica (also nega-
tively charged) was ~ 7 ng/cm?. It should be pointed out that
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this low binding is due to charge repulsion. On the other
hand, DOPA-PCB-100 coated hydrophobic C10 SAM showed
~170 ng/cm? fibrinogen adsorption (Figure 1B) while the
uncoated hydrophobic SAM showed 350 ng/cm? of adsorbed
fibrinogen (Figure 1C). The surface coverage of the DOPA-PCB
polymer assembled on the C10 SAM was found to be ~90 ng/cm?,
which was not sufficient to prevent non-specific protein adsorp-
tion. In another experiment, hydrophobic PP and PDMS sur-
faces were also coated with DOPA-PCB-100 polymer and were
found to perform poorly at reducing fibrinogen fouling (data
not shown) as with the case of C10 SAMs. Taken together, these
results imply that the polymer surface coverage is lower on
hydrophobic surfaces, likely due to the high solubility of DOPA-
PCB in water and its weaker binding to hydrophobic substrates.
Hence, this study focuses on finding an effective method to
overcome the weak binding of the DOPA chain end onto hydro-
phobic surfaces using DOPA-PCB polymers. In this work,
dopamine was included in the coating method to overcome the
solubility issue and to promote the attachment of nonfouling
DOPA-PCB polymers onto all types of substrates.

Since dopamine polymerizes to polydopamine and can also
react with the catechol chain end of DOPA-PCB it is essential
to study the solution behavior to understand the coating pro-
cess. This study is designed to gain insight into whether or not
DOPA-PCB affects the solution behavior of dopamine under
alkaline conditions. The polymerization of dopamine to polydo-
pamine with regard to surface coating has been investigated by
many groups. It is believed that polydopamine can deposit onto
surfaces either by formation of random aggregates in solution
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Figure 1. SPR sensorgrams for fibrinogen adsorption on uncoated silica and on a silica surface coated with DOPA-PCB-100 polymer (A), on C10 hydro-
phobic SAM reference and on a C10 hydrophobic SAM coated with DOPA-PCB-100 polymer (B). Fouling levels of fibrinogen (ng/cm?) to an uncoated
C10 SAM reference and to DOPA-PCB-100 coated on a C10 hydrophobic SAM calculated from Figure 1B (C). A 1 nm shift in the resonant wavelength

corresponds to a change in protein surface coverage of ~ 17.0 ng/cm?.
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Figure 2. In situ DLS study of particle formation in a TRIS buffered solution of dopamine and in a TRIS buffered solution without or with methanol
of DOPA-PCB-100 and dopamine (left) and the expanded results of DOPA-PCB and dopamine (right). The particle sizes are compared for different
ratios between DOPA-PCB polymer and dopamine in TRIS as 1:0 (A) 1:50 (B), 1:150 (C), and 1:300 (D) and in 20% methanol as 1:0 (E) and 1:50 (F).

which then deposit on the surface*3*4 or by the interactions of
oligomeric dopamine molecules and monomers on the surface
followed by the formation of interconnected layers.*’] However,
it is not clear what role the rate of formation of polydopamine
plays to create a robust coating.l?’! The solution behavior of
polydopamine formation was monitored with and without the
presence of DOPA-PCB polymer. As seen in Figure 2 (left), the
particle size trend of polydopamine with and without DOPA-
PCB is strikingly different. For pure dopamine, the particle
size continuously increases for about 3 hours and eventually
becomes too polydisperse to measure (measurement stopped
after 4 hours). At the same time, when dopamine and DOPA-
PCB are mixed together it leads to the formation of very small,
uniform particles (Figure 2, right). The particle size remains
close to 80 nm, even after 7 hours. The lack of large aggre-
gates indicates the absence of free polydopamine. In this work,
three different ratios of dopamine to DOPA-PCB polymer were
studied. Solutions containing higher ratios of dopamine lead to
slightly larger particle formation. In all cases tested, the particle
size is between 50 to 80 nm.

The solution study indicates that particles formed with a mix-
ture of DOPA-PCB and dopamine are significantly smaller in
size (50 nm vs. 3000 nm) compared to pure dopamine. An ini-
tial enzyme-linked immunosorbent assay (ELISA) experiment
was conducted to evaluate the difference in surface fouling
among three coatings on a PP surface i) pure polydopamine

(A)
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100 -
80
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40

Relative Fouling (%)

20

control PDA CB-300 CB-300-PDA

Polymer Coatings

ii) pure DOPA-PCB and iii) a mixture of dopamine and DOPA-
PCB. In Figure 3A the fouling levels of pure DOPA-PCB-300,
polydopamine and a mixture of dopamine and DOPA-PCB-300
were compared on a polypropylene surface. Among the three
coatings, only the DOPA-PCB-300/dopamine mixture (DOPA-
PCB-300-PDA) reduces the fouling level significantly to around
10% of the uncoated control. The polydopamine coating alone
showed higher fouling than the bare control. DOPA-PCB-300
alone could not significantly reduce fouling on the surface as
seen earlier with the SPR experiment on a hydrophobic SAM.
This demonstrates that dopamine can assist the binding of
DOPA-PCB polymer onto hydrophobic surfaces. Based on pre-
vious reports on polydopamine coatings,*>*>#’] we propose that
the DOPA chain end of DOPA-PCB interacts with polydopa-
mine either in solution or on the surface, resulting in the incor-
portion of DOPA-PCB onto surfaes through polydopamine. The
proposed mechanism is illustrated in Scheme 2.

The dynamic light scattering (DLS) study (Figure 2) displays
that the particle size changes with time and hence the coating
time needs to be optimized. A mixture of dopamine and DOPA-
PCB solution (DOPA-PCB-300/dopamine) was used to coat a
polypropylene substrate for predetermined times. Two different
ratios of polymer to dopamine were used and fouling was meas-
ured via ELISA (Figure 3B). The ratios of polymer to dopamine
chosen were 1 to 50 and 1 to 40 based on the solution behavior
studies. The ratios were selected to minimize the amount
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Figure 3. Comparison of the fouling behavior of different coatings on a polypropylene surface. Comparison of fouling levels of the uncoated con-
trol, polydopamine coating, DOPA-PCB-300 coating and DOPA-PCB300/dopamine (1:40; DOPA-PCB-300-PDA) mixture coating (A). Fouling levels of
DOPA-PCB300/dopamine mixture for various coating times at two different mixture ratios (B).
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Scheme 2. lllustration of possible DOPA-PCB coatings onto surfaces through the incorporation of polydopamine.
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Figure 4. Protein fouling levels measured by ELISA on PDMS (A) and Teflon (B) surfaces using DOPA-PCB-300/dopamine mixed coatings with a ratio
of 1:40 in TRIS buffer (pH 8.5) at different coating times. In the plot “c” stands for corresponding uncoated controls.

of dopamine present. As expected, both coatings reduce the
fouling levels significantly. In general, the fouling levels are
lower when the coating time is shorter than 6 hours. At longer
incubation times the fouling levels increase slightly. The lowest
fouling level (<5%) occurs for the coating containing a polymer
to dopamine ratio of 1 to 40 after 4 hours of incubation.

The same coating protocol was extended to hydrophobic sur-
faces such as PDMS and Teflon. Teflon, one of the most widely
used engineering plastics, possesses a low surface energy and
inert properties making it very difficult to modify.*®#! Whereas,
PDMS modification is difficult since it is not compatible with
many common organic solvents and has swelling issues.*3>0
The developed water based coating method for surface modifi-
cation is suitable for both PDMS and Teflon. The fouling levels
of single protein solutions on PDMS and Teflon were measured
via ELISA for different coating times and are shown in Figure 4.
The fouling levels initially decrease and reach a minimal value
after 2 h of coating. In general, between 2h and 6h of coating
time the fouling levels on PDMS increased significantly with
time, whereas Teflon surfaces showed a very small change with
time. Itis evident that the optimal coating time is around 2 hours
for both PDMS and Teflon. At this time the fouling level is
found to be around 5% compared to the unmodified control.

Our goal is to develop a simple and universal coating method
for a variety of surfaces. Therefore, in addition to PP, PDMS,
and Teflon surfaces as shown before, we also tested PS, PMMA,
and PVC which are commercially important. These polymers
serve as representatives of hydrocarbon, silicone, fluorinated,
styrenic, acrylic and halogenated surfaces, respectively. ELISA
results are summarized in Table 2. Two DOPA-PCB polymers,

Adv. Mater. Interfaces 2014, 1, 1400071
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DOPA-PCB-100 and DOPA-PCB-300 were used. All the poly-
meric substrates showed fouling less than 10% compared to
their corresponding uncoated controls.

Up to this point, the coating method developed utilizes only
water as the solvent. The inclusion of water miscible organic
solvents such as methanol and tetrahedrofuran were studied to
evaluate the effect on the nonfouling behavior of the coating.
Including organic solvents may be useful if wettability is an
issue for some surfaces. First, the effect of methanol addition
during polydopamine formation was studied and the results are
shown in Figure 2 (right). The DOPA-PCB polymer assembled
alone was found to have a larger size in methanol due to its
lower solubility (65 nm in 20% MeOH and 45 nm in water).
The addition of polydopamine to DOPA-PCB resulted in a
slightly larger particle size of 70 nm, compared to 52 nm in
water. There are no large aggregates which indicate the absence

Table 2. ELISA results of DOPA-PCB-300/dopamine and DOPA-
PCB-100/dopamine mixtures using TRIS buffer (pH 8.5) on a variety
of substrates (ratio 1:40). Measurements are the average of two inde-
pendent samples.

Surfaces DOPA-PCB-300-PDA DOPA-PCB-100-PDA
PP 8% 5%
PDMS 5% 5%
Teflon 10% 5%
PS 6% 5%
PMMA 6% 7%
pPvC 5% 5%
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Figure 5. Effect of water miscible solvents, methanol (M) and THF (T) on
DOPA-PCB-300/dopamine mixed coatings on PP and PDMS.

of pure polydopamine particles. Next, the fouling behavior of
the coatings assembled with organic solvents was examined.
Methanol and tetrahedrofuran were chosen as solvents and
were used at volume ratios of 10% and 20% for the coatings.
Coatings were incubated for 3 h and compared to water based
coatings for both PP and PDMS. When 20% methanol was
used during coating, the PDMS surface displayed the lowest
fouling level (< 5%), whereas PP surfaces maintained a fouling
level of around 10% in most cases (Figure 5). The addition of
organic solvents to the coating retains or improves the low
fouling behavior compared to the pure water system. This indi-
cates that the addition of methanol may be useful for coating
hydrophobic substrates if wettability is an issue.

The coating of DOPA-PCB-300/dopamine on PP and PDMS
were also analyzed by scanning electron microscopy (SEM). The
uncoated PP and PDMS surfaces are shown in Figure 6A and D.
Coatings made using 2-amino-2-hydroxymethyl-propane-1,3-diol

lesielS
Met oS
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(TRIS) buffer on PDMS were found to leave a non-uniform
coating possibly due to issues with wettability of the surface
(Figure 6E). The adverse effect of a pure water based coating
is not as prominent on PP (Figure 6B). By using TRIS buff-
ered solution with 20% methanol for the coating of DOPA-
PCB-300/dopamine on PDMS, a uniform coating was obtained
(Figure 6F). Thus the issue of wettability was solved by using
20% methanol for PDMS. However, it should be emphasized
that although the use of 20% methanol improves the coating
uniformity, both the coatings made using TRIS buffer and 20%
methanol show very low fouling.

3. Conclusions

Biomimetic catechol chain end carboxybeaine zwitterionic
polymers (DOPA-PCB) reduce the fouling on hydrophilic sil-
icon oxide surfaces but display high fouling on hydrophobic
surfaces due to their high solubility in water leading to poor
surface binding. To overcome this, a versatile and simple one
step coating method was developed using DOPA-PCB along
with dopamine. Different parameters of the coating process
such as the ratio of dopamine to DOPA-PCB polymer and the
coating time were optimized. The fouling levels of this coating
are significantly lower compared to the unmodified surfaces.
The coating process was tested for its versatility on different
kinds of hydrophobic surfaces such as PP, PDMS, Teflon,
PMMA, PVC and PS. The entire coating process is water based
and hence compatible with many surfaces and environmentally
friendly. The addition of water miscible organic solvents retains
the low fouling behavior of the coatings and can be included
to provide uniform coatings if surface wettability is a concern.

4. Experimental Section

Materials: ~ Dopamine.HCl,  copper  (I)  bromide  (CuBr),
bromoisobutyryl bromide, 2,2-bipyridine (BPY), 1-decanethiol, copper

Figure 6. SEM characterization of DOPA-PCB coatings on PP and PDMS. PP uncoated control (A), PP coating using TRIS buffer (B), PP coating using
20% methanol in TRIS (C), PDMS uncoated control (D), PDMS coating using TRIS buffer (E) and PDMS coating using 20% methanol in TRIS (F).
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() bromide (CuBry), and fibrinogen (from bovine plasma) were
purchased from Sigma Aldrich. Tetrabutylammonium fluoride (TBAF)
was purchased from Acros. 2-amino-2-hydroxymethyl-propane-1,3-diol
(TRIS) and 1 N hydrochloric acid (HCl) were purchased from Fisher
Scientific. High impact polystyrene (PS), polyvinyl chloride (PVC),
polypropylene (PP) and acrylate (PMMA) sheets were purchased
from Tapplastics. PP, nylon and PVC fibers were obtained from the
U.S. Army Natick Soldier Research, Development and Engineering
Center. Phosphate buffered saline (PBS) solution (0.01 M, pH 7.4) was
made from PBS powder purchased from Sigma Aldrich. Horeseradish
peroxidase (HRP)-conjugated goat anti-human 1gG was purchased
from Alpha Diagnostics. MilliQ water was used to prepare water based
solutions. An ATRP initiator (DOPA-Br) was synthesized from dopamine
as reported earlier.34

Gel Permeation Chromatogram Analysis (GPC): Aqueous gel
permeation chromatography (GPC) (Waters 2695 Separations
Module) fitted with a Waters 2414 refractive index detector and a
Waters ultrahydrogel 250 column (7.8 mm 300 mm) was used for the
detection of DOPA-PCB polymer molecular weight and molecular weight
distribution. The buffer solution (0.05 M Tris buffer + 1.0 M NaCl) was
used as the eluent with a flow rate of 0.5 mL/min at 35 °C. All samples
were filtered through 0.2 micron PTFE filters prior to the experiment. The
system was calibrated with narrow molecular weight polyethylene oxide
(PEO) polymer standards.

Dynamic Light Scattering Analysis (DLS): Dynamic light scattering
measurements of the polymer solutions were performed using a
Zetasizer NanoZS Instrument (Malvern Instruments, UK). Each
measurement was repeated at least three times, and the average
result was accepted as the final hydrodynamic diameter (Dh). The
measurements were performed with a thermostated cell temperature of
25+0.1°C and an equilibration time of 3 min. Polymer solutions were
prepared in ultra-pure water.

Preparation of Self-Assembled Monolayers (SAM): A cleaned gold chip
was placed in 0.05 mM ethanolic solution of 1-decanethiol for 24 h. This
was later rinsed with fresh ethanol and then dried with nitrogen.

SPR Sensor, Chips, and Calibration of the Surface Sensitivity: A
laboratory SPR sensor developed at the Institute of Photonics and
Electronics, Prague, Czech Republic was used for the experiments.[>51
This custom built SPR is based on the attenuated total reflection
method and wavelength modulation. It is equipped with a temperature
controller, a four-channel flow-cell, and a peristaltic pump for delivering
samples. Glass slides with an adhesion promoting titanium film
(~2 nm) followed by a gold film (~48 nm) were used as SPR sensor
chips. Since the SPR sensitivity depends on the distance of the binding
event from the SPR active surface, the sensor response due to the
polymer films was calibrated as reported earlier.'®2 A 1 nm shift in
the resonant wavelength corresponds to a change in protein surface
coverage of ~17.0 ng/cm?2.1'833] Polymer coating was performed using a
DOPA-PCB polymer solution (2 mg/mL) followed by washing with PBS
solution to establish a clear base line (flow rate: 50 pL/min). The non-
specific protein adsorption of the polymer films was determined using
fibrinogen solution (in PBS 1 mg/mL) for 10 min with a flow rate of
50 pL/min followed by a PBS buffer wash for 15 min to reestablish the
baseline. Protein adsorption was quantified as the difference between
buffer baselines and the difference in wavelength shift was converted to
surface coverage.

Dip-Coating Protocol: For the pure polymer coating, DOPA-PCB was
dissolved in TRIS buffer (pH 8.5) at a concentration of 2.8 mg/mL. For
the mixed coating, dopamine and DOPA-PCB were mixed at different
ratios in TRIS buffer (pH 8.5). In some cases methanol was included
(up to 20% by volume). The coating was performed by cleaning the
substrate with methanol for 5 min and then with water for 5 min. The
substrate was then dried with nitrogen and immersed in the coating
solution. During the coating process, the entire solution was agitated.
Following coating, the substrates were stored in PBS buffer solution
until testing.

Standard ELISA Method: Nonspecific protein adsorption binding to
the surfaces is evaluated using HRP-conjugated anti-lgG adsorption.?
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The samples were incubated with 1 pg/mL anti-IgG for 1 h in a 24-well
plate. This was followed by five rinses with PBS buffer. The uncoated
control surfaces and the DOPA-PCB-100 coated surfaces were all moved
to new wells. Next, 1 mL of 1 mg/mL OPD in 0.1 M citrate phosphate
buffer (pH 5.5) containing 0.03% hydrogen peroxide was added. Enzyme
activity was stopped by adding 1 mL of 1 N HCl after 15 min. Finally, the
tangerine color of the solution (intensity is proportional to the amount
of protein adsorption) was then measured at 492 nm. For quantitative
comparison the uncoated bare surface fouling was normalized to 100%.
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