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PRELIMINARY STUDY OF EXTRACTABLE PROTEIN BINDING USING MALEIC
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Abstract A preliminary study of using maleic anhydride copolymer for protein binding has been carried out. The polymeric
films were prepared by compression of the purified resin and annealing the film to induce efficient back formation of the
anhydride groups. The properties of the film surface were analyzed by attenuated total reflection Fourier transforms infrared
spectroscopy and water contact angle measurements. The protein content was determined by Bradford assay. To obtain
optimum conditions, immersion time for protein binding was examined. Results revealed that proteins can be successfully
immobilized onto the film surface via covalent linkage. The efficiency of the covalent binding of the extractable protein to
maleic anhydride-polyethylene film was estimated at 69.87 pg/cm?, although the film had low anhydride content (3%) on the
surface.
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INTRODUCTION

Natural rubber (NR) has been available commercially for more than a century. Its latex-dipped products,
particularly gloves, have been used preferentially as effective barriers to transmitted diseases. However, proteins
retained in the latex products are reported to cause serious allergy for some people. Several methods for
allergenic protein reducibility include the use of low protein latex, leaching during processing, enzyme
treatment, chlorination of the finished product, addition of fumed silica and irradiation method. These methods
are difficult to process and need a long incubation time for processing. New technique of protein removal from
natural rubber should be developed. It is a simple and rapid technique by immersion of functionalized support
into natural rubber latex under optimum conditions. The proteins can be immobilized on support surface via
covalent linkage.

Maleic anhydride copolymers have already been applied for covalent protein immobilization. They allow
the direct coupling of proteins by adsorption due to their highly negatively charged groups. Moreover, the
anhydride group is very reactive to primary amine group and slightly less reactive to alcohol. Studies on protein
removal have shown that amino groups of proteins spontaneously react in neutral and mildly alkaline media with
the anhydride groups to form amide bonds, as shown in Scheme 1.
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Scheme 1 Coupling reaction between maleic anhydride and protein
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In the case of commercial copolymers, grafting of maleic anhydride onto olefin polymers was performed
through reactive processing. It was found that purification was necessary for the removal of unreacted maleic
anhydride in polymer mass!'™"\. Several purification methods have been proposed such as dissolution of sample
in xylene followed by precipitation in acetone!'!, soxhlet extraction with acetone*® and supercritical carbon
dioxide extraction'”. In general, the hydrolysis of anhydride group could occur in the producing process. This
led to the appearance of carboxylic acid on the graft copolymer film. Thermal annealing for sufficient time is
necessary to lead to a back-formation of the anhydride! *'.

Bovine serum albumin (BSA) has been generally used as a model protein to investigate behaviors of
protein binding on functionalized supports. The effect of immersion time on the amount of immobilized protein
on the substrate has appeared in many reports'*'* Furthermore, extractable protein in skim rubber was
prepared under the extraction conditions (such as solution type, number of extractions and sample size)
determined in our previous work!".

The application of Fourier transform infrared spectroscopy in the attenuated total reflectance mode (ATR-
FTIR) to characterize surface functionality and investigate protein immobilization has been presented in a
number of publications. Some examples have been illustrated here. The ATR technique has been used to study
clean and BSA fouled polysulphone ultrafiltration membranes by Pihlajamiki e al''®). Belfer et al."'” used ATR
spectroscopy to detect chemical changes during modification and BSA adsorption on polyethersulfone
membranes. Ma et al.!' have successfully applied ATR-FTIR to study covalent immobilization of gelatin and
collagen on the surface of poly-L-lactic acid films. Surface wettability of the modified films and the protein
immobilized films was evaluated using contact angle measurements.

The aim of this research was to investigate the feasibility of using maleic anhydride copolymer to bind
extractable protein from natural rubber (NR). The functionalized film was prepared under optimal conditions
and the protein immobilization was determined.

EXPERIMENTAL

Materials

Polyethylene grafted with maleic anhydride (Fusabond® E MB226D) was supplied from Chemical Innovation
Co., Ltd. All chemicals and solvents used were of analytical grade. Acetone was purchased from Labscan.
Phosphate buffered saline (PBS) was purchased from Merck. Sodium dodecyl sulfate (SDS) and xylene were
purchased from BDH. Bovine serum albumin (BSA) as a model protein and Bradford reagent were purchased
from Sigma.

Preparation and Characterization of Maleic Anhydride-Polyethylene Films

A commercial maleic anhydride grafted polyethylene (PE-g-MAH) with 0.90 wt% MAH was used for the film
preparation. About 3 g of polymer resin was purified by dissolving in 300 mL xylene under reflux at 130°C for
1 h. Then, the temperature was lowered to 45°C with continuous stirring. The precipitate was vacuum filtered,
washed several times with acetone and dry in an oven. The efficiency of purifying of the samples was examined
by Fourier transform infrared spectroscopy (Equinox 55, Briiker Corporation).

The purified sample was prepared into a sheet by using a hydraulic hot press at 15 ton and under constant
temperature of 140°C for 5 min. Then, the film was annealed in an oven to obtain high content of anhydride
groups on the surface. The surface wettability of sample was evaluated using contact angle measurements. Static
distilled water contact angle was measured on the film with a Kriiss Goniometer using the sessile drop
technique. The contact angles reported in this paper were the average of at least 7 measurements, placed at
different positions on the specimen. Fourier transform infrared spectroscopy in the attenuated total reflectance
mode (ATR-FTIR) was used to determine the chemical changes of the surface. Using a single reflection Ge
ATR crystal at a 45° incident angle, the estimated analyzing depth was approximately 1 um.

Quantification of maleic anhydride in samples was tested by FTIR. The wavenumbers of interest were
1787 cm™, characteristic of carbonyls from anhydride groups and 1460 cm™, characteristic of CH, bending of
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PE. Using these bands, the anhydride carbonyl index (ACI) was calculated:

ACI = Al787
A1460

where 4,75, is absorbance at 1787 cm™ and A 44 is absorbance at 1460 cm™.

Extraction of Protein from Skim Rubber

About 5 g of small NR pieces was immersed in 2% SDS solution and then shaked at room temperature for 12 h
in 3 times. The extract solution was then immediately subjected to protein precipitation. 1 mL of the filtrate was
treated with 3 mL of 2-mercaptoethanol (0.07 vol%) and trichloroacetic acid (TCA, 100 g/L) in cooled acetone.
The mixture was allowed to stand at —20°C for 24 h. The resulting precipitated proteins were collected by
centrifugation of speed 10000 r/min at 4°C for 10 min, and were rinsed with acetone to remove acid. Finally, the
extractable proteins (EP) were redissolved in lysis buffer solution and stored at —20°C for further experiment.
The complete details of the protein extraction and characterization are described in our previous work!"”.

Protein Binding Studies on PE-g-MAH Films
Extractable proteins of 1 mg/mL were used to study the protein binding on the film. Circular samples having a
diameter of 0.6 cm were immersed in 0.1 mol/L PBS at pH 7 for 2 h before binding. The films were then placed
into microtube to which protein solution was added. The mixture was incubated at room temperature for defined
time on shaker. After that, the films were removed from the protein solution and washed with PBS and SDS
solutions, respectively. Bradford Micro-Assay'"”! was utilized to determine the protein content by measuring the
absorbance at 592 nm.

The amount of immobilized protein on the film was calculated from the protein content in solution before
and after binding. The binding capacity was defined as the amount of immobilized protein on the film surface in
ug protein/cm’ surface area. The reported value is based on the average value of 5—10 samples.

RESULTS AND DISCUSSION

Preliminary Study on Using PE-g-MAH Resin to Bind Protein

Prior to the main study, the ability of maleic anhydride group to bind protein was investigated. Milk was
selected as a sample solution because it has high protein content, especially casein proteins and lower
interference than other materials. The protein binding was studied in milk by using PE-g-MAH granule as a
solid support.
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Fig. 1 ATR-FTIR spectra of resin before (a) and after binding protein in milk for (b) 5h, (c) 7hand (d) 9 h
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The covalent coupling of protein molecules to PE-g-MAH resin involves mild reaction. The reaction
mixture was stirred in varied times from 5 h to 9 h at a temperature of about 10°C to maintain a stability of
protein and its coupling reaction mostly occurred on the surface. After binding, the ATR-FTIR technique was
used to analyze changes of the chemical structure on the surface.

ATR spectra in Fig. 1 present the evidence of the protein immobilization on the polymeric substrate. Two
characteristic peaks, 1652 cm™ (amide I) and 1543 cm™" (amide II), are inspected as proof of the presence of
protein on the surface. The amide I band originates predominantly from the C=O stretching vibration of the
peptide groups. Furthermore, it was found that the ability of protein binding increased with increasing time to
9 h of binding reaction. From the obtained result, it is possible that the protein could be immobilized onto PE-g-
MAH under mild condition.

Preparation and Characterization of Copolymer Films

Bettini and Agnelli'"! reported that the purification methodology was efficacious in the removal of unreacted
maleic anhydride. Several techniques, such as infrared spectroscopy (FTIR) and thermogravimetric analysis,
were used to check the conversion of the acid groups to anhydrides. In this work, the commercial PE-g-MAH
granules were purified by dissolving in xylene and precipitating in acetone. The chemical structure of purified
sample in powder form was examined by ATR-FTIR. As seen in Fig. 2, the amount of carboxylic group
(1712 em™) and impurity substance (600-1350 cm™") decreased significantly due to removal of moisture and
unreactant. However, the purified material also contained the hydrolyzed anhydride groups. The anhydride
content was calculated from IR data. Unlike the earlier result!!), the difference in carbonyl index was not
significant for the samples with and without purification (Fig. 3). This may be explained by the fact that, the
samples used in our work have a very low degree of maleic anhydride.
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PE-g-MAH samples index of purified and non-purified samples

It was known that the re-formation of maleic anhydride groups can be affected by simply heating a sample
containing maleic acid groups. In general, conditions of annealing near the melting point of sample lead to an
increase in polymer-chain mobility and therefore to changes in the surface properties of films. Some polymer
chains embedded in the film may unfold to the surface layers of the film. In this work, the melting temperature
(T,) of prepared sample was measured by using differential scanning calorimetry (DSC). The results indicate
that the T}, of PE-g-MAH is about 120°C. Schmidt and his group!” found that the annealing at 120°C for 3 h of
the modified maleic anhydride copolymer films induced efficient back-formation of the anhydride groups. It was
also reported that the annealing at 120°C in a dry atmosphere was used to convert the acid groups to anhydrides
in various polymers such as poly(ethylene-a/t-maleic anhydride)[zo] and poly(octadecene-alt-maleic
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anhydride)*'*?. In addition, vacuum annealing can also be used to generate the anhydride groups. The heat
treatment in vacuum oven at a temperature of about 100°C has been suggested by Rim'®). Cyclic anhydride could
be formed by vacuum annealing maleic anhydride-grafted polypropylene for various times from 24 h to 96 h at
130°C™. Alberti and coworkers'®*) annealed poly(octadecene-alt-maleic anhydride) film for 18 h at 90°C under
vacuum. However, it was found that the styrene-maleic anhydride copolymer started to degrade above 100°C?*4.
The dehydration of maleic acid is the main reaction of decomposition.

Therefore, to generate anhydride groups and avoid product degradation, we annealed the PE-g-MAH film
at high temperatures for short time and low temperatures for long time in a common oven. Two annealing
conditions, high temperature at 120°C for 3 h and low temperature at 110°C for 24 h were chosen in this work
for determining the best condition to obtain high MAH content in the material. It was expected that this simple
method could give enough MAH content to be used for further experiments.

When the samples were submitted to heat treatment, the intensity of carbonyl bands located at 1712 and
1787 cm™' changed significantly (Fig. 4). This observation might be justified by the conversion of acid groups to
anhydrides. The result for high temperature heating (120°C) showed the increase in the cyclic anhydride
carbonyl band at 1787 cm™" and the reduction of the carboxylic acid carbonyl band at 1712 ¢cm™. Furthermore,
as can be seen in Table 1, the anhydride carbonyl index maximized when the annealing was carried out at 120°C
for 3 h. Therefore, it was concluded that the treatment at this condition led to high content of anhydride group in
the polymer bulk.
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Fig. 4 Transmission FTIR spectra of PE-g-MAH film (a) before and after
annealing at (b) 110°C, 24 h and (c) 120°C, 3 h

Table 1. Effect of annealing conditions on bulk and surface properties of PE-g-MAH films

PE-g-MAH sample Anhydride carbonyl index (41757/41460) Contact angle (°)
Non-annealed 0.170 83+2
Annealed (110°C, 24 h) 0.412 96 £ 2
Annealed (120°C, 3 h) 0.501 101+2

In order to examine the surface properties of the specimen, PE-g-MAH films before and after annealing
were characterized by the measurement of water contact angle (WCA). Table 1 shows that the contact angle of
non-annealed film is lower than that of annealed films. This indicated that the annealing of PE-g-MAH film
increased the hydrophobicity of film surface. Changes of air-water contact angles for the annealed films were
due to the increasing of anhydride groups on the film surface. In addition, the annealing at temperature 120°C
for 3 h gave higher contact angle than the annealing at temperature 110°C for 24 h.

From all results, it can be concluded that, for the system under investigation, the commercial PE-g-MAH
granules were first purified by dissolving in xylene and precipitating in acetone. Then, the film of polyethylene-
maleic anhydride copolymer was prepared by compression at 140°C for 5 min. Finally, the sample was annealed
at 120°C for 3 h in order to obtain high content of anhydride groups on the surface.
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Protein Binding Studies on PE-g-MAH Film

Determination of optimum immersion time

It was reported that the amount of immobilized protein on the substrate is related with the change in immersion
time for protein binding!'®™'*!. To determine the suitable time for protein immobilization, the commercial PE-g-
MAH film having a size of approximately 2 cm x 2 cm was used for BSA binding. BSA is selected for this
experiment because it is readily available. In addition, it was reported that the chemical composition of BSA was
similar to that of the extractable protein!'”. The impurities, particularly non-protein components, were found in
minor quantities in extractable protein from skim rubber. The reaction was kept at room temperature and the
immersion time was varied from 2 h to 8 h. Figure 5 shows the kinetics of protein binding on the sample.
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Fig. 5 Effect of binding time on the BSA immobilization

It was found that as the immersion time increased, the amount of immobilized protein increased in the first
4 h of protein binding. After this time, the protein immobilization on polymeric surfaces is completed. This may
be because the binding reaction is controlled by a steric effect. When a longer immersion time was used, the
residue amino groups of protein are difficultly immobilized onto the film. So, the optimum immersion time at
4 h was selected for protein binding study. At this time, the immobilized BSA on commercial PE-g-MAH was
72.34 pg/em®. A similar result was found earlier for BSA-coupling on ethylene vinyl alcohol copolymer
(EVAL) membranes activated by CO,-plasma treatment!'?. The amount of protein bound onto the EVAL
membranes was presented as a function of the reaction time. The curve of binding time shows high-protein
binding rate at the initial time and constant rate in the next time, in which the amount of immobilized BSA is
completed after 8 h. Furthermore, Can and Giiner'"*! explained that the constant binding rate at the longer time
may be because of the decrease in BSA concentration in the container with time due to protein binding.

Protein-binding capacity of PE-g-MAH

Many studies have been reported on the effect of reactive group content on the amount of immobilized
protein® %%, Therefore, maleic anhydride concentration on the sample surface was determined by ATR-FTIR
measurements. In this work, the anhydride content on sample surface could be quantitatively analyzed from the
intensity ratio of C=0 stretching of anhydride group (1787 cm™) to CH, bending of PE (1460 cm™") multiplied
by 100. It was found that the commercial PE-g-MAH film had low anhydride content (3%) on the surface.

The immobilization reaction onto the PE-g-MAH occurs by nucleophilic attack of the reactive anhydride
moieties by the primary amine groups of the proteins. Upon nucleophilic attack, the anhydride yields one
carboxylic acid for every acylated product. In this study, the hydrolysis of anhydride with water molecule under
aqueous condition, as shown in Scheme 2, was examined (Experimental detail is not shown here). It was found
that the side reaction from hydrolysis by water rarely occurred under this mild condition of protein-binding
process. Therefore, the majority of carboxylic acid content on protein-immobilized film was obtained from
protein coupling reaction. The contact angle of annealed film decreased from 101° to 63° after BSA-binding.
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The reduction of contact angle was believed to be the result of formation of carboxylic acid groups on the film
surface.
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Scheme 2 Hydrolysis of PE-g-MAH surface

For analysis of protein-binding, the volume of protein solution may influence the protein content, e.g.,
higher absorbance was observed with increasing sample volume'®”. In this work, to avoid this possible effect in
protein-binding analysis, two volumes of sample solution, 10 and 15 pL, were used in all experiments. However,
the amount of immobilized protein did not vary significantly with sample volume (Table 2). This indicates that
the protein-binding efficiency was not greatly influenced by volume changes within 10-15 uL range in our
samples. The immobilized EP on commercial PE-g-MAH was 69.87 pg/cm®.

Table 2. Amount of immobilized EP on annealed PE-g-MAH film for different sample volumes

Volume of protein solution for analysis (uL) Amount of immobilized protein (pg/cm?)
10 66.68 £ 10.10
15 72.41 £ 6.66
Average 69.87 £7.90

Protein concentration = 1.0 mg/mL

Immobilization of proteins can principally occur through (i) electrostatic and/or hydrophobic attraction,
(i1) entrapment or encapsulation and (iii) covalent binding to polymeric supports by reaction of the functional
groups with the protein. A number of studies have been performed on the adsorption and immobilization of
bovine serum albumin (BSA) on a variety of different substrates. Ladaviere et al.*® studied the immobilization
of BSA onto maleic anhydride-alt-methyl vinyl ether copolymer under aqueous conditions. They established that
the main factors ruling the coupling reaction were the presence of electrostatic forces attracting the
macromolecules close enough for chemical reaction. Tangpasuthadol e al.*? found that BSA, a carboxylic
acid-rich protein, was significantly less adsorbed onto the carboxylic acid-rich chitosan surface possibly due to
charge-charge repulsion. Can and Giiner” proved that BSA was adsorbed on crosslinked N,N'-
diethylaminoethyl dextran by electrostatic attraction, ion-exchange, hydrophobic interaction, and/or hydrogen
bonding. Dai et al” immobilized BSA proteins covalently to poly(acrylic acid) surfaces via N-(3-
dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride/N-hydroxysuccinimide activation and amide
formation. Shmanai and Bylina®"! used formylated polystyrene beads as a solid phase support for immunoassay
and presented BSA immobilization through covalent coupling. Yang et al.*® found that BSA was covalently
immobilized onto multifunctional epoxy groups containing magnetic spheres. Avramescu et al.!'* reported the
covalent binding of BSA onto cellular-type poly(ethylene vinyl alcohol) microfiltration membranes. From these
studies, it is clear that the type of immobilization mainly depends upon reactive functional groups on the surface
of support.

After BSA-coupling, the PE-g-MAH films were washed with PBS to remove the unreacted protein from
their surfaces. Then, the protein that was not covalently immobilized but physically adsorbed on the film surface
was desorbed by washing with SDS. Therefore, the electrostatic and hydrophobic forces in the binding process
of BSA were eliminated. The immobilized protein onto PE-g-MAH film was investigated by ATR-FTIR. Figure
6 shows that the intensity of anhydride peak (1787 cm™') decreased after protein binding experiments.
Furthermore, the appearance of amide bands at 1543 and 1652 cm™' confirms the protein binding of the prepared
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film via covalent bond. The similar result was found in the albumin adsorption of modified polyethersulfone
ultrafiltration membranes!'”.
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Fig. 6 ATR-FTIR spectra of PE-g-MAH film (a) before and (b) after binding extractable protein

Table 3. Comparison of maximum binding capacity of BSA protein onto various supports
Maximum BSA-binding capacity

Materials 2 References
(ng/em’)
Maleic anhydride-grafted polyethylene film 72.34 In this work
N-stearoylchitosan film 4.86 [29]
Derivatives of poly(acrylic acid) brushes 5.80 [30]
Formylated polystyrene bead 49.0 [31]
Glutaraldehyde-activated poly(ethylene vinyl alcohol)
80.0 [12]
membrane

There is a wide variety of substrates with a wide range of immobilization capacities reported in the
literature for BSA immobilization and some of them are listed in Table 3. The maximum BSA-binding capacity
that we achieved with the PE-g-MAH film in this study was 72.34 pg/cm®. This result was quite comparable
with those previously reported. It should be noted, however, that the variation in conditions for protein binding
(such as ionic strength, pH and initial protein concentration) has substantially influenced the amount of
immobilized protein. For example, the BSA-binding capacity of PE-g-MAH film is significantly higher than that
of formylated polystyrene bead. The used conditions for PE-g-MAH (1 mg/mL BSA, pH 7.0) were different
from those for formylated PS (0.1 mg/mL BSA, pH 4.5). Using the same binding conditions, it is shown that the
amount of protein immobilization for PE-g-MAH film is similar to that observed for glutaraldehyde-activated
poly(ethylene vinyl alcohol) membrane.

CONCLUSIONS

Our results demonstrate the possibility of using commercial maleic anhydride-polyethylene copolymer for
binding the proteins in natural rubber. Purification of the commercial resin and annealing of the film at 120°C
for 3 h are proven to be successful conditions to prepare the sample. The efficiency of the covalent binding of
the extractable protein to PE-g-MAH was estimated to be at 69.87 pg/cm?, although the film had low anhydride
content (3%) on the surface. The modification method on the film surface will be developed in further studies to
increase the protein binding ability under optimized conditions.



Preliminary Study of Extractable Protein Binding 189

REFERENCES

1 Bettini, S.H.P. and Agnelli, J.A.M., Polym. Test., 2000, 19: 3

2 Razavi Aghjeh, M.K., Nazockdast, H. and Assempour, H., J. Appl. Polym. Sci., 2006, 99: 141
3 Wy, C.S., Liao, H.T. and Lai, S.M., Polym. Plast. Technol. Eng., 2002, 41: 645

4 Sathe, S.N., Rao, G.S.S. and Devi, S., J. Appl. Polym. Sci., 1994, 53: 239

5 Chiang, W.Y. and Ku, Y.A., Polym. Degrad. Stab., 2002, 76: 281

6 Deng, J.P., Yang, W.T. and Rénby, B., Eur. Polym. J., 2002, 38: 1449

7 Clark, K. and Lee, S., Polym. Eng. Sci., 2004, 44: 1636

8 Rim, P.B., J. Macromol. Sci. Phys., 1984, B23: 549

9  Schmidt, U., Zschoche, S. and Werner, C., J. Appl. Polym. Sci., 2003, 87: 1255

—
(=]

Ladaviére, C., Delair, T., Domard, A., Rousseau, A.N., Mondrand, B. and Mallet, F., Bioconjugate Chem., 1998, 9: 655

Ladeviére, C., Delair, T., Domard, A., Pichot, C. and Mandrand, B., J. Appl. Polym. Sci., 1999, 72: 1565

Avramescu, M.E., Sager, W.F.C. and Wessling, M., J. Membr. Sci., 2003, 216: 177

Can, H.K. and Giiner, A., J. Appl. Polym. Sci., 2006, 99: 2288

Li, W. and Li, S., Colloid and Surfaces A: Physicochem. Eng. Aspects, 2007, 295: 159

Kalapat, N., Watthanachote, L. and Nipithakul, T., Kasetsart J. (Nat. Sci.), 2009, 43: 319

Pihlajaméki, A. Viisénen, P. and Nystrém, M., Colloids Surf. A: Physicochem. Eng. Aspects, 1998, 138: 323

Belfer, S., Fainchtain, R., Purinson, Y. and Kedem, O., J. Membr. Sci., 2000, 172: 113

Ma, Z., Gao, C., Ji, J. and Shen, J., Eur. Polym. J., 2002, 38: 2279

Bradford, M.M., Anal Biochem., 1976, 72: 248

Herklotz, M., Melamed, M., Trautmann, Nitschke, M., Pompe, T., Gast, F.U., Howitz, F. and Werner, C., Microfluid

Nanofluid, 2007, 3: 629

21 Pompe, T., Zschoche, S., Herold, N., Salchert, K., Gouzy, M.F., Sperling, C. and Werner, C., Biomacromolecules,
2003, 4: 1072

22 Uhlmann, P., Skorupa, S., Werner, C. and Grundke, K., Langmuir, 2005, 21: 6302

23 Alberti, K., Davey, R.E., Onishi, K., George, S., Salchert, K., Seib, F.P., Bornhduser, M., Pompe, T., Nagy, A.,
Werner, C. and Zandstra, P.W., Nat. Meth., 2008, 5: 645

24 Switala-Zeliazkow, M., Polym. Degrad. Stab., 2001, 74: 579

25 Chen, X., Liu, J., Feng, Z. and Shao, Z., J. Appl. Polym. Sci., 2005, 96: 1267

26 Qiu, G.M., Zhu, B.K. and Xu, Y.Y., J. Appl. Polym. Sci., 2005, 95: 328

27 Safavi, A. and Haghighi, B., Talanta, 1997, 44: 1009

28 Ladaviére, C., Delair, T., Domard, A., Pichot, C. and Mandrand, B., J. Appl. Polym. Sci., 1999, 71: 927

29 Tangpasuthadol, V., Pongchaisirikul, N. and Hoven, V.P., Carbohydr. Res., 2003, 338: 937

30 Dai,J., Bao, Z., Sun, L., Hong, S.U., Baker, G.L. and Bruening, M.L., Langmuir, 2006, 22 : 4274

31 Shmanai, V.V. and Bylina, G.S., React. Funct. Polym., 2000, 43: 243

32 Yang, C., Guan, Y., Xing, J., Jia, G. and Liu, H., React. Funct. Polym., 2006, 66: 267

B — m m m e
SO O 0 N N N R W N~




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


