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TOM TAT 

De dat dupc miic dd bilu hi^n cao cda laccase trong ndm men P. pasloris, trinh ty ma hoa cho laccase 1 tir 
C unicolor dS dupc tong hpp nhdn tao v& dirpc tli uu hda mdt loat c^c thdng sd vc m3 bp ba phu hgp, thanh 
phdn GC, cau true bdc 2 ciia mRNA ciing nhu cdc vj trf cis-acling. BJing cdch ndy, chiing toi da lam ting chi sd 
phd hpp m^bp ba tir 0,69 len 0,91. Chi si dtit0,91 dupc xdc djnh Id rat t i t d l bilu hi^n protein ngo^i lai cao 
trong nam men. Hon niia, thanh phan GC trung binh vd viing dinh GC khdng mong mudn cung dS dirpc toi im 
de klo dai Ihdi gian bdn huy ciia mRNA. Cau true loop anh hudng den kha ning bam ciia ribosome va tinh ben 
cua mRNA d9 dupc lo?i bd. Them v^o dd, qud Uinh tdi uu cung da sdng Ipc va biln ddi thanh cdng cac vi tri 
cis-acting am tinh Trinh ty gen sau cai bien khdc vdi trinh ty ban dau la 23%. Gen cdi bien dupc ting hpp 
nhdn tao vdi kich thudc khodng 1,5 kb dupc nhan ddng trong vector pPIC9 va duoc bilu hien Uong chiing n4m 
men P. pasloris SMDI168 duoi sy dilu khien ciia promoter AOXl. Trong moi tnrong ISn men BMMY, 
laccase tdi Id hpp da dupc tiet hoan toan la ngoai m6i tnrdng vol kich thudc phan tii udc tinh khoang 55 kDa, 
tuy nhien nd bj phdn cit m^I phdn bdi cac protease ciia t l bao nim men. Hoat tinh cao nhdt cua laccase tai to 
hop sau 3 ngay len men cam img trong binh tam giac vdi co chSt syringaldazine dat 743,58 nkat/I. 

Tir lihoa • Cerrena unicolor. Laccase Idi to hpp, Pichia pasloris, Syringaldazine. ldi im ma di truyen 

MODAU 

Laccase (EC 1.10.3.2) Id enzyme oxy hda xiic 
tac qua trinh oxy hda cdc chat phenol vd cdc amin 
thorn. Phd ca chdt hoat ddng xuc tdc cua laccase rdt 
rpng vd cd thi md rpng ddng ke khi cd mat cua chat 
bTing gian phii hcrp. Do dd, laccase duoc xem nhu Id 
mpt trong nhimg lo^i enzyme cd gid tri trong cdc img 
dung cong nghiep cung nhu cdng nghe sinh hpc, dac 
biet trong ngdnh cdng nghiep giay, xir ly 6 nhiem 
mdi trudng (AbaduUa et al, 2000; Freire et al, 
2002; Mayer, Staples, 2002; Herrera, 2006). 

Trong hi nhien, laccase phan bd rpng rai 0 nhieu 
loai diyc vat, ndm vd vi khuan. Trong dd, laccase ciia 
cac lo^i ndm ma dac bipt Id cac chiing nam muc 
trdng cd khd nang phdn gidi lignin hieu qua nhdt 
(Claus, 2004). Tuy nhien, mure dp sdn xudt laccase hi 
cac chiing ndy thudng qud thdp d l sir dung trong 
cong nghiep. fih tang san lupng laccase sdri xuat tu 
cdc chung ty nhiln, trong moi trudng nudi cdy chiing 
thudng phai bd sung chdt cdm ling nhu Id cdc chat cd 
ban chdt phenol (Xiao et al, 2003). Tuy nhien, viec 
sii dyng cac chdt cdm umg nay se 1dm tang gia thdnh 
san phdm ciing nhu gdy d nhiem mdi trudng. Hon 
niJa, cdc chung ndm muc trang thudng bieu hien 
nhilu gen laccase ma hda cac isozyme vdi cau tnic 

bdc 1 cd dp tuong ddng cao nhung tinh chat hda ly 
khdc nhau. Hdn hop nay se gay ndn su khd khan de 
tinh sach timg enzyme cho nghien ciiu vd img dung. 
Vi vdy, viec tao laccase tdi td hpp dang dupc quan 
tam. Nhilu gen laccase da dupc bilu hien trong vi 
khudn, ndm men (Bulter el al, 2003; Hong et al, 
2006). Sy bilu hien protein ngoai lai khong chi lam 
tang lupng enzyme dupc tao ra ma cdn cho phep t?o 
ra nhimg dpt biln phii hpp cho cdc myc dich ling 
dung trong linh vyc cdng nghe sinh hpc. 

Pichia pasloris thuan Ipi cho bilu hiSn protein 
ngoai do khd ndng bilu hien cao, kha nang tiet 
protein ngoai bdo hipu qua, cd qud trinh bien ddi sau 
dich ma va sinh trudng manh tren mdi trudng re tien 
(Romanos et al, 1992; Gregg et al, 1993). Them 
vao do, cac thao tdc di truyin phdn hi cua P. pastoris 
nhanh, dem gian va dl dang thu nhan protein ngoai 
lai. Tuy nhien, khi bilu hien cdc protein tdi td hpp 
khdng phai tir ndm men thi cdc bd ba cua gen ma hda 
cho cdc protein ndy cd thi khdng phii hop trong P. 
pasloris. Cac bp ba nay thudng phd bien trong mdt 
sd lodi md hilm trong ndm men P. pastoris vd vi v |y 
sy bilu hien protein ngoai lai cd the bi h?n che. Viec 
t6i uu ma bp ba dupc xem nhu Id mdt ky thu^t cd gia 
tri d l lam tang miic do bieu hien protein 
(Outchkourov el al, 2002). Cd nhieu nghien ciru da 
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thdnh cdn^ trong vipc toi uu bp ba md hiem dd 1dm 
tdng sy bieu hipn protein ngo^i lai trong P. pasloris 
(Xiong el al, 2005; Li el al, 2010). Trong bdi bdo 
nay, chiing tdi thdng bdo kit qud bieu hi$n gen dd cdi 
bien md bp ba md hda cho laccase tir chiing Cerrena 
unicolor trong chting n^m men P. pastoris. 

VAT LI$U VA PHUONG P H A P 

Chiing E. coli Dill OB {F endhl recK\ galE\5 
ga/K16 nupQ rpsL Mac\14 (jiSO/ocZAMIS 
oraD139 A(ara,lcu)7691 mcrA. A(mrr-hsdRMS-
mcrQC) \'] cua hdng Invitrogen dupc sir dyng dc 
chpn ddng vd nhan ddng gen. Chiing nim men P. 
pastoris SMDI168 [his4, pep4] ciia hdng Invitrogen 
dupc sir dyng lam chiing bicu hipn gen. Plasmid 
pPlC9 ciia hdng Invitrogen dupc sir dyng 1dm vector 
bieu hipn gen trong le bdo nam men. Gen md hda 
cho laccase cua C unicolor dupc tdng hpp nhan tgo 
vd dd dupc bien ddi ma bp ba phii hpp cho bieu hipn 
protein laccase ndy trong ndm men P. pastoris (ky 
hieu mlaci) Gen ndy dupc tdng hpp bdi cdng ty 
GenScript, My. 

Tbilt kl vector bieu hifo gen 

Gen mlacl dupe tdng hpp nhdn tao cd gdn thSm 
trinh ty nhan biet ciia cdp enzyme han chl EcoRl vd 
Noll a cdc ddu 5' vd 3 ' tuong irng. Sau khi dupc 
tdng hpp gen nay dupc tdch ddng trong vector 
pUC57 tai vi tri nhdn biet ciia enzyme han ch l 
EcoRW. Doan gen mlacl tir vector pUCmlacl dupc 
thu lai bdng su dung hai enzyme EcoRl vd Noll d l 
cat. Doan gen nay dupc ndi voi pPIC9 dd dupc cdt 
bang hai enzyme £coRI va Noll de t^o thdnh vector 
bieu hipn gen. 

Tao chung P. pastoris SMDI 168 bi lu hi^n gen 
mlacl 

Phutmg phdp tao chung nam men P. pasloris tai 
td hpp dupc tien hanh theo mo ta ciia Le Thi Thu 
Hdng vd ddng tdc gid (2006). Kilm tra sy cd m$t ciia 
gen mlacl trong h§ gen cQa cdc ddng ndm men biln 
nap dupc tiln hanh bdng k j thudt PCR sii dyng cdp 
mdi 5'AOXl vd 3'AOXl cd trinh ty nhu sau: 
5'AOXl- 5'gactggttccaattgacaagc 3 ' ; 3 'AOXl: 
5'gcaaatggca ttctgacatcc 3 ' . Chuung trinh PCR dupc 
tien hanh theo cdc budc nhu sau: ddu tien biln tinh 
DNA khudn trong vdng 2 jjhiit d 94''C. tilp den 25 
chu ky nhiet, mdi chu ky gdm 3 budc: (i) Biln tinh 
spi DNA khudn d ^4X trong 1 phut; (ii) Moi bi t c^p 
bd sung vdi doan gen tuong ddng tren spi khudn d 
55"C trong 1 phtit; (lii) Tdng hpp, keo ddi chudi d 

72"C trong 1 phut 30 giay. Phdn img ket thiic d 72"C 
Irong 10 phiit d l t^o spi DNA hodn chinh va li mdu d 
4"C. 

Bi^u hi$n (;cn mlacl t rong nSm men P. pastoris tdi 
tdhpv 

Chung nam men tai to hpp dupc nuoi cay tren 
dTa mdi tmdng MD de Idm tuoi te bdo. Khuan lac hi 
dTa moi trudng MD dupc cay vdo 2 ml mdi trudng 
BMGY vd nudi qua^dlm d SOT, ldc 250 vdng/phiit. 
Dich nudi c^y qua dem dupc chuyen sang mdi 
trudng BMGY mdi vd tiep tyc nudi khodng 16 ^ d 
de ODgoonm d^t trong khoang 15. Cam ling bdng 
methanol d nong dp 2% vd cir sau 24 gid l^i cam irng 
bdng methanol. Protein dupc tiet ra trong mdi trudng 
nudi c^y sau 2 vd 3 ngdy cdm img bdng methanol 
dupc thu l^i bdng ly tam 5000 vdng/ phut trong 10 
phut. Protein tiet ngoai bdo dupc kiem tra bdng 
phucmg phdp dipn di SDS-PAGE vd phdt hipn bang 
phuang phdp nhupm bac (Bloom el al. 1987). 

Xdc djnh hoat tinh laccase 

Hoat tinh ciia laccase trong dich protein tiet 
ngoai bao dupc xac dinh dya tren sy oxy hod ca chat 
syringaldazine trong dpm citrate-phosphate thanh san 
phdm oxy hod hap thy manh a budc sdng 525 nm 
theo phucmg phdp ciia Cho vd ddng tac gia (2008). 

KET QUA 

Toi mi trinh tif gen ma hda laccase cua C unicolor 

Mpt trong nhung phucmg phdp nham ndng cao 
hipu qua bieu hipn protein ngo^i lai la thay ddi trinh 
ty ma bp ba ciia gen ma hda de phii hpp vdi he thdng 
bieu hien ciia v^t chu. Qua trinh long hpp protein tii 
mRNA sS thu^in Ipi neu moi ma bp ba tren mRNA cd 
nhieu tRNA v^n chuyen tirong img trong te bdo vat 
chii. Trong cac hp thdng song, sd lupng cdc loai 
tARN van chuyen cdc lo^i axit amin cua cdc loai 
khdc nhau Id khac nhau. Do v$y, sy dich md bleu 
hipn protein ciia hp thdng sdng ndy trong mpt he 
thong sdng khdc thudng cho hipu qud kem do ty 1$ 
khong cao cdc tRNA tuang img vdi md bp ba tren 
mRNA. Sy thay ddi ma bp ba, ddc biet la cac md bp 
ba hiem, nhdm Idm tang sd lupng ma bp ba tren 
mRNA cd ty 1̂  cao phan tir tARN tuang ling trong 
hp bieu hipn. Dya vao bang tdn s6 ma bd ba trong 
ndm men, trinh ty gen ma hda laccase tir chiing C. 
unicolor FCL 139 da dupc cong bd tren ngdn hang 
gen qudc t l (FJ594061.1) da duoc cai biln theo 
hudng tdi uu hda de bilu hien trong ndm men P 
pastoris. Qud trinh cai bien chi lam thay ddi ma bo 
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bn ma khdng lam tb;iy Aiw a\il ainii 
ma hda Ket qua so >iinh trinh 

1 iiij hil ba do (mlacl) vd gen ban ddu (lad) dupc trinh bdy trong 
ĝ -ii c:n bn.-ii hinh 1. 

Mlacl 1 

Lad 1 

Mlacl 61 

Lacl 61 

GTAGAATTCATTGGTCCAGTTGCTGACTTQCATATTACTaATGACACAATCGCTCCAOAT 

GTAGAATTCATCGGCCCCGTCGCTGACCTTCACATTACGGaCOATACCATTQCCCCCGAT 

GGATTTTCCAGACCTGCTGTTTTGGCTGOTaQAOarrTCCCAQOTCCrrTgaTTACTGGA 

II II II IMIIMI N III I m i l III 

Mlat 

Lacl 121 

Lacl 

Mlacl 

Lacl 

Klacl 

Lacl 

Mlacl 

Lacl 

Mlacl 

Lacl 

Mlacl 

Lacl 

Mlacl 

Lacl 

Mlacl 

Lacl 

Mlacl 

Lacl 

Mlacl 

Lacl 

Mlacl 

Lacl 

Mlacl 

Lacl 

l e i 

241 

341 

301 

301 

3 6 1 

3 6 1 

4 2 1 

4 2 1 

481 

4 8 1 

541 

5 4 1 

601 

6 0 1 

661 

eei 

7 2 1 

7 2 1 

7 8 1 

7 8 1 

8 4 1 

8 4 1 

AACAAGGGTGACGTTTTTAAATTGAACGTTXTCQATOXATTaACTQ&CaCTTCAATGTTG 

> MMh I II i i i i i iMi i i i I II m i l II III II 
AACAAGGGCGACGTCTTTAAACTCAATQTTATCGaTaAaCTTaCaaACQCATCCATGCTG 

AAGTCTACATCCATCCATTGGCACGGATTTTTCCAAAAAQGTACTAACTGSQCTSATGGA 

"' I UN mimi i i m m m m m m 
AAGTCAACTTCCATCCACTGGCATGGATTCTTCCAAAAQGGTACTAACTGGGCTQATGGT 

CCAGCTTTCGTTAACCAGTGTCCTATTACTACTGQTAACTCTTTCTTGTACGATTTCCAA 

II 11 II i i i i i i m m i i i i i m i l 

300 

300 

GTTCCTGACCAGGCTGGTACTTACTG3TATCATTCTCACTTGTCCACACAATATTGTGAT 3S0 

i i i i i i i i i i i i i i i i i i II II m i l l 
GTCCCCGATCAAGCTGGAACCTACTG3TATCATAGTCACTTGTCCACCCAGTACTGTGAT 3 60 

GGATTGAGAGGTGCTTTTGTTGTTTACGATCCATCTGACCCTCACAAGGATTTGTATGAC 420 

' M M I M ' III II II II l l l l l i n III I 11 II 
GGTCTCAGAGGTGCATTCGTTGTCTACGACCCTTCAQATCCTCACAAAQATCTTTACGAT 420 

GTTGATGACGAATCCACTGTTATCACATTGGCTQACTGGTACCATACTTTGGCTAGACAG 480 

II HIM Hill m m i i i i i i I II 
GTTGATGACGAGAGTACCGTCATCACTTTAQCTGATTGGTATCATACTTTGGCTCGTCAA 480 

ATTGTTGGAGTTGCTATCTCCGATACTACATTGATTAATGGATTGTCAAGAAACACTAAT 540 

Ill l l l l l l l l l l l III I 11 11 M 
ATTGTTGGCGTTGCCATTTCTGATACTACTTTGATTAATGGTTTGAGCCGCAATACCAAC 540 

GGTCCAGCTGATGCTGCTTTGGCTGTTATTGACQTTGAATTGGAGAGATATAGATTCAGA 600 

. I I I I I I I I I I I I M M I II I III I 
GGTCCGGCTGACGCTGCTCTTGCCGTGATTOACGTTGAACTQGAACGGTACCGTTTCCGT 600 

TTGGTTTCAATCTCTTGTGACCCTCACTGGGTTTTCTCTAACGATAATCATGACTTCACT '660 

. m i l l m i l n m ii i i i i i m ii 
CTTGTTTCCATATCCTGTGATCCTCAGTGGaTCTTCTCQAACGACAACCATGACTTTACG 660 

GTTATTGAGGTTGATGGTGTTACTGTTACATCCCACGTTAACCCATCAATCTTGCCTGCT 720 

.1 II II IHII H It i i i i i i m i i II 
GTCATTGAAGTTGATGGGGTTACAGTAACCTCTCACGTCaUUCCGTCAATCTTGCCQGCA 720 

ACTTACTCATTGTTTAACGCTAATCAACCAQTTGATAATTACTGGGTTAGAGCTACTCAG 730 

il 1 1 II m i l II i m m i i ii H I I 
ACCTATTCCTTGTTTAACGCTAATCAACCCGTTQACAACTACTGGGTCCGTGCGACCCAA 780 

TCTTTGTATCATGGATTCTCTGGAGGTAATAATTCCCCAATTTTGAGATATAAGGGTGCT 840 

M ;,' m i l ) ! ; II I l i u m II 11 i i ii ii ii i i i 
TCTCTGTACCACGGCTTCTCTGGTGGCAATAATTCGCCCATCCTCCGTTACAAAGGCGCT 840 

ACTGTTGCTGAACCTGCTACATCACAAACTACATCTACTAAACCATTGTTGGAGACAAAC 900 

i ii i m II i m i i m i i i I N I I I MI 
ACTGTGGCCGAGCCTGCTACTTCCCAAACCACCTCTACTAAACCTCTCCTGGftAACTAAC 900 
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Mlacl 9 0 1 TTaCACCCTTTaOTTTCTACTCCAOTTCCTaaTTTGCCACAACCTaaAGGTACAGACGTT 9 6 0 

I l l l l l l I Ml 11 M 11 II II Mi l l II 11 II m i l II II 
Lacl 9 0 1 CTCCACCCTCTTaTTAGCACCCCTGTCCCCaaCTTGCCTCAGCCAGGTGGTACTGATQTA 960 

Mlacl 961 OTTCAGAACTTGATTTTGGGTTTTAACGCTQGTAAATTCOCTATCAACaOTGCTTCATTT 1020 

II l l l l l l I III I I I IH Mi l l II II HIM HIM l l l l l l III 
OTCCAGAACCTTATTCTCOGTTTCAACGCCGGAAAGTTCGCCATCAATGGTGCTAGCTTT 1020 

Mlacl 1021 OTTCCACCTTCTOTTCCTaTTTTGTTQCAAATTTTaTCCGGAACTACAAATGCTCAGGAT 1080 

II II IHII IMI I IHI 1 I l l l l l l I M' II M MMMIMIM 

Lacl 1021 OTCCCCCCTTCGaTTCCTOTTCTCCTTCAAATTCTCAGCGGCACCACCAATGCTCAGaAT 1080 

Mlacl 1081 TTOTTGCCATCCaOATCAGTTTTCGAATTOCCTTTGGGTAAAACTGTTGAGTTOACATTG 1140 

I I II Mi l l l l l l l l l l l I II I II MMMMIIM I II I 

Lacl 10Bl CTCCTCCCCAGTGGATCGGTTTTCaAACTTCCCCTTGGCAAAACTGTTGAGCTCACCCTT 1140 

Mlacl 1141 OCTOCTOOTaTTTTOaOAOOTCCACACCCTTTTCATTTGCACOOACATAACTTCCATOTT 1200 

II H IHII I II II II II II II i i l l l l MIIMH 11 

Lacl 1141 OCAOCAOOTOTACTCOaCOOCCCCCATCCCTTCCACTTGCACGOTCACAACTTCCACOTC 1200 

Mlaal 1201 aTTAGATCTOCTGGTCAAGATACTCCAAATTACOATQACCCTATTOTTAGAGATGTTGTT 1260 

II I III II l l l i m i l l l II MMim MM I M HIM 
Lacl 1201 OTCCOCAaTaCCaaCCAAGATACTCCCAACTACGATGACCCCATTGTTCaTGACGTTOTC 1260 
Mlacl 1261 AACACTQOAGCTATGGGTOACAATOTTACAATCAGATTCACTACAGATAACCCAOGACCT 1320 

IHII II IMMIII II II H II III I MIM II H IHII H i l l 
L a c l 1 2 6 1 AACACCGGTGCTATGGQCaATAACGTCACCATCCGCTTCACCACTaACAACCCTGQACCC 1320 

l l l l l l I IHII M IHII I I IH Mi l l MIIMM II I I IH HMH 

Lad 1321 TOGTTCCTCCACTOCCACATTGACTGGCACTTGGAAGCTGGTTTCQCCGTTGTCTTCGCT 1380 

Mlacl 1381 GAAGCTGTTAACQAGACTAAQGCTGGAAATCCAACACCTGCTGCTTGGaATAATTTOTGT 1440 

11 Mil l M I I I I I I I I I IM I I I II H II Mi l l HIHMIHM I II 

Lacl 1381 QAOOCTGTCAACGAGACTAAGGCTGGTAACCCTACTCCTGCCGCTTGGGATAATCTTTOC 1440 

Mlacl 1441 ACTTTGTATGACGCTTTGGCTGATGGTGACAAACATCACCATCACCATCACTAA 1494 

II HIM m m I II II I I IHIM HIM IHI I HIM III 

Lacl 1441 ACCTTGTACGACGCTCTCGCCCACCGTGACAAGCATCATCATCATCATCATTAA 1494 

Hinh 1. So sdnh trinh t y gen sau khi tdi u'u hda vA trinh t y gen ma hda cho laccase tir chung C. unicolor. 

Trinh ty ciia gen sau khi tdi ini vd gen ban ddu 
cd sy khdc bipt 23%. Cdc viing cd trinh ty nucleotit 
ldp lai cung b\ loai bd. Them vao dd, thdnh phan GC 
cung dupc thay doi sau khi tdi uu trinh ty gen: thdnh 
phdn GC trung binh ciia gen mlacl Id 42,04%, trong 
khi dd gen lacl Id 52,19%. Sy thay ddi thdnh phan 
GC nay van thupc khodng phdn trdm ly tudng cho sy 
biSu hipn, thdng thudng trong khodng 30-70%. Viing 
dinh cd thdnh phdn GC > 60% cung dd dupc lo^i bd. 
Nhimg thay ddi vh thdnh phdn GC ndy 1dm keo ddi 
thdi gian bdn huy cua mRNA. Cdc cdu tnic Loop dnh 
hudng dSn kha ndng lien ket ciia ribosome vd tinh 
ben ciia mRNA d3 dupc phd v&. Qud trinh toi im gen 
cung da dupc kidm tra ddi vdi cdc vi tri cua Cis-
acting dm tinh. 

Ddc bipt, sau khi toi uu trinh ty gen mlacl cd chi 
sd phii hpp ma bp ba (CAI) d6 bidu hipn trong ndm 
men P. pasloris la 0,91 so vdi gen lacl Id 0,69. Theo 

ly thuyet, chi so CAI > 0,9 dupc xem nhu rat tdt cho 
miic dp bieu hipn cao vd khi chi sd CAI =1 thi trinh 
ty gen i.i hoan loan phii hirp cho su bieu hien ciia co 
the chu mong mudn Nhirng phdn tich sdu ban ve tan 
sd itid bd ba phii hirp cho thdy phan trSm ma bp ba 
c6 min. lU) jibii hî rp uao cua gen mlacl tang len dang 
ke, ddny ilidi phan irfini ma bd ba d cdc miic dp phii 
hpp tliap iiiam Co den 70% ma bd ba tren gen mlacl 
cd mill.- do phii hiiip cao > 90%. khdng cd bp ba nao 
thupc klioang mirc dd pbii hop thdp < 50%. Trong 
khi do. trdn gen lacl chi cd 44% md bd ba cd mirc dp 
phii h(.Tp > 90%. cdn co den 19% ma bd ba thudc 
khoang <50% Ket qua phdn tich su thay ddi ve chat 
lupng cua gen niUicl so vdi lacl duoc trinh bay 
trong bang 1. 

Ngaai ra, trinh tu gen mlacl cdng da dupc Ihiet 
ke them irinh tu ma hda 6 Histine a dau N ciia 
protein giiip cho qud trinh tinh sach protein bang cpt 
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Hislag. T r inh tu cai cua cac c i i z \ m c iiaii L I IC / ••> 

JSu 5' \ a Vof l o dau .V dO dua yen \ a o \c^\o\ 

hien pPIC9 d i ing de bieu hicn t rong nam n u 

pasloris T r i nh l i r gen cai biC'n duoc long luvp 

lao boi cong ty GenScnp t Sail kh i l ung hop 

tao. Irinh tu gen vd i k ich i h i i ac khoang 1 .'^ kb 

dua \LiD \ccUir lach dung pCC f^" roi d im \ , i o \ 

bicu hicn p P K M \ c U o i b icu hicn i.ii lo 

pPlCiii lacl d i i w l^icn nap vao chung / ' /ur 

SMDli6f^ \ a duoc k i c m l ia su . o n u u u a gen ii 

trnng genome l l ico t | i i \ i i n i l i nini da u i n h h.L\ 

phan phirong phap 

l iop 

Bang 1 So sanh muc cio phu hop m,1 bo ba cua gen mlac 
va lad d6 bieu hien trong nam men P pcistoiis 

Mipcdp 
phu hvp 

0-10 

11-20 

21-30 

3M0 

41-50 

51-60 

61-70 

71-80 

81-90 

91-100 

% ma bo ba 

(tren gen mlacl) 

0 

0 

0 

0 

0 

3 

9 

9 

7 

70 

% n 

(ire 

0 

1 

5 

9 

4 

15 

6 

6 

7 

44 

ia bo ba 

n gen lad) 

Bii'u hien j>en da t a i b ien ma hoa luccuse t r o n ^ I 

pnv/rtm S M D I 168 

Cac chung nam men hien nap /•' pusuin 

pPICmlac 1 dupc tiSn hdnh len men trong mdi trudng 
BMMY CO bd sung Methanol d i cdm ling promoter 
AOXl tdng hpp protein ngoai lai. Dudng cong sinh 
trudng ciia cdc ddng nam men tdi td hpp chiia gen 
mlacl vd chiing doi chiing tuang doi gidng nhau vd 
mdt dd t l bdo ODfioo dat khoang 35 sau 72 h nudi cdy 
len men. 

D I kiem tra khd ndng biiu hien laccase tdi td 
hpp, chiing tdi di?n di dich protein tiit ngoai bdo vd 
protein ndi bdo ciia cdc ddng ndm men biin nap. Kit 
qud kiem tra dich protein ngo^i bdo cua 6 ddng nim 
men cho thdy cdc ddng 1, 2, 4, 5, 6 diu xudt hi$n 
th6m mpt bdng cd kich thudc khodng 55 kDa (diing 
vdi kich thudc ciia protein laccase) so vdi ddng ddi 
chiing (-) Id P. pastoris SMDlldS. Rieng ddng 3 thi 
hdu nhu khdng xudt hi|n bang d vi tri 55 kDa. Kit 
qud nay cung phii hpp vdi kit qua kiim tra gen 
mlacl trong hp gen ciia cdc chiing biin n^p, ddng s6 
3 khdng xdc dmh dupc sy cd mdt ciia gen mlacl 
trong hf gen. Ben canh dd, dich ngoai bdo 6 ddng sd 
I cdn xuat hien them bang cd kich thudc khoang 27 
kDa cd the do protein ngoai lai sau khi tdng hop da 
bi phan cat bdi cdc protease ngoai bdo ciia ndm men. 
Bang protein ngo^i lai sau 3 ngdy nudi cdy len men 
cam ling ddm han so vdi sau 2 ngdy (Hinh 2). 

Kit qud kiim tra protein ndi bdo ciia cdc ddng 
nam men bien nap gen mlacl khdng thdy cd su khac 
biet so vdi ddng ddi chiing (ket gud khdng dupc trinh 
bdy). Nhu vay, cd thS ket ludn rang protein tdi id hpp 
sau khi dupc tdng hpp dd dupc tiet hodn todn ra moi 
trudng. Do do, chiing tdi chi sir dung dich ngoai bao 
ciia cdc ddng bien nap de xdc dinh hoat tinh cua 
laccase tdi td hpp. 
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6 hop. Dich protein t i l l ngogi b^o ciia cSc chung tai to Hinh 2. SDS-PAGE protein ngoai bao cua cac Chung nam men t S i t l . . - f . - , - . . , - - - _ - ^ ^ - • - „ D«ta,„ n^n^i han r. 
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Nguyin Thanh Ngpi ,7 a 

Xdc djnh hoat tinh ciia laccase tdi td hpp 

De sdng Ipc hofit tinh laccase tdi tS hpp tir cdc 
ddng bien nfip, dich chiit protein ngo^i bdo sau 2, 3 ' 
ngdy nudi cdy len men dupc tiin hdnh phdn ling vdi 
ca ch^t Syringaldazine. Kit qud sdng Ipc ho^t tinh 
cua 6 ddng ndm men dupc trinh bdy IrSn hinh 3. 

Kit qud sdng Ipc ho^t tfnh laccase cho thdy djch 
protein ngo^i bdo sau 2, 3 ngdy nudi cky len men tir 
cdc ddng ndm men tai id hpp c6 ho^t tinh khii ca 

chdt Syringaldazine. Hdu hit cdc ddng cd hoat tin 
laccase sau ngdy cdm ling thir 3 cao hon so vdi ngd 
cdm iirng thir 2. Kit qud ndy cung phii hpp vdi k< 
qud kiem tra protein tiit ngoat bdo cua cdc ddng ti 
t6 hpp. Trong dd, dich protein ngo^i bdo ciia chung 
sau 3 ngdy nudi cay lin men cdm ung cd hoat tin 
cao nhdt vdi ho^t tinh laccase dat 743,58 nkat/I. K< 
qud ndy Id ca sd cho nghiSn ciru t6i uu len mei 
chung nam men P. pasloris tdi to hpp san xui 
laccase phyc vy cdc myc dich nghiSn cihi khdc. 

Chung 1 ChOng 2 Chiang 3 Q\Cing 4 Chung 5 ChiJng 6 

i 
Hinh 3> D 6 th| xac dinh boat tinh cua laccase tdi id hpp 

Chiing tdi da tao ra chiing nam men mang gen 
laccase cm Cerrena unicolor dupc cai biin cd chi 
so phii hpp dat 0,91. Laccase tdi td hpp d«pc tiit 
hoan todn ra mdi trudng vdi kich thudc phdn tii 
khoang 55 kDa vd tuy nhien protein t^o ra bj cdt mpt 
phdn bdi protease cua te bdo chu Ho^t tinh laccase 
cao nhdt nhdn dupc sau 3 ngdy nudi cdy len men dat 
743,58 nkat/1. 

LM cdm on: Cong trinh nay dirpc thirc hi^n bdng 
kinh phi ciia de ldi "Nghien ciiu cong nghe sdn xudt 
ensym lignin peroxidase vd laccase tir vi sinh vpt tdi 
to hpp dd ting dung trong cong nghiep sdn xudt 
gidy" md so DT.07M/CNSHCB thupc Bp Cdng 
thumg vd trang thiet hi ciia Phong thi nghipm trpng 
diem Cong nghe gen, Vien Cong nghp sinh hpc. 
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EXPRESSION OF A CODON OPTIMIZED GENE ENCODING CERRENA UNICOLOR 
LACCASE IN PICHIA PASTORIS 

Nguyen Thanh Ngoc, Le Phuong Hoang Anh, Le Thi Thu Hong, Vu Van Loi, Pham Thi Bich Hop, 
liiiong Nam Hai* 

Inslilule of Biotechnology 

SUMMARY 

Laccase is polyphenol oxidase that catalyzes the oxidation of various phenolic compounds, hi presence of 
redox mediators, laccase is also able to act on many non-phenolic compounds. Therefore, it is highly usefril 
biocalalysts for diverse biotechnological applications. To achieve a high expression level of laccase in P 
pastoris, the coding sequence of laccase 1 from C unicolor was synthesized and optimized in a variety of 
parameters such as codon usage bias, GC content, mRNA secondary structure as well as cis-acting sequence 
motife. Codon usage bias were increased in Pichia by upgrading the codon adaptation index from 0,69 to 0,91 
considered as very good for high gene expression level. Further, GC content and imfevorable peaks have been 
optimized to prolong the half-life of the mRNA. The Stem-Loop structures impacting ribosomal binding and 
stability of mRNA were broken. In addition, our optimization process has screened and successfiiUy modified 
those negative cis-acting sites The nucleotide difference between original and modified sequences is 23%. The 
syndietic modified gene with length of 1.5 kb was cloned in pPIC9 vector and expressed m yeast P. pastoris 
strain SMDI 168 under the dependent control of the AOXl promoter. In BMMY fermentation medium, the 
recombinant laccase completely secreted into the culture medium and had die estimated molecular mass of 55 
kDa, however, the laccase was partially cleaved by yeast host protease The maximum activity of the 

? recombinant laccase obtained after 3 days' induction cultivation in shaken flash culture employing 
Syringaldazine as a substrate was 743.58 nkal/l. 

Keywords: Codon optimization. Cerrena unicolor, Pichia pastoris, recombinant laccase. syringaldazine 
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