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This paper describes a facile and novel approach for the surface modification of dimethylpolysiloxane membranes by introducing
poly(sulfobetaine methacrylate) groups grafted via atom transfer radical polymerization (ATRP) for their resistance to protein-adsorption
and diatom-adsorption. Chemical changes of the membrane surface were characterized by attenuated total reflectance Fourier transform
infrared spectroscopy (ATR/FT-IR). Results revealed that poly(sulfobetaine methacrylate) groups have been successfully introduced to
the dimethylpolysiloxane membrane surface. The surface properties of membranes were characterized by water-contact angle and protein
adsorption measurements. It was found that the hydrophilicity was effectively improved and the bovine serum albumin adsorption was

evaluate the antifouling property for the studied membranes. Results showed that poly(sulfobetaine methacrylate)-modified
dimethylpolysiloxane membranes had higher diatom-adsoption-resistance property. So the poly(sulfobetaine methacrylate)-modified
dimethylpolysiloxane membranes have improved protein-adsorption-resistance and diatom-adsorption-resistance properties and should

be potential marine antibiofouling materials.

INTRODUCTION

Fouling of natural and artificial structures is a serious
problem in the marine environment resulting in vast economic
losses. While fouling organisms are considered a nuisance to
ships, buoys and other floating structures, as well as to pilings
in harbours, they may cause serious inefficiencies to sound
devices, electronic units, cables and other instruments intended
for underwater research. It is found that the initial step in
biofouling formation is the adsorption of protein that the
marine biology secreted to substratum surfaces. It is found
that the mussel adhesion is mediated by the byssus and much
research has focussed on characterizing those byssal proteins
which containing Mytilus edulis food protein 1 (Mefp-1),
Mefp-2, Mefp-3 and so on'. Because of its highly adsorptive
and surface-active behaviour in vitro**, Mefp-1 has long been
regarded as a key ingredient of mussel adhesion. Lind et al.’
found that substratum adhesion and gliding in a diatom were
mediated by extracellular proteoglycans. Many other researches
found that the adsorption of barnacle based on a kind of colloid
secreted by barnacle secreting which mainly composed by
protein. So it is important and significant for antifouling to
inhibit the adsorption of protein.

significantly suppressed by introducing poly(sulfobetaine methacrylate) groups. Finally, the diatom bioassays were measured further to :
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It is found that surfaces that resist the adsorption of
proteins incorporate groups that exhibit four molecular-level
characteristics: (i) They are hydrophilic. (ii) They include
hydrogen-bond acceptors. (iii) They do not include hydrogen-
bond donors. (iv) Their overall electrical charge is neutral®. It
was reported in the literature that poly(sulfobetaine methacry-
late) [p(SBMA)] is highly resistant to protein and bacterial
adsorption and can dramatically reduced biofilm formation’.
Whereas here we describes a facile and novel approach for
the surface modification of dimethylpolysiloxane (PDMS)
membranes by introducing p(SBMA) groups grafted via atom
transfer radical polymerization (ATRP) for their resistance to
protein-adsorption and diatom-adsorption, as schematically
described in Scheme-1I.

EXPERIMENTAL

Dimethylpolysiloxane (PDMS), bromoisobutyryl bromide
(BIBB 98 %), N-(3-sulfopropyl)-N-(methacryloxyethyl)-N,N-
dimethylammonium betaine (SBMA 97 %), 2,2-bipyridine
(BPY 99 %), CuBr and 0.15M phosphate-buffered saline (PBS)
were purchased from Sigma-Aldrich (Milwaukee, USA).
Bovine serum albumin (BSA, Mw = 68,000) was purchased
from Amresco (American).
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Scheme-I:  Schematic representative for the preparation of poly(SBMA)-

modified PDMS membranes

Preparation of PDMS-Br initiator monolayers: In this
study initiator bromoisobutyrate monolayers was formed on
the substrates. For the preparation of initiator monolayers on
PDMS surface, hydroxyl was first introduced to the original
PDMS surface by dielectric barrier discharge. And then the
PDMS-OH chip was soaked in a stirred mixture solution of
triethylamine and tetrahydrofuran in 250 mL rockered flask
with ice bath. 1 mmol bromoisobutyrate was added. After 5
min, withdraw the ice bath. The reaction was continually
carried for 16 h to form initiator monolayers on the PDMS
surface and the chip was rinsed with pure ethanol and then
dried in a stream of N,.

Preparation of p(SBMA) modified PDMS surface:
p(SBMA) modified PDMS surface were achieved via the
surface-initiated ATRP method and were prepared following
the method reported previously®. p(SBMA) brushes were
polymerized on the PDMS-Br substrates with immobilized
initiators of Br-SAMs. The reaction solution of CuBr and 2,2’-
bipyridine were first placed in a sealed glass reactor in a dry
box under a nitrogen atmosphere. A 10 mM degassed solution
(pure water and methanol in a 1:3 volume ratio) of SBMA
monomers was transferred to the reactor and the PDMS surface
with immobilized initiators was then placed in the reactor under
nitrogen. After polymerization, the p(SBMA)-modified PDMS
chip was removed and rinsed with ethanol and water and the
samples were kept in water overnight. The prepared substrates
were usually rinsed with PBS buffer to remove unbound
polymers before any experiments.

RESULTS AND DISCUSSION

Fabrication of pSBMA modified PDMS membranes:
In this work, p(SBMA) were anchored on the PDMS membrane
surface by chemical covalent bonds. THF was chosen as the
reaction medium because in the polar solvent the hydroxyl
groups of PDMS surface can relatively easily migrate to the
top surface of the membrane and in turn benefits the reaction
of the hydroxyl group with bromoisobutyrate. To ensure high
conversion of hydroxyl groups on the surface into p(SBMA)
moieties, membrane must be completely dried before the
reaction. And the amount of SBMA were excessive than that
of the bromoisobutyrate groups on the membrane surface,
which could ensure most of the bromoisobutyrate groups on
the membrane surface be converted into p(SBMA) groups.

The original and modified PDMS membranes were charac-
terized by ATR/FT-IR spectroscopy. Compared with the FT-
IR spectra of original PDMS, the FT-IR spectra of p(SBMA)-
PDMS have two new absorbance peaks at 1716 and 835 cm™,
which are respectively attributed to the stretching vibration of
C=0 and S-O. However, the absorbance peaks of -N*(CHs),-
group and S=0, which is at ca. 967 cm™, is covered up by the
absorbance peak of C-O (1300-900 cm™) in the vicinity and
cannot be discerned.

Hydrophilicity properties: The hydrophilicity of studied
membranes was characterized on the basis of water-contact
angle measurements. The static water-contact angles of original
PDMS and p(SBMA) modified PDMS surfaces were measured
by the sessile drop method using a contact angle goniometer
(Dataphysics OCA15, Germany). Droplets of distilled water
(2 uL) were dropped at different places of the membranes and
at least 10 readings were taken to determine average values.
As presented in Fig. 1, the contact angles on the p(SBMA)-
PDMS membranes were obviously lower than those on the
PDMS membranes, which proved that the hydrophilicity was
effectively improved by introducing p(SBMA) onto the
membrane surface.

(a)

(b)
Fig. 1. Water-contact angles of PDMS (a) and p(SBMA)-PDMS (b)

Protein adsorption properties: BSA was used as a model
protein to evaluate the protein resistant characteristics of original
and modified PDMS’. The samples with the same external
surface area were incubated in 1 g/LL BSA solutions at 25 °C
for 8 h; pH was maintained at 7.4 with 0.1 M phosphate-
buffered solution (PBS). The coomassie brilliant blue method'®
was employed to determine BSA concentration using a UV-
visible spectrophotometer (Perkin-Elmer, Lambda 35). Measu-
rements of triplicate samples were performed and averaged.
The results of BSA adsorption on PDMS and p(SBMA)-PDMS
is ca. 1178 and 454 pg/cm?, respectively. It can be seen that
BSA adsorption on the membrane surfaces was obviously
suppressed after being modified, indicating that introducing
p(SBMA) could improve protein-adsorption-resistance properties
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of PDMS membranes. As was confirmed by Chang et al."' in
the aqueous environment the relative high hydrophilicity of
p(SBMA) on modified membrane surface can effectively
suppress protein adsorption.

Diatom adsorption properties: Diatom Naricula Parva
used in this experiment was cultured by our laboratory as the
tested marine fouling biology. When the growth rate of
Naricula Parva reached to exponential stage the Naricula Parva
was taken out and resuspended on cultures solution to a final
concentration of ca. 1 x 10° cells/mL. Then the PDMS and
p(SBMA)-PDMS chips were placed into the Naricula Parva
solution and cultured for 7 days at 25 °C. After the experiment
the PDMS and p(SBMA)-PDMS chips were taken out and
washed by PBS and then was observed by three-dimensional
video microscope (HIROX KH-3000, Japan). Fig. 2 shows
the results of diatom adsorption on PDMS and p(SBMA)-
PDMS membrane. It can be seen that after modified with
SBMA the PDMS membrane shows excellent diatom adsor-
ption inhibition. The result indicated that introducing p(SBMA)
could improve diatom-adsorption-resistance properties of
PDMS membranes.

(a)

(b)
Fig. 2. Diatom adsorption on PDMS (a) and p(SBMA)-PDMS (b) membrane

Conclusion

p(SBMA) groups could be introduced onto PDMS mem-
brane surface by grafting via atom transfer radical polymeri-
zation (ATRP). ATR/FT-IR spectra results demonstrated the
chemical changes occurring on the membrane surface. Results
from water-contact angle and bovine serum albumin adsorption
measurements revealed that the hydrophilicity of the modified
membranes was effectively improved and the protein adsor-
ption of the modified membranes was significantly suppressed.
The diatom adsorption experiment revealed that the modified
membrane showed excellent diatom inhibition properties. All
the above results revealed that the p(SBMA)-modified PDMS
membranes have improved protein-adsorption-resistance and
diatom-adsorption-resistance properties and should be potential
marine antibiofouling materials and biological and biomedical
materials.
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