CHAPTER 1 Y-
INTRODUCTION (,}

1.1  General background i

Enzymes are natural catalysts of biological molecules th Wate the rate of
chemical reactions several times in magnitude by provi a altefnative reaction
pathway, which require less activation energy comp to unca ‘reaction.

Y-v

Enzymes consist of protein molecules with wide ran compasiti aﬁd @tural

complexities precisely arranged to promote th rm@ emi@n living

. WX _
oﬁcata ing e and unique
reactions that are highly specific in tMa/tic mechanisms, @ﬁing formation of

h
structurally specific product and m%them hhy«g& i @or targeted reactions
%ﬂw >

systems. They are also versatile biocatalysw le

(Perez et al., 2007). Furthermo. es have the abili catalyse reactions under

substrat @cificity, thus decreasing the

mild conditions with a ver%\niegl
formation of by—prod% ong the re gén@talysed are a number of very

g <'Q
complex chemical formati') Neen tgagical macromolecules, which are not
accessible to or% eth anic fﬁérﬁistry. This makes them very interesting
¢
for biotech ical use; A ﬁaj@“a{)plications of immobilized enzymes are in
NN

the induStrial “produgti ‘,sugaé,\ amino acids and pharmaceutical compounds

Bwa&t't-v ,2007), Y
(Br atista-Viera )\C-j

n general, enzymes can catalyse reactions in different states, either as

U idual molecules in solution, in aggregates with other entities and as attached to



surfaces. The attached or “immobilized” state has been of particular interest to those
wishing to exploit enzymes for technical purposes. The term “immobilized” r?vo
physically confinement or localization in a certain defined regio@pace.
Interestingly, enzymes immobilization is often accompanied by chan nzymatic
activity, optimum temperature and pH and affinity to substrates. Wh&rﬁnobilization

takes place, enzymes catalytic activities are retained, w ere\M@ can be used
r Inso

repeatedly and continuously. Enzymes immobilized onto

luble support also

ilities. In\@dindustrial

AR
processes, whole microbial cells containing the desi zymes are_i nﬂ)b‘{z}d and

often possess improved storage and operational s

Gﬁnl\rugo%\mase (CRL)

received much attention due to its h act';)ity and b spe@(ﬁty (Yong et al.,

2008). Within the hydrolase-base@atalyﬁs% f pﬁ@andida rugosa were
S
. # :

used as catalysts (Brena& Batista-Viera, 2007): ' 4 \j("
ur ;s,

Among the lipases from various

firstly described as early as in s, by'isolating the t from natural soils due

&

to its powerful lipase produ%’:hpac] 'ngueé Maria et al., 2006). Candida
rugosa lipase (CRL) % e p

specificity in react mediu

specificity witf@t t '
¢

attractive e e ifor the ind tria'l p{g ction of fatty acids, because it is able to

"
hydrolyze all the ester honds of triaeylglycerols (Montero et al., 1993).
!

r the purpose of imimobilizing enzymes, both chemical and physical

Xy ek
‘@& have been successfully developed. For many years, researchers have been
G rbed enzymes onto a variety of solid supports including inert solids (Homaei et
., 2013), ion-exchange resins (Gandhi et al, 1996), or physically

entrapped/encapsulated in solids (Fan et al., 2003), such as crosslinked gels (Gregg &

mesaphili Iibasa'nat has high activity and broad
4
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Heller, 1990), microcapsules (Tagieddin & Amiji, 2004) and hollow fibers (Jurado et
al., 2006). Enzymes can also be covalently bonded to solids via cross linking W
using multi-functional reagents, or by creating surface reactive functi \oups
(Mateo et al., 2007). A
The characteristics of solid supports that are desirable Ygomolecular
attachment include large surface area, good chemical, echa al and thermal
stability, hydrophilicity and insolubility (Perez et al., 200 ng e various solid

supports, nonporous materials possess no diffusion raint vaery low

e high|sur ﬁrgﬁorous
weverf i ere most of
i tlon gé;é;esent major

drawbacks during immobilization. It @re possi en@‘er pore structures

of porous solid for efficient diffusi olution get I,{‘\2\0-15).
N

surface areas for protein binding. On the other ha

materials provide higher protein loading capaei

the surfaces are located internally, ineffici

Polymers for exampl cellent candi ate@ supports for enzyme

4@
immobilization. This is d*:\whe rsatile c caI compositions, physical
e stru #rhs@’nch can be naturally obtained,
rs cgmnly used in the study of enzyme

1des %ellulose (Kim et al., 2015), cellulose

properties and widel

synthesized or alt M\Naturall

immobilization gincl po

!

¢

derivatives inho et al., 1 8)" a@ e (Prakash & Jaiswal, 2011) and chitosan
(Shi et al., 1) wihi petlc@ymers utilized in the study of immobilization

incl@)lystyrene (Wang ec}! 2015), polyvinyl alcohol (Bai et al., 2014),

hane (Donato et al., 2014) and many others (Perez et al., 2007).

p E
0 In this work, the use of carboxymethyl cellulose, CMC, poly (vinyl alcohol),

PVA, and a blend of both were evaluated for their abilities in enhancing Candida



rugosa lipase performance in the esterification of butyl oleate was evaluated. CMC is
a water soluble cellulose derivative formed through copolymeration of R-D-

and R-D-glucopyranose 2-O-(carboxymethyl)-monosodium salt which a@cted
via b-1,4-glycosidic bonds. It has several advantageous properties for lﬁkhickener,
binder, stabilizer, protective colloid, suspending agent and rheologRﬁlow control
agent in various industries including, food, pharmaceuticals, VM non-foods (e.g.
cements, adhesives, textiles, pesticides, detergents, paper akn:c[) (Rachtanapun

& Rattanapone.,2012). .\d

X
Poly (vinyl alcohol) or PVA, on the other ha hydraphilic e:ﬁi@ﬁlline
to % y (vinyl acetate)
@X«. is a widely

ha %s, and nontoxic.

polymer produced by polymerization of vinyl

(PVAC), where subsequent hydrolysis of P

used thermoplastic polymer that is bénign to'living tis

;Q‘s\stlinked products and
N,

nanofillers. PVA is a biodege polfr'ner, d itgs@gradability is enhanced
through hydrolysis becaus %pre M;@roups on the carbon atoms.
Moreover, it is water-s%eYd. has Iydr p:'hhioéture (Gaaz et al, 2015).

In biotechn ical prc'c %‘\ IS %(h}‘;/h importance to efficiently utilize
enzymes. Idem& 0 \hj}i@ndit'@)%'to perform an enzymatic synthesis is
therefore @cau i: s"toé@uate the reaction kinetics and derive the

N
constan sCribing jt i ?tic be@/iours of the enzymes (Lopresto et al., 2014).

This polymer is widely investigat ause of 1 gi

Kinetic ‘studies of biocatalys@\/e only become important in the last few years.

@h there are a great number of studies about lipase-catalyzed reactions, less
G mation is available about their kinetic models and the parameters of control.
me of the most common model proposed for organic synthesis is the Michaelis-

Menten model, but is only valid for the simplest enzymatic reaction. Therefore, a

4



better approach has been proposed, which is the “Ping Pong Bi Bi” model which
seems to provide acceptable results in terms of reproducibility in experwml
findings (Romero et al., 2007). Chulalaksananukul et al. (1990) was@}st to
propose the model used to explain the kinetics of immobilized Rhi r miehei
lipase in the esterification between oleic acid and ethanol. This model is able to
explain the kinetics of the reaction involving two substrates and two'products (denoted
as the “Bi Bi” reaction). The enzyme was explained to rmt first substrate
(the acid) to form an acyl-enzyme intermediate be relea inw (the first

| "X
product). This occurred before the enzyme reacts the seco sy’bs_{% (the
“Pi ng”Qz::hanism)

alcohol), to form the second product (den the\

(Bousquet-Dubouch et al., 2001). Since ewégalz the u@;gned Kinetic
model, studies have been focused o@zymaﬁc fica@% involving short
chain alcohols with long chain %acidﬁs;rwn g@y alcohol inhibition,
described by the Ping Pong men%(Har'i' Kris a.&l%@\th, 2001).

This study therefor m evaluate the v@y of the thin film for lipase
entrapment through % 'zat\i:r;’ﬁ};ée s@'formance in the esterification
reactions and derivatign of the 4 nstzﬁ}s{ing the Ping Pong Bi Bi model. In
the present wo&ci

¢

compound hide plica nd an_ij ses in industries, as a diesel additive, a

D

actedcgt‘n n-butanol to produce butyl oleate, a

NN
a waé}-resisting agent and hydraulic fluids (Ghamgui

“—:

r &Iipase for the synthesis of butyl oleate, the information on the Kkinetic
& viour of the enzyme immobilized within carboxymethyl cellulose (CMC) and
olyvinyl alcohol (PVA),in the esterification reaction system for future industrial

scale up continues to be relatively limited.



1.2 Research Scope

In this study, the extensive exploration on the abilities of carboxymethyl cTﬂe
(CMC) and polyvinyl alcohol (PVA) as supports for Candida r\.@}ﬂpase
immobilization were done due to the availability and possibility in a n of pore
sizes and characteristics of the materials suitable for enzyme immobilization.

To ensure successful immobilization and enhancement o se activity take
place, the suitable compositions of the polymers and enz nR«w-ds in the formation
of thin film were extensively studied, together the fwl‘luencing
kinetics. Inithis i@? the
g SEM, ,XRQ/YETIR and

mobl@:gn The data
obtained from the instrumentational w ere use ex@the performance

and effectiveness of the materials as po ts% ;@hparison between the
N

native and immobilized CRL‘éme |ﬂ he sesteri zéﬁn of butyl oleate. The

enzymes performances a %d ]y‘%&j s@%trates concentrations were

immobilization, enzyme activity, stability, reusabili

polymer supports and enzymes were characteri

DSC to determine their suitabilities as su

subsequently used in %4 minatian of é e kinetic behaviours with the
4
assistance from usi gma @1 Pa |sm 5) softwares.
!
Res bJe |ves "

In general ,t presﬁhLDsyZ was=gde eloped to address drawbacks encountered in

reacgg&nvolvmg enzymes. @ébjectives of the study are stated as below:

QE To prepare the thin films containing CMC, PVA and/or CRL with suitable
enzyme-polymer compositions with consideration of their mechanical strength

and catalytic abilities.



2. To characterize the prepared thin films using SEM, EDX, XRD and FTIR

3. To compare the activity, stability, reusability and kinetic behavi@/\/een

the immobilized and native CRL on the enzymatic systems Ol%rification

process. T
Y





