KHOA HOC CONG NGHE

NGHIEN CUU SAN XUAT LACCASE TU NAM MOcC VA
THU NGHIEM UNG DUNG TRONG PHAN HUY
HOA CHAT BAO VE THUC VAT
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TOM TAT

Tén du hoa chat bao vé thuc vat (HCBVTV) trong néng sdn va méi truomg da anh huong khong nho
dén stte khée con nguoi va pha vo can bang sinh thai. Nhiéu loai nim dugc bao c4o la tao ra laccase co
kha ning phén hiy cac hda chat doc hai. Muc tiéu ctia nghién ctu nay 14 t6i vu hoa qua trinh san xuat
laccase va thir nghiém umg dung laccase trong phan huy HCBVTV. Laccase duoc san xuat tir chiing
nam méc Penicillium chrysogenum N2 trong méi truong muéi khoang téi thiéu (MSB) bé sung bot
rom Iia hodc bt trau lia véi cac ti 1é khac nhau. Anh hudng ctia pH, nhiét dé va ion kim loai dén hoat
tinh ctia laccase duoc khao sat. Hoat tinh laccase duoc xac dinh dua trén su oxy hoa ABTS. Kha nang
phan huy HCBVTV (Cartap, Cypermethrin va Chlopyrifos) dugc danh gia. Ham lwong HCBVTV duoc
xac dinh bing phuong phap QuEChERS (EN 15662). Két qua cho théy, diéu kién thich hop cho san
xuat laccase 1a moi truong MSB bd sung 5% bot rom, & 25°C, téc do lac 150 vong/phit, 8 ngay. Diéu
kién toi uvu cho hoat tinh laccase la pH 5 va 45°C. Ché phidm laccase c6 thé phan huy Cartap,
Cypermethrin va Chlopyrifos voi hiéu qua cao. Vi vay, laccase tit P, chrysogenum N2 ¢é thé duoc xem

1a mot tac nhén x ly sinh hoc tiém nang trong phan huy tén du HCBVTV.

Tir khoda: Hod chat bio vé thuc vat, laccase, nam moc, P. chrysogenum N2, xir Iy sinh hoc.

1. DAT VAN BE

Laccase la mot thanh vién cta enzyme
glycoprotein da phan tir thudc ho oxidoreductase.
Laccase chita 4 nguyén tir dong (Cu) va 2 cau lién
két disulfide phan bé trong 3 viing khac nhau goi
1a T1, T2 va T3. Qua trinh oxy hoa co chat xay ra &
vung T1 théng qua trinh tu tripeptide His-Cys-His,
sau do cac dién tt duoc chuyén dén trung tam ba
hat nhan T2/T3 va dién ra su khir O, thanh nuéc
[1]. Laccase duoc tim thay & thuc vat bac cao va
nhiéu loai vi sinh vat. Tuy nhién, laccase & vi
khudn thuong nidm trong ndi bao va laccase tir
nam méc duoc phat hién 1a cé kha nang khir cao
hon nhiéu so voi thuc vat bac cao. Mot sé6 nam
dién hinh c6 kha nang tong hop laccase cao nhu

' Ban T6 chirc can bd, Pai hoc Quéc gia Ha Noi

*Khoa Mai trrong, Trudong Pai hoc Khoa hoc Ty nhién,
Pai hoc Quéc gia Ha Noi

*Email: ngotuongchau@hus.edu.vn

NONG NGHIEP VA PHAT TRIEN NONG THON - THANG 6/2023

Trametes versicolor, Pleurotus ostreatus va
Aspergillus nidulans [2]. Laccase tir nAm ciing da
duogc str dung thanh céng trong phan huy ciu tric
phttc tap cta nhiéu HCBVTV [3, 4] va tao ra cac
san phdm vo hai [5].

Viét Nam la nudc nong nghiép véi dién tich
canh tac lon, diéu kién khi hau thuan loi, ching
loai cay trong phong phd nén nhu ciu st dung
HCBVTV dé kiém soat dich bénh kha cao. Uéc
tinh chi c6 5% luong HCBVTV sit dung dén duoc
véi sinh vat dich, phan con lai ciing véi cac san
phiam bién ddi ctia chung duoc phan tin vao moi
treong [6]. Do do, viéc phat trién giai phap st
dung laccase mét cach hiéu qua va tiét kiém chi
phi dé xtt Iy HCBVTV la rat can thiét. Muc tiéu ctia
nghién cttu nay la: (i) toi vu hoa qua trinh 1én men
san xudt laccase tir ching nim méc P
chrysogenum N2 va (ii) tht nghiém tng dung
laccase trong phan huy mot sé loai HCBVT
(Cartap, Cypermethrin va Chlopyrifos).
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2. PHUDONG PHAP NGHIEN CUU
2.1. Nguyén liéu, hoa chit, thiét bi

- Ching nim méc Penicillium chrysogenum
N2 c¢6 kha nang phan huy lignin da duoc phan lap
ttr mau hén hop dat va mun cua tai Thira Thién
Hué [7], hién dang duwoc luu gitv tai Phong thi
nghiém Nghién cttu Méi truong va Thuc pham,
Khoa Maéi truomg, Truomg Pai hoc Khoa hoc Ty
nhién, Pai hoc Quéc gia Ha Noi.

Hinh 1. Chiing ndm méc P, chrysogenum N2 c6
kha ning phan huy lignin cao [7]

- Ho4 chat:

+ Moéi truong muéi khoang toi thiéu (minimal
salt broth- MSB) c6 thanh phan nhu sau (g/1):
glucose 10; KH,PO, 0,2; MgS0,.7H,0 0,05; CaCl,.
2H,0 0,01; 0,22; 2,2-
dimethylsuccinic acid 2,9; thiamine 0,1; Tween 80
0,1% (v/v), veratryl alcohol 1,5 mM 50 va dung
dich cac yéu t6 vi luong (c6 thanh phan mg/I:
CuSO.5H,0 80; Na,Mo0O,.2H,0 50; MnSO,.H,O
33; ZnS0,7H,0 43; FeSO,7H,0 50) 10 ml/1
Glucose, thiamine, Tween 80, veratryl alcohol va

ammonium tartrate

cac nguyén té vi lwong duoc loc qua mang loc ¢6
kich thudc 16 0,45 pm va thém vao méi trueong sau
hép khtr tring & 121°C-15 phut [8].

+ Bot rom lta (kich thude hat 2-3 mm) va bot
trau lua (kich thuoc hat 0,4-0,7 mm).

+ ABTS [2,
ethylbenzothiazoline-6-sulphonic acid)].

2’-azino-bis-(3-

+ Dung dich cac ion kim loai: Fe*, Cu®*, Ca®,
Mn?*, Mg%, Zn*, Co* va Ag".
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+ Cac loai HCBVTV c¢¢6 do tinh khiét cao:

Cartap [(1,3-bis(carbamoylthio)-2-(N,N-
dimethylamino) propane hydrochloride,
C,H,,CIN,0.S,, CAS No. 22042-59-71;
Cypermethrin [3-(2,2-dichloroethenyl)-2,2-

dimethylcyclopropanecarboxylic axit,
C,,H;,CL,NO,, CAS No. 52315-07-8] va Chlorpyrifos
[(O, O-diethyl-O-(3,5,6-trichloro-2-pyridyl)
phosphorothiate, C;H,,C1,NO,PS, CAS No. 2921-
89-2] (Sigma- Aldrich).

- Thiét bi: Ti1 an toan sinh hoc (Biovanguard
4/AZBIL TELSTAR- T4y Ban Nha); ti 4m 6n nhiét
(Memmert - Puc); may lac 6n nhiét (Innova
44R/Eppendorf - Dic); may ly tam (5810 R,
Eppendorf, Hamburg, Germany); bé siéu am
(Nahita, Model 626/6, Alea Equipment); bé én
nhiét (BS-06/Jeiotech - Han Quéc).

2.2. Phuong phép nghién ctru
22 1. Chudn bi giong nim moc

Tir 6ng thach nghiéng gitr giong, chiing ndm
moc P. chrysogenum N2 da duogc cdy lén cac dia
thach chtra méi truomg PDA va nuéi cdy trong 7
ngay. Sau do6, cdy 3 nat thach chita ndm méc da
phat trién (duong kinh 6 mm) vao cac binh tam
giac 500 ml chira 100 ml méi trrong PDB, nudi cay
lac 150 vong/phut, & 30°C, trong 7 ngay. Dich nuéi
céy sau do dugce ly tam & 6.000 vong/phiit trong 10
phiit, loai bé phan dich ndi va thu sinh khéi nim
méc ¢ dang uwot (hiéu sudt thu dat 10 g sinh khéi
u6t/100 ml dich nuoi cdy).

2.2.2. Phuong phap x4dc dinh hoat tinh laccase

Chuin bi mot hén hop phan tng (thé tich 1
ml) chira dung dich dém axetic axit - natri axetat
100 mM (pH 4,5), 1 mM ABTS (noéng do cudi
cung) va 20 pl dich enzyme tho. U hén hop phan
ung trén ¢ 40°C trong 10 phut. Po d hdp thu anh
sang & budc séng 420 nm (£420 = 36 mM/cm) trén
may quang phd tr ngoai kha kién (UV-VIS) [9].
Mot don vi hoat do laccase 1a luong enzyme can
thiét dé oxy hoa 1 uM ABTS trong 1 phuit.
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2.2.3. Lua chon moi truong nudi cdy thich hop
cho sir san xudt laccase cua chiing nim méc

Sinh khéi ndm sau khi dugc chudn bi theo
phuong phap néu & muc 2.2.1 da duoc ciy vao cac
binh tam giac thé tich 500 ml chita 150 ml cac loai
moéi truomg sau: (i) MSB; (i) MSB-1 gom MSB
(khong chira glucose) + 5% bot rom lia; (iii) MSB-
2 gdbm MSB (khong chia glucose) + 10% bot rom
lua; (iv) MSB-3 géom MSB (khong chira glucose) +
5% boét trau laa; (v) MSB-4 gém MSB (khéng chita
glucose) + 10% bot trau lda. Nuoi cdy lic & 150
vong/phut, & 30°C trong 22 ngay. Cac thi nghiém
duoc 1ap lai 3 1an. Thu dich nuéi cay (dich enzyme
tho) sau mdi 2 ngay bing cach ly tam & 6.000
vong/phut trong 10 phut dé xac dinh hoat tinh
laccase theo phuong phap da néu ¢ muc 2.2.2. Viéc
lua chon méi truong nudi cdy thich hop dua vao so
don vi hoat d¢ ctia laccase dugc tao thanh.

224 Lua chon nhiét do nuéi ciy thich hop
cho sir sdn xudt laccase cia chiing nim méc

Nuéi cdy chiing nim méc trong méi truong
nudi cay thich hop & cac mirc nhiét do 25°C, 30°C
va 35°C. Thu dich enzyme tho va xac dinh hoat
tinh laccase nhu trén. Viéc lua chon nhiét do nuoi
cdy thich hop dua vao s6 don vi hoat do cta
laccase duoc tao thanh.

2.2.5. Khado sdt anh huong cua pH va nhiét do
dén hoat tinh cua laccase

Anh huéng ciia pH va nhiét do dén hoat tinh
cua laccase duoc khao sat trong pham vi pH 3-8
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trong dém natri axetat 100 mM va nhiét do 25—
50°C, str dung ABTS lam co chat (muc 2.2.2). Hoat
tinh laccase tai pH va nhiét dé t6i uu dugce xac dinh
14 100%.

2.2.6. Khao sat dnh hurong ciua ion kim loai dén
hoat tinh cua laccase

Anh huéng ctia cac ion kim loai (Fe*, Cu®,
Ca*, Mn*, Mg%, Zn* va Co*) dén hoat tinh
laccase dugc xac dinh bang cach bé sung 5 mM
cac ion kim loai vao hon hop phan tmg (muc 2.2.2)
tai pH va nhiét do t6i wu. Hoat tinh laccase khi
khéng c6 mit ciia cua cac ion kim loai (control)
duoc xac dinh 1a 100%.

2.2.7. Thir nghiém img dung laccase trong
phan huy HCBVTV

Chuén bi cic 6ng nghiém thé tich 10 ml chtra
dém natri axetat 100 mM (pH 5,0), b sung 20
mg/1 méi loai HCBVTV (Cartap, Cypermethrin va
Chlorpyrifos) va 1 trong bong toi & 45°C. Thu mau
sau 8 ngay . Nong do HCBVTV con lai trong mau
duoc xac dinh bang phuong phap QUEChERS (EN
15662). Tat ca thir nghiém va doi chimg déu duoc
lap lai 3 lan.

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Méi trudmg nuéi cdy thich hop cho su san
xudt laccase ciia ching ndm méc

Tién hanh khéo sat kha ning sinh téng hop
laccase cua chung P. chrysogenuni N2 trong 5 loai
moi truong khac nhau, két qua duoc trinh bay &
hinh 2.

NS -

Théi gian nubi cay (ngay)

= MSB

“MSB-1

BMSB-2

Hinh 2. Kha ning san xuit laccase & cAc méi truong khac nhau

NONG NGHIEP VA PHAT TRIEN NONG THON - THANG 6/2023

201



KHOA HOC CONG NGHE

Hinh 2 cho thdy kha nang sinh tong hop
laccase ctia chiing nim méc dat cao nhat trong
moi truong MSB-1 (hoat do dat 3,2 U/ml) sau 18
ngay nuoéi cay. Sau do, hoat dong sinh téng hop
laccase giam dan. Piéu nay c6 thé 1a do cac diéu
kién bat loi ma ching nim moc gap phai da khién
cho kha nang sinh trudng va phat trién caa ching
suy giam, dan dén su sinh téng hop laccase ciing
giam theo. Tuong tu, Xu va cs (2015) cho rang,
ching Trametes versicolor BBEL0970 c6 kha
nang tich luy laccase cao hon khi thay thé glucose
bang bot rom lia mi trong méi truong mudi
khoang toi thiéu [8]. Vi vay, méi truong MSB-1
dugc lua chon cho nghién cttu liya chon nhiét do
thich hop cho san xudt laccase.

[ 1]
W h &

3.2. Nhiét @6 nuoéi cdy thich hop cho su san
xudt laccase ctia chling nAm méc

Tién hanh khéo sat kha nang san xudt laccase
ctia chiing nam méc P chrysogenum N2 trong
moéi truong thich hop & cac mic nhiét do 25°C,
30°C va 35°C, két qua duoc trinh bay & hinh 3. Qua
do6 cho thay, kha nang sinh téng hop laccase cua
chiing nim moc dat cao nhat trong méi truong
MSB-1 & nhiét do 25°C sau 8 ngay nuéi cdy (hoat
do dat 3,8 U/ml), tiép dén 1a & nhiét do 30°C sau
14 ngay nudi cdy (hoat do dat 3,1 U/ml). Vi vay,
nhiét do 25°C duoc lua chon cho nghién ctru san

xudt laccase tiép theo.
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Hinh 3. Kha niing sin xuit laccase & c4c nhiét 6 nuéi cdy khac nhau

3.3. Anh huéng ctia pH d@én hoat tinh ctia

Tién hanh khao sat anh hudng ctia pH dén hoat
tinh va do bén caa laccase tir chiing ndm méc P,
chrysogenum N2, két qua duoc thé hién & hinh 4.
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Qua d6 cho thdy, gia tri pH t6i uu cho hoat
tinh laccase ctia chiing nam méc P. chrysogenum
N2 14 5,0. O cac muc pH > 5,0 hoat tinh cta laccase
giam dan, tham chi hoat tinh chi con lai 30% & pH
8,0. Két qua nay tuong tu voi cac coéng bo trudc
day khi cho rang hau hét pH t6i wu cho hoat tinh
chia laccase nam méc 1a 5,0 [10]. Ngoai ra, gia tri
pH t6i uu con phu thudc vao cac loai co chat khac
nhau, tuy nhién laccase chi thé hién hoat tinh cao
trong mot pham vi pH axit hep (3,0-4,5). O pH >
5,0, hoat tinh laccase ctia ching nim moc
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Paraphoma sp. GZS18 giam nhanh chong va chi
con lai 45% so voi hoat tinh cuce dai, tham chi & pH
6,0 laccase co ban khong thé oxy hoa duoc cac co
chat [11].

3.4. Anh huéng cia nhiét do dén hoat tinh cta
laccase

Tién hanh khao sat anh huéng cta nhiét do
dén hoat tinh ctia laccase tir chiing nim méc P,
chrysogenum N2, két qua duoc thé hién & hinh 5.

35 40 45
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Nhiét a6 (°C)
Hinh 5. Anh hudng ctia nhiét d6 dén hoat tinh va do bén ctia laccase

Hinh 5 cho thay, pham vi nhiét d6 thich hop
cho hoat tinh laccase ctia ching nim méc P,
chrysogenum N2 1a 35-45°C véi nhiét do toi wu la
45°C. Tuong tu, hoat tinh laccase cao nhit cua
chung Rigidoporus fignosus da duoc quan sat tai
nhiét do 35-45°C va nhiét do toi tu cho hoat tinh
laccase ctia chiung Coriolus hirsutus 1a 45°C [12].
Déng thoi, laccase nAim méc noi chung c6 nhiét do
phan g tdi vu & 45°C [13]. Tuy nhién, theo Jin va
cs (2016), ching nam 7. versicolor dugc tuyén
chon c6 hoat tinh laccase cao nhit & nhiét do thap
160
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hon (25°C) [10]. Trong nghién ctru nay, khi ting
nhiét d6 lén 50°C, hoat tinh ctia laccase chi con lai
80%.

3.5. Anh huéng ctia ion kim loai dén hoat tinh
clia laccase

Tién hanh khio sat anh huéng cta ion kim
loai dén hoat tinh cta laccase tir chiing ndm méc
P. chrysogenum N2, két qua duoc thé hién & hinh
6.

Mn2+ Mg2+ Zn2+ Co2+ Ag+t

Ton kim loai

Hinh 6. Anh hudng ciia ion kim loai dén hoat tinh ctia laccase
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Hinh 6 cho thdy, anh huéng ciia cac ion kim
loai dén hoat tinh ciia laccase da dugc phat hién. O
nong do 5 mM, su c6 mat ciia cac ion Cu®, Mn* va
Mg?* da lam tang hoat tinh cfia laccase, trong khi
Ca%*, Zn* lai lam giam hoat tinh cfia laccase va
Co* lai hau nhu khong lam thay déi hoat tinh ctia
laccase so voi doi chimg. Dang chi v 14 su c6 mat
ctia Fe* da lam suy giam dang ké hoat tinh cda
laccase, thim chi Ag® da tc ché hoan toan hoat
tinh cta laccase.

béng 1a nguyén t6 quan trong cho hoat dong
cta laccase. Cac ion Cu® ton tai trong dung dich
c6 tac dung kich hoat déi vai hau hét cac laccase
va tac dung tc ché doi voi mot so laccase nhat

100
$ 80
E’ 60
S 40
@ 20
2= 0

Cartap

Cypermethrin

dinh. Nghién ctru da chi ra rang Cu®** (tham chi &
nong do thap, chidng han nhu 0,1 mM) ciing thé
hién tac dung kich hoat laccase [13]. Theo
Chernykh va cs (2008), Cu®* ¢6 tac dung kich hoat
laccase & néng do thip va ching c6 tac dung trc
ché laccase & nong do cao [14].

3.6. Kha niang phan huy HCBVTV ciia laccase

pH va nhiét @6 dong vai tro quan trong trong
hoat dong cta laccase va su phian huy HCBVIV
duoc xtc tac boi chung [10]. Vi vay trong thir
nghiém nay cac gia tri pH (5,0) va nhiét do toi uu
(45°C) da dugc sir dung dé danh gia kha nang tng
dung laccase vao phan huy cac loai HCBVTV. Két
qua dugc thé hién & hinh 7.

Chlorpyrifos

Hinh 7. Kha ning phin huy HCBVTYV cfia laccase

Hinh 7 cho thay laccase ctia ching nim méc
P. chrysogenum N2 c6 kha nang phan huy Cartap,
Cypermethrin va Chlorpyrifos (20 mg/D) 1an luot
theo cac ty 1& 92%, 90% va 80%. So vai laccase cua
chiing nam 7. versicolor dugc bao cdo boi Jin va cs
(2016), ty 1& phan huy Chlorpyrifos bdi laccase ctia
ching nim moc P chryvsogenum N2 1a tuong
duong nhau (dat gan 80%) [10]. Vi vay, ngoai ting
dung trong xi ly chat thai néng nghiép va cong
nghiép thuc phdm, phan huy thuéc va my pham,
loai mau thudéc nhudém, phan huy chat thai cong
nghiép gidy va bot gidy [15], laccase clia nAm méc
that sy co tiém nang trong phan huy tén du
HCBVTV.

4. KET LUAN

Pa t6i wu hoa qua trinh lén men san xudt
laccase cta ching nidm moc P, chrysogenum N2

204

va thit nghiém ung dung laccase trong phan huy
mot s6 loai HCBVTV. Mai truong va diéu kién 1én
men thich hop cho qua trinh san xuit laccase duoc
xac dinh 1a moi truong MSB bé sung 5% bot rom
(MSB-1), & nhiét do 25°C, toc do lac 150
vong/phtit, trong 8 ngay. Diéu kién t6i uu cho hoat
tinh laccase 1a pH 5,0 va nhiét d¢6 45°C. Ché pham
laccase c6 thé phin huy Cartap, Cypermethrin va
Chlopyrifos (néng do 20 mg/l) véi hiéu qua cao
(lan luot dat ty 1 92%, 90% va 80%). Vi vay, laccase
tit P. chrysogenum N2 c6 thé duoc xem la mot tac
nhan xtt Iy sinh hoc tiém nang trong phan huy ton
du HCBVTV.
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KHOA HOC CONG NGHE

PRODUCTION OF FUNGAL LACCASE AND ITS APPLICATION
IN BIODEGRADATION OF PESTICIDES
Dao Van Huy, Mai Thi Thuy Linh,
Le Van Thien, Ngo Thi Tuong Chau
Summary

Residues of pesticides in agricultural products, soils, waters and airs due to their overuse in crop
production have significantly affected human health and disturbed the balance in ecosystem. Many
bacteria and fungi have been reported to produce laccases capable of degrading toxic and structurally
complex chemicals. This study aimed to optimize the fermentation process for laccase production and
test the application of laccase in biodegradation of pesticides. Laccase production was carried out
using Penicillium chrysogenum N2 in Minimal Salt Broth (MSB) supplemented with substrates as rice
straw powder or rice husk powder at different ratios. Effects of pH, temperature and metal ions on
laccase activity were investigated. Laccase activity was determined based oxidation of ABTS.
Degradation of three commercial grade pesticides (Cartap, Cypermethrin and Chlopyrifos) were
assessed. Concentrations of pesticides were determined by QuEChERS (EN 15662) method. The
results showed that the suitable fermentation conditions for laccase production were MSB
supplemented with 5% rice straw powder, at 25°C, 150 rpm, for 8 days. The optimum conditions for the
highest activity of laccase were pH at 5.0 and temperature at 45°C. A high capacity of laccase capable
of degrading Cartap, Cypermethrin and Chlopyrifos has been revealed. Therefore, laccase from P.
chrysogenum N2 can be considered as a potential agent for the bioremediation of pesticide residues in
environment.

Keywords: Bioremediation, fingi, laccase, Penicillium chrysogenum N2, pesticides.
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