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SUMMARY

CHARACTERISTICS OF LACCASE ENZYME EXTRACTED
FROM Pleurotus sajor caju

Extracellular enzymes such as ligninperoxidase (LiP), manganperoxidase (MnP), laccase have been
shown to be capable of degrading and metabolizing persistent aromatic organic compounds such as
dichlorophenol (DCP), dichlorodiphenyltrichloroethane (DDT), dyes and dioxins. These enzymes can
be produced by bacteria, actinomycetes or fungi, in which white rot fungi and fungi that are able to
grow on lignin substrates produce these enzymes the most. Pleurotus oyster mushrooms are capable of
producing the enzyme laccase with high activity and have also been shown to catalyze the degradation
of dioxin isomers. In this study, some results are presented on the extraction and purification of laccase
enzyme from mushroom growing humus and some characteristics of this laccase enzyme. The results
showed that the laccase enzyme activity was highest at the stage of the bag is white by fungus and
reached 108 U/g. The obtained laccase enzyme has a size of about 60 KDa, has a thermal stability of
30°C in 7h, the optimum temperature for the reaction is 30°C, the optimal pH is pH5 and has a stability
of pH is 5 for 7h. Enzymes have an alpha helix structure, with 4 copper atoms in the molecule. This
study result showed that crude enzyme was capable of degrading up to 44,79% of total toxicity of
dioxin with initial concentration of 9623 pg/ml.
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1. PAT VAN BE khong wc ché phan tng enzyme téi mot ndng
Enzyme ngoai bao c6 kha ning phan huay d6 nhit dinh).

lignin nhu Ligninperoxidase (LiP), Mangan- Hién nay, da co nhiéu nghién ctu sir dung cac
peroxidase (MnP) va laccase la cac enzyme enzyme ngoai bao tir vi sinh vat dé xir ly cac
oxidoreductase va peroxidase ¢ phé hoat dong chat 6 nhim nhu loai mau thudc nhuom, phan
co chét rong nén dugc ung dung nhiéu trong hiy dioxin (Phing Khiac Huy Chii 2018, Ding
cac linh vuc khac nhau trong d6 co xu ly 6 Thi Cam Ha, 2012, Lallawmsanga, 2019), xir
nhiém méi truong (Patel, 2014, Rueda 2020, Iy bisphenol A (Rampinelli, 2021). Enzyme
Ezike, 2020). Do dic diém cua phan wng ngoai bao nhu laccase, tuong tu laccase
enzyme co chét, ty 1¢ co chat cao s& lam cho (laccase-like) tir xa khuan, nim dam da dugc
phan (g xay ra nhanh hon nén enzyme duoc chang minh 1a c6 kha niang loai mau thudc
g dung dé xu Iy cac chat 6 nhiém voi nong nhugm, phan hiy cac hop chit da vong thom
d6 cao (ndng do chat 6 nhiém cao cé thé tc chira va khong chira clo (Phung Khic Huy Chi
ché sy sinh truong cua cac vi sinh vat nhung 2018, Pang Thi Cam Ha, 2012, Mahmood
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2018). N4m so Pleurotus pulmonarius ciing da
dugc s dung dé xur ly cac chat & nhidm
PCDD/F (Kaewlaoyoong, 2020).

N4m so Pleurotus sajor caju 13 mot nim so ¢
ngudén goc tir Nhat Ban ¢ ham lwong dinh
dudng cao. Hién nay, nim so di duogc trong
phd bién & mot s6 noi dé cung cip ngudn thuc
pham cho ngudi dan. Tuy nhién, mot lugng lon
mun trong ndm sau khi thu hoach van con
lugng dinh dudng cao, ham lwgng mun cao co6
thé sir dung lam phan bon sinh hoc, cung cap
thém mun cho cac ving dét can, it dinh dudng
(Pinh Cat Diém, 2016). Trong man trong nam
cling chra mét lugng 1én cac enzyme ngoai
bao do nim so sinh ra nham chuyén hoa cac co
chat lignin trong mun thanh chit dinh dudng
cho sy phat trién (Tran Thi Thu Huong, 2013).
Tuy nhién, c6 rat it nghién ceu vé dic diém
cua cac enzyme nay va kha nang tng dung cua
ching trong xt ly cac chat 6 nhiém nhu dioxin
(Kaewlaoyoong, 2019). Do d6, muc dich cua
nghién ciru nay la tach chiét ezyme laccase tir
nam so va danh gia dic diém cua enzyme ciing
nhu tac dung phan hay va chuyén héa cac hop
chat 6 nhidm chua clo nhu dioxin.

2. VAT LIEU VA PHUONG PHAP

2.1. Vat ligu

Mun trong nim so Pleurotus sajor caju duoc
ldy tir Hoc vién Néng nghiép VN, & céc giai
doan phét trién khac nhau.

Cac hoa chit nhu ABTS (Biobasic), cac hoa
chit khac dé tach chiét enzyme dam bao do6
tinh khiét PA. Gel SDS-PAGE ctia Biorad.
Dich chiét dat dwoc tach chiét tir dat c6 tong do
doc khoang 153.474 pg/ml.

2.2. Phuong phap

2.2.1. Xdc dinh hogt tinh enzyme laccase

Hoat tinh enzyme laccase duoc xac dinh bing
cach do sy oxi hoa ABTS. Su ting d6 hap phu
trong 2 phut duoc do bing méay quang phd
UV-Vis & 420nm. Hdn hop phan tang chira 600
pl dém natri acetate (20 mM, pH 4), 200 ul
dich enzyme va 200 pl ABTS 5 mM. Mgt don
vi hoat tinh enzyme duoc dinh nghia 1a mot
luong enzyme phan ang véi mdi UM co chat
trong mdi phdt & nhiét d6 phong.

2.2.2. Tinh sach enzyme
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Dich enzyme thd sau ly tim duoc loc bing
mang loc tiép tuyén qua mang 0,2 pm dé loai
bo phan cin thd phia trén, phan dich loc duoc
c6 dic bang mang 10 KDa. Sau d6 dich
enzyme dugc tinh sach dya trén gradient NaCl
((Xiao, 2004; Patel, 2014). Dich tinh sach ¢
cac phan doan dugc xac dinh hoat tinh enzyme
dé xem phan doan nao cé hoat tinh cao nhat.
Cac phéan doan cé hoat tinh cao dugc su dung
dé chay SDS-page kiém tra d¢ tinh sach cua
cac phan doan. Kiém tra nong d¢ protein trén
may nanodrop.

2.2.3. Xdc dinh dj tinh sgch ciia enzyme bang
SDS Page

Céac phan doan dwoc kiém tra do tinh sach
bing chay SDS-PAGE véi ban  gel
Tris/Glycine cua BioRad v dém
Tris/Glycine/SDS. Sau khi dién di 130V trong
60 phdt, ban gel duoc lay ra soi dudi tia UV dé
kiém tra d6 tinh sach cua enzyme (Nguyén Thi
Mai Phuong, 2012, Camassola, 2013).

2.2.4. Pdnh gia mgt sé tinh chdt ciia enzyme
laccase

- Xac dinh pH t6i wu va do bén pH: dich
enzyme tinh sach duoc u voi co chit ABTS
pha trong dai dém c6 pH tir 2 dén 6, bao gom
dém: glycine-HCI véi pH tr 2-3; sodium
acetate véi pH tir 4-5 va potassium phosphate
Vv6i pH tir 6-7. Dé danh gia do bén pH, laccase
dugc 0 V6i cac dém co pH thay doi tur 2-7
trong thoi gian 9 gio & nhiét d6 phong (khoang
25°C), xac dinh hoat tinh enzyme con lai dé
tim ra pH t6i wu va d6 bén pH cua enzyme
(Phing Khic Huy Cht, 2018, Nguyén Thi
Phuong Mai, 2012).

- Xac dinh nhiét d6 toi wu va d¢ bén nhiét: hdn
hop phan ng bao gém dich enzyme, co chét
ABTS, dém pH thich hop dugc u ¢ cac nhiét
d6 khéc nhau trong khoang tir 30 - 90°C dé tim
nhiét d6 phan tng thich hop. Dé xac dinh do
bén nhiét, enzyme da tinh sach dugc u & cac
nhiét do6 khac nhau tir 30 - 90°C, sau cac
khoang thoi gian tir 1-7 gio. Xac dinh hoat tinh
con lai cua enzyme dé tim ra nhiét do t6i wu va
d6 bén nhiét cua enzyme (Patel, 2014; Phiing
Khic Huy Cha, 2018).



- Xé4c dinh nhiét do bién tinh cua enzyme
(Tm): Nhiét do bién tinh duogc xac dinh trén
may CD Spectrometer (Vién INRS — Canada)
khi nang dan nhiét do tir 20 — 90°C va xéc dinh
sy thay do6i cu trdc bac 2 cua enzyme (do su
bién tinh dudi xoin cia ciu tric enzyme).
Nhiét d6 bién tinh duoc tinh tu dong trén may.
- bong hoc enzyme: Dich enyzme tinh sach
dugc cho phan @ng véi co chat ABTS ¢6 nong
d6 khac nhau: 1; 1,5; 2; 2,5; 3, 5 va 5 mM.
Ung véi mdi nong do co chat dugc khao sat &
thoi gian 2 phat, phan ang dwoc thuc hién &
30°C, pH5, xac dinh hoat tinh laccase. O mdi
ndng d6 co chit chon gi4 tri hoat tinh cao nhét
lam gia tri V. Tir d6 dung phan mém Excel dé
vé dd thi Lineweaver-Burk theo ndng d6 co
chat [S] va gia tri hoat tinh V twong ung. Tir 6
xac dinh dugc Km va Vmax (Patel, 2014;
Phung Khic Huy Chu, 2018, Nguyén Thi Mai
Phuong, 2012).

2.2.5. Xdc dinh cdu tric phan ti laccase

- CAu trdc bac 2 cua enzyme duoc quan sat trén
may CD Spectrometer (Jasco J815) véi budc
s6ng tir 250 — 200 nm v&i ddi ching 1a dém
phosphate pH6.

S6 nguyén tir ddng trong phan tir laccase duoc
xac dinh bang thiét bi ICP-MS tai Vién INRS
(Canada) va tinh toan dua vao kich thugc cua
laccase, nong do protein cua dich enzyme gt
di phan tich.

2.2.6. Pdnh gid khd ning phén hiyy/chuyén
héa dioxin cza dich chiét enzyme thd

Dich chiét enzyme tho duoc dung dé danh gia
kha ning phan huy cac ddng phan cua dioxin
trong dich chiét dat. 50 ml dich chiét enzyme
thé dwoc bd sung vao binh dung dich chiét dat
da lam kho dung méi dé c6 nong do khoang
9000 pg/ml. Mau dbi chirng bd sung dich chiét
dat va 50 ml nu6c da khir tring. Lic dé phan
ung ¢ 30°C trong 20 ngay, sau d6 xac dinh
ham lugng cac dong phan dioxin con lai trong
mau bing thiét bi sic ky Agilent 7890A ghép
khéi pho tai Trung tam Nhiét déi Viét Nga.

3. KET QUA VA THAO LUAN

3.1. Tinh sach enzyme laccase

Sau khi tinh sach enzyme laccase tir min trong
nam bang két hop phuong phap tinh sach trao
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dbi ion va loc gel, enzyme tinh sach dwoc xac
dinh d6 tinh sach va kich thudc phan tir bang
cach dién di SDS page. Mot s tinh chat nhu
dong hoc enzyme véi co chat ABTS, do bén
pH va do bén nhiét do cua laccase tinh sach
cling dugc xac dinh.

Két qua sau tinh sach cho thiy mau enzyme
tinh sach sau 2 lan c6 kich thuéc khoang
60KDa, twong duong véi kich thudc cua mot
s6 loai laccase di dwoc cong bd (Patel, 2014,
Ezike 2020).

3.2. Mt sb tinh chit ciia enzyme laccase
3.2.1. pH téi wu va d@é bén pH ciia laccase

Hoat tinh Tml

1o pH phan &ng
100 I

50 = = =

0

pH2 pH3 pH4 pHS pHG6 pH7

Hinh 1. pH tdi wu cia laccase tach chiét tir
ndm Pleurotus sajor caju

Trong nghién ciru nay, laccase c6 hoat tinh cao
nhat & pH 4, dat 98 U/ml dém (Hinh 1). G pH
3 va 5, hoat tinh enzyme twong duong nhau,
khoang 80 U/ml va cao hon hin so vai hoat
tinh & cac pH 2, 6,7 nén pH ti uu cho hoat
dong cua enzyme la pH 4. So sanh céc gia tri
pH t6i uu cho hoat tinh enzyme laccase tir cac
nghién cau khac cho thiy laccase sinh ra tur
nim Pleurotus sajor caju c6 gia tri pH t6i vu 1a
3,0 — 4,0 (Sahay 2008, Bettin 2011, Rampinell
2021), tir nAm so Pleurotus ostreatus c6 gid tri
pH ti vu tir 3,0 — 4,5 (Rampinell 2021).
Dbi voi nghién ctru danh gia d6 bén pH cua
laccase ciing cho thdy enzyme laccase tach
chiét tir Pleurotus sajor caju trong nghién ctru
nay co do bén trong 5 gio va ¢ pH 4 c6 hoat
tinh cao nhit. Sau 5 gi> & pH4, hoat do
enzyme giam manh. O cac pH khéc, hoat do
enzyme thip hon va ciing giam dan theo thoi
gian. Dén thoi diém 9 gio, hoat tinh enzyme
gan nhu khong con & tit ca cac pH. Do do, co
thé khang dinh pH 4 1a pH tdi wu cho phan ting
cua enzyme laccase va ABTS va enzyme c6
thé bén trong pH nay trong 5 gio trong thi
nghiém nay.
3.2.2. Nhigt dp téi wu va dp bén nhiét cia
enzyme



sew e D@ ban nhiét ca enzyme

600C 7 OOC i 300 C et DO

Hinh 2. B¢ bén nhiét ciia enzyme trong céac
khodng thoi gian khac nhau

Trong nghién cttu nay, enzyme laccase cé nhiét
d6 hoat dong t6i wu 1a 20 — 40°C va bén nhiét
trong 6 gio ¢ khoang nhiét do nay. Sau 7 gio,
hoat tinh laccase giam manh. O nhiét d 20°C,
hoat tinh laccase twong dwong voi ¢ 30°C
nhung do bén nhiét dugc lau hon, dén 9 gio
van con 20%. O nhiét do 50°C, hoat tinh giam
dan sau 2 gio va mat han hoat tinh sau 9 gio. O
nhiét d6 60 - 70°C trd 1én, hoat tinh giam sau 1
gio va mit hoan toan hoat tinh ¢ gio tht 4
trong khi ¢ nhiét @ 80, 90°C, hoat tinh
enzyme mét hoan toan sau 2 gio (Hinh 2).
bong hoc enzyme
Dua vao cic nong do co chat phan ung voi
enzyme, ta tinh dugc gia tri Km = 1,06 mM va
Vmax = 76,33 mM/phuat. Theo nghién ctu caa
Phing Khic Huy Chd, gia tri Km cua laccase
tir chung Sporothrix carnis CPF-05 la 0,0316
mM va tdc do6 phan ung la 7,94 mM/pht.
Theo nghién ctu cia Nguyén Thi Mai Phuong
(2012), gia tri Km cua laccase tai t6 hop dbi
véi ABTS 13 1,35 uM, nhé hon nhiéu lan gia
tri Km cua laccase tu nhién.
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Hinh 3. Xdc dinh gia tri Km va Vmax cua

laccase doi Véi co chdt ABTS
Theo nghién ctiru cia Rampinelli (2021), gia tri
Km coa enzyme laccase ciia nim Pleurotus
sajor caju la 0,1 mM va gia tri Vmax la 1,25
mM/pht. Mot s6 nam so khéc sinh laccase voi
gia tri Km tr 0,014 — 0,607 mM va Vmax dat
0,00033 — 1,25 mM/phdt (v6i co chat ABTS).
Gid tri Km trong nghién ctru nay la phu hop so
v6i mot s6 nghién ctru khac. Tuy nhién, day 1a
enzyme tu nhién tir nAm nén gia tri Km cao
hon so véi Km cua enzyme tai to hop. Theo
Nguyén Thi Phuong Mai (2012), sau khi tai to
hop enzyme, ndng d6 enzyme ting 1én va ai
lyc lién két cua enzyme Vi co chit ciing ting
Ién nhiéu lan.
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Céu trdc cha enzyme laccase

Két qua quan sat trén hé thong CD cho thay
mau chi ¢6 1 pic ¢ buéc séng 210 nm véi
khoang -5mdg cho thiy bing nay sach trén
95% va mau protein cd ca cau tric xoin anpha.
Két qua quan sat trén may quang phd ludng
sic tron (Circular Dichroism - CD
spectrometer) cho thy protein thu dwoc c6 cdu
tric xoan a-helix (voi dinh nim & budc song
210 nm) (Greenfield, 2006).

Hinh 4. Hinh anh quan sét cdu tric cua
protein trén may CD spectrometer ¢ c4c nhiét
do
Hinh anh phé CD (Hinh 4) ciing cho thiy
enzyme laccase chua bi dudi xoin hoan toan
(khoéng xac dinh dugc Tm) khi nang dan nhiét
do dén 90°C. Tuy nhién, nghién cau ¢ trén cho
thdy ¢ 80 - 90°C, hoat tinh ctia enzyme nay véi
ABTS khong con sau 2 gid. Didu d6 co thé do
enzyme nay chua bi dudi xoin (bién tinh hoan
toan) nhung lién két &i lyc gitra enzyme va co
chat ABTS khéng con khi & nhiét d6 trén 80°C

(Hinh 4).

3.3. Kha niing phén hiy/chuyén héa dioxin
ciia dich chiét enzyme

Sau 20 ngay xur ly voi dich chiét enzyme thd,
dich xir Iy dwoc phan tich nong do dioxin con
lai tai Trung tdm Nhiét doi Viét Nga. Két qua
phan tich dugc trinh bay trén Bang 1.

Két qua trinh bay trén Bang 1 cho thiy sau 20
ngay xir ly voi dung dich enzyme, cac dong
phan cua dioxin/furan di bi phan huy, chuyén
hoa & cac toc do khac nhau. Bay dong phan
1,2,3,6,7,8-HxCDD; 1,2,3,7,8,9-HxCDD;
2,3,4,7,8-PeCDF; 1,2,3,6,7,8-HxCDF;
1,2,3,4,6,7,8-HpCDF;  1,2,3,4,7,8,9-HpCDF;
OCDF bj phan hay nhiéu nhit véi téc 6 phan
hay tir 99,9-100%. Hai ddng phan bi phan hay
thip nhit 1a 2,3,4,6,7,8-HXCDF; 1,2,3,7,8-
PeCDF chi phan huy/chuyén hoa twong wng
15,24 % va 20,96%. Cac ddng phan khéac c6
muc d¢ phan hay trung binh khoang 50-70% la

1,2,3,4,7,8-HxCDD (52,68%); 1,2,3,4,6,7,8-
HpCDD  (71,09%); OCDD  (50,44%);
1,2,3,4,7,8-HXCDF  (54,37%). Dong phan

1,2,3,7,8,9-HXCDF khong phét hién ¢ ca mau
ban dau va mau sau phan ung cé thé do dit sir
dung dé chiét cac dong phén dioxin khéng



chira dong phan nay. Hai ddng phan doc nhit
la 2,3,7,8-TCDD va 1,2,3,7,8-PeCDD phan
hay tuong Gng 1 42,36% va 64,31%. Tuy c6
nhiéu dong phan cua dioxin/furan bi phan hay
& mic d6 99-100% nhung do ndng do cac
ddng phan nay thap, do doc tuong duong cua
cac dong phan nay thap nén chdng 1am giam
téng do doc trong mau nghién ciu khong
nhiéu, tong do doc chung cua mau sau xu ly
giam 44,79% sau 20 ngay xu ly. Két qua xir ly
nay la trong d6i nhanh so véi tc do phan hay
cua vi sinh vat vi céc vi sinh vat thuong khéng
séng dugc & nong do dioxin cao. Pay 1a mot

uu thé cua viéc sir dung enzyme dé xir Iy cac
chat & nhiém c6 nong d6 cao, do doc lon. Tuy
nhién, enzyme khéng thé phan hay hay khoang
hoa hoan toan cac hop chat 6 nhidm dén san
pham cudi cung 1a CO, va H,O nén can si
dung két hop ca enzyme va vi sinh vat dé phan
hity, chuyén hoa hoan toan cac hop chat dioxin
nay thanh cac chat khong doc. Két qua nay
cling pht hop Véi cac nghién ciru trude day vé
kha nang phan hiy, chuyén hoa dioxin béi cac
enzyme va vi sinh vat (Kaewlaoyoong, 2019,
bang Thi Cam Ha, 2012; Phung Khic Huy
Cha 2018).

Bang 1. Két qua phan hiy cdc dong phan dioxin cia dich chiét enzyme tho sau 20 ngay

Ko LA Nong dd ban dau Nong dd sau 20 Hiéu suat phan
TT Chat phén tich g(pé/ml) ngagy (pg/ml) 'hﬁy (O/(E))
1 2,3,7,8-TCDD 9.212,46 5.309,913 42,36
2 1,2,3,7,8-PeCDD 6,174 2,203333 64,31
3 1,2,3,4,7,8-HXxCDD 0,4086 0,193333 52,68
4 1,2,3,6,7,8-HXCDD 1.294,8 1,07 99,92
5 1,2,3,7,8,9-HXxCDD 699 0,44 99,94
6 1,2,3,4,6,7,8-HpCDD 10,344 2,99 71,09
7 OCDD 217,92 107,9967 50,44
8 2,3,7,8-TCDF 49,65 3,603333 92,74
9 1,2,3,7,8-PeCDF 0,0582 0,046 20,96
10 | 2,3,4,7,8-PeCDF 620,4 0,216667 99,97
11 | 1,2,3,4,7,8-HXCDF 0,1008 0,046 54,37
12 | 1,2,3,6,7,8-HXCDF 0,0768 KPH 100
13 | 2,3,4,6,7,8-HXCDF 0,3618 0,306667 15,24
14 | 1,2,3,7,8,9-HXCDF KPH KPH -
15 | 1,2,3,4,6,7,8-HpCDF 1359 0,556667 99,96
16 | 1,2,3,4,7,8,9-HpCDF 0,0756 KPH 100
17 | OCDF 1156,8 0,283333 99,98
Téng d doc (pg/ml) 9.623,302 5.312,817 44,79
Ti 16 2,3,7,8-TCDD/tdng TEQ (%) 95,73 99,95

Theo Kaewlaoyoong (2019), ndm s Pleurotus
pulmonarius ¢6 thé phan hiy khoang 47% cac
dong phan PCDD/F sau 49 ngay u sgi nam trén
co chét lignin véi nong do chat 6 nhigm ban
dau khoang 8.457 + 690 ng TEQ/kg. O miu
d6i ching khong c6 sgi nam ma c6 cac vi sinh
vat ban dia thi sy thay ddi ndng do cac chat
nay khong dang ké. Nguyén nhan nim c6 kha
nang phan hiy duoc cac dong phan dioxin nay
c6 thé do cac enzyme va cac chat khéc sinh ra
trong qué trinh phat trién cia nim la chit cam
ung trung gian cho phan tng phéan huy nay.

4. KET LUAN

- D3 danh gia dwoc mot sé tinh chat cua
enzyme laccase tach chiét tir mun trong nim so
Pleurotus sajor caju la nhiét do téi wu cho
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phan ting 1a 30°C, pH tbi wu 1a 5, d6 bén nhiét
la 50°C trong 7 gid, o bén pH 1a & pH4 trong
7 gio. Enzyme c6 hé s6 Km voi ABTS la 1,06
mM, Vmax 76,33 mM/phdt.

- Dich chiét enzyme tho tach tir mun trong
ndm c6 kha ning phan hity cac dong phan cua
dioxin/furan trong 20 ngay tir 15-100%, trong
d6 tbng do doc giam 44,79% véi do6 doc ban
dau 12 9623 pg/ml.
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