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Figure 1: plasmid map of recombinant pPICZ alpha A contains laccase gene (TR3)

Kpnl 5ECORT iy w5l plobi ol 5 & b S5LT I s 28 Lo 4 Slhadds sle iy (2815 ol S5T s S 6 JIs -
Table 1: list of primers used in this study

ESH]

S gS s Mg

G8Y 03 cé, Skl

GEY 83) ez s S5

5 GAATTCGGTATCGGTCCAGTTG 3

5 GGTACCTTGATCGGATGGGTC 3’

(alpha factor) <3, 31 5 TACTATTGCCAGCATTGCTGC 3

(AOXL) w28, Ssled

5 GCAAATGGCATTCTGACATCC 3

SV B el YE o (gl padgel L iS e s 58l CiS s
G il s e 5 Sy 4 Y Ol a8 ol 51l walsl
3lalor 3B g s god 53 Y Oy oS s slite
Jsb 53 ABTS (gl temsr b gyl 3)llkul it 5 A3
{(Niku-Paavola et al. 1990) .2 plail 12 5L £ - o

oslizul 3,50 slaCES Lasee 5 ad e dad b (g5lueslel
sl O35, 5ml 28 8 Jendly s il Ol W1
(Pichia expression kit, K1710) ...

EFRSENE

CiS BMGY wle e 53 58V 05 ol S5 S8
Sl A Jizme BMMY Lams 4 Ol Sl 51y g 5 o
sl 51 5laest IS0 S ey 0 xS cod 58N 05 0Ly Wl
L eslizad SOl s o

Y a Jpbe gl e # gl Ol Ganie 4 plaes ¢l
Jsbe dd o358l CiS laes 4 lanl 55 e Ol su 5 cola
Cola Y8 8 Lo )3 VY 5 /A 0/E e G55 chlE L 50

“ )Y}AL{L:A \/Y 9 N e/t 6‘.&@,‘1&1& BLENE o CJLLUM 9

I P | |


https://dor.isc.ac/dor/20.1001.1.25885073.1398.8.2.3.1
http://gebsj.ir/article-1-309-fa.html

ey SN Sl a0l 5 ol Al

O‘)&AA} GLQ—:L\"

Silsl 6l BC (gl gimme il Colm OSGl A 5 Anily anils
bl LIS S (Y JK8) a8 s MRNA Las 4o
RE R E5 0% e Osh sl WSy 05 G0S e S
+/4\ « CAI (codon adaptation index) e=li 5 asl .5
> sn 058 Sales Olpee bl o) L (7 (IS8) s

Ol (LSS5 g0sdS) Olpe 5508 meax 5 L1y JIs 52

B R

5 s s Ol e 4 ABTS O senldnSt ulad 5 58N e
Niku-Paavola et al. o (g Seslbl 2ol €Y1 50 b
Ll 55 o 45 Sl w5131 (olEe bl o 3T A1 G .(1990
LS A4S 4i3s ) Sde 3 [ ABTS (6l iy s g S )

S 55 5 pledam s Shy F oo n

[ Downloaded from gebgj.ir on 2025-07-02 ]

[ DOR: 20.1001.1.25885073.1398.8.2.3.1 ]

QL:J J:J v/q )l JSYL' ﬂ.)u.a 9 ng\':LdA JToJu“l \ u.a;—LJ: cv\.ﬁjdﬁ
“ogp PH 5 Lo
(ol dwaly VL

Y osgdows 3 Of Sl it peled o 58V e g pH

S S el = S (gla 5L S s BT gl AL

oo L S5+ B 038) ik s Glycine-HCI (H Y1)
o A3 linel 250 T b i sl GHVAR) 5
o A A S IV SN i e e e
PTVIR AR ¥ LR - LR ¥ LI S W1 B/ 355m 4o PH 53 315 Sl amps A B Y labes 55 o050
o L s Bl e el S5V Sl 25,5 5 s
13 R (Niku-Paavola et al. 1990) . s .Se3ll ABTS

22 172 322 472 622 772 922 1072 1222 1372 P

PH 5 &Ll 2l 05 w3 ol
MRNA oIl corse 45 GC (slsmme wlas doys £V 1 GC aos -Y IS _ _ .
il sl 53 Bl 05l L Bl ol i pH U

A s B gles s PH(2-9) s cele Y8 S 4 pH

25t
Figure 2: Average GC content: 47%, GC content was adjusted to
prolong mRNA half life

Ve ode 4wl 0pml s L sl ol 5 ol 6

5550 auge PH 53 318 le am s Ar B Y glabes s cola

L1 I T T T e L L

00 e e e 3 e asle Y sl SL s s S 15w
B0 |+ e e e e . ..
B .(Niku-Paavola et al. 1990) 1% oo
B0 4 - m e s e i e e e e s s me s

1 SeS (6 el s
O S T T T T T T -

20 d Bl L;QU Hldde Ca-;-“-'—" ¢jl5‘y v—;f\ Km 5 Vimax ﬁbuﬂ et 6b—3
0 oAl 2 ABTS (015 M) il slanile s o
0 .(Niku-Paavola et al. 1990) s (s So3lul 5 ksl i

0-0 10-20 20-30 3040 4050 5060 60-70 70-80 80-90 90-100

sl W 550 5 el Ss 15 6la0sdS w5 Ay oY K

ol OsaS suwanas i1 O GENG AT 133l 5 b 5 (3lutings 51 ) @w

SO g Lo s> (53508 Dgi bl o0 Ol (S30S em 5 5 Slol 3 Ol e ol
& S5 Gileang

s e Ol baanas ol 5s (laang 3w |y G Iy
Figure 3: Codon usage was adapted to the bias of Pichia pastoris
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percentage of sequence codons which fall into a certain quality
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Figure 4. (A) 1- colony PCR product with specific primers alpha mating factor (forward) and AOX1 (reverse) (Pichia pastoris clones DNA
was used as template). 2- Negative control. 3- Colony PCR product after transformation to E.coli TOP10. M- Molecular weight marker
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Molecular weight marker (SM0333).
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Figure 5: (A) Optimal pH laccase activity profile at room temperature (ranging from 2 to 9). (B) Optimal temperature profile at optimal pH

(4) for recombinant laccase (from 20°C to 80°C).
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Figure 6: (A) laccase stability profile at different pH value at room temperature. (B) And stability profile at different temperatures at optimal
pH (5) for laccase.
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ABSTRACT

Laccase (EC 1.10.3.2) enzymes are multi-copper oxidase which catalyze the oxidation of
aromatic and non- aromatic compounds with electron reduction of molecular oxygen to
water. These enzymes catalyze the oxidation of a wide array of phenolic compound and
have been used in different industrial field. In this study, Nucleotide sequence of laccase
(accession number: AY081188.1) was optimized according to the codon preference of
Pichia pastoris. Laccase gene was synthesized and cloned into pPICZalpha A. under
control of AOX1 promoter then transformed to P. pastoris by electroporation. Methanol
concentration, copper salts concentration and temperature were varied in order to enhance
laccase expression in the heterologous system. Optimal fermentation condition for laccase
production in shake flask cultivation using BMGY medium were obtained by presence of
0.4 mM Cu*?, at 25°C culture temperature, by 0.8% methanol added into culture every 24
h. the volumetric activity was achieved 9600 U/L after 12-day culture in fernbach flask.
The biochemical properties of recombinant laccase and kinetic parameters were studied.
The laccase activity was optimal at pH 3 and 40°C. Its Kn value was 0.089 mM For ABTS
[2, 2"azino-bis (3-ethylbenzthiazoline-6-sulphoric acid)]. The result of this study was
showed that Pichia pastoris can be useful tool for heterologous laccase expression in order
to use in industrial application such as wastewater treatment, biosensor & etc.

Key words: laccase, Pichia pastoris, heterologous expression, bioremediation, Cloning
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