CHAPTER 3

MATERIALS AND METHODS %\

3.1 Materials

All reagents used in this work were of analytical grade unless qtsm specified.
Proteins Manufacturer ‘\d‘

Y—-
Candida rugosa lipase Sigma, St. Lo@A J l _\:-)\
. ¥ 4 \,Y-

Bovine Serum Albumin Sigma, S , U
X

Solvents w
Acetone %ck, Gﬁ\? \&\
Ethanol \% <§?
n-Hexane , man
Nl IS
£ &
Substrates \ @danufﬁwer
Oleic acid (>80 .Mer R,Séermany
1-Butanol >9@) / ‘?’ g'&, Germany
N
&)
% 4 Y-

Chw&s v Manufacturer
S

@Hydroxide (NaOH) Merck, Germany
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Equipments

Autotitrator (902 Titrando)
Blast freezer (Model IM101S)
Centrifuge (Allegra ™ 25R)

Fourier Transform-Infrared
Spectrometer (FT-IR) 1725X

Freeze Drier (FD-550)

Scanning Electron Microscope —
Energy Dispersive X-Ray

Waterbath Shaker (Model 903)
Vacuum Pump (DOA-P504-BN)
X-Ray Diffractometer

Micropipette

Computer Software
SigmaPlot

GraphPad Prism

s

S
mecolled

g/l alcohol

Ns
Claa@d 'So@are Inc, California
s

7

;S

ChemDraw ProfessiKal j

Manufacturer
Metrohm, USA

Sagi, Italy

Beckman Coulter, USA

Perkin Elmer, England

Eyela, Japan

Philips, USA
Protech, Malay: J ’ _\C}‘T
Gast, Ger 4 T
Bruke&r ny é
ipe Japan? é
SES

w

<
&
@,

@anufactu rer

\,‘TSigma Chemical Co, USA
G

Sigma Chemical Co, USA

o1



3.2  Methods

3.2.1 Protein Loading Assay Y-
The amount of protein loading before and after immobilization was determi the
Bradford Coomassie Brilliant Blue Assay procedure (Bradford, 1976)5% method,
the Bradford reagent mixture containing 25 mg of Coomassie Brillignt Blue G-250
was dissolved in 12.5 mL of ethanol (95%), and added with 2 Mphosphoric acid
(85%), and diluted to 250 mL with distilled water. In addi mc'f Bovine Serum

Albumin (BSA) was dissolved with 5.0 mL of disti ater bWive ratios
L ]

Y-v
(APPENDIX A) and measured at wavelength of @s The readi we‘r{éed in
[

constructing a standard curve (APPENDIX B). pase{ i (bet@?&nd after
immobilization) and distilled water were théq ad tovﬁspe ive ratj&g;d measured
b d o@he support were

at the same wavelength. The amou\lfazyme a

expressed as a percent of ester conversien (APP ). ,<\
.% % =
“ &
S

3.2.2 Partial Purification ase
S

The commercial nativ%e fro da Q@osa (CRL) was partially purified

using water extrem jor td i

m biIizati-@ The purification was carried out by
adding 5.0 g M C Lint
30 minute@n centrifu
15 n&%plo,oo rﬂz:t; unq-{rs:olved solid suspension from the lipase solution

>
ded after centrifu‘ggt?on while the supernatant was collected prior to

mL@stilled water. The mixture was stirred for
4

Allg&d TM 25R, Beckam Coulter, USA) at 0 °C for



3.2.3 Entrapment of Lipase in Polymeric Thin Film

The film-forming solutions containing CMC, PVA or a mixture of both were pw
by dissolving the polymers (0.4 g of each CMC, PVA and 0.2g of PVA: @MC
blend) in constantly stirred 30 mL distilled water until completely di 1 mL of

partially purified lipase solution, containing 50 mg of CRL was then?ded to each of

the polymer solutions. The mixtures were continuously stlrrgd for*about 45 minutes

before they were carefully poured into Teflon Petri-dis ied at temperatures

between 30-35 °C for 24 h. The thin films of entrappe re d and cut

into regular sections of 3 mm? and kept at 2-8 °C@w use, base Iﬁo@ et al
(2005) method with some modifications. Y.
4\“'

3.2.4 Characterizations of Polyme\ Films

The CMC, PVA and PVA:CMC |Ims wi ?\/I ntrapped CRL were

analyzed by using X-Ray D eter (XR ,ch%z@?\g Electron Microscopy

(SEM) equipped with E |sp Ray X) and Fourier-Transform
Ilyse

Infrared (FTIR) sper% to an :‘ é |bIe interactions between the
4
mel' andHth bIOC

immobilization m wly $ st
&

Y
3.24.1 és% using Sc m‘g Elje tron Microscope and Energy Dispersive

N
%V(Slf/

aracterization of s@s using SEM (Phenom, G2 Pro), samples were

/‘7

\I onto carbon tape and sputter-coated with gold before being scanned. The

Q les were then scanned at 15 kV at 1000x magnifications. Elemental analyses of
a

mples were subsequently conducted using an EDX equipped with the SEM unit.
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3.2.4.2  Analysis using X-Ray Diffractometer (XRD)
The samples were first mounted on glass slides and scanned between 2- 65
20/min at 0.003° per analysis. The XRD patterns of polymer thin films W@hmed
after analysis using X-ray diffractometer (XRD D8 Advance, Germmhlch was
operated at 40 kV and 40 mA, with 1-D fast detector (Lynax-Eye) a@a radiation
at a wavelength of A= 1.54 A. (Zaidan et al., 2010). V
g

l
3.2.4.3  Analysis using Fourier Transform InfraredETIR .\d
In the analysis using FTIR, the samples were placed™in horizonta tehu;a\@‘total

reflectance (HATR), consisting of Germanium at K‘n terng?éture (20

°C). All spectra were measured and subtr d h atb\ack und s@;m of air, at

each scanning of the samples. The s@as rec

each frequency point data conducte 6 samp WIi

as t@ ittance value at

g
o 5
-

3.2.5 Lipase Activity As \‘% Aj \A%
The catalytic activitiq*;e an‘ im Hllﬁ@'%Candlda rugosa lipases were
studied for the este ﬁ.{tlon @e eer&b%’tanol and oleic acid in n-hexane, in
triplicates. Equimolary5.0 'olei ‘&fﬂ and n-butanol and 5 mL of n-hexane
were mlx@w :jl N&ti\e}( 0 mg) or immobilized CRL containing an

N
protgin asn the naq»e CRL were then added to the reaction mixture.

s

res were incubated |(Q74aterbath shaker (Model 903, Protech Malaysia) at

equal a

, for 6 hours at 37 °C. Control reactions without the presence of catalyst were
separately incubated. After the incubation period, 10 mL of acetone:ethanol was
dded into the vials. The remaining fatty acids in the mixtures were then titrated with

0.15M NaOH using autotitrator (902 Titrando, Metrohm, USA). The lipases activities
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expressed in terms of a specific activity (APPENDIX C), relative

were

(APPENDIX D) and percentage convers
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3.2.6 Stability of Native and Immobilized Lipases

\Y'

Native (50 mg) and immobilized CRL with an equal amount of proteiﬂ%SO mg of

3.2.6.1  Storage Stability

native CRL were separately stored at -20 °C, 0 °C, 4 °C and room tewa’ure (27 °C),
for a period of 60 days before their activities were assayed in trMs following the
procedures outlined in Section 3.2.4. The lipases activitie efxpre]ssed in terms of

a specific activity (APPENDIX C), relative activity ( NDI Wercentage

conversion of ester (APPENDIX E). é ' _\b}
<

4
3.2.6.2  Reusability (Operational Stab%: 0\\ g

The operational stabilities of the immobi CRQ ne _{Qpeatedly utilizing

the lipases in the esterification Etia sy&te%ovwi e E')n;'.&es After each reaction
e

cycle, the reaction mixture N d M (:o QFmine the remaining fatty
acid in the mixture. The,lipases a: tiviti's we xp@d in terms of a specific activity
(APPENDIX C), relati%vityk

(APPENDIX E).Meanwhil lhe immobili CRL were collected, rinsed with n-

B
hexane and u@Ne S seq? ?lact' cle.

’
3.2.7 Studies @n Nﬁtive%d Immobilized Lipases

)
In&'sQ y, native and immobcl';?zed CRL with equivalent amounts of protein as in 50

%native CRL (1.08 mg protein) were used. In the first set of experiments, the

Ocentration of 1-butanol was varied from 2.0 mmol to 10.0 mmol while the

concentration of oleic acid was kept constant at 2.0 mmol. In the subsequent set of

IX I_?.Q/and percentage conversion of ester

7
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experiments, the concentration of oleic acid was varied from 2.0 mmol to 10.0 mmol
while the concentration of 1-butanol was kept constant at 2.0mmol. The re?ﬂns
were intubated at 37 °C with continuous agitation at 200rpm in wate@aker
(Model 903, Protech, Malaysia). The reaction were terminated ﬂNdition of
acetone/athanol (1:1 v/v, 10mL) and conversion of ester (%) WWrmined by
titration the remaining free fatty acid in the reaction mixture with 0°#5M NaOH using
an autotitrator (902 Titrando, Metrohm, USA) to end \tH' 10. The initial
reaction rates (V,) were estimated from the slop but IW&ormaﬁon
(mmol/L/mg of protein) plotted against the time (min).the value/for ki eljc &@ants,
Vmax and K, were determined by plotting the i av@ usi@ﬁonlinear
regression method through Graphpad soft (Prism 'ia)‘bas on da@ﬁg;]ts obtained
&

from the experiments. \ > O
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