CHAPTER 4

RESULTS AND DISCUSSION
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esterification between oleic acid and butanol. Th ount of immobi zdjl g\h used

4.1 Screening of enzymes

In this study, four types of thin films (Native-CRL,

*3

PVA:CMC-CRL) were screened to determine their

was made equivalent to the amount of protein% n’% i CR&]ich was
o

1.08 mg protein. In general, the percentw ver?ﬂon signififcantly different
between native and immobilized CRL\ é

\ Y

A

o S
RL showe e'rce@ge conversion of about 1.5
(PVA-CRL) - 3 (CMC-o@wesLh her than guve—cm_ (8.9%). A similar
finding was reported t%a echi'g Japba& their study, higher yields in n-
pentyl laurate WWM vxf1 Ipases fré—!(/\ucor javanicus (MJL) or Rhyzopus
oryzae (ROL)V\QQ obi W' CMCPYA and a blend of CMC:PVA (70-99%),
whereby lower yD’ Ids were..obtai (L_J;ing enzyme in a free form (6-33%). CRL

Y

immobi o CM ‘ahowe a higher percentage conversion of ester which is

ZS.A compared to the@ supports and native CRL. This is due to the

As shown in Figure 4.1, immo

\nce on a carbon number of the alkyl chain was observed. Higher yields

de?
6 %) were observed for fatty acids with more than 10 carbon atoms.
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These results showed that polymers such as PVA, CMC and CMC:PVA blends can be

used successfully as alternative materials for lipase immobilization. Yv
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Figure 4.1: Graph of Percentag?zerﬂon of ester oveﬁ%e types of polymers
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4.2  Characterization L?. anr] e ron&c oscope (SEM)
thi

Characterization using% in .‘f ms WitH @vithout CRL was carried out to

:

observe the surf@pholopl the su t before and after immobilization.

Figures 4.2-4.4% esS .es be@/&n 1.00 kX magnifications.

2 2 C,)
&

As showh in Figure 4. fMC‘&n film showed a clear plane surface, while the
thindilocontaining CRL sho@é mass of globular patterns on its surface, indicating
@sition of CRL on the support. Similarly, PVA also showed a clear plane
d ce when no CRL was entrapped into it [Figure 4.3(a)]. PVA containing CRL
owever showed an agglomeration on its surface [Figure 4.3(b)] as evidence of CRL

entrapment within the thin film. A similar pattern was also observed for PVA:CMC
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thin film without CRL [Figure 4.4(a)], where it showed a uniform layer, while the thin
film with CRL immobilized onto it [Figure 4.4(b)] showed the globular stru?’f
enzymes scattered on the surface of the thin film. All of these observa@n be
used as confirmation that immobilization of CRL had successfulﬂ*en place.
Similar result was repeated by Hassan et al. (2015). In his study, MSEM image
with a magnification of 2.50 kX was captured after dissertin%~ ds with surgical

blade thereby revealing the native CRL globular shape.
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Figure 4.2: SEM images of (a) CMC thin film and (b) CMC-CRL
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Figure 4.3: SEM images of: a) PVA thin film, and

b) PVA-CRL.
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Figure 4.4: SEM images of: a) PVA:CMC thin film,

b) PVA:CMC -CRL
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4.3  Characterization Using Energy Dispersive X-Ray Spectrometer (EDX)

In this study, EDX, a chemical microanalysis technique was used in conjurNo\ ith
the scanning electron microscopy (SEM) technique. Analysis using EDX Is important
in the determination of the elemental compositions in the samples: is study, the

elemental compositions provide evidence about the entrapment W in CMC, PVA

and PVA:CMC thin films. Y‘

Figure 4.5 shows the EDX spectra of the supportsgused for immobitiz tidh@MC,
% | &

PVA and PVA:CMC) and the immobilized CRL: | cases, gald

be present since gold was used to sputter coat fRaIi sa \l'eg{

analysed under the electron beam. This %Nse r?éon tingég les invariably

avoi ging when

need some sort of treatment before they cafrbe exami d &gl-'?zed under optimal

conditions in electron-beam ins ea tl}‘al%yyw an Qyﬁtted signal to provide
9 Q

information. The treatment \NK 0 nece 0 eliminate or reduce the electric

N
charge that builds up rapidlyina no+ond tlng\§$men when it is scanned by a
e;ectrais

beam of high-energy (Goldstei ttﬁl.{«l,992). From the EDX spectra, it is

also contains carg@a - Ol/o) an oxyg@O% - 50%) due to their organic nature

N

and common GM ¢ "l C—)(J
L / 3

N po e S | |

CMC #hi , however, cd%ta&‘i‘é trace amount of sodium (8.06%), as shown in

Figure 4.5(a), which may have\c;?riginated from the sodium hydroxide added to crude

%se during alkalization and etherification. Besides carbon, oxygen and sodium,

OX spectra of CMC-CRL (Figure 4.5b) also showed the existence of calcium (0.3%)

as evidence of the presence of CRL within the thin film. A similar observation was
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obtained for the EDX spectra of PVA thin film (Figure 4.5c), it was found to contain
47.76 % of carbon and oxygen and also 0.40 % of sodium. For PVA-CRL (Figure
4.5d), it contains with 5.27% of calcium. For PVA:CMC-CRL (Figure 4.5f) Spectra,
the sample was found to contain 12.68% sulphur, in addition tG*the_ elements

mentioned above (carbon, oxygen, sodium and calcium).
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Figure 4.5: EDX image of a) CMC thin film, b) CMC-CRL, c) PVA thin film, d)
PVA-CRL, e) PVA:CMC thin film , f) PVA:CMC-CRL
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Table 4.1: EDX elemental analysis of free CRL of support and immobilized CRL

Types

CMC thim film

PVA thin film

Elements (Weight %) \
R\e

C K @) P Ca Na Mg S

~

28.37 nd 43.37 } I 0“3 ‘ d‘:\c}vnd

47.76 nd 47.76 nd nd 040 nd nd

O NS
ST

PVA:CMC thin film 48.96\ gajnﬁ 2y, 0.64 nd nd
TR 4685 146 3329 nd 030 838 nd nd
('\\ &
A@" 23 3 ﬂ'b2138 746 527 080 131 nd
s
9.62 17.84 2188 nd nd 396 nd 12.68

PVA:CMC -CRL

A

N,
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4.4 Cross-Sectional Scanning Electron Microscopy (SEM) of Supports and

Immobilized Lipases Y'

In addition to the SEM-EDX analysis of samples, SEM was used to@ the

morphological structure of the cross-sections. The method was also measure

the thickness of the thin films. ?

As shown in Figures 4.6(a) and Figure 4.7(a), the cross-secti gima es of CMC and
PVA thin films showed a uniform pore distribution. e 4.8(a) er showed

ore sizes_t 4rd;{-t}‘g' top
r% ng ,{t/‘cﬂ (2018)

oron.@&::ture of the

section was formed, which indicated ore size uall@treased from the

top to the bottom. It was evident th%porosit N%e g@ually with decreasing

N,
pore size. ‘% o 4 4:;9
N RN
Y S
More porous morphol% ctures
ed in Figures 4.6(b), 4.7(b) and

t‘t]in iibrs were observed for CMC, PVA
and PVA:CMC thinsfilms cont %&é;e/rv
4.8(b). These V\Qﬁcaﬁ 'e gleéfér protein structures of CRL have been
¢
successfull e%)ed ithin e‘gu (‘)-r’tg. According to the Choo et al (2016), the
\ -
results % SEM an jjs jus&ed that low loading levels of TOCNs were

Y-v
disp uniformly and hom ously in the PVA-CS blend matrix.
\ <

Therthicknesses of the CMC and PVA:CMC thin films were found to decrease from

uniform pore distribution with a gradual decreas
(surface) of the film. This is in agreement

whereby it was observed that the continu

5.7 um to 28.8 um and 48.2 um to 21.7 um, respectively, after immobilization of

lipase. The reduction of thickness after CRL was entrapped within the thin films was
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due to densification after the introduction of CRL to the support similarly reported by
Wang et al (2015). In their research, they illustrated the thickness is depend?m
refractive index as deposited ALD-AI,O3 films revealed by SE fitting. It @wund
that with increasing thickness, the refractive index of Al,O3 is decr%&lt is also
indicated that the thickness dependence of the refractive index“for Al,O3 films
reversed and shows regular evolution rule after annealing, Mickness of the
SiO; layer slightly increased after annealing. The A gXw.v'ent through a
densification process after annealing. PVA, however,%showe awse in the

ioh ;(;Tpase.

thickness of the films from 31.8 um to 33.5 pym the intro

Generally, the film will be under stress stat t i% ited. T@verse of
changing trend may be contributed from easons caﬁ% the aé“egring process:
LY <
stress release and phase transition (Krwe'im et al., 2005). neral, all cross-
sectional images revealed no visibl%ks, gcﬁﬁg:bwj@‘no interpenetration of
S
TS

the thin films %
I
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QUASI-S 15.0kV 6.1mm x1.50k

0 Figure 4.6 : SEM cross-sectional images of (a) CMC thin film (1500x

magnifications), and (b) CMC-CRL (2000x magnifications)
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(a) | =y

QUASI-S 15.0kV 8.2mm x2.00k

QUASI-S 15.0kV 8.3mm x2.00k

igure 4.7: SEM cross-sectional images of (a) PVA thin film (2000x magnifications),
and (b) PVA-CRL (2000x magnifications)
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QUASI-S 15.0kV 5.3mm x1.50k

QUASI-S 15.0kV 6.0mm x2.00k

Figure 4.8: SEM cross-sectional images of (a) PVA:CMC thin film (1500x

magnifications), and (b) PVA:CMC-CRL (2000x magnifications)
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4.5 Characterization Using X-Ray Diffractometer (XRD)

In order to determine the crystallinity and amorphous behaviour of the po]?wt
materials (CMC, PVA and PVA:CMC), the characterizations has beer@ out
using X-Ray Diffractometer (Bruker AXS, Germany). This instrumerf%portant in

solid-state materials characterization which provides information?n the crystal

structural behaviour of the polymer material (Ibrahim et al., 2(}115.

In this study, patterns from the analysis using XR re o alw raphlcal

analysis of data using DIFFRACP" Software (Bruk

SGma,x das

basal or d-spacing, which indicates the distan en SI mil ic I es in the

sample (the interatomic spacing) or the an

layers within the sample, measured m&&n A)

.\

N

The XRD patterns and d spac%xe CQIC, an C:PVA polymers with
4@
sho

.4

and without Candida rugo % (CRIL= & Figures 4.9, 4.10 and 4.11,
respectively. In Figur%i?;R 1;@ bf@!C exhibited a broad peak at 20
angle position be 20° ting 4‘r/esence of the amorphous region in
the polymer. T K& iﬂ}'lng @é for CMC was 4.32 A, at 20 = 20.56°
while the C h sp'aC@ alue of 4.14 A, at 20 =21.42° It is obvious
that the% g valt ase en CRL was incorporated (immobilized) within

o ymer as reportecKh%Emam et al., (2019). In their study of XRD pattern,

s observable with two intense diffraction peaks at 20 = 9.6° and 20.6° which

6 haracteristic of CMC.
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In Figure 4.10, XRD patterns of PVA and PVA-CRL however showed narrow peaks
which indicated the presence of crystalline regions in the samples. The brow
between 20 = 40.1° can be described in the amorphous phase in PV@ the
previous research done by Aziz et al (2017), it can be seen that the attern of
pure PVA shows a peak around 20 = 20 ° corresponding to the semi-@#ystalline nature
of pure PVA. The existence of OH groups along the main ch irN/A Is enough to
provide strong intermolecular and intra molecular hydro m in PVA and at

the 20 = 40.7°, the broad peak pattern can be ascribe mor ow in PVA.

@

o whi Xe
while/PVA F]L@ed a

The d-spacing value for PVA was 4.65 A, at 20 = 19.

without the presence of CRL. Inter i;r\ nd with CMC, the
N

crystalline behavior of PVA d%i
M s

of PVA which was (1:1) . I

(2019) where the diffracti Eak 709 inlthséRD pattern of PVA:CMC blend
4 b 4 &

indicates its sem}%&illine nr \be ause é.me existence of PVA with content

(70%wt) withingthe Blend i The(:}%"A:CMC thin film showed a d-spacing

"\ :
value of 4.65% 20 = 19.2 'Ifwis(\-/}al e, however, decreased to 4.14 A, at 20 =
e

@Id be due to the amount

NN
L was inc rated&ho the polymer. The differences in d-spacing of

before and after imr@ﬁzation of CRL are shown in Table 4.2.

Ther reasons of decreasing d-spacing of CMC, PVA and PVA:.CMC after
mobilization of CRL is due to the intensity was significantly decreased, which was

mainly due to the dense accumulation of enzymes (CRL) in the pore, reducing the
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electron density between the supports wall and the pore as reported by Wang et al

(2019). In their research of Mesoforous Carbon-Based Enzymes Biocatawwr

-

Agquatic Recalcitrant Pollution Treatment, the XRD patterns change @aﬂe
lysozyme was loaded and none of the two characteristic peaks a and the

intensity was significantly decreased, which was mainly dw¥o~ the dense

accumulation of lysozyme in the pore, reducing the electron ty between the
carbon wall and the pore. z '

NY.
Table 4.2: Basal spacing of thin films before and@vvobili tiop of ¢R_®
0 4
F

2
cMC \ 'Agszq\ 4.14
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) N,

ransform frargo TIR) Spectrometer
In order to characterize t@icof mic be@r of the support materials
before and after immebilization off CRL, lFo&r Transform Infrared (FTIR)

b g
spectrometer was : nalrs \s%ng FT pectrometer is also useful in the
identification ofsfunctienal Fsenc@%( the samples.
'

o &
In generél, all SampleS ‘nund‘r contain carboxyl and methyl groups indicated by

the Ace of bands at 161 @’1 and 1426 cm™ wavenumber, respectively. Broad

p%\om 3300 to 3400 cm™ region were attributed to the stretching of O-H groups,
h

Q e the peaks present between 2800 cm™ and 2900 cm™ were attributed to the
tretching of C-H groups.
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4.6 Characterization Using F




Based on Figure 4.12, the peaks at wavenumber 1314 cm™ indicated the presence of
methyl and hydroxyl groups while peaks at 1548 cm™ indicated the presenc

carboxyl group in CMC. A significant broad-band between 2800 cm™ arﬂ%&cm'l
was due to the stretching of hydroxyl (OH) group in the sample, the band
present at 2942 cm™ was due to the presence of alkyl (C-H) stretm Finally, the
band at 1076 cm™ was due to the presence of CH-O-CH stret%}ﬂ‘l of these peaks

and bands are correlated to the functional groups pre iNgCME, which has a

chemical formula of CgH;02(OH),CH,COONa. '\d
L 4
NS
| S

% AII@for peaks
grou@groad-bands
observed between 3550-3200 cm™ i% of (é%tretching, while

bands observed between 2840 cm'@gssooo c\ﬁ'&f?r ;@\tretching from alkyl
lﬁy N
(C-H) groups, which correlates%nctighal greups pre{at in PVA.

RN

12 N

Almost similar bands @s_i ure 4 Pyﬁgu;bi.ls were found in Figure 4.14,
AD

which is the FTIR spectra of P| \C{A éﬁ%bsarved at 2924 cm™ wavenumber
was due to the @f i:hln ’%ﬁnd in the -CH, group of the PVA:CMC
blend. A ba s@to t s:re inﬁ @c?mose ring in the CMC structure, was also
found tofappearat 1®Mn addf.&h\@n, the FTIR spectra in Figure 4.14 also showed
the g&ce of bands in the re@}:)etween 1350 — 1450 cm™ which were due to the
N
s@ical deformations of CH, and COH groups in PVA. The bands indicating the
G nce of alcoholic -CH,OH stretching and CH, twisting and vibration were also
b

served at 1078 cm™ and 1021 cm™, respectively.

Figure 4.13 on the other hand shows the F

present were found to be related to h
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The spectrum of CRL is typical for a protein, with the most prominent band at
1636 cm™* (amide 1) that originates from —C—O stretching and —NH b g
vibrations and the band at 1123 cm™* from the carbohydrate moiety of Gay\yme.
The appearance of some peaks and the disappearance of others in the?p&um of the
immobilized enzyme confirmed successful (Prlainovic et al., 2016)¥All the spectra

can be summarized in Table 4.2. Y\~)

- CMC
— CMC-CRL
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E\ Figure 4.12 : FTIR Spectra of CMC thin film and CMC-CRL
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Table 4.3: Summary of FTIR analysis result

Wavenumber (cm ) Assignments Y.

CH-O-CH stretching

methyl and hydroxyl group

carboxyl group in CMC

Alkyl(C-H) stretching

2800 - 3630 the hydroxyl (O-H) stretchin
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4.7 Stability Assay of Native and Immobilized Lipases
4.7.1 Storage Stability %\

Storage stability is one of the many crucial factors to be consid%d when using
immobilized CRL. It s, in fact, a measure of the ability of the_immobilized enzyme to

maintain its stability and activity even after 60 da f \storage at different

temperatures, -20 °C, 0 °C, 4 °C and room temperature (2%SC). ‘\d
@

¥
(e

In the determination of lipase activities throu icatiof n o@.acid and

butanol, it was found that the activity C de‘: natuér?gz/. as storage

temperatures were increased. Howe\cwdecrease j ctiv@? of immobilized

lipases was gradual and not drastic, mpare Wati

w
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w
o
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N
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N
o
1

= NATIVE

= CMC-CRL

= PVA-CRL

= PVA:CMC-CRL

-
(&)
I

Percentage conversion of ester, %
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Figure 4.15 : Percentage conversion of ester (%) vs storage condition °C for native
CRL and immobilized CRL.
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Figure 4.16 : Relative activity (%) vs stora&cond' i C\qc{ a@'CRL and
immobilized CRL. c\/ 3 é\

mil' i Ts ('er,\ﬂound to retain higher

of storage at vé%?us temperatures. PVA-

“« Q-
nd retal 0%.&%3 activity after 60 days of
N

storage at low temperqﬁe (&C). At -20° the r@ lipase activity was repeated at
65%. The high stability (100% £

\ ) Naﬁ\/ per (-20 °C) was also shown by PVA-
CRL. & ' &
\ O

S
2 f.%

CMC a .CM‘;:bi:n}b' ized~Jipases however, retained 86.8% and 84.4%
b4
a

activits r 60 days of sto&a)gg. at -20 °C, respectively. Furthermore, it can be
0 ed that, the immobilizehpases obtained more than 70% catalytic activity when
e

As shown in Figure 4.15 and 4.16,

activities than native lipase after

w

CRL was found to be more SM

at 0 °C while native lipase has decreased to 60% of its catalytic activity over a

Qwiod of 60 days. Besides that, the stability of the immobilized lipases at 4 °C is

almost 65% which was still high compared to the native enzyme which was 40% at
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the same storage temperature. According to Mohamad et al. (2015), the stability
achieved was referred to the multiple attachments of the enzyme to the SVGK
preventing any intermolecular process such as proteolysis and aggregatlt@‘\saefore

creating a more rigid enzyme molecule.
4.7.2 Reusability (Operational Stability)

The reusability of enzyme constitutes should be the |I|z ation
process. It is an important measure for the economic ility of @ bios tI,etl cess

and enzyme ability to be repeatedly used in

ch eactonﬁ 0 oveK‘?Te use of

immobilized enzyme should permit to gre |gn of ctor and the

control of a reaction. Thus, the idea @e reusabihi mp@ﬁy means that the
@blllzatlon is efficient

stability of the enzyme preparatlo should be avd
N,
enough to permit this reuse (M " 20ﬁ7) qﬁ?

\
To assess the reusat% immobilize CRI@stems hydrolysis yields were
4
examined during 9 cesswe@ Iy&ﬁéﬂons From the study (Figure 4.17),
!

it is evident th M

fifth cycle E or I CM O&L(-P}"OA CRL and PVA:CMC-CRL used. Among
bi

dual iﬁécreased from the first (100%) until the

N
the im enzymes A-C@L is the most stable compared to the other

rﬁe enzymes. CMC- C&Q}I;VA CRL and PVA:CMC-CRL were possessed >

|t5 enzymatic activity in the 4th cycle regardless of which immobilization of

were used. However, for the 5th cycle, the enzyme activities of CMC-CRL,
Q/A-CRL and PVA:CMC-CRL have decreased to >50%.  Decreased in
immobilization enzyme activities was due to entrapment of the CRL, also limits
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substrate accessibility if the substrate cannot easily diffuse into the porous support,
which can also lower levels of hydrolysis. The relatively low rates of

hydrolysis observed were expected as we used carboxymethyl ceIIqu(e'B ese
experiments, which is composed of cellulose that is highly ordered a resistant
to hydrolysis. This is in agreement with the study done by Ikeda etRZ?lS). In their

research, hydrolysis yields were examined during 9 successive™24 h hydrolysis
E.

ity 'in the 6th cycle

reactions. Immobilized C1 possessed >40% of its enzym
regardless of which immobilization silica was used. ersely, é&p#ssed only
23

23% and 29% of its activity in the 6th cycle w mobilize n'S}\‘e@ S2,
respectively. However, C2S1 possessed 54% of.i zy{ LVity in t@ath cycle
and that of C2S2 was 50% in the 5th cyw ng &ie cycle,élz; and C1S2

maintained 66% and 77% of their aCti |;y, )aspective ake@@ether, using our

immobilization system, C1 and C%tained = %)f ‘K_r\ctivity for at least 4
@ S

cycles. 4
S VE
[ 2) S
Interestingly, all of th% ilized | ;s} }How@stabilized activities (50%) after
the fifth cycle. Th %bi iz “' S coﬁ}g due to the bioimprinting process
where lipase suspendéd in reacti 'edia&%ﬁ‘o\nic solvents) tend to be more rigid as a

result of inc e@lect stati ne' h)e‘r;)aen bonding interactions among the surface
NN
h

residue% roteiff in o ?nic so&?nts. According to Cao et al (2009), after several

cyc immobilized enzym@éability, the formation of water as by-product from

t%&ification process became the factor that executes the bio-imprinting process.
i

o)

G s study, bioimprinting with substrate analogues of fatty acids was systematically
onducted to improve the esterification activity of Burkholderia cepacia lipase that

had undergone a sol-gel immobilization procedure with methyltrimethoxysilane
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(MTMS) and tetramethoxysilane (TMOS) as the precursors. The specific activity of
the bioimprinted lipases was 3682.0 pmol h™* mg protein, which was a 47.9- a?ﬁ-
fold increase over the free and non-imprinted immobilized lipases, res@. As
compared to the free and non-imprinted immobilized lipases, bioirAgd lipases
exhibited better thermal stability, and their activity did not chamgge after being
incubated at 60 °C for 12 h. Bioimprinted lipases were more chted by alcohol
than the non-imprinted ones, whose specific activity cou rkeily enhanced by

ethanol, isopropanol and n-butanol by factors of 3-, 128" 1.12-fold,
23

_ _ _ NN
respectively. The reasons for the improvement of i ed enzym tl'll@ also
discussed based on the surface structure, sp?; urf{ nd @ége pore

9)

%\‘T
S
To date, bioimprinting has beconeas aIternaN%ce ,@)\alter selectivity and
improve the activity of enzym%pre-t ating»them (3‘?}1\ inhibitors or substrate

analogues. This, however, has to“be clr one se the addition of water to

organic solvent reacti% may istro I}/'de@s the activation of imprinting
4

N
because of an incgr@enzyrp ity ﬁéﬂlrehydration. According to Fishmen
and Cogan (ZOQ)\' -imprinti

feasible, eff (gﬁaﬂeth d for bta'iniCE](;Righly active enzymes in organic solvents.
Qf NN
acti\mMependé}t on the enzyme type, the solvent type and the

Y-
impﬂg&olecule itself. A C({@yftion between the initial activity of caprylic acid-

i \lbd Candida rugosa lipase (CRL), and solvent hydrophobicity was observed. In

diameter of the silane particles (Cao et al.,

f Ii@{ with fatty acids was shown to be a

The increa

ition, the combination of bio-imprinting with adsorption onto inert support such as
elite, which; proved to be a powerful technique for obtaining even more active and

stable enzyme preparations. In the case of lipase from Pseudomonas sp., the increase
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in activity resulting from bio-imprinting with caprylic acid and immaobilization onto
celite, was 20-fold. Porcine pancreatic lipase (PPL), treated in the same T

retained 70% of its initial activity at the end of 20 consecutive rea I cles

compared to only 20% residual activity for the non-treated control. A

Y'

The activities of immobilized lipases shown in Figure 4.17 a elatlon with the
C t

yields of butyl oleate produced by the lipases (Figure 4.1 |a' use, the CMC-

CRL, PVA-CRL and PVA:CMC-CRL showed 100%, 7% and of relatlve

activity, respectively. Linear extrapolation (dotte s) of fthe uia@ data

showed that the CMC, PVA and PVA:CMC- | ze ssesﬂglf life of

é\‘?
@’“é

5" cycles, respectively.

120 -
100 -
o ——CMC-CRL
< 80 -
? ——PVA-CRL
g 60 ] PVA:CMC-CRL
[<B] .
=
© b .
=z 40 y=-4.0203x + 96.554 Linear (CMC-CRL)
R? = 0.5256
20 - y =-3.3723x + 88.805 - Linear (PVA-CRL)
R? = 0.5504
y=-2:542x + 87.377 Linear (PVA:CMC-
0 R? = 0.3085 CRL)
> N Y X H b A % 9
N
Number of cycle

Oure 4.17: Relative activities of CMC, PVA and PVA:CMC-immobilized lipases as

affected by repeated use in the esterification of butyl oleate in hexane, at 37 °C for 6

hours.
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4.8 Kinetic Study of Native and Immobilized Lipases

The study of kinetics and its modelling are essential for the enzyme proceﬂ% up

and reactor design in order to determine the factors that affecting the rsgmrate of

enzyme. In many cases lipase catalyzes reactions with acyl donor on the basis of
initial rate; a model was proposed such as Ping Pong Bi Bi model vXp'repared with
inhibition of substrate. In this study, a kinetic model was co d on the basis of
the initial rate determination by changing the concentratio ’eacta ts. In the

M%and
PVA supports, were carried out by maintaining bstrate (alei cidg a-tsconstant
4

concentration while varying the concentratiomher ctants (bur@ﬂ), or vice

versa. For the first experiment, the inltlt cid came tion ﬁ: varied from
nc

2.0mmol until 10.0 mmol with the const

esterification process of butyl oleate, free CRL and immobilize CR

ntratl

second experiment, the initial bué Cc cen&yw re

10.0mmol with the constant CK ation .Ommol K&&ud.

X S
S
4.8.1 Kinetic Modelling of |ch% teﬁ@ts
The kinetic s M the epzy tlclreL) is an important parameter in order to
determme@rs th e c te of reaction. The kinetic study can provide
better; into the reac amsms of an enzyme-catalyzed reaction. The
tl

the specific reaction can follow the specific kinetic model based on its

kIK
‘%n mechanism. The substrate concentration is one of the crucial factors that

oect the esterification rates. Based on the experimental data, the initial rate of

esterification was determined. These initial reaction velocities were then used for
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identification of maximum velocity and Michaelis Menten, inhibition and dissociation

constants using Ping Pong Bi Bi model. Yv

As reported in Figure 4.18, the effects of substrate concentration h initial
rate were indicated by representative curves at different concentration of each
substrate. At the constant concentration of oleic acid, the initial geactiop rates increase
rapidly with increasing butanol concentrations from 2.0mm il 10.0mmol. The

reaction rate of immobilized CRL for CMC, PVA ar@M
the native CRL. The immobilized CRL of CMC, PVA and PVA: givesmore

N
effective to the esterification process as compare e native CR u!, «%"n}ribute

d b 9
to high percentage of product. This behaviouwm bem onally.réfated to the

fact that in the immobilized system, th@@ WaSQ\]ot in’dire tﬁtact with the

v’ere higher than

alcohol as well as the microenvironmmma edtot ocati(Qf the hydrophobic

L
support at the agueous-organic in e N
6 e,
9 Q
Results in Figure 4.1M d that amsingrease ﬁ@he substrate concentrations
N
I, it pro @ignificam incremental on the

of butanol from 2.0mmol t0y10.0mm
hydrolytic activity values f; bothn\t'ti & bilized CRL. Similarly, the graph

[ -,

also illustrated hi }hcti in ipMmobili CRL in comparison with the native
N

CRL. The en@}b reaction 0}\’5 t ichaelis-Menten equation and no product
inhibition %bserve due/to heié\*a(mjlity to retain activity in such high oleic acid
4

conceﬁa . From t reﬁ'ulgéscribed above, it can be evidenced that all the
ion

reaetions followed a MichaelisﬁVlenten kinetic with or without substrate inhibition. All

calculations of reaction rate can be obtained by using the formula in

OPENDM G.
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Michaelis-Menten Plots
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Figure 4.18: Michaelis Menten plots on the re rates\oj{ oleate synthesis at
various concentration of butanol for CR I_w CRESP nd CRE-PVA:CMC.

<
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0.08- .
“ Native CRL
- N ~\<°"' CMC -CRL
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4.19: Michaelis Menten plots on the reaction rates of butyl oleate synthesis at

Qé various concentration of oleic acid for Native CRL, CMC-CRL, PVA-CRL

PVA:CMC-CRL.
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4.8.2 Determination of Kinetic Constants (Lineweaver- Burk Plot)

Figures 4.20 and 4.21 illustrated Lineweaver — burk (double reciprocal) pIoKfQitial

rate versus either the concentrations of oleic acid or butanol. The exact SG@ism of

enzymatic reactions can be obtained from Lineweaver- Burk double reciprocal plots.
The Lineweaver Burk was designed by taking reciprocal of, the Witial rate and

different concentration of butanol (Badgujar et al., 2014).Y~Lineweaver Burk

double reciprocal plot is based on the rearrangem@ M-cl—'aelis — Menten

equation into a linear form and the inverse of initial rate"(V;) Is pl agaith-the

| - j i\ LS

inverse of the initial concentration of the reac ecies (Yada evi, 004).
’ b

When there is no inhibition, then a Ping Pong BW'H i

the rate of
reaction at a given concentration of A an&%b% maxi

(4.1)

X
and if there is inhibiwg;

s
N8 é)‘/
7S
cﬁ(} [Al[B] (42)

Qr Vi Kaé’é] (1+ [B] / Kig )+ K@) [A] + [A][B]
w g 4
the inhlstio T

by B can be estatﬂ_gbed as follows: When [A] is varied, the equation is
\

‘%\ V_| _ [A] (4.3)
S

Vimax Kingay (1+ [B] / Kig ) + [AI(1 + Kine) /[B])

when [B] is varied by keeping all other parameters constant
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Vi _ [B] (4.4)

Vinax Kime) + [BI(1+ Ky [TA] + K [BI/ K \2

where [A] is the initial concentration of oleic acid, [B] the initial thtion of

butanol, Km) the Michaelis Menten constant for oleic acid, K Michaelis

Menten constant for butanol, K;g the inhibition constant for Bwe initial rate of

Figure 4.20 shows the Lineweaver — Burk double rec al Io':\lbgde‘rification

reaction and Vmay the maximum rate of reaction. .i

reaction with variation of oleic acid concentratio different ndan@n of
butanol. The results of the experiments show ig@' I reant.i\c;~ rates are

reached if the substrates are present in E olar anm‘unts 1:1 ratio) in the

particular esterification conditions. creating new@sér-Burk plots, the

values for K, and Vmax can be esti from a regr go iﬁeﬁ?hrough the values for
N

-~
1/initial rate versus 1/[substra%lo e? con n&at@f butanol, the lines are
parallel, indicating a Pin@ Bi me han@vith inhibition by butanol.
Furthermore, the Iines% tersectlgjﬁnb&oint, which rules out the ternary
complex formatio *{% ploti \show t s the concentration of butanol is
&

increased, the s& he | i buta@s&{és parameter increases and the intercept
on the y-a '%/)/i )Im% es @;’Iimit of 1/ Vmax. Thus, the results are in
consonaficewith the &s (}of P{z:?ong Bi Bi mechanism with dead-end-inhibition
by AI. Table 4.3 shov@he kinetic constants obtained for the enzymatic

es tion of butyl oleate.

S
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Table 4.4: Kinetic constants obtained from Lineweaver-Burl Plot for the enzymatic

esterification of butyl oleate

Kinetic constants

Immobilized lipases

.@QC

T

°K (oleic acid)

(mmol™.L)

)
Native CRL | CMC-CRL PVA PVA:CMC -
' CRL
N
*V/max (butanol) | 2.056x10™® | 1.242 x 10 x 107 31 x 10%
N4
(mmol **.L.min.mg) | _{')
b
°V/max (0leic acid) | 7.56510" 49 x10%
(mmol *L.L.min.mg) E
K m(butanol) 4.795x10% 5.329 x10%
(mmol™.L)
7.28 x10%
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Lineweaver-Burk Plots
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Figure 4.20: Double reciprocal plots of |nltw; for bufytﬁﬁzs tHesis at
i

different Butanol concentrations and constant C \Bentrat %r Native,

CMC-CRL, PVA- C@S L. g
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Eigure 4.21: Double reciprocal plots of initial rates for butyl oleate synthesis at

different Oleic acid concentrations and constant Butanol concentration for Native,
CMC-CRL, PVA-CRL and PVA:CMC-CRL.
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Ping Pong Bi Bi mechanism involves binding acid with an alcohol in
successive steps, which is followed by the release of water and the ester pro i
succession. The kinetic behaviour of CRL in the esterification of ol c\! and
butanol follows the Ping Pong Bi Bi mechanism in which the bindingﬁ'&d leads an
acyl enzyme complex to follow by the release of water molecules.\The subsequent
binding of alcohol leads to an acyl group to the alcohol, Whi%@ in butyl oleate

ester formation. In this typical reaction sequence, the lipa: eact with butanol to

yield a dead-end enzyme-butanol complex or it may re ith ew‘yield the
cid compl rahs‘f@‘fgtoa
nd _water,.i elea.@'.' This is
ith b\)ta\to foqé;s;ther binary

complex, which then yields the ester ree lipase (So ekar, ., 2007).

\T Y
The Scheme 4.1,4.2 and ow tha inetics &‘)ﬁ?d be best described by
? @

o
Ping Pong Bi Bi model, in Wr'\ tano%ﬁ aCKI d in subsequent steps that
release water butyl oleate e??nis am inQ. quent steps with competitive
e '

substrate inhibition that"feads to deag- mej)n. This model could be described

O

effective lipase-oleic acid complex. Then the lipase-

carboxylic acid-lipase (enzyme-acyl) interm

followed by the interaction of carboxylic-ligase

by the rate equati&\

V

g
€] ‘pb (45)

Vira <(/ K@ 3 (ALIKe) Koo [A] + [AIB]
N\ X

Wh{ i is the initial ra?h,covmax is the maximum velocity, [A] is butanol

%tration, [B] is oleic acid concentration, Kyg) is Michaelis Menten constant for

0 lipase, CRL. Butanol complex, Kjg is the dissociation constant for the lipase

inhibitor (CRL.Oleic acid) complex and Ky is Michaelis Menten constant.



Scheme 4.1: Ping Pong Bi Bi Mechanism Pattern with One Substrate (Bﬂg;

A
lebe Acid HD Butanol Butyl eate
I L |
CHL CHL
RL.Oleie Achl =" CRLOic Acid.Hy) CRLOkic Acid  CRLOlele Acid. Dutanol === CHL.Butyl Oleate
K; (Butanol)
=== Butanol
CRL.Butanol
< LITY
_ o _ 4 iy
Scheme 4.2: Ping Pong Bi Bi mechanism pattewm on@su@ (0|e€_&tld)
N Wb ~
Buranol Ha 0 Ulele Acld Butyl {Heate
| Lo |
CRL e CHL
\ERLButnnnlh‘——_-"‘ CRLEButanolH:00  CRLButnel CRLButanol.Oleic Acid ..,l—_"- CRL.Butyl Olente
Ki (Oleic acid)
=== Oleic Acid
CRL.Oleic Acid Q N\ % g
Scheme 4. g Po g %ﬂchbﬁ pattern with two substrates
A
eie Ackd Euranol Butyl Gleate
CRL L CRL

RL.Olele Ackl 5= CRLOkKic Acid.H0 CRLOMkic Acid | CRLOleic Acid. Butanol === CHL.Butyl Olate

K;(Butanol)

Butanol

K; (Oleic acid)

— == Oleic acid

(7.

CRL.Butanol CRLOeic acid.Oleic acid
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