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Abstract: Laccase (EC 1.10.3.2) is an enzyme belonging to the polyphenol oxidase groups, which
plays an important role in the oxidation of a wide variety of aromatic substrates, such as lignin,
phenols, polyamines, and aryl diamines, as well as a number of other phenolic compounds or
inorganic ions in the presence of oxygen. Laccase is widely applied in many fields, especially in
the textile industry, dyeing, and environmental pollution treatment. In this study, we have
successfully cloned and expressed cDNA coding for laccase from Pleurotus pulmonarius MPN18
(PpLac). cDNA corresponds to the gene laccase (1566 bp) that was inserted into
PET 2la(+) vector and expressed in E. coli BL21, and the recombinant enzyme was purified
through HisTrap™ sp 5mL column. The purified PpLac had an activity of 899.8 U, a 74% vyield
with a purity of 15.2 -fold, and was checked by SDS-PAGE with a molecular weight of Mw = 55
kDa. The enzyme displayed optimal activity at 50 °C, pH = 4.0. It had an optimal activity of
20-40 °C after 120 min incubation and pH = 4.0 after the incubation in 6 h. In the future, the
recombinant enzyme will be characterized for supplementation into an enzyme cocktail for the
treatment of lignocellulosic material.
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Tach dong, biéu hi¢n, va khao sat dac tinh enzyme laccase

tir nAm muc trang Pleurotus pulmonarius MPN18
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Lé Viét Hoang?, D6 Hiru Nghil?”
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Tém tit: Laccase (EC 1.10.3.2) 1a enzyme thudc ho oxidase, ¢ vai trd quan trong trong qué trinh
oxy hoa nhiéu loai co chat chira vong thom, ddc biét 1a lignin, phenol, polyamin, va cac aryl
diamin ciing nhu mét sé cac ion vo co khi c6 mit ciia oxy. Laccase duoc ing dung rong rii trong
nhiéu linh vuc khac nhau, dic biét trong nganh cong nghiép dét, nhudom, va xt Iy 6 nhiém moi
truong. Trong nghién ctru nay, ching t6i da tach dong va biéu hién thanh cong cDNA cua gene
laccase tir nAm muc tring Pleurotus pulmonarius MPN18 (PpLac). cDNA cua gene laccase
(c6 kich thude 1566 bp) duoc gin vao vector pET 21a (+) va biéu hién trong E. coli BL21, sau d6
enzyme duoc tinh sach qua cot HisTrap™ sp SmL. PpLac tinh sach cé hoat d§ 899,8 U, hiéu suét
74% voi do tinh sach 15,2 1an, va duoc kiém tra bang dién di SDS-PAGE c6 trong luong phan tir
Mw = 55 kDa. Enzyme hoat dong t6i wu & 50 °C va pH 4.0. Enzyme giir hoat tinh & 20-40 °C sau
120 phit u va pH 4 sau 6 h 4. Enzyme s& dugc tiép tuc dénh gia tinh chit dé xem xét kha ning
b6 sung hdn hop enzyme cho chuyén héa hiéu qua trong xir Iy phu pham néng-lam nghiép

giau lignocellulose.

Tir khéa: Biéu hién gene, laccase, Pleurotus pulmonarius MPN18.

1. Mé dau

Laccase (EC 1.10.3.2) 1a mot polyphenol
oxidase c¢6 chira cofactor 1a ion dong, co kha
ning oxy hoa da dang cac hop chat chira vong
thom nhu phenol, polyamin, va céac aryl diamin
cling nhu mot s6 cac ion vo co, dic biét la
lignin [4, 5]. Uu diém vuot troi cua laccase 1a
c6 tinh oxi héa manh, st dung oxi phan tur [am
chat nhan dién tir, vi vy enzyme ndy cé rat
nhiéu tng dung rong réi trong cong nghié¢p, nhu
xtr Iy ngudn nudc thai 6 nhidm bang cach loai
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b6 cic hop chit chira phenol hay tng dung
trong tay tring bot gidy, tiy mau thuc nhudém
vai [6-8]. Pac biét laccase con cé Ung dung
trong xir 1y phu pham néng-lam nghiép giau
lignocellulose, 1a mdt trong nhitng nguyén liéu
tho phod bién nhét trong sb cac phu pham nong-
lam nghiép cua Viét Nam. Trong cau truc
lignocellulose, lignin 13 mdt polyphenol c6 ciu
tao phirc tap va viing bén, viéc phan hity ching
la van dé dang dugc cac nha nghién ctru kha
quan tdm. Hién nay, qua trinh chuyén hoa
lignin thuong dugc thuc hién theo hudng sur
dung hé enzyme ligninolytic, bao gom laccase,
manganese peroxidases (EC 1.11.1.13), lignin
peroxidases (EC 1.11.1.14)), va versatile



D. T. Quynh et al. / VNU Journal of Science: Natural Sciences and Technology, Vol. 39, No. 2 (2023) 59-67 61

peroxidases (EC 1.11.1.16) dang rat duoc ua
chudng [3, 7, 9-11].

Laccase dugc phan bd rong rii trong tu
nhién nhu vi khudn, ndm, thuc vat, nhung phé
bién nhét 13 tir nAm muc tring. Cac ching tong
hop laccase trong tu nhién thuong cé hoat tinh
thip va doi hoi cac chat cam tng tao enzyme
voi gia thanh cao. Do vdy, trong thoi gian gan
déy viéc san xuat laccase tai t6 hop da gop phan
giam di tinh phte tap cua qua trinh 1én men
sinh tong hop enzyme.

Nim muc tring Pleurotus pulmonarius
thuong dugc phan 14p & nhitng than cay go muc
va con dugc biét dén 1a loai c6 kha ning sinh
laccase rat tot [12]. Tuy nhién hién nay ¢ trong
va ngoai nudc van chua c6 cong bd cu thé nao
vé tach dong va biéu hién laccase tir loai ndm
nay. Trong nghién ctru ndy, véi mong mudn
nghién ctu dic tinh va san xuét laccase véi
ning xuit cao hon, ching t6i tién hanh nghién
ctru tach dong, biéu hién va khao sat dic tinh
enzyme laccase tr ching nim
P. pulmonarius MPN18 dugc phan 1ap tir ring
tu nhién Muong Phang (Pién Bién), Viét Nam.

2. Thuwe nghi€ém
2.1. Vat liéu

Chung nidm muc tring P. pulmonarius
MPNI18 duoc phan lap tir ring tu nhién Muong
Phang, Bién Bién va dugc nudi trén moi truong
thach khoai tdy (PDA) & nhiét d0 phong
(7 ngay) [13]. Vector tach dong TA dugc mua &
hang iNtRON (Han Qudc). Vector biéu hién
pET21 a(+) dugc mua & hang Novagen (MY).
Chung vi khuan bién nap E. coli DH5a va E. coli
BL21 duwgc mua ¢ hang Invitrogen.

2.2. Phwong phdp nghién cuu

2.2.1. Tach chiét DNA va RNA tbng sb cua
P. pulmonarius MPN18

P. pulmonarius MPN18 dugc nuoi trén moi
truong PDA tir 3 dén 5 ngay, sau d6 bao tir nAm
dugc thu nhan va duoc nghién trong ni to 1ong.
DNA tong s6 dugc tach bang Kit tich DNA va
RNA tong sé duge tach bang Kit tach RNA cua
nam (Thermo Scientific). DNA va RNA duoc

dinh luong bang cach do do hip phu & budc
song 260/280 nm bang may do quang phd.
ADN tbng sb dugc tinh sach bang bo KIT
Fermentas. RNA tong sé duoc tinh sach bang
con qua dém, sau d6 dugc su dung dé phién ma
nguoc tao cDNA bing bo kit RevertAid First
Stand cDNA Synthesis (Thermo Scientific).

2.2.2. Khuéch dai gene Laccase PpLac

Pé khuéch dai gene laccase tir DNA tong s6
va ¢cDNA chiing toi da tién hanh thiét ké cap
moi dic hiéu tir nhimg phan tich trinh tu
genome cua loai P. pulmonarius (Gene bank
ID: SJKF01000005.1) trén di li€u ctiia ngén
hang gene. Cip mdi dic hiéu F1, F2 va F1°, F2’
duoc thiét ké va kiém tra bang phén mém Oligo
Calc. Phan ung khuéch dai chudi polymerase
(PCR) duoc tién hanh sir dung cdp moi trén voi
thanh phan phan tng gdém 30 ng cDNA,
10 pmol mdi xudi, 10 pmol mdi nguoc, 2x
DreamTag PCR Master Mix (Thermo Fisher)
trong tong thé tich phan ung 25 puL. Chu trinh
nhiét PCR 1a 95 °C trong 5 phut, 95 °C trong 30
gidy, tiép do6 u 58 °C trong 30 gidy va 72 °C
trong 2 phut, kéo dai chudi 72 °C trong 10 pht.
San pham PCR duoc dién di trén gel agarose
1% trong dém TAE (Tris acetic acid EDTA)
v6i dién thé 135V trong 30 phut sir dung thude
nhudém ethidium bromide (EtBr). Mdi F1’ va
F2’ duoc gén doan nucletotide 1a vi tri cit cua
enzyme giéi han Ndel va Xhol dé chén vao
vector tach dong va vector biéu hién.

Moi xudi F1:

CTCACAATGGTGCTCTCTAC

Mbi ngugc F2:

GTTTATTTACTGGAACTCGGGAG

Moi xudi F1:

CTCACATATGGTGCTCTCTAC (Ndel)

Mbi ngugc F2:

GTATTCTCGAGCTGGAACTCGG (Xhol)

223. Tach dong va biéu hién gene
Laccase PpLac

San phdam PCR co6 kich thudc phi hop
dugc phan tach va tinh sach tir gel agarose
bang Kit GeneJET Gel Extraction Kit
(Thermo Scientific, My). San phim PCR sau
khi duoc tinh sach dugc kiém tra bang dién di
gel agarose 1% trudc khi duogc tao dong.
Khoang 40 ng san phim PCR sau tinh sach
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dugc u voi 50 ng TA-Cloning Vector Il trong
phan tng c6 1X dém gén, 2 don vi T4 DNA
Ligase & 22 °C va dugc u & 25 phut. Hon hop
gin sau d6 dugc bién nap vao E. coli DH5a
bang phuong phép sbc nhiét [14]. Té bao E. coli
DH5a sau d6 dugc nudi cdy trén moi truong LB
¢6 bd sung ampicilin (Amp) véi néng do 50

pg/uL trong 16 gio ¢ 37 °C, lya chon khuén lac
¢6 hinh thai mau tring.

Tiép do, gene Lac trong TA vector sau d6
duoc tach ra va khuéch dai béng cap moi F1” va
F2’ ¢6 gin enzyme gioi han Ndel va Xhol. San
phdm PCR va vector pET 21a (+) dugc cét voi 2
enzyme gidi han Ndel va Xhol, n6i vong bang T4
DNA Ligase tao vector tai to hop. Vector tai to
hop sau do duoc bién nap vao E. coli BL21 bang
phuong phép sdc nhiét [14]. Té bao sau do duoc
cdy trang trén mit thach co bd sung Amp*, nudi
qua dém & 37 °C. Khuén lac dugc lay riéng r& va
nudi trong ong nghiém chira 3 mL méi trudng
long LB/Amp*, nudi lic qua dém (225 vong/phut,
37 °C) rdi tach plasmit dé giai trinh ty gene. Canh
trueong khuan lac (2,5 mL) chira vector tai to hop
duoc chuyén sang binh 1 lit ¢6 chira 250 mL méi
truong long LB/Amp*, nuéi lic 225 vong/phit &
37 °C trong khoang 3 gi¢ (t61 khi ODsoonm=0, 6-0,
8). B4 sung chat cam ing  isopropylthio-f-
galactoside (IPTG) 1M, tiép tuc nudi lac
225 vong/phat & 20 °C qua dém trong thoi gian
8 gio.

2.2.4. Bién di gel polyacrylamide (SDS-PAGE)

bién di SDS-PAGE (sodium dodecyl
sulfate polyacrylamide gel electrophoresis)
duoc thyuc hién theo quy trinh clia nha san xuét
v&i hé dién di diung (XCell  SureLockTM
Mini-Cell, Invitrogen, Karlsruhe, CHLB Duc
hoic OmniPage Mini; Cleaver Scientific,
Warwickshire, UK). Phuong phap nay dugc st
dung dé danh gia do tinh sach cua protein dudi
diéu kién bién tinh cling nhu xac dinh trong luong
phan tir (MW) ctia protein enzyme. Protein phan
tach dién di duoc quan sat sau khi nhuom voi
Coomassie brilliant blue G-250 (Sigma).

2.2.5. T4ch chiét, tinh sach protein enzyme

Sau khi nuo6i céy, dich té bao dugc ly tdm
loai bd moi truong thu cén va si€u am trong
dém natri Tris-HCI pH 6,5 nhdm pha v& té bao
(tat ca quy trinh duogc thue hién ¢ 4 °C). Sau do6

tiép tuc ly tam & 20.000 vong/phtt loai bo cédn
va thu dugc dich chiét. Dich enzyme tho biéu
hién hoat tinh dugc tinh sach qua cot HisTrap™
sp 5 mL (GE Healthcare, Sweden), protein co
hoat tinh d& duoc thiét ké mang dudi 6His & dau
N nén khi di qua cot sic ki HisTrap, protein s&
dugc gilr lai trén cdt nho ai lyc cua duodi 6His
va ion Ni%*. Sau d6 rira giai bang dung dich
natri Tris-HCI (pH 6,5) 10 mM c6 bd sung
0-500 mM Imidazole. Protein sau d6 duoc cod
va loai mubdi qua co6t 10 kDa cut-off
(LongerPump K235 véi mang UFP 10MW,
Amersham BioScience, Westborough, MA,
USA, hodc amicon Ultra Centrifugal Filters,
Millipore, Bedford, USA) & 11 °C. Mau duoc
luu gitt 6 -80 °C.

2.2.6. Xac dinh hoat tinh Laccase (EC 1.10.3.2)

Hoat tinh Laccase duoc xac dinh béng do
quang pho theo mé ta ciia Gochev véi co chat
su dung la ABTS
(2,2'-azino-di- [3-ethyl-benzothiazoline- (6) -
sulphonic acid], Boehringer). Hon hop phan
mg laccase trong tong thé tich 1 ml chwa 0,3
ml enzyme dugc pha lodng vao dung dich dém
(acetate 100 mM, pH 5,5) va 0, 7 ml 0,02 M
ABTS. Phan ting dugc theo ddi bang cach do su
thay d6i OD & bu6c séng 415nm trong 2 phut.
Mot don vi hoat d§ enzyme (U) dugc xac dinh
1a lugng enzyme can thiét dé xtc tac oxy hoa
1 umol ABTS trong mot phut [15-17].

2.2.7. Khao sat dac tinh cua enzyme laccase
tinh sach

Xéc dinh nhiét do va pH téi uu

Nhiét d6 va pH tdi wu cua enzyme tinh sach
dugc xac dinh bang cach do hoat tinh enzyme
theo phuong phap di mé ta & muc 2.2.6. Bé
khao sat pH tdi uu cua enzyme tinh sach duoc
xac dinh trong by dém natri acetate 100 mM
(pH 3, 0-6,0), & nhiét d6 40 °C. Khao sat nhiét
d6 tdi wu duge thuc hién trong khoang 20-60 °C
tai pH t6i wu.

Xéc dinh do bén nhiét va d6 bén pH

Pé danh gia do bén nhiét cia enzyme tinh
sach, dich enzyme (20 pL cho mdi phan tmg)
dugc U & nhiét d6 20,40 va 6 °C tai pH t6i uu,
xac dinh hoat tinh sau khi 1 tai 20; 40; 60;80;
100 va 120 phat. D6 bén pH cia enzyme dugc
xé4c dinh tai ba diém pH 4,0 (d€m natri acetate);
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pH 6,0 (d¢ém Tris-HCI); pH 8,0 (d€m phosphate)
& nhiét do tdi wu, hoat tinh duoc xac dinh sau
khoang thoi gian U trong 6 gio. Thi nghiém
duoc lap lai 3 lan, enzyme truoc khi 4 dugc
xem la 100%.

3. Két qua va thao ludn

3.1. Phdn vmg khuéch dai gene va viing ma héa
enzyme laccase

Sinh khdi P. pulmonarius MPN18 sau 5
ngdy nudi cay dugc thu hdi va tach chiét RNA,
DNA téng s6. RNA duogc tinh sach va si dung
nhu mdt mach khuon dé phién ma ngugc tao
cDNA. Tiép do, cap modi  dic  hiéu
(F1” va F2’) duoc stir dung dé khuéch dai gene
PpLac tir mach khuén cDNA. Trong khi do, cap
mdi F1 va F2 duoc st dung dé khuéch dai
gene Lac tir mach khuon DNA tong sb. Hinh 1
dd cho thay két qua phan ung PCR cua gene
laccase tir cDNA va DNA tong sd véi kich
thudc twong ung khoang 1500 bp va 2700 bp.
Do d6, san phdm PCR tiép tuc dugc tinh sach
va stir dung cho budc tach dong.

bp M 1 2

2700
1500

Hinh 1. Hinh anh dién di san phim khuéch dai PCR
tir mach khuoén cDNA thu dugc sau khi phién ma
ngugc tir RNA (lane 1), tir DNA tdng s6 (lane 2)

ctia chung ndm P. pulmonarius MPN18.

3.2. Tach dong gene PpLac

Sén pham phan tmg PCR khuéch dai gene
Lac dugc gan vao vector TA-Cloning Vector 11 va
duoc bién nap vao trong té bao chu E. coli DH5a.

Khuén lac thu duoc tiép tuc nuodi va tién
hanh tach plasmit, sau do khuéch dai béng cap
modi F1° va F2’ ¢6 gén enzyme giGi han Ndel va
Xhol. San pham PCR va vector pET 21a (+)

dugc cit voi 2 enzyme gioi han Ndel va Xhol,
sau do dugc nbi vong bang T4 DNA Ligase tao
vector tai t6 hop va dugc bién nap vao trong té
bao E. coli BL21. Khuén lac dugc nudi, tach
plasmit tai to hop va giai trinh tu.

Két qua giai trinh ty cho thdy cDNA cia
gene PpLac co6 do dai 1566 bp (Hinh 2).

PplLac ATGGTGCTCICTA GCTCGCTGCTCTTGTGGCTTCGCTCCCCTTCGTTCTTGCTGCG 60

PsLac ATGGTGCTCICT GCTCGTTGCCCTTGTGGCCTCTCTCCCTTTCGTCTTTGCCGTC 60
whk Kk KrKEE KREKE kkkx %

PpLac ACTT T TGTCTCACCAG! AGCGC 120

PsLac A AGTCTCTCCGG 120

PpLac 180
PsLac 180
PpLac 240
PsLac 240
PpLac A 300
PsLac ATCC G CCTTCTTTCGTT 300
KRRKKRKRRRARAXEEE FRKRK KRR KRR KRR RARAAREEEEEEEE KKK
PpLac AACCAGTGCCCGATTCC! CTTCGATACCGCA 360
PsLac ACCAGTGCCCGATTCCTCC! TTTCGATACC 360
KRRKHRKRXRARAXAE KRKRKE KRKIKRRIRKRRE KA KAEEREKEKRKK K Kk
PpLac GGTCTTCGIGGT 420
PsLac CTTCGCGGT 420
*okkkrk xkx
PpLac 480
PsLac 480
PpLac 540
PsLac 540
PpLac 600
PsLac 600
PpLac TGTCCCTT 660
PsLac CTTGTTCC 660
KRRKHRKRXHAHEE KEKKE FK KK KRKXRHRXHRHAELEKRK KRR R K
PpLac TCCGCCTC. TTCATGTCGTCCCTT! I‘CI‘LTATI‘GACAAP 720
PsLac A---GGTTCCGCCTT. TCTCAT! CCl 11
K% KRRERKEE KEKREKRK KKKKR KK KKRRKRKAXEE KREKE KRKRKXKKK
PpLac 780
PsLac 777
PpLac 840
PsLac 837
PpLac 900
PsLac 897
PpLac 96
Pslac 957
PpLac 1020
PsLac 1017
PpLac 1080
PsLac 1077
KRKRKRKHARAAAEKE KKK
PpLac CCl CATTCTT! A éT"T””"TCCTTCCuTTC@CTb 1140
PsLac CCTAA( CTC”ATTCT” ATATT T 1137
PpLac 1200
PsLac 1197
PpLac 1260
PsLac 1257
PpLac
PsLac

[RI2222221

Hinh 2. So sanh trinh ty cDNA cua gene laccase
tir ching P. pulmonarius MPN18 (PpLac)
va P. sajor-caju (PsLac).



64 D. T. Quynh et al. / VNU Journal of Science: Natural Sciences and Technology, Vol. 39, No. 2 (2023) 59-67

Kiém tra do tuong dong gene PplLac véi
cong cu Blast trén ngan hang gene Genbank cho
thiy PpLac twong dong 89,85% vai gene lac3
cua chung Pleurotus sajor-caju (Genbank ID:
AJ507326.1).

Bén canh d6 két qua giai trinh tu gene
laccase c¢6 do dai 2696 bp trong d6 co 22 exon,
21 intron nhu ¢ Hinh 3.

ATGGTGCTCTCTACTAAGCTCGTTGCCCTTGTGGCCTCTCTCCCTTTCGTCTTTGCTGTCACCAAGA

AATTGGACTTTCACATTCGCAACGACGTAGTCTCTCCGGACGGCTTCGAGCGCAGgtgagccatttttge

AATCACAGTCAATGGCATCTTCCCCGGGA

CGCy GGTCATATTGCAGAAGAATGACAA

GGTCC/ TCAAAACTATTAATGAATTGA

CAGACCCCGGCATGCGGCGCAGTACCTCCATC,

tcgatatagCATTGGCACGGTTTGTTCCAACATAAAACCTCCGGCATGGACGGGCCTTCgtgagtcagate

'TTCGTTAACCAGTGCCCGATTCCTCCCAACACTACT

TTCCTTTATGATTTCGATACCGCAGGACAGACCGGGAACTACTGgttcgtcgcgagtggtcttgtccttgtagg
acacgcctcacacaacttctcagGTACCACTCCCACTTGTCTACGCAATATTGTGATGGACTTCGCGGTTCC

TTCATCGTCTAT! \TCCTAACGATCC

GAAGCATCTTTATGATGTTGATGAC

AGAGCACCATCATCACCTTGGCAGACT!

TtaagGTACCATGATCTTGCTCCCCACGCCCAAAACCAGTTCTTCCAAACTGGTTCAGTACCGATTCCC
GACACTGGTTTGATCAACGGTGTCGGTCGATTCAAGGGCGGCCCCCTTGTTCCCTATGCCGTCATCA

ACGTTGAGCAGGGCAAGCGTTAT

gGTTCCGCCTTATCCAGATCTCATGCCGCCCCTTCTTCACATTCTCAATTGACAATCACACCTTCGATG
CAATTGAATTTGACGGCATAGAACACGACCCGACTCCTGCACAGAACATCGATATCTACGCTggtaa

TCAGCGTGCGTCGATCATCGTCAACGC

CAACCAGACCATAGACAATTACTGGATTCGTGCGCC

CTGAC AACCCCGCAGGTAACCCCAACCgtaagtgatagaccgegegege

GGATGTATCATTGATCAGGGCCATTCTTCGATACAAAGGA

GCCCCCGCTGTCGAACCCACCTCAGTCGCGACTACCGGAGGTCACAAGCTCAATGATGCCGACATG

CAC CCATCGCTCAGGAAGGT

CCTGGAAACTTGGGCACTGGTCCCCCAGATATGGCCATCACCTTGAACATTGCCCAGgtacgatcccgt

CTAACCCTCCATTCTTTGATATTAATGGCATATCGT

ATCTCTCCCCTTCGGTCCCAGTGTTGCTTCAGATGCTTAGCGGTGCTCGCAAGCCACAAGACTTCCT

GCCATC CAAGTCATCATCTTGCCC

GCCAACAAGCTCATTGAAGTCTCGATACCCGGAGCTGGCGCACATCCTTTCCATTgtaagtgctgtctctg

GCACGGTCACACCTTTGACATTGTCCGCGTTTCGAATAG

CGACGTTGTTAACCTTGTCAACCCACCTCGCCGTGACGTGCTGCCTAgtaagcattccactgaccaacttgce
tcaagegtaactaageatcacctctagTCAACGGTGGAAACACGACCTTCCGTTTCtgtaagtgacgctcaacctac
gagctgcaaccgetgacatctttttagTCTCTGGCAACTCTGGTGCATGGTTCCTTCAtgtgagtggaaagtttgatc

TGTCATATTGACTGGCATCTTGAAGCTGGTCTTG

CCGTTGTCTTCGCCGAACGACCAGCTGAAGTCAATGAGGGCGAGCAGGCGCAAATTGTCACTCAA

GACT ACACTTTGCCCGGCT

TACGATGGCCTCGCTCCCGAGTTCCAGTAA

Hinh 3. Trinh tu gene laccase
cua ching P. pulmonarius MPN18
(Chir in nghiéng 1a trinh ty intron).

Tiép tuc so sanh trinh tu protein laccase
gitra 2 chung P. pulmonarius MPN18 (PpLac)
va Pleurotus sajor-caju (PSLac) cho thiy két
qua gidng nhau téi 99, 81%, chi duy nhét sy
khac nhau amino acid sd 324, & PplLac la

Glycine trong khi d6 & PSLac la Glutamate
(Hinh 4). Tir nhiing phén tich trén c6 thé khang
dinh ring d3 tach dong thanh céng gene PpLac
tr ching nim P. pulmonarius MPN18 vao
E. coli BL21.

Hinh 4. So sanh trinh ty protein laccase
cta chung P. pulmonarius MPN18 (PpLac)
va P. sajor-caju (PSLac).

3.3, Biéu hién gene md héa laccase trong
E. coli BL21

Khuén lac ¢ vector pET 21a (+) va laccase
dugc nuoi 1ong trong mdi truong LB/Amp* voi
chat cam g IPTG. Thu duoc enzyme tho bang
phuong phap siéu 4m té bao. Sau d6 dich
enzyme dugc tinh sach qua cdt HisTrap™ sp,
dich enzyme th6 va enzyme tinh sach dugc dién
di kiém tra gel polyacrylamide 12% (Hinh 5).
Két qua cho thay dich enzyme thé (lane 1) c6 1
bang dam co6 kich thuéc khoang 55 kDa, sau
khi tinh sach qua cot HisTrap™ sp (lane 2) thu
duogc protein c6 1 bang dam duy nhit c6 kich
thudc triung véi bang dam cuia dich enzyme tho
(55 kDa).

Sau qua trinh tinh sach qua 2 c6t HisTrap™
sp va mang 10 kDa cut-off da thu dugc lugng
enzyme tinh sach 1a 103, 6 mg, tuong duong
899,8 U va hiéu suét 74% vai do tinh sach 15, 2
lan (Bang 1). Enzyme tinh sach c6 trong lugng
phan t¢ Mw = 55 kDa, sau d6 dugc su
dung cho cac nghién citu tiép theo vé dic tinh
protein enzyme.
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Hinh 5. Phan tich SDS-PAGE vé su biéu hién va
tinh sach cua PpLac. M: thang chuan protein, lane 1:
dich chiét t& bao khong cam tmg boi IPTG, lane 2:
dich enzyme tho, lane 3: PpLac sau khi tinh sach
qua cot HisTrap™ sp.

3.4. Bdc tinh hoa-ly enzyme laccase

3.4.1. Nhi¢t do va pH t6i uu
Nhiét d6 toi uu coa phan ung gilta enzyme
laccase tinh sach va co chat ATBS duoc tién

hanh trong khoang nhiét do tir 20-60 °C. Két
qua cho thay hoat tinh laccase ting dan tir tir
nhiét d6 20 °C t6i 50 °C (100%), va bt dau
giam déan hoat tinh tir sau 50 °C cho t6i 60 °C.

Sau khi tang nhiét d¢ thi hoat tinh cua
enzyme giam dan chi con xép xi 60% & 60 °C
(Hinh 6A). Gia tri pH ciing dugc xac dinh tbi vu
trong khoang tur 3,0-6,0. Hoat tinh laccase dugc
do & nhiét do t6i uu 50 °C & timg gia tri pH. O
pH 4,0 hoat tinh laccase dat 100% so voi nhﬁ’ng
gia tri pH khac, hoat tinh bit dau tuong dbi
giam dan tr ¢ pH 4,5 va giam xubng xép xi
50% & pH 6.0 (Hinh 6 B), nhin chung laccase
hoat dong tdt & pH axit hon la kiém. Do vay,
hoat tinh ctia enzyme laccase tai to hop co gia
tri cao nhit & 50°C va & pH 4, 0.

Bang 1. Tém tat qua trinh tinh sach enzyme laccase

Tong thé Prgtein Hoat tinh | Hoat tinh | Hi€u Do tinh
Céac budc tinh sach | tich (mL) tong tong riéng suat sach
(mg) () (Umg") | (%) (lan)
Dich chiét tho 250 2132, 4 1214,5 0, 57 100 1
HisTrap™ sp 9 197,9 979,5 4,9 80 3,1
10 kDa cut-off 5 103, 6 899, 8 8,7 74 15,2
A C
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Hinh 6. Anh huong cua nhiét do (A) va pH (B), do bén nhiét (C) va pH (D)
dén hoat tinh ctia laccase tai to hop tinh sach.
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3.4.2. D0 bén nhiét va pH cua enzyme laccase

Enzyme tuong ddi bén ¢ nhiét d 20 °C sau
120 phut u, tuy nhién ¢ 40 °C sau 60 phut hoat
tinh oxi hoa ATBS bit giam dan, sau khi u &
120 phut hoat tinh laccase chi con xap xi 60%.
Hoat tinh ctia enzyme giam nhanh & 60 °C va
mat x4p xi 85% hoat tinh sau 120 phut ¢ & nhiét
d6 nay. Két qua nay cho thiy riang laccase kha
bén ¢ nhiét d6 vira phai (nhiét do phong) va
kém bén khi nhiét do ting dan (Hinh 6 C).
Enzyme tinh sach cho thiy bén hoat tinh ¢ pH
4,0, sau 6 tiéng u hoat tinh laccase xap xi gan

80% so véi ban dau. O pH 6,0 hoat tinh giam
dan déu, sau 6 tiéng U chi con lai 40% hoat tinh
ban du, va & pH 8,0 hoat tinh laccase giam
manh, sau 6 tiéng 1 hoat tinh bi mét 80% so véi
hoat tinh ban dau (Hinh 6 D).

Do bén nhiét cua laccase tai to hop trong
nghién clru nay tuong tu v4i enzyme laccase tai
to ‘hop tor nam muc trang Pleurotus ostreatus
biéu hién ¢ ndm men Pichia pastoris [18]. O
nhiét d¢ vura phai (30-40 °C), enzyme c6 hoat
tinh thay doi khong dang ké sau khoang 120
phat  khi ting dan nhiét do enzyme co biéu
hién mit dan hoat tinh. D6 bén pH cua laccase
tai to hop ciing c6 nhiéu diém twong dong véi
nhitng nghién ciru trude do, laccase chu yéu
hoat dong tot & pH 3,0-4,0 [15, 18-20]. Nhu
vay, laccase tai to hop tir ching E. coli BL21
trong nghién ciru nay twong ddi bén ¢ nhiét do
20-40°C va pH 4, 0.

4. Két luan

c¢DNA cua laccase dugc tdch dong thanh
cong (kich thudc 1566 bp) tr P. pulmonarius
MPN18 vao E. coli DH5a va biéu hién thanh
cbng vao E. coli BL21 véi dich enzyme tinh
sach c6 hoat d6 899,8 U va hiéu suat 74% véi
dd tinh sach 15,2 lan. Enzyme tinh sach dugc
kiém tra bang dién di SDS-PAGE c¢é trong
lugng phan td Mw = 55 kDa. Enzyme c6 nhiét
do toi wu & 50 °C va pH 4,0. Hoat tinh cua
enzyme tuong ddi bén & 20-40 °C sau 120 phat
i va pH 4 sau 6 h 4. Enzyme s& duoc tiép tuc
danh gia tinh chat khac dé xem xét kha niang b6
sung hdn hop enzyme cho chuyén héa hiéu qua

trong xir 1y phu phidm néng-lam nghiép giau
lignocellulose.
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