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Immobilization of enzyme is a great modification technique that enhances the
stability and reusability of an enzyme. Nevertheless, some immobilization
techniques have low productivity and require the enzyme to undergo
purification process; a process which is laborious and time consuming. CLEA
immobilization technique offer better alternative since crude enzyme can be
used directly during the preparation of CLEA. In this study, CLEA
immobilization technique was tailored and developed to retain and enhance the
activity of elastase strain K, while facilitating its recovery after completion of an
enzymatic reaction. Another area that has been elusive regarding CLEA is the
structural analysis. Organic solvent tolerant protease, elastase strain K was
immobilized using CLEA technique and the biochemical as well as the
biophysical profiles of CLEA-elastase was analyzed. This valuable enzyme
exhibit remarkable tolerance against wide range of organic solvents including
methanol, ethanol, 1-propanol and dimethyl sulfoxide (DMSO). Aggregates of
elastase strain K was prepared by adding 60% (w/v) ammonium sulfate and
treated for 3 h prior to cross-linking with 0.2% (v/v) glutaraldehyde for 2 h.
Maximum recovered activity of CLEA-elastase was recorded at 61.4% while
CLEA-elastase-SB; derivatives of CLEA-elastase with addition of BSA and
starch as co-aggregants, recorded a recovered activity of 81.6%. Immobilized
elastase strain K exhibit enhanced thermostability and exhibit increment of
optimum temperature at 50°C. In addition to that, CLEA-elastase exhibit broad
pH stability between pH 5-10 and high proteolytic activity was recorded at pH 8.
The organic solvent tolerant characteristic of elastase strain K was retained
even after immobilization. Enhancement of organic solvent tolerance was also
detected in CLEA-elastase treated with methanol, acetonitrile, ethanol, 1-
propanol, benzene and xylene with 111.4%, 164.6%, 172.7%, 111.4%, 152.7%
and 133.2% of recovered activity, respectively. The biophysical analysis
conducted using scanning electron microscopy (SEM), dynamic light scattering
(DLS), Brunauer-Emmett-Teller (BET) surface area and Fourier-transform



infrared (FTIR) spectra revealed that CLEA-elastase exhibit a type 2 aggregate
morphology; appearance of aggregates are random and less defined, with an
average diameter of 1497 nm. In addition, co-aggregation with BSA and starch
increase the surface area and porosity of CLEA-elastase. Stretching and
vibration of bonding associated with the presence of successful cross-linkages
was detected especially within the 1600 — 1700 cm™ of FTIR spectra. In
general, organic solvent tolerant elastase strain K has been successfully
immobilized using CLEA method. The technique has successfully being
tailored and developed to retain and enhance the proteolytic activity of elastase
strain K.
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Penyekat gerakan enzim merupakan kaedah pengubahsuaian yang mampu
meningkatkan kestabilan dan guna semula enzim. Walaubagaimanapun,
beberapa kaedah penyekat gerakan enzim menghadapi masalah produktiviti
rendah selain memerlukan enzim untuk melalui proses penulenan; satu proses
yang sukar dan memakan masa. Kaedah penyekat gerakan CLEA
menawarkan alternatif yang lebih baik memandangkan enzim mentah boleh
digunakan secara terus semasa proses penyediaan CLEA. Dalam kajian ini,
kaedah penyekat gerakan CLEA telah dihasilkan dan diubahsuai untuk
mengekalkan serta meningkatkan activiti elastase strain K, di samping
memudahkan pemulihan selepas proses tindak balas enzim tamat. Selain itu,
bidang lain yang masih kurang difahami adalah berkenaan analisis struktur
CLEA. Profil biokimia and biofizik elastase strain K; sejenis protease yang
mampu bertahan dalam pelarut organik, disekat gerakan menggunakan
kaedah CLEA telah dianalisis. Enzim yang berharga ini mempamerkan
ketahanan yang baik terhadap pelbagai jenis pelarut organik seperti metanol,
etanol, 1-propanol dan dimetil sulfoksida (DMSO). Agregat elastase strain K
telah disediakan dengan menambah 60% (w/v) ammonium sulfat dan dirawat
selama 3 jam sebelum proses pautan silang dijalankan dengan menambah
0.2% (v/v) glutaraldehyde dan dirawat selama 2 jam. Pengekalan aktiviti
maksimum CLEA-elastase direkod setinggi 61.4% manakala pengekalan
aktiviti maksimum CLEA-elastase-SB; terbitan CLEA-elastase yang dirawat
bersama BSA dan kanji sebagai bahan pengagregatan bersama, direkod
setinggi 81.6%. Penyekat gerakan elastase strain K telah meningkatkan
kestabilan suhu dan suhu optimum meningkat kepada 50°C. Selain itu CLEA-
elastase mempamerkan kestabilan pada pH yang luas diantara pH 5-10 dan
aktiviti tertingi direkod pada pH 8. Ciri ketahanan elastase strain K terhadap
pelarut organik dikekalkan selepas proses pentakmobilan. Peningkatan
ketahanan terhadap pelarut organik juga dikesan pada CLEA-elastase yang
dirawat bersama metanol, asetonitril, etanol, 1-propanol, benzena dan xilena
dengan aktiviti sebanyak 111.4 %, 164.6 %, 172.7 %, 111.4 %, 152.7 % and



133.2 %. Analisis biofizik telah dijalankan mengunakan pengimbasan
mikroskop electron (SEM), penghamburan cahaya dinamik (DLS), kawasan
permukaan Brunauer-Emmett-Teller (BET) dan spekitra inframerah
transformasi  Fourier (FTIR) mendedahkan bahawa CLEA-elastase
mempamerkan morfologi agregat jenis 2; penampilan agregat bersifat rawak
dan kurang ditakrifkan, serta purata diameter direkot sebesar 1497 nm. Selain
itu, penambahan bahan agregat bersama iaitu BSA dan kanji meningkatkan
kawasan permukaan dan keporosan CLEA-elastase. Peregangan dan getaran
pengikat yang dikaitkan dengan keberhasilan pautan silang telah dikesan pada
spektra FTIR 1600-1700 cm™. Secara umumnya, elastase strain K; enzim
mampu tahan pelarut organik telah berjaya disekat gerakan menggunakan
kaedah CLEA. Kaedah ini telah berjaya dihasilkan dan diubahsuai untuk
mengekalkan dan menigkatkan aktiviti protease elastase strain K.
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CHAPTER 1

INTRODUCTION

Nowadays, the demand of hydrolytic enzymes such as proteases has
significantly increased since the use of hydrolytic enzymes has been proven to
be beneficial for industrial purposes. The application of hydrolytic enzymes for
industrial purposes covers wide industrial areas such as detergent industries,
leather tanning, food industries and pharmaceutical (Mahmod et. al., 2016).
Proteases for instance, are incorporated in detergent formula to remove
protein-based stains and are used in leather industries to aid dehairing
processes. The use of protease in the industries occupies 60% of the
hydrolases in the industrial market. Over the years, proteases have been
extracted from different sources and were tailored for commercial uses. Studies
on proteases mainly focused on microbial proteases due to its variety and its
unique characteristics including thermophilic, alkalophilic and organic solvent
tolerant traits (Asgher et. al., 2018). In addition to that, uses of enzyme in
general for industrial purposes are inexpensive and sustainable to the
environment. Although the use of enzyme as a biocatalyst are undeniably
profitable and beneficial, they are limited to single usage as enzyme undergoes
denaturation after catalysing a reaction (Sheldon, 2011). Enzymes are also
susceptible to denaturation under extreme conditions such as high
temperature, extreme pH and presence of organic solvents in the reaction
media. These conditions; which are deemed extreme towards enzyme, are
frequently utilized in industrial applications to shift the reaction equilibrium
towards completion of synthesis (Li et. al., 2013).

Notwithstanding with the limitations, enzymes with high durability and tolerance
against the extreme conditions are constantly being discovered and studied.
Enzymes that are thermophilic; able to endure high temperature, alkalophiles;
able to tolerate alkaline conditions, and solvent tolerant enzymes has a
promising feature which are applicable for industrial purposes. Enzymes with
these features are abundant in nature and can be isolated from microorganism
living in appropriate niches. In this study, elastase strain K is a solvent tolerant
metalloprotease isolated from Pseudomonas aeruginosa strain K. This valuable
enzyme exhibit remarkable tolerance against wide range of polar and non-polar
organic solvents such as methanol, ethanol, 1-propanol and dimethyl sulfoxide
(DMSO). Natural enzymes with organic solvent-tolerance are useful for
applications employing organic solvents as reaction media because they can
be used for these applications without any modifications to stabilize the
enzymes. In order to expand the practicality of this enzyme for industrial
applications, some modifications should be made to enhance the durability of
the enzyme. One enzyme modification that can be applied is by immobilization
techniques. Whilst individual enzyme molecules are susceptible to
denaturation, physical carrier or chemical cross-linker can be incorporated to
form a stable immobilized enzyme structure. Example of enzyme
immobilization techniques are adsorption, encapsulation and cross-linking.



While each of the enzyme immobilization techniques offers great solution in
improving the operational stability of enzyme, there are some limitations of
using certain immobilization techniques. Enzyme immobilization by adsorption
often experience loss of enzyme activity due to enzyme leaching during
recovery processes (Sheldon, 2011). In addition to that, the use of non-catalytic
carrier in adsorption reduces the volumetric yield and cause enzyme dilution.
Likewise, enzyme immobilization by encapsulation also experience loss of
activity due to enzyme leaching and low productivity since most of the volume
are taken up by the non-catalytic matrices (Velasco-Lozano et. al., 2015).
Above all one major drawback of these immobilization techniques is the need
to use a highly purified enzyme. In view of the drawbacks seen in the enzyme
immobilization techniques by adsorption, encapsulation and cross-linking, this
study therefore proposed the preparation of cross-linked enzyme aggregates
(CLEA) of elastase strain K. Cross-linked enzyme aggregates (CLEA) is a
versatile, carrier-free enzyme immobilization technique which has a notable
reputation due to the advantages it provides. In contrast with adsorption and
encapsulation, CLEA immobilization does not require a purified enzyme to
begin with. In addition to that, the use of small sized cross-linker ensure that
the immobilized enzyme to be comprised of the enzyme mostly (Talekar et. al.,
2013). The processes of forming CLEA are also relatively simple; by
incorporation of aggregants to precipitate the enzyme thus increasing the
selectivity and addition of bifunctional reagent such as glutaraldehyde to cross-
link the enzyme. Processes of forming CLEA also varied in term of duration of
the treatment and concentration of cross-linking reagent used, depending on
the enzyme being immobilized.

To date, only few studies were conducted on immobilization of organic solvent
tolerant protease using CLEA immobilization technique. It is noteworthy to
study the extent of immobilizing elastase strain K using CLEA method in
improving the activity and maintaining the pre-existing organic solvent tolerant
characteristic of the enzyme. Apart from that, studies regarding the structural
conformation of CLEA remain elusive.

It is hypothesized that understanding of its structural conformational would
facilitate the construction of CLEA. This research was conducted to achieve the
following objectives:

1. To optimize the preparation of CLEA of the organic solvent tolerant
elastase strain K.

2. To characterize the biochemical features of CLEA of organic solvent
tolerant elastase strain K.

3. To determine the biophysical profile of CLEA of organic solvent tolerant
elastase strain K.
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