CHAPTER 1V
RESULTS AND DISCUSSION
Before attempting ' he immobilization of laccase on
various polynmer supporhg ){ s decided the enzyme should
be first purified ﬁtq;“ellm ther proteins as much as

possible. Attemp’ll‘* Mmade to study some

properties of the

4.1 Partial pu

Laccase Figure 4.1 was purified
40 folds by ammomium 8§ ; } precipitation, ion exchange
chromatography and g ‘ .}:;;- 6 .outlined in Figure 3.2.
Starting from o and 300 ml. of
buffer we finally

indicated t.haﬁ W Hr@:‘q

amount  of waf:' :;_fﬁ;m:-_ffk; ------ of laccase in the

of supernatant. This

ained a considerable

supernatant was- 1702.4 uwyfﬁi ific activity of the

*J ,

-enzyme 374 unlt/mg protein (Table 4.1). The

supernatan &T jnilszmn ﬁ.\lphate solution.
he preci Z‘I gr 245 ml. of

buffer and was found %o have 1519 unit ofiflaccase with a
speciﬂc?ﬂv’] BN Tha7 Lhnithoe lomotdinl “Jab Pbrotetn was
dialyséﬁ 3 times against buffer and finally concentrated
to 93 ml. The total activity of laccase was 1488 unit
having the specific activity of 1.88 unit/mg.protein. At
this stage the degree of purification was 5 folds. Further

purification was achieved through the use of ion exchange

chromatography.
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TABLE 4.1 ¢ Partial Purification of Laccase.

STED Total protein Yield acLiviLy(" Specific e Degree of *’
(ng) (%) activity Purification
1. Supernatant ' 760 nl,4544.8 100 0.374 1
2. (NH,) SO, precipitation | 245 ml, 8574 1 \ 89.23 1.771 4.74
3. Dialysis 93 nl, 79045 r » 70400425 87. 41 1.882 5.03
4. Ton-exchange 225 nl;jiST,s ng. 0.082 W [ 43,35 4.686 12.53
<
5. Ultrafiltration 83 nl, 100‘8&. 0.242/%«1 35.82 65.050 16.18
AULINYWINYINT
4
; ; ¢ = /s
6. Gel filtration q Wﬂrﬁﬁ?’rﬁ mt)ﬂnﬁﬁ ﬂ E]V'Ta 15.05 40,24
q ‘ R TSI TRE BL
(1) 4 Yield = total activity in step / total activity in first step.
(2) Specific acbivity = unit / mg. prolein.

3) Degree of Purification = Speecific activity / original specific aclivity.

=14
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4.1.1 Anion exchange chromatography using

DEAE Sephadex A-50

The protein solution was loaded on Sephadex
A-50 and washed with 0.01 M. phosbhate buffer, pH 6.0. The
enzyme was eluted from the anion exchange resin by a
continuous gradient starting with 0.1 M. sodium phosphate
buffer, pH 6.0 to 0.5 M. sodium phosphate buffer, pH 6.0.
The chromatographic profilefiig-shown in Figure 4.2. There
were numerous peaks of laccasegiadﬁcating that the laccase
is 1isoenzyme in nature. Dé Vries et al. [28] also reported

|
that laccase “Schizophyllum Commune exhibited

isoenzyme proper 4 WY ghould be noted that at pH 6.0

most forms

could bind

. /yere mnegatively charged so that they

sitivély charged Sephadex A-50. The

"

assay for laccase e'byf ar used in washing the column

prior to salt gr d'ent‘ elﬁ%lbn did confirm the above

st.atement since no 1accase jﬁilVlty

was detected. It 1is

also evident from =- that a fair amount of
other proteins_ wa ”éfiﬁinat@kﬁkin this purification step.

The total actty;Ly——4n——Lhe——poaied——£i?ct1on was 738 unit
having a spec1§1c act ivity NG R 69-un1t/mg protein. The
enzyme was now pUYlfied 12.5-f01ds. -

4.1.2 5 Gel, pexmeat,ion .chromatography on Sephadex

GLioos

The  pooled fractiions of Yaccase after
anion “exchange chromatography was concentrated by
ultrafiltration using the membrane having a molecular

weight cut off 10,000 daltons. The solution was forced
through the membrane by the pressure of N, gas. The
concentrated protein of 10 ml. was applied to the column
of Sephadex G-100. The elution profile is shown in Figure

4.3. Laccase was eluted between fraction 15-32 showing a
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single peak. A large amount of other proteins were also
eliminated from the enzyme as evident in the plot of ALoo
nm. in Figure 4.3. This brought the specific activity of
laccase up to 15 unit/mg.protein. The enzyme was purified

by 40 folds at this stage. The total activity remained was

360.2 unit.
i containing laccase were
pooled and subjecte A\ ization until the dried-

cooled flakes 8352222, T gﬂ==:!eze—dried laccase was

The

stored in this form *
4.1.3 Po ophoresis of laccase
Po Lys ectrophoresis (PAGE)
was carried 'ou of crude laccase

preparation as "we sYified laccase. The

results are sho 1 evident from the

Commasie Brillant /B = ain, thatdthe number of proteins
bands in partially rifie
than the number of prote%&=

varation (a/2) are fewer

h 'b-a

- - n‘

a‘{. t.h_‘?'cat.lon steps did

indeed remove ome ' DT from laccase.

The zymi}raﬁ“‘ --taﬁﬁed from the activity

stain 1 shown #n Figure 4. b Four distinct bands could

be observeﬂ tu E:J:Cg T]ﬁqﬁﬁ }A‘tﬁﬂ ﬂé‘ﬁaration (b/1) as

wvell as partial pur1f1e accase (b/2). These bands

l’il;ﬁsﬁﬁ AT RU) TN T A

broad 1ndicating that this band might also 1include a

the crude preparation

"'"'_..-'

(a/1). This 1E§1cated th

number of additional 1isoenzymes of laccase within it. A
more refine technique such as isoelectric focusing would
be needed to resolve this problem. All of the bands in the
crude enzyme preparapion were fainter than the partially

purified laccase. This was likely due to the fact that the



50

ETGURE: 4.4

ﬁJ a.  Commass rﬂiliant Blue stain to
all protelnﬂ bands in the sample. The

= p “5§e at least 15
ﬂﬂiﬁiffﬁg:?jjiriﬂp%f%ﬁgiéed 3 as Mg

dfo be co bly detec

CLgERs LANIEALEN A o

he method 1is specific for laccase and can
detect the enzyme presented at very low
concentration. :
1, Crude supernatant of laccase
2, Partially purified laccase

Bromophenol Blue was used as a marker.



. PAGE as shown in

51

concentration of laccase in the partially purified
preparation was more concentrate. The intensity of all
bands is, therefore, higher. It should be emphasized that
band no.2 of the crude preparation did exist eventhough it
appeared asi.-tg' faint < band “and hardly visible on the
photograph (Figure 4.4 b/1). results obtained from
‘ confirmed our previous
'w) rification using anion

2) that laccase did

result obtained

exchangé chromato
consist of sever: the exact number of
isoenzymes could ore refine technique

such as the isoel

4.2 Spectral pr ified laccase and

oryzae laccase.

To assure were indeed working

with laccase we wavelength scan of the

enzyme in the mentioned 1in section

1.2.1 "lacecase j t absorbed light at

Lion maximum curve in
1fiEP laccase from P.

sapidus did show a maximum absorptlon around 600

Furthermoreﬂ wg}aﬂ Hmsorﬁtﬂ}ﬂ‘ip oryzae also

1
gave the same pattern on (Figure 4.5 B). Our

e AR R R e e

common peak around 600 nm. These data indicated that the

around 600 nmk

Figure 455 AI})

partially purified 1laccase from P. sapidus is the blue

oxidase consisting of the copper atom complex to the

protein molecule.
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FIGURE 4.5: Scanniga} spectrum‘Jof the partially purified

ﬂaﬂﬁ wzjal _ﬁially prepared

enzyme ( yvricularia oryzae). The latter enzyme

CURENTTIE e} a1 plio

500-700 nm using the sequential scanning mode.

The followings paraheters were set 0.D. range
0-0.05, scan speed 20 nm/sec.

Spectrum A : the partially purified P. sapidus

laccase.

Spectrum B : the "Standard” P. sapidus laccase.



4.3 Optimum pH for partially purified laccase

The relationship between the activity of laccase
and pH of incubation mixtures is shown in Figure 4.6. The
enzyme exhibited no activity at .- pH 3.0 while the
activities gradually increased from pH 4 onwards and
reached a maximum value at pH 6.0. Above this value the
enzyme activities bout 20 % at pH 7 and 8.

These results indﬁqﬁh;ﬁ‘ optimum pH for laccase

is around 6.0.

4.4 Effect of tempéT: : o"ylﬁ&"T lf purified laccase

If thes®e “4' ;{I.g;i: o any practical application
§ s - % :
it has to be fairly stabke- elati y high temperatures.

We, therefore, seil ofit/ to determine. the relationship between

laccase activities enzyme was incubated at

various temperature = . The result is shown in
Figure 4.7, "As. - eXp zyme is most stable at the
lowest temperature teéé@&“"lu - At higher temperatures
ranging from ” of the activities

were retained. ‘-rastlcally decreased

3.88 activity.: The

s auih aﬁxf{ﬂﬂi’f "ai il
respectivei;f jq fJ e process of the

lacquer drylng that if¢the temperature useds was more than

ot R GRIF A QNN R fver ceon.

seen that laccase was relatively stable

at of 65°C hs *ng only

as evident that at 45°C more than 75 % of the enzyme
activity was retained. This observation is not totally all
surprising since it is a common feature of enzyme or
hormone to be fairly stable if they are glycoprotein in
nature. Mayer (8], Nakamura [10], Kumanotani [113], Bligny

and Douce [14]1 all freported that laccase, either fron
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fungi or Rhus tree did contain a large percentage of
carbohydrate attached to the polypeptide. It is a general
properties of extracellular eﬂzyme from plants and
microorganisms to be stable at a temperature above ambient.
This 1is essential because these enzymes have to function

in environments different from inside the cells. One of

ase from P. sapidus 1is to

379 the mushroom can extract
&é using extracellular
,%llulose. The subject

roughly reviewed by

the obvious function of

degrade 1lignin C44,453
more nutrient from
cellulase to extrac
of lignin biode

Ishihara [261].

Laccases 'RAuS nicifera or Melanorrhoea

usitsta  wldo f oufsi 8 ant cells. But in

this case to 14 7H:? : y' henol derivatives to
form lacquer ‘ s on. the plants. Here

rstable. This finding

is an assurance that 1f_;EE?’ to use laccase for various
B "/" J“' = -
applications. ?SF enzyme W{I De egyice for relatively

long period of

4.5 Reaction of liggase on catechol and hydroquinone

e TN NAAY e
i’;;iiiuﬁmﬁm%ﬂmaﬁhm T

n Flgure 5 catechol was oxidised to its
respective quinone with a characteristic maximum
absorption dt 400 nm. Kumanotanic [11] also observed this
product when he used Rhus laccase in his study of catechol
oxidation. As the time of reaction proceeded from 1 min to

17 min the spectra showed gradual increases in the heights
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100 ul lyophilized laccase in a total volume of

3.5 ml. and was incubated at 25°C. Spectral

scans were carried out from 350-700 nm. after

the reaétion was - allowed '‘to proceed for

e a2 15 anay. 157 min, respectively.

Spectrum a obtained immediately after the

laccase was mixed with catechol.
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QUconsisted of Q.001 mM hydroqulnone in 0.01 M.
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incubated at 257C. Spectral. scans were
carried out from 180-400 nm after the
reaction was allowed to proceed for

20,30,40,50 min,respectively. Spectrum a was
obtained immediately after laccase was mixed

with hydroquinone.
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of 400 nm peaks.
: The oxidation of hydroquinone as shown in Figure
4.9 resulted is a product with a maximum absorpt?on at 245
am.  In ‘this study the hydroquinone substrate showed a
maximum absorption at 285 nm. As the reaction proceeded we
could observed reduction of the hydroquinone peak with a
the product peak. Kumanotani [111]
shida C121 that the machanism

concomittant increases i

reported the sugg

of:: this reacti% ed followmgs s (1) There was
a formation of 1ﬁ§ne"!!'-!h electron was transfered

from hydroqziégpp”f

converting Cu

atom of laccase,
s oAy The it o
laccase vas ted ack, by reacting with

endogenous ox

The to oxidise both
catechol and . in agreement with the
definition of S € ‘f'ii*~yia ed by Mayer [81 and Mayer

and Hartel [91].

: ;partlally purified and
kept as free e-dried powder. The enzyme was then ready to

used ﬁi 5 ﬁ immobilization on .
synthet 1ﬂlu mﬁ W ap]lﬂ decided that two-
methods of immobilization shomld be attémpted. These were
(i) Qwr}:ax‘aeﬂﬁmu mq’g m gqa 8 form covalent -
bonds" between a polymer support and the enzyme molecule,
and (ii) the entrapment by mixing the enzyme with monomers

and allowed to polymerize. The enzyme would then be

entrapped within the network of polymer.
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4.6.1 Immobilization of laccase by covalent binding

to Amberite IRA-68 using epichrolohydrin

as the linking agent.

Amberite IRA-68 is an anion exchanger
containing an amine as the functional group to perform the
anion exchanging function. These beads of polymer were

linking reagent,

polymerization product acrylic monomer and the cross-
‘ enzene. The amine group was

later added to

t hé#Sn exchanging ability to the

polymer. Thew ; %of a large amount of

carboxyl . gr k of cCOOH’s  make ‘it
possible to ‘ i ;E’Qﬁydrin to the polymer
according td ‘ In" Figure: 4. 105 The
enzyme was ed ‘ hydrin via another side
of the molec .?;-'f , of beads of the Amberite
before and af | : immobilization is shown

in Figure 4.10.

811§ ““nllzatlon to Amberite

IRA-868 the imj b .sF ashed thoroughly to get

rid —tof enzyme that mlght had been associated with the

Amberite ﬂﬂﬁm%jﬂlﬂf}n ilized iaccase was
tested Eg syringaldazine at

various time shown™ in Figure 4.12
he®y mmﬂ:@mm aNtaes .
min then gradually curved off. It was decided that this
40 minutes-incubation be used in subsequent experiments.
(ii) Stability of immobilized laccase
For practical purpose it is important
to know how stable is the enzyme after immobilization. We

test this by hsing the batch system and the
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FIGURE 4.10: Immobilize of. laccase to Amberite IRA-68

via the cross-linking agent,épichlorohydrin.
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immobilization.

Schematic drawing depicts
at.tachment laccase (E»
epichlorohydrin (=) to

individual resin bead (o).
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mmobiliZation of sbaccase to @hberite IRA-68

S5 R RARTI AR e v

(a) The appearance of Amberite before
(left) and after (right)

the

t.he
via

the



oD
530
Q
120
(=]
|
80
Time (min)

ﬂ‘LJEJ’J‘VIEJVﬁW

FIGURE 4.12§] Time course react1on g! 1mmob1112ed laccase

ey mmmmﬁ mmﬁa"f e

syringaldazine in of 0.01 M phosphate
buffer, pH 6.0. Each flask was incub&ted at
37°C for different periods of time. The
product - was measured at 530 nm. Each point

was an average from 3 experiments.
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continuous system. The results are shown in Figure 4.13
and Figure 4.14, respectively. The result of batch test in
Figure 413 ~shewed: that .the' activity of immobilized
laccase was the highest at the first-time use. The
activity then gradually decreased afterwards and was
barely detectable at the 8th-time use.

tested the stability of

immobilized lacc tinuous system by packing

the  laccase-copf® \ rq====:=§ a glass column. The
overall set up Fi 4.14. The result was
shown in Figur he first appearance of
the coloured about 30 min to reach
its maximum formation was slowly
decreased at more rapid decrease
afterwards. A cxperiment after 11 hours of
continuous op ty of the immobilized

laccase was still
argue that the rapid

declined of{f ......... b4 the enzyme did not

attach ¢to

hle nl
other nonchLlent

explanation wadsgs, most unlikely since the immobilized

e B4 ERY| BRBINE) HH T soee o wacrer

solution. ¥ This prac}lce i commonly used in other

‘*"‘“"‘Q‘N“I&N ‘?mﬂéfﬂ’ﬂ‘m "‘EJ”‘““ e
mmo zation laccase entrapment

‘within the polyacrylamide ge

covalent linkage but

-'believe that above

We managed to produce polyacrylamide beads
of ‘about 0.5 'ni having laccase entrapped within the
polymer. The entrapped laccase was tested for its
stability first by the batch system. The result was shown
s Figure 4.16. The activity'of the enzyme was the highest
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liquid was taken off the resin and absorption
measured at 530 nm. The résin was again incu-
bated with the substrate 9 times and the
product formed measured at the end of each

incubation.
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testing by the continuous system. 7 gm. of

laccase-containing resin was packed in a column
of 1x10 cm. The substrate was forced through
the bottom of the product emgrged from the top
was collected every 10 min and measured at

530 nm.
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FIGURE 4.16: Stjnility of entrapped Mlaccase after testing

incubation consisted

ﬂﬁmmmmmm R

oi syringaldazine 1n ml 0 0 M phosphate
Q WIRIAFUN W}’Jm‘ﬁ‘ﬂﬂ ﬂﬂﬂmubw‘d 8
37 2. Tor min. The liquid was taken off

the bead and absorption measured at 530 nm.
The bead was again incubated with the substrate
6 times and the product formed measured at the

end of each inbubation.
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at the initial use. The enzyme activity again showed a
downwards turn having the lowest activity at the 8th-time
use. The result was similar to the one observed in the
-case of covalently'immobilized enzyme (Figure 4.13).

It 1is interesting to note that in this case
of 1laccase entrapped within the polyacrylamide gel. The
gel after incubation w1th the substrate appeared red pink
(Figure 4.17). It sEsSt q difficult to wash off the
coloured product 1nd10atr§;%:ithat the syringaldazine

entered deep gel and when the substrate met

-

with the entﬁgppﬁfvr( ‘ the reaction occured mostly

inside. Incon ‘"ﬁﬁ, _Jthis obsérvatibp the covalently

immiobilized Ambgyite system (Figure 4.11) would
have 1laccase

the besd of

wtﬁy‘“a&tached to the outer surface of
it ¥ hé reaction occured mostly on the
surface where substraﬁe encounter the enzyme. Also the
Aﬁﬁerlbé;uould be too small to allow the

coloured product to——go “ins de the bead of Amberite. We,

pore size of t
therefore, Jever ﬂ’encounﬁéfé& tgp red-pink bead. The
o | — I/

product jand was easily washed

off the resihéi A f
“"The stability test in the continuous system
again showed na time-lapsed of 1 /20 min for the system to
reach a, full ©production: "The’ activity then decreased
rather rapidly compare to #the covalently immobilized
enzyme (Figure  YF LN N The immobibized enzyme in
polyacrylamide gel bead had very 1little activity only
after 9-10 hours of use.

We had tried two methods for the
immobilization of laccase, namely, (i)» the covalent
binding to Amberite resin and (ii) the entrapment within

the polyacrylamidé gel beads. We succeeded in the
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immobilization wusing both methods. However, the stability
test showed that the immobilized enzyme was stable for
only limited period of time (Figure 4.12,4.13,4.15 and
4.17). The 1loss 1in activities after repeated use could
well be explained in the terms of the loss in catalytic
power of the enz&me. It should be emphasized that the
immobilization, especigl}y, the covalent binding does
affect conformation of enzlf;;f o a certain degree [47]. The
immobilization of laccase>’iﬂf:Lhis case might have put

~
strain on theifgative three dlmen51ona1 structure of the

enzyme. The ggayf'

stage of  use ;the: istrain “imposed on it was getting

c¢oulld, funetion well at the initial

worse that ﬁolechles of +the enzyme came to a

"breaking po suTte in the Imability to catalyse the

reaction. Mor (o) ecmiesm of the enzyme gradually reached

Lk ..e'.l' II-t i

o) 1nt” af er a prolonged use. The overall
j..J

effect was, the efore, a‘ggﬁpuml decrease in the catalytic

e o o e A

this "breaking

capability of the 1mm§§1112§§‘1accase.

4.7 Potentl.

L A

At tH completion of experlments involving the
partial puri?&cation of laccase and its immobilization we
could think| off ™ two 0 potefitiallp |dppli€ation of this study.
One is "Ahe” "Used of"  laccase 1n a soluble form in the
process. . of lacquer drying. Sripapan [201 in fact suggested
thafl & catalystl dshould!bél found and ad@&dlfo the Yang Rak
to enhance its drying. It was mentioned earlier that Yang

Rak from Thailand and Burma usually obtained from M, usitata

contained 1low amount of laccase [20]. The obvious solution
to this problem is, therefore, to use laccase from other,
presumably cheaper, source to help reducing the time

needed for dryingi lacquer. We would like to suggest that
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Pleurotus sapidus should be a source of choice for

laccase since we can cultivate the species in large :
quantity in a short period of time. The laccase can,
therefore, be produced as much as needed. Also, on the
application point of view we do not need a highly purified
enzyme. In fact one may use laccase after its
precipitation from the CIudF extract. We have done a
preliminary work on this E;ﬁx id not get sufficient
results to report _adte this =t e©. The reasons are mainly
due to the timg;ilimjtaiion ah&m'the availability of

"genuine" raw I%ngff

the potential is premi 1pg 1n3thls regard.

\ usztata. However, we believe

Another poten - gﬁ&lcatlon of laccase lies on

its application #'in gef Egeatment. The laccase could be

used economically itsf anoblllzed form for its allow

= -'-. ..f}u ]
ore . thaﬁ once. A number of reports
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treatment of water coﬁ%élnlngz phenols, amines and lignin
“\ l.._

£481. The use of»ilaccase‘Lwoulé be morejeconomlcal than the

the use of enzynm

already appeared use of laccase in

N m— ——— J 4

use of perbxidas """" jqpt require the use

of hydrogen perox1¢e £49,50]. However, qne should do more
experiments on the immobilization of laccase to find the
method that/ could rpresérve’ lactdse | detiyvities longer than
the present gstudy. " Also, to be able to use immobilized
laccase __in_, .a _"rough" conditidns “such as waste treatment
one .shouldl look ‘for supports ‘that @re!mechamically strong.
Ot.her supports do exist, for example, porous glass,
ceramic and ‘other more durable polymers ([51]. We have
reached the objects set out for ﬂhis investigation namely,
we succeeded 1in the partial purification of laccase as
well as able to immobilized the enzyme using two different

methods. We stronglyi believe that the above nmentioned
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potentigl applicaﬁions should be urgently explored to its
full 1limit. We are optimistic that laccase will have role
to plays both in the lacquerware industry as well as the

water treatment industry in the future.
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