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TOM TAT

Ném 16n duoc b1et dén c6 kha ning sinh téng hop nhiéu enzyme khac nhau nhu enzyme thiy phén ngoai

bao va oxy héa dé tin cong hiéu qua cac chu trac lignocellulose trong thanh té bao thyc vat. Lignin peroxidase
13 enzyme ngoai bao duoc sinh téng hop & nhidu loai ndm khac nhau va lan diu tién nam 1987 dugc phan lap
tir ndm P. chrysosporium. Enzyme c6 kha ning oxy héa cac hop chét c6 tiém ning oxy hoa khtr cao khi co mat
H202 dén dén qua trinh oxy hoa electron cac hop chét khac nhau bao gdm phenol, amin thom. Théng qua phan
tmg tring hop, cac hop chat ¢6 vong phenol giam kha ning phan tmg va d¢ hoa tan, do d6 lam giam doc tinh.
Vi vay, LiP dugc g dung dé 1am sach ngudn chét thai c6 ham luong phenol cao va doc t6 phenol halogen véi
thanh phan chinh 1a cic hop chét hydroxyl phenol. Trong nghién ciru nay, 39 chung ndm phén lap tai Vuon
qudc gia Cuc Phuong (Ninh Binh) v Mudng Phing (Dién Bién) duoc sang loc kha nang sinh enzyme LiP.
Trong do6, 14 chung biéu hién hoat tinh tir 13,8 dén 108,8 U/mL khi phat trién trén méi trudng 16ng, co chét
rom. Chiing Lentinus squarrosulus MNP12 dinh danh bing sinh hoc phan tir biéu hién hoat tinh cao nhét véi
hoat d6 LiP dat 108 U/mL trén méi trudng co ban va 896 U/mL & didu kién thich hop, bd sung chét cam tmg
veratryl alcohol (0,3 g/L), ngudn carbon tir sucrose (10 g/L), ngudn nitrogen tir urea (5 g/L) sau 9 ngay lén men

dich thé ¢ 28 °C, pH 5,0 trong diéu kién Iic lién tuc 200 vong/phiit.

Tur khéa: Hemeprotein, lignin, lignin peroxidase, lignocellulose degrading enzymes, polymer carbohydrate

PAT VAN BE

Lignin 1a mot trong nhiing nguyén liéu tai tao thd
ddi dao, chiém 20-30 % thanh té bao thyc vat than
g0, 1a polyphenol ¢ ciu trac mé va dong vai trod 1a
chat lién két gira cellulose va hemicellulose trong
thanh té bao thyc vat (Palonen et al., 2004). Nim
dugc biét dén 1a vi sinh vét phéan giai lignin hidu qua
nhéit. Sy phan hay sinh hoc lignin do nim 1a mot qua
trinh phan giai bang da enzyme c6 tic dung hiép
dong. Chang c6 vai tro quan trong trong nhiéu g
dung cong nghé sinh hoc nhu trong Cong nghi¢p
gidy, xtr Iy nude thai, san xuét ethanol, tdy trang sinh
hoc nho kha ning oxy hoa cao (Leonowicz et al.,
1999. Lignin peroxidase (LiP; EC 1.11.1.14) Ila
enzyme ngoai bao dugc sinh téng hop & nhiéu loai
nédm khac nhau va dugc phan lap 1an ddu tién (ndm
1987) tir nAm P. chrysosporium (Tien et al., 1984).
Enzyme LiP 1a m¢t hemeprotein ngoai bao cé kha

nang oxy hoa cac hop chit ¢ tiém ning oxy hoa khir
cao khi co mit H,O, din dén qua trinh oxy hoa
electron cua cac hop chét khac nhau nhu phenol,
amin, methoxy benzene, nonphenolic nén c6 thé oxy
hoa ca cac chat co chu tric phenol va din xuit
phenol cua lignin ngay ca khi khong c¢6 chét trung
gian (Leonowicz et al., 1999). Vi vay, chiing dong
mot vai trd quan trong trong qua trinh phan hay sinh
hoc lignin cua thanh t& bao thuc vat. Enzyme LiP
thuong dwoc ung dung dé lam sach ngudn chat thai
¢6 ham lugng phenol cao va chit co6 doc td phenol
halogen hoa véi thanh phan 1a cac hop chat hydroxyl
phenol (Sahadevan et al., 2016). Théng qua phan
g trung hop, cac hop chét phenol 1am giam kha
nang phan tng va do hoa tan cta ching va c6 xu
hudng két tia nén lam giam doc tinh cia nhimg hop
chit nay (Kirk et al., 1990). Qua trinh sinh tong hop
enzyme LiP tir ndm bi anh huong béi nhiéu yéu t6
nhu: thanh phan moi truong 1én men, thoi gian,
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ngudn cacbon va nitrogen, pH, nhiét d¢ va dic biét
14 ndng do co chdt cam img (veratryl alcohol). Vi
vdy, trong nghién ctru nay chung tdi trinh bay mot so
két qua sang loc hoat tinh enzyme LiP cua mot so
ching nim phan 14p tir 2 ving sinh thai (Vuon quéc
gia Cic Phuong va Muong Phang). Sau d6, xac dinh
diéu kién nudi cdy thich hop dé nang cao kha niang
sinh tong hop enzyme LiP.
VAT LIEU VA PHUONG PHAP
Vat liéu

Chiing ndm: 39 ching ndm nghién ciru dugc
phén 1ap tinh sach tir mau ndm thu thap tai Vuon
quoc gia Cic Phuong (Ninh Binh) va Muong Phang
(Pién Bién). Mot s6 chung tiém ning sau khi sang
loc hoat tinh enzyme dwoc dinh tén bang phuong
phéap sinh hoc phan tir phuc vu cho nhitng nghién
ctru sau hon va dugc luu gilr tai Phong Sinh hoc thyc
nghiém, Vién Hoéa hoc cac hgp chét thién nhién,
Vién Han 1am Khoa hoc va Cong ngh¢ Viét Nam.

Moi trwong nhéan giong: Nam phat trién trén moi
truong thach PDA (khoai tdy 200 g/L, dextrose 20
g/L, agar 17 g/L, H,O 1 lit), nudi cdy ¢ 27 °C va luu
gitt 4 °C sau khi khuén ty phat trién déy bé mit
thach. Pé nhan glong cho qua trinh sinh tong hop
enzyme, khuan ty ndm tir moi trudng thach dwoc cay
chuyén sang cac dia méi truong thach méi, khoang 1
tudn dé ndm phat trién phuc vu cho cac nghién ciru
tiép theo.

Phwong phap nghién ciru

Sdng loc trén méi trwong dich thé

Nam duoc nudi ciy trén moi truong co ban bao
gdm céc thanh phan can thiét cho sy phat trién cua
nam: MgSOs (0,5 g/L); KH,PO, (1,5 g/L); cao nam
men (2,0 g/L); dich vi lugng (100 mL), Tween-80
(0,5 g/L), pH 5,5 va bo sung 2 % (W/v) co chat giau
lignocellulose (rom). Sau d6 mau dugc nudi cay
trong cac binh Erlenmeyer 250 ml chira 75 ml méi
truong trong diéu kién lic lién tuc 200 vong/phat, &
25 °C. Sau 10 ngay, dich nudi ciy long dugc 1iy dé
danh gia hoat tinh enzyme LiP. Hoat tinh cao nhat
trong sudt qua trinh nudi cay dugc so sanh giita cac
ching nidm véi nhau dé lya chon chung sinh enzyme
c6 hoat tinh enzyme cao.

Dinh tén ndm bang phwong phdp sinh hoc phén tiv

_ Téch chiét va tinh sach DNA tong s6: DNA tong
s6 duogc tach chiét bang CTAB cua Doyle (1987) va
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kiém tra bang dién di trén gel agarose 1 % (80 - 100
V). Sau qué trinh tach chiét ham lwong ADN tong sb
dugc kiém tra va dinh lugng bang thiét bi do quang
phd & budc séng A = 260 va 280 nm. Qué trinh tinh
sach DNA duoc thuc hién bang bo KIT Fermentas
(Thermo Fisher, Waltham, USA) theo huéng dan cua
nha san xuét.

Nhdn gen dich bang ky thugt PCR: Vung gen dich
(ITS) dugc khuéch dai bang ky thuat PCR véi cap moi
ITS1: TCCGTAGGTGAACCTGCGG; ITS4:
TCCTCCGCTTATTGATATGC (White et al., 1990).
M3i phan tng PCR c6 thé tich 25 uL gém céc thanh
phan: 13 pL d.H.0; 2,5 pL dém 10X; 1 uL MgCl, 25
mM; 2,5 puL dNTP 2,5 mM; 1,25 pL moi xudi (10
pmol/pL); 1,25 uL mdi nguoc (10 pmol/pL); 0,5 pL
Taq polymerase (5 U p/L); 3 pul DNA (10-20 ng).
Chu trinh nhiét cia phan tng PCR gém: 94 °C trong 3
pht; tiép sau 1a 35 chu ky ndi tiép nhau véi cac budc:
94 °C trong 45 gidy, 55 °C trong 45 gidy, 72 °C trong
45 giay; két thac phan tng nhan gen & 72 °C trong 10
phat, gitr san pham & 4 °C.

San phiam PCR dugc kiém tra bang cach
chay dién di trén gel agarose 1,5 % va tinh sach bang
Qiaquick Gel Extraction kit (Qiagen, Duc). Sin
pham nay dugc sir dung lam khuén cho phan tumg
giai trinh tu tryc tiép hai chidu (mdi xudi va mdi
nguoc) voi moi ITSI/ITS4, sir dung BigDye
terminator cycler v3.1 va doc két qua trén hé thong
ABI 3100 Avant Genetic Analyzer (Applied
Biosystems, M¥).

Trinh ty nucleotide cua cac chung nam duoc so
sanh véi cac trinh ty d3 c6 trén GenBank, st dung
phan mén BLAST trong NCBI
(http://www.ncbi.nlm.nih.gov/BLAST). Trinh tu
DNA sau khi doc dugc hiéu chinh béng mét véi su
trg gip cia phan mém ChromasPro 1.7.6
(Technelysium Pty Ltd., Australia) dé loai bé cac
vung tin hiéu nhidu. Céc trinh tu phén tich dugc sip
xép thing hang bang phin mén Bioedit v7.0.5.2
(Hall et al., 1999), Clustal W, GeneDoc 2.7
(Nicholas et al., 1997). Cac viung khong c6 kha nang
sap xép bi loai bo trudc khi phén tich. Mbi quan hé
ho hang ctia chung nim MPNI2 véi cac loai/thi
trong cung chi dwoc ldy trén Ngin hang gen
(GenBank). Dua trén co s¢ phan tich trinh tu
nucleotide vung gen ITS-rDNA cua cac loai thude
chi Lentinus spp., sau d6 sip xép can chinh bang
GeneDoc dé xay dung cay pha hé bing MEGA X st
dung phuong phap Maximum Likelihood (ML) vai
hé sé tin tuong (bootstrap) 1000 lan lap lai (Kumar
etal., 2018).
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Xdc dinh hoat tinh lignin peroxidase

Hoat tinh lignin peroxidase (LiP) dugc xac dinh
bang cach sir dung 2,4-dichlorophenol (2,4-DCP)
(Sigma) lam co chat. Thé tich cudi cing 1a 1 mL
trong hon hop phan ung chira dung dich dém natri
succatat 100 mM (pH 55), 82 mM 4-
aminoantipyrine (Sigma), 1,0 mM 2,4-DCP, 4,0 mM
H,0, va 100 puL dich enzyme. Phan tmg duoc bat
dau bang cach thém H,0, va sy gia ting d héap thu ¢
bude song 510 nm trong 1 phut & 37 °C. Mot don vi
hoat ¢ enzyme (U) dugc xac dinh la 1 pmol 2,4-
DCP bi oxy hoa mdi phit (Mehboob et al., 2011).

/fi}h hwéng ciia chit cim wng veratryl alcohol (Va)
dén kha ndang sinh LiP ciia nam

Nam dugc 1én men trong maéi truong co ban bao
gdm cac thanh phan nhu mé ta & trén va ¢ bd sung
chét cam ung veratryl alcohol véi néng do 0; 0,1;
0,3; 0,5 va 1,0 g/L. Dich bao tir ndm duogc chuyén
vao 100 mL méi trudong di dugc chudn bi sin trong
binh 250 mL véi ty 1¢ tiép gidng 14 5 %. Nam duoc
1én men & 30 °C, 200 vong/phut.

Anh hwéng ciia nguén carbon va nitrogen dén khd
ndang sinh LiP ciia ndm

Anh huéng cia ngudn carbon khac nhau dén sinh
tong hop enzyme LiP dwoc xac dinh bang cach bd
sung (10 g/L) cac loai duong khac nhau bao gdm
glucose, fructose, sucrose, lactose, maltose va tinh
bot vao moi truong nudi cly. Trong khi do, dé xac
dinh khd ning ddng hoa cac nguon nitrogen khéc
nhau, cao nim men cung cap nitrogen cho ndm sinh
truong tir moi truong co ban duoc thay thé va thir
nghiém bang céc ngudn khic bao gom (5 g/L):
KNOs3, (NH4)2SO4, pepton, NaNO;3 va urea.

Anh hwéng ciia nhi¢t dp va pH dén khi ning sinh
LiP ciia nam

Chung nidm nghién ctru duge 1&n men trén moi
truong co ban (pH 5,5) bd sung chat cam tmg, ngudn
carbon va nitrogen thich hop. Qua trinh 1én men nim
duoc duoc thuc hién ¢ cac nhiét d0 khac nhau bao
gém 22, 24, 26, 28, 30 va 32 °C. Bén canh do, dé
nghién ctru anh huong ciia pH dén sy sinh tong hop
enzyme LiP, moi truong 1én men dugc diéu chinh pH
tlr 4,5-8,0 bang dich dém acetate 100 mM (pH 4,5—
5,5) va dém phosphate 100 mM (pH 6—8). Nam duoc
1én men trong diéu kién lic lién tuc 200 vong/phut,
sau 9 ngay I&én men, dich enzyme tho6 thu nhan sau qua
trinh 1én men duoc ly tdm 5.000 vong/phdt trong 5
phut sau d6 xac dinh hoat tinh enzyme LiP.

KET QUA VA THAO LUAN
Sang lgc chiing nim sinh téng hop enzyme LiP

Kha ning sinh tong hop enzyme LiP cta 39
ching ndm duogc dénh gia thong qua viéc xac dinh
hoat tinh enzyme trong dich 1én men (sau ly tam loai
bo sinh khdi) trén co chét 2,4-dichlorophenol (2,4-
DCP, Sigma).

Két qua bang 1 cho thay, co 14/39 chung (chiém
~ 35 %) c6 kha ning sinh tong hop enzyme LiP véi
hoat tinh dao dong tir 13,8 dén 108,8 U/mL. Trong
d6, c6 mot sb chung biéu hién hoat tinh cao 1a
Lentinus sp. MPN12 (108,8 U/mL), Schizophyllum
commune CPG27 (67,9 U/mL) va Pleurotus
pulmonarius CPG6 (102,6 U/mL). Hoat tinh enzyme
LiP tir ching ndm trén cao hon so véi Ganoderma
leucidum (2,8 U/mL) trén méi truong rin bd sung
ngudn carbon tir cao nidm men (4 %) va ngudn
nitrogen tir ri duong (3 %) sau 96 gio 1én men & 35
°C va pH 4,5 (Mehboob et al., 2011). Hammel et al.
(2002) da chi ra sy c6 mat cua glucose (1 %) cod
trong moi truong lén men s& lam tang hoat do
enzyme LiP 1én déng ké sau 7 ngay nudi cay.

Kha ning sinh enzyme LiP trén mot s6 ching
nam thdi tring ciing da duoc nghién ctru, hoat do
enzyme cao nhat dwoc ghi nhan 1a 22 U/mL tir chung
LPS, 19 U/mL tir chung LPS2 va 13 U/mL tir chung
LPS3 (Vendruscolo et al., 2008). Trong mot nghién
ctru khac, ba chung ndm Pleurotus flabellatus, Poria
placenta va Coriolus versicolor dugc 1én men trén
mdi truong 16ng bd sung co chat rom, hoat tinh LiP
thu dugc tuwong tng 1a 45,7; 35,7 va 67,5 U/mL
(Sridhar et al., 2014).

Nhu vay, so sanh véi két qua tir mot sb nghién
ctru, chiing t6i nhan thdy, chung Lentinus sp. MPN
12 ¢6 kha nang sinh enzyme LiP cao (108,8 U/mL)
trén moi truong nudi cay long voi co chét 1a rom.
Nhim tang kha nang sinh téng hop enzyme LiP t
chung nam nay, nghlen ciu dmh danh chung nim
dén loai va cac diéu kién nuoi céy thich hop (ndng
do chit cam ung, nguon carbon, nitrogen, nhiét d6 va
pH) da duoc thuc hién.

Pinh danh nim ching MPN12 bang phwong
phap sinh hoc phan ti&

Két qua kiém tra DNA tong s cua chung ky hiéu
MPNI12 trén gel agarose 1 % cho thay gieng chi Xuét
hién mdt bang duy nhat, dam, sic nét, thé hién DNA
tach chiét dugc c6 d6 tinh sach cao. Cép moi
ITS1/ITS4 da nhan ban thanh cong doan gen c6 kich
thude khoang 700 bp tir chung nim.

773



Két qua giai trinh tu gen nhan (ITS) caa chang
nim MPN12 d4 xac dinh trinh ty ving gen nhan
(ITS-rDNA) cho anh dién di d6 v&i cac dinh huynh
quang rd nét, cuong d6 manh va rd rang. Sau khi loai
b6 trinh ty moi va cac ving tin hidu nhiéu, chdng toi
da thu duoc trinh ty nucleotide va kiém tra do tuong
ddng cua trinh tu trén Ngan hang gen. Két qua cho
thay, trinh tu dugc kiém tra tinh tvong dong tuong
dong cao 100% vai loai Lentinus squarrosulus sb
dang ky GUO001951. Cac trinh ty tuong ddng véi
chang nim MPN12 c6 trong Ngan hang gen duoc
thu thap va so sanh dbi chiéu can chinh dé thyc hién
phén tich pha hé.

Vi tri phan loqi ciia chiing nam MPN12
Chin chuoi nucleotide cua vung gen ITS cua
cac loai thugc chi Lentinus tir Ngan hang gen duogc

Bang 1. Hoat tinh enzyme LiP ctia chiing ndm nghién ctu.

Vii Binh Giap et al.

sip xép so sanh véi chudi ITS cua chung ndm
MPN12 va mot chudi cua loai Psathyrella
pygmaea (MG734744) dugc sir dung lam chudi
ngoai hop (outgroup) dé phan tich pha h¢ xac dinh
vi tri phan loai. So dd mbi quan hé pha hé cua mot
s6 loai thudc chi Lentinus xay dung theo phuong
phap ML duoc thé hién trén hinh 1. Chung nim
MPN12 va loai Lentinus squarrosulus tao thanh
mot nhém riéng c6 mirc do twong dong di truyén
cao (100%) va c6 quan hé¢ mat thiét voi nhau vai
gia tri bootstrap 100%.

Tir két qua phan loai bang phuong phap sinh hoc
phan tir va phan tich hinh thai bao tir c6 thé két luan
mau nam phan lap ky hiéu MPN12 c6 chung ngudn
gbc véi loai Lentinus squarrosulus thudc ho
Polyporaceae.

Lignin Lignin
TT Tén chung/Ky hiéu peroxidase™ T Tén chang/Ky hiéu peroxidase™
(U/mL) (U/mL)
Deconica coprophila CPG1* 0 21 Tyromyces sp. CPG25* 0
Mycena sp. CPG2* 0 22 Mycenasp. CPG26* 0

3 Umbelopsis isabellina CPG3** 0 23 Schizophyllum commune 67,9+0,8
CPG27**

4 Psathyrella pygmaea CPG4** 0 24 Hexagonia sp. CPG28* 0

5 Xylaria allantoidea CPG5** 16,9+0,7 25 Ganoderma sp. CPG29* 0

6 Pleurotus pulmonarius CPG6** 102,6 £ 0,5 26 Campanella sp. CPG30* 37,0+0,3

7 Bisporella sp. CPG7* 0 27 Tyromyces lacteus MPL1** 0

8 Nigrospora oryzae CPG8** 24,3+0,3 28 Ganoderma sp. MPL2* 0

9 Flammulina sp. CPG9* 0 29 Xylaria polymorpha MPL3** 22,1 +0,5

10 Auricularia sp. CPG11* 0 30 Hericium erinaceus MPL4** 0

11 Ganoderma sp. CPG12* 0 31 Lentinus squarrosulus 103,2+0,2
MPL5**

12 Nemania bipapillata CPG13** 17,8+0,5 32 Tyromyces sp. MPL6* 0

13 Xylaria xanthinovelutina CPG15** 13,8 +0,4 33 Trametes sp. MPL7* 0

14 Trametes sp. CPG16* 0 34 Agrocybe chaxingu MPL8** 26,7 £ 0,4

15 Lecanicillium fungicola CPG17** 0 35 Lentinus swartzii MPL9** 89,3+0,8

16 Clitopilus prunulus CPG19** 26,0+0,8 36 Marasmius sp. MPL10* 0

17 Trametes sp. CPG21* 0 37 Xylaria sp. MPL11* 15,8 +0,9

18 Coprinus sp. CPG22* 0 38 Lentinus sp. MPN12* 108,8 + 0,7

19 Fomitopsis feei CPG23** 0 39 Coprinellus 0
aureogranulatus MPG14**

20 Ganoderma sp. CPG24* 0

Ghi chi: * N&m dwoc dinh danh bang phucrng phap so sanh hinh thai giai phau * N&m dwoc dinh tén bing phwong phap
sinh hoc phan tt. *** Hoat tinh LiP dwgc xac dinh bang phwong phap quang phd (A=510nm) qua kha nang oxy héa co chét

2,4-dichlorophenol (2,4-DCP).
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Hinh 1. M&i quan hé ho hang ctia chiing pém MPN12 véi cac loai/thr trong cling chi l4y trén GenBank trén co' s& phan tich
trinh tw nucleotide ving gen ITS-rDNA bang phuong phap Maximum Likelihood (ML). Cac s0 trén cac nhanh tuwong treng
cho sy ho trg bootstrap. Psathyrella pygmaea (GenBank: MG734744) dwgc xem nhw loai ngoai nhém (outgroup).

-

Hinh 2. Chlng ndm phan lap Lentinus sp [ky hiéu MPN12;
(A)] phét tridn trén moi trwdng thach va hinh thai bao tir [d0
phéng dai x100; (B)].

Pidu kién 1én men thich hop sinh téng hop
enzyme LiP cia nam

Chung nam L. squarrosulus MPN 12 da duogc
sang loc hoat tinh enzyme LiP (108,8 U/mL) trén
moi truong co chat rom. Nham ting hiéu suit sinh
téng hop va tinh sach enzyme LiP cta chung nam,
co chét cam tmg veratryl alcohol dugce bd sung vao
moi truong nudi cay voi ndng do khac nhau dé danh
gi4 hiéu qua sinh téng hop enzyme LiP.

Anh hwiong nong dg veratryl alcohol (Va)

Veratryl alcohol (3,4-dimethoxybenzy! alcohol)
la san pham thor cap ciia qué trinh chuyén hoéa do
nam sinh ra. Sy ¢6 mit ctia Va ¢ nong do thich hop
trong moi truong 1én men s€ kich thich nam sinh

tong hop enzyme LiP (Breen et al., 1999). Trong
nghién ctru nay, veratryl alcohol dwoc bd sung vio
mdi truong voi cac nong do 0; 0,1; 0,3; 0,5 va 1,0
g/L dé xac dinh mirc do anh hudng dén su sinh téng
hop enzyme LiP cta ndm L. squarrosulus MPN 12.
Két qua nghién ciru cho thiy, & ngay 1én men thir 3
trén moi truong bd sung Va, hoat do LiP tang dang
ké so v6i mau dbi chung (0 g/L) va c6 chiéu hudng
tang dan theo  thoi gian. Ngay thtr 6 hoat d enzyme
do dugc & mau bd sung Va tai ndéng d6 0,5 va 1,0
g/L dat gia tri cao nhat, tuong tmg 376 U/mL va 154
U/mL va c¢6 xu thé giam ¢ ngay thir 9 va 12 (308
U/mL va 127 U/mL). Piéu nay c6 the giai thich khi
mdi truong 1én men bd sung Va & nong d6 cao (> 0,3
g/L) dan dén enzyme LiP bj trc ché boi chinh san
phém chuyén héa, do Va hoat dong nhu mot chét
trung gian trong phan Gng phan huy lignin thong qua
su hinh thanh gdc cation va chinh gdc cation nay tin
cong trd lai cAu trac lignin (Faison, Kirk, 1985). Hon
nira, khi Va vuot qua ndng d6 can thiét thi gay doc
v6i ndm lam hoat tinh Lip bi giam (Arora, Gill,
2001). Ngay thtr 9 hoat do enzyme thu dugc cao nhat
tai nong d¢ 0,1 va 0,3 g/L tuong tmg 365 U/mL va
515 U/mL va bat dau giam sau 12 ngay lén men ¢ ca
hai nong do trén. Trong khi d6, mau ddi ching hoat
do LiP cao nhét dat 109 U/mL va giam dan ¢ nhimg
ngay tlep theo (> 9 ngay). Nhu vay co_ thé thay, o
hau hét cac thi nghiém bé sung Va véi nong do khac
nhau thi hoat d6 enzyme tang cao rd rét, gap tur 1,2
(Va:1,0 g/L) dén gin 5 1an (Va: 0,3 g/L) so v6i mau
db6i chimg & ngay 1én men thir 9.
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Hinh 3. Anh hudng néng dé veratryl alcohol t6i kha nang
sinh tong hop enzyme LiP béi nam L. squarrosulus MPN 12
& 30°C trén moi trwdng 16ng.

Anh hwéng ciia nguon carbon va nitrogen

Chung L. squarrosulus MPN 12 dugc nudi cy
trén moi trudng bd sung ngudn carbon VA nitrogen sau
9 ngay lén men ¢ 30 °C, pH 5.5. Két qua cho thay,
nam sinh tong hop enzyme LiP cao hon so voi do6i
chimg trén cic méi trudong véi ngudn carbon va
nitrogen. Hoat d0 enzyme cao nhat dat 742 U/mL
trong méi trudng bd sung sucrose va thip nhit dat 528
U/mL trén méi truong bd sung maltose (528 U/mL),
hoat d6 LiP cao gip 1,0 dén 1,4 14n so véi mau doi

Vii Binh Giap et al.

ching, cac mau con lai hoat d6 LiP cao hon khong
dang ké so véi ddi ching (Hinh 4A). Kha ning sinh
enzyme LiP bj anh huong dang ké boi ngudn nitrogen
khac nhau. Két qua hinh 4B nhan thay, trong cac moi
truong bd sung ngudn nitrogen hoat do enzyme déu
cao hon tir 2 dén hon 3 1an so véi d6i chimg. Ngudn
nitrogen tir urea nim sinh tong hop enzyme cao nhat
dat 814 U/mL va thap nhat tir amonium sulphate dat
429 U/mL sau 9 ngay lén men.

Theo Thiyagarajan et al. (2008), cac ching ndm
thuoc chi Coprinus sir dung ngudn carbon tir
saccharide va methyloxoxyl cellulose khéng kich
thich sinh tong hop enzyme LiP khi sir dung ngudn
carbon tr glucose hoat tinh LiP ting cham, chi dat
10-14 U/mL boi nam Coprinus sp. UAMH 10067 va
20-28 U/mL béi nam C. cinnereus UAMH 4103.
Tuy nhién, ngubn carbon sucrose (0,5 %) thu nhan
hoat tinh cao nhat dat 120 U/mL. Trong moét nghién
ctru khéc cua Stajic et al. (2006), trong sd cac ngudn
nitrogen khéc nhau tir cac hop chat v6 co va hiru co
hoat d6 enzyme LiP cao nhét thu duoc tir moi truong
bd sung ngudn carbon pepton (0,5 %) dat 473 U/mL
sau 13 ngay lén men ddi véi ching P. eryngii 616.
Nhu véy, ngudn carbon tir sucrose va nitrogen tir
urea lam tang kha nang sinh tong hop enzyme LiP
dbi véi chung L. squarrosulus MPN 12.
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Hinh 4. Anh huéng ngudn carbon (A) va nitrogen (B) t¢i kha nang sinh tdng hop enzyme LiP b&i ndm L. squarrosulus MPN 12.

Anh huwéng ciia nhiét dp va pH

Ném L. squarrosulus MPN 12 dwoc Ién men trén
moi truong 1ong bd sung chét cam tmg Va (0,3 g/L),
nguon carbon tu sucrose (10 g/L), ngudn nitrogen tir
urea (5 g/L), pH 5,0 voi thoi gian 1€n men 9 ngay tur
22 dén 32 °C. Nam sinh enzyme LiP cao nhit ¢ 28
°C (896,4 U/mL) va thap nhat ¢ 22 °C (231 U/mL).
Khi nhiét d¢ tang 1én 28 °C thi kha ndng sinh enzyme
clia ndm ciing tang. Khi nhiét d¢ ting lén trén 28 °C

776

nim phat trién kém hon nén hoat do enzyme gidm ro
rét chi dat 518 U/mL (32 °C). Két qua trén kha tuong
ddng véi nghién ctru cia Padma dbéi véi ndm G.
lucidum hoat do LiP thu dwoc cao nhat & 27 °C trén
moi trudng 1én men 10ng sir dung ngudn carbon tir 14
cay thong (Padma et al., 2013). Mit khac, ndm T.
versicolor sinh enzyme LiP cao nhat ¢ 30 °C trén
mdi truong bd sung co chat rom (Igbal et al., 2012).

Ching L. squarrosulus MPN 12 c6 kha nang
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phat trién va sinh tong hop enzyme LiP trén moi
truong c6 pH tir 3,0 dén 8,0. Tuy nhién, kha ning
sinh enzyme LiP gidam khi pH trong moi truong
axit (pH < 4) hay trung tinh dén kiém (pH > 7).
Hoat do LiP cao nhat dat 896 U/mL tai pH 5 va
thap nhit 197U/mL tai pH 8 sau 9 ngay 1én men.
Mdi lodi ndm c6 pham vi pH thich hgp dé phat
trién va sinh tong hop enzyme. LiP tir nam S.

commune NI-07 trong mdi truwong 1én men long cod
pH t6i wu tir 4,43 dén 4,46 va khi pH tang thi hoat
d6 enzyme giam (Asgher et al., 2016). Tuy nhién,
ndm P. ostreatus sinh enzyme LiP ting véi pH tir
4 dn 7 va giam khi pH nim ngoai khoang trén.
Nhu vay, ching nam L. squarrosulus MPN 12
tang kha ning sinh tong hop enzyme LiP khi lén
men & 28 °C va pH 5,0.
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Hinh 5. Anh huéng ctia nhiét do (A) va pH (B) t&i kha néng sinh tdng hop enzyme LiP b&i ndm L. Squarrosulus MPN 12.

KET LUAN

Tir 39 chung ndm phan 1ap ¢ cac ving méi sinh
khac nhau, qua sang loc hoat tinh enzyme LiP chlng
t6i dd chon dwoc chung nidm ky hiéu MPN 12 biéu
hién hoat tinh enzyme LiP cao nhét (515 U/mL) va
dugc dinh danh 1a Lentinus squarrosulus MPN 12.
Sau 9 ngay 1én men trén méi truong 1ong bd sung
chat cam tUng veratryl aICOhOI (0,3 g/L) nguon
carbon tir sucrose (10 g/L), nguon nitrogen tir urea (5
g/L) ¢ 28 °C, pH 5,0 trong diéu kién khudy lic lién
tuc 200 Vong/phut hoat tinh enzyme LiP dat 896
U/mL. Chung nim trén c6 tiém ning cao trong viéc
thu nhan enzyme LiP dé chuyén hoa cac phy phdm
cdng-ndng nghiép giau lignocellulose.
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Vién Han lam Khoa hoc & Cong nghé Viét Nam cho
dé tai Ho tro sau tién st (Mda so: GUST.STS.BT
2020-HHO02) va Quj Phdt trién khoa hoc va céng
nghé Quoc gia (NAFOSTED) cho dé tai KHCN (M&
s0: FWO0.104.2017.03).
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SUMMARY

Fungi are known to be capable of biosynthesizing various enzymes such as extracellular hydrolytic
enzymes and oxydizing to effectively attack lignocellulose structures in the plant cell wall. Lignin peroxidase
(LiP) is an extracellular enzyme biosynthesized in a variety of fungi and first isolated in 1987 from P.
chrysosporium. The LiP enzyme is capable of oxydizing compounds with high redox potential (aromatic ring
polymers) in the presence of H202 resulting in electron oxydation of various compounds including phenols,
aromatic amines. Therefore, LiP is an important component of the extracellular enzyme system for
lignocellulose degradation. Through polymerization, phenolic compounds reduced reactivity and solubility to
be precipitated, thereby reducing toxycity. Therefore, LiP is applied in wastewater cleaning in wastwater
containing high phenol content and halogenated phenol toxyns, that are the hydroxyl phenolic compounds. In
this study, 39 fungal strains isolated from two ecological regions (Cuc Phuong National Park in Ninh Binh and
Muong Phang inDien Bien provinces) were screened for LiP enzyme production. In which, 14 strains grew on
a straw substrate medium exhibiting LiP activity with the level ranging from 13.8 to 108.8 U/mL. The LiP of
Lentinus squarrosulus MPN 12 identified by molecular analysis exhibited the highest activity as 108 U/mL on
basic culture medium and 896 U/mL in optimal culture medium, that was basic medium supplemented with an
inducer veratryl alcohol (0.3 g/L), sucrose (10 g/L), urea (5 g/L) for 9 days fermentation at 28 °C, pH 5.0 and
200 rpm. This strain has a high potential for the production of LiP enzyme to convert lignocellulose material.

Keywords: Hemeprotein, lignin, lignin peroxidase, lignocellulose degrading enzymes, polymer carbohydrate
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