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Figure 1: plasmid map of recombinant pPICZ alpha A contains laccase gene (TR3)
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Figure 3: Codon usage was adapted to the bias of Pichia pastoris
resulting in a CAI value 0.91. The histogram shows the
percentage of sequence codons which fall into a certain quality
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- AN Gliumo) 9 jarly IV o jloud | pikidcd 093 | iams 3 (o] § Sl (micideo


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

[ Downloaded from gebgj.ir on 2025-11-18 ]

[ DOR: 20.1001.1.25885073.1398.8.2.3.1 ]

Q‘)&QA} ‘SVL«.:LN

a3 Y Sy 8 0L 5 ol dlawen

oy PH 5 sl oS 555 w51 alrandh g S (S 505 (ows 2

5> ABTS (gl s spam 3 SV iyl b aiy
el Sl S 51 ol am (0 JSE)AS (o PHE Y
L s awg PH 5 GILS sl am 53 YoV Cilie glales s

SEY eyl S clesls 0liS ABTS (gl ey s 5l eslinal

b‘ﬁw"—'lw’ a $ e L;Lo;).) b &;»:.“3-9 O\J;v‘ JM g-”3SJ:-9"

(0 J&&) 3405

Ve 055 4 skl Ll SIS 5 Jols 55,80 s
oo 55 em 3l an 5 (e JSK0)sls 0L 1 5k i
(ot JK2) 55 4t 1 a0 olSlr 53 05 50,5

)Y}AL;L:A /8 sdyl.:.ﬁ M)b v /A C,.M.G BE VJJ’T QL:.: 64.»:.:.\.::
W‘MTWJ@MJ})}Q—)JYO (5LA.> Lwaw}'w
8N e Jsb 5o ABTS (gl s 5l ealizad L Y el

35 Al AN s UL Ol 2l

GeneRuler DNA Ladder Mix

bp ng/0.5 pg %

=} o

[=2]
B I 00 00 L0 = (O 00 LOLO = LI LI LOLOLILD
()

coooPearrrN OO oo®

1% agarose

alpha mating <l azy 4l Lolastl gl S5l 5 58V 0f Lolamtl gl ST 5l eslinal LY 0F sl oS 55 uy stk LS PCR IS U pames - 1dll -8 K2
Sk s S3s Sob =ML 4 0 sale s st 55l e S 55 0SS pluls g PCR IS e -7 i J 25 -Y PPICZ alpha A L, aewnly J1s factor
Sole-MECORI 5 KNl (slags 574 gax 51 vas 51 g dmadly =Y oy 5T vn 05y deandly =) PPICZ AP A Sl el oy 5T 2 J pames i (SMO333)

(SM0333) 5t s 5

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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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.

Ol LsSThgm 5o i8S Ll il Spem 5 ol
2l ol s Goo bl W LS g
DGl LS 53 oS 550 s M b s men 4 255100
ol S el Lol gl 58S sl sleane sl

(Mellitzer et al. 2012) 5,05 3 5> 5 il o Comino 3 VJJJT

s il sladwT s SV T 28 s o xS
L BT T I BT e B P e
Ol gl slos S Bshane 555 4 ol ladle 3 15 ook
Lag oAb, S s native oyl g VU e ol
crl Sl sl ol slse Sl Al oS W5 slaesilS
Il ke 4 ool sl il e Cais s
ploil oy n 2alS 5 oS58 Sope 4wl Ay e
L oanlie 53 oS 550 S8Y W5 Ol SRliil 4 o 45 0l

(Wang et al. 2016; Lu et al.2009) —.lols b 58V

Lol My ly e bl 4 a5 LGS pl s
Szl S8Y sl A5 5 Ol sl Ol Olse 4 ol O e

oS M Slp e G Llg e el S
s e b Vb ad) ce e AL S5l Lie L S S5
ozl ey Dt bl ) 08 bl 5o s
Al e WSy 5o s Ol lase ahos Sl 55 5 =55
b gadane Jalse o sielily 5o VLol b 385 0L
(S L OLS 5 coses PH bos wibe o Lol 5 ales

PH 5 &l plp o rﬂ.}j ol

LSLA.) DL )w VJ“JJT A Jg.;# DL [ 45‘)‘ 6“)‘{}“-‘ u»:l.w‘ B
caals o ull Ol o 2l ;l_)fg;';}Lﬂ =y Yo
e PHEO s sl (olbl aien cpimen (S JSCH)

(DN JLa)as

© (Vma) aoo Sl o 5 (Kn) 05t il o 0

A e V/YY MM mint 5 A MM C S

SEY ek W5 el L3 wplonl Ao s
Lossboe Dlpds 1 6Bl Sope o sl o sadles
Slo g gadlas Ol 0F Sps Ok 5 S

(Gargetal. 2012) 5,15 3 5 v 31 8 Ladsss 5 olbesd g
el 4 5306 S el Glosles & )8 5 Ol e sinly LS
JSE5 5 05 SIS s e 5 5l e S Sl (5ol
Oly Glp ol Oljme cpl b il o Sl p(ss Lise
S Gl S 2boSsn 2l s G 5SS sl
e R e S L T e e e
el 3l S b sk 4 LG wdle 4 il
Rl S s W5 s BB alie s 1) Sl sl 5 S
SV laespp G Ok oSSy wmpl Mg Ol
Mellitzer et ) 5,05 3525 Objwe ool 55 2ws b ladnl B
kS s (al. 2012; Pinar et al. 2017; Hong et al.2002

e e |


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

[ Downloaded from gebgj.ir on 2025-11-18 ]

[ DOR: 20.1001.1.25885073.1398.8.2.3.1 ]

Qb&mﬁ) ‘SVL«.:LM

a3 Y Sy 8 0L 5 ol dlawen

b o o o Gl e VU glachle 5 bl )
M5 sl A bl dlaxr Sl e CBE gleag ol b
op i andllas ol s (Hong et al. 2002) wsb o 58N aio
oo W Y se dor/t Chale s 58V Cles 5 A5 Ol e
Ol i (ol e Ol Gang chle Ll cos o

Hong ) &;MJJ‘GV\':;' JL.)‘J; )‘Y)AL;L:A v/0 U '/Y LS".}L. L V'U'J
et al. 2006; Avelar et al. 2017; Wang et al. 2016; Huang et
.@al. 2011

Sl Sl ptann 3 SBY 0L (ileang Gl e 2L Lo
e byl 53 S 58 SV Ol Ol Aloe e
LS 3 S5V Oy e e (8L A1 L s U
YA NG >\J§6:.'-L.~ a3 AN gl s 58 e sl
o o= gadllas (Hong et al. 2002) coslods iyl 58 ax s
ol Bl 4 e LS Sl am s YO U L ials 4S5 85 sl
> el (S bl s S S8 S Ol el
dse plo b 5o, gladsho 51 as bajls s clled LalS
O & e azd 3 45 Al Lpd e i 5SS b 4
oSl edle gl e S0l lales 53 Y (g4 s
S S8 Fan poee S ae cxpe
s bde Li) alS o b Gl i e
St Ol Gt Glre i 5 ol (285 o S
O o Culg g a5 il ks > St sl
Hong et al. ) o dale Jd S 55 s p A Auls8l
Szl Al ol Ol Olpe amps Y gles s (2002
Loy nlS s 0 LSy 85 Ol alS sy o S

Al

SEY plend g Slo g ow) p

Sns IS El s b gl s Y e gands
Al o gladal b 53 5Tl Sl eslinal g g pllas
2 5 Wb sl 5 0l SSE Ll B iocen
L s Aib e Coasl Bl 5T il sbes 8
SFYb Ol ool B asl VG T Sl

Lietal. ) il o o 51 S G s e s 5038 Clad

s (Sa Fsnsp ske O3S Ol Oy Sl
SOl 5> S35 S8V W5 5,8 18 ar g ap5e AL &S
(Heyland et al. 2011) coulas § 51 3 o) 53550 il
<o |, Cyathus bulleri =6 51 58 05 0LKes S S
35 5 63,5 0415 PPICZaA by lols 55 5lest IS i
cl gandy Bl s S 0L Pichia pastoris sl Ob e
(Garg et al. 2012) ws s 5,18 1, VYo UL 1y sl
Jel> > Coriolopsis polyzona -, 3l 5 PR RRNEEIN
s 55 AOXL iy o 5 s5lualoes PPICZC il
L Ok i s 4 A UL Ul 4 sl
.(Pinar et al. 2017)

Bl B L el WSy 00 S5 Y WS Rl
Ole Wl sl by 5 Ll o0 Ol 5 e Dl s I sile
CoiS Lame & 6lisy Jplie AOXL jises s J,28 Comd O
Cod gl Ol Wl sl dske clals las d el
slckle (Avelar et al. 2017) ¢l sl AOXL 5ses
A8 5 Frsn @S A crse Sl (See d ke ol
dle Vb gackile 5b 5l osd I Ol & 3l A5
b ) s Sl e s ke e sk Gl
5 kel clle Bl s w sk S s
odle 4y opdie W e GLIBE 5 05 dadST,
daly 5o SBY Ll Carpe ke chle A0
@ J sl calise Ch.w ¢ axlas -l ;3 (Hong et al. 2002)4.
Lo 4 BV W5 Wl (Gl ae chle 4 plas sk
PRSP SR (VRN TSR VA BPIYV STV SRR WP PRt CINAY
55 el Ces 4 Jgle Aoy A Chle s Y =i
5 Grag cemes 5 (Y0\0) 0L, s Wang L3 sl fass,
OLar 5 Li s Il doys ) chl (TOY) OKan
v chle Olye 4 | Jplke a0 clle (YN D)

s S 15
5 S0P Gl S lame 53 e D sl el
- N S T B e i PE
«(Huifang et al. 2013) 5,15 555 3V b 5 e bl

\Yﬁ/\&b’.&w}jjﬁk/" O)M/Me)stb/w)‘rw‘g&w}ww -



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

[ Downloaded from gebgj.ir on 2025-11-18 ]

[ DOR: 20.1001.1.25885073.1398.8.2.3.1 ]

ey SN Sl a0l 5 ol Al

O\)&.«A} U)Lo.:l.w

Slaoto ¥l Bl 5 s S Sdne o sl 3L

ke sl slacibeysandl 55l eslizal LSl Al 6 8
Lol s 5 5l 53 SV T g (oS 5 05 51 e
v\tj}d Ol LJ}l};ﬂ Q}L.WS\ cpH oy aSle J]a.:za ol J}LS
o5l A5 35l m wal s Gl L anslie 53 1 5BY iy sl
Wy s S8l e w3l onl ol gdpm U
s 4 S e Lged 1) s 53 OF 51 aslizad 5 00 58Y
LT N B (R RO R LY S TR CH N

&lw

Aratjo JHBd, Uemura VO, Moraes FFd, Barbosa
AdM, Zanin GM. 2005. A comparative study on
fungal laccases immobilized on chitosan. Brazilian
Archives of Biology and Technology 48:1-6.

Arockiasamy S, Krishnan IPG, Anandakrishnan N,
Seenivasan S, Sambath A, Venkatasubramani JP.
2008. Enhanced production of laccase from Coriolus
versicolor NCIM 996 by nutrient optimization using
response surface methodology. Applied biochemistry
and biotechnology 151:371-379.

Avelar M, Olvera C, Aceves-Zamudio D, Folch JL,
Ayala M. 2017. Recombinant expression of a laccase
from Coriolopsis gallica in Pichia pastoris using a
modified a-factor preproleader. Protein expression
and purification 136:14-19.

Bronikowski A, Hagedoorn P-L, Koschorreck K,
Urlacher VB. 2017. Expression of a new laccase
from Moniliophthora roreri at high levels in Pichia
pastoris and its potential application in micropollutant
degradation. AMB Express 7:73-86.

Callejon S, Sendra R, Ferrer S, Pardo 1. 2017.
Recombinant laccase from Pediococcus acidilactici
CECT 5930 with ability to degrade tyramine. PloS
one. 12(10):e0186019.

Cafias Al, Camarero S. 2010. Laccases and their natural
mediators: biotechnological tools for sustainable eco-
friendly processes. Biotechnology advances 28:694-
705.

Chung C, Niemela SL, Miller RH. 1989. One-step
preparation of competent Escherichia coli:

pH L G.w) pH (God 9d>=s 33 C,.:wa La> B C,.:M.aw (2013

e D ﬁjj UJ»‘)\ oaleul LS‘J" k;)i."') \;M:A‘)L:M Yy o
Ak o

e S Slogar L LS5 JBY G ol e
53 Gaelgibsn ssb 4 s bz ,l5 b clits 5 o sllas
O & S 55 38Y Oly et A3 Oly sl LS

3 s sl pSt il -l (5SS« | 9600 U/L

=Sl a3 Y0 Les IJAT&:A.«JJA.{ﬁ)' hﬂ‘fﬂ@.ﬁfT,\.:jj;

Nso s 1/ s S g 5 dsys /A J gl o) S

transformation and storage of bacterial cells in the
same solution. Proceedings of the National Academy
of Sciences 86:2172-2175.

Couto SR, Osma JF, Saravia V, Gubitz G, Herrera JT.
2007. Coating of immobilised laccase for stability
enhancement; a novel approach. Applied Catalysis A:
General 329:156-160.

Duran N, Rosa MA, D’Annibale A, Gianfreda L. 2002.
Applications  of  laccases and  tyrosinases
(phenoloxidases) immobilized on different supports: a
review. Enzyme and microbial technology 31:907-
931.

Egharevba O. 2017. Cloning and Expression of Four
Laccase genes isolated from Arctic marine
Psychrobacter strains in Escherichia coli and
psychrophilic Pseudomonas: Master thesis, NTNU,
https://ntnuopen.ntnu.no/ntnu-
xmlui/handle/11250/2451529?1ocale-attribute=en

Fernandez-Fernandez M, Sanroman MA, Moldes D.
2013. Recent developments and applications of
immobilized laccase. Biotechnology advances
31:1808-1825.

Fortes CC, Daniel-da-Silva AL, Xavier AM, Tavares
AP. 2017. Optimization of enzyme immobilization on
functionalized magnetic nanoparticles for laccase
biocatalytic reactions. Chemical Engineering and
Processing: Process Intensification 117:1-8.

Garg N, Bieler N, Kenzom T, Chhabra M, Ansorge-
Schumacher M, Mishra S. 2012. Cloning, sequence
analysis, expression of Cyathus bulleri laccase in
Pichia pastoris and characterization of recombinant
laccase. BMC biotechnology 12:75-86.

- AN Gliumo) 9 jarly IV o jloud | pikidcd 093 | iams 3 (o] § Sl (micideo


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

[ Downloaded from gebgj.ir on 2025-11-18 ]

[ DOR: 20.1001.1.25885073.1398.8.2.3.1 ]

Qb&mﬁ) ‘SVL«.:L»»

a3 Y Sy 8 0L 5 ol dlawen

Heyland J, Fu J, Blank LM, Schmid A. 2011. Carbon
metabolism limits recombinant protein production in
Pichia pastoris. Biotechnology and Bioengineering
108:1942-1953.

Hong F, Meinander NQ, Jonsson LJ. 2002.
Fermentation strategies for improved heterologous
expression of laccase in  Pichia  pastoris.
Biotechnology and Bioengineering 79:438-449.

Hong Y-z, Zhou H-m, Tu X-m, Li J-f, Xiao Y-z. 2007.
Cloning of a laccase gene from a novel basidiomycete
Trametes sp. 420 and its heterologous expression in
Pichia pastoris. Current microbiology 54:260-265.

Janusz G, Rogalski J, Barwinska M, Szczodrak J. 2006.
Effects of culture conditions on production of
extracellular laccase by Rhizoctonia praticola. Polish
Journal of microbiology 55:309-319.

Lassouane F, Ait-Amar H, Amrani S, Rodriguez-Couto
S. 2019. A promising laccase immobilization
approach for Bisphenol A removal from aqueous
solutions. Bioresource technology. 2019;271:360-
367.

Li Q, Pei J, Zhao L, Xie J, Cao F, Wang G. 2014.
Overexpression and characterization of laccase from
Trametes versicolor in Pichia pastoris. Applied
biochemistry and microbiology 50:140-147.

Lu L, Zhao M, Liang SC, Zhao LY, Li DB, Zhang BB.
2009. Production and synthetic dyes decolourization
capacity of a recombinant laccase from Pichia
pastoris. Journal of applied microbiology 107:1149-
1156.

Mellitzer A, Weis R, Glieder A, Flicker K. 2012.
Expression of lignocellulolytic enzymes in Pichia
pastoris. Microbial cell factories 11:61-71.

Misra N, Kumar V, Goel NK, Varshney L. 2014.
Laccase immobilization on radiation synthesized
epoxy functionalized polyethersulfone beads and their
application for degradation of acid dye. Polymer
55:6017-6024.

Morales-Alvarez ED, Rivera-Hoyos CM, Cardozo-
Bernal AM, Poutou-Pifiales RA, Pedroza-
Rodriguez AM, Diaz-Rincon DJ, et al. 2017.
Plackett-Burman Design for rGILCC1 laccase
activity enhancement in Pichia pastoris: Concentrated
enzyme Kinetic characterization. Enzyme research
2017: 1-10.

Mukhopadhyay A, Dasgupta AK, Chakrabarti K.
2015. Enhanced functionality and stabilization of a
cold active laccase using nanotechnology based
activation-immobilization. Bioresource technology
179:573-584.

Niku-Paavola M, Raaska L, Itdavaara M. 1990.
Detection of white-rot fungi by a non-toxic stain.
Mycological Research 94:27-31.

Noreen S, Asgher M, Hussain F, Igbal A. 2015.
Performance improvement of Ca-alginate bead cross-
linked laccase from Trametes versicolor IBL-04.
BioResources 11:558-572.

Pinar O, BEHAR CT, KARATAS A. 2017.
Heterologous expression and characterization of a
high redox potential laccase from Coriolopsis
polyzona MUCL 38443. Turkish Journal of Biology
41:278-291.

Quaratino D, Ciaffi M, Federici E, D’annibale A. 2008.
Response surface methodology study of laccase
production in Panus tigrinus liquid cultures.
Biochemical Engineering Journal 39:236-245.

Ratanapongleka K, Punbut S. 2018. Removal of
acetaminophen in water by laccase immobilized in
barium alginate. Environmental technology 39:336-
345,

Rodgers CJ, Blanford CF, Giddens SR, Skamnioti P,
Armstrong FA, Gurr SJ. 2010. Designer laccases: a
vogue for high-potential fungal enzymes? Trends in
biotechnology 28:63-72.

Strong P, Claus H. 2011. Laccase: a review of its past
and its future in bioremediation. Critical Reviews in
Environmental Science and Technology 41:373-434.

Trupkin S, Levin L, Forchiassin F, Viale A. 2003.
Optimization of a culture medium for ligninolytic
enzyme production and synthetic dye decolorization
using response surface methodology. Journal of
Industrial Microbiology and Biotechnology 30:682-
690.

Vasconcelos AFD, Barbosa AM, Dekker RF, Scarminio
IS, Rezende MI. 2000. Optimization of laccase
production by Botryosphaeria sp. in the presence of
veratryl alcohol by the response-surface method.
Process Biochemistry 35:1131-1138.

Wang B, Wang X, Tian Y, Li Z, Gao J, Yan Y, Peng R,
Yao Q. 2016. Heterologous expression and
characterization of a laccase from Laccaria bicolor in
Pichia pastoris. Biotechnology & Biotechnological
Equipment 30:63-68.

Yang J, Li W, Ng TB, Deng X, Lin J, Ye X. 2017.
Laccases: production, expression regulation, and
applications in  pharmaceutical biodegradation.
Frontiers in microbiology 8:1-24.

1YaA Qw)gﬁb/" °)M/M°)5°/w}w|9®3g§”w -



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

[ Downloaded from gebs.ir on 2025-11-18 ]

[ DOR: 20.1001.1.25885073.1398.8.2.3.1]

g3 SN Sy 8 0l 5 ol Aluar

Genetic Engineering and Biosafety Journal
Volume 8, Number 2

Cloning and heterologous expression of Laccase in Pichia pastoris and

determination of some biochemical properties

Elham Soleimani'”, Rouha Kasra Kermanshahi?, Ghorbanali Nematzadeh'”,
Susana Rodriguez Couto®

1. Genetic & Agricultural Biotechnology Institute of Tabarestan (GABIT). Sari Agricultural Sciences &
Natural Resources University (SANRU)

2. Alzahra university Tehran, Iran,

3. Ikerbasque, Basque Foundation for Science, Spain

*Corresponding Author, Email: solimanielham@yahoo.com or Gh.nematzadeh@gmail.com

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.
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