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ABSTRACT

In this research, benzyl diethyldithiocarbamate was immobilized on a
bacterial cellulose-chitosan membrane via a silane coupler. This treated membrane
was grafted with theophylline-imprinted copolymer of methacrylic acid and ethylene
glycol dimethacrylate by ultraviolet irradiation. The highest degree of grafting
obtained was 0.3334% for r (weight ratio of monomers to bacterial cellulose-chitosan
membrane) equal to 3.244 in mmol/ml. The molecularly imprinted polymer-bacterial
cellulose-chitosan membrane was prepared by using 0.5% chitosan solution
containing 15.0% polyethylene glycol and evaporating the solution for 2.5 hours
after coating at room temperature. The relative flux of 3.69 L/m”h at 12.5 bar was
obtained. The average pore diameter was 135 A in dry state and 404 A in wet state.
Physical properties and morphology of the molecularly imprinted membrane were
examined. The chitosan and polyethylene glycol contents in the chitosan solution had
a significant effect on porosity of the membrane and the flow rate of water through
the membrane. A relatively large flow rate through the membrane with a stable
coating of chitosan membrane was observed at optimized evaporation time. The
tensile strength provided by the synthesized membrane was larger than the plain

bacterial cellulose support, in both wet and dry states.
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ABSTRAK

Dalam penyelidikan ini, benzil diethyldithiokarbamat disekat-gerak pada
membran selulosa bakteria — kitosan melalui satu silana pengganding. Membran
terawat dilekatkan dengan teofilina kopolimer tertera asid metakrilik dan etilena
glikol dimetakrilat oleh penyinaran ultralembayung. Kadar cantuman tertinggi yang
diperolehi ialah 0.3334% untuk r (nisbah berat monomer-monomer terhadap
membran kitosan selulosa bakteria) bersamaan 3.244 dalam mmol / ml. Fluks
banding untuk 3.69 L/m’jam pada 12.5 bar diperolehi. Purata diameter pori
membran ialah 135 A pada keadaan kering dan 404 A pada keadaan basah. Membran
molekul polimer-bakteria selulosa-kitosan tercetak yang disediakan dengan
menggunakan 0.5% larutan kitosan yang mengandungi 15% polietilena glikol dan
larutan itu disejatkan selama 2.5 jam pada tekanan 12.5 bar selepas dilapiskan pada
suhu bilik. Sifat fizikal membran diuji dan morfologi membran molekul tercetak
diperiksa. Kandungan kitosan dan polietilena glikol di dalam larutan kitosan
mempunyai kesan terhadap keporosan membran dan kadar aliran air menembusi
membran. Fluks banding yang besar dapat dilihat pada membran di mana salutan
kitosan yang stabil disalut pada masa penyejatan yang optimum. Membran molekul
tercetak mempunyai kekuatan tegangan lebih besar dalam keadaan kering dan basah

berbanding membran selulosa bakteria kosong.
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CHAPTER 1

INTRODUCTION

1.1 Research Background

In nature, most biological processes are governed by mechanisms for
molecular recognition. These include the immuno response, the ligand—receptor
interaction, and enzyme catalysis. They involve such biological hosts as antibodies,
enzymes or receptors strongly and specifically binding to a particular molecular
structure. A challenge for the contemporary chemists is to develop synthetic
receptors with an affinity and specificity approaching that achieved in nature. To this
end, many synthetic low molecular weight organic receptors capable of
encapsulating reagents have been designed (Hof et al., 2002; Vriezema et al., 2005).
The construction of such receptors, however, usually requires complicated multi-step
synthesis, which severely limits their large-scale application. Developing other
synthetically more accessible receptors is thus highly desirable. Interest in a new
class of artificial receptors, molecularly imprinted polymers (MIPs), has increased
rapidly in recent years because of their easy preparation, thermal and chemical
stability, and highly selective recognition capabilities (Mosbach, 1994; Shea, 1994;
Wulff, 2002; Mosbach and Ramstrom, 1996). Nowadays, the molecular imprinting
technique has become a straightforward and versatile method for the generation of

biomimetic macromolecular receptors. One of the most distinct characteristics of the



molecular imprinting process is its generality, which offers the freedom to prepare
receptors for a wide range of templates without appreciably changing the synthetic
protocols. It is in this respect, in our opinion, outstanding amongst other non-
biological approaches. The binding sites generated during the imprinting process
often have an affinity and a selectivity approaching those of antibody antigen
systems. MIPs are thus also dubbed ‘antibody mimics’’ (Vlatakis et al., 1993). They
have much higher chemical and physical stability than such biological entities as
antibodies and enzymes. In addition, MIPs show remarkable resistance to extreme
pH conditions, organic solvents, metal ions, and autoclave treatment. Such highly
appealing physical and chemical characteristics make MIPs very promising
candidates for many applications, including chromatographic stationary-phase
(Turiel and Martin-Esteban, 2004) and solid-phase separation (Sellergren, 1994;
Haginaka, 2004), antibody mimics (biomimetic assays and sensors) (Vlatakis et al.,
1993; Kriz et al.,1997; Haupt and Mosbach, 2000; Haupt, 2003), enzymemimics
(Ramstrom and Mosbach, 1999; Wulft, 2002), organic synthesis (Alexander ef al.,
2003), capillary electrochromatography (Spégel et al., 2003), and drug delivery

(Alvarez-Lorenzo and Concheiro, 2004).

MIPs are applicable in a variety of different configurations. In the past few
years molecular imprinting has entered many areas of chemistry, biochemistry and
biotechnology. Nowadays polymers imprinted with different templates like drugs,
herbicides, sugars, nucleotides, amino acids and protein. MIPs have antibody-like
specific binding sites for target molecules (templates). MIPs can be synthesized by
conventional radical copolymerization of cross-linking monomers and functional
monomers which can form reversible complexes with template molecules (Kempe
and Mosbach, 1995). MIPs have been applied in affinity assays, separations and
chemical sensors (Kobayashi et al., 2001). In these studies, MIPs are implemented
by free radical copolymerization on the bacterial cellulose membrane produced by
natural microorganism that has been integrated with chitosan layer and modified with

polyethylene glycerol as the porogen.

Acetobacter xylinum, a gram-negative bacterium produces cellulose

extracellularly. This cellulose is formed as gel-like mass (pellicle) at the surface of



the medium and can be purified by proper chemical treatments. This material has
high crystallinity and large surface area and has been attracting attention as a new
form of cellulosic material (Shibazaki et al., 1993). When purified pellicle is dried on
a flat substrate, a thin translucent cellulose membrane is formed. This membrane is
expected to have unique properties because it consists of fine and continuous
crystalline microfibrils, not like paper sheets or regenerated cellulose films. One

possible application is molecular filtration such as dialysis or ultrafiltration.

Compared with the hydrophobic membranes, cellulose or derived cellulose
membranes, hydrophilic in nature, have very low nonspecific binding (Manganaro
and Goldberg, 1993). Cellulose fibers are relatively strong, having breaking strengths
of up to 1 GN/m? (10 000 MPa). Cellulose membranes have been wide used as
dialyzers for hemodialysis and also used as mechanical support of membrane with
satisfied mechanical properties for fast protein purification (Hou et al., 1991). On the
other hand, regenerated cellulose membranes have been widely used as a dialysis
membrane in aqueous systems, where chemical stability and low toxicity of cellulose
are preferable properties, especially in applications for labile biological systems

(Shibazaki et al., 1993).

However, cellulose membranes offer a poor binding capacity due to
crystalline and amorphous regions in their structure; only the hydroxyl groups in the
amorphous region and on the surface of the crystalline are available to ligand
coupling. Molecularly imprinting polymers is implemented to enhance and improve

cellulose’s mechanical and chemical properties.

Recently, chitosan and chitin membranes have been investigated in order to
have a high protein binding capacity for protein purification and separation (Zeng et
al., 1997). These materials provide an excellent binding capacity because chitosan
molecules have both amino and hydroxyl groups that can be used to couple with
ligands under mild conditions. But their poor mechanical properties prevented them
from being used widely. In order to develop a membrane with good mechanical and
chemical properties, these studies propose to make a MIP-bacterial cellulose-

chitosan (BCC) membrane which combines the advantages of MIP, cellulose and



chitosan. Both cellulose and Chitosan are biodegradable, natural materials and very

abundant on the earth. They also have good blood compatibility (Jia et al., 1999).

1.2 Research Objectives

The objectives of this study are:

i.  To develop a membrane of bacterial cellulose-chitosan grafted with

theophylline-imprinted copolymer

ii.  To characterize its physical and chemical properties of the developed

membrane.

1.3 Research Scopes

The scopes of this study include:

i.  To evaluate the influence of chitosan, porogen (polyethylene glycerol)
contents and evaporation time (ET) on porosity of the bacterial

cellulose membrane.

ii.  To measure the flux and rejection coefficient of the membrane using

pure water and various molecular weights dextran standard solution.

iii.  To determine the morphology of the membrane using Field Emission
Scanning Electron Microscopy (FESEM), Fourier Transform Infra
Red Spectroscopy (FTIR), Atomic Force Microscopy (AFM) and

relate it to its performance.



iv.  To evaluate weight ratio of monomer, degree of grafting, degree of
swelling and living functionality on synthesized copolymer of the

developed MIP membrane.
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