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LOT CAM DOAN

Téi xin cam doan ludn an: “Nghién ctru thu nhén va dic tinh mot sb
enzyme chuyén héa lignocellulose tir ndm Viét Nam” 13 céng trinh nghién
cttu cla chinh minh duéi sy huéng din khoa hoc cia tip thé hudéng dan.
Nghién ciru ndy bao gdm mot phén két qua ciia @@ tai cap qudc gia: “Nghién
ctru phat hién va khai thac méot sb enzyme chuyén hoéa hiéu qua lignocellulose
tr nidm Viét Nam trén co s& ung dung genomic va secretomic”
(NDT.45.GER/18) ma t6i la thanh vién tham gia chinh. Ludn an st dung
théng tin trich din tir nhiéu ngudn tham khao khac nhau va cac thong tin trich
din duoc ghi 13 ngudn gbe. Cac két qua nghién cliu cia t6i duge céng bd
chung véi céc tac gia khac da duoc su nhit tri cia dong tic gia khi dua vao
luan an. Céc sb liéu, két qua duoc trinh bay trong luén an la hoan toan trung
thuc va chua ting dugc cong bd trong bat ky mot cong trinh nao khic ngoai
cac codng trinh cong bd cua tac gid. Luin 4n dugce hoan thanh trong thoi gian
t6i lam nghién ctru sinh tai Hoc vién Khoa hoc va Cong nghé, Vién Han 1am
Khoa hoc va Cong nghé Viét Nam.

Ha Néi, ngay /S thdng 08 ndm 2025

Tac gid luan an
il

Péing Thu Quynh
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LOI CAM ON

T6i xin duge bay to long cim on siu sic ciia minh t6i PGS.TS. D6 Hitu
Nghi, Vién Héa hoc — Vién Han 1am KHCNVN va TS. Nguyén Ngoc Lan,
Trung tdm nghién cttu Gen-Protein — Pai hoc Y Ha Noi, da tan tinh dinh
huéng nghién ctru, huéng din, sira luin 4n va tao diéu kién thuan loi dé toi
hoan thanh dugc ban ludn 4n nay.

Té6i xin guri 101 cam on to1 tp thé Phong Sinh hoc thurc nghiém — Vién
Hoéa hoc, phong Hé gen hoc chirc ning — Vién Sinh hoc, Vién Han lam
KHCNVN @3 chi bao va gitip d& tin tinh cho t6i trong thuc nghi€ém va chuyén
mon.

Téi xin giri 101 cam on t6i Ban Gidam ddc, tip thé nhitng can bd gidng
vién Khoa Céng nghé sinh hoc, phong dao tao Hoc vién, Hoc vién Khoa hoc
va Cong nghé, Vién Han 14m Khoa hoc va Céng nghé Viét Nam da tao nhiéu
didu kién thuan loi trong qué trinh thuc hién luin 4n.

Nbi dung nghién ctru ciia d& tai luan 4n dugc hd tro kinh phi tir Dé tai
Nghi dinh thu Viét Nam - CHLB Dirc, mé s6: NPT.45.GER/18 do PGS.TS.
P46 Hitu Nghi 1am chi nhiém. Téi xin trdn trong cdm on GS.TS. Martin
Hofrichter, Pho Hiéu truong Trudng qudc té Zittau - Pai hoc cong nghé
Dresden, CHLB Duc (TUD-IHIZ) @& gitip d3 tan tinh trong qua trinh hoc tip
va thue hién luan an.

Cubi ciing 14 cam on téi ngudi than trong gia dinh, ban bé da gitp d&
va dong vién t6i trong thoi gian thuce hién luén an.

Ha Néi, ngay A5 thang 03 nam 2025

Tac gid ludn 4n
LUM'V

Pang Thu Quynh
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Chirviét tit Tiéng Anh Tiéng Viét

AE Acetyl esterase Acetyl esterase

Asp Aspartic acid AXxit aspartic

BLAST Basic local alignment search tool Cong cu so sanh chudi sinh hoc

bp Base pair Cap base

CDH Cellobiose dehydrogenase Cellobiose dehydrogenase

Cell/Xyl Carboxymethyl cellulase/ Carboxymethyl cellulase/
Glucuronoxylanase Glucuronoxylanase

CE Carboxylesterase Carboxylesterase

DNA Deoxyribonucleic acid Axit deoxyribonucleic

EF Isoelectric focusing Piém dang dién

FAE Feruloyl esterase Feruloyl esterase

FPLC Fast protein liquid Sic ky long protein nhanh
chromatography

FTIR Fourier transform infrared Quang pho hong ngoai bién doi
spectroscopy Fourier

HRP Horseradish peroxidase Horseradish peroxidase

ITS Internal transcribed spacer Vung phién ma ndi tai

kb Kilo base Nghin base

kDa Kilo dalton Nghin dalton

LiP Lignin peroxidase Lignin peroxidase

M Marker Thang (DNA, protein) chuan

NCBI National Center for Trung tam thong tin Cong nghé
Biotechnology Information sinh hoc Quédc gia Hoa Ky

oD Optical density Mat d6 quang

PCR Polymerase chain reaction Phan tng chudi polymerase

PDA Potato dextrose agar Moi trueong thach khoai tay

rpm Revolutions per minute S6 vong/phut

SDS Sodium dodecyl sulfate Sodium dodecyl sulfate

SDS-PAGE  Sodium dodecyl sulfate bién di trén gel

polyacrylamide gel
electrophoresis

polyacrylamide SDS
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XRD X-ray diffraction Nhiéu xa tia X
UPO Unspecific peroxygenase Unspecific peroxygenase
wt Weight Khéi lugng
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MO PAU

Sinh khéi thuc vat, ngudn carbohydrate tai tao 16n nhat trén trai dit,
dugc quang tong hop khoang 200 ty tan mdi nam, trong d6 lignocellulose
chiém téi 60%. Viét Nam c6 ngudn tai nguyén thuc vat phong phi va san
lugng cay trong doi dao, tao ra lwgng 16n phu pham néng-1am nghiép giau
lignocellulose nhu g, rom ra, bd mia, may tre... Tuy nhién, chi mot phﬁn nho
trong sé nay duoc tai sir dung, phan con lai thuong bi dét hoic thai bo, gay
lang phi va 6 nhiém méi truong. Lignocellulose ¢ ciu tric bén viing va phuc
tap, thanh phan cha yéu 1a cellulose (35-50%), hemicellulose (15-30%) va
lignin (10-25%), nhung c6 thé tan dung 1am nguyén liéu cho c4c ung dung
trong kinh té sinh hoc va kinh té tuan hoan nhu san xuat nhién liéu sinh hoc
va cac hop chat hitu co nén.

Pé khic phuc nhitng han ché cua phuong phap hoa-ly (tiéu tén ning
luong, hoa chat doc hai cho méi trudng va stc khoé con ngudi), cac phuong
phap sinh hoc sir dung vi sinh vat, nam, va cac enzyme cua ching cho chuyén
hoa lignocellulose 1a huéng trién vong, phi hop vai xu thé phat trién xanh.
Nam, dac biét 1a cac loai thuoc nhém Basidiomycota va Ascomycota, ¢ kha
nang sinh tong hop nhiéu loai enzyme thily phan ngoai bao (nhu cellulase,
xylanase, esterase...) va enzyme oxy hoa (nhu peroxidase, peroxygenase,
phenol oxidase...). Khac vai vi khuan, nam c6 kha ning sinh tong hop céc
enzyme khir mach, phan hay lignin va chuyén héa cellulose nhu lignin
peroxidase (Lip), laccase (Lac), acetyl esterase (AE), cellobiose
dehydrogenase (CDH) va unspecific peroxygenase (UPO) cao. Cac enzyme
nay dong vai tro quan trong trong xuc tdc phan wng oxy hoa-khur cellulose
vuing tinh thé, phé& v cu trac lignin, ... gidp cac enzyme khac c6 thé tiép can
va chuyén hda lignocellulose giai phong cac don vi cau tric (building blocks)
la cac chat thom va c&c hop chat hitu co nén. Pay 1a nguon nguyén liéu thiét
yéu cho céc ung dung cong nghiép, bao gém san xuat nhién liéu sinh hoc, héa
chat tinh ché hay vat liéu sinh hoc, dap wng yéu cau phat trién kinh té tuan
hoan va bao vé méi truong. Hon nita, enzyme tir ndm thuong co hoat tinh cao
ngay ca trong cac diéu Kién moi truong khic nghiét nhu pH thap, nhiét do
cao, diéu ma enzyme tir vi khuan thuong kho dat duoc. Véi wu thé sinh tong
hop da dang va sb luong 16n cac enzyme ngoai bao, enzyme tir nAm c6 nhiing



2

thuan loi khi téi uvu quy trinh tinh ché, thu nhan cho san xuat ¢ quy mé céng
nghiép. Vi tinh cap thiét, y nghia va tiém ning trén day, dé tai luan an
“Nghién ci#u thu nhgn va dac tinh mgt sé enzyme chuyén hoa
lignocellulose tir ndm Viét Nam” dugc thuc hién va hoan thanh véi muyc tiéu
va nhirng noi dung nghién cau sau:
% Muc tiéu nghién ciru:

- Phan 1ap va tuyén chon céc chang nim sinh enzyme chuyén hoa
lignocellulose hoat tinh cao (lignin peroxidase, laccase, acetyl esterase,
cellobiose dehydrogenase va unspecific peroxygenase);

- Tinh sach, xac dinh dac tinh, dic hiéu co chat va téi wu xUc tac
chuyén hoa sinh khéi lignocellulose cac enzyme thu duoc.
“* Noi dung nghién cwu:

1. Phan lap va tuyén chon céc chung ndm cé kha nang sinh téng hop
enzyme tién xu ly sinh khéi lignocellulose.

2. Nghién ctu tinh sach va xac dinh dac tinh cta cac enzyme xu ly sinh
khoi tir nam.

3. Nghién ctu kha ning chuyén hoéa sinh khdi lignocellulose boi don
enzyme va x(c tac hiép dong (“enzyme cocktail”).

“ Nhirng dong gop mai caa luan an:
- Xay dung bo suu tdp gom 56 ching nam thuoc nganh ndm dam
Basidiomycota va nam tli Ascomycota, phat hién loai méi
Candolleomyces eurysporus (thudc ho Psathyrellaceae, bd Agaricales);
- Tinh sach 05 enzyme acetyl esterase, lignin peroxidase tur Lentinus
squarrosulus MPN12; Cellobiose dehydrogenase tir Coprinellus
aureogranulatus MPG14; Laccase tir Pleurotus pulmonarius MPN18
va unspecific peroxygenase tu Candolleomyces euryspous CP22; Xac
dinh dic tinh, dic hiéu co chat va dong hoc xuc tac caa enzyme.
- Tbi wu enzyme cocktail dé xtc tac chuyén hoa sinh khéi lignocellulose
(rom) thanh cac don vi duong glucose, xylose va axit gluconic.
<Y nghia khoa hoc, thuc tién cia luan an:

Vi hé sinh thai, moi truong va sinh vat da dang, Viét Nam la dai dién
vé “diém nong da dang sinh hoc” (biodiversity hotspot) c6 y nghia toan cau,
tuy nhién, dang bi de doa do cac hoat dong khai thac tai nguyén thién nhién
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va sy mat mat ngudn gen 1a van dé ddng quan tdm. Sang loc hoat tinh va thu
nhan cac enzyme tir 56 ching ndm dugc phan lap tai cic ving sinh thai khac
nhau, két qua nghién ctru cta dé tai ludn an dong gop thém vao co so dit licu
vé tiém ning xdc tac sinh hoc tir ngudn da dang ndm Viét Nam. Y nghia khoa
hoc ctia lun &n ciing bao gém cac nghién ctru tinh sach va dic tinh enzyme,
trong d6 c6 enzyme con it dugc biét dén nhu unspecific peroxygenase tir l0ai
niam mai phan 1ap & Viét Nam, Candolleomyces euryspous.

Nhu mét phan ndi dung quan trong cuia luan 4n, nghién ctru danh gia
kha ning xuc tac va t6i wu hdn hop enzyme cocktail trén sinh khéi giau
lignocellulose kho chuyén hoa (rom, lignin) cho thiy tiém ning tmg dung cua
C4C eznyme nay trong san xuat cac hop chat hitu co nén (vi du: carbohydrate,
phenolic, alcohol, axit carboxylic...) va nhién liéu sinh hoc (bioethanol).
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CHUONG |. TONG QUAN TAI LIEU
1.1. Téng quan vé lignocellulose
1.1.1. Cau truc lignocellulose

Lignocellulose 1a mot polymer ¢6 ciu trdc phirc tap va bén vig, duoc
tim thay trong thanh té bao cua thyc vat. Thanh phan cua nd bao gom ba hop
phan chinh: cellulose, hemicellulose, va lignin (Hinh 1.1) [1, 2]. Cellulose
chiém khoang 40-50% trong lwong khd cua lignocellulose, trong khi
hemicellulose chiém 20-40% va lignin chiém 20-35% [3]. Thanh phan ciu
trdc cua lignocellulose thay doi tly thudc vao nguon géc. Vi dy, trong gd
cting, cellulose chiém khoang 45-47%, trong khi & rom lta mi chi chiém
khoang 30%. Hemicellulose chiém 35-50% ¢ cé4c loai ¢, nhung chi chiém
25% trong rom ra. Tuong tu, ham lugng lignin ciing c6 sy khac biét lon: & gb
mém, lignin chiém 30-60%, nhung trong bot gidy, ham lwong nay giam
xubng chi con khoang 6-10% (Bang 1.2). Biéu nay cho thiy, su da dang vé
ngudn gbc lignocellulose khdng chi anh hudng dén ty 1é cac thanh phan chinh
ma con tac dong dén cac tinh chat vat ly va hoa hoc cia chung. Cac dic diém
nay dong vai trd quan trong trong viéc lua chon nguyén liéu dau vao va diéu
chinh quy trinh xu 1y dé tan dung hiéu qua lignocellulose trong cac tng dung
khac nhau, chiang han nhu san xuit nhién liéu sinh hoc, vat liéu composite
hoic héa chét sinh hoc.

Bang 1.1. Thanh phan mét s6 ngudn vat liéu giau lignocellulose [3].

Nguon Cellulose Hemicellulose Lignin
Lignocellulose (%) (%) (%)
Gd cung 45-47 25-40 20-25
G6 mém 40-45 25-29 30-36
Co 25-40 35-50 -
Ba mia 40 24 25
Ldi ngb 45 35 15
Rom ra 35 25 12
Bot gidy 50-70 12-20 6-10
Rom lta mi 30 50 20




| 00¢ '
el :
. Lo \ “e

Hemicellulose ! o) ° i
1 § 0
: AT AP S
1 «
1 P O )
: HLO, C{ /\CL/ :
1 l o oM :
e :

Cellulose CHOH H O CHAH ‘ u “”
O |

. w A o T 1 ! A
Lignocellulose /—’ W < "L K on / (m \.

o “l

CHOH
H O | H OH la  CHOH

""(I']ThTf'""'""TTﬂ)ﬂ """"" conT
CH CH CH

]
]
]
]
i ]
CH CH CH i
) 1
N = '

]

]

]

]

]

‘-ilr"u(u CHO ™ ~"0CH
OH OH on
'ooniferyl alcohol sinafyl alcohol  p-coumaryl alcohol;

________________________________________

r
1
]
'
]
'
]
]
)
)
]
)

Lignin |
:,il

Hinh 1.1. Cau trdc lignocellulose [4].

Cellulose 1a mot polymer c6 dang mach thing c6 cong thac 1a
(CsH100s5)n, duoc cau tao tir cac don phan tir duong D-glucose ¢6 s6 luong I1én
t6i hon 8000-12000 don vi, lién két voi nhau boi lién két B-1,4- glucoside
(Hinh 1.2) [5-7]. Mtc do trang hop cua cellulose c6 thé dat 10.000-14.000
don vi glucose trén phan tir, dat khoi lwong tuong wng 1a 1,5 triéu dalton voi
chiéu dai phan tu c6 thé I6n hon hodc bing 5 m [8]. Gitra cac chudi cellulose
c6 nhiéu gdc -OH tao thanh rat nhiéu lién két hydro gidp soi cellulose ¢é cau
trdc chac chan, rat bén va khé thay phan.

Cac soi cellulose két hop véi nhau rét chit chg, hinh thanh nén ving cé
cau trdc tinh thé. Tuy nhién, ciing c6 mot s6 soi cellulose két hop véi nhau
mot cach ngau nhién tao thanh viing ¢ cau trac vo dinh hinh [9]. Do d6, cac
dung mdi hda hoc rat kho dé cd thé xam nhap vao ving tinh thé nay. Mat
khac, cellulose dugc bao boc bai hemicellulose va lignin, do vay cellulose
kha bén viing duéi tac dong cua hda chat [8].

Hemicellulose 1a mét loai polysaccharide c6 cau tric khdng déng nhat
va phac tap, bao gém cac don vi duong nhu D-glucose, D-galactose, D-
mannose, D-xylose va L-arabinose [10-12]. Thanh phan chinh cua
hemicellulose 1a B-D-xylopyranose, dugc lién két véi nhau théng qua lién két



6

B-1,4-glucoside. Cau tric cua hemicellulose rat da dang va thay doi tly theo
ngudn nguyén liéu. Mach chinh caa hemicellulose hinh thanh tir céc lién két
B-1,4-glucoside, trong d6 xylose dong vai trd thanh phan quan trong nhat.
Nhom thé phd bién nhat 13 nhém acetyl-O, thuong gan vao vi tri 2 hoic 3 trén
mach chinh. Cac mach nhanh cua hemicellulose thuong duoc tao thanh tir cac
don vi disaccharide hodc trisaccharide, gilp né lién két véi cac
polysaccharide khac va lignin. Hemicellulose c6 cau trdc phan nhanh va vo
dinh hinh, 1am cho n6 it cing hon va kém bén viing hon so véi cellulose,
nhung dic tinh nay lai gip né dé phan hay va xir 1y hon trong cac qua trinh
sinh hoc hoac hoa hoc.

Tuy theo ting loai gd (g cung hay gd mém) ma hemicellulose cua
chung c6 dic diém ciu tao khac nhau. G& ctiing duoc cau tao boi cha yéu hai
loai hemicellulose. Loai thir nhat Ia acetyl-4-O-methylglucuronoxylan, mét
loai polymer ¢6 mach chinh duoc tao thanh tir f-D xylopyranose lién két véi
nhau bang lién két B-D xylopyranose (1,4). Trong d6 70% cac nhoém -OH & vi
tri C2 va C3 bj acetyl hoa, va 10% cac nhoém & vj tri C2 lién két voi axit 4-O-
methyl-D-glucuronic. Loai thir hai c6 mach chinh 1a B-D-galactopyranose,
hinh thanh lién két -O tai nhém OH & vi tri C6 voi a-L-arabinose, B-D-
galactose hoic axit B-D-glucoronic [13]. G6 ciing con chaa glucomannan,
polymer nay dugc cau tao boi p-D-glucopyranose va p-D-mannopyranose. G
mém ciing bao gom hai loai hemicellulose chinh. Loai quan trong nhat la
galactoglucomannan, dugc ciu thanh tir cac phan tir D-mannopyranose lién
két v6i D-glucopyranose bang lién két p-(1,4) voi ti 1é hai monomer tuong
tng 1a 3:1 (Hinh 1.2). Tuy nhién, ty ting loai gé ma ti 18 nay cd thé bi thay
d6i. Loai hemicellulose thir hai 14 arabino-4-O-methylglucuronoxylan, cé cau
tao tir cac D-xylopyranose. Nhitng monomer nay bi thay thé & vi tri 2 bang
axit 4 O-methyl-glucuronic, & vj tri 3 bang a-larabinofuranose [14].

O co, khoang 20-40% hemicellulose céu tao tir arabinoxylan, chiing c6
thanh phan chu yéu tir cac D-xylopyranose, & vi tri C2, OH bi thay thé boi
axit 4-O-methylglucuronic, ¢ vi tri C3 sé& tao mach nhanh véi a-L-
arabinofuranose. Do vay hemicellulose c6 cau tao phtc tap tao cho cac loai
thuc vat ¢d nhiéu tinh chat hoa sinh va ly sinh [13].
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Hinh 1.2. C4u trdc hoa hoc cua galactoglucomannan [15].

Lignin 1a polymer ¢d ciu tric bén viing, duoc cau thanh tir cac don vi
phenylpropene: guaiacyl (G), syringly (S) va p-hydroxyphenyl (H) [16, 17].
Lignin 12 mot hop chéat cao phan tir cau triic vo dinh hinh, c6 chira cac nhém
hydroxyl (-OH), nhdm methoxyl (-OCHs;) va nhan benzen, bao gém cac don
vi co ban: coniferyl alcohol, sinapyl alcohol va p-coumaryl alcohol, ti 1€ ba
nhom alcohol nay 1a khac nhau trong mdi loai thuc vat (Hinh 1.3). Do ciu
thanh tir nhitng phan tir dugc néi voi nhau boi cac lién két este va lién két
carbon, tao thanh mot mang ludi lién két ngang bén viing va rong rai trong
cac té bao cua thuc vat, vay nén lignin dac biét khd phan hay [13]. Cau tric
cua lignin rat da dang, tly thuoc vao loai gé (g6 mém va gd ctng). G6 mém
thanh phan cha yéu 1a guaiacyl, trong khi d6 gd cung chia chu yéu la
syringyl. Nghién cau chi ra rang guaiacyl han ché sy truong nd cia xo soi
hon 1a syringyl, vi vay loai nguyén liéu nay kho bi phan huy béi enzyme hon.

Nhiéu nghién ctu gan day da chang minh rang, cau trdc caa lignin
hoan toan khong doéng nhat. Lignin bao gom cac ving vo dinh hinh, viing c6
cau trac hinh thuén hozc hinh cau. Lignin cd lién két héa hoc chat ché véi cac
thanh phan caa hemicellulose va cellulose, do bén caa nhirng lién két nay phu
thudc vao nhitng don vi duong tham gia lién két. C, trong cau tric phenyl
propane c6 kha ning tao lién két bén chat nhat vai khéi hemicellulose. Trong
khi d6, cac loai duong nam & mach nhanh cua hemicellulose nhu galactose,
arabinose va axit 4-O-methylglucuronic 1a nhom thuong lién két véi lignin,
tao thanh céc lién két héa hoc hoic twong tac théng qua cau ndi hydro hoic
lien két ester vai lignin.



N
f N OH Lk OH 4 OCH phenylcoumaran
" 9 3 OCH;
HO Lig Bo ig | .
o .
4-coumaryl alcohol H O O
o HyCO Oi cd
\ 3
X OH 20 .
| o) Lig
HO H4CO Q O-~Lig
OCH4 guaiacol type
coniferyl alcohol 1 1o

=)
)
H,CO X OH ? o [0 O\sy'rmgol type
HO OH Lig
coniferyl alcohol fragment 0

OCH, \ p-hydroxy-
phenyl type 0
sinapyl alcohol Lig H

Hinh 1.3. Cau trdc héa hoc cua lignin [18].
Cau tric hoa hoc cua lignin dé bi pha v & nhiét do cao va pH thap,
nhu qua trinh Xt Iy bang hoi nudc hoic & moi truong axit va kiém [19]. O
nhiét d6 cao hon 200°C, lignin bi két khdi tao thanh nhitng phan riéng biét va
bi tach ra khoi cellulose [20, 21].
1.1.2. Trir lwgng lignocellulose

Sinh khéi lignocellulose ngay cang dong vai tro quan trong trong viéc
thac day phat trién nén kinh té sinh hoc, dic biét khi dugc sir dung 1am
nguyén liéu thé cho cac tng dung trong céng nghé sinh hoc va céng nghiép.
Dua trén ngudn géc, thanh phan va mic d6 polymer héa, lignocellulose c6 thé
duoc phan loai thanh cac nhdém chinh, bao gom: tir cay gd cing, gd mém, va
cac loai cdy trong (dac biét 1a cay ngii coc, cac loai €o) cling nhu ciy thao.
Véi loi thé 1a mot quéc gia co nén ndng nghiép va 1am nghiép phat trién tir
lau doi, Viét Nam sé hitu nguon nguyeén liéu lignocellulose phong pht. Mai
nim, hang tram triéu tan sinh khdi ndy duoc tao ra tir cc hoat dong san xuat
ndng-1am nghiép [22, 23]. Cac ngudn sinh khéi lignocellulose chinh ¢ Viét
Nam duoc tong hop trong Bang 1.1 [24].
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Bang 1.2. Sinh khdi lignocellulose tir phu pham néng-1am nghiép tai Viét
Nam nam 2017 [24].

Nguén Khéi lwong (tri¢u tin/nim)
Rom ra 61,9
Trau 5,6
Ldi ngb 4,8
Phé thai trong mia 1,5
Ba mia 5,0
La va xo dura 58
Théan cay mi 4,6
Rung tu nhién 6,8
Rung trong 3,7
Pit khong ring 3,9
Cay trong phan tan 6,1
Cay cong nghiép va 24
cay an qua

Phé liéu gb 1,6

Rom ra 1a ngudn lignocellulose phu pham ndng nghiép I6n nhit, wéc
tinh dat 61,9 triéu tan mdi nam (chiém 54,4%), tiép theo 14 trdu vai 5,6 triéu
tan va bd mia véi 5 triéu tin (Bang 1.1). Mic du cac ngudn lignocellulose
khac khong doi dao nhu rom ra, chiing van dong gop dang ké. Phan lén phu
pham ndéng nghiép sau thu hoach chi duoc tai sir dung mot phan, trong khi
phan con lai thuong bi phan hay ty nhién hoic xu 1y bang cac phuong phap
truyén thdng nhu 1am thic dn gia suc, & phan compost, hodc d6t bo. Nhiing
cach xir Iy ndy khong chi hiéu qua thap ma con gay lang phi mét luong 16n
cac chat hitu co ¢ gia tri. Tuy nhién, néu dugc khai thac va st dung hop Iy,
cac ngudn phu pham nay c6 thé mang lai loi ich to 16n. Piéu nay dd mo ra y
tudng tan dung cac ngudn tai nguyén tai tao phong pht dé nghién ciu va phat
trién cac san pham sinh hoc, dap tng nhu cau hién tai va twong lai cta con
ngudi, ddng thoi gop phan dam bao an ninh luong thuc, bao vé moi truong va
bao t6n tai nguyén thién nhién. Vi dy, cac phu pham nay cé thé duogc sir dung
dé san xuat nhién liéu sinh hoc va hoa chat [25]. Viéc ung dung phu pham
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ndng nghiép trong cac qua trinh sinh hoc khdng chi tao ra cac san pham co gia
tri ma con gop phan giai quyét vin dé 6 nhiém méi truong, dic biét quan
trong d6i voi cac qudc gia dang phat trién nhu Viét Nam.

1.1.3. Vai tro caa lignocellulose trong phét trién kinh té sinh hoc

Chuyén hoa lignocellulose dong vai tro quan trong trong phat trién kinh
té sinh hoc nho kha ning tan dung cac ngudn tai nguyén sinh hoc tai tao dé
thay thé nhién liéu hoa thach va tao ra cac san pham gié tri gia tang, dudi day
la nhitng diém ndi bat dang ké dén [26, 27].

Tao ra nguyén ligu tai tao gia tri cao: Thir nhat phai ké dén do 1a san
xuat nhién liéu sinh hoc nhu ethanol sinh hoc thé hé th hai. Lignocellulose tur
cac phu pham néng nghiép (rom, ba mia, vo trau...) c6 thé duoc thiy phan
thanh duong don, cac loai dudng nay duoc 18n men chuyén hoa thanh ethanol
sinh hoc, giam phat thai khi nha kinh so vai nhién liéu hoa thach [28, 29].
Gan day, nhiéu nghién ctu di tap trung vao viéc thay phan co chat
lignocellulose. Andreza va cong su (2018) di mo ta chi tiét vé tng dung
chuyén hda sinh khéi lignocellulose, cung cap co sé khoa hoc quan trong cho
su phét trién cua nganh cong nghiép nhién liéu sinh hoc [30]. Nghién ctu cua
Marknoah (2021) cho thay hiéu suit tao glucose tir qua trinh thay phan ba mia
tang dang ké sau 72 gio va c6 tiém nang tng dung trong san xuat bioethanol
[31]. Tur cac két qua nghién ctu da duoc cong b, co thé thay rang viec
chuyén hoa sinh khéi lignocellulose dé tao ra ethanol sinh hoc thé hé tht hai
la mot hudng di day tiém nang, dic biét trong nganh cong nghiép nhién liéu
sinh hoc. Ngoai ethanol, cac loai nhién liéu sinh hoc khac nhu biodiesel va
biogas cting nhan dugc sy quan tam I6n. Biodiesel 1a mot loai nhién liéu than
thién voi moi truong, cd thé dugc st dung thay thé hodc pha tron véi dau
diesel thong thuong, gop phan giam phat thai khi doc hai nhu SO: va CO:
[32]. Trong khi d6, biogas nhu khi metan (CHa), c6 thé dugc khai thac dé san
xuat dién hozc sir dung 1am nhién liéu cho cac phuong tién giao thong [33].

Ngoai ra, san pham hoa chat sinh hoc ciing nguyén liéu tai tao quan
trong trong cac nganh cong nghiép. Lignocellulose 14 ngudn nguyén liéu dé
san xuat cac hoa chat sinh hoc nhu furfural, axit levulinic, xylitol va cac
monomer sinh hoc. Nhitng hoa chat nay la cac thanh phan chinh trong san
xuat nhua sinh hoc, dung méi, duoc pham va cac san pham cong nghiép khac
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[4, 27]. Gan day, tac gia Yeong Wu va cong su (2020) da nghién ctu va toi
ru hoa cac diéu kién phan tmg dé chuyén doi sinh khdi lignocellulose thanh
furfural v&i hiéu suat cao va chi phi thap, mé ra tiém ning tré thanh mot giai
phap thay thé bén viing cho c4c san pham hda dau hién nay [34]. Huéng di
nay duoc xem 1a mot bude tién quan trong trong nd luc giam thiéu tac dong
méi trudng cua cac nganh cdng nghiép dua vao hda dau, déng thoi tan dung
ngudn nguyén liéu sinh khdi san c6 va phong phi. Su két hop giita nghién
cttu khoa hoc va cong nghé san xuét s& 1a chia khoa dé phat trién cac giai
phap hoa chét bén ving, dap tng nhu cu cua xa hoi hién dai.

Thiic ddy Kinh té tuan hoan: Viéc tai sir dung chat thai ndng nghiép va
cong nghiép, tan dung phé pham nhu rom ra, ba mia, vé trau, va min cua
khong chi gitp giam & nhidm méi trudng ma con ti wu hoa viéc sir dung tai
nguyén sinh hoc. Ngoai ra, lignocellulose sau qua trinh chuyén hda cé thé
dugc xu Iy dé san xuat phan bon hitu co, gop phan cai thién do phi nhiéu caa
dat néng nghiép va nang cao hiéu qua st dung tai nguyén, qua d6 thuc day
kinh té tuan hoan. Méi day, Grzegorz va cong su (2024) da nghién ctu qua
trinh chuyén hoa sinh khdi lignocellulose thanh phan bén giau dinh dudng.
Két qua nghién ctru da chitng minh tiém ning vuot troi caa phan bon
lignocellulose so v&i phan bén truyén thdng trong viéc thuc day ting truong
cay trong, cai thién dat, va giam thiéu that thoat chat dinh dudng [35].

Pdy manh nghién cizu va déi méi céng nghé: Qua trinh chuyén hoa
lignocellulose doi hoi sy ¢ing dung cac cong nghé tién tién st dung enzyme
thuy phan va oxy hda, hoic vi sinh vat tai t6 hop [36, 37]. Biéu nay khong chi
thuc day su phat trién caa nganh céng nghé sinh hoc ma con tao viéc lam va
nang cao ning luc khoa hoc. Trong nhitng nim gan day, nhiéu nha khoa hoc
da tap trung nghién ciru phat trién cac enzyme va chang vi sinh vat méi nham
t6i wu hoa qua trinh chuyén héa lignocellulose. Tai Viét Nam, mot s6 nghién
ctiu tiéu biéu da dat duoc nhitng két qua dang chu y. Chang han, tac gia
Nguyén Thi Xuan Sam (Pai hoc Bach khoa Ha Noi) di tinh sach enzyme f-
glucosidase tir nam Aspergillus niger dé thuy phan ba mia [38]. Tac gia Pang
Tat Thanh (Vién Cong nghé Thuc pham, Ha Noi) da tién hanh phan lap va
danh gia dac tinh cua ching A. brunneoviolaceus c6 kha ning sinh tong hop
hé enzyme thity phan lignocellulose [39]. Ngoai ra, trén thé giéi, cac nghién
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ciu vé enzyme lién quan dén chuyén hoa lignocellulose ciing khong nging
mao rong. Vi du, Zhichao Deng va cong su (2019) da phan tich dac tinh va vai
trd ciia enzyme laccase trong viéc chuyén hoéa lignin tir phé thai IGa mi [40].
Nghién ctu cua Raulo va cong sy (2021) mé ta chi tiét su phdi hop hiéu qua
gitta nhiéu enzyme mgai trong qué trinh thay phan lignocellulose, véi cac
enzyme quan trong nhu endoglucanases, cellobiohydrolases, va S-glucosidase
dong vai tro then chét trong viéc pha v cau trdc lignocellulose [41]. Viée dau
tu vao nghién ctu va phat trién cac quy trinh chuyén héa s& mé rong cac
nganh lién quan khac nhu néng nghiép, nang luong, va hda hoc sinh hoc.

Giam phy thudc vao tai nguyén khong tai tgo: Cac san pham ti
lignocellulose c6 kha ning thay thé nguyén liéu hoa thach, chang han nhu
nhya tir dau mé hoic cac héa chat cong nghiép truyén thong, qua d6 giam ap
luc 1&n cac tai nguyén khong thé tai tao. Dong thoi, dap img xu hudng tiéu
ding bén viing, cac san pham nhu bao bi sinh hoc tir lignocellulose ngay cang
tré nén phi hop vai 16i séng than thién vai méi truong [29].

Chuyén hda lignocellulose khong chi mang lai gia tri kinh té cao ma
con hd tro bao vé mdi truong, dong vai tro nén tang trong phat trién kinh té
sinh hoc bén viing. Viéc dau tu vao cdng nghé va chinh sach khuyén khich six
dung tai nguyén nay 1a hudng di chién lugc dé dam bao su phét trién dai han.
1.2. Mt sé enzyme chuyén hoa lignocellulose va nguén sinh tong hop
enzyme

CAu tric phtc tap cua lignocellulose 1a mét thach thuc 16n trong viéc
chuyén héa sinh khéi nay, do su lién két chat ché gira cellulose,
hemicellulose va lignin tao nén mot mang ludi bén viing va khang lai cac tac
nhan phan giai. Chinh vi vay, cac enzyme chuyén héa lignocellulose dong vai
trd quan trong trong viéc phan giai cau tric nay. Cac enzyme nay bao gom hai
nhém chinh: enzyme oxy hoa va enzyme thuy phan (Hinh 1.4). Cac enzyme
oxy héa dong vai tro quan trong trong viéc xuc tac cac phan tng oxy hoa-khir
dé pha va cac lién két hoa hoc trong lignin, dic biét 1a cac lién két C—C va C—
0, vén c6 d6 bén cao, gitp ma dau cho qué trinh pha va lignin. Qua trinh nay
tao diéu kién cho cac enzyme thuy phan dé dang tiép can va phan giai
cellulose cung hemicellulose. Trong khi d6, enzyme thity phan, bao gém
cellulase va hemicellulase, x(c tac qua trinh cat dut céac lién két glycosidic
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trong cellulose va hemicellulose, giai phong cac don vi monosaccharide va
oligosaccharide can thiét trong (ng dung céng nghiép. Tuy nhién, su phdi hop
hiéu qua giira cac enzyme nay 1a yéu té quyét dinh hiéu suat caa qué trinh
phan giai lignocellulose.

laccase
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Hinh 1.4. Mot s6 enzyme tham gia vao qua trinh chuyén hoa lignocellulose
[42].

1.2.1. Nhom enzyme oxy hoa
1.2.1.1. Laccase

Laccase (EC 1.10.3.2) la enzyme thudc polyphenol oxidase hay
oxidoreductase, chira c4c nguyén tir dong trong trung tim xdc tac va hay duoc
goi 1a polyphenol oxidase da ddéng [43]. Boi vi trong cau tric c6 chia 4
nguyén tir d6ng nén laccase sir dung oxy 1am chat nhan dién ti khi oxy hoa co
chat. Laccase c6 thé oxy hoa co chét rat da dang, bao gém cac dan xuat
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diphenol, polyphenol, phenol, amine thom, diamine, dioxin, benzenethiol va
ca cac hop chét vo co [44].

Co ché tac dung cua enzyme laccase dua trén phan tng oxy héa-khir,
trong d6 enzyme str dung oxy phan tir (O) 1am chat nhan electron va chuyén
d6i n6 thanh nude (H.0). Qua trinh bét dau khi laccase lién két voi co chit,
thuong 1a cac hop chét phenolic, amin thom hodc cac chit ¢ kha ning cho
electron. Nho cac ion dong trong trung tm hoat déng, enzyme nhan electron
tir co chat, dan dén viéc oxy hoa co chat thanh cac san pham nhu quinon.
Pong thoi, cac electron dugc chuyén téi oxy phan tir tai trung tdm hoat dong
ctia enzyme dé tao ra nudc [45]. V6i kha ning xtc tac da dang va khong dac
hiéu, laccase c6 thé xir Iy nhiéu loai co chat khac nhau, bao gom cac hop chat
hitu co phirc tap nhu lignin, pha v& cac lién két phenolic va ether trong cau
trdc lignin, 1am giam do bén virng ctua nd. Qué trinh nay khong chi giai phong
cellulose va hemicellulose dé cac enzyme khéc tiép tuc xir ly, ma con tao ra
cac hop chat gia tri gia ting tir lignin, nhu oligomer va monomer phenolic
[43, 45].

Laccase la enzyme dac biét duoc quan tdm baoi nhitng (g dung htu ich
trong cac nganh cong nghiép dang phat trién nhu: tdy mau cua thudc nhuém
vai, tay trang gidy, loai bo hop chat phenol du trong ruou, san xuat nhién liéu
sinh hoc, khtr doc moi trudng ...[46, 47]. Laccase c6 thé thu nhan tir vi khuan
nhu Azospirillum lipoferum, Bacillus subtilis... Tuy nhién, laccase tur vi
khuan thuong c6 hoat tinh rat thap va khé cé kha nang tng dung trong thuc
tién san xuat. So voi enzyme tong hop tir thuc vat, vi khuan hay con tring, thi
enzyme ¢6 ngudn géc tir nAm biéu hién nhiéu uvu thé hon ca nhu co tinh 6n
dinh hon, tinh khong dic hiéu co chat va kha ning oxy hod cac hop chat
phenol da dang. Laccase thu nhan tir nAm men thuong khong thé hién hoat
tinh cao nhu laccase tir nam soi. Piéu ndy chi yéu lién quan dén yéu cau
glycosyl hoa dic trung cua laccase tir cac nguon goc khac nhau. Do vay,
laccase thu dugc tir ndim médc dugc quan tdm nhiéu hon. Laccase da duoc phéat
hién chu yéu tir cac loai nAm nhu Botrytis cinerea, Chaetomium thmophilum,
Coptius cinereus, Neurospora crassa, Phlebia radiatre, Pleurotus otreatus,
Pycnoporus cinnabarius va Trametes versicolor [45, 48-50].
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1.2.1.2. Lignin peroxidase

Lignin peroxidase (LiP, EC 1.11.1.14) la enzyme thudéc nhom
peroxidase, dugc tim thay cha yéu & cac loai nam phan giai gd, dac biét 1a
Phanerochaete chrysosporium [51, 52]. Enzyme nay c0 kha nang oxy hoa cac
hop chat phac tap nhu lignin thong qua viéc sir dung hydrogen peroxide
(H20,) 1am chat xtc tac dé nhan electron.

Co ché tac dong cua LiP Ién lignocellulose dién ra thong qua qua trinh
oxy hoa céc lién két hoa hoc phac tap trong lignin. LiP st dung hydrogen
peroxide dé kich hoat trung tdm heme, tao ra cé4c trang thai oxy hda cao
(Compound | va Compound 11) [53]. Enzyme nay tao ra cac gbc tu do, chang
han nhu gdc phenoxy hoic cation radical, tai cac vi tri hoat dong cua lignin.
Cac goc nay khéng on dinh va trai qua hang loat phan (ng hda hoc, dan dén
pha v& cac lién két C-C va C-O trong cau tric lignin. Sy phan hay lignin boi
LiP lam giam tinh kh&ng phan giai cua lignocellulose, giai phong cellulose va
hemicellulose, gitp cac enzyme khac nhu cellulase va hemicellulase dé dang
tiép can va phan giai. Nho do, LiP dong vai tro quan trong trong viéc xir ly
sinh khéi thyc vat, san xuat nhién liéu sinh hoc va céc tng dung tai ché sinh
hoc khac [54, 55].

Lignin peroxidase thuong duoc tim thay trong cac loai nam muc trang,
chang han nhu P. chrysosporium, Trametes verscolor, Bjerkandera adusta va
Phlebia radiata [56-58]. Enzyme LiP tir c4c lodi nim nay c6 kha ning oxy
hoa-khtr vuot troi hon so véi laccase, vi né cd thé oxy hda ca cac cau tric
phenolic va dan xuat phenolic cua lignin ma khéng can su hd trg cua chat
trung gian. Nho dac diém nay, LiP c6 kha nang phan hay lignin hiéu qua hon
laccase, gop phan quan trong vao qua trinh tai ché va chuyén hoa
lignocellulose. Tuy nhién, khdng phai tat ca cac loai nam muc trang déu c6
kha ning sinh tong hop enzyme LiP. Su biéu hién cua LiP phu thudc vao loai
nim, diéu Kién méi truong, va ngudn carbon c6 san. Mot s loai nAm muc
trang chi san xuat mangan peroxidase (MnP) hoic cac enzyme khac trong qué
trinh phan giai lignin. Piéu ndy phan &nh sy da dang sinh hoc va tinh chuyén
biét ctia cac enzyme trong viéc thich nghi véi moi truong va phén huy céac
chat hitu co phuc tap [18]. Hon nita, hiéu suat hoat dong caa LiP con chiu anh
huong boi ndng do hydrogen peroxide, pH, va nhiét d6. Cac nghién cau hién
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dang tap trung vao viéc t6i wu hoa diéu kién nudi cay nam va thiét ké bién doi
enzyme nham ting cuong tinh 6n dinh va hiéu qua xuc tac cua LiP, phuc vu
cho céc tng dung céng nghiép va moi truong.

Enzyme LiP thuong duoc st dung trong cac tng dung lam sach nguon
chat thai c6 ham lugng phenol cao, bao gém cac doc té phenol halogen va cac
chat gay 6 nhidm c6 kha ning rdi loan noi tiét nhu t-octylphenol, bisphenol A,
estrone, va ethinylestradiol [59]. Nhitng hop chat nay thuong chaa cac nhém
hydroxyl phenolic, von c6 do doc cao va khd phan hay. Thdng qua phan ang
triung hop, LiP bién ddi cac hop chét phenolic thanh cac san pham it phan &ng
hon va kém hoa tan, ddn dén két tua va giam dang ké doc tinh cua chang.
Ngoai ra, LiP con duoc ¢ing dung trong qué trinh khir mau caa cac loai thudc
nhuém téng hop. Theo nghién ctu caa Ollikka va cong su, peroxidase lignin
tir P. chrysosporium da duoc chitng minh ¢6 kha ning khtr mau céc loai thudc
nhuém nhu azo, triphenyl methane, heterocyclic, va polymer. Qua trinh nay
c6 thé duoc ting cudng véi su hién dién cia cac co chat khac nhau dong vai
tro chat trung gian, gidp cai thién hiéu qua phan ang [60]. Bén canh xu ly chat
thai va thudc nhudém, enzyme LiP cling dwoc ¢ng dung rong réi trong nganh
cdng nghiép gidy va bot gidy. N6 duoc sir dung dé khi lignin trong qué trinh
lam trang bot gidy, thay thé cac hoa chat doc hai nhu clo [55]. Viéc nay khéng
chi 1am giam tac dong xau dén moi trudng ma con tiét kiém chi phi xi ly
nuéc thai va nang cao chat luong san pham. LiP dang ngay cang khang dinh
vai tro quan trong trong cac nganh céng nghiép hién dai, dac biét la trong xur
Iy méi trudng, san xuat gidy bén viing va tai ché tai nguyén, gop phan giam
thiéu 6 nhiém va thuc day cac giai phap cong nghé xanh.
1.2.1.3. Unspecific peroxygenase

Unspecific peroxygenase (UPO, EC 1.11.2.1) la enzyme oxy hoéa thudc
nhom heme-thiolate peroxidase, duoc biét dén véi kha nang xuc tac phan tng
peroxygen hda. UPO c6 kha nang truc tiép oxy hoa lignin trong lignocellulose
nhd st dung hydrogen peroxide 1am chat oxy hoa, khong can dén cac chat
trung gian nhu nhiéu enzyme khéac. UPO c6 cau tric giéng cytochrome P450
va 1a mot thanh vién trong ho peroxidase chita heme, vi mot ion sat ¢ trung
tam [61, 62]. Cau tric nay cho phép n6 thuc hién phan ung oxy héa da dang.
Enzyme nay c6 thé xdc tac qua trinh oxy hoa khong dic hiéu, nghia 13 nd co
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thé chuyén hoa nhiéu loai co chat khac nhau nhu alkane, alkene, alcohol,
ether, va tham chi cac hop chat thom [63]. UPO thyc hién cac phan Gng
hydroxyl héa, epoxide hoa, va mot sé phan tng khac mot cach hiéu qua ma
khong can dén su tham gia cia NADPH nhu cac enzyme cytochrome P450.

Co ché tac dong ctia UPO dbi véi lignocellulose chu yéu duya trén kha
ning oxy hoa cac lién két phuc tap trong lignin — thanh phan chinh Iam
lignocellulose tré nén khang phan huay. Enzyme nay oxy hoa cac nhom chic
trong lignin, bao gdom cac lién két C-H va C=C, tao ra cac géc tu do phenoxy
hoic cation radic. Cac goc tu do nay kich hoat mot chudi phan ung tu do, pha
v& cau tric polymer cua lignin. Qua trinh nay 1am giam sy bao boc chit ché
cua lignin quanh cellulose va hemicellulose, giai phong cac polysaccharide dé
cac enzyme khac nhu cellulase va hemicellulase tiép can dé dang hon [64].
Khong chi tac dong dén lignin, UPO con c6 kha ning bién d6i cac cau trdc
phuc tap khac trong lignocellulose théng qua viéc thém oxy vao cac phan tu
hitu co khong no. Diéu nay gilp phan giai lignocellulose hiéu qua hon, mo
duong cho viéc chuyén hoa thanh cac san pham c6 gia tri nhu duong, ethanol
sinh hoc, va cac hda chat nén tang khéac [65].

Nho tinh da dang trong kha nang xuc tac, UPO dugc wng dung rong rai
trong nhiéu linh vyc, bao gdm nhu san xuét cac hop chat oxy héa quan trong
trong nganh hoa duoc va hda my pham, ¢ng dung trong qué trinh bién doi
sinh hoc cua céc hop chét hitu co, xur ly cac chat gay 6 nhiém hitu co, dic biét
la céc chat gay & nhiém kho phan hay sinh hoc trong nudc thai. UPO dugc
tim thay cha yéu trong cac loai nAm méc va nam soi (fungi), dic biét 1a cac
loai ndm thugc chi Agrocybe, Marasmius va Cylindrobasidium [23, 66]. Céc
nam nay san sinh ra enzyme UPO nhu mét co ché dé phan huy lignocellulose
trong tu nhién. Enzyme unspecific peroxygenase dwoc nghién ctru rong rai
khong chi vi tiém nang tng dung céng nghiép cia nd ma con boi kha ning
thuc hién cac phan tng hdéa hoc mot cach hiéu qua va than thién vai moi
treong.
1.2.1.4. Cellobiose dehydrogenase

Cellobiose dehydrogenase (CDH, EC 1.1.99.18) la enzyme thuéc nhom
oxidoreductase, c6 kha nang xtc tac qua trinh oxy hda cellobiose (mot
disaccharide) thanh cellobionolactone, dong thoi chuyén dién tir ti cac chat
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nhan nhu oxy, quinone, hoac ferrocenium ion [67, 68]. Enzyme nay thuong
duoc tim thay trong céc loai nAm méc va ndm soi, chiang han nhu Trametes va
Phanerochaet, dong vai tro quan trong trong qué trinh phan huy cellulose
trong tu nhién [69, 70].

CDH c¢6 c4u tric gom hai mién chtrc ning chinh: mién FAD (flavin
adenine dinucleotide) va mién heme [71]. Mién FAD (Flavin Adenine
Dinucleotide) thuc hién qué trinh oxy hoa cellobiose va cac oligosaccharide
tuong tu, chuyén ching thanh cellobiono-1,5-lactone, quéa trinh nay kém theo
viéc giai phong cac electron. Trong khi mién heme thuc hién nhiém vy
chuyén electron tr mién FAD dén cac chat nhan dién tor khac nhu
cytochrome, quinone, va oxy [72]. Su phdi hop gitra hai mién nay tao ra kha
nang tuwong thich cao véi nhiéu loai chat nhan dién ta, gip CDH linh hoat
trong nhiéu diéu kién méi truong khac nhau.

CDH c6 vai tro quan trong trong viéc phan hay lignocellulose nho kha
nang tuong tac vai ca cellulose va lignin (Hinh 1.5). Enzyme nay khong chi
oxy hoa cac san pham tir qua trinh thay phan cellulose, chang han nhu
cellobiose, ma con tao ra cac goc tu do va hydrogen peroxide. Nhitng san
pham nay la tdc nhan hd trg hoat dong cua cac enzyme oxy hda khac, bao
gom laccase, lignin peroxidase (LiP), va manganese peroxidase (MnP). Cac
géc tu do va hydrogen peroxide do CDH tao ra tham gia vao qua trinh phé v&
cau truc lignin, lignin bi phan manh, lam 1o dién cac chudi cellulose va
hemicellulose an bén trong, tao diéu kién dé cac enzyme thily phan nhu
cellulase va xylanase tiép can dé dang hon.
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Hinh 1.5. M ta vai trd cia CDH trong chuyén héa lignocellulose.

Nho vao cac dac tinh xdc tdc manh mé, CDH dang duoc nghién ciru va
tng dung trong nhiéu linh vuc khac nhau, bao gém san xuét nhién liéu sinh
hoc, xur Iy chét thai sinh hoc va tong hop cac hop chat sinh hoc c6 gia tri cao.
Trong san xuat nhién liéu sinh hoc, CDH go6p phan 1am ting hiéu suat chuyén
hoa lignocellulose thanh cac loai duong don, tir do cai thién quy trinh san
xuat bioethanol. Ngoai ra, kha ning tao ra cac goc tu do va hydrogen peroxide
cling giap CDH tré thanh mot cong cu hitu ich trong cac quy trinh xi ly 6
nhidm va phat trién cac cam bién sinh hoc. Nho hoat dong cia CDH va cac
enzyme phan giai cellulose khac, c4c vi sinh vat c6 thé sir dung cellulose nhu
mot nguodn carbon va ning luong. Bén canh d6, CDH con ¢6 nhiéu tiém ning
trong wng dung cdng nghiép nhu san xuat nhién liéu sinh hoc, biosensor,
.[73, 74].

1.2.2. Nhém enzyme thay phan
1.2.2.1. Ho glycoside hydrolase

Glycoside hydrolase (hay glycosidase, glycosyl hydrolase; EC 3.2.1-)
& mot nhom enzyme quan trong co vai tro trong qua trinh phan giai cac lién
két glycoside gitra carbohydrate hoic giira carbohydrate va céc phan ta khong
phai carbohydrate [75]. Ching phan huy polysaccharide (nhu cellulose, chitin
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va glucan) thanh cac oligosaccharide va monosaccharide. Ho enzyme GH rét
da dang va dugc phan loai thanh nhiéu ho khac nhau dya trén cau trac va co
ché hoat dong cua ching. Cac enzyme trong ciing mét ho thudng cé ciu tric
ba chiéu va co ché xuc tac twong tu nhau, mac du ching cé thé khac nhau vé
d6 dic hiéu co chat. Hién nay, dua vao co sd dir lieu CAZy (Carbohydrate-
Active enZymes), GH dugc chia thanh hon 170 ho khac nhau.

Enzyme quan trong trong ho glycoside hydrolase la cellulase, mét phtrc
hé gém endo-1,4-glucanase (EC 3.2.1.4), exo-1,4-glucanase (EC 3.2.1.91) va
B- glucosidase (EC 3.2.1.21) [76]. C4c enzyme nay xuc tac thuc day qué trinh
thay phan phan cit mach cellulose thanh nhitng doan ngan (Hinh 1.6) [77,
78].

Endo-1,4-glucanase (EC 3.2.1.4) 1a mot enzyme c6 chirc nang phan cat
ngau nhién cac lién két B-1,4-glycoside trong chudi cellulose hoic céac
polysaccharide twong ty. Enzyme nay hoat dong bang cach nham vao cac vi
tri bat ky trong chudi cellulose, phan cat thanh cic doan ngidn hon nhu
oligosaccharide va cellodextrin, dong thoi tao ra cac diém duat gy trén soi
cellulose, gilip cac enzyme khac dé dang tiép can va tiép tuc phan giai. Endo-
1,4-glucanase duoc (ng dung rong rai trong nganh cong nghiép giay dé xu ly
soi cellulose, ting hiéu Suat san xuat, ciing nhu & budc dau caa qué trinh phan
hay cellulose nham san xuat bioethanol [79].

Exo-1,4-glucanase (EC 3.2.1.91), con duoc goi la cellobiohydrolase, la
mot enzyme c6 chiic ning phan cit céc lién két B-1,4-glycoside tai cac dau
tan clng cua chudi cellulose, tao ra san pham chinh 1a cellobiose. Enzyme nay
hoat dong chu yéu trén cac dau khong khir cua chudi cellulose, phan cat tung
don vi disaccharide (cellobiose) tir chudi cellulose hoic tir cac doan ngan
duoc tao ra boi endoglucanase. Exo-1,4-glucanase phéi hop chit ché voi
endoglucanase dé tdi wu héa qua trinh phan giai cellulose. Enzyme nay
thuong dugc ang dung trong phan giai cac soi cellulose dai thanh céac phan dé
xt 1y hon trong qua trinh san xuat ethanol sinh hoc.

B-glucosidase (EC 3.2.1.21) con duogc goi la cellobiase, 1a mot enzyme
thay phan lién két B-glycoside gitta c4c phan tir duong trong cac
oligosaccharide hozc disaccharide nhu cellobiose, chuyén héa ching thanh
glucose — dang duong don dé hap thu va s dung. Enzyme nay hoat dong &
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giai doan cudi cua qua trinh phan hay cellulose; do dé, hoat tinh cia nd giam
khi chiéu dai caa chudi cellulose ting 1én. Vai trd chinh caa p-glucosidase la
chuyén hoéa cellobiose thanh dudng don glucose, ngin chin su tich tu céc san
pham trung gian nhu cellobiose, vn co thé tc ché hoat dong cua cac enzyme
phan giai cellulose khac. Enzyme nay c6 nhiéu tng dung quan trong, bao gom
san xuat glucose 1am nguyén liéu Ién men ethanol trong nganh céng nghiép
nang luong sinh hoc. Trong y hoc, B-glucosidase dugc str dung dé cai thién
tiéu hda va hd tro diéu tri cac rdi loan lién quan dén chuyén hoa carbohydrate
80, 81].

Tuy thudc vao cac chung vi sinh vat ciing nhu cac diéu kién moéi trudng
nudi cay, ty 18 cac thanh phan trong hé enzyme cellulase 1a khac nhau, tuy
nhién dé phan giai hoan toan cellulose can c6 sy tac dung hiép dng cua ca ba
enzyme trong hé cellulase [80]. Tur c4c nghién cau vé ba enzyme trong hé
cellulase cac nha khoa hoc déu két luan ring cac loai enzyme cellulase c6 tac
dung hiép dong sé& thay phién nhau thity phan cellulose dé tao thanh san pham
cudi cuing l1a duong glucose [82].
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cellulose tu nhién cellobiase -
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glucose cellobiose/cellotetrose

Hinh 1.6. Hé cellulase tham gia chuyén héa mach cellulose [82].
1.2.2.2. Ho carbohydrate esterase

Mot mat xich quan trong tham gia vao qué trinh thay phan cau tric
lignocellulose la hé carbohydrate esterase (CE), la dai dién cua nhom céac
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enzyme hydrolase xuc tac phan ung cho su hinh thanh cac ester no va ester
thom [83, 84]. Trong dod, hai enzyme acetyl esterase (EC 3.1.1.6) va feruloyl
esterase (EC 3.1.1.73) hoat dong trén cac chudi nhanh cua ciu tric
polysaccharide dé phan cit lién két ndi giira cac chudi xylan véi lignin dé tach
phan lignin ra khoi cau trac lignocellulose. Chang doéng maot vai tro quan
trong & giai doan dau qua trinh thay phan lignocellulose [85, 86].

Acetyl xylan esterase: Acetyl xylan esterase la mot enzyme thuoc nhom
hydrolase, cO vai tro xuc tac phan ung giai phong cac nhom acetyl tir cac
polysaccharide acetyl hoa nhu xylan hoac pectin trong lignocellulose [87].
Enzyme nay cung vai cac enzyme thuy phéan cellulose va xylan gitr vai tro
quan trong trong viéc chuyén hoa vat liéu thanh té bao thyc vat. Cu thé, acetyl
esterase loai bo cac nhom acetyl ester tai vi tri C2 va C3 cua D-xylopyranosyl
trong chudi xylan (Hinh 1.7). Qua trinh deacetyl héa nay lam cho cac don vi
xylopyranosyl trong xylan dé dang bi phan giai hon boi enzyme endo-p-1,4-
xylanase (EC 3.2.1.8). Cac nhom acetyl nhanh thuong tao tré ngai khong
gian, lam giam kha nang tiép can cua cac enzyme phan cat chudi chinh. Vi
viy, acetyl esterase dong vai trd hd tro bang céach loai bo cac nhom acetyl
nhanh, giup ting cudng hiéu qua tiép can caa enzyme endoxylanase. Ngoai
ra, enzyme endoxylanase tiép tuc loai bo cac nhém O-acetyl trén B-D-
xylopyranosyl & cac vi tri C2 va C3 cua acetyl xylan, tir d6 thiic day qué trinh
phan giai xylan thanh cac don vi duong don hiéu qua hon.
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Hinh 1.7. Bich tac dong cta enzyme acetyl (xylan) esterase va feruloyl
esterase [87].
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Nho tinh dic hiéu cao, acetyl xylan esterase dang ngdy cang khang
dinh vai trd quan trong trong nhiéu linh vuc cong nghiép, tir ché bién thuc
pham, ning luong dén phét trién cong nghé vat liéu sinh hoc tién tién. Vi du
nhu, trong nganh san xuat gidy va bot gidy, enzyme nay hd trg qué trinh tay
tring va lam sach cellulose, tir d6 giam thiéu nhu cau st dung héa chat doc
hai, gop phan bao vé moéi trudng va téi wu hoa hidu qua san xuat [88]. Trong
linh vuc thuc pham, Acetyl xylan esterase dugc st dung dé cai thién két cau
va tinh chit cua cac san pham tir ngii coc, nho kha nang bién doi va 1am mém
ciu tric hemicellulose, gitip tang chit lwgng va tinh 6n dinh cua san pham.
Pdng thai, trong nganh thac dn chin nudi, enzyme nay dong vai trd quan
trong trong viéc phan hay xylan va hemicellulose c6 trong ngii cdc, tir d6 ting
kha ning tiéu hoa va gia tri dinh dudng cua thirc an, gitp nang cao hiéu suat
chan nuéi [89].

Acetyl xylan esterase tir cAc nguon sinh vat khéac nhau cé dic tinh hoa-
ly va hoat dong xuc tac khac nhau. Enzyme c6 nguon goc tir ching Bacillus
pumilis c6 khéi lugng phan tir 1a 40 kDa, nhiét o hoat dong téi wu 1a 45°C
cung véi pH téi wu 1a 6,0. Trong khi d6 enzyme cd ngudn géc tir chang
Bacillus subtilis c6 khéi lwong phan tir 1a 31 kDa va hoat dong ti wu & nhiét
d6 50°C va pH 6,5. Hoat tinh ctiia enzyme ¢ thé bi anh hudng boi cac ion kim
loai, vi du nhu Zn#*, Ni?* va Fe?* lam tang hoat tinh cia enzyme, trong khi do
Mn2*, Mg?*, Ca?*, Cu?*, Fe®* va Co®" tic ché hoat tinh ciia enzyme. Bén canh
ngudn enzyme c6 tir vi khuan thi enzyme acetyl esterase ciing dugc tim ra &
mot s ching nim thudc nganh Ascomycota, dién hinh nhu Aspergillus
awamori [90], Aspergillus niger [38] va Fusarium oxysporum [91]. Enzyme
tir nAm Aspergillus awamori c6 khéi lugng phan tir 1a 31 kDa va hoat dong tét
& nhiét @6 40 °C va pH 7,0.

Feruloyl esterase (FAE, EC 3.1.1.73) hay con goi la ferulic axit
esterase thugc nhom carboxylic este hydrolase. Enzyme nay xuc tac phan ung
thay phan lién két este giira cac polysaccharide trong thanh té bao va cac axit
hydroxycinnamic lién két vai lignin [92, 93]. FAE déng vai trd quan trong
trong viéc giai phong axit ferulic va cac hop chat phenolic khac tir thanh té

bao thuc vat, qua d6 pha v& cau tric phac tap cua lignocellulose. Piéu nay
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gilp cai thién kha ning tiép can cua cac enzyme khac, nhu xylanase va
cellulase, dén polysaccharide, t6i wu hoa qué trinh phan giai lignocellulose va

tang hiéu qua xu ly sinh hoc.

Hinh 1.8. Bich tac dong caa enzyme feruloyl esterase va cac lién két dang
cau ndi cua axit ferulic va dimer voi arabinoxylan va lignin [94].

A: O-5-feruloyl lignin; B-C: nhom dimer O-5-diferuloyl dimer; D: nhém O-3-
acetyl.

Enzyme feruloyl esterase con hoat dong trén cac chudi nhanh cua
polysaccharide trong thanh té bao thuc vat, pha v lién két este giira cac chudi
xylan va gitra xylan véi lignin. Qua trinh nay gitp tach lignin ra khoi cau tric
phuc tap cua lignocellulose [95]. Dudi tac dong cua FAE, phuc hop lignin-
carbohydrate (LCC) trd nén dé& bi phan giai hon, tao diéu kién thuan loi cho
cac enzyme khéc xuc tac thuy phan lignocellulose. Ngoai ra, FAE con xuc tac
giai phong cac axit phenolic nhu axit ferulic, axit p-coumaric, axit cinnamic
va cac dimer caa ching tir vat liéu lignocellulose. Nhitng hop chat phenolic
nay khéng chi cé gié tri cao trong nganh thuc pham va my pham nho dic tinh
chéng oxy hoa ma con dong vai trd quan trong trong nghién ciu va san xuat
cac hop chét sinh hoc c6 gia tri [95].
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Gan day, enzyme feruloyl esterase nhan dugc nhiéu su quan tam boi
vai trd caa chdng trong nhiéu nganh cong nghiép nhu gidy va bot gidy. FAE
c6 thé gilp tach cac lignin tir cellulose, 1am giam viéc st dung hda chat va
nang luong trong qua trinh san xuat gidy va bot gidy. Trong cong nghiép duogc
pham, FAE gilp tao ra cac hop chit phenolic, cac hop chat nay c6 dic tinh
chéng oxy hoa, chdng viém, va chdng ung thu, duoc sir dung trong san xuat
dugc pham va cac san pham chiam séc sic khoe [96]. Trong cdng nghiép sinh
hoc va ning luong sinh hoc, FAE dong vai trd pha v cac cu tric phac tap
cua lignocellulose, lam ting hiéu qua caa qué trinh san xuat bioethanol tir cac
nguy@n liéu sinh khéi. Enzyme nay ciing ciing hd tro trong viéc san xuat cac
loai nhién liéu sinh hoc khac tir c&c ngudn nguyén ligu tai tao. Ngoai ra,
enzyme nay ciing c6 vai trd trong viéc thu nhan céc hop chat thom
hydroxycinnamic tir phu pham néng nghiép [97, 98]. Hién nay ¢ Viét Nam c6
rat it cac céng bé lién quan téi (ng dung cua enzyme feruloyl esterase tir nam
trong qua trinh phan huy lignocellulose tir phu pham céng-ndng nghiép. Trén
thé gigi, mot s6 cong bd vé feruloyl esterase lién quan dén su thay phan
lignocellulose di dugc nghién cau tinh sach va xac dinh dic tinh, cha yéu 1a
tr nguén nam va vi khuan (Paenibacillus spp., Pseudomonas spp.,
Aspergillus spp va Penicillium spp) [99]. Céc vi sinh vat duoc biét dén voi
kha ning sinh ra feruloyl esterase di dugc dé cap bao gom: Clostridium sp.,
Pseudomonas sp., Aspergiluss sp., Fusarium sp....) [85].

CAu trlc phuc tap va bén viing cua lignocellulose doi hoi sy phdi hop
hoat dong cuia nhiéu enzyme, bao gém cac enzyme oxy hda va thiy phan,
hoat dong mot cach hiép ddng [100]. Viéc st dung enzyme dé x(c tac qua
trinh thuy phan cellulose thanh glucose va hemicellulose thanh xylose tur 1au
da duoc xem 1a mot chién lugc tiém nang va hiéu qua vé chi phi trong cac
ting dung cong nghiép. Do do, tdi wu hoa cac loai enzyme cocktail 1a mot yéu
td then chét nham nang cao hiéu qua chuyén doi lignocellulose, bai mai loai
co chat déu co nhimg dic diém riéng va yéu cau cac diéu kién dic thu dé
duogc phan huy hoan toan.

1.2.3. X(c tac hiép dong bai hdn hop enzyme (“enzyme cocktail”) trong chuyén

hda hiéu qua vat liéu lignocellulose.
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Lignocellulose, thanh phan chinh cua sinh khéi thuc vat, duoc ciu tao
bai ba hop phan chinh 14 cellulose, hemicellulose va lignin, lién két chat ché
thanh mot mang khéng gian ba chiéu, tao nén dic tinh khang phan hay sinh
hoc cao. Trong cau trdc nay, cellulose ton tai & dang vi soi tinh thé dugc bao
boc bai 16p hemicellulose cé tinh phan nhanh va lignin Ky nudc, lam giam
dang ké kha nang tiép can cua enzyme thuy phan [101, 102]. Bé khic phuc
tré ngai nay, nhiéu nghién ctu da tap trung phat trién hén hop enzyme
(“enzyme cocktail”) — sy phéi hop cé chu dich gitta nhiéu loai enzyme nham
khai thac t6i da hiéu tng hiép dong (synergy effect), qua d6 nang cao hiéu
suit thiy phan polysaccharide va giam chi phi enzyme trong san xuit nhién
liéu sinh hoc va hda chét nén sinh hoc.

Trong nhom cellulase, endo-p-1,4-glucanase (EG) cat ngau nhién lién
két B-1,4-glycosidic trong chudi cellulose v dinh hinh, tao cac dau mach
mai; cellobiohydrolase (CBH) tin cong tir dau mach va giai phong cellobiose:
trong khi B-glucosidase (BGL) thuy phén cellobiose thanh glucose, loai bo
hién tuong ¢ ché nguoc 1én EG va CBH [103]. Péi véi hemicellulose, cac
xylanase, B-Xylosidase, mannanase cung cac enzyme phu tro nhu acetylxylan
esterase va feruloyl esterase pha v& cu tric phan nhanh va lién két ester, giai
phong hemicellulose, dong thoi giam che chan cellulose [14]. Nhém enzyme
oxy hda, gom laccase, lignin peroxidase (LiP), manganese peroxidase (MnP),
xuc tac phan giai lignin thdng qua qué trinh oxy héa lién két C-C va C-O, tir
d6 giam hién tuong bam dinh khong dac hiéu cua cellulase 1én lignin [104].
bac biét, lytic polysaccharide monooxygenase (LPMQO) — mot enzyme thudc
nhom auxiliary activity (AA9, AA10) — st dung ion dong va chat cho dién tir
dé oxy hoa lién két glycosidic trén bé mat cellulose tinh thé, tao diém dat moi
va tang dang ké kha ning tiép can cua cellulase [105, 106]. Su két hop hop Iy
gitta cac nhom enzyme nay mang lai hiéu suit cao hon tong hiéu suat cua
ting enzyme don 1¢, thé hién tinh hiép ddng rd rét ca vé toc d6 phan ung 1an
d6 sau phan giai co chat [86, 107].

Pé tan dung téi da hiéu tng hiép dong, viéc tdi vu hoa thanh phan va ti
16 enzyme 1a yéu t6 then chét. Cac phuong phap quy hoach thuc nghiém nhu
Response Surface Methodology (RSM) hoic thiét ké Box—Behnken dugc ap
dung nham tim ra ti 1& phdi tron ti vu gitta EG, CBH, BGL, hemicellulase va
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LPMO theo thanh phan hda hoc caa co chat, mic do tién xt ly va tai chit ran
[108]. Ngoai ra, bd sung cac phu gia nhu chat hoat dong bé mat c6 thé 1am
giam bam dinh khong dic hiéu caa cellulase 1én lignin va cung cap chat cho
dién tir cho LPMO, qua d6 ting hiéu qua thiy phan [86]. Su két hop enzyme
cocktail véi cac phuong phap tién xu Iy hda hoc, vat ly hoac sinh hoc (vi du:
xt 1y hoi nudc bdo hda, hoic tién xt ly bang enzyme oxy héa) gidp pha va
cau trdc chat ché cua lignocellulose, nang cao kha ning tiép can cua enzyme
va rdt ngan thoi gian [109]. Cac két qua thu duoc khdng chi gilp nang cao
hiéu qua chuyén hoa lignocellulose thanh dudng don (glucose, xylose) ma
con tao nén tang cho san xuit bioethanol, biobutanol, axit hitu co va cac hop
chat sinh hoc c6 gia tri cao, dong gdp vao su phat trién cua kinh té sinh hoc
tuan hoan va giam phat thai khi nha kinh toan cau [110].

Hién nay co rat nhiéu mé hinh phdi tron khac nhau, dem lai hiéu qua
thuy phan khac nhau. Viéc da dang hda cac cong thic enzyme cocktail khong
chi cho phép lua chon giai phap pht hop véi ting loai sinh khéi cu thé, ma
con gilp t6i wu hoa qué trinh san xuat theo muc tiéu cong nghé va kinh té. Ti
d6, mé ra nhiéu hudng tng dung méi nhu: nang cao hiéu suat san xuat nhién
liu sinh hoc thé hé 11 (bioethanol, biogas, biodiesel sinh hoc), ché bién hoa
chat nén xanh (acid lactic, acid succinic, polyol), hay khai thac trong cong
nghiép gidy, dét may, ché bién thirc an chin nudi va xtr Iy méi truong. Bong
thoi, sy phét trién cua cac mo hinh phdi tron con 1a co sd dé ung dung céac
cdng cu hién dai nhu sinh hoc tong hop, tri tué nhan tao va mé phoéng tinh
toan trong thiét ké enzyme cocktail, gop phan tao ra nhiing giai phap linh
hoat, tiét kiém chi phi va than thién v&i méi truong.

1.3. Tinh hinh nghién céu va dic diém enzyme chuyén hda lignocellulose
tir nam
1.3.1. Tinh hinh nghién ctru trong va ngoai nwoc

Gan day, cac phuong phép sinh hoc, dac biét 1a viéc sir dung vi sinh vat
hodc enzyme dac hiéu, dang dugc chi trong nho tinh than thién vai moi
truong va tiém nang tng dung quy md I6n. Nhitng sinh vat ¢d kha ning phan
hity lignocellulose déng vai trd quan trong trong viéc duy tri vong tuan hoan
carbon, nhd kha nang chuyén héa hiéu qua cac vat liéu thuc vat théng qua hé
enzyme oxy hoa va thuy phan [111]. Trong sé d6, cac 10ai nAm dugc biét dén
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la nhdm sinh vat so hitu hé xdc tac sinh hoc (enzyme) hiéu qua nhat. Nam Ion
c6 kha niang sinh tong hop nhiéu loai enzyme khac nhau, bao gom enzyme
thuy phan ngoai bao (nhu cellulase, xylanase, esterase...) va cac enzyme oxy
héa thuoc nhdm oxidoreductase (nhu peroxidase, peroxygenase, phenol
oxidase...), gitip phan huy cac polymer thuc vat va giai phong cac don vi cau
tric (building block) cua ching [78]. Bic biét, cac loai nim soi (filamentous
fungi) noi bat nho hé enzyme xdc tdc manh mé va kha ning tiét luong 16n
enzyme ngoai bao vao moéi truong. Diéu ndy khong chi gidp ching phan huy
hiéu qua lignocellulose ma con vuot trdi so véi vi khuan trong viéc tiép can
va xu ly céc ciu trdc thuc vat phic tap. Ndm soi nhu Trichoderma reesei,
Aspergillus spp., va cac loai thuoc nhém nam trang (white-rot fungi) nhu
Phanerochaete chrysosporium da duoc nghién ctru sau rong nho kha nang san
Xuat enzyme manh mé, dic biét 1a cac enzyme oxy hoa ¢ kha ning pha vo
lignin, mot thanh phan khé phan hay nhat caa lignocellulose [112, 113].

Nghién ctu vé enzyme chuyén hda lignocellulose tir ndm dang thu hut
su quan tam lon trong cac linh vuc cdng nghé sinh hoc va nang Iugng tai tao.
Céc enzyme nay gilp cai thién kha nang phan huay lignocellulose trong quy
trinh chuyén hda sinh hoc, 1am giam su can thiét cua cac phuong phap co hoc
hoac hda hoc tén kém va doc hai. Ngoai ra, nghién ciru cling tap trung vao
viéc t6i uu hoa diéu kién méi truong dé san xuat enzyme tir nAm, cai thién
hiéu suat chuyén hdéa va nghién cau cac tng dung cong nghiép. Aarthi
Ravichandran va cong su (2019) da phan lap va chi ra vai tro cua enzyme
versatile peroxidase tir chang nim muc tring Lentinus squarrosulus trong
chuyén héa lignocellulose tir than cay ké&. Két qua thu duoc 1a ham luong
lignin duoc xac dinh la giam khoang 18% so véi ban dau sau khi duoc xir ly
bang enzyme [114]. Zhichao Deng va cong sy (2019) da nghién ciru dac tinh
va vai trd cia enzyme laccase trong chuyén hda lignin ¢6 ngudn géc tir phé
thai lta mi. Nghién ctru di chi ra duoc su khéac nhau trong cau trdc cua lignin
tredc va sau khi xtr Iy bang enzyme bai phan mém FTIR va XRD. Phuong
phap FTIR di cho thay cé4c lién két ete thom di bi phan cat va guaiacyl (G) bi
oxy hoa, trong khi d6 phuong phap XRD chi ra rang do két tinh cua
lignocellulose ting 1én do thoai hoa mot phan lignin [40]. Mét s nghién ctu
khac nhu Adarsh va cong su (2020) da chi ra vai tro caa hé enzyme



29

ligninolytic tir mot sé lodi nam muc tring, chiang han nhu Termetes
versicolor, Pleurotous ostreatous va Phanerochaete chrysosporium co vai tro
dic biét dang cht y trong chuyén hoéa phé thai cd ngudn gbc tir lignocellulose
[115].

Ngoai ra, viéc cai tién céng nghé enzyme thong qua céc k¥ thuat nhu
tién hoa protein hoic thiét ké enzyme tai t hop ciing dong vai trd quan trong
va dang dugc nhiéu nha khoa hoc quan tam. Tac gia Tatsuki va cong su da
nghién ciu tach dong thanh cdng enzyme lignin peroxidase tir chung ndm
muc trang Phanerochaete sordida YK-624 [116]. Hoic enzyme esterase ciing
da duoc tach dong thanh céng tir loai nam Thermomyces lanuginosus [117]. O
Viét Nam, tac gia Tran Lién Ha (Pai hoc Bach Khoa Ha Noi) da nghién ctu
tach dong va biéu hién gen ma hda enzyme xylanase tir nAm Aspergillus niger
dé thay phan sinh khéi lignocellulose [118]. T4c gia Pang Tat Thanh (Vién
cong nghé thuc pham, Ha Noi) phan lap va danh gia dic tinh chang A.
brunneoviolaceus sinh tong hop hé enzyme thay phan xylan [39]. Nhin
chung, hién nay da c6 rat nhiéu nghién cau vé sinh tong hop, thu nhan, va tai
t6 hop enzyme chuyén hoa lignocellulose tir cac loai nim. Nhiing dé tai nay
d3 nghién ctru mot s6 enzyme nhat dinh dwoc san sinh tir nAm va ung dung
trong cong nghiép, tuy nhién chua di sdu vao nghién ctu hé enzyme chuyén
hoa lignocellulose tir nAm mot cach toan dién. Mac du cac nghién ctu nay da
mang lai nhiéu két qua quan trong, nhung cho dén nay, sé lugng céac nghién
ctru vé tng dung hé enzyme chuyén hoéa lignocellulose trén déi teong nam &
Viét Nam van con han ché. Diéu nay dic biét dang cht y khi Viét Nam so
hitu su da dang phong phu céc l0ai vi sinh vat nAm sdng trong cac méi trudng
ty nhién khac nhau, nhu rirng nhiét di va rirng ngap man, noi tiém ning cta
cac loai ndm nay chua duoc khai thac triét dé. Viéc nghién ctru su hon vé cac
hé enzyme chuyén hoa lignocellulose tir cac lodi nam dia phuong s& khong
chi gitip tang cuong hiéu biét vé co ché chuyén hda chat nay ma con mo ra co
hoi tng dung trong viéc phét trién cac cong nghé xur ly va tai ché sinh khoi
lignocellulose, gop phan tao ra cac san pham than thién véi méi truong va bén
viing cho nganh cong nghiép sinh hoc.

Hién nay, cac enzyme tham gia phan giai lignocellulose da duoc nghién
ctru sau rong trong nhiéu thap ky, cha yéu tap trung vao ba nhém enzyme
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chinh. Trong d6, nhom enzyme chiu trach nhiém thuy phan cellulose (thuong
goi chung 14 cellulase) 14 nhom duoc nghién ctu nhiéu nhat va da duoc tng
dung rong rai trong céng nghiép [31, 82]. Bong thoi, nhém enzyme phan giai
hemicellulose ciing nhin dugc sy quan tdm dang ké; dién hinh 1a céc enzyme
thuy phan cac polysaccharide cua hemicellulose nhu endoxylanase va [-
xylosidase, a-L-arabinofuranosidase, acetyl xylan esterase va feruloyl esterase
[85, 119]. Nguoc lai, lignin 1a thanh phan di vong phic tap cua lignocellulose,
¢ céu trac khong déng nhat, giau cac lién két thom va co kha ning khang
phan huay sinh hoc cao; do d6 qua trinh phan giai lignin doi héi sy tham gia
Clia cac enzyme oxy hoa mang co ché x(c tac phuc tap hon. Lignin
peroxidase va laccase la hai enzyme oxy hda tiéu biéu c6 kha ning oxy hoa
cac cau trac lignin phuc tap, dong vai trd then chét trong viéc khai phét qua
trinh phan giai lignin, tir d6 tao diéu kién thuan loi dé cac enzyme thuy phan
tiép can va phan giai cellulose cing hemicellulose [115]. Tuy nhién, cac
enzyme lignin peroxidase va laccase c6 nguon géc tir nAm cho dén nay van
chua duoc nghién ciru mot cach day du.

Bén canh cac enzyme dd duogc nghién ctu sau rong, van con mot sb
enzyme it dugc khai thac nhung dang ngay cang thu hat sy quan tdm cua
cong dong khoa hoc nhd vao co ché xic tac doc ddo va tiém ning tng dung
vuot troi. Pién hinh trong sé nay la cellobiose dehydrogenase (CDH),
unspecific peroxygenase (UPO), va nhom acetyl esterase (dac biét la
acetylxylan esterase). Nhitng enzyme nay khéng chi bb sung vao su da dang
vé co ché phan giai lignocellulose ma con htra hen khic phuc nhiing gigi han
vé hiéu suat va tinh chon loc cua hé enzyme truyén théng. Trén co s& d6, luan
van nay lya chon nghién ctru nim enzyme bao gom lignin peroxidase,
cellobiose dehydrogenase, laccase va unspecific peroxygenase (thuoc nhom
enzyme oxy hoa), cung vai acetyl esterase (thugc nhom enzyme thuay phéan).
1.3.2. Pic diém enzyme tir nam

Enzyme chuyén hoa lignocellulose tir nam 14 mot cong nghé tiém nang,
tuy nhién, gidng nhu moi cong nghé khac, enzyme nay ciing c¢6 nhiing vu va
nhugc diém riéng. Mot trong nhitng wu diém noi bat 1a kha nang phan giai
lignocellulose hiéu qua. Cac enzyme nhu ligninase, cellulase va xylanase do
nam san xuat c6 thé phan giai lignin, cellulose va hemicellulose, nhiing thanh
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phan chinh cau tao nén lignocellulose. Trong khi d6, enzyme tir C4&C ngudn
khac nhu vi khuan hoic thuc vat tuy ciing c6 kha nang phan giai
lignocellulose, nhung hiéu qua thuong thap hon hodc yéu cau diéu kién khac
nghiét hon. Hé enzyme cua vi khuan va thuc vét ciing han ché hon so véi
nam, dic biét 1a thiéu cac enzyme c6 kha ning phan giai lignin hiéu qua, diéu
nay lam giam kha ning chuyén hda lignocellulose thanh céc san pham c6 gia
tri. NAm c6 thé san xuat mot loat cac enzyme lignocellulolytic manh mé hon
nho sy da dang va kha ning thich tng cao trong viéc phan hay cac ciu tric
phtrc tap cua lignocellulose. Nguoc lai, mic du vi khuan cé thé phat trién
nhanh va san xuit enzyme véi téc do cao, nhung ching thiéu su da dang
enzyme can thiét dé xir ly lignocellulose mot cach hiéu qua. Gan day, tac gia
Julian Detain va cong su (2024) di chttng minh rang hé enzyme tir nAim mang
lai hiéu qua chuyén hoa lignocellulose cao hon va phu hop hon véi nganh
cong nghiép so vai enzyme tir vi khuan. Nghién ctu cia ho cho thay cac
enzyme tir nam khdng chi ¢ kha nang phan giai lignocellulose mot cach hiéu
qua ma con dap tng duoc cac yéu cau vé diéu kién hoat dong trong quy trinh
cdng nghiép, 1am tang kha ning Gng dung trong san xuat cac san pham co gia
tri tir lignocellulose [37].

Uu diém tiép theo phai ké dén Ia tinh than thién véi moéi truong. So Vo
cac phuong phap hoa hoc, enzyme chuyén héa lignocellulose 12 phuong phap
sinh hoc, it gay 6 nhiém méi truong va khong st dung cac hda chat doc hai.
Diéu nay gilp giam thiéu tac dong xau dén hé sinh thai va bao vé suc khoe
con nguoi. Hon nita, qué trinh st dung enzyme dé phan giai lignocellulose c6
thé thuc hién trong diéu kién nhe nhang hon, khong yéu cau nhiét do va ap
suat cao nhu cac phuong phap hoa hoc truyén thng, tir d6 tiét kiém nang
lugng va giam khi thai gay hiéu tng nha kinh. Nho do, cong nghé nay khong
chi mang lai hiéu qua kinh t& ma con gop phan thic day phat trién bén viing
trong nganh cong nghiép chuyén héa sinh hoc. Viéc s dung enzyme tir nAm
c6 thé giam chi phi san xuat so voi cac phuong phap truyén thong, dong thoi
hd tro phét trién bén viing trong cac nganh cdng nghiép tai ché va nang lugng
tai tao. Cac enzyme nay khéng chi gidp toi wu hoéa qua trinh phan giai
lignocellulose ma con 1am giam nhu cau st dung cac hda chat dit tién va
nang lugng cao, gop phan vao viéc tiét kiém chi phi trong san xuat. Hon nita,
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nho vao tinh than thién véi moi treong va kha nang tai st dung, cdng nghé
enzyme tir ndm gidp giam luong chét thai va khi thai doc hai, tir ¢6 thuc day
cac giai phap ning luong tai tao va tng dung trong viéc chuyén hoa chit thai
hitu co thanh cac san pham c6 gia tri. Diéu nay khéng chi mang lai loi ich vé
mat kinh té ma con hd trg muc tidu phét trién bén viing, giam thiéu tac dong
tiéu cuc dén méi truong.

Bén canh nhiéu wu diém noi bat tir cac Gtng dung enzyme tir nAm, van
tdn tai mot s6 nhuge diém. Mot trong nhitng van dé Ion 1a chi phi san xuét
enzyme khé cao. Viéc san xuat enzyme tir nam doi hoi diéu kién nudi cay dac
biét va quy trinh tinh sach phwc tap, dan dén chi phi san xuét van con cao hon
S0 V6i cac phuong phap khac. Hon nira, ning suat san xuat enzyme tir nam
d6i khi khong 6n dinh, va can thoi gian dai dé toi wu hoéa quy trinh nudi ciy
va thu nhan enzyme. Diéu nay khién cho viéc ap dung enzyme tir nAm trong
quy md cong nghiép van gap mot sé thach thire, dic biét 1a trong cac nganh
y&u cau san lugng lén va chi phi thap. Tuy nhién, cac nghién ciu va cai tién
cong nghé lién tuc dang hudng dén viéc giam thiéu chi phi va nang cao hiéu
qua caa qua trinh san xuat enzyme, mé ra trién vong cho viéc ang dung rong
rdi trong tuong lai. Mot nhuge diém khac caa enzyme tir nim 1a do on dinh
kém trong cac diéu kién moi truong khong téi wu. Enzyme c6 thé mat hoat
tinh khi tiép xuc véi nhiét d6 cao hoic méi trudng pH khdng phi hop, anh
huong truc tiép dén hiéu qua chuyén hoa lignocellulose trong céc ung dung
cong nghiép. Piéu nay dat ra thach thic 1on trong viéc duy tri hiéu qua hoat
dong cua enzyme khi ap dung & quy md 16n hoac trong cac quy trinh yéu cau
diéu kién khic nghiét. Mic du nhitng han ché nay ton tai, su phét trién cua
cong nghé sinh hoc, dic biét 1a ky thuat cai tién enzyme va téi wu hoa diéu
kién san xuat, dang m& ra co hoi cai thién nhiing nhugc diém trén, giup
enzyme tir ndm tré thanh giai phap hiéu qua hon trong céng nghiép chuyén
hoa lignocellulose.

1.4. So lwgc vé Lentinus squarrosulus, Coprinellus aureogranulatus,
Pleurotus pulmonarius va Candolleomyces eurysporus

Trong hé sinh thai nAm phong pht cua ving nhiét doi va can nhiét dai,
nhiéu loai nAm cd gia tri sinh thai va tiém ning Gng dung cao di dugc phat
hién va nghién cau, trong d6 co6 Lentinus squarrosulus, Coprinellus
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aureogranulatus, Pleurotus pulmonarius va Candolleomyces eurysporus. Mdi
loai déu mang nhitng dic diém sinh hoc, hinh thai va sinh thai hoc riéng biét,
g6p phan lam phong phl thém sy da dang cua gidi nam.

Lentinus squarrosulus 12 mot lodi nam hoai sinh thuéc ho
Polyporaceae, thuong dugc tim thiy trén than cay gé muc trong cac khu ring
nhiét doi va can nhiét d6i. Mi nim cd hinh tron hoidc hoi méo, dudng kinh tir
3-10 cm, bé mat khd, mau trang dén trang nga hoic hoi niu nhat, duoc bao
phu boi cac vay nho, x0 xi — dic diém “squarrosulus” (nghia 1a c6 vay go
ghé) ndi bat gilp nhan biét loai. Mép mil thudng cong xudng ¢ giai doan non
va tré nén phing hon khi truong thanh. Phién nam day, mau tring, gan chat
vao cudng va khong doi mau khi cham vao. Cubng nam trung tdm hoac hoi
léch, dai 3-8 cm, chac va c6 bé mit tuong tu mii, ciing pha cac vay nho. c6
hinh try dén hinh elip hep, kich thudc dao dong trong khoang 6-9 x 2,5-4 pm
[120].

Hinh 1.9. Loai nam Lentinus squarrosulus [121].

Bao tir mong thanh, khong mau va khong c6 vach ngan. Ngoai gi4 tri
dinh dudng, loai nAm nay con dwgc quan tdm trong nghién ctru dugc hoc nho
chtra cac hop chat c6 hoat tinh khang khuan va chéng oxy hoéa. Su phé bién
cua no trong tu nhién ciing kha nang phan hay manh mé chat lignin khién né
tré thanh mot mat xich quan trong trong hé sinh thai ring.

Coprinellus aureogranulatus 12 mot lodi ndm nho thudc ho
Psathyrellaceae, duoc biét dén nho dic diém hinh thai doc dao va mau sac dac
trung. Mil nam c6 dang hinh chudng hoac hinh trimg khi con non, sau d6 mé
rong dan theo tudi, thuong c6 duong kinh nho, khoang 1-2 cm. Bé& mat mi
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phi mot 16p hat nhd mau vang éng anh nhu bui vang — dic diém noi bat da
tao nén tén goi “aureogranulatus” (tir tiéng Latinh: aureus = vang, granulatus
= dang hat). Phién nim ban dau c6 mau trang, sau chuyén dan sang xam roi
den va phan huy theo kiéu tu tiéu, dién hinh cua céac loai trong chi
Coprinellus. Cudéng ndm manh, mau tring dén hoi vang nhat, rdng, thuong
dai hon mii, khéng c6 vong. Loai ndy thuong moc trén dat giau man hoic go
muc, dic biét trong moi trudng am wdt nhu rimg mua nhiét déi. Coprinellus
aureogranulatus 12 loai nAm hiém, chia yéu duoc ghi nhan & khu vuc Dong
Nam A, véi rat it tai lieu mo ta chi tiét, 1am cho n6 tré thanh ddi twong quan
trong trong nghién ctru da dang sinh hoc va phan loai nam hoc [122].

Hinh 1.10. Loai nam Coprinellus aureogranulatus [123].

Pleurotus pulmonarius, thuong duoc goi 1a ndm so trang hoic nam so
phdi, 1a mot loai nAm in duoc phd bién thudc ho Pleurotaceae. Loai nAm nay
c6 mil ndm hinh quat hoic hinh vo so, kich thude dao dong tir 5-15 cm, mau
tring dén trang nga hoic hoi xam, bé mit min, déi khi c6 vét nut nhe khi gia.
Mép mii thuong cong xudng IGc non va dan tré nén phang hozc hoi uon luon
khi truong thanh. Phién nam mau trang, day va sat nhau, kéo dai xudng cudng
(dang phién xép léch). Cubéng nam ngan, doi khi gan nhu khong co, thuong
moc léch mét bén, c6 mau tuong tu mil va bé mat min. Bao tir cua loai nay
khdng mau, hinh bau duc, duoc phat tan qua khéng khi. Pleurotus
pulmonarius 1 loai nAm hoai sinh, thudng moc thanh cum trén than hoic géc
cay gd muc, dic biét 14 gd cing nhu cay lidu, duong hoic dé. Nam phan b
rong khap thé gisi, tir ving 6n d6i dén nhiét d6i. DPay 1a mot loai nim c6 gia
tri dinh dudng cao, gidu protein, vitamin va chat chong oxy hoa, duoc nudi
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trong phd bién va st dung rong rai trong am thuc. So véi cc loai khac trong
chi Pleurotus, nim so phoi c6 kha ning sinh truong tét & diéu kién nhiét do
cao hon va thich nghi linh hoat véi nhiéu loai co chat khac nhau [124].

Hinh 1.11. Loai ndm Pleurotus pulmonarius [125].

Cudi cung, Candolleomyces eurysporus 1a mot lodi ndm thuoc ho
Psathyrellaceae va sau d6 duoc chuyén sang chi Candolleomyces vao nim
2020. Loai nim nay c6 mil nam hinh chudng hodc hoi phang khi truéng
thanh, véi duong kinh khoang 2-5 cm, mau nau nhat va dé rach voi nhiing vét
nit nho. Cac phién ndm tu do, day dic, c6 mau tir xam nau dén nau sam khi
gia va do6i khi c6 ria tring, con cuéng nam dai khoang 5-10 cm, manh, mau
tring dén hoi nau nhat, tron va dé& giy, khong c6 vong. Pic diém ndi bat cua
loai nay la sy da dang vé kich thuéc va hinh dang cua bao tir, diéu nay duoc
thé hién qua tén “eurysporus” (tir tiéng Hy Lap c6 nghia 1a “bao tir rong”).
Sinh thai hoc cho thay Candolleomyces eurysporus thuong moc don 1é hoic
rai rac trén dat giau mun, thuong gap gan géc cdy muc hoic a4 muc trong
ring nhiét dsi hoic ring hon giao [126].



Hinh 1.12. Loai nam Candolleomyces eurysporus [126].

B6n loai nam trén duoc xem la nhitng Gmg vién day trién vong trong
nghién ciu thu nhan enzyme chuyén hoa lignocellulose, nhd kha nang sinh
trudng manh mé trén cac loai co chat tu nhién giau lignin va cellulose. Dic
biét, chiing noi bat véi kha nang tiét ra cac enzyme oxy hoa lignin nhu lignin
peroxidase, manganese peroxidase va laccase,... [122, 127]. Bén canh d6, cac
loai nam nay con cé thé san sinh hé enzyme cellulase da dang, bao gom
endoglucanase, exoglucanase va p-glucosidase, gop phan thuc day qua trinh
phan giai cellulose hiéu qua,... [114, 124]. Viéc khai thac va téi vu hoa hoat
tinh enzyme tir cac loai nAm nay hira hen mang lai nhiéu dot phé trong céng
ngh¢ sinh hoc ung dung lignocellulose.

1.5. So' lwgc tinh hinh nghién ciru nam lén & Viét Nam

Viét Nam dugc biét dén 12 mot trong nhitng qudc gia ¢ mic d6 da
dang sinh hoc cao bac nhat trong khu vuc Péng Nam A, nho vao vi tri dia ly
nam trong ving nhiét déi gi6 mua, cing véi dia hinh da dang, khi hau phan
hod phuc tap va hé sinh thai phong phu. Trong d6, hé nim (Fungi) — dac biét
la nhém nam 16n (macrofungi) — 12 mét trong nhitng nhém sinh vat quan
trong khong chi vé mat sinh thai ma con vé gia tri kinh té va tng dung thuc
tién. Céc loai nam Ién dong vai tro thiét yéu trong chu trinh phan giai chat
hitu co, tai tao dinh dudng cho dat rimg, déng thoi nhiéu loai con so hitu tiém
nang tng dung rong rai trong cac linh vuc nhu y dugc, cong nghi¢p thuc
pham, cong nghé enzyme va bao vé méi truong [128]. Hién nay, nam 16n
dugc ghi nhan phan b rong réi tai nhiéu hé sinh thai khac nhau & Viét Nam,
dac biét phong phu tai cac khu vuc rieng nguyén sinh, rieng thi sinh, rieng trén
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nui d4 voi va cac hé sinh thai ndi cao. Tuy nhién, sb lugng loai nam thuc su
hién dién tai Viét Nam dén nay vin chua dugc xac dinh mét cach day da va
chinh xac. Theo tac gia Trinh Tam Kiét, udc tinh Viét Nam c6 thé so hitu
khoang 14.000 dén 22.000 loai nim 16n, trong d6 khoang 50% la nhitng loai
c6 thé sir dung 1am thuc pham, va gan 7,000 loai duoc ghi nhan c6 hoat tinh
duoc Iy hoic tiém niang 1am thudc [129]. Ngoai ra, c6 khoang 2.000 loai ndm
duogc cho 1a c6 kha nang nudi trong voi gia tri kinh té cao. Tuy nhién, con sb
nay mai chi 1a wéc luong duwa trén md hinh théng ké va kinh nghiém thuc dia,
boi trén thuc té, con rat nhiéu loai nAim chwa duoc phat hién, dinh danh hay
ghi nhan chinh thac vao danh muc ndm Viét Nam. Diéu nay cho thay tiém
nang to 16n cua Viét Nam trong viéc nghién cau, bao ton va khai thac tai
nguyén nam lém, dic biét 1a trong béi canh xu hudng su dung cac hop chat tu
nhién, thyc pham chic nang va enzyme sinh hoc dang ngay cang gia ting.
Vuon qudc gia Ctuc Phuong (Ninh Binh) va Mudng Phing (Pién Bién)
1a hai khu vyc tiéu biéu voi diéu kién tu nhién thuan loi, ghi nhan sy hién dién
cua nhiéu loai nam 16n, bao gom ca céac loai ¢6 gia tri duoc liéu va enzyme
cao nhu Ganoderma lucidum, Pleurotus ostreatus, Trametes versicolor,
Lentinus squarrosulus...[130]. Tuy nhién, dén nay, nghién ctru da dang nim
tar Vuon Quéc gia Cac Phuong van con kha han ché. Duwe va cong su
(2022) da tong hop va mo ta chi tiét vé sy da dang nam tai khu vuc nay dya
trén cac nghién ctru trude d6 [130]. Cu thé, VQG Cic Phuong duoc phat hién
téng cong hon 300 loai nam. Pic biét, nhém nghién ctu tor Truong Pai hoc
Su pham Ha Noi, trong qua trinh khao sat ho nam tai Xylariaceae tai Vuon
Quéc gia Cuc Phuong, d3 phat hién duoc hai loai ndm thudc chi
Biscogniauxia. Pay 1a nhitng mau ndm dau tién thudc chi nay duoc phat hién,
miéu ta va ghi nhan tai Viét Nam. Két qua nghién ciru nay di dua tong sé chi
nam tai thudc ho Xylariaceae ¢ Viét Nam lén 12 chi, trong s6 74 chi da cong
bb trén thé gidi [131]. Nhiéu loai ndm thu duoc tai khu vuc nay ciing tap
trung vao tiém nang Gng dung trong cong nghé sinh hoc, nhu Phanerochaete
chrysosporium, Trametes maxima, Trametes versicolor, Xylaria schweinitzii)
va vi nAm nhu Fusarium proliferatum, Trichoderma reesei [132, 133]. Tai
rimg Mudng Phing, hién nay c6 rat it nghién ctru vé sy da dang nam tai khu

vuc nay. Noi bat trong sd d6 1a nghién ctru cua tac gia Duong Minh Lam, tap



38

trung vao su da dang ctua céac thanh vién thudc ho Xylariaceae. Nghién ctlru
nay di ghi nhan cac loai thudc chi Hypoxylon va mot s loai trong chi
Annulohypoxylon, goép phan 1am phong pha thém hiéu biét vé da dang sinh
hoc cua rimng Muong Phing [134]. Nhimg phat hién budc dau tai hai khu vuc
Cuc Phuong va Muong Phang khong chi dong gdp vao viéc hoan thién burc
tranh da dang sinh hoc nim 1én & Viét Nam, ma con mo ra nhitng trién vong
to 1on trong vi¢c khai thac, ng dung va phat trién cac gia tri sinh hoc dac thu
ctia nhom sinh vat nay. Trong bdi canh hién nay, khi nhu cau sir dung céc san
pham c6 ngudn gbc tu nhién, than thién véi moi truong ngdy cang ting cao,
nam 1én dang tré thanh mot ngudn tai nguyén sinh hoc xanh day hira hen, co

thé phuc vu cho nhiéu linh vuc khac nhau.
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CHUONG II. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Nguyén vat li¢u
2.1.1. Vit liéu va hoa chat

Cac mau qua thé ndm, thu hoach vao mua mua (thang 10) tir rirng qudc
gia Ctc Phuong (Ninh Binh) va Muong Phang (Dién Bién), duoc luu trir tai
phong Sinh hoc thuc nghiém - Vién Hba hoc, bao quan & nhiét @6 4°C.

Mau rom duogc thu thap tir Ca Chi, TP. H56 Chi Minh, mau sau thu
hoach dem rtra bang nuéc sach, phoi kho dudi ning t6i khi d6 4m <15%, bao
quan tai nhiét d6 phong (25-30°C) sau khi cit thanh cac doan ngan 0,5-2 mm.

Lignin dugc tach tir ngudn tir rom khé & trén theo mo ta boi Pd Hiiu
Nghi va cong su [135].

Hinh 2.1. Mau lignin sir dung cho nghién ctiru chuyén hoa sinh hoc.

Enzyme thuong mai thu nhan tr nguon nam Trichoderma reesei
(cellulase va glucuronoxylanase; Cell/Xyl) cung cip bai AB Enzyme,
Darmstadt, CHLB Diic, hoat dong t6i wu ¢ pH 5,0, va nhiét do & 40°C.

Cac hoa chat da luong, vi luong sir dung trong thi nghiém: KH,POs,
KNO;, MgS0,.7H,0, KCI, K;HPO,, CaCl,, CuS04.5H,0, MnCl,.H.0,
H3sBO3, NaMo00,4.2H,0, FeCls, HCI, glucose, agar, ethanol 96°.

Mot sé hoa chit xac dinh hoat tinh enzyme: 5-nitro-1,3-benzodioxole,
hydro peroxide (H;0;), acetonitril, 4-nitrocatechol, NaF, 2,6-
dichlorophenolindophenol  (DCIP), 2,4-dichlorophenol (2,4-DCP), 4-
aminoantipyrine, 3-ethylbenzothiazoline-6-sulphonic axit (ABTS).
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2.1.2. Thiét bi

Thiét bi dugc st dung: Tu 4m nudi cay vi sinh box—Laminar (Btuc), bé
6n nhiét -Memmert (Puc), can dién t AL300 (Thuy S§), ta lanh Sanyo
(Nhat Ban), ndi thanh tring Lequenx (Phap), may li tdm (Puc), may votex
(M¥), may lic ngang (Puc), may do pH (Ptc), kinh hién vi Olympus (Puc),
may dién di DNA (i-Mupid - Nhat Ban), may do quang phé Nanodrop (M¥),
May PCR (Mastercycler Nexus, Dc), hé thong tinh sach protein AKTA
pure™ (Thuy Dién), Erlenmeyer 2L, 3L, hé thong siéu loc 10 kDa cut-off,
amicon Ultra Centrifugal Filters (Millipore, Bedford, USA) ...

2.2. Phwong phap nghién ciu
2.2.1. Phan lap nam

Qua thé nidm tuoi duoc rira bang nudc sach, ngdm trong con 70 do
trong mot phat dé khir trung, sau d6 rira sach bang nudc cat vo tring. DUng
dao nhon da duoc khtr tring tach bo phan mé phia ngoai, cat 1y phan mé bén
trong thanh nhitng manh nhé cé kich thuéc khoang 5-10 mm. Cay cac manh
mod do6 vao moi truong thach malt (maltose 12,5 g/l, dextrin 2,5 g/l, glycerol
1,0 g/l, peptocomplex 2,6 g/l va agar 17,0 g/l) trén dia peptri c6 bd sung cac
loai khang sinh (nystatin 40 g/l, chloramphenicol 30 g/I, penicillin 40 g/,
streptomycin 40 g/l va benomy 50 g¢/l), u ¢ nhiét @6 25°C, sau khoang 24-72
gio hé soi bat dau moc. Tach lay hé sgi nAm sang dng nghiém thach nghiéng
PDA (glucose 20 g/l, khoai tay 200 g/, agar 20 g/l va pH 7,0), tiép tuc nudi
cay trong 12 ngay, khi hé soi mau tring bao phu hét bé mit méi truong thi co
thé str dung cho céc thi nghiém tiép theo [136].
2.2.2. Pinh danh nam
2.2.2.1. Dinh danh ndm bang phwong phdp hinh thdi gidi phiu

Chung nam méi s& duoc dinh tén theo hinh thai giai phau so sanh va
cac tai liéu cua Roberts & Evans (2011) va Jean Polese (2000) [121, 137].
Hinh déang, kich thudc, mau sic va cau tao caa nam duogc xac dinh dya trén
dic diém mi, phién va bao tir. Tai ndm dugc quan sat hinh thai bén ngoai va
hinh thai cat doc. Hinh thai giai phau phién (phién cit ngang) dugc quan sét
dudi kinh hién vi voi d6 phong dai 100 lan (X10) va 400 lan (X40). Hinh
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dang va kich thudc bao tir duoc quan sat dugi kinh hién vi voi d6 phong dai
400 (X40).

2.2.2.2. Pinh danh n@m bang phwong phdp sinh hoc phan ti
a. Tach chiét va tinh sach DNA téng sé

DNA tong sé duoc tach chiét tir hé soi cia ndm theo phuong phap
CTAB cua Doyle va cong su c6 cai tién (1987). Sau d6 DNA dugc kiém tra
bai dién di trén gel agarose 0,8% (80 - 100 V). B§ tinh sach va ham lugng
DNA tong sé dugc do bing may do quang phd & budc soéng A = 260 nm va
280 nm. DNA duoc tinh sach bing bo kit Genomic DNA Purification
(Thermo Fisher, M) va cac budc dugc thuc hién theo hudng dan cia nha san
Xuat.

b. Nhan gen ITS bang phwong phdp PCR

Vung ITS duoc khuéch dai tir hé gen cua nam bang phuong phap PCR
boi ciap modi ITSL: 5-TCCGTAGGTGAACCTGCGG-3’; ITS4: 5°-
TCCTCCGCTTATTGATATGC-3’ [138]. Phan tng PCR c6 tong thé tich 25
HL bao gdm: 13 pL H,0; 1 pL MgCl, 25 mM:; 2,5 pL dNTPs 2,5 mM; 1,25
uL moi xudi (10 pmol/uL); 1,25 pL mdi nguoc (10 pmol/uL); 3 pL DNA
(10-20 ng); 0,5 pL Taq polymerase (5 U p/l); 2,5 pL dém 10X.

Phan &ting PCR dién ra voi chu trinh nhiét nhu sau: 94°C trong 3 pht;
sau d6 1a 35 chu ky ndi tiép nhau véi cac budc: 94°C trong 45 gidy, 55°C
trong 45 gidy, 72°C trong 45 gidy; kéo dai ¢ 72°C trong 10 phut, va git san
pham & 4°C.

San pham PCR dugc kiém tra bang dién di trén gel agarose 0,8% va tinh
sach bang Qiaquick Gel Extraction KIT (Qiagen, CHLB Dic). San pham tinh
sach duoc sir dung lam khudn cho phan tng giai trinh tu tryc tiép hai chiéu
véi moi ITS1/1TS4, st dung BigDye Terminator Cycler v3.1 va két qua dugc
doc trén hé thong ABI 3100 Avant Genetic Analyzer (Applied Biosystems,
USA). Trinh tu DNA sau d6 duoc hiéu chinh boi phan mém ChromasProl.7.6
(Technelysium Pty Ltd., Australia) dé loai bo céc ving tin hiéu bi nhiéu.
Trinh ty phan tich duoc sap xép thang hang bang phan mén Bioedit v7.0.5.2
[4], geneDoc 2.7 [5]. Trinh tu nucleotide ITS thu dugc sau d6 dugc so sanh
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Véi céc trinh tu dd co trén GenBank, sir dung phan mén BLAST trong NCBI
[http://www.ncbi.nlm.nih.gov/BLAST].

c. Xay deng cay tién hoa di truyén

Cay tién hoa md ta mdi quan hé di truyén gen ITS dugc xay dung theo
phuong phap ML (maximum likehood), dit liéu DNA dugc chuyén vao phan
mém Bioedit v7.0.5.2, Clustal W, geneDoc 2.7 véi cac thong sb tién hoa (gia
tri ty & cac diém khong bién thién, gia thi thdng s gamma, gia tri md hinh
tién hoa...) duoc 14y tir phan tich cua mé hinh tién héa Modeltest v3.7. Tét ca
cay tién héa déu dugc phan tich bing phan mém PAUP*4.0 b10 (Swofford,
2003) va Mega 6.0.6 [139]. Hiéu chinh hinh anh cay tién héa duoc thuc hién boi
phan mém.
2.2.3. Nghién ciu sinh tong hop enzyme tir nam

N4m duoc nudi cdy trén méi truong thach PDA (Potato Dextrose Agar,
gom dich chiét khoai tdy 200 g/L, dextrose 20 g/L, agar 15-20 g/L, pH 5,6)
trén dia petri, sau d6 khuan ty dugc nghién dong thé trong nuéc mudi sinh ly
(0,9% NaCl). Tiép theo, dich khuan ty dugc ciy chuyén vao binh Ién men
chtra co chit rom va cac thanh phan dinh dudng can thiét cho su phét trién
ctia nam. Thanh phan dinh dudng nhu sau: MgSO, 0,5 g/L; KH2PO, 1,5 g/L;
dich vi luong 0,1 L (MgS04.7H,0 3 g/L, MnSO..H.0 0.5 g/L, NaC | g/L,
FeSO,.7H,O 100 mg/L, CaCl, 80 mg/L, ZnSO,7H,O 180 mg/L,
CuS04.5H,0 10 mg/L va HsBO; 10 mg/L), cao naim men hoic peptone (5
g/L), va 2% (w/v). Nhiét 6 va pH duoc diéu chinh thich hop theo ting chiang
nam.
2.2.4. Anh hwéng mot sé yéu té dén kha ning sinh trwéng va tong hep
enzyme ciaa cac ching nam chon loc
2.2.4.1. Anh hwéng cia pH va nhiét dé dén sinh trwéng cia cac ching ndm
chon lgc

Cac chung nam duoc nudi 16ng trong binh tam giac chira méi trudng
dinh dudng day dua (thanh phan chi tiét duoc trinh bay tai muc 2.2.3) nham
dam bao cung cap day di nguon cacbon, nito, khoang va vi lwong cho su phét
trién. Qua trinh nudi cay duoc thyuc hién trén may lic o toe do 225 vong/phut
dé duy tri sy phan tan dong déu cua soi ndm va ting cudng trao ddi oxy.
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Dé khao sé&t anh hudong caa pH va nhiét d6 dén sy sinh trudng, cac thi
nghiém duogc b tri ¢ cac gia tri pH tir 4,0 ¢én 7,0 va nhiét do u tir 23 °C dén
37 °C. Cr 3 ngay tién hanh x4c dinh luong sinh khdi kho dé danh gia kha
nang sinh truéng cua nAm & dai pH va nhiét dé nghién cuu.
2.2.4.2. Anh hwéng ciia nguon nito dén sinh trwéng cia cic chiing nim
chon loc

Moi trudng nudi cdy duoc chuan bi theo thanh phan néu tai muc 2.2.3,
véi pH va nhiét @6 duy tri & diéu kién téi vu. Ngudn nito dugc thay déi bao
gom: KNO3 5 g/L, (NH4).SO4 5 g/L, NaNOs 5 g/L, peptone 5 g/L va cao nim
men 5 g/L. Sinh khéi dugc xac dinh dinh ky 3 ngay/lan nham danh gia anh
huéng cia cac nguon nito dén kha nang sinh truéng cia nam.

2.2.5. Phwong phap do hoat d enzyme
2.2.5.1. Acetyl esterase (EC 3.1.1.6)

Hoat do cua enzyme acetyl esterase duoc xac dinh bang phuong phap
do quang & A=405 nm dua trén su tao thanh p-nitrophenol tir co chat p-
nitrophenyl acetate. Nong do cudi cia co chat 1a 1 mM trong dém phosphate
(100 mM, pH 6,0). Phan tng dién ra ¢ 37°C trén phién vi luong 96 giéng
trong 10 phat. Mot don vi hoat do acetyl esterase (U/mL) la lugng enzyme
can thiét dé giai phong 1 umol p-nitrophenol trong 1 phat & diéu kién thi
nghiém [140]. Hoat d6 dugc tinh toan dua trén duong chuan biéu thi lién hé
giita mat d6 quang va nong do p-nitrophenol (Phu luc 3).
2.2.5.2. Cellobiose dehydrogenase (EC 1.1.99.18)

Hoat d6 cua enzyme cellobiose dehydrogenase duoc xac dinh bing
phuong phap oxi héa co chét 2,6-dichlorophenolindophenol (DCIP, sigma).
Phan tmg dugc thuc hién trong tong thé tich 200 pL bao gém 20 pL enzyme,
20 pL lactose 300 mM, 20 pL DCIP 3 mM, 10 pL NaF 80 mM (khtr hoat tinh
laccase) va 130 pL dém sodium acetate 100 mM pH 4,0. Hn hop phan ung
dugc u & 37°C trong 5 pht va két qua dugc kiém tra & budc song 520 nm.
Mot don vi hoat do cellobiose dehydrogenase (U/mL) 1a luong enzyme can
thiét dé xuc tac oxy hda 1 pmol lactose mdi phit ¢ diéu kién phan tng [141,
142]. Hoat d6 duoc tinh todn dua trén duong chuan biéu thi lién hé gitra mat
d6 quang va nong do lactose (Phu luc 3).
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2.2.5.3. Laccase (EC 1.10.3.2)

Hoat d6 ctua enzyme laccase dugc xac dinh bang do quang phd Véi co
chat duoc sir dung 1a ABTS (2,2'-azino-di- [3-ethyl-benzothiazoline- (6) -
sulphonic axit], Boehringer). H3n hop phan tng c6 téng thé tich 3 mL bao
gom 2,3 mL enzyme duogc pha lodng vao dung dich dém (axit succinic 0,025
M, pH 4,5) va 0,7 mL 0,02 M ABTS. Két qua phin tmg duoc xac dinh & budc
song 415 nm ¢ 25°C trong 2 phat. Mot don vi hoat do laccase (U/mL) la
lugng enzyme can thiét dé xdc tac oxy héa 1 umol ABTS mdi phit ¢ diéu
kién phan ung [143]. Hoat d6 duoc tinh toén dya trén dudng chuan biéu thi
lien hé gitta mat d6 quang va néng do ABTS (Phu luc 3).
2.2.5.4. Lignin peroxidase (EC 1.11.1.14)

Hoat d6 lignin peroxidase dugc xac dinh bang su oxy hda cia co chat
2,4-dichlorophenol (2,4-DCP). Tong thé tich caa phan ung 1a 1 mL trong d6
c6 dung dich dém natri succatat 100 mM (pH 5,5), 1,0 mM 2,4-DCP, 4,0 mM
H,0,, 82 mM 4-aminoantipyrine va 100 pL dich enzyme. Phan tng duoc bat
dau khi bo sung hydro peroxide va duoc xac dinh ¢ buéc séng 510 nm trong
5 phat ¢ 25°C. M6t don vi hoat do lignin peroxidase (U/mL) la lugng enzyme
can thiét dé xuc tac oxy hoa 1 umol 2,4-DCP méi phit ¢ diéu kién phan tng
[144]. Hoat d6 duoc tinh todn dua trén dudng chuan biéu thi lién hé gitra mat
d6 quang va nong do 2,4-DCP (Phu luc 3).
2.2.5.5. Unspecific peroxygenase (UPO, EC 1.11.2.1)

Hoat d6 UPO duoc xac dinh bang cach s dung ABTS lam co chat.
Thé tich cudi cing 14 1 mL trong hdn hop phan tng chira dung dich dém
sodium tartrate 100 mM (pH 3,0), 5 mM ABTS, 50 mM hydrogen peroxide
va luong dich enzyme phu hop. Phan tng dugc bat dau bang cach thém
hydrogen peroxide va su gia ting ¢ hap thu dugc do & budc séng 420 nm
trong 1 phat ¢ 30°C [66]. Mot don vi hoat d6 UPO (U/mL) 1a Iwgng enzyme
can thiét dé xdc tac oxy héa 1 umol ABTS mdi phit & diéu kién phan tng
(Phu luc 3).
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2.2.6. Tinh sach enzyme tw nhién
2.2.6.1. Tach chiét dich enzyme thé bang siéu loc

Sau khi dd nuéi cdy & nhitng diéu kién thich hop, dich thé enzyme dugc
loc so bd qua vai tho va gidy loc (GF6 va RC 55, Whatman™). Dé loai bo
khuan ty va co chat, dich chiét duoc ly tim 5.000-10.000 vong/phit bang hé
thdng siéu loc 10 va 30 kDa cut-off (hé LongerPump K235 v6i mang UFP
30MW, Amersham BioScience, Westborough, MA, USA) ¢ 11°C.

2.2.6.2. Tinh sach protein enzyme bang sic ky long (FPLC)

Dich enzyme thé duoc tinh sach bang hé théng sic ky AKTA Pure (GE
Healthcare, Dtic), voi qua trinh theo doi dugc thuc hién tai budce song 280 nm
bang may do tich hop. Protein tinh sach thu dugc bao quan & -20°C dé su
dung cho nhiing nghién ctru tiép theo.

Tinh sach acetyl esterase tar L. squarrosulus MPN 12 (LSAE)

Dich enzyme tho duoc loai bo sinh khéi va khuan ty thong qua qua
trinh ly tdm & toc d6 5.000-10.000 vong/phit, sau d6 xu 1y bang siéu loc véi
mang cit phan tir 10 va 30 kDa. Qua trinh tinh sach enzyme esterase tir dich
enzyme tho cua nam muc tréng L. squarrosulus MPN 12 duoc thuc hién bé“mg
hé théng sic ky 1ong FPLC, qua cac budc trao do6i ion va loc gel. Ban dau,
dich enzyme tho dugc tinh sach qua cot trao ddi ion DEAE Cellulose, sir dung
dém Tris-HCI 20 mM (pH 7.5), va enzyme duoc rira giai bang gradient mudi
tr 0 dén 2,0 M NaCl. Cac phan doan c6 hoat tinh duoc thu gom va tiép tuc
tinh sach bang sic ky loc gel trén cot Sephadex G100, sir dung dém Tris-HCI
20 mM chtra 100 mM NaCl (pH 7,5). Phan doan chtra hoat tinh LSAE duoc
thu thap, tron 1an, co dic, va tham tach qua mang loc 10 kDa trong dém Tris-
HCI 10 mM (pH 7,5). Cubi cung, dich enzyme dugc xur 1y trén cot HiTrap™
Q XL v6i dém Tris-HCI 20 mM (pH 7,5) va rtra giai bang gradient mudi tir 0
dén 1,5 M NaCl.

Tinh sach cellobiose dehydrogenase tar C. aureogranulatus MPG 14
(CauCDH)

Dich enzyme thé duoc loai sinh khéi va khuan ty bang phuong phap ly
tam 5.000-10.000 vong/phdt va siéu loc 10 va 30 kDa cut-off. Dich chiét chia
enzyme cellobiose dehydrogenase (CauCDH) duoc tinh sach qua nhiéu budc
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sac ky bang hé thong FPLC. Pau tién, dich enzyme thd duoc xu ly trén cot
trao d6i ion DEAE Sepharose tai pH 5,5 voi dém Na-acetate 50 mM va raa
giai bang gradient mudi tir 0 dén 1,5 M NaCl. Cac phan doan c6 hoat tinh
dugc thu gom va tiép tuc tinh sach bang sic ky loc gel trén cot Superdex
/GO0, st dung dém Na-acetate 50 mM chtra 100 mM NaCl ¢ pH 5,5. Phan
doan chira hoat tinh CauCDH duoc thu thap, ¢6 dic, va tham tach qua mang
loc 10 kDa trong dém Na-acetate 10 mM (pH 5,5). Cubi ciing, dich enzyme
dugc dua 1én cot sic ky HiTrap™ Q FF va rura giai bang gradient mudi tir 0
dén 0,5 M NaCl dé dat do tinh sach cao nht.

Tinh sach laccase tir Pleurotus pulmonarius MPN 18 (PleuLac)

Dich enzyme tho duoc loai sinh khéi va khuan ty bang phuong phép ly
tam 5.000-10.000 vong/pht va siéu loc 10 va 30 kDa cut-off. Dich chiét tho
chtra enzyme PleuLac dugc tinh sach qua ba buéc sac ky lan luot st dung cac
cot DEAE Cellulose, Sephadex G100 va HiTrap™ Q XL. Ban dau, dich chiét
duogc dua 18n cot trao d6i ion DEAE Cellulose tai pH 7,5 voi dém Tris-HCI 20
mM, sau d6 enzyme duoc riza giai bang gradient mudi tir 0 dén 2,0 M NacCl.
Cac phan doan c6 hoat tinh thu duoc tiép tuc duoc tinh sach bang sac ky loc
gel trén cot Sephadex G100, st dung dém Tris-HCI 20 mM chaa 100 mM
NaCl & pH 7,5. Cac phan doan ¢6 hoat tinh enzyme dugc thu gom, tron 1an,
cd dac va tham tach qua mang loc kich thude 10 kDa trong dém Tris-HCI 10
mM (pH 7,5). Cudi ciing, dich enzyme thu duoc duoc dwa qua cot HiTrap™
Q XL, str dung dém Tris-HCI 20 mM tai pH 7,5 va rta giai bang gradient
mudbi tir 0 dén 1,5 M NaCl dé hoan tat qué trinh tinh sach.

Tinh sach lignin peroxidase tzr L. squarrosulus MPN 12 (LsLiP)

Dich enzyme tho duoc loai sinh khéi va khuan ty bang phuong phép ly
tam 5.000-10.000 vong/pht va siéu loc 10 va 30 kDa cut-off. Dich chiét tho
duogc tinh sach qua ba budc sic ky lién tiép: trao doi ion trén cot DEAE
Cellulose, loc gel trén cot Sephadex G100, va cubi cung la trao d6i ion trén
cot HiTrap™ Q XL. Ban dau, dich chiét dugc xu 1y trén cot trao ddi ion
DEAE Cellulose tai pH 7,5, stir dung dém Tris-HCI 20 mM va rua giai béng
gradient mudi tir 0 dén 1,5 M NaCl. Tiép theo, sac ky loc gel duoc thyuc hién
trén cot Sephadex G100, st dung dém Tris-HCI 20 mM chtra 100 mM NaCl ¢
pH 7,5, @é thu nhan cac phan doan c6 hoat tinh LSLiP. Phan doan chta hoat



47

tinh duoc thu gom, tron lan, c¢6 dic va tham tach qua mang loc kich thudc 10
kDa trong dém Tris-HCI 10 mM (pH 7,5). Sau d06, dich enzyme duogc xu ly
trén cot HiTrap™ Q XL va rira giai bang gradient mudi tir 0 dén 1,0 M NaCl
dé hoan tat qua trinh tinh sach.

Tinh sach unspecific peroxygenase tar Candolleomyces euryspous CP22
(CeuUPO)

Dich enzyme tho duoc loai sinh khéi va khuan ty bang phuong phép ly
tam 5.000-10.000 vong/phit va siéu loc 10 va 30 kDa cut-off. Dich chiét co
hoat tinh unspecific peroxygenase duoc tinh sach boi sic ky qua cac cot trao
d6i ion va sic ky loc gel. Ban dau, dich chiét tho dugc dua 1én cot trao doi ion
DEAE Cellulose ¢ pH 5,5 voi dém Na-acetate 50 mM va rira giai bang
gradient mudi tir 0 dén 1,5 M NaCl. Sau do, cac phan doan c6 hoat tinh duoc
thu gom va tiép tuc tinh sach bang sic ky loc gel trén cot Superdex G-75, st
dung dém Na-acetate 50 mM va NaCl 100 mM & pH 5,5. Phan doan chira
hoat tinh CeuUPO sau d6 duoc tron 13n, c6 dic, va tham tach qua mang loc
10 kDa voi dém Na-acetate 10 mM (pH 5,5). Tiép theo, dich enzyme duoc
dua 1én c6t Mono Q™ va rira giai bang gradient mudi tir 0 dén 0,25 M NaCl.
2.2.6.3. Xdc dinh nong dp protein

Nong do protein tong trong dich chiét va cac phan doan tinh sach dugc
xé4c dinh bang phuong phap Bradforf (1976) va protein chuan BSA (bovine
serum albumin) [145]. Trong d6, 800 pL mau dugc pha loang trong dém PBS
(50 mM, pH 7,0) & cac nong d6 khac nhau, b6 sung thém 200 pL thudc thir
Bradford 5X, tron déu va dé & nhiét do phong trong vong 5 phit, roi tién hanh
do mau & A=595 nm.
2.2.6.4. Xdc dinh dp sach ciia enzyme bang dién di gel polyacrylamide
(SDS-PAGE)

bién di bién tinh SDS-PAGE duogc thuc hién theo phuwong phap cua
Weber va Osborn [146]. Gel tach chira 12% acrylamide trong dém Tris-HCI
pH 8,8, trong khi gel c6 chtra 5% acrylamide trong dém Tris-HCI pH 6,8.
Phuong phap dién di nay duoc sir dung dé xac dinh khéi lugng phan tir (M)
va danh gia do tinh sach cta enzyme protein trong diéu kién bién tinh. Protein
sau khi phan tach dwgc nhuém boi thuéc nhuém 0,1% coomassie brilliant
blue R-250 (w/v) trong dém acetic axit/methanol/water (v/v/v) (1:4:5) va
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nhudm bac. Sau d6 gel duoc raa sach bang dung dich tay nhuom cho dén khi
quan sat dugc rd rang cic bang protein. Gel dién di duoc ghi anh trén thiét bi
ImageQuant LAS 500 (GE Healthcare Lifesciences/ Cytiva, Washington,
D.C., U.S.) va phan tich hinh anh (d6 tinh sach) qua su xuat hién cta cac bing
protein bai phan mém tich hop.

2.2.7. Xac dinh dac tinh caa enzyme tinh sach

2.2.7.1. Xdc dinh nhiét dj va pH t6i wu ciia enzyme tinh sach

Mbi loai enzyme cO khoang nhiét do khao sat khac nhau. Enzyme
acetyl esterase, cellobiose dehydrogenase, laccase va lignin peroxidase lan
luot ¢6 khoang nhiét do khao sat 1la 20-55°C, 30-70°C, 30-60°C va 20-55°C.
Thi nghiém khao sat nhiét d6 toi vu duoc tién hanh ¢ pH=5,5.

Gia tri pH tdi vu cua cac enzyme duoc xac dinh trong dai pH tir 4.0-8,0
st dung dém sodium acetate 100 mM (pH 4,0-5,5) va dém sodium-phosphate
100 mM (pH 6,0-8,0). Thi nghiém khao sat pH dugc tién hanh & nhiét 4o tbi
uu cua ting enzyme.
2.2.7.2. Xdc dinh dé bén nhiét va dé bén pH ciia enzyme tinh sach
Acetyl esterase

Do bén nhiét cua acetyl esterase duoc xac dinh khi dich enzyme duoc u
& nhiét do trong khoang 4-60°C tai pH tbi wu, U trong 120 phat. D6 bén pH
duogc xac dinh tai ba diém pH 3,0; pH 5,0 va pH 7,0; & & nhiét d6 t6i uu trong
khoang 1-6 gio.
Cellobiose dehydrogenase

Do bén nhiét cua cellobiose dehydrogenase duoc xac dinh khi dich
enzyme dugc 0 ¢ nhiét do trong khoang 25-70°C tai pH t6i uu, trong khoang
0-12 gid. D6 bén pH duoc xac dinh tai ba diém pH 4,0; pH 7,0 vapH 8,0; u &
nhiét d6 tdi wu trong khoang 0-12 gid.

Laccase

Do bén nhiét cua laccase duge xac dinh khi dich enzyme dugc u ¢ nhiét
d6 trong khoang 25-70°C tai pH tdi uu, u trong 120 phut. Do bén pH duogc xac
dinh tai ba diém pH 5,0; pH 6,0 va pH 7,0; 0 & nhiét d6 t6i wu trong khoang
1-6 gio.
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Lignin peroxidase

Do bén nhiét cia lignin peroxidase dugc xac dinh khi dich enzyme
duoc u ¢ nhi¢t do trong khoang 4-60°C tai pH tdi wu, 0 trong 120 phut. BJ
bén pH duogc xac dinh tai ba diém pH 4,0; pH 6,0 va pH 8; u ¢ nhiét d6 téi uu
trong khoang 1-6 gi0.
2.2.7.3. Xdc dinh héng so dpng hoc xiic tic

bong hoc xtic tac cia enzyme tinh sach dugc xac dinh dya vao hﬁng )
Michaelis-Menten (Kr) va hang sb xtc tac (Kear) v6i dai ndng d6 co chat phu
hop. K Va ke dugce tinh toan dya trén dudng chuan Lineweaver-Burk plot.
Enzyme duoc u trong diéu kién nhiét do va pH tdi wu, va xac dinh & bude
song phu hop cho mdi co chat [147].
2.2.8. XUc tac chuyén héa sinh hec vat liéu lignin

Chuyén hoa vat li¢u lignin dugc thuc hién bdi su oxy hoa ciia enzyme
lignin peroxidase duoc tinh sach tir ching ndm Lentinus squarrosulus MPN12
(LsLiP). Téng hdn hop phan tmg gdm 10 mL, ¢6 chta cac thanh phan sau: 0,1
g lignin, 3,3 mL ethanol (96%), 40 mM H,0O; va enzyme LsLIP trong 100
mM sodium acetate ¢ pH 5,0, duoc G ¢ nhiét d6 37°C trong 72 gid va lic &
tbc d6 150 vong/phat. Nhitng thay doi trong qué trinh phan huy sinh hoc
lignin dugc xac dinh bang cach sir dung phép phan tich quang phd hong ngoai
fourier transform infrared spectroscopy (FTIR). Trong nghién ctru nay, két
qua do FTIR duoc thuc hién bdi truong Pai hoc Bach khoa - Pai hoc Qubc
gia TP.HCM.

2.2.9. XUc tac chuyén hoa sinh hec vat ligu rom bing “enzyme cocktail”

Co chat rom duoc nghién thanh bot min (kich thuéc hat 40 x 40 um, do
bang kinh hién vi). Rom (3%, w/v) dugc u voi enzyme cellobiose
dehydrogenase (CDH, 28,86 U/mg; pHopt 5,0; topt 45°C) XUc tac hiép dong véi
carboxymethyl cellulase/glucuronoxylanase (Cell/Xyl; hoat d6 riéng 1,6
U/mg; pHopt 5,0-5.5; tope 50°C) va acetyl esterase (AE; 1,3 U/mg; pHopt 5,0; topt
42°C) trong dung dich dém sodium acetate 100 mM & pH 6,0 va 37°C, lac
lién tuc & 200 vong/phut. Bé danh gia tac dong hiép dong va don 1é cua ting
enzyme, qué trinh xdc tac enzyme duoc danh gia vai riéng tung enzyme va
Vi tat ca cac enzyme da duogc thir nghiém. Bdi ching c6 chtra enzyme bién
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tinh bang nhiét (95°C trong 15 phut) duoc st dung dé so sanh. Sau do, cac
phan dich dugc lay va luong carbohydrate giai phong duge dinh luong bang
sic ky long hiéu ning cao (HPLC) (series 1200, Agilent, Waldbronn, Dtc).
2.2.10. Sic ki Iéng hiéu niing cao (HPLC)

Pé x4c dinh dugc thanh phan va ham luong céc loai duong don
(glucose va xylose) va axit gluconic, hdn hop phan tng dugc ly tam & téc do
12000 vong/phUt va sau d6 dugc chuyén sang céac lo dung mau cho HPLC thé
tich 1,5 mL va tién hanh phan tich trén hé thng sic ky long hiéu ning cao
(HPLC, 1200 series, Agilent, Waldbronn, Burc). Pha dong la axit sulfuric 0,01
N. Khi dung méi rira giai di qua, dua vao kha ning phan b khac nhau cac cau
ttr s& lan lugt duoc rira giai ra khoi cot theo thtr tu khac nhau. Can cir vao thoi
gian luu cuia ting chat va so sanh véi chat chuan, cd thé két luan vé thanh
phan cac chat co trong dung dich mau. Péi véi mau phan tich cac duong don
(glucose va xylose), st dung cot sic ky ion-exclusion Rezex™ (RPM-
Monosaccharide Pb*2 (8%) 7,8 mmx300 mm, Phenomenex ®) va dau do RI
detector & nhiét do 80°C véi toec do6 dong 0,6 mL mint. Bé phan tich axit
gluconic, sir dung hé thong HPLC tuong tu, tuy nhién st dung cot Shim-pack
CLC-NH; (150 mmx6 mm, Shimadzu, CA, U.S.A), mau va chat chuan dugc
chay & nhiét do cot 40°C véi dau do ¢ bude séng 210 nm [148].

2.2.11. Phwong phap tdi wu ty 1& phdi trén tao hén hop enzyme cocktail
cho chuyén héa rom bang quy hoach thwc nghiém dap wng bé mit
(RSM)

Xic tac hiép dong hdn hop enzyme chuyén héa vat liu giau
lignocellulose trong rom bai CDH tinh sach, AE va cac enzyme thuong mai
(Cell/Xyl) dugc t6i wu hoa dé cai thién hiéu suat caa qua trinh. Ty 1é enzyme
S0 V&i co chat sinh khéi (tinh theo don vi enzyme/gram sinh khéi; U /g) cua
mdi loai enzyme duoc thay doi tuy theo bién d6 cua thi nghiém. Phuong phap
t6i vu bé miat dap ang (response surface methodology, RSM) va thiét ké Box-
Behnken duoc sir dung dé tinh toan anh huong cua ba théng s chinh: ndng
d6 cua enzyme cellulase/xylanase (Cell/Xyl), acetyl esterase (AE) va
cellobiose dehydrogenase (CDH)] d6i véi hiéu suat san pham [Y] glucose,
xylose va axit gluconic [149, 150]. Xay dung ma tran thiét ké 15 thi nghiém

V6i cac phuong phap xur 1y thdng ké va xac dinh cac diéu kién tdi uu dugc
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thuc hién bang phan mém Design-Expert 7.0.0 (Stat-Ease, Minneapolis, MN,
USA). Két qua cua cac thir nghiém yéu té don duoc sir dung lam dau vao
trong ma tran thiét ké truc giao dé xac dinh pham vi va diém trung tam cua
cac bién. Cu thé, trong nghién ctiu nay, ba tham sé da duoc thay d6i doc lap
trong khi cac yéu té khac duoc gitr ¢6 dinh. Két qua tinh toan Iy thuyét dugc
kiém tra bang phan tich ANOVA dé xéac nhan tinh hop 1& cua mé hinh. Sau
d6, cac diéu kién tdi wu duoc tinh toan tir md hinh cudi va dugc xac minh
bang thuc nghiém thuc té. Céc bién phu thudc (hiéu suat san pham) dudi dang
ham cua céc bién doc 1ap duoc biéu thi bing phuong trinh da thire bac hai sau

(2):

Y=bo+ TX_ bX; + TX _ b X, X; + TX_, b;;X? ()

Trong d6, ¥ 1a gi4 tri bién phu thuoc (du bao): by 14 hé sé bi chan; b 14
hé s tuyeén tinh; by 1a hé s6 bac hai; by; 1a hé s6 tuong tac; X, va X;la cac bién
doc lap, XyX; va X;? lan luot 1a cac sé hang bac giao va bac hai.

2.2.12. Phan tich so liéu

Mai thi nghiém duoc thuc hién ba 1an va dit liéu duoc biéu thi 14 gia tri
trung binh + SD. Su khéc biét c6 ¥ nghia thong ké véi p <0,05 xac dinh bang
kiém dinh Student’s t-test. Phan tich théng ké duoc thuc hién véi phan mém
JMP Pro. v.13.2.

2.2.13. So' @6 qua trinh nghién ciu

Toan bo quéa trinh nghién ciru duoc mo ta trong Hinh 2.2. Truéc hét,
c4c mau nam 16n duoc thu thap tir Vuon Quéc gia Cac Phuong (Ninh Binh)
va Muong Phing (Pién Bién) duoc dua vé phong thi nghiém dé phan lap, 1am
sach, va dinh danh dya trén hinh thai. Sau d6, cic mau nam dugc danh gia
kha niang tiét cac enzyme lignin peroxidase, cellobiose dehydrogenase,
laccase, acetyl esterase, va unspecific peroxygenase. Nhitng chung nim c6
hoat tinh enzyme cao nhét dugc dinh danh chinh xac bang phuong phap sinh
hoc phan tir va duoc 1én men dé sinh téng hop cac enzyme muc tiéu. Sau do,
cac chiing nim nay duoc nudi cay va thu nhan enzyme. Cac enzyme tu nhién
duogc tinh sach thdng qua cot trao doi ion va sac ky loc gel, dong thoi nghién
ctru mot s dic tinh cua ching. Sau do, cac enzyme tinh sach dwgc nghién
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ctu tbi wu thanh phan dé phéi tron cung hé enzyme thuwong mai
cellulase/xylanase (Cell/Xyl) cho thuy phan hiéu qua rom thanh duong. .

Phén 1ap nim
(56 chung)

Y

Tuyén chon & dinh tén
cac ching nam tiem ning
(04 chung)

A 4

Tinh ché va xac dinh dic tinh
cua cic enzyme

(05 enzyme tir nhién)
Xtc tic chuyén héa sinh khoi
lignocellulose (LLC)

Chuyeén hoa lignin bai lignin T6i wu hon hop
peroxidase (LsLiP) tir “Enzyme cocktail”
L. squarrosulus Cell/Xyl:AE:CDH

Hinh 2.2. So d6 qué trinh nghién ctu cac ndi dung trong luan an.
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CHUONG III: KET QUA NGHIEN CUU

3.1. Phan lap va tuyén chon cac chiing nAm cd kha ning sinh téng hep
enzyme tién xir Iy lignocellulose c6 hoat tinh cao
3.1.1. Phan 1ap nam

Ttr cAc mau qua thé nam thu thap ¢ ving sinh thai khu vuc Vuon Québc
gia Cuc Phuong (Ninh Binh) va Mudng Phing (Dién Bién), dé tai da phan 1ap
va lam thuan dugc 56 chung ndm. Trong d6 c¢6 36 ching thu dugc tir VQG
Cuc Phuong dugc ky hiéu 1a CP va 20 ching ndm thu duoc tir Muong Phing
duoc ky hiéu 12 MP. Nhu vay, s6 lugng ndm thu duoc ¢ Ctic Phuong cao hon
& Muong Phing 1a 16 chung. Két qua phan 1ap va phan loai thong qua dac
diém hinh thai cua tirng chang duoc thé hién & Phuy lyc.

Xét vé mirc do da dang, 56 chiing ndm phan lap duoc chii yéu thugc hai
nganh ndm dam Basidiomycota va nam tGi Ascomycota. Nganh ndm dam
chiém phan 16n trong s6 chung nam phan lap duoc (50/56 chung chiém 89%).
Cac chung ndm nay phan bé trong 05 bo, bao gom Agaricales (23 chang),
Auriculariales (01 chung), Polyporales (24 chung), Hymenochaetales (01
chang) va Russulates (01 chang). Trong khi dé, nganh nam tdi Ascomycota
bao géom 06 chung nam (chiém 11%), phan bé trong 04 bo bao gom
Xylariales (03 chung), Helotiales (01 chung), Sordariomycetes (01 ching) va
Hypocreomycetidae (01 ching).

Nhu vay, tir cic mau qua thé nim thu duoc dd phan 1ap va thuan khiét
dugc 56 chung nam. Két qua xac dinh hinh thai cho thay nhiing chang ndm
thu duogc 1a kha da dang. Tur d6 gitip chiing ta c¢6 cach nhin tong quan vé su da
dang nam tir rieng ty nhién ¢ Viét Nam.

Pic biét, qua phan lap nim thuc dia d3 phat hién 01 lodi m&i
Candolleomyces eurysporus, thudc Ho Psathyrellaceae, Bo Agaricales tir rirng
QG Cuc Phuong, Ninh Binh (ma dang ky MycoBank no.: MB836196;
GenBank acc. no.: MT651560) (Hinh 3.1). Loai méi duogc dac trung boi bao
tr dam c6 dang elip hoac hinh trang phinh rong [5.5-7.0 x 4-5(-6) um],
khong viing 16 nay mam (germ pore) thay dugc. Liét bao dinh (cheilocystidia)
dang tdi hoic trly, liét bao cubng di hinh, khéng cd liét bao canh
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(pleurocystidia) va liét bao ma (pileocystidia). Chung tinh sach trong phong
thi nghiém duoc giai trinh tw genome va toan bo ribosomal RNA operon bao
gom gene 188, ITS1, 5.8S, ITS2 va 28S rRNA duoc chi giai. Phan tich cay
phat sinh loai da xac dinh vi tri taxon caa C. eurysporus thudc nhanh véi loai

C. sulcatotuberculosus.

LO00I00000

J00040585%
POYRQQ, v

Hinh 3.1. Bic diém hinh thai caa lodi méi Candolleomyces eurysporus, phan
lap tai Ctac Phuong. Hinh bén trai: Qua thé nam, Bar = 1 cm. Hinh phai: A:
Hé soi, B: Liét bao dinh, C: Liét bao cudng, D: Bao tir ba I6 mam. Bar = 50
um (A), 10 um (B-D).

3.1.2. Sang loc cac chiing nam sinh enzyme

Kha ning sinh tong hop nhém enzyme bao gom lignin peroxidase,
cellobiose dehydrogenase, laccase, acetyl esterase, va unspecific
peroxygenase cua 56 chung nam lya chon da dugc danh gia dua trén kha nang
chuyén héa co chat phu hop caa mdi enzyme. Dich chiét méi truong sau khi
nudi cay duoc loai b cac thanh phan tap va sinh khéi dé xac dinh hoat tinh
enzyme. Tiéu chi lua chon céc chung nim dugc xay dung dya trén hai nhom
yéu té chinh. Thir nhat, mac do hoat tinh enzyme dugc danh gia thong qua
kha niang chuyén hoa co chit dic trung cho ting loai enzyme. Nhiing chung
c6 hoat tinh cao, 6n dinh, va thé hién pho enzyme da dang duoc uu tién lua
chon. Thtr hai, wu tién cac ching chwa duoc cong bd trong cac nghién ctu
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trudc day hodc chua timg duoc bao c4o vé kha ning sinh enzyme lién quan.

Viéc tap trung vao nhitng chang nam “chua duoc khai thac” gitp tang gia tri
khoa hoc, ddng thoi mé ra trién vong tim kiém cac hoat tinh enzyme doc dao
hoic co ché xUc tdc mai, c¢d thé dong gop vao thiét ké enzyme cocktail hiéu

gua hon trong tuong lai.

Bang 3.1. Hoat tinh enzyme caa nhitng ching nAm nghién cuu.

Hoat tinh enzyme

Hoat tinh enzyme

thay phan oxy hoda
Ky Dleu % @ % [<b} &) %
STT| mau S ~ &~ 8~ | e85 | Eco
Je o — S ] = O = O o
nam | 85 | 85 | 885 | 58RE| Z2E
> g = TS= | dg2| 2382
- &) < o I
< 3 o
1 CP1 2.217,7 127,5 21,0 0 0
2 CP2 0 0 0 0 0
3 CP3 0 67,8 0 0 0
4 CP4 346,0 0 14,5 0 0
5 CP5 1.234,5 837,7 15,7 6,9 5,9
6 CP7 3.209,4 310,8 34,6 1,8 2,9
7 CP8 1.874,4 0 42,4 4,3 6,0
8 CP9 0 0 0 0 0
9 CP11 0 237,9 0 0 0
10 CP12 0 0 0 0 0
11 CP13 1.343,9 1.958,9 15,6 17,8 13,9
12 CP14 1.047,1 2.655,3 14,4 0 0
13 CP15 1.918,9 727,5 16,5 0 0
14 CP16 0 0 0 0 0
15 CP18 0 0 0 0 0
16 CP19 1.752,1 206,9 15,5 3,0 78
17 cP21 2.660,4 0 15,5 12,6 15,6
18 CP22 526,7 6.958,5 11,9 38,8 41,2
19 CP23 0 0 0 0 0
20 CP24 0 0 0 0 0
21 CP25 0 0 4,6 0 0
22 CP26 21715 156,6 12,4 15,2 11,9
23 CP27 2.135,7 0 0 0 0
24 CP28 0 34,7 0 0 0
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Hoat tinh enzyme

Hoat tinh enzyme

thay phan oxy héa
Ky Dleu 3 w & © o8
STT| mau S ~ &~ 8~ | ec853 | Ec
A n = S | S O =30 o D
nam 25 S S 885 | x&| &8%&
> &= TS | d52 | 282
8 05 o O o
< S o
25 CP29 287,3 4.562,2 50,8 31,9 32,7
26 CP30 0 0 0 0 0
27 CP31 1.990,3 0 0 0 0
28 CP32 1.753,8 0 17,7 5,9 11,5
29 CP33 2.825,7 0 19,1 7,0 14
30 CP34 0 0 0 0 0
31 CP35 0 0 0 0 0
32 CP36 1.068,2 1.804,2 10,6 0 0
33 CP37 996,5 0 8,9 2,1 0
34 CP38 3.142,0 0 0 0 0
35 CP39 0 0 0 0 0
36 CP40 0 0 0 0 0
37 | MPN9 1.574,9 1.646,6 19,8 2,4 3,2
38 MPN10 2.057,3 0 0 0 0
39 | MPN11 1.817,5 620,7 19,9 5 8,5
40 MPN12 3.650,8 5.735,3 21,2 39,3 36,3
41 | MPN15 3.537,2 6.551,3 19,2 29,8 22,5
42 | MPN18 3.526,7 7.658,5 15,9 31,8 28,4
43 | MPN22 0 415,4 18,1 0 0
44 | MPLS 970,9 1.021,5 23,5 2,8 0
45 | MPL13 1.232,4 40,2 18,6 1,8 25,8
46 | MPL14 2.066,7 0 0 0 0
47 | MPLI15 3.541,2 1.996,5 15,6 8 11,3
48 | MPL17 1.182,4 916,4 30,6 0 0
49 | MPL21 0 227,4 14,3 0 0
50 | MPL25 1.417,2 133,8 20,4 1,5 5,4
51 | MPL29 1.280,4 221,7 15,9 1,2 6,9
52 | MPGS8 2.907,6 5.146,1 12,5 15,7 29,9
53 | MPG12 3.595,4 1.557,3 20,0 6,8 11,2
54 | MPG14 2.020,8 178,9 77,4 0 0
55 | MPG04 1.393,7 5.950,3 19,5 34,73 30,7
56 | MPGO5 997,4 5.806,2 10,8 32,26 35,4
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sang loc chiing sinh acetyl esterase (AE): Két qua & Bang 3.1 cho thay
c6 38/56 (chiém 68%) chung ndm biéu hién hoat tinh sinh téng hop enzyme
AE. Trong d6 c¢6 20 chung dugc thu nhan tir ring quéc gia Ctuc Phuong va 18
ching dugc thu nhan tir ring tu nhién Muong Phang. Hoat d6 AE cua cac
chang nim dat tir 287,3 U/L dén 3.650,8 U/L. Dic biét, mot sé chung ndm
biéu hién hoat tinh t6t nhw MPN12 (3.650,8 U/L), MPG12 (3.595,4 U/L),
MPL15 (3.541,2 U/L), MPN15 (3.537,2 U/L) va MPN18 (3.526,7 U/L). Ca 5
chang nim nay déu duoc phan Iap tir ring tu nhién Muodng Phiang. Trong cac
chang nidm nay, chung MPN12 c6 hoat tinh AE cao nhét (3.650,8 U/L). Do
vay, chang nim MPN12 duoc lua chon cho nhitng nghién ciu thu nhan AE.

Sang loc chung sinh lignin peroxidase (LiP): Két qua sang loc hoat tinh
LiP cho thay c6 25/56 chung (45%) cd hoat tinh, trong d6 c6 12 ching nam
thu nhan dugc ¢ ring Cuc Phuong va 13 chung thu dugc & rismg Muong
Phing. Hoat d6 enzyme dao dong tur 1,2 dén 39,3 U/mL (Bang 3.1). C6 6
chang ndm c6 hoat do enzyme I6n hon 30 U/mL, bao gdbm MPN12 (39,3
U/mL), CP22 (38,8 U/mL), MPG04 (34,73 U/mL), MPGO05 (32,26 U/mL),
CP29 (31,9 U/mL) va MPN18 (31,8 U/mL). Trong c4c mau biéu hién hoat
tinh LiP cao, chung MPN12 véi hoat tinh la LiP 39,3 U/mL duoc lya chon
cho nhitng nghién cuu tiép theo.

Sang loc ching sinh cellobiose dehydrogenase (CDH): Két qua sang
loc hoat tinh cellobiose dehydrogenase cho thay sy da dang cia enzyme nay
trong giéi nAm phan 1ap véi s6 mau biéu hién hoat tinh CDH 1a 35/56 chung,
tuong duong 62,5 % (Bang 3.1). Trong do, c6 17 ching nam duoc thu nhan ¢
rung Cac Phuong va 18 ching dugc thu nhan & rimg Muong Phiang. Hoat tinh
dao dong tir 4,6 dén 74,4 U/L d6i véi co chat 2,6-dichlorophenolindophenol.
C6 5 chung nam c6 hoat d6 > 30 U/L, bao gom MPG14 (77,4 U/L), CP29
(50,8 U/L), CP8 (42,4 U/L), CP7 (34,6 U/L) va MPL17 (30,6 U/L). Chung
MPG14 sinh tong hop enzyme CDH cao nhat dat 77,4 U/L va duoc lya chon
cho cac nghién ctu sdu hon vé dic tinh enzyme ciing nhu Gng dung trong
chuyén hoa sinh khdi lignocellulose.

sang loc chung sinh laccase (Lac): Két qua sang loc hoat tinh laccase
trén co chat ABTS nhan thay c6 31/56 chang nam c6 kha nang sinh tong hop
laccase, tuong tng 57% (Bang 3.1). Trong d6 c6 14 ching dugc thu nhan &
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ring Ctc Phuong va 17 chung duoc thu nhan ¢ rieng Muong Phang. Hoat tinh
tir 34,7 U/L dén 7.658,5 U/L. Trong sb d6, c6 7 chang nam biéu hién hoat
tinh cao, bao gdm MPN18 (7.658,5 U/L), CP22 (6.958,5 U/L), MPGO4
(5.950,3 U/L), MPN15 (6.551,3 U/L), MPN12 (5.735,3 U/L) v MPGO5
(5.806,2 U/L). Chung MPN18 14 chung tiém ning cho nghién ctu tiép theo
khi biéu hién hoat tinh cao nhat dat 7.658,5 U/L.

sang loc chiing sinh unspecific peroxygenase (UPO): Két qua cho thay
s6 luong chiing nim sinh UPO chiém 43% (24/56 chang hoat tinh). Trong d6
c6 11 ching nam duogc thu nhan ¢ rimg Ctc Phuong va 13 ching duoc thu
nhan ¢ rimg Muong Phing. Hoat d6 enzyme dao dong tir 1,4 dén 41,2 U/mL
thong qua kha niang oxi hoa co chat veratryl alcohol. C6 5 chung nam cé hoat
d6 UPO > 30 U/mL, bao gébm CP22 (41,2 U/mL), MPN12 (36,3 U/mL),
MPGO05 (35,4 U/mL), CP29 (32,7 U/mL) va MPG04 (30,7 U/mL). Trong
nhitng chang biéu hién hoat do enzyme UPO cao thi chung CP22 (41,2
U/mL) duoc lya chon 1a chung tiém niang cho nghién cau tinh sach UPO.

Tong hop két qua sang loc hoat tinh enzyme ciia 56 chung nam nghién
ctu, thi sé lwong nam sinh tong hop enzyme AE chiém ty 1¢ cao nhat (68%),
sau d6 lan luot 1a ching sinh CDH (62,5%), Lac (57%), LiP (45%) va cudi
cung 1a enzyme UPO (43%). Cac chung nim nay phan bd déu & ca hai ring
Ctic Phuwong va Mudng Phang. Trong d6 c6 21/56 chung nam (chiém 37,5%)
c6 kha ning sinh tong hop ca 5 loai enzyme. Cu thé Ia cac chiang CP5, CP7,
CP13, CP19, CP21, CP22, CP26, CP29, MPN9, MPN11, MPN12, MPN15,
MPN18, MPL13, MPN15, MPN25, MPN29, MPG04, MPG05, MPGO08 va
MPG12. Ttr cac két qua nay cho thay ngudn ndm thu dugc & ring tu nhién
Viét Nam, cu thé Ctc Phuong va Mudng Phang, 1a ngudn nguyén liéu tiém
nang trong viéc khai thac cac enzyme c6 kha nang chuyén hoa sinh khoi
lignocellulose.

Khi so sanh két qua danh gia hoat tinh cho thay néi troi 1a chung nam
MPN12 c6 kha ning sinh tong hop tét nhat ca hai enzyme AE va LiP. Bén
canh d6, ching MPG14 va ching MPN18 14 hai chiing ¢6 kha ning sinh tong
hop lan luot cac enzyme CDH va Lac tét nhat. Trong khi d6 enzyme UPO
dugc sinh téng hop tét nhit & chung CP22. Do vay, bén chiung MPN12,
MPG14, MPN18 va CP22 dugc lya chon cho cac nghién ciru diéu kién nudi
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cay thu nhan enzyme cho tinh sach va xac dinh diac diém cac enzyme tuong
rng va ung dung caa enzyme nay trong chuyén hoa sinh khéi lignocellulose.

3.1.3. Pinh danh cac chiing phan lap co6 hoat tinh enzyme cao
3.1.3.1. Tach chiét DNA hé gen va khuéch dai doan gen ITS

Bén ching nam c6 hoat tinh cao 1a MPN12, MPG14, MPN18 va CP22
dugc dinh danh bang phuong phap sinh hoc phan tir dya trén phan tich trinh
ty ving ITS. Két qua kiém tra DNA téng s6 duoc tach chiét tir 04 ching nam
(Hinh 3.2 A) cho thay DNA hé gen c6 kich thudc 16n hon 10 kb, ¢6 d6 tinh
sach cao va khong bi dut gay.

Mau DNA sau dé dugc s dung lam mach khudn cho phan tng PCR
khuéch dai ving ITS véi cap moi ITS1/ITS4 (Hinh 3.2 B). San pham PCR c6
1 bang sang dam cd kich thudc khoang 700 bp.

A. B.

M 1 2 3 4 M 1 2 3 4
kb

Hinh 3.2. Bién di d6 phan tich DNA tong s sau tach chiét (A), san pham
PCR khuéch dai ving ITS cua cac chung nam trén gel agarose (B).
1-4: Tuwong tng va&i chung MPN12, MPG14, MPN18 va CP22
3.1.3.2. Giai trinh tw ITS va xay dwng cay phat sinh ching loai
Trinh ty ITS caa 4 chung nAm chon loc dugc phan tich va so séanh véi
c4c trinh ty san c6 trén ngan hang di liéu GenBank bang cong cu BLAST va
xay dung cay phat sinh chung loai.

Trinh te nucleotide vang 1TS cia ching ném MPN12:
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Trinh tu ITS caa chang naim MPN12 cho thay mutc do twong dong cao,
dat 99,76%, so v&i lodi Lentinus squarrosulus (md sé6 GU001951). Cay phat
sinh ching loai duoc xay dung dwa trén trinh tu ITS ciaa chung MPN12 va
mot s6 loai thudc chi Lentinus, st dung phuwong phap Maximum Likelihood
(ML) (Hinh 3.3). Két qua phan tich cho thay chung MPN12 va loai Lentinus
squarrosulus tap hop thanh mot nhom riéng biét véi gia tri bootstrap trén
98%, khang dinh mdi quan hé gan giii gitta chdng. Ngoai ra, phan tich ty I¢
tuong ddéng cho thay trinh tu ITS caa chiung MPN12 c6 mirc twong dong tir
84,64% dén 100% v&i 164 trinh ty ITS cua cac chung thudc loai Lentinus
squarrosulus di duoc cong bé trén ngan hang GenBank. Két qua nay chtng
minh rang chang ndm MPN12 c¢d chung ngudn gdc véi lodi Lentinus
squarrosulus. Tir cac két qua phan loai dya trén phuong phap sinh hoc phén
tar, cO thé két luan rang mau nam phan lap MPN12 thugc loai Lentinus
squarrosulus, mot loai ndm muc trang thuoc ho Polyporaceae. Do d9, tén goi
day da cia mau phan lap la Lentinus squarrosulus MPN12 (NCBI Accession
number: OP758151).

100 Lentinus crinitus MH915574

94 ‘{Lenrinus berteroi MK890046

92/~ Lentinus swarzii KT956124

87
98

Lentinus badius KP283481
{ Lentinus brumalis MK351730
-Lentinus sp. S3013 JQ868745
94| MPN12

Lentinus squarrosulus GU001951

= 1

L Lentinus polychrous KP283486

Lentinus sajor-caju KP283493

Psathyrella pygmaea MG734744

—
0.50

Hinh 3.3. Cay phét sinh ching loai dya trén trinh ty ITS cua chang ndm
MPN12 véi cac loai trong chi Lentinus xay dung bang phuong phap
Maximum Likelihood (ML).

Trinh te nucleotide vang 1TS cia ching ném MPN18:
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Trinh tu ITS cta chang ndim MPN18 cho thdy muic d6 tuong dong hoan
toan (100%) véi chung Pleurotus pulmonarius (md s6 MH395979). Cay phat
sinh ching loai duoc xay dung dwa trén trinh tu ITS ciaa chung MPN18 va
mot sb loai thuoc chi Pleurotus bang phwong phiap Maximum Likelihood
(ML) (Hinh 3.4). Két qua phan tich cho thiy ching MPN18 va loai Pleurotus
pulmonarius hinh thanh mét nhém riéng biét véi gia tri bootstrap cao, dat
99%, khang dinh mdi quan hé gan giii gitta chlng. Piéu nay chang to rang
chang nam MPN18 c6 chung ngudn géc véi loai Pleurotus pulmonarius. Bén
canh d6, phan tich ty 1& twong ddng trinh tu ITS cho thdy chung MPN18 ¢6
mtcc tuong dong dao dong tir 79,32% dén 100% vai 409 trinh ty ITS cia cac
chang thuoc lodi Pleurotus pulmonarius dugc cong bd trén ngan hang
GenBank. Tur cac két qua phan loai dwa trén phuong phap sinh hoc phan ti,
c6 thé két luan rang mau nam phan Iap ky hiéu MPN18 Ia loai Pleurotus
pulmonarius, mét loai nAm muc trang thudc ho Pleurotaceae. Tén day du cua
mau phan lap la Pleurotus pulmonarius MPN18 (NCBI Accession number:
OP758161).

Pleurotus fuscus var. ferulae MG282459

Pleurotus eryngii var. ferulae KY 962437
83| |Pleurotus eryngii DQ333235

55 Pleurotus nebrodensis AB286150

99L Pleurotus nebrodensis AB286149
Pleurotus nebrodensis AY 540331
Pleurotus albidus KF280332

Pleurotus ostreatus MH395968

+ Pleurotus sapidus JX429940

64 {Pfeuro:us sapidus AY 540327
89L Pleurotus floridanus MG282484

MPN18

99

88
Pleurotus pulmonarius MH395979
" Pleurotus cf. pulmonarius MN179416

Pleurotus placentodes KY 967596
Pleurotus abieticola AY450348
Psathyrella pygmaea MG734744

1
0.05

Hinh 3.4. Cay phét sinh ching loai dya trén trinh ty ITS cua chang ndm
MPN18 véi cac loai/tht trong chi Pleurotus xay dung bang phuong phap
Maximum Likelihood (ML).
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Trinh te nucleotide vang 1TS cia ching ném MPG14:

Trinh ty ITS caa chang nAm MPG14 twong dong cao 100% véi chang
Coprinellus aureogranulatus GQ249274. Cay phat sinh chung loai dua trén
trinh tu ITS caa chung nAm MPG14 va mot sb loai thudc chi Coprinellus da
dugc xay dung theo phuwong phap ML (Hinh 3.5). Chung nam MPG14 va loai
niam C. aureogranulatus tao thanh mot nhdm riéng véi gid tri bootstrap 100%.
Két qua nay cho phép nhan dinh chung nim MPG14 c¢é chung ngudn gbc Véi
loai C. aureogranulatus. Phan tich ty Ié twong dong trinh tu ITS cho thay
chang MPG14 ¢6 muc tuong dong dao dong tir 97,71% dén 100% vai 36
trinh tu ITS cua cac chung thudc loai C. aureogranulatus duoc cong bd trén
ngan hang GenBank. Nhu vay, tir két qua phan loai bang phuong phap sinh
hoc phan tir c6 thé két luan mau ndm phan 1ap ky hiéu MPG14 1a loai nam
muc trang Coprinellus aureogranulatus MPG14 thudc ho Psathyrellaceae
(NCBI Accession number: OP758133).

Coprineilus micaceus GU227721
100 | Coprinellus saccharinus MG696612
Coprinellus micaceus JN943115

91
Coprinellus sp. MN105172

60 I:Coprinus rufopruinatus FN396104
98 “Coprinellus cf. micaceus KC176281

|MPG14
100/ Coprinellus aureogranulatus GQ249274

Coprinellus flocculosus JN159575
81 _|:Coprineﬂus radians MK351750
92 Coprinellus xanthothrix MK513838

Psathyrella pygmaea MG734744

0.020

Hinh 3.5. Cay phét sinh chung loai dya trén trinh ty ITS cua chang nim
MPG14 véi cac loai trong chi Coprinellus xay dung bang phwong phap
Maximum Likelihood (ML).

Xde dinh trinh tee nucleotide cia chiing ném CP22:

Trinh tu ITS cta chang nim CP22 twong dong cao 100% vai loai
Candolleomyces euryspous NR172427. Cay phat sinh chung loai dya trén
trinh tu ITS caa chung nAim CP22 va mot sb loai thudc chi Coprinellus da
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dugc xay dung theo phuong phap ML (Hinh 3.6). Chung nam CP22 va loai
niam C. euryspous tao thanh mot nhdm riéng vai gia tri bootstrap 100%. Két
qua nay cho phép nhan dinh chang nim CP22 c6 chung ngudn gdc véi loai C.
euryspous. Nhu vay, tir két qua phan loai bing phuong phap sinh hoc phan ti
c6 thé két luan mau nidm phan Iap ky hiéu CP22 1a loai ndm muc tring
Candolleomyces euryspous CP22 thudc ho Psathyrellacea (NCBI Accession
number: MW369459).

CP22

Candolleomyces eurysporus NR172427
C. subminutisporus NR173318

C. aberdarensis OQ567487
Candolleomyces asiaticus OK392605

C. subsingeri MW301098

98 C. luteopallidus MO506017

— C. subcacao MW301064

—- C. candolleanus OM212963

—— C. efflorescens KC992941

002 Coprinellus micaceus JN943115 (outgroup)

—

Hinh 3.6. Cay phét sinh ching loai dya trén trinh ty ITS cua chiing nam
CP22 voi céc loai trong chi Candolleomyces xay dung bang phuong phap
Maximum Likelihood (ML).

3.2. Nghién ciu tinh sach va xac dinh dic tinh caa cac enzyme tir nAm
lwa chon

Sau khi sang loc va lya chon dugc 04 ching ndm cd tiém ning, nghién
ctiu tiép tuc véi viéc khao sat cac diéu kién nudi cdy nham tbi vu hoa kha
nang sinh tong hop enzyme ngoai bao. Trong dé, rom — Mot ngudn nguyén
liéu lignocellulose phd bién — duogc sir dung lam co chat cam tng dé kich
thich qué trinh tiét enzyme. Dong thoi, cac yéu té moéi trudng quan trong nhu
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nhiét do, pH va ngudn nito duge danh gia mot cach hé théng dé xac dinh muc
d6 anh hudng dén téc do sinh truong cia nam ciing nhu hoat do cua enzyme.
Trén co s cac két qua thu duoc, didu kién 1&n men sinh tong hop cua ting
chang nim da duoc téi wu hoa, chi tiét dugc trinh bay trong Phu luc. Sau giai
doan nay, dich chiét enzyme duoc thu nhan va su dung cho cac thi nghiém
tiép theo vé qué trinh tinh sach va dic tinh hoéa enzyme.

3.2.1. Nghién ctru tinh sach cac enzyme
3.2.1.1. Tinh sach acetyl esterase tir L. squarrosulus MPN 12 (LSAE)

Qua trinh tinh sach enzyme esterase tir dich enzyme thd cua nam muc
trang L. squarrosulus MPN 12 duoc tién hanh bang phuong phép sac ky long
protein nhanh (FPLC). Trudc tién, dich enzyme tho duoc xi ly qua cot trao
d6i ion DEAE Cellulose va loc gel Sephadex G100, thu duoc 57 mg protein
enzyme/mé véi tong hoat tinh enzyme dat 789 U. Sau d6, cac phan doan c6
hoat tinh enzyme dugc gom lai va tiép tuc tinh sach trén cot HiTrap™ Q XL,
st dung dém Tris-HCI 20 mM (pH 7,5) va rua giai bang gradient mudi tir 0
dén 1,5 M NaCl (Hinh 3.7). Qu4 trinh rira giai khi ting dan nong d6 NaCl
Xuat hién 2 dinh protein, trong d6 dinh thir hai c6 tong hoat tinh dat 2,55
U/mL. Sau budc tinh sach cudi tong luong protein enzyme thu dugc la 17,0
mg vai tong hoat tinh 391 U. Hoat tinh riéng cia enzyme ting 1én 23 U/mg,
dat hiéu suat 7,5% va do tinh sach dugc nang cao 12,1 lan so vai dich thd ban
dau (Bang 3.2).

40 -
30

20+

Hoat tinh Ls4F (U.mL")

Do hap thu (280nm)

NaCl 1.5M

Thé tich rira giai (mL)

Hinh 3.7 . Tinh sach enzyme LSAE tu L. squarrosulus MPN 12 qua cot
HiTrap™ Q XL. Trong d6: (—) do hap thu & A=280 nm va (e) hoat tinh LSAE.
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Bang 3.2. Tinh sach enzyme LsAE tur dich 1én men L. Squarrosulus MPN12,

Protein  Hoat tinh Hoattinh  Hiéu b6 tinh

Cac budc tinh sach téng téng riéng suat sach
(mg) (V) (Umg) (%) (lan)
Dich chiét tho 2.709 5.214 1,9 100,0 1.0
DEAE Cellulose 210 2.540 12,1 48,9 6,4
Sephadex G100 57 789 13,8 15,2 7,3
HiTrap™ Q XL 17 391 23,0 7,5 12,1
1 2
kDa
17 =
80 -
58 .
% - LsAE
30

05

Hinh 3.8. Pién di do protein sau tinh sach LSAE.

(Trong d6: (1) protein marker, (2) LSAE tinh sach thu duoc sau cot HiTrap™
QXL))

Do tinh sach cia protein thu dugc dugc kiém tra bang phuong phap
dién di SDS-PAGE. Két qua cho thay vach protein LSAE sau khi nhudém c6
khéi lwong phan tir (Mw) 1 41,4 kDa, nhu thé hién ¢ Hinh 3.8. Kich thudc
tuong d6i cua enzyme dugc tinh dya trén cong thirc tuong tng cia bing
chuan so voi quang duong di chuyén cua protein. Kich thudc enzyme LSAE
trong nghién ctru tuong g véi enzyme cung loai thu dugc trong cac nghién
ctru trude day. Vi du nhu enzyme AE tir loai nam Xylaria polymorpha c6
khéi lugng phan tr xdp xi 44 kDa [151], hodc tir loai ndm Penicillium
purpurogenum cé khéi lugng phan tir 48 kDa [152]. Phan doan enzyme tinh
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sach nay duoc bao quan ¢ -20°C va st dung cho cic nghién ctu tiép theo vé
dic tinh cling nhu chuyén hoéa in vitro vat liéu giau lignocellulose.

3.2.1.2. Tinh sach cellobiose dehydrogenase tir C. aureogranulatus MPG
14 (CauCDH)

Dich chiét c6 hoat tinh cellobiose dehydrogenase duoc tinh sach bing
sic ky FPLC qua cac cot trao doi ion va sic ky loc gel. Bugc dau, dich chiét
tho duogc ria giai qua cot trao doi ion DEAE Sepharose bang gradient mudi 0-
1,5 M NaCl thu dugc dinh hoat tinh enzyme ghi nhan tai phan doan tuong
tng véi 28 U/mL (Hinh 3.9). Sau budc sac ky loc gel Superdex G100 tiép
theo di thu dugc 549,2 mg protein vai tong hoat tinh enzyme dat 25,7 U. Céc
phan doan hoat tinh CDH (CauCDH) duoc tiép tuc tinh sach qua cot sac ky
HiTrap™ Q FF thu duoc tong luong protein enzyme sau budc tinh sach cudi
cung dat 411,8 mg, véi tong hoat tinh enzyme 1a 14,3 U. Hoat tinh riéng cua
enzyme tang 1én 28,86 U/mg, mirc d6 tinh sach cao hon dang ké so véi dich
tho ban dau (Bang 3.3). D6 tinh sach dat duoc sau toan b quy trinh tang 41,9
lan, véi hiéu suat thu hoi enzyme & mic 22,7%.

1000 — —30.0 3
1 =
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1.5 S 400 .~
2 {1 Al ;.
w1 R S
= 200
S o5 |
=
0 o s

v | . I J |
0 200 400 600 800
Thé tich rira giai (mL)
Hinh 3.9.Tinh sach enzyme CauCDH tur Coprinellus aureogranulatus
MPG14.

(Tinh sach enzyme trén cot DEAE Sepharose trong d6 (—): 6 hap thu quang
hoc & budc song 280 nm. (e): Hoat tinh CauCDH (U/mL).)
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Do tinh sach cua CauCDH sau budc cudi cung trén cot HiTrap Q FF
dugc danh gia bang phan tich dién di gel polyacrylamide 12% SDS, cho thay
mot dai band rd rang véi khéi lwong phan tir 1a 109 kDa & Hinh 3.10.
Baminger va cong su da chi ra khéi luong phan tir cia CDH tir chung
Sclerotium rolfsii 12 101 kDa [72]. CauCDH ¢ nghién cttu nay c6 khdi luong
phan tir gan giéng véi nhitng nghién ctu trude d6. Gan dy nhat, Vinita va
cong su da tién hanh tinh sach CDH tir chang nam muc tring Schizophyllum
commune vé&i khéi luong phan tir xap xi 100 kDa [153].

(kDa) 1 2

175

80 CauCDH

58
46
30
25

17

7 .

Hinh 3.10. Pién di d6 protein sau tinh sach CauCDH

(Trong d6, (1) protein marker, (2) CauCDH tinh sach thu duoc sau cot
HiTrap™ Q FF.)

Bang 3.3. Tinh sach enzyme CauCDH tur dich I1én men C. aureogranulatus
MPG14.

Cac buac tinh Hoat tinh Protein  Hoat tinh Hiéu Do tinh
sach téng, U tbng, mg  riéng,  sudt,%  sach,
U/mg (I4n)
Dich chiét thd 1.817,1 2.635,6 0,69 100,0 1,0
Siéu loc 10 kDa 1.687,1 2.239,3 0,75 92,8 1,1
DEAE Sepharose 889,2 2315 3,84 48,9 5,6
Superdex G100 549,2 25,7 21,33 30,2 30,9

HiTrap™ Q FF 411,8 14,3 28,86 22,7 41,9
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3.2.1.3. Tinh sach laccase tir Pleurotus pulmonarius MPN 18 (PleuLac)

Dich chiét c6 hoat tinh PleuLac duoc tinh sach qua ba cot sic ky:
DEAE Cellulose, Sephadex G100 va HiTrap™ Q XL. Budc dau, dich chiét
duoc xu Iy qua cot trao doi ion DEAE Cellulose va loc gel Sephadex G100,
thu duoc phan doan chira hoat tinh véi tong luong protein dat 54 mg va téng
hoat tinh enzyme 12 889 U. Tiép theo, cic phan doan c6 hoat tinh dugc dua
lén cot HiTrap™ Q XL va rira giai bang gradient mudi NaCl (0-1,5 M).

Két qua cho thay dinh hoat tinh laccase cao nhat dugc ghi nhan tai dinh
thir hai (128 U/mL), xuat hién sau khoang 42 mL dung dich raa giai. Sau khi
hoan thanh quy trinh tinh sach, thu duoc téng lwong protein enzyme la 19 mg,
tuong ng véi tong hoat tinh enzyme 532 U. Hoat tinh riéng cua enzyme dat
28 U/mg, hiéu suat tinh sach dat 8,3%, va d¢ tinh sach ting 9,6 1an so Vi
dich thd ban dau (Hinh 3.11). Enzyme sau tinh sach duoc bao quan ¢ -20°C,
st dung cho nhiing nghién cuau tiép theo (Bang 3.4).
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Hinh 3.11. Tinh sach enzyme PleuLac tir Pleurotus pulmonarius MPN18 qua
cot HiTrap™ Q XL.

(Trong d6: (—) do hap thu & A=280 nm va (e) hoat tinh PleuLac trén co chat
ABTS.)
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Bang 3.4. Tinh sach enzyme PleuLac tu dich Ién men P. pulmonarius

MPN18.
Protein  Hoattinh Hoattinh Hiéu Do tinh

Céc budc tinh sach téng téng riéng suat sach
(mg) (V) (Uimg) (%) (lan)
Dich chiét tho 2.243 6.432 2,9 100,0 1,0
Cot DEAE Cellulose 205 3.011 14,7 46,8 51
Sephadex G100 54 889 16,5 13,8 5,7
HiTrap™ Q XL 19 532 28,0 8,3 9,6

bién di SDS-PAGE cua phan doan ¢ hoat tinh qua cac budc tinh sach
& trén cho thay vach protein PleuLac sau khi nhom c6 khéi lugng phan tic My
= 35 kDa duoc thé hién & Hinh 3.12. Trong khi d6, gan day mot sb nghién
ctru da chi ra khoi luong phan tir cua laccase tir mot s6 chung ndm 16n hon
gap doi so vai PleuLac, nhu laccase tir ching Ganoderma leucocontextum (65
kDa) [154] va Gymnopus luxurians (64 kDa) [155].

kDa

2

Pleul.ac

Hinh 3.12. Pién di d6 protein sau tinh sach PleulLac

(Trong do, (1) protein marker, (2) PleuLac tinh sach thu duoc sau cot
HiTrap™ Q XL.)
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3.2.1.4. Tinh sach lignin peroxidase tir L. squarrosulus MPN 12 (LsLiP)

Dich chiét c6 hoat tinh enzyme LsLiP duoc tinh sach qua ba buéc sac
ky lién tiép: DEAE Cellulose, Sephadex G100, va cubi cung HiTrap™ Q XL.
Budc dau, dich chiét duoc xir Iy qua cot DEAE Cellulose va Sephadex G100,
thu dugc 80 mg protein véi tong hoat tinh enzyme dat 831 U. Sau d6, dich
enzyme tiép tuc duoc dua lén cot HiTrap™ Q XL va rira giai bang gradient
mubi NaCl (0-1,0 M). Hinh 3.13 mé ta hai dinh hoat tinh thu dugc (I va I1),
trong do dinh 11 c6 hoat tinh LSLiP cao vuot troi, dat gia tri I1én hon 4,5 U/mL.
Két thic qué trinh tinh sach, thu duoc 20 mg protein enzyme véi téng hoat
tinh 566 U, hoat tinh riéng dat 28,3 U/mg, hiéu suat thu hoi dat 15,7%, va do
tinh sach ting gap 47,1 lan so véi dich tho ban dau (Bang 3.5). Protein tinh
sach duoc bao quan ¢ nhiét do -20°C, san sang cho cac nghién cau va ung
dung tiép theo.

Két qua tinh sach sau 2 cot sic ky trao doi anion va 1 cot sac ky loc gel
duogc thé hién & Hinh 3.14, bing protein (LsLiP) c6 khdi luong phan tir xap xi
53 kDa. O nhiing loai ndm khac nhau thi LsLiP ciing c6 khéi lwong phan ti
khac nhau, tuy nhién chu yéu ¢ khoang 38-50 kDa, nhu LiP cia ching
Loweporus lividus MTCC-1178 ¢6 kich thudc 43kDa [156], hay LiP tu chung
Phanerochaete sordida YK-624 ¢ kich thudc khoang 50 kDa [157]. Do vay,
LsLiP ciing c6 khéi luong phan tir trong tw nhu nhiéu lodi nAm khac.

Bang 3.5. Tinh sach enzyme LsLiP tir dich Ién men L. squarrosulus MPN12.

Protein  Hoattinh Hoattinh  Hiéu Do tinh

Céc buéc tinhsach  tong tong rieng  suét sach
(mg) (V) (Umg) (%) (Ian)

Dich chiét thd 5400 3600 0,6 100,0 1,0
Cot DEAE Cellulose 350 1250 4,0 35,0 6,7
Sephadex G100 80 831 10,4 23,0 17,3

HiTrap™ Q XL 20 566 28,3 15,7 47,1
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Hinh 3.13. Tinh sach LsLiP qua cot HiTrap™ Q XL

(Trong d6: (—) d6 hap thu & A=280nm, () hoat tinh LsLiP, (---) nong do
NaCl.).
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Hinh 3.14. Pién di d6 protein sau tinh sach LsLiP.

(Trong do: (1) protein marker, (2) LsLiP tinh sach thu duoc sau cot HiTrap™
QXL.)

3.2.1.5. Tinh sach unspecific peroxygenase tir Candolleomyces euryspous
CP22 (CeuUPO)

Dich chiét thd c6 hoat tinh unspecific peroxygenase (CeuUPO) duoc
tinh sach bang phwong phap sic ky long nhanh (FPLC) qua cac budc sir dung
cot trao doi ion va loc gel. Budc dau, dich chiét thé dugc xtr Iy qua cot trao
d6i ion DEAE Cellulose va tiép tuc qua cot loc gel Superdex G-75. Két qua tir
giai doan nay dat téng hoat tinh enzyme dat 787 U, véi luong protein thu
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dugc 1a 83 mg. Cac phan doan chira hoat tinh enzyme sau d6 duoc tiép tuc
tinh sach qua cot Mono Q™, str dung dém thich hop va raa giai bang gradient
mudi tir 0 d&én 0,25 M NaCl. Két qua sic ky cho thay dinh hoat tinh cao nhat
cua enzyme CeuUPO dat 125 U, xuat hién sau khi thu duoc khoang 75 mL
dung dich rira giai (Hinh 3.15).

Két thlic qua trinh tinh sach, tong luong protein enzyme thu duoc 1a 19
mg, trong duong vai tong hoat tinh 534 U. Hoat tinh riéng cua enzyme ting
Ién 28,1 U/mg, hiéu suat tinh sach dat 23,2%, va do tinh sach ting 45,3 1an so
véi dich chiét ban dau (Bang 3.6).
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Hinh 3.15. Tinh sach CeuUPO véi cot Mono Q™,

Protein duoc phat hién & A=280 nm (tong protein, mau xanh lam), A=420nm
(nhan heme dac hi¢éu UPO, mau dd) va phan doan hoat tinh UPO (A).

Bang 3.6. Tinh sach enzyme CeuUPO tur dich I1én men C. euryspous CP22.

Protein  Hoattinh Hoattinh  Hiéu Do tinh

Céac budc tinh sach téng tong riéng Suét sach
(mg) (V) (Uimg) (%) (lan)

Dich chiét thd 3700 2300 0,6 100,0 1,0
Cot DEAE Cellulose 280 1110 3,9 42,8 6,3
Sephadex G-75 83 787 9,5 34,2 15,3

Mono Q™ 19 534 28,1 23,2 45,3
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Qua trinh tinh sach duogc thuc hién trén hé sic ky FPLC-AKTA™ qua
cac budc sic ky trao doi anion da thu dugc enzyme tinh sach CeuUPO. P
tinh sach cua protein duogc xac dinh bang dién di cho thiy mot band protein rd
nét xap xi 40 kDa trén gel SDS-PAGE (Hinh 3.16).

1 kDa
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Hinh 3.16. Dién di d4 protein sau tinh sach CeuUPO

(Trong d@6: (M) protein marker, (1) CeuUPOQ tinh sach thu dugc sau cot Mono
Q™)

3.2.2. Xac dinh dic tinh caa enzyme

3.2.2.1. Pic tinh cia acetyl esterase (LSAE) tir ching nam Lentinus

squarrosulus MPN12

Nhiét dp va pH toi wu:

Pé xac dinh pH tdi wu cua LSAE, hoat tinh AE di duoc xac dinh & dai
pH 4.0-8.0, i & 37°C trong 10 phit. Hoat tinh cao nhit ctia AE cho thdy ¢ pH
5,5 va giam dan khi pH ting, & pH 8 hoat tinh ciia AE giam xudng con 40%
so voi pH 5,5 (Hinh 3.17). Thém vao d6, hoat tinh AE ciing dat gié tri toi uu &
35°C khi dugc so sanh véi nhitng nhiét do lan céan (tor 20-55°C), va giam
manh & nhiét do 55°C (chi con xap xi 20% so v6i hoat tinh ciia AE ¢ 35°C).
Vay nén, & pH 5,5 va 35°C, hoat tinh cua LSAE s¢€ dat gia tri cao nhat.
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Hinh 3.17. Anh huéng cta nhiét do va pH téi hoat tinh ciia enzyme LSAE.
(A) nhiét do, (B) pH, (C) do bén nhiét do, (D) do bén pH.
Dé bén nhi¢t va pH ciia LsAE:

Do bén hoat tinh AE phu thudc vao nhiét d6 duoc xac dinh & pH 5,5 va
35°C trong khoang 0 enzyme khac nhau (tir 0 téi 120 phat) ¢ nhitng nhiét do
khac nhau (4, 25, 40 va 60°C). Enzyme hoat dong tot & 4 va 25°C sau 1 gio 1,
tuy nhién hoat tinh giam dan & 1h tiép theo. Sau 2h @ thi hoat tinh giam xuéng
xap xi 60% so véi ban dau. O 40 va 60°C, hoat tinh bat dau giam sau 40 phut
Ui va sau 2h 1 thi hoat tinh giam xudng twong Gng con xap xi 25% so voi ban
dau. Enzyme tinh sach cho thay bén hoat tinh ¢ pH axit (pH 5,0), sau 6 gid 1
hoat tinh enzyme dudng nhu khong giam so véi ban dau. O pH trung tinh (pH
7,0), hoat tinh enzyme giam dan déu tir 1 t6i 6 gio 1.
3.2.2.2. Xac dinh dic tinh cia cellobiose dehydrogenase (CauCDH) tir
Coprinellus aureogranulatus MPG14
Nhigt.dé va pH téi wu:

Tién hanh khao sat sy anh huong cua nhiét do tsi hoat tinh cua
CauCDH, enzyme dugc u ¢ dai nhiét d6 30-70°C ¢ pH 5,0, trong 10 phdat.
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Hoat tinh cia CauCDH cao nhat & 50°C khi so véi nhitng nhiét do khéac 1an
can. O 70°C hoat tinh CauCDH giam xuéng chi con xap xi 40% so véi 50°C.
Pé khao sat pH ti wu, CauCDH duoc @ ¢ dai pH (3-8), ¢ nhiét do 50°C,
trong 10 phit. Hoat tinh CauCDH cao nhat ¢ pH 5,5, chitng t6 CauCDH thich
hop vai pH axit. O pH trung tinh, hoat tinh CauCDH giam dan dan, ¢ pH 8,0
hoat tinh giam xubng con xdp xi 25% so véi pH 5,5. CDH tir ching
Schizophyllum commune ciing hoat dong tét & pH 5,5 tuy nhién nhiét do toi
wu lai thip hon so véi CauCDH (35°C) [153].
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Hinh 3.18. Khao sat sy anh hudng cua nhiét d6 va pH tai hoat tinh caa
CauCDH.
(A) nhiét 4o, (B) pH, (C) d6 bén nhiét do, 25°C (e), 40°C (#), 70°C (A), (D)
d6 bén pH, pH 4 (A), pH 7 (e), pH 8 (#).

Dj bén nhiét va pH:

Do bén hoat tinh CDH phu thudc vao nhiét do duoc xac dinh ¢ pH 5,5
va 50°C trong khoang u enzyme khac nhau (ttr O téi 120 phat) ¢ nhirng nhiét
d6 khac nhau (25, 40 va 70°C). Enzyme tuong d6i bén ¢ 25°C sau 12 gio u,
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tuy nhién hoat tinh giam dan ¢ 70°C, hoat tinh bat dau giam sau 6 gio 1, sau
12 gid U thi hoat tinh giam xudng twong tng con xap xi 15% so véi ban dau.
Enzyme tinh sach cho thay bén hoat tinh & pH axit (pH 4.0), sau 12 gio u hoat
tinh enzyme dudng nhu khong giam so véi ban dau. O pH trung tinh (pH 8.0),
hoat tinh enzyme giam manh sau 2 gi& 4, va sau chi sau 8 gio t enzyme hau
nhu khong con hoat tinh (Hinh 3.18).

3.2.2.3. Xac dinh diac tinh ciaa laccase (PleuLac) tir ching Pleurotus
pulmonarius MPN18

Nhiét dé va pH t6i wu:

Pé khao sat sy anh huong cua nhiét d6 téi hoat tinh cua PleuLac, tién
hanh u enzyme & dai nhiét ¢6 30-60°C ¢ pH 5,0, u trong 2 phat. Hoat tinh cua
PleuLac cao nhat ¢ 40°C khi so véi nhitng nhiét do khac l1an can. O 60°C hoat
tinh PleuLac giam xudng chi con xap xi 50% so véi 40°C. Khao sét pH téi uu,
PleuLac duoc u ¢ dai pH (4,5-7,5), ¢ nhiét do 40°C, trong 2 phut. Hoat tinh
PleuLac cao nhat & pH 5,5, chung t6 PleuLac thich hop véi pH axit. O pH
trung tinh, hoat tinh PleuLac giam dan dan, & pH 7,5 hoat tinh giam xuéng
con xap xi 30% so véi pH 5,5.

Dé bén nhigt dp va pH:

D6 bén hoat tinh laccase phu thudc vao nhiét d6 duoc xac dinh & pH
5,5 va 40°C trong khoang u enzyme khac nhau (tr 0 téi 120 phuat) ¢ nhitng
nhiét 46 khac nhau (25, 40 va 70 °C). Enzyme hoat dong tét & 25°C sau 120
phat 1, tuy nhién hoat tinh giam dan & 40 °C, va giam manh ¢ nhiét d6 70°C,
sau 120 phut u thi hoat tinh giam xudng tuong tng con xap xi 20% so véi ban
dau. Bén canh d6, PleuLac cho thay bén hoat tinh & pH axit (pH 5,0), sau 6h 1
hoat tinh enzyme dudng nhu khong giam so véi ban dau. O pH trung tinh (pH
7,0), hoat tinh enzyme giam manh sau 6h, hoat tinh chi con xap xi 25% so véi
ban dau (Hinh 3.19).
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Hinh 3.19. Khao sat sy anh hudng cua nhiét d6 va pH tgi hoat tinh caa
PleulLac.

A: Nhiét do téi wu; B: pH téi wu; C: d6 bén nhiét do; D: d6 bén pH
3.2.2.4. Xac dinh dac tinh cda lignin peroxidase (LsLiP) tir ching
Lentinus squarrosulus MPN12
Nhiét dé va pH t6i wu:

Pé xac dinh pH t6i wu cta LsLiP, hoat tinh peroxidase da dugc Xac
dinh & dai pH 4.0-8.0, u ¢ 2 phat, 37°C. Hoat tinh cao nhat cua LiP cho thiy ¢
pH 5,0 va giam dan khi pH ting, & pH 8 hoat tinh caa LiP giam xudng con
40% so vai pH 5,0 (Hinh 3.20A). Thém vao do, hoat tinh LiP ciing dat gia tri
tdi wu & 35°C khi dugc so sanh véi nhitng nhiét d6 1an can (tir 20-55 °C), va
giam manh & nhiét d6 55 °C (chi con xap xi 10% so véi hoat tinh cua LiP & 35
°C) (Hinh 3.20B). Vay nén, ¢ pH 5,0 va 35°C, hoat tinh ctua LsLiP sé dat gia
tri cao nhét.

Dé bén nhigt dé va pH:

Do bén hoat tinh LiP phu thudc vao nhiét d6 dugc xac dinh ¢ pH 5,0 va
35 °C trong khoang u enzyme khac nhau (tur 0 toi 120 phat) ¢ nhitng nhiét do
khac nhau (4, 25, 40 va 60 °C). Enzyme tuong d6i bén & 4 va 25 °C sau 1 gio
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1, tuy nhién hoat tinh giam dan & 1 gio tiép theo. Sau 2 gio @ thi hoat tinh
giam xudng xap xi 60% so véi ban dau. O 40 va 60°C, hoat tinh bat dau giam
sau 40 ph(t u va sau 2 gio u thi hoat tinh giam xudng twong tng con 40 va
25% so véi ban dau (Hinh 3.20C). Enzyme tinh sach cho thay bén hoat tinh &
pH axit (pH 4.0), sau 1h 1 hoat tinh enzyme dudng nhu khong giam so véi
ban dau, chi bat ¢au giam nhe sau 3 gid u. O pH trung tinh (pH 6.0), hoat tinh
enzyme giam dan déu tir 1 téi 6 gio u. Tuy nhién & diéu kién pH 8.0, LiP mat
Xap xi 80% hoat tinh trong thoi gian @ 6 gid (Hinh 3.20D).
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Hinh 3.20. Anh huong pH va nhiét d6 t&i hoat tinh LsLiP.
A: Nhiét do toi wu; B: pH t6i wu; C: d6 bén nhiét do; D: d6 bén pH
3.2.2.5. Xac dinh dac tinh cida unspecific peroxygenase (CeuUPO) tuwr
ching Candolleomyces euryspous CP22

Pé xac dinh pH t6i uu ciia CeuUPO, hoat tinh enzyme duoc khao sat
trong dai pH tir 2.0 dén 10.0 dbi véi ba co chat ABTS [2,2'-azino-bis(3-
ethylbenzthiazoline-6-sulfonate)],  veratryl alcohol (VA), va 2,6-
dimethoxyphenol (DMP), két qua duoc trinh bay trong Hinh 3.21. Két qua
nghién ctu cho thay enzyme CeuUPO hoat dong t6i uu & cac pH khac nhau
tly thudc vao co chat. Cu thé, enzyme CeuUPO cho thay hoat tinh manh mé
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nhat dbi voi ABTS & pH axit (5,0), trong khi déi vi VA va DMP, enzyme
nay lai hoat dong hiéu qua nhat trong khoang pH trung tinh (7,0). Biéu nay
chi ra rang CeuUPO c6 kha ning thich nghi t6t v&i moi trudng pH khac nhau,
va kha ning xuc tac ctia enzyme thay doi theo ting co chat cu thé.
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Hinh 3.21. Anh huong pH t6i hoat tinh CeuUPO ddi véi ABTS (A), veratryl
alcohol (B) va 2,6-DMP (C).
3.2.3. Pong hec xuc tac caa enzyme
3.2.3.1. Pong hec xuc tac caa LsAE

Enzyme LSAE tinh sach tir chang L. squarrosulus MPN12 da duoc xac
dinh cac hang sé dong hoc ddi véi co chat p-nitrophenyl acetate théng qua
phuong trinh Lineweaver-Burk (Hinh 3.22). Cac ndéng d6 p-nitrophenyl
acetate khac nhau, tir 100 dén 500 pM duoc sir dung dé xac dinh van téc
(Vima). Két qua xac dinh duoc gia tri Ky, 1a 255,7 M va gia tri Vina 1a 100
UM/phit. Gia trj téc do xic tac (kear) cua phan tng xtc tac 1a 119,6 s, dan
dén hiéu suat xdc tac (Kea/Km) 12 0,46 pM™ s, Giuliano va cong su da xac
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dinh gia tri K, cua AE tir chung Bacillus pumilus 12 500 pM, cao gap 2 1an so
véi Ky cua LSAE [158]. Bén canh d9, gia tri Ky, cua AE tir chung Talaromyces
leycettanus ciing dd dugc xac dinh 13 cao hon LSAE gan 3 lan (739 pM)
[159]. Tir 40, cho thdy LSAE dic hiéu rat tét ddi voi co chat p-nitrophenyl
acetate so véi nhitng nghién ctu trude do.
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Hinh 3.22. Bong hoc xtc tac theo phuong trinh Lineweaver-Burk cua LSAE
dbi vai co chat p-nitrophenyl acetate.
3.2.3.2. Pong hgc xuc tac cia CauCDH

Enzyme CauCDH c6 kha ning xuc tac phd rong cc co chat, trong do
bao gom cellobiose, lactose, cellotriose, cellotetraose, mannose va glucose.
Thuc vay, hang sé6 Michaelis-Menten (Kq tir 117,1 dén 1.354.000 pM) va
hiéu suat xdc tac (gia tri Kea/Knm tir 25,8 x 10* dén 21,7 M s twong tng véi
cellobiose va maltose) cd thé duoc xac dinh cho tat ca cac co chat thtr nghiém
(Bang 3.7). Ai luc cao nhit (Ky, = 117,1 pM) va hiéu suat xtc tac (Kea/Km =
25,8 x 10* M s1) da dugc quan sat doi véi cellobiose, va d6 1a co chat dac
hiéu nhat caa CauCDH (Hinh 3.23).

Trong s6 cac carbohydrate khac nhau dugc thir nghiém, di- va oligo-
saccharide vai lién két B-(1,4) glycosidic 1a co chat ma CauCDH thé hién tinh
dic hiéu nhat, trong khi lién két a-(1,4) ¢ trong monosaccharide c6 ai luc va
hiéu suat xuc tac thap. Do d6, cac CDH uu tién xtc tac cac saccharide co lién
két B- (1,4) hoa tan hon monosaccharide, dudng nhu 13 dac tinh von cé cua
cac enzyme oxy hoa nay tir cac nguon nam [68].
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Hinh 3.23. Bong hoc xuc tac theo phuong trinh Lineweaver-Burk cua
CauCDH d6i véi co chat cellobiose.

Bang 3.6. Pac hiéu co chat cua enzyme CauCDH.

Co chit Km (LM) Keat 51)  Keat/Km (M™s?)
Cellobiose 117,1 30,2 25,8 x 10*
Cellotriose 205,5 26,6 12,9 x 104
Cellotetraose 232,0 26,8 11,6 x 10*
Lactose 731,1 61,7 84,5 x 103
Glucose 49,2 x 103 8,9 180,3
Maltose 1.354,0 x 10° 29,4 21,7

Hon nita, su kéo dai cac don vi glucosyl cua cello-oligosaccharide dan
dén tang ai lyc co chét (gia tri Ky cao), nguoc lai s& 1am giam hiéu suat xuc
tac (Kea!Km thap), diéu nay ciing da duoc quan sat ddi véi cac CDH khac nhu
tur Volvariella volvacea [67], T. clypeatus [71]. Lactose mac du cé su tuong
ddng vé cau truc, tuy nhién cellobiose duong nhu 13 co chat tét nhat cua
CauCDH do thé hién &i luc cao nhat (K, = 117,1 pM) va hiéu suat xdc tac
(Keat/Km = 25,8 x 10* Mt 1),

3.2.3.3. Dong hoc xic tac cia PleuLac

Hang sé dong hoc caa PleuLac tinh sach di duoc xac dinh bang co chét
ABTS (Hinh 3.24). Cac nong d¢6 ABTS khéac nhau, tr 0,1 mM dén 1 mM
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duoc str dung dé xac dinh van to¢ (Vmay). Két qua xac dinh dugc gid tri Ky 1a
1,35 uM, nho hon gia tri Ky, cua laccase tir cac chung khéc. Theo nghién cau
cua Han gié tri K, cua chang nim T. versicolor dat 12,8 uM [160], Kn cua Y.
lipolytica la 50 pM [161]. Gid tri Vinax cua laccase dat 30.4 x 10° uM™ s1) I6n
hon nhiéu so véi Ve ciia chung T. versicolor (135,4 pM* s1) [160], Vinax Ctia
Y. lipolytica dat 7,1 pM s [161]. Gié tri kee: ca PleuLac la 10,39 x 10° (s?)
I6n gap nhiéu lan so véi chang T. versicolor (5865 s) [161] va so véi ching
P. pastoris (5899 s?) [162]. Trong nghién ctru nay, gia tri kea/ Kn dat toi 7,72
x 10° pMsL, cao hon nhiéu so vai enzyme cac chiung nam khéc, ching minh
rang hiéu qua xtc tac cua PleuLac tinh sach tét hon so véi cac nghién cau

trudce do.
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Hinh 3.24. Bong hoc xuc tac theo phuong trinh Lineweaver-Burk cua
PleuLac doi véi co chat ABTS.

3.2.3.4. Pong hoc xuc tac cia LsLiP

Enzyme LsLiP c6 kha ning xuc tac oxy hoa hiéu qua cac co chat nhu
DCP, qguaiacol, ferulic axit, veratryl alcohol, wvanillic axit, va
dimethoxyphenol. Két qua & Hinh 3.25 cho thiy enzyme nay dic hiéu cao véi
co chat DCP trong sb cac hop chit phenolic dugc khao sat. Hoat tinh 1én dén
240% dbi voi DCP va tiép theo 180% ddi v&i co chét veratryl alcohol. Tuy
nhién, LSLiP c6 hoat tinh thép hon nhiéu so véi cac hop chat thom khéc
(guaiacol, ferulic axit va vanillic axit).



83

300+

N

(=3

o
1

100+

Hoat tinh (%)

Hinh 3.25. Dic hiéu co chat cua enzyme LsLiP.

Hang sb dong hoc cua LsLiP tinh sach da dwogc xac dinh véi DCP 1am
co chét chinh. Cac néng d6 DCP khac nhau, tir 0,3 mM dén 1,5 mM duogc si
dung dé xac dinh van téc (Vmax) (Hinh 3.26). Két qua xac dinh duoc gia tri K,
1a 2,45 UM Vva gia tri Vinax 12 285 pM/phit. Gié tri téc do xdc tac (Ke) cta
phan tng peroxidase LsLiP 1a 12 s, din dén hiéu suat xic tac (Kea/Km) 12
4,85 pMt 51, LsLiP ¢6 4i luc véi co chat DCP 16n hon 11 1an (28.5 uM) va
hiéu suat xuc tac (Kea/Km) cao gap 49 lan (0,098 pM™ s1) so véi LiP tir ching
nam Pleurotus pulmonarius [163].
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Hinh 3.26. Bong hoc xuc tac theo phuong trinh Lineweaver-Burk cua LsLiP
ddi véi co chat DCP.
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3.2.3.5. Pong hec xuc tac caa CeuUPO

Céac hang s6 dong hoc xuc tac cua enzyme CeuUPO tinh sach di duoc
x4c dinh dbi voi ba co chat: ABTS [2,2'-azino-bis(3-ethylbenzthiazoline-6-
sulfonate)], veratryl alcohol (VA), va 2,6-dimethoxyphenol (DMP) (Hinh
3.27). Két qua cho thay enzyme CeuUPO c6 &i luc manh nhét di voi co chat
ABTS, véi gia tri K, thap nhat 12 39 pM, tiép theo 1a DMP véi K = 117 pM,
va VA véi K = 693 uM. Diéu nay chiing té CeuUPO c6 kha ning xuc tac
hiéu qua nhat ddi véi ABTS, véi i luc cao va su twong tac tot hon so voi cac
co chét con lai (Bang 3.7). Ngoai ra, két qua ciing cho thdy rang CeuUPO c6
thé xUc tac hiéu qua trong cac phan ng oxy hda khac nhau, véi kha nang xu
ly DMP va VA mic du ai luc khéng manh bang ABTS. Biéu nay mé ra kha
nang str dung CeuUPO trong cac ung dung xuc tac da dang, tur viéc xu ly cac
hop chat phenolic dén viéc san xuat cac hop chat hiru co c6 gia tri.
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Hinh 3.27. Bong hoc xuc tac cia CeuUPO.

Theo phuong trinh Michaelis-Menten (tréi) va Lineweaver -Burk (phai), qua
trinh oxy hoa ABTS (A), veratrylalcohol (B) va 2,6-DMP (C).
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Bang 3.7. Cac thong sé dong hoc xuc tac caa CeuUPO

Vmax
. Km Kcat Keat/ Km
Co chat (umol pH
(HM) . (s (sTmMY)
min?)
ABTS 39 0,414 270 7,01 x 10° 5,0
VA 693 0,106 69 9,98 x10* 6,5
DMP 117 0,076 50 4,23 x 10° 6,5

3.3. Nghién citu &ng dung xuc tac sinh hoc enzyme trong chuyén héa sinh
khéi lignocellulose.

3.3.1. Nghién ciwu kha ning oxy hda lignin béi LsLiP tir nam L.
squarrosulus MPN12

Lignin c6 ngudn gbc tir rom, & dang ran, c6 mau nau sim duoc st dung
lam co chat chuyén hoa sinh hoc xdc tac bai LsLiP tir L. squarrosulus
MPN12. Két qua phan tich phd FTIR caa lignin trudc va sau khi xir Iy LsLiP
duogc thé hién trong Hinh 3.28. Theo d6, ving fingerprint (1600-1000 cm™)
trong pho cua lignin di thay dbi dang ké sau khi xir Iy enzyme, tuong (ng voi
cac dao dong kéo dai cuia cac nhdm khac nhau trong cdu trac lignin. Didu nay
chung to rang cau tric tong thé caa lignin da bi pha hay & mot mic do nhat
dinh, sau khi xir Iy bang enzyme.

Cuodng do dinh dao dong kéo dai (1115 cm™) dic trung bién dang
phang cua don vi syringyl caa lignin giam, cho thay dai phan tir cua lignin da
bi phan huy. Sy hinh thanh dinh 1080 va 1039 cm™ cua méu sau xt ly 1a dau
hiéu cua su tao thanh lién két C-O trong alcohol bac 1. Cuong do caa dinh tai
1216 cm™, dic trung cho su kéo gidn caa nhom C-O thay dbi, diéu nay cho
thay nhom carbonyl di bi pha v& trong qua trinh xtr ly. Binh 1450 cm™ dic
trung dao dong bién dang caa C-H trong mat phang dao dong cua khung vong
thom cua lignin, c6 cudng d6 giam, chung to lién két C-H cua vong thom
trong lignin c6 thé b thé hozc bi bién doi.

Tuy nhién, cling khong loai trir kha nang sau khi phan huy c6 sy trung
hop giira cac chét hitu co trung gian. Binh ¢ 1593 cm 1, dai dién su kéo gian
vong aryl d6i xtng trong lignin, cudng d6 peak giam sau khi thuy phan bang
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enzyme, cho thay cd sy ma vong hoac thé vao vong thom. Sy xuat hién peak
1622 cmt chitng t6 mot s6 san pham mé vong sau Xt 1y ¢d chaa cac ndi doi
lien hop. Binh hip thu ¢ 2930 cm L biéu thi dao dong kéo gidn d6i xung cua
nhom CHs- va -CH,- trong lignin. Cuong do cua dinh nay giam dang ké sau
khi thuy phan bang enzyme, cho thay lignin d4 bi cit mach. Vung (3200-3400
cm™Y), ddc trung lién két O-H sau khi xur 1y, cudng d6 ting chiing to thu duoc
nhiéu hop chat phenol va alcohol.
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Hinh 3.28. Pho FTIR cua cac mau lignin. Béi chitng (dudng mau do) va sau
khi xtr ly vai enzyme LsLip (duong mau den).

Theo nghién cau cua Zhichao Deng (2019) sir dung enzyme LiP két
hop véi laccase trong chuyén hoa lignin, phuong phap FTIR chi ra su thay doi
ving (1420, 1640 cm™) trong phé cua lignin, hodc ving 1734 cm™ biéu thi
su dao dong cua nhom C=0 va nhém p-coumaroyl, chiing to rang nhom este
lien két bi phan cat trong cau trdc caa lignin [40].

Nhu vay, két qua phan tich FTIR da chi ra dugc vai tro cia LsLiP rat
quan trong trong xuc tac chuyén hda lignin tir sinh khoi thuc vat.

3.3.2. Chuyén hoa sinh khéi rom béi hdn hep enzyme (“enzyme cocktail”)
3.3.2.1. Khdo sdt yéu té anh hwéng don dén hi¢u qud chuyén héa

Nham cai tién hiéu suat chuyén hoa, viéc sir dung phdi hop hdn hop
“enzyme cocktail” c6 tac dung hiép ddng tét hon so véi don enzyme trong
chuyén hoa lignocellulose giai phong carbohydrat. Do vay, trong nghién ctu
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nay, co chat rom (3%, w/v) dugc su dung lad ngudn co chéat giau
lignolcellulose cho nghién cizu chuyén hda giai phéng san pham carbohydrate
(glucose, xylose) va axit gluconic béi hdn hop “enzyme cocktail”, bao gdm
enzyme cellobiose dehydrogenase (CDH, 28,86 U/mg; pHopt 5,0; topt 45°C)
xUc tac hiép ddng vai carboxymethyl cellulase/glucuronoxylanase (Cell/Xyl;
hoat d¢ riéng 1.6 U/mg; pHopt 5,0-5.5; tope 50°C) va acetyl esterase (AE; 1,3
U/mg; pHopt 5,0; topt 42°C).

Phan tng chuyén héa duogc thuc hién trong dém MOPS 100 mM, pH
5,0, nhiét do6 45°C va 0 48 gid, hoat d6 enzyme/co chat (U/g) cua ting
enzyme dugc thay doi theo bién do khao sat. Trong hé enzyme cocktail, mdi
loai enzyme dam nhan mot vai trd chuyén biét nhung c6 tinh bd tro, cing
tham gia vao qué trinh giai phong dudng don va cac hop chat sinh hoc gia tri
cao. Carboxymethyl cellulase (CMCase), mot dang endoglucanase, xUc tac su
cat dut lién két p-1,4-glycosidic bén trong chudi cellulose, 1am giam tinh tinh
thé va giai phong cac oligosaccharide cellulose, tir d6 tao diéu kién thuan loi
cho céc enzyme khac tiép can co chat. Hoat dong nay 1a budc khai dau quan
trong trong viéc giai phong glucose tir thanh phan cellulose.
Glucuronoxylanase, thuoc nhom hemicellulase, c6 kha nang thuy phan céac
lien két trong xylan mach chinh va loai bo c4c nhanh chtra axit glucuronic, tir
d6 thuc day giai phong xylosen — loai duong pentose chu yéu trong
hemicellulose. Bo trg cho hai enzyme ndy, acetyl esterase xuc tac su loai bo
cac nhom acetyl gan trén hemicellulose, qua d6 lam giam do che chan cau
trdc va tang hiéu qua thay phan cua glucuronoxylanase, gilp giai phdng nhiéu
xylose hon. Dac biét, cellobiose dehydrogenase (CDH) dong vai tro oxy hoa
cellobiose va céc oligosaccharide cello-oligosaccharide thanh axit gluconic va
cac dan xuat. Do vay, muc dich trong nghién ctru ndy st dung phuong phap
quy hoach thuc nghiém dé t6i wu hoat do cia hdn hop enzyme lam ting hiéu
suat chuyén hoa co chét rom thanh carbohydrate.

Trong 5 thi nghiém dau, ty & hoat d6 enzyme/co chat caa Cell/Xyl thay
d6i trong khi ty 16 ndy voi enzyme CDH va AE duoc giit ¢6 dinh twong ung 13
25 va 40 U/g. Hinh 3.29-a thé hién khi Cell/Xyl tang tir 6 d&én 24 U/g thi ham
luong glucose ting tir 85,1 dén 142,1 mg /g, xylose tang 18,6 - 48,3 mg/g va
axit gluconic tir 2,55 - 3,63 mg/g. Trong giai doan nay, san pham sinh ra phu
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thudc nhiéu vao tac dong caa hdn hop enzyme 1én co chat. Do d6, cac cau
tric d& bi tin cbng cua co chat con nhiéu va khdng c6 chat tc ché hoat tinh
nén enzyme bt dau chuyén hoéa manh lugng cellulose duoc giai phong. Day
1a giai doan cac dudng don (glucose, xylose) duoc sinh ra nhanh va nhiéu
nhat trong sudt qua trinh phan tmg. Tuy nhién, khi ting hoat d6 enzyme Ién
30 U/g thi san pham chuyén hoa ting khong nhiéu, c6 thé do trong giai doan
nay san pham glucose tich ty trong dung dich gy tc ché enzyme, dong thoi
luong cellulose duoc giai phong da giam. Mit khac, hoat tinh enzyme c6 thé
giam nhiéu sau khoang thoi gian u dai v mot phan enzyme “bi nhét” trong
cau tric x6p cua cellulose. Nhu vay, ving hoat dong thich hop va tam thi
nghiém cho mé hinh ti wu thuc nghiém d6i véi enzyme Cell/Xyl tuong ung
la 12 — 24 U/gva 18 U/g.

Trong 5 thi nghiém tiép theo, hoat d6 enzyme AE dugc khao sét tir 5-
45 Ulg, khi do Cell/Xyl duoc ¢é dinh & tam thi nghiém (18 U/g) va CDH
duogc gitr & 40 U/g. Hinh 3.29-b thé hién khi hoat d6 AE tang tir 5-35 U/g thi
ham lugng glucose tang tir 104,5 — 149,2 U/g, xylose tang tr 29,6 — 62,6 U/g
va axit gluconic tang tir 2,75 — 3,87 U/g. Néu tiép tuc ting hoat do AE Ién 45
U/g thi ham luong glucose va gluconic ting khong dang ké, twong tng 140,3
va 3,96 mg/g, trong khi xylose giam nhe (61,8 mg/g). Nhu vay, mién khao sat
thich hop va tam thi nghiém d6i véi enzyme AE tir 25 — 45 U/g va 35 U/g.

Trong 5 thi nghiém cudi cuing thé hién trén hinh 3.29-c, anh huéng cua
ty 1& enzyme CDH tir 10 dén 50 U duoc khao sét trong khi hai enzyme khac
(Cell/Xyl 18 U/g va AE 35 U/g) duoc gitt ¢ dinh. Trong mién khao sat, ting
ty 16 CDH tir 10 d¢én 60 U/g cho hiéu suat chuyén héa tao san pham glucose,
xylose va axit gluconic tang, va 1an luot dat 159,3; 63,6 va 4,96 mg/g ¢ ty 16
50 U/g CDH/co chét. O hoat @ CDH cao hon (dén 60 U/g), san pham ting
khong dang ké, twong tng dat 154,7; 59,7 va 4,97 mg/g. Do d6, mién khao sat
thich hop va tdm thi nghiém di véi enzyme CDH tuwong tng 13 40 — 60 U/g
va 50 U/qg.

Muc dich ctia danh gia két qua thuc nghiém nham tim ra cac gia trj toi
vu nhu ty 1& hoat 6 enzyme/co chat (U/g) cua ting enzyme don trong hon
hop “enzyme cocktail” tham gia vao phan tng chuyén hoa lignocellulose
thanh cac duong don. Két qua thi nghiém da xac dinh ving hoat dong thich
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hop va tdm thi nghiém cho mé hinh t6i wu thuc nghiém ddi véi enzyme
Cell/Xyl twong ung 1a 12 — 24 U/g va 18 U/g, d6i véi enzyme AE tir 25 —45
U/gva 35 Ulg, va dbi véi enzyme CDH tuwong tng 12 40 — 60 U/g va 50 U/g.
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Hinh 3.29. Két qua nghién ctu anh huéng don yéu to.

Ty 1& hoat d6 enzyme/co chat (U /g) va san pham tao thanh la carbohydrate
[glucose (#), xylose (A )] va axit gluconic (e; mg/g). (2) Anh huéng caa ndng
d6 Cell/Xyl; (b): Anh huéng cia ndng do AE; (c): Anh huéng cia nong do
CDH.
3.3.2.2. Toi wu héa nong dj enzyme tham gia chuyén héa bing quy hoach

thuc nghiém

Mtc va pham vi co ban cua cac tham sd phan ung tir két qua nghién
ctru voi cac hé s6 don, trong d6 ty 1& ciia timg hoat do clia enzyme/co chat
(Cell/Xyl, AE va CDH; U/g) dugc chon 1a bién doc 1ap. Nhin chung, sy gia
ting dang ké nhat cia cac chit chuyén hoa dugc quan sat & cac ty 16



90

enzyme/co chat 18 U/g ddi véi Cell/Xyl, 35 Ulg dbi véi AE va 50 U/g ddi véi
CDH. O ty 1& cao hon dan dén két qua chi ting nhe cac chat chuyén hoa dugc
giai phong nhu trinh bay & trén. Theo d6, ba ty 1& ctia mdi loai enzyme duoc
chon Iam vung khdo sat cac thong s6 dau vao cho ma tran thiét ké thi nghiém,
d61a 12, 18, 24 Ulg d6i véi Cell/Xyl, 25, 35, 45 U /g d6i v6i AE va 40, 50, 60
d6i v6i CDH, tuong Gmg voi muec thap (-1), dudng co so (0) va muc cao (+1),
tuong ung (Bang 3.8).

Bang 3.8. Cac bién doc 1ap va khoang bién thién cua ching.

- Mién bién Mirc
Bien doc lap Code N
thién (A) -1 0 1
Z1: Cell/Xyl (hoat dd/co chit, A 6 12 18 24
U/g)
Z,. AE (U/g) B 10 25 35 45
Z3. CDH (U/g) C 10 40 50 60

Céc bién phu thudc, hiéu suat/ham lugng (Y) cua san pham glucose
(mg /g), xylose (mg /g) va axit gluconic (mg /g) dugc xac dinh qua thuc
nghiém thé hién trong thiét ké ma tran (Bang 3.9). Két qua mo hinh tir phan
tich phuong sai (ANOVA) cho cac ham muc tiéu (luong san pham sau xdc tac
chuyén héa enzyme) duoc danh gia qua gia tri F, gia tri p va gia tri R? (Bang
3.10). Cac phan hoi du doan ctia ba ham muc tiéu Y1, Y2 va Y3 va cac bién
doc 1ap lién quan dén phuong trinh da thire bac hai da dugc xac dinh (Bang
3.11). Md hinh hoi quy bac hai ANOVA d3 ching minh ca ba mé hinh tuwong
mg v6i ba ham muc tiéu déu phu hop va ¢6 ¥ nghia cao. Gia tri F cta Y1, Yo,
va Y3 lan luot 1a 84,44, 110,35 va 38,60 va gia tri p nhoé hon 0,05 cho thay tat
ca cac mo hinh déu c6 ¥ nghia théng ké. Cac hé sb xac dinh cia mé hinh (R?)
lan luot 1a 0,9835, 0,9850 va 0,9858, cho thay hau hét sy thay ddi ning suit
c6 thé duogc gii thich bang dit liéu thuc nghiém. Nhing dit liéu nay hd trg do
chinh x4c ciia mé hinh d3 thiét 1ap ciing nhu xac nhan su thong nhat cao giira

dir liéu do duoc va tinh toan trén 1y thuyét.
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Bang 3. 9. Thiét ké thuc nghiém va céc gi4 tri twong @ng.

A B C Y1 Y2 Ys
Cell/Xyl AE CDH Glucose Xylose Axit
(Uig)  (uig) (U9) (mg/g) (mg/ig) ~ Yluconic
(mg/g)
1 -1 -1 0 114,12 + 3,43 44,14+055 2,75+0,12
2 +1 -1 0 125,35+254 51,45+0,85 4,58 +0,20
3 -1 +1 0 147,21 +4,21 57,12+154 3,91+0,24
4 +1 +1 0 159,61 +3,67 62,04+1,10 4,91+0,16
5 -1 0 -1 135,12 +4,07 54,11 +0,87 3,16 +0,16
6 +1 0 -1 14423 +298 5921+1,12 448+0,21
7 -1 0 +1 146,22 +1,87 57,96 £0,67 3,42+0,22
8 +1 0 +1 157,98 + 4,12 64,23+1,23 4,97 +0,18
9 0 -1 -1 115,34 + 3,10 45,38+0,98 3,52 +0,09
10 0 +1 -1 146,26 £ 2,59 57,31+0,95 4,80+0,16
11 0 -1 +1 126,77 £ 3,28 50,63+1,05 3,92+0,10
12 0 +1 +1 160,33 +523 63,71+1,35 5,03+0,13
13 0 0 0 156,27 + 2,45 62,22 +1,38 4,94 +0,13
14 0 0 0 159,24 +2,60 63,35+0,87 4,97 +0,12
15 0 0 0 163,11+ 3,90 64,12+0,90 5,12+0,15
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Bang 3.10. Hé sb hdi quy cia cac mo hinh da thirc bac hai dugc dy doan cho
ham luong glucose (Y1), ham lugng xylose (Y2) va ham Iuong axit gluconic

(Y3)
Y1 Y2 Ys
Nguon "Gia tri ..  Giatri |  Giatri
E Giatrip e Giatrip GiatriF 5
Model 84,44 <0,0001* 110,35 <0,0001* 38,60 0,0004*
A 48,41 0,0009* 110,88  0,0001* 165,50 0,0;01*
B 424,85 <0,0001* 469,81 <0,0001* 76,87 0,0003*
C 61,98 0,0005* 83,86 0,0003* 9,94 0,0253*
AB 0,067 0,8062N° 2,27 0,1919Ns 6,89 0,0468*
AC 0,34 0,5833Ns 0,53 0,4946NS 0,52 0,5032Ns
BC 0,34 0,5833Ns 0,53 0,5002N° 0,30 0,6056MN°
A2 36,70 0,0018* 35,64 0,0019* 62,11 0,0005"
B? 181,16 <0,0001* 294,88 <0,0001* 16,63 0,0096"
C? 30,73 0,0026* 21,00 0,0059* 19,82 0,0067*
R? 0,9835 0,9850 0,9858
Adj R® 0,9617 0,9660 0,9603

“p < 0,05; NS = khong tin hiéu
Bang 3.11. M0 hinh phuong trinh da thuc bac hai, ham lugng glucose (Y1),

xylose (Y2) va axit gluconic (Y3).

Dap Gia tri
) Phwong trinh moé hinh ) Giatrip
ung R
Y, = 159,54+5,56A+16,48B+6,29C-7,13A?
Y1 0,9835 <0,0001
-15,84B%-6,52C?
Y, =63,23+2,95A+6,07B + 2,57C-2,46A2
Y2 0,9850 < 0,0001
—7,08B2-1,89C?
Y3 =5,01+0,71A+0,48B+0,17C-0,21AB
Y3 0,9858 0,0004

-0,64A%-0,33B>-0,36C?>
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3.3.2.3. Phén tich ddp vrng bé mdt va xac minh md hinh

M0 hinh tinh toan bac hai dugc phéan tich va vé do thi bang phan mém
Design Expert 7,0.0. Truc x va y dap Gmg bé mat 3D thé hién su tuong tac cla
cac tham sb quy trinh, bao gdm su twong tac cua Cell/Xyl va AE (CDH, 50 U
19); Cell/Xyl va CDH (AE, 35 U /g); AE va CDH (Cell/Xyl, 18 U /g). Truc z
dai dién cho mot trong ba chi s danh gia (Yi-glucose, Yo-xylose va Ys-
gluconic axit) va dugc danh riéng cho dap ung du doan, dan dén ba biéu dd
riéng biét. Cac dap tng bé mat 3D dugc xdy dung nhu Hinh 3.32. C6 thé
nhan ra rang tuong tic hai chiéu anh huong dén tat ca cac ham muc tiéu theo
th tu giam dan AB>BC>AC. Diéu nay pht hop v6i anh hudng giam dan cua
cac tham sb don 1¢é theo thir ty B>A>C (twong tng cac bién duoc ma hoa lan
luot 1a AE, Cell/Xyl va CDH) nhu thé hién trong cac phuong trinh bac hai,
Bang 3.12.

Nhu thé hién & Hinh 3.30 a-b, c¢6 thé dat dugc sy cai thién trong cac
ham muc tiéu, tirc 1a Y; va Y, sau khi ting gia tri cua cac tham s6 A, B, C va
nguoc lai. Bac biét, gia tr1 Ys da dugc cai thién dang ké sau khi chi tang cac
tham s A va B riéng 1¢, va giam khi ting tham s6 C. Do d6, c6 mdi tuong
quan tryc tiép gitta cac ham muc tiéu (nghia 1a Y1, Y2, va Y3) va cac tham sb
riéng 1€ (A, B va C) cua cac phuong trinh m6 hinh nhu trong Bang 3.12. Trong
d6, muc d6 anh huong cia cac tham sé bac hai A2, B?, C? 1a khong dang ké so
v6i 1an luot A, B, C do dd bién thién ctia chiing nam trong khoang (-1, +1).

Ti uu hoéa va xac minh mo hinh ham mong muén dugc str dung dé t6i
uu héa ham muc tiéu sau qué trinh xdc tac enzyme véi ky vong Y1, Y2, va Y3
c6 thé dat gia tri cuc dai. Két qua 1a, 10 tuy chon thtr nghiém da duoc xac
dinh, trong d6 phuong an tot nhat dé t6i da hoa ham muc tiéu duoc du doan
(nhu trong Bang 3.12 & 3.13). Céc gia tri tht nghiém nay dugc so sanh voi
cac gia tr1 du doan dé x4c nhan tinh hop 1€ ciia mo6 hinh. Sy khac biét gitra cac
gia tri ham muc tiéu 1y thuyét va thuc nghiém la khong dang ké. Piéu nay mot
lan nita khang dinh mo hinh x4y dung phu hop véi diéu kién thi nghiém. Sau
Khi t6i wu hoa ba bién phu thudc, cac yéu to tdi uvu duoc xac dinh 13 19,2 U /g
d6i voi Cell/Xyl, 38,8 Ulg dbi voi AE va 52,8 Ulg dbi v6i CDH sau khi u co
chat trong 48 gio & diéu kién 45°C va pH 5,0. Theo d6, cac ham muc ti€u
dugc xac dinh la 165,18+3,19; 64,21+1,22 va 5,17+0,13 (mg/g) tuong Gng
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v6i lugng (san pham/co chat, w/w) 1a cac duong C-5, C-6 (glucose, xylose)

va gluconic axit.

Hinh 3.30. Biéu d6 twong tac ctia cac thong sb caa hiéu suat san pham

(Trong @6 (a): Yi-glucose, (b): Y2-xylose, and (c): Y3- axit gluconic)

: _ L (L |
-1.00 1.00 -1.00 1.00 -1.00 1.00
A=020 B=038 C=0.28
_Y//I;ET 4'////’:[ ﬁ
114.12 44.14 2.75413
Y1=165.689 Y2=65.5678 Y3=5.26435

Hinh 3.31. Biéu kién tbi wu bang giai phap duong déc.

Bang 3.12. Gia trj cua bién doc 1ap va bién thuc.

Bién ma Bién thuc
A B C Cell/xyl AE CDH
0,2 0,38 0,28 19,2 38,8 52,8




95

Bang 3. 13. Gia tri dap ung va thuc nghiém nghiém thu duoc & diéu kién tdi
uu.

o Gia tri toi uu
Cac bien phu thugc

Thuc nghiém Du doan ly thuyét

Y — Glucose (mg/g) 165,18 + 3,19 165,69
Y, — Xylose (mg/g) 64,21 + 1,22 65,57
Y3 — Axit gluconic (mg/g) 517 +0,13 5,26

Ciing lién quan dén huéng nghién ctu ndy, nhom nghién ctru cua
Rossana Liguori va cong sy di sit dung mé hinh t6i wu thyc nghiém dé xac
dinh cac diéu kién t6i wu cho hon hop gom 2 enzyme (cellulases, xylanases)
tinh sach tir T. reesei ATCC26921 sir dung dé chuyén hoa cay say. Két qua
thi nghiém d4 x4c dinh duoc diéu kién dé chuyén hoa hiéu qua dién ra ¢ 45°C,
pH 3.5, sau 96 gio U, tong duong khir thu dugc dat 480,1 mg/g [164].

Theo nghién ctu cia Badal ciing dd xac dinh dugc cac diéu kién téi wu
cia hon hop “enzyme cocktail” (cellulase, B-glucosidase, xylanase va
esterase) trén co chat rom ra & 45°C, pH 5,0, sau 72 gio . Téng ham luong
duong khir sinh ra dat 465 mg/g bang phuong phéap st dung mé hinh t6i wu
thuc nghiém [165].

Trong nghién ciu nay, ap dung mo hinh téi wu thuc nghiém da xac
dinh dugc cac diéu kién toi wu ctia hdn hop “enzyme cocktail” (CDH, AE, va
Cell/Xyl) trong chuyén héa co chat rom ra nhiam nang cao hiéu qua cho qua
trinh tao thanh cac duong don C-5, C-6 (glucose, xylose). Mot 1an nita khang
dinh “enzyme cocktail” giip cho qua trinh thuy phan polysaccharide thanh
cac mono va dimer xay ra dé dang hon, nhd ¢é cic enzyme tién phong (CDH
& AE) ma enzyme chinh Cell/Xyl dé dang bé gdy cac polymer thanh nhiing
phan tir oligosaccharide c6 muc do trung hop nhd hon trudc khi Cell/Xyl

hoan tt qué trinh chuyén hoéa.
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CHUONG IV: THAO LUAN
4.1. Kha ning sinh tong hep cac enzyme cia cac chiing nam

Kha ning sinh tong hop nhém enzyme (lignin peroxidase, cellobiose
dehydrogenase, laccase, acetyl esterase va unspecific peroxygenase) ctia 56
chung ndm lya chon di duogc danh gia, cho théy su khac biét ro rét gitra Cac
chung. Trong s6 56 ching nim, tit ca déu sinh tong hop it nhat mot loai
enzyme, trong d6 21/56 ching (chiém 37,5%) c6 kha ning dong thoi sinh
tong hop ca 5 loai enzyme. Céc chung tiéu biéu gom CP5, CP7, CP13, CP19,
CP21, CP22, CP26, CP29, MPN9, MPN11, MPN12, MPN15, MPN18,
MPL13, MPN25, MPN29, MPGO04, MPGO05, MPG08 va MPG12. Tuy nhién,
moi chung nam co6 kha nang biéu hién tot & tung loai enzyme khéac nhau, cho
thay su khac biét dang ké phu thudc vao loai, diéu kién nudi cdy va loai co
chat cam tng. Nhimg két qua nay khang dinh rang ngudn nam thu thap tir
rung tu nhién Viét Nam, cu thé 1a Ctac Phuong va Muong Phing, 14 ngudn tai
nguyén tiém niang dé khai thac cic enzyme c6 kha ning chuyén hoa sinh khoi
lignocellulose.

Tir két qua dinh tén ndm va danh gia hoat do enzyme, c6 thé thay rang
bon chung MPN12, MPG14, MPN18 va CP22 dugc lua chon c6 kha ndng
biéu hién tot & timg loai enzyme khac nhau. Ching L. squarrosulus MPN 12
c6 kha ning sinh tong hop tot nhét ca hai enzyme lignin peroxidase va acetyl
esterase. Tuy nhién, ching C. aureogranulatus MPG14 va ching P.
pulmonarius MPN18 1a hai chung c6 kha ning sinh tong hop tot 1an luot cac
enzyme cellobiose dehydrogenase va laccase. Trong khi d6, enzyme
unspecific peroxygenase duoc sinh tong hop tot nhat & ching C. eurysporus
CP22. Nhiéu loai nam d3a dugc ching minh c¢6 kha ning sinh tong hop lignin
peroxidase, laccase, acetyl esterase va cellobiose dehydrogenase véi nang suat
cao, dién hinh nhu P. chrysosporium, T. versicolor va P. ostreatus [57, 73,
113, 164]. Cac loai nay thuong dugc sit dung lam mo hinh nghién ciru
enzyme lién quan dén phan hay lignin. Enzyme unspecific peroxygenase lai
thuong duge duge nghién ciru nhiéu nhét, véi hoat tinh cao tir loai nam
Agrocybe aegerita, mot loai nAm basidiomycete noi bat trong viéc phan hiy
lignin va cac hop chat phenolic nho vao hoat tinh manh mé& caa UPO [66]. Vi
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vay, bon chung nam duoc lua chon déu 1a nhirng ching nim tiém nang va can
duoc nghién ctru thém.

Trong nghién ctu nay, peptone va cao nim men duoc xac dinh 1a céc
ngudn nito hiru co phu hop, hd tro hiéu qua qué trinh sinh tong hop enzyme
cua cac chung nam, vuot troi so véi cac ngudn nito vo co. Diéu nay cd thé
giai thich do ngudn nito hitu co cung cap amino axit, peptide, va cac yéu tb
tang truong khac hd trg sy phat trién toan dién cua nam, gilp ndm hap thy
nito mot cach hiéu qua hon, din dén su gia ting sinh khdi va ting sinh
enzyme. Nguoc lai, C4&c ngudn nito vo co chi cung cap nito dudi dang ion, c6
thé khong day du hoac khong dé hap thu bang nguén nito hitu co, do do, su
phat trién caa ndm va sinh enzyme trong moéi trudng nay kém hon. Trong diéu
kién nhiét @6 va pH tdi wu, chung L. squarrosulus MPN12 tao enzyme AE véi
hoat tinh cao nhat, dat 5.221,6 U/L trong moéi truong chira peptone, trong khi
enzyme LiP cua chung nay dat mac cao nhat 1a 68,5 U/mL trong méi truong
chtra cao nim men. Chung P. pulmonarius MPN18 va C. aureogranulatus
MPG14 lan luot dat hoat tinh enzyme laccase va CDH cao nhat khi si dung
peptone 1am nguén nito. Tuy nhién, chang C. eurysporus CP22 dat hoat tinh
enzyme UPO cao nhét trong mdi trudng chtra cao ndm men. Cac két qua trén
cho thay, loai nguén nito va diéu kién nudi ciy déng vai trd quan trong trong
viéc t6i wu hoa kha nang sinh enzyme cta cac chung nam. Peptone 1a nguon
nito hitu co wu viét, dac biét phu hop dé thuc day sinh tong hop enzyme AE,
laccase va CDH, trong khi cao nam men lai hiéu qua hon trong viéc kich thich
san xuat enzyme LiP va UPO. Nhiéu nghién ctu truéc diy da chi ra riang
ngudn nito déng vai trd quan trong trong qué trinh sinh tong hop enzyme tir
nam [166, 167]. Levin va cong sy da chiing minh rang viéc bo sung peptone
vao mdi truong nudi cdy lam ting dang ké hoat tinh enzyme laccase & céac
chung nim muc tring Lentinus edodes IBB 363 va Pleurotus dryinus BB
903. Tuy nhién, dang cht ¥ 1a sy thay doi ndong do peptone khdng anh huong
dang ké dén hoat tinh enzyme peroxidase & cac chung nim nay [168]. Biéu
nay cho thay rang mdi loai enzyme cé thé phan (ing khac nhau véi cac ngudn
nito va nong do6 ciia chung trong moi truong nudi cay. Nghién cau cia
Elisashvili va cong su (2008) da ghi nhan rang cac nguoén nito hiru co, nhu
peptone va cao nam men, thuong co tac dong manh hon so véi ngudn nito vo
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co trong viéc kich thich sinh tong hop cac enzyme nhu laccase, peroxidase va
esterase & nhiéu loai nAm khac nhau [169]. Mot nghién ctu khac caa Baldrian
(2004) cho thiy, viéc két hop nguédn nito hitu co véi cac diéu kién méi truong
t6i wu khong chi thuc day hoat tinh enzyme ma con 1am tang tinh 6n dinh va
thoi gian hoat dong caa ching [170]. Diéu nay nhan manh tam quan trong cua
viéc lya chon loai va néng do ngudn nito phu hop trong thiét ké méi truong
nudi ciy, dac biét khi muc tiéu 1a tdi da hoa hiéu suat san xuit mot loai
enzyme cu thé. Ngoai ra, cac yéu tb nhu thoi gian nudi ciy va cach bd sung
ngudn nito cling déng vai trd quan trong trong viéc tdi wu hoa qua trinh sinh
téng hop enzyme.

4.2. Pic tinh cac enzyme tir c4c chiing nam tiém ning

Moi enzyme cO cAu tric va co ché hoat dong riéng, do do viéc hiéu 1o
cach thirc hoat dong cua timg loai enzyme dé tdi wu hoa chung trong tng
dung thuc té khong hé d& dang. Trong nghién ctru nay, két qua di thu duogc 05
enzyme tinh sach tor 4 chung nam tiém nang, moi enzyme lai co diéu kién
nudi va quy trinh tinh sach khiac nhau. Enzyme sau khi dugc tinh sach da
dugc phan tich dac diém hoat dong sinh hoc, bao gé)m nhiét d6 toi wu, pH tdi
uu, cling nhu kha ning chiu nhiét va d6 on dinh trong diéu kién méi trudng
khac nhau. Két qua cho théy, mét sb enzyme c6 kha nang hoat dong manh &
nhiét d0 cao va moi truong pH trung tinh, trong khi cac enzyme khac lai phat
huy hiéu qua trong diéu kién axit hodc kiém.

4.2.1. Enzyme acetyl esterase tir L. squarrosulus MPN12 (LSAE)

Hoat tinh cua LSAE dat gia tri cao nhat & pH 5,5, trong khi d6 & nghién
ctru ctia Linden va cong sy da chi ra rang AE tir chung nam Aspergillus niger
hoat dong t6i uu & pH trung tinh (7,0) [171]. Su khac biét vé pH tdi wu c6 thé
la do su khac biét vé ciu trac phan tir va méi trudng sdng tu nhién cta cc
ching nam san sinh ra enzyme. Ngoai ra, hoat tinh cua LSAE ciing c6 kha
nang bén & pH 5,0, cho thay tinh thich nghi ciia enzyme niy trong méi truong
axit nhe. Pic tinh ndy rat quan trong ddi véi cac tmg dung trong cong nghiép
va sinh hoc, dic biét 1a trong cac quy trinh can hoat dong & pH thip nhu:
Cong nghiép thuc pham, enzyme c6 thé dugc st dung trong qué trinh xur 1y
thuc pham 1én men, san xuat d6 udng 1én men (nhu bia, rugu), hoic trong qué

trinh tinh sach cac san pham c6 tinh axit ty nhién, vi du nudc ép trai cay. Hay
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trong san xuat bioethanol, qua trinh thuly phan nguyén liéu sinh khéi, pH moi
truong thuong giam do su hinh thanh cac axit hitu co. Mot enzyme 6n dinh &
pH 5,0 nhu acetyl esterase tir L. squarrosulus MPN12 s€ phat huy hiéu qua
trong cac budc tién xir Iy hodc chuyén hoa lignocellulose. Trong céng nghiép
dét nhuém, enzyme nay co thé duoc dung dé xur 1y cac chat nén c6 chia
acetyl trong moi truong axit, cai thi¢n chét lugng soi va lam sach mau. Hodc
xtr Iy chat thai hiru co, v6i kha nang hoat dong & pH thap, enzyme phu hop dé
phan hiy cac hop chat hitu co trong cac hé thdng xtr Iy nudc thai hodc
compost, noi pH moi truong thuong dao dong tir 4,0-6,0 [84, 92]. Kha nang
bén hoat tinh ctia enzyme trong mdi trudng axit cling goi ¥ rang cdu tric
protein ctia nd c¢6 kha nang chéng lai sy bién tinh trong diéu kién pH thap,
lam ting tiém ning ung dung trong cac moi truong cong nghiép khac nghiét.
Nguoc lai, cac esterase c6 ngudn gbc tir vi khuan, chiang han nhu Bacillus
licheniformis, thuong thé hién hoat tinh t6i wu trong méi truong kiém (pH
8,0) [172]. Nho dac tinh nay, chung dugc Gng dung rong rai trong cac linh
vuc cong nghiép yéu cau diéu kién pH cao. Trong nganh cong nghiép chat tay
rira, esterase kiém duoc sir dung dé xtc tic qua trinh thay phan cac lién két
este va lipid, gop phan nang cao hiéu qua lam sach, dic biét d6i véi cac vét
ban c6 ngudn géc dau md. Ngoai ra, enzyme nay con dong vai trd quan trong
trong cong nghé xir Iy da va dét nhudém, noi moi truong kiém duoc duy tri dé
thuc day cac phan tng hoa hoc dic thu.

Nhiét do t6i uu ctua LSAE va AE c6 ngudn gdc tir A. niger déu 1a 35°C
[171]. Nhiét d6 nay gan voi nhiét do co thé (37°C) cua sinh vat bac cao, cho
thdy cdc enzyme ndy c6 thé bat ngudn tir sinh vat mesophilic (ua nhiét do
trung binh). Bén canh d6, nhiét d6 35°C tuong ddi dé kiém soat trong cac quy
trinh sinh hoc, khong doi hoi cac hé théng gia nhiét hodc 1am lanh qua phirc
tap, giup t6i wu hoa hiéu qua Gmg dung trong thuc té. AE tir mot s6 loai nAm
khac nhu Aspergillus Versicolor hoac Candida guilliermondii lai hoat dong
t6t & nhiét do 45-50 °C [173, 174]. Kha ning hoat dong trong cac dai nhiét do
khac nhau con mo ra tiém ning ung dung da dang cho enzyme AE, tir cac quy
trinh sinh hoc & nhiét d6 thap dé bao vé cac thanh phan nhay cam voi nhiét,
dén cac tmg dung nhiét 6 cao dé tang toc do6 phan ung va giam nguy co

nhiém khuan.
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4.2.2. Enzyme cellobiose dehydrogenase tir C. aureogranulatus MPG 14
(CauCDH)

Enzyme CauCDH hoat dong t6t nhat & pH 5,5, tuy nhién lai cho thay
kha nang bén hoat tinh dang ké trong méi trudng axit (pH 4,0). Sau 12 gid 1 &
pH 4,0, hoat tinh enzyme hau nhu khong giam so vé&i ban dau. Ursula
Baminger va cdng su ciing da chi ra rang CDH tir chung Sclerotium rolfsii
cling c¢6 d6 bén hoat tinh & pH 4.0, tuy nhién Justyna Sulej lai chimg minh
rang CDH tir ching Cerrena unicolor lai c6 d6 bén ¢ pH trung tinh (6.0)
[124]. Biéu nay cho thay ring hoat tinh va do bén ctia enzyme CDH ciing ¢
thé thay d6i tily thudc vao ngudn goc ching vi sinh vat. Mot sd nghién ctru
khac cling da chi ra réng cac diéu kién moi truong nhu nhiét do, do am, va su
hién dién cua cac ion kim loai cling c6 thé anh huong dén hoat tinh va d6 bén
ctia CDH. Piéu ndy mé ra tiém ning cho viéc sir dung CDH trong cac tmg
dung cong nghiép khac nhau, dic biét 1a trong cac quy trinh can mdi truong
axit hodc trung tinh, nhu xir Iy sinh hoc chat thai hodc tong hop cac hop chat
hiru co.

Nhiét d6 t6i uu cua CauCDH la 50°C, cao hon so vé&i LSAE va LsLiP.
Su khéc biét nay c6 thé lién quan dén ciu trdc va chirc ning dic thd cua
enzyme. Céc enzyme chiu nhiét c6 ciu tric bén ving hon nhd vao cac lién
két hda hoc manh mg, chang han nhu lién két hydro, lién két ion, va cac tuong
tac ky nudc gitra cac amino acid. Nhiing lién két nay giup giir cho protein
khong bi bién tinh hodc mat cau tric ¢ nhiét d6 cao. Cau tric tht cap 6n dinh,
mot s6 enzyme ¢6 ty 18 cac cau tric tha cap nhu alpha-helix va beta-sheet cao
hon, gitip duy tri hinh dang cua enzyme khi nhiét d6 tang. O nhiét do cao, cac
phan tir enzyme can c6 tinh linh hoat dé dé dang thay d6i hinh dang, cho phép
enzyme dé dang gan két véi co chat va thuc hién cac phan tng héa hoc mot
cach hiéu qua. Cac enzyme hoat dong tét & nhiét do cao thuong it bi bién tinh
nhiét khi tiép xuc véi nhiét ¢ cao. Nho nhitng ddc diém trén, cc enzyme nay
c6 thé gitr duoc hoat tinh va thuc hién cac phan ang sinh hoc hiéu qua trong
moi truong cd nhiét do cao. Diéu nay gilp ching thich nghi tét véi cac quy
trinh c¢éng nghiép yéu cau nhiét do cao, chang han nhu trong san xuat giay,
dét nhuom, hay xir Iy chat thai. Twong tu, CDH tir mot s6 loai khac nhu
Cerrena unicolor hodc Schizophyllum commune, déu c6 hoat dong téi wu &
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nhiét @6 50°C [153, 175]. Kha nang hoat dong ¢ nhiét d6 cao cua CDH con
mé ra tiém ning st dung chlng trong cac quy trinh sinh hoc nham tang toc do
phan ang va hiéu suat san xuat.

CDH la mot trong nhiing enzyme c6 kha ning chuyén hoa carbohydrate
va phan huay lignin. CDH thudc nhém hemoflavoenzyme va chi yéu duoc tim
thiy & cac loai ndm. Trong nghién ctru ndy, enzyme CDH tir ching ndm C.
aureogranulatus da dugc xac dinh c6 kha nang oxy hoa 6 loai duong khac
nhau, bao gém cellobiose, cellotriose, cellotetraose, lactose, glucose va
maltose. Trong sd cic carbohydrate di dugc thir nghiém, cac di- va
oligosaccharide c6 lién két B-(1,4) glycosidic 1 co chit ma CauCDH thé hién
tinh dic hiéu cao nhét, trong khi cac monosaccharide véi lién két a-(1,4) lai
6 ai luc va hiéu suét xuc tac thép. Do d6, enzyme CDH c¢6 xu huéng uu tién
xUc tac c4c saccharide co lién két B-(1,4) hoa tan hon 1a cac monosaccharide,
diéu nay dudng nhu 1a dic tinh vén co ciia cic enzyme oxy héa tir ngudn
nam. Gan déy, cac nha khoa hoc da chimg minh rang, ngoai kha ning chuyén
hoa carbohydrate, CDH con c6 kha nang khir tai vi tri C1 ctia nhiéu co chat
khac nhau trong cau trac lignocellulose (LLC). Piéu nay cho phép nd tham
gia vao qua trinh phan huy lignocellulose, lam tang hi€éu qua cua viéc ti€u hoa
céc polymer phtic tap thanh nhitng don vi dudng co thé sir dung.

Daniel Kracher va cong su da chi ra rang enzyme CDH c6 hiéu qua xtc
tac cao ddi voi p-D-cellobiose, mot tieu don vi dimeric cua cellulose, ciing
nhu lactose, mot epimer cua cellobiose [68]. Kha ning xuc tac cia CDH ddi
v6i cac hop chat carbohydrate mé ra co hoi cho cic nghién ctru siu hon nham
t61 wu hoa qua trinh phan giai sinh hoc cling nhu phat trién cac phwong phap
san xudt nhién liéu sinh hoc tir ngudn tai nguyén tai tao. Cac nghién ctu vé
CDH da goi mé tiém ning trong viéc ing dung enzyme nay dé cai thién hiéu
suat trong cac quy trinh cong nghiép lién quan dén viéc xir 1y sinh khéi.

4.2.3. Enzyme laccase tir Pleurotus pulmonarius MPN 18 (PleuLac)

Laccase tir chung P. pulmonarius MPN 18 cd nhiét d6 t6i wu 1a 40°C va
mat 50% hoat tinh sau 1 gio & 70°C. Piéu nay cho thay enzyme c6 d6 6n dinh
nhiét twong ddi tot trong khoang nhiét 6 thap hon 70°C. Kha nang chiu nhiét
cua laccase co thé phii hop cho cac tng dung trong céng nghiép vai quy trinh
can hoat dong enzyme & nhiét do trung binh dén cao. Yue Sun va cong su lai
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chi ra ring laccase tir chung nim Gymnopus luxurians c¢6 hoat dong ti vu &
nhiét do 60°C va bén & 40°C trong 4 gio, cho thdy sy khac biét vé dic tinh
nhiét cua laccase gitra cac loai nam khac nhau [155]. Tuy nhién, laccase tur
loai vi khuan Bacillus subtilis thuong c6 nhiét do tdi vu thap hon, khoang 30—
40°C, va mat hoat tinh nhanh hon khi tiép xdc véi nhiét do cao, cho thay kha
nang chiu nhiét kém hon so voi laccase tir nAm nhu P. pulmonarius hay G.
luxurians [176]. Nhitng khac biét nay c6 thé xuat phat tir sy da dang trong ciu
trdc protein hozc diéu kién méi trudng séng cua ting 10ai.

PleuLac cho thay kha ning duy tri hoat tinh tét & pH axit yéu (5,0).
Mot sb laccase tir cac lodi ndm khac, nhu Ganoderma leucocontextum hoic
Pleurotus sp., lai hoat dong t6i uu & pH thap hon (3,0-4,0) [143, 154]. Nguoc
lai, laccase tur loai Trichoderma harzianum dugc Alshaimaa va cong su chiang
minh c6 kha nang duy tri hoat tinh bén & pH kiém (9,0) [177]. Su khac biét vé
dai pH t6i wu va do bén cua cac laccase phan anh tinh da dang trong cu tric
va chirc niang ctia enzyme tir cac loai nam khac nhau. Nhimg dic tinh nay c6
thé duoc khai thac dé tng dung laccase trong nhiéu linh vuc khac nhau. Cu
thé, cac laccase hoat dong tét & pH axit (3,0-5,0) thudng phi hop cho cac quy
trinh sinh hoc nhu xt Iy phenol, hop chat thom, hoic tdy mau pham nhuom.
Laccase hoat dong tét & méi truong trung tinh (6,0-7,0), thuong duoc (ng
dung trong nganh cong nghiép ruou vang va nudc trai cay, laccase loai bo cac
polyphenol du thira, giam thiéu hién twong két ta va lam duc san pham, hozc
san xuét sinh duoc pham. Trong khi d6, cac laccase bén & pH kiém (8,0-10,0)
c6 tiém nang Gng dung trong cac nganh cdng nghiép nhu xtr Iy nudce thai, khir
mui, va san xuat bot gidy. Nho dic tinh cua laccase tir cac ngudn khéc nhau,
nguoi ta co thé két hop cac enzyme nay trong quy trinh xt Iy ¢6 nhiéu budc,
vi du budc dau laccase hoat dong ¢ pH axit dé loai bo phenol [178, 179].
Budc sau, laccase hoat dong ¢ pH kiém dé oxy hoa cac amin thom hoic hop
chat phtc tap hon. Viéc tan dung dic tinh hoat dong cua laccase ¢ dai pH
khac nhau khong chi giup md rong tng dung ma con tang hiéu qua xur ly
trong cac quy trinh céng nghiép va moi truong.
4.2.4. Enzyme lignin peroxidase tir L. squarrosulus MPN 12 (LsLiP)

Hoat tinh cua LsLiP s& dat gia tri cao nhat ¢ pH 5,0 va 35°C. Khéc véi
LsLiP, LiP tir cac loai ndm Pleurotus sajor caju duoc chi ra ¢d hoat dong toi
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uu & pH axit (3,0) [180]. Nhiét d6 t6i uu cua LsSLiP ciing khac vai mot sd
nghién ctru trude do, nhu LiP tir chung nam Penicillium decumbens hoat dong
tét & nhiét d6 45°C [181]. Twong tu nhu enzyme laccase, lignin peroxidase
cling 12 mot enzyme duogc danh gia cao trong nhiéu nganh céng nghiép nho
kha ning oxy hoa da dang céc loai chat nén. Trong nghién ctu nay, LSLiP da
ching minh kha ning oxy hoa nhiéu co chat vong thom, bao gdm DCP,
veratryl alcohol va céc hop chat phenolic khac nhu guaiacol, axit ferulic, axit
vanillic va dimethoxyphenol. Pang cht ¥, két qua cho thiy enzyme nay c6
tinh dac hiéu cao ddi véi DCP hon so véi cac hop chat phenolic dugc khao
sat. Trong khi d6, nghién ctru trude d6 cua Vandana va cong su lai cho thay
rang LiP tir chang P. chrysosporium lai dic hiéu tét nhat véi co chat veratryl
alcohol [113]. Biéu nay cho thay riang dic tinh dac hiéu cua LiP c6 thé thay
doi tuy theo chung vi sinh vat va diéu kién phan tng. Ngoai ra, dé xac dinh
tiém nang cua LsSLiP, nghién ctru nay di st dung LSLiP dé phan huay lignin
dugc tach tir rom. Két qua phan tich FTIR cho thay cdu tric lignin trudc va
sau khi xtr Iy LSLiP da thay d6i dang ké, ddc biét 1a & ving (1600-1000 cm™).
Hon nita, cuong do cia dinh & 2930 cm™ thay d6i nhe sau khi xtr 1y LsLiP,
dugc du doan 1a nguyén nhan chinh giy ra sy phan cat lignin. Piéu nay goi
mé tiém nang (ing dung cua LsLiP trong cac qué trinh cong nghiép nhu phan
hay lignin, xir ly chat thai hodc tong hop cac san pham hitu ich tir cac hop
chat phenolic. Viéc hiéu rd céc yéu té anh hudng dén tinh dic hiéu cua LiP s&
gilp cai thién hiéu suat va kha ning ap dung enzyme nay trong cac tng dung
thuc tién [60, 180].

Dé giai thich dic tinh oxy hoa cao cua enzyme lignin peroxidase, cac
nha khoa hoc da chi ra rang cau trdc khong gian cua LiP ¢6 anh huong quan
trong [182]. Enzyme LiP c6 mot cau trlic ba chiéu phic tap véi cac yéu té cau
trdc quyét dinh kha niang tuong tac véi cac co chit va thuc hién qué trinh oxy
hoa. Cac yéu t6 cau tric khong gian chinh caa LiP bao gom, thi nhat do cu
trdc vung hoat dong (active site), vung hoat dong cua LiP la noi enzyme thuc
hién phan ung oxy hoa céc co chat phenolic hoac lignin. Cac nhém amino axit
quan trong trong vung hoat dong, nhu histidine va tryptophan, tham gia vao
qua trinh oxy hoa, lién két véi cac nguyén tir oxi dé chuyén electron tir co
chat sang phan ti oxy, tao ra cac goc tu do va peroxit. Tac gia Singh va cong
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su (2024) da chi ra vai tro quan trong cua histidine 176, histidine 47, va
tryptophan 171 trong vung trung tam hoat dong cua LiP tur loai P.
chrysosporium (PDB: 1LGA), cac amino axit ndy cd anh huong truc tiép dén
kha ning enzyme nhan va oxy héa cac co chat khac nhau (Hinh 4.1) [55].

Hinh 4.1. CAu tr(c tinh thé caa LiP tir P. chrysosporium (PDB: 1LGA).

Th hai, cau tric bac ba va cac cau ndi disulfide: LiP c6 mot cu tric
bac ba phurc tap, véi cac cau néi disulfide (cau néi gitra cac cysteine) dong vai
trd quan trong trong viéc duy tri cau tric khéng gian 6n dinh va dam bao
enzyme c6 kha ning hoat dong ¢ diéu kién khic nghiét. Nhiing cau ndi nay
cling c6 thé anh huong dén kha nang enzyme thay d6i hinh dang trong qua
trinh phan ng, tir 46 anh huéng dén hiéu suat caa qué trinh oxy hda. Thu ba,
ving lién két voi heme: LiP chira nhdm heme, mot yéu to quan trong trong
kha ning oxy hoa ctia enzyme. Nhém heme cd thé tao ra cac gbc peroxit va
gbc hydroxyl trong phan @ng oxy hoa, gidp enzyme thuc hién qué trinh pha
V& cau trdc lignin. Cau tric khdng gian caa ving lién két heme c6 thé thay doi
tly thudc vao diéu Kién moi truong va anh huong dén kha ning twong tac cia
enzyme Véi co chat. Cudi cuing, cac ving khong hoat dong va cau tric phu,
ngoai vliing hoat dong, cac phan con lai ciia enzyme, nhu cac ving khong hoat
dong va cac ving phu, ciing ¢ thé anh hudng dén tinh 6n dinh va kha ning
dic hiéu cua enzyme dbi véi cac co chat khac nhau [54]. Cau tric phu c6 thé
anh huong dén su tuong tac gitta enzyme va mdi truong xung quanh, chang
han nhu pH, nhiét o, va sy c6 mit cua cac ion kim loai hoic chat déng van.
Nhu vay, cau tric khdng gian caa LiP khdng chi quyét dinh hoat tinh oxy hoa
ma con anh hudng dén tinh dic hiéu ddi véi cac co chat khac nhau.



105

4.2.5. Enzyme unspecific peroxygenase tir Candolleomyces euryspous
CP22 (CeuUPO)

CeuUPO trong nghién ctru nay dugc chi ra ¢c6 kha nang oxy hoa cac
hop chit vong thom nhu ABTS [2,2'-azino-bis(3-ethylbenzthiazoline-6-
sulfonate)], veratryl alcohol (VA) va 2,6-dimethoxyphenol (DMP). Enzyme
nay c6 thé thuc hién céc phan tng hydroxyl hoa trén alkanes, epoxydation
trén alkenes, va oxy hda cac hop chét ¢ ciu tric di vong chira nito hoic luu
huynh. Pidu ndy mé ra tiém ning wng dung rong rai caa UPO trong nhiéu
nganh cong nghiép, tir xir Iy méi trudng dén san xuét héa chat duoc pham.
Pic biét, UPO c6 thé hoat dong ma khong can dong xdc tac kim loai, lam
giam chi phi va d6 phuc tap trong qué trinh phan tng, dong thoi han ché tao
ra cac san pham phu khéng mong muén. Bén canh C. euryspous, unspecific
peroxygenase (UPO) con duoc tim thiy ¢ nhiéu loai vi sinh vat khéc, trong d6
pho bién nhat 1a cac loai thuoc chi Agrocybe, Marasmius, Chaetomium, va
Coprinopsis [66, 183, 184]. Tuy cung thugc nhém UPO nhung dac tinh xdc
tac va muc do da dang co chat cia enzyme tir cac lodi nay co thé rat khac
nhau. Chang han, UPO tir Agrocybe aegerita (AaeUPO) dugc biét dén rong
rai voi kha nang xuc tac cac phan Gng tuong ty nhu enzyme cytochrome
P450, bao gom hydroxyl hoa, epoxid héa va tham chi 1a phan tng N- hoic S-
oxidation vai hiéu suat cao. Tuy nhién, AaeUPO thuong c6 hoat tinh kém hon
d6i véi cac co chat cdng kénh hoic c6 nhom thé gay can tro khdng gian gan
vi tri phan ung. So véi AaeUPO, enzyme tir C. euryspous trong nghién cau
nay cho thiy phé co chit twong ddi rong, c6 kha ning oxy hoa ca hop chat
phenolic nhu ABTS va DMP, 13n nhitng phan ttr di vong chira di to, diéu nay
goi y mot vung hoat dong linh hoat va kha nang tuong thich cao véi cac co
chat co cau trac phac tap. Ngoai ra, mot s6 UPO tir vi sinh vat khac nhu
Coprinopsis cinerea hay Chaetomium globosum ciing cho thay kha ning hoat
dong manh trong moi truong chira hydrogen peroxide, nhung thuong nhay
cam voi nong d6 H20: cao va dé bi bat hoat oxy hoa [184, 185]. Tém lai, tuy
cling mot nhém enzyme, nhung dic tinh xdc tac, 6n dinh hoa hoc, do chon loc
va phd co chét cua unspecific peroxygenase phu thuséc manh mé& vao nguén
géc vi sinh vat. Viéc khai thac va so sanh cac UPO tir nhiéu loai khac nhau s&
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1a co s& quan trong dé chon loc enzyme phil hop cho tirng muc tiéu tng dung
trong sinh téng hop, xt ly méi trudng hay cong nghiép duoc pham.

Gan day, vao nam 2019, Muniba Faiza va cac cong su da chi ra rang
enzyme UPO 1a dai dién cho mot phan I16p tiém ning cta oxidoreductase,
thuoc nhom cac protein heme cé hoat tinh peroxygenase va peroxidase [61].
Enzyme nay c6 kha ning oxy hoa hon 300 chat nén di duoc xac dinh, xuc tac
cho nhiéu phan ung oxy hoda khac nhau, bao géom oxy héa mot hoic hai
electron, cling nhu cac phan ung oxy hoa co tinh chon loc cao. Nhitng dac
diém nay khién UPO tré nén dic biét quan trong trong téng hop hitu co va cé
tiém nang trd thanh chat xdc tac sinh hoc cho céc tng dung cdng nghiép.
Piéu nay da khoi day su quan tm cua céc nha khoa hoc trong viéc tim kiém
thém cac enzyme UPO tur hé sinh thai nam. Ngoai viéc tim kiém thém céc
enzyme UPO tir hé sinh thai ndm, cac nha nghién ctu cling dang tap trung
vao Viéc hiéu rd hon vé cau tric va co ché hoat ddng ciia enzyme nay.

Nhing nghién ctru sau hon vé UPO c¢6 thé mé ra nhitng hudng di méi
trong viéc cai tién va téi uu hoéa cac phan ang oxy hoa. Hinh 4.2 cho thay
viing trung tdm hoat dong caa enzyme UPO tir chung A. aegerita bao gom 8
axit amin: Glu-196, Ar/g89, Asp-124, Gly-123, Glu-122, Pro-35, Cys-36 va
Pro-37 [66]. Nghién ciu chi ra rang Cys-36 nam gan nhém heme nhit va
duoc bao ton trong hau hét cac UPO tir nhiéu ngudn khéc nhau. Glu-196 va
Ar/g89 doéng vai trd 6n dinh dién tich trong ving hoat dong trung tam, hoat
dong nhu mot cap xUc tac axit-bazo. Cap xUc tac ndy rat quan trong cho viéc
hinh thanh Hop chat-1, mot yéu té thiét yéu trong tat ca cac peroxidase. Mo
tip EGD (Glu122-Gly123-Asp124) tham gia gian tiép vao qua trinh phan cit
lien két peroxide, gitip dinh huéng Glu-196 vao trung tdm heme. Ngoai ra,
Pro-35, Pro-37 va Gly-123 c6 vai tro quan trong trong viéc duy tri cau tric
khong gian cua ving trung tdm hoat dong, tao diéu kién thuan loi cho su
tuong tac gilra cac axit amin khac vdi nhom heme. Cac nghién ctru so sanh
cho thay rang nhimg vi tri axit amin nay khong chi co vai tro trong viéc on
dinh cdu trac ma con anh huodng dén tinh chon loc va hoat tinh xuc tic cua
enzyme. Piéu nay chimg to rang ving trung tdm hoat dong cua UPO duoc tbi

uu hoa cao dé thuc hién cac phan ing oxy hoa lién quan dén peroxide, dong
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thoi cho thay su thich nghi ddng ké clia enzyme véi cac dicu kién moi truong
va chat nén khac nhau.

, GLY-123
GLU-122

GLU-196 ARG-189
} & ASP-124
ﬂ A

PRO-37 CY5-36

Hinh 4.2. Cau tric enzyme UPO (PDB ID: 2YOR tir loai nAm Agrocybe
aegerita (https://www.rcsb.org).

Tom lai, cac enzyme tu nhién da duoc dé cap O trén déu co dic tinh va
cdu tric riéng biét, nhung déu dong vai trd quan trong trong qué trinh chuyén
héa céu trac cla lignocellulose. Dua trén cac dac tinh da dugc xac dinh,
ching c6 thé duoc Gmg dung vao thuc tién va cac quy trinh cong nghiép lién
quan nham nang cao hi¢u qua. Su hiéu biét sau sic vé co ché hoat dong cua
enzyme ciing gop phan vao viéc thiét ké cac giai phap sinh hoc hiéu qua hon
trong tuong lai.

4.3. Xic tac hiép dong béi hdn hop enzyme (“enzyme cocktail”) trong
chuyén héa higu qua vat ligu lignocellulose

Xtc tac hiép dong boi hdn hop enzyme (“enzyme cocktail”’) trong
chuyén hoéa vat liéu lignocellulose 1a mot phuong phép quan trong trong viée
san xuat nhién liéu sinh hoc va cac san pham hoa hoc tir nguyén liéu tai tao.
Hon hop enzyme nay thudng bao gdm cic enzyme nhu cellulase,
hemicellulase, va ligninase, mdi loai dong vai trd riéng trong viéc phan giai
cac thanh phan cdu triic chinh cua lignocellulose (cellulose, hemicellulose, va
lignin). Su két hop chinh xac va tbi wu ctia cac enzyme giup cai thién hiéu qua
phan giai sinh hoc, ting cuong khd ndng thu nhan duong don tu

lignocellulose, tir do tao diéu kién thuén lgi cho cac qua trinh 1én men tiép
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theo. Trong nghién ciru nay, viéc 4p dung mo hinh téi wu thuc nghiém da xac
dinh duoc cac diéu kién tét nhat cho hdn hop “enzyme cocktail” (CDH, AE,
va Cell/Xyl) trong qua trinh chuyén hoa co chét tir rom, nham nang cao hiéu
qua tao thanh cac duong don C-5 va C-6 (glucose, xylose). Két qua mot lan
nira khéng dinh réng “enzyme cocktail” giip quéd trinh thuy phan
polysaccharide thanh cac mono va dimer dién ra dé dang hon.

Gan day, tac gia Mello Lopes va cong sy da gidi thiéu thém cac loai
enzyme cocktail nham phan huay lignocellulose [30]. Thach thic 16n nhat
trong qua trinh nay la thanh té bao thuc vat da tién hoa dé chéng lai sy phan
huy boi enzyme. Do d6, cac enzyme dung dé chuyén hoa thanh té bao can c6
hiéu sudt xuc tac cao va kha nang 6n dinh nhiét tot. Viéc lua chon cac enzyme
phi hop d& xuc tic qua trinh phan huy cellulose thanh glucose va
hemicellulose thanh cac loai duong tu do duge coi la chién lwgc kha thi nhét,
gitip cung cAp ngudn co chit hidu qua vé mit chi phi cho san xuat nguyén liéu
sinh hoc. Raulo va cong su (2021) ciing da chtrng minh tac dung cua “enzyme
cocktail” trong qua trinh thuy phéan lignocellulose, nhitng enzyme chinh tham
gia vao qué trinh pha v cau trdc caa lignocellulose phai ké dén nhu
endoglucanases, cellobiohydrolases, B-glucosidase,...[41]. Nghién ctu cua
Heidi va cong su (2020) da két hop cac enzyme cellobiose dehydrogenase
(CDH), lytic polysaccharide monooxygenase (LPMO), S-glucosidase (BG),
va endoglucanase (EG) ¢ nhiét do 45°C, pH 5,0, sau 72 gio t. Két qua HPLC
cho thay luong duong C5 va C6 duoc tao ra trong qua trinh thuy phan [186].
Tai truong DPai hoc Monash & Uc, Eugene va cong su (2021) da tién hanh két
hop cac enzyme cellulase, hemicellulose, va laccase & diéu kién u tbi uu &
40°C, pH 6,0, trong 24 gio tao ra lugng duong dat 2,431 mg/mL 16n hon so
Vvéi viéc st dung don enzyme (1,67-1,77 mg/mL). Két qua chi ra sy két hop
hiéu qua khi sir dung “enzyme cocktail” trong chuyén héa sinh khdi
lignocellulose [187]. Dua trén nhiing phan tich vé két qua nghién ctu cua
nhiéu nhém tac gia da cong bd cho thiy, hién nay viéc st dung “enzyme
cocktail” trong chuyén hoa sinh khdi lignocellulose 12 huéng di mai rat duoc
quan tdm va nhiéu trién vong, dic biét ung dung trong nganh cong nghiép
nhién liéu sinh hoc.
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Ngay nay, cac cong ty 16n ban nhiéu loai enzyme cocktail cho nhiéu
muc dich khac nhau. Novozymes di ra mat dong cocktail Spirizyme® voi ba
phién ban, nhim muc tiéu chuyén hoa toan bd luong dudng trong nganh cong
nghiép nhién liéu sinh hoc. Cocktail ndy duoc bd sung enzyme trehalase, gilp
chuyén ddi trehalose thanh céc loai dudng co thé 1én men, tir d6 1am ting
dang ké san lugng dudng thu duoc tir qua trinh thiy phan. Mot cong ty khac
trong linh vuc nhién liéu sinh hoc, DuPont, d3 gidi thiéu Acellerase®, bao
gdm hon hop cellulase va cac enzyme phu trg, v6i nhiéu phién ban khac nhau
dé phu hop véi cac phuong phap xtr 1y trudce va loai sinh khdi khac nhau.

Bén canh viéc lya chon enzyme phu hop, cic nghién ctru gin day ciing
tap trung vao viéc cai tién k¥ thuat dé ting cuong kha ning tuong tac gitra
enzyme va co chat. Piéu nay bao gém viéc két hop cac enzyme co hoat tinh
bb tro, tdi wu hoa diéu kién phan tng. Ngoai ra, viéc hiéu & co ché phan huy
va vai tro cua tirng loai enzyme trong qua trinh nay s€ gitp cai thién quy trinh
san xuat sinh hoc, tir d6 giam chi phi va nang cao tinh bén viing cta cong
nghé san xuét nhién liéu sinh hoc va cc san pham héa sinh. Xu huéng nghién
ctru hién nay con tap trung vao viéc cai tién va phat trién cac enzyme tai to
hop véi kha nang hoat dong 6n dinh trong diéu kién khic nghiét ctia quy trinh
cong nghiép, nhu nhi¢t d§ cao, pH thay ddi hodc ¢6 su hién dién cla cac chét
trc ché. Nho vao cong nghé sinh hoc hién dai, cic enzyme tai to hop nay c6
thé duoc thiét ké dé c6 do bén va hiéu suit cao hon, md ra nhiéu tiém nang
ung dung trong san xuét nhién liéu sinh hoc, vat liéu sinh hoc, va cac hop chat
hiru co tai tao.

Hién nay, viéc kham pha va t6i vu hoa ngudn enzyme tir cac loai nAm
khac nhau cling dang dugc trién khai manh mé, v4i muc tiéu tim kiém cac
ching nAm méi c6 kha ning san xuit enzyme vdi hoat tinh cao hon va chi phi
san xuat thap hon. Tlr 46, khong chi nang cao hiéu qua phan huy sinh khéi ma
con giam thiéu tic dong dén moi truong, huéng dén mot nén cong nghiép
sinh hoc bén vimg va than thién hon véi méi truong. Thanh phan secretome
ctia bat ky loai nAm nao ciing thay ddi tiy theo dic diém sinh hoc cua vi sinh
vat va lién tuc bién d6i dé thich tng véi cac diéu kién méi truong [188]. Hon
nira, cung mot loai nam khi duogc nudi céy trén cac sinh khoi lignocellulosic

khac nhau s& tao ra cic cau hinh protein khac biét. Py 1a mot yéu to quan
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trong trong viéc thiét ké hdn hop enzyme phu hop v6i mot co chét cu thé. Dé
dat duoc diéu nay, co thé diéu chinh cac yéu td moi truong nham tao ra su
thay d6i trong secretome. Pon enzyme c6 hoat dong thily phan rat han ché,
trong khi hon hop enzyme c6 thé biéu hién tac dung hiép doéng [189]. Hon
hop enzyme 1a lya chon t6i wu dé thuy phan thanh té bao thuc vét nho tac
dong phdi hop cua cac enzyme véi tinh dic hiéu khac nhau, cho phép mot
enzyme tac dong 1én san pham cta enzyme khac. Ngoai ra, trong hdn hop
enzyme, c6 thé thay thé mot enzyme don 1¢ dé phu hop véi yéu cau cua timng
loai co chat. Do cac tuwong tac phuc tap ¢ thé xay ra giita enzyme va co chit,
cung véi viée cac chat (e ché enzyme c6 thé duoc tao ra trong qua trinh thuy
phan, vi¢c nghién ctru co ché hoat dong cua enzyme la rit can thiét. Hon nita,
viéc t6i uu hoéa cac hdn hop duoc thiét ké 1a diéu can thiét dé ting cuong
chuyén dbi lignocellulose, vi mdi chat nén déu co6 cac dic diém riéng va doi
hoi cac diéu kién riéng biét dé chuyén hoa hoan toan.

Pé xay dyng mot hdn hop enzyme hiéu qua, diéu quan trong 1a phai
xéac dinh diéu kién nudi cdy ndm trén nhiéu loai sinh khoi khac nhau va xac
minh cdc enzyme ma chung tong hop, cung vdi trinh tu enzyme can thiét
[190]. Nghién ciru vé secretome cua Aspergillus niger va Trichoderma reesei
khi nudi cdy trén ba mia cho thiy cac loai ndm nay st dung cac loai enzyme
khac nhau dé phan hiy cing mot loai sinh khéi [191]. Hon nita, c6 su khac
biét dang ké trong secretome cua T. reesei va A. niger khi sir dung hai phuong
phap nudi cdy khac nhau: 1én men két hop méi trudng rin va 16ng, va 1én men
chi trong moi truong 1ong. Qua trinh 1én men két hop rin-1ong cho thay luong
enzyme cellulolytic va hemicellulolytic thu dugc cao hon so vdi qua trinh 1én
men long.

Nhitng két qua nay cho thiy rang phuong phap nudi cdy va loai moi
truong nudi cay co tic dong manh mé dén kha ning san xuat enzyme cua
nam, tir d6 anh hudng truc tiép dén hiéu suat phan hay sinh khéi. Do dé, viéc
Iwra chon chién lugc nudi cdy phu hop 1 yéu t6 quan trong dé t6i uu hoa qua
trinh phéan giai sinh khdi nham san xuét bioethanol va cac san pham c6 gia tri
khac tir nguyén liéu sinh hoc. Ngoai ra, sy hiéu biét sau sac hon vé cac yéu t6
diéu hoa qua trinh biéu hién enzyme & cac loai nAm nhu A. niger va T. reesei

s& m& ra tiém nang phat trién cac hé thong enzyme ty chinh, tir d6 gia ting
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hiéu qua san xuit cic san pham sinh hoc tai tao. Pé t6i wu hoa hdn hop
enzyme trong qué trinh thily phan lignocellulose, can xem xét mot loat céc
yéu t0, bao gdm ndng d6 enzyme, ti 1¢ giita cac loai enzyme va diéu kién moi
truong nhu pH, nhiét d6 va thoi gian 0. Bang cach diéu chinh céac yéu td nay,
hiéu suét thuy phan cé thé duge cai thién dang ké. Bén canh do, viéc bd sung
cac phu gia hoa hoc hodc sinh hoc, chiang han nhu chat hoat hoa hoidc chat 6n
dinh enzyme, ciing co thé gilip ting cudng hoat dong clia enzyme, giam sy tc
ché va t6i da hoa hiéu qua phan giai lignocellulose.

Trong thyc tién, viéc st dung cac hé thdng enzyme da chiic ning, bao
gdm ca enzyme endoglucanase, exoglucanase va B-glucosidase, di dugc
chimg minh 14 hi¢u qua trong viéc phan huy cellulose thanh glucose, thanh
phén duong don co thé 1én men dé san xuit bioethanol. Tuong tu, hé¢ théng
enzyme phan giai hemicellulose ciing can phai duoc toi wu hoa véi su két hop
ctia cac loai enzyme nhu xylanase, mannanase va a-L-arabinofuranosidase dé
phé v& cau trac phuc tap cia polysaccharide nay.Tuy nhién, mdt thach thirc
16n 1a cac san pham phu ciia qué trinh thay phan, nhu axit acetic, furfural va
hydroxymethylfurfural, c6 thé trc ché hoat dong ciia enzyme va vi sinh vat 1én
men [192]. Do d0, viéc phat trién cac chién luoc giam thiéu hodc loai bo céac
chat trc ché nay, chang han nhu tién xir 1y sinh hoc hodc hoéa hoc trudc khi
thity phan, cling 12 mot budc quan trong trong qué trinh nghién ctru va Gng
dung thyc tién.

Cubi cung, mic du qua trinh chuyén hoa Lignocellulose bang xuc tac
enzyme hién tai di dat dugc nhimg tién bd dang ké, viéc tiép tuc nghién ctru
cac loai enzyme mdi, cac phuong phéap t6i wu hoa diéu kién phan tng, ciing
nhu cac chién luge tién xir Iy va tai sir dung enzyme van 1a can thiét dé nang
cao hiéu qua va giam chi phi san xuét trong tuong lai.

Nhu ciu ngay cang ting dbi voi mot thé gidi bén ving da din dén sy
phét trién va cai thién nhiéu k¥ thuat khac nhau nham sir dung chat thai néng
nghiép. Cac loai enzyme cocktail c6 tiém niang phan hay vat liéu
lignocellulose, vi chling bao gom mot nhom cac enzyme véi cac dic tinh khac
nhau va c6 kha ning phdi hop dé pha v& cac vat liéu nay. Cac ché pham
enzyme cocktail co nhiéu loi thé: chiing than thién véi méi truong hon so véi

cac hoa chat duoc stir dung dé phan hay lignocellulose, c6 thé cai thién toc do
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thity phan so véi cac enzyme don 1€, va c6 thé diéu chinh loai enzyme ciing
nhu tai lugng dé thiy phan hoan toan timg co chat. Xu hudng cho thdy muc
tiéu thy ning luong sinh hoc s& tiép tuc ting dudi anh huéng cua cac chinh
sach nang luong tai tao va bién d6i khi hau hién tai. Bioethanol tir sinh khéi
lignocellulose 1a mot trong nhiing linh vuc nang lugng sinh hoc va nang
luong tai tao phat trién manh mé nhat, véi tiém ning ting trudng cao trong
tuong lai gan. Cac phuong phap tiép cAn méi can duwoc khai thac, chang han
nhu cac nén tang enzyme tap trung vao dic diém dia hinh va tinh an ninh
lwong thuc (khong canh tranh ngudn cdy ngii coc...) cua co chit, gitp mo
rong kha ning sir dung nhiéu loai sinh khéi lignocellulose. Cac ngudn enzyme
khac nhau van can dugc danh gia dé md ra nhitng kha ning méi cho viéc thiét
ké mot hdn hop enzyme cocktail. Dé kham pha cac ngudn enzyme moi, c6 thé
ap dung cac cong cu sinh hoc phan tir va tinh sinh nhu metagenomics,
secretomics ciing nhu nghién ciru tiém ning sinh hoc clia nAm va vi sinh vat.

Viéc phat trién va toi uu hoa cac hdn hop enzyme méi dé phan huy cac
co chat khac nhau 1a rat can thiét. Hon nira, viéc thiic day nghién ctru vé co
ché hoat dong clia cac enzyme phu tro va cac enzyme khong thuy phan ciing
rat quan trong dé t6i wu hoa cac hdn hop nay. Tir goc d6 umg dung cong
nghiép, viéc hiéu 1d su két hop tdi wu cho x(c tac hiép dong ctia hdn hop
nhiéu enzyme hoat tinh khac nhau hét sirc c6 y nghia va can thiét.
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KET LUAN VA KIEN NGHI
KET LUAN

Tu nhitng két qua nghién ctu caa luan &n cé thé rat ra nhitng két luan
sau:

1. Phan lap dugc 56 chung nim thudc nganh nam dam Basidiomycota
va nam tdi Ascomycota, sang loc hoat tinh mot s enzyme lién quan chuyén
hoa lignocellulose, két qua cho thay 38 chung biéu hién enzyme AE, trong d6
MPN12 cd hoat d6 cao nhat (3.650,8 U/L); 25 chung biéu hién enzyme LiP,
trong d6 MPN12 c¢6 hoat do cao nhat (39,3 U/mL); 35 chuang biéu hién
enzyme CDH, trong d6 MPG14 c6 hoat do cao nhat (77,4 U/L); 31 ching
biéu hién enzyme Lac, trong 46 MPN18 c6 hoat d6 cao nhat (7.658,5 U/L);
24 chang biéu hién enzyme UPO, trong d6 CP22 c6 hoat d6 cao nhat (41,2
U/mL). Tir d6, lya chon duoc 04 ching nam tiém ning 13 MPN12, MPG14,
MPN18, va CP22.

2. Nghién ctu thu nhan va tinh ché 05 enzyme tu nhién tir cac chang
nam tiém nang, gom acetyl esterase (LSAE) va lignin peroxidase (LsSLiP) tur
niam Lentinus squarrosulus MPN12; cellobiose dehydrogenase (CauCDH) tir
Coprinellus aureogranulatus MPG14, laccase (PleuLac) tu Pleurotus
pulmonarius MPN18, va unspecific peroxygenase (CeuUPO) tur
Candolleomyces euryspous CP22. Bac tinh cta cac enzyme tinh sach ciing da
duoc xac dinh:

- LSAE c0 trong lugng phan td My, = 41,4 kDa, hoat tinh riéng dat 23
U/mg, enzyme hoat dong téi vu & 35 °C, pH 5,5;

- LsLiP c6 M, = 53 kDa, hoat tinh dac hi¢u dat 28,3 U/mg, enzyme
hoat dong téi wu ¢ 35 °C, pH 5,0;

- CauCDH c6 M, = 109 kDa, hoat tinh riéng dat 28,86 U/mg, enzyme
hoat dong tbi uu ¢ 50 °C, pH 5,5;

- PleuLac M,, = 35 kDa, hoat tinh riéng dat 28 U/mg, enzyme hoat
dong ti uu & 40 °C, pH 5,5;

- CeuUPO My, = 40 kDa, hoat tinh riéng dat 28,1 U/mg, enzyme hoat
dong toi wu & pH 5,0 d6i véi ABTS va pH 7,0 d6i voi VA va DMP.
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3. Ung dung enzyme trong chuyén hoéa sinh khdi lignocellulose: LsLiP
Xuc tac chuyén héa lignin cho thay thay dbi dang ké cau triic & ving 1600
1000 cm™ khi phan tich phd FTIR. Téi vu hoa xUc tac chuyén héa sinh khéi
rom bang hdn hop enzyme (“enzyme cocktail”: CDH, AE, va Cell/Xyl) thanh
cac san pham chinh gdom duong don C-5, C-6 (glucose, xylose) va axit
gluconic. M6 hinh téi uu c6 d6 tuong hop cao, vai hoat d6 enzyme tdi uu dugc
dé xuat la ty 1é (Cell/Xyl : AE : CDH) tuong ting 19,2 : 38,8 : 52,8 (U/g).
KIEN NGHI
Két qua nghién ctiu cho thay tiém nang rat 16n vé ngudn sinh hoc nam
& nudc ta cho sinh tong hop cac enzyme chuyén héa sinh khéi lignocellulose.
Cac chung nam da dugc phan lap va dinh danh, md ra tiém niang khai thac
hoat tinh cua ching trén cac enzyme dich nhu lignin peroxidase, laccase,
acetyl esterase, cellobiose dehydrogenase, va unspecific peroxygenase. Vi
vay, t6i kién nghi tiép tuc huéng nghién ciu khéng chi khai thac cac enzyme
ma&i ma con téi wu hoa hdn hop enzyme nhiam nang cao hiéu qua chuyén héa
sinh khéi lignocellulose. Piéu nay s& can duoc thuc hién & quy mo pilot va
I6n hon, giap danh gia tinh kha thi trong viéc 4p dung cong nghé nay vao san
Xuat cong nghiép.



115

DANH SACH CONG BO KHOA HQC LIEN QUAN PEN LUAN AN

A. Tap chi quac té (1SI):

1.

Do Huu Nghi, Harald Kellner, Enrico Bdttner, Le Mai Huong, Le Xuan
Duy, Vu Dinh Giap, Dang Thu Quynh, Tran Thi Nhu Hang, An
Verberckmoes, Ludo Diels, Christiane Liers and Martin Hofrichter.
Cellobiose dehydrogenase from the agaricomycete Coprinellus
aureogranulatus and its application for the synergistic conversion of rice
straw. Appl Biol Chem, 2021, 64-66. Doi:
https://doi.org/10.1186/s13765-021-00637-y.

Dinh Giap Vu, Huu Nghi Do, Huu Cuong Le, Thu Quynh Dang*. Lignin
peroxidase from the white-rot fungus Lentinus squarrosulus MPN12 and
its application in the biodegradation of synthetic dyes and lignin.
BioResources, 2022, 17.3. Doi: 10.15376/biores.17.3.4480-4498.

B. Tap chi chuyén nganh trong nwéc:

Vu Dinh Giap, Dang Thu Quynh, and Do Huu Nghi. Investigation of
lignin peroxidase (LiP) production from fungi grown on liquid culture
medium. Vietnam Journal of Biotechnology 19(4):771-778. Doi:
10.15625/1811-4989/15738.

Dang Thu Quynh, Nguyen Huy Hoang, Nguyen Ngoc Lan, Le Viet
Hoang, Do Huu Nghi. Cloning, Experession, and Characterization of a
Laccase from the White Rot Fungi Pleurotus pulmonarius MPN18. VNU
Journal of Science: Natural Sciences and Technology, 2023. Doi:
https://doi.org/10.25073/2588-1140/vnunst.5312.

C. Hi thao khoa hoc

o

Giap Dinh Vu, Quynh Thu Dang, and Nghi Do Huu (2021). Screening
carbohydrate esterase and oxidase enzyme from fungi isolated in Cuc
Phuong (Ninh Binh) and Muong Phang (Dien Bien). Proceedings of the
3rd national scientic conference of Vietnam museum system.

Db Hitu Nghi, Ping Thu Quynh, Enrico Biittner, Christiane Liers,
Harald Kellner, Martin Hofrichter (2023). Nghién cizu hé enzyme chuyén
hoa lignocellulose tir ndm Candolleomyces euryspous va tinh ché thu
nhdn, xdc dinh mét sé ddc tinh cua uspecific proxygenase tir nam. Hoi
nghi khoa hoc cdng nghé sinh hoc toan quéc 2023.


https://doi.org/10.25073/2588-1140/vnunst.5312

10.

11.

12.

116

TAI LIEU THAM KHAO

Hongzhang Chen, 2014, Chemical composition and structure of natural
lignocellulose, Biotechnology of lignocellulose. Springer. pp. 25-71.

Betts WB., Dart RK., Ball AS., Pedlar SL., 1991, Biosynthesis and
structure of lignocellulose, Biodegradation. Springer. pp. 139-155.

Parveen Kumar, Diane M Barrett, Michael J Delwiche,Pieter Stroeve,
2009, Methods for pretreatment of lignocellulosic biomass for efficient
hydrolysis and biofuel production, Industrial & engineering chemistry
research, 48(8), pp. 3713-3729.

Revathy Sankaran, Kalaimani Markandan, Kuan Shiong Khoo, Chin
Kui Cheng, Veeramuthu Ashokkumar, B Deepanraj,Pau Loke Show,
2021, The expansion of lignocellulose biomass conversion into
bioenergy via nanobiotechnology, Frontiers in Nanotechnology, 3, pp.
96.

Alfred D French, Noelie R Bertoniere, OA Battista, John A
Cuculo,Derek G Gray, 2000, Cellulose, Kirk-Othmer Encyclopedia of
Chemical Technology.

Thomas Heinze, 2015, Cellulose: structure and properties, Cellulose
chemistry and properties: fibers, nanocelluloses and advanced
materials, pp. 1-52.

KH Gardner ,John Blackwell, 1974, The structure of native cellulose,
Biopolymers: Original Research on Biomolecules, 13(10), pp. 1975-
2001.

Sunkyu Park, John O Baker, Michael E Himmel, Philip A Parilla,David
K Johnson, 2010, Cellulose crystallinity index: measurement
techniques and their impact on interpreting cellulase performance,
Biotechnology for biofuels, 3(1), pp. 1-10.

Anuj Chandel ,Silvio Silverio Da Silva, 2013, Sustainable degradation
of  lignocellulosic  biomass:  techniques, applications and
commercialization.

Francisco M Girio, César Fonseca, Florbela Carvalheiro, Luis Choréo
Duarte, Susana Marques,Rafal Bogel-Lukasik, 2010, Hemicelluloses
for fuel ethanol: a review, Bioresource technology, 101(13), pp. 4775-
4800.

E Kontturi, 2015, Hemicellulose: structure, characterization,
dissolution, modification, no. November.

Ling-Ping Xiao, Guo-Yong Song,Run-Cang Sun, 2017, Effect of
hydrothermal processing on hemicellulose structure, Hydrothermal
processing in biorefineries. Springer. pp. 45-94.



13.

14.

15.

16.

17.

18.

19.

20.

21,
22,

23.

24,

25.

117

Raimo Alén, 2000, Structure and chemical composition of wood,
Forest products chemistry, 3, pp. 11-57.

Maria de Lourdes Teixeira de Moraes Polizeli, ACS Rizzatti, Rubens
Monti, Héctor Francisco Terenzi, J Amrim Jorge,Dalmo de Souza
Amorim, 2005, Xylanases from fungi: properties and industrial
applications, Applied microbiology and biotechnology, 67(5), pp. 577-
591.

Jennie Berglund, Shoaib Azhar, Martin Lawoko, Mikael Lindstrom,
Francisco Vilaplana, Jakob Wonhlert,Gunnar Henriksson, 2019, The
structure of galactoglucomannan impacts the degradation under
alkaline conditions, Cellulose, 26(3), pp. 2155-2175.

John Ralph, Catherine Lapierre,Wout Boerjan, 2019, Lignin structure
and its engineering, Current opinion in biotechnology, 56, pp. 240-249.

Hyoe Hatakeyama ,Tatsuko Hatakeyama, 2009, Lignin structure,
properties, and applications, Biopolymers. Springer. pp. 1-63.

Yao Lu, Yong-Chao Lu, Hong-Qin Hu, Feng-Jin Xie, Xian-Yong
Wei,Xing Fan, 2017, Structural characterization of lignin and its
degradation products with spectroscopic methods, Journal of
Spectroscopy, 2017.

Ning Ding, Huai Liu, Yong Sun, Xing Tang, Tingzhou Lei, Feng Xu,
Xianhai Zeng,Lu Lin, 2021, Lignin degradation in cooking with active
oxygen and solid Alkali process: A mechanism study, Journal of
Cleaner Production, 278, pp. 123984.

A Hatakka, Biodegradation of lignin In: Hofrichter M, Steinbiichel A,
editors. Biopolymers 1. Lignin, humic substances and coal. 2001,
Weinheim: Wiley.

Stephen Y Lin ,Carlton W Dence, 2012, Methods in lignin chemistry.

Bernard Monties ,Kazuhiko Fukushima, 2005, Occurrence, function
and biosynthesis of lignins, Biopolymers Online: Biology Chemistry
Biotechnology Applications, 1.

Seungdo Kim ,Bruce E Dale, 2004, Global potential bioethanol
production from wasted crops and crop residues, Biomass and
bioenergy, 26(4), pp. 361-375.

Doan Thi Tuyet Le Phan Thi Pham, Le Phu Dong, 2017, Conversion of
lignocellulosic biomass: From waste to promising feedstock for
bioethanol production of second generation in Vietnam Journal of
Science of Lac Hong University pp. 159-164.

Aicha Asma Houfani, Nico Anders, Antje C Spiess, Petr Baldrian,Said
Benallaoua, 2020, Insights from enzymatic degradation of cellulose and



26.

217,

28.

29.

30.

31.

32,

33.

34.

35.

118

hemicellulose to fermentable sugars—a review, Biomass and Bioenergy,
134, pp. 105481.

Yilu Wu, Changsheng Su, Zicheng Liao, Gege Zhang, Yongjie Jiang,
Yankun Wang, Changwei Zhang, Di Cali, Peiyong Qin,Tianwei Tan,
2024, Sequential catalytic lignin valorization and bioethanol
production: an integrated biorefinery strategy, Biotechnology for
Biofuels and Bioproducts, 17(1), pp. 8.

Muhammad Jahangeer, Muti Ur Rehman, Rubina Nelofer, Muhammad
Nadeem, Bushra Munir, Wojciech Smutek, Teofil Jesionowski,Sarmad
Ahmad Qamar, 2025, Biotransformation of lignocellulosic biomass to
value-added bioproducts: insights into bio-saccharification strategies
and potential concerns, Topics in catalysis, 68(9), pp. 929-950.

Antonio D Moreno, Pablo Alvira, David Ibarra,Elia Tomas-Pejé, 2017,
Production of ethanol from lignocellulosic biomass, Production of
platform chemicals from sustainable resources, pp. 375-410.

Nikolajs Vedernikovs, Galina Khroustalyova, Indrikis
Muiznieks,Alexander Rapoport, 2023, New concept for conversion of
lignocellulose to ethanol and furfural, Applied Microbiology and
Biotechnology, pp. 1-8.

A de M Lopes, EX Ferreira Filho,LRS Moreira, 2018, An update on
enzymatic cocktails for lignocellulose breakdown, Journal of applied
microbiology, 125(3), pp. 632-645.

Marknoah Chinenye Nwamba, Guojie Song, Fubao Sun, Marie Rose
Mukasekuru, Hongyan Ren, Qing Zhang, Tishuang Cao, Huaming
Wang, Haiyan Sun,Jiong Hong, 2021, Efficiency enhancement of a
new cellulase cocktail at low enzyme loading for high solid digestion of
alkali catalyzed atmospheric glycerol organosolvent pre-treated
sugarcane bagasse, Bioresource Technology, 338, pp. 125505.

Abu Yousuf, 2012, Biodiesel from lignocellulosic biomass—prospects
and challenges, Waste Management, 32(11), pp. 2061-2067.

Amith Abraham, Anil K Mathew, Hyojung Park, Okkyoung Choi,
Raveendran Sindhu, Binod Parameswaran, Ashok Pandey, Jung Han
Park,Byoung-In Sang, 2020, Pretreatment strategies for enhanced
biogas production from lignocellulosic biomass, Bioresource
Technology, 301, pp. 122725.

Cornelius Basil Tien Loong Lee ,Ta Yeong Wu, 2021, A review on
solvent systems for furfural production from lignocellulosic biomass,
Renewable and Sustainable Energy Reviews, 137, pp. 110172.

Grzegorz lzydorczyk, Dawid Skrzypczak, Malgorzata Mironiuk,
Katarzyna Mikula, Mateusz Samoraj, Filip Gil, Rafat Taf, Konstantinos
Moustakas,Katarzyna Chojnacka, 2024, Lignocellulosic biomass



36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

119

fertilizers: Production, characterization, and agri-applications, Science
of The Total Environment, pp. 171343.

Kuan-Ting Hsin, HueyTyng Lee, Yu-Chun Huang, Guan-Jun Lin, Pei-
Yu Lin, Ying-Chung Jimmy Lin,Pao-Yang Chen, 2025, Lignocellulose
degradation in bacteria and fungi: cellulosomes and industrial
relevance, Frontiers in Microbiology, 16, pp. 1583746.

Julian Detain ,Ludovic Besaury, 2024, Degradation of lignocellulose by
different bacterial and fungal co-cultures, Current Research in
Microbial Sciences, 7, pp. 100271.

N. T. X. and B. T. Thu Sam, Production of b-glucosidase by
Aspergillus niger PBC using sugar cane bagasse, ASEAN Food 2003,
p. 8-11.

bang Tat Thanh, 2016, Phan l1ap va danh gia dic tinh ching
Aspergillus Brunneoviolaceusfec 156 sinh tong hop hé enzyme thuay

phan xylan, Vietham Journal of Science and Technology, 54(4A), pp.
267-267.

Zhichao Deng, Ao Xia, Qiang Liao, Xianging Zhu, Yun Huang,Qian
Fu, 2019, Laccase pretreatment of wheat straw: effects of the
physicochemical characteristics and the Kkinetics of enzymatic
hydrolysis, Biotechnology for biofuels, 12(1), pp. 1-12.

Roxane Raulo, Egon Heuson, Renato Froidevaux,Vincent Phalip, 2021,
Combining analytical approaches for better lignocellulosic biomass
degradation: a way of improving fungal enzymatic cocktails?,
Biotechnology Letters, 43, pp. 2283-2298.

Angel T Martinez, Francisco J Ruiz-Duenas, Maria Jests Martinez,
José C Del Rio,Ana Gutierrez, 2009, Enzymatic delignification of plant
cell wall: from nature to mill, Current Opinion in Biotechnology, 20(3),
pp. 348-357.

Grzegorz Janusz, Anna Pawlik, Urszula Swiderska-Burek, Jolanta
Polak, Justyna Sulej, Anna Jarosz-Wilkotazka,Andrzej Paszczynski,
2020, Laccase Properties, Physiological Functions, and Evolution,
International Journal of Molecular Sciences, 21(3), pp. 966.

G Mathur, R Nigam, A Jaiswal,C Kumar, 2013, Bioprocess parameter
optimization for laccase production in solid state fermentation,
International Journal of Biotechnology and Bioengineering Research,
4(2013), pp. 521-530.

Harald Claus, 2004, Laccases: structure, reactions, distribution, Micron,
35(1-2), pp. 93-96.

Khushal Brijwani, Anne Rigdon,Praveen V Vadlani, 2010, Fungal
laccases: production, function, and applications in food processing,
Enzyme Research, 2010.



47.

48.

49.

50.

51,

52,

53.

54,

55,

56.

57,

58.

120

Madhavi S Revankar ,SS Lele, 2006, Enhanced production of laccase
using a new isolate of white rot fungus WR-1, Process Biochemistry,
41(3), pp. 581-588.

Everton Skoronski, Diego Hoefling Souza, Cyntia Ely, Felipe Broilo,
Mylena Fernandes, Agenor Fdrigo Janior,Marcos Gomes Ghislandi,
2017, Immobilization of laccase from Aspergillus oryzae on graphene
nanosheets, International journal of biological macromolecules, 99, pp.
121-127.

D Slomczynski, JPk Nakas,SW1388373 Tanenbaum, 1995, Production
and characterization of laccase from Botrytis cinerea 61-34, Applied
and environmental microbiology, 61(3), pp. 907-912.

HISASHI Tamaru ,HIROKAZU Inoue, 1989, Isolation and
characterization of a laccase-derepressed mutant of Neurospora crassa,
Journal of bacteriology, 171(11), pp. 6288-6293.

Ming Tien, T Kent Kirk, Christopher Bull,James A Fee, 1986, Steady-
state and transient-state kinetic studies on the oxidation of 3, 4-
dimethoxybenzyl alcohol catalyzed by the ligninase of Phanerocheate
chrysosporium Burds, Journal of biological chemistry, 261(4), pp.
1687-1693.

Shouzhi Li, Lu He, Na Shi, Yanzhen Chen, Muhammad Saeed, Zhong
Ni,Huayou Chen, 2024, Preparing the pure lignin peroxidase and
exploring the effects of chemicals on the activity, Preparative
Biochemistry & Biotechnology, 54(5), pp. 660-667.

KE Hammel, 1997, Fungal degradation of lignin, Driven by nature:
plant litter quality and decomposition, 33, pp. 45.

K Piontek, AT Smith,W Blodig, 2001, Lignin peroxidase structure and
function, Biochemical Society Transactions, 29(2), pp. 111-116.

Anil Kumar Singh, Roberto Fernandez-Lafuente, Jens Ejbye Schmidt,
Grzegorz Boczkaj,Muhammad Bilal, 2024, Biocatalytic Functionalities
of Lignin Peroxidase-Based Systems in Lignin Depolymerization and
Pollutants Removal from Environmental Matrices, Current Pollution
Reports, pp. 1-17.

Ming Tien , T Kent Kirk, 1988, Lignin peroxidase of Phanerochaete
chrysosporium, Methods in enzymology. Elsevier. pp. 238-249.

JERZY Rogalski, T Lundell, ANDRZEJ Leonowicz,A Hatakka, 1991,
Production of laccase, lignin peroxidase and manganese-dependent
peroxidase by various strains of Trametes versicolor depending on
culture conditions.

Anne Kantelinen, Annele Hatakka,Liisa Viikari, 1989, Production of
lignin peroxidase and laccase by Phlebia radiata, Applied
Microbiology and Biotechnology, 31(3), pp. 234-2309.



59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

121

Anil Kumar Singh, Muhammad Bilal, Hafiz MN Igbal, Anne S
Meyer,Abhay Raj, 2021, Bioremediation of lignin derivatives and
phenolics in wastewater with lignin modifying enzymes: Status,
opportunities and challenges, Science of the Total Environment, 777,
pp. 145988.

Pauli Ollikka, Kirsi Alhonméki, Veli-Matti Leppanen, Tuomo Glumoff,
Timo Raijola,llari Suominen, 1993, Decolorization of azo, triphenyl
methane, heterocyclic, and polymeric dyes by lignin peroxidase
isoenzymes from Phanerochaete chrysosporium, Applied and
environmental microbiology, 59(12), pp. 4010-4016.

Muniba Faiza, Shengfeng Huang, Dongming Lan,Yonghua Wang,
2019, New insights on unspecific peroxygenases: superfamily
reclassification and evolution, BMC Evolutionary Biology, 19, pp. 1-19.

Alina Kinner, Katrin Rosenthal,Stephan Liitz, 2021, Identification and
expression of new unspecific peroxygenases—Recent advances,
challenges and opportunities, Frontiers in bioengineering and
biotechnology, 9, pp. 705630.

Huanhuan Li, Yawen Huang, Fugiang Chen, Zhigang Zeng, Frank
Hollmann, Xin Wu, Xiyang Zhang, Peigao Duan, Hao Su,Jianjun Shi,
2024, Unspecific peroxygenase enabled formation of azoxy
compounds, Nature Communications, 15(1), pp. 8312.

Riin Kont, Bastien Bissaro, Vincent GH Eijsink,Priit Véljamée, 2020,
Kinetic insights into the peroxygenase activity of cellulose-active lytic
polysaccharide monooxygenases (LPMOs), Nature Communications,
11(1), pp. 5786.

Angel T Martinez, Francisco J Ruiz-Duefias, Susana Camarero, Ana
Serrano, Dolores Linde, Henrik Lund, Jesper Vind, Morten Tovborg,
Owik M Herold-Majumdar,Martin Hofrichter, 2017, Oxidoreductases
on their way to industrial biotransformations, Biotechnology advances,
35(6), pp. 815-831.

Patricia Molina-Espeja, Eva Garcia-Ruiz, David Gonzalez-Perez, René
Ullrich, Martin Hofrichter,Miguel Alcalde, 2014, Directed evolution of
unspecific peroxygenase from Agrocybe aegerita, Applied and
environmental microbiology, 80(11), pp. 3496-3507.

Kaixiang Chen, Xingchen Liu, Liangkun Long,Shaojun Ding, 2017,
Cellobiose dehydrogenase from Volvariella volvacea and its effect on
the saccharification of cellulose, Process biochemistry, 60, pp. 52-58.

Daniel Kracher ,Roland Ludwig, 2016, Cellobiose dehydrogenase: An
essential enzyme for lignocellulose degradation in nature-A
review/Cellobiosedehydrogenase: Ein essentielles Enzym fiir den
Lignozelluloseabbau in der Natur—Eine Ubersicht, Die Bodenkultur:



69.

70.

71,

72,

73.

74,

75.

76.

77,

78.

122

Journal of Land Management, Food and Environment, 67(3), pp. 145-
163.

Marcel Zamocky, R Ludwig, C Peterbauer, BM Hallberg, Christina
Divne, P Nicholls,D Haltrich, 2006, Cellobiose dehydrogenase-a
flavocytochrome from wood-degrading, phytopathogenic  and
saprotropic fungi, Current protein and peptide science, 7(3), pp. 255-
280.

Gunnar Henriksson, Gunnar Johansson,Goéran Pettersson, 2000, A
critical review of cellobiose dehydrogenases, Journal of biotechnology,
78(2), pp. 93-113.

Tanima Saha, Debi Ghosh, Srijata Mukherjee, Shilpi Bose,Mina
Mukherjee, 2008, Cellobiose dehydrogenase production by the
mycelial culture of the mushroom Termitomyces clypeatus, Process
Biochemistry, 43(6), pp. 634-641.

Ursula Baminger, Sai S Subramaniam, V Renganathan,Dietmar
Haltrich, 2001, Purification and characterization of cellobiose
dehydrogenase from the plant pathogen Sclerotium (Athelia) rolfsii,
Applied and environmental microbiology, 67(4), pp. 1766-1774.

Naoto Habu, Kiyohiko Igarashi, Masahiro Samejima, Bert
Pettersson,Karl-Erik L Eriksson, 1997, Enhanced production of
cellobiose dehydrogenase in cultures of Phanerochaete chrysosporium
supplemented with bovine calf serum, Biotechnology and applied
biochemistry, 26(2), pp. 97-102.

Stefan Scheiblbrandner, Florian Csarman,Roland Ludwig, 2022,
Cellobiose dehydrogenase in biofuel cells, Current opinion in
biotechnology, 73, pp. 205-212.

Ellie Ashcroft ,Jose Munoz-Munoz, 2024, A review of the principles
and biotechnological applications of glycoside hydrolases from extreme
environments, International Journal of Biological Macromolecules,
259, pp. 129227.

Priit VVéljamae, Géran Pettersson,Gunnar Johansson, 2001, Mechanism
of substrate inhibition in cellulose synergistic degradation, European
Journal of Biochemistry, 268(16), pp. 4520-4526.

Madhavi Latha Gandla, Carlos Martin,Leif J Jonsson, 2018, Analytical
enzymatic saccharification of lignocellulosic biomass for conversion to
biofuels and bio-based chemicals, Energies, 11(11), pp. 2936.

Martina Andlar, Ton¢i Rezi¢, Nenad Mardetko, Daniel Kracher,
Roland Ludwig,Bozidar Santek, 2018, Lignocellulose degradation: An
overview of fungi and fungal enzymes involved in lignocellulose
degradation, Engineering in Life Sciences, 18(11), pp. 768-778.



79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

123

Parmeshwar Vitthal Gavande ,Arun Goyal, 2023, Endo-B-1, 4-
glucanase, Glycoside Hydrolases. Elsevier. pp. 55-76.

James R Ketudat Cairns ,Asim Esen, 2010, B-Glucosidases, Cellular
and Molecular Life Sciences, 67(20), pp. 3389-3405.

JG Shewale, 1982, B-Glucosidase: its role in cellulase synthesis and
hydrolysis of cellulose, International Journal of Biochemistry, 14(6),
pp. 435-443.

David B Wilson, 2009, Cellulases and biofuels, Current opinion in
biotechnology, 20(3), pp. 295-299.

Xin-Liang Li, Christopher D Skory, Michael A Cotta, Vladimir
Puchart,Peter Biely, 2008, Novel family of carbohydrate esterases,
based on identification of the Hypocrea jecorina acetyl esterase gene,
Applied and environmental microbiology, 74(24), pp. 7482-7489.

Giap Vu Dinh, Duy Vu Dinh,Thang Bui Van, 2022, Bioconversion of
lignocellulosic materials with the contribution of a feruloyl esterase
hydrolase from alternaria tenuissima to release carbohydrates.

Dominic WS Wong, 2006, Feruloyl esterase, Applied biochemistry and
biotechnology, 133(2), pp. 87-112.

Jinguang Hu, Valdeir Arantes,Jack N. Saddler, 2011, The enhancement
of enzymatic hydrolysis of lignocellulosic substrates by the addition of
accessory enzymes such as xylanase: is it an additive or synergistic
effect?, Biotechnology for Biofuels, 4(1), pp. 36.

Peter Biely, 2012, Microbial carbohydrate esterases deacetylating plant
polysaccharides, Biotechnology advances, 30(6), pp. 1575-1588.

Aglaia Popa, Florentina Israel-Roming, Calina Petruta Cornea,Maria
Mihaela Zugravu, 2020, A short review on acetyl xylan esterases.

Divakar Dahiya ,Poonam Singh Nigam, 2022, Sustainable biosynthesis
of esterase enzymes of desired characteristics of catalysis for
pharmaceutical and food industry employing specific strains of
microorganisms, Sustainability, 14(14), pp. 8673.

Maija Sundberg, Kaisa Poutanen, Pertti Markkanen,Matti Linko, 1990,
An extracellular esterase of Aspergillus awamori, Biotechnology and
applied biochemistry.

Paul Christakopoulos, D Mamma, D Kekos,BJ Macris, 1999, Enhanced
acetyl esterase production by Fusarium oxysporum, World Journal of
Microbiology and Biotechnology, 15(4), pp. 443-446.

Craig B Faulds ,Gary Williamson, 1994, Purification and
characterization of a ferulic acid esterase (FAE-III) from Aspergillus
niger: specificity for the phenolic moiety and binding to
microcrystalline cellulose, Microbiology, 140(4), pp. 779-787.



93.

94,

95.

96.

97.

98.

99.

100.

101.

102.

124

Jiabao Li, Shichun Cai, Yuanming Luo,Xiuzhu Dong, 2011, Three
Feruloyl Esterases in Cellulosilyticum ruminicola H1 Act
Synergistically To Hydrolyze Esterified Polysaccharides, Applied and
Environmental Microbiology, 77(17), pp. 6141-6147.

Sindhu Mathew ,T Emilia Abraham, 2004, Ferulic acid: an antioxidant
found naturally in plant cell walls and feruloyl esterases involved in its
release and their applications, Critical reviews in biotechnology, 24(2-
3), pp. 59-83.

V Fi Crepin, C B# Faulds,IF Connerton, 2004, Functional
classification of the microbial feruloyl esterases, Applied microbiology
and biotechnology, 63(6), pp. 647-652.

H Mori, K Kawabata, N Yoshimi, T Tanaka, T Murakami, T Okada,H
Murai, 1999, Chemopreventive effects of ferulic acid on oral and rice
germ on large bowel carcinogenesis, Anticancer research, 19(5A), pp.
3775-3778.

E Fazary Ahmed ,Ju Yi-Hsu, 2008, The large-scale use of feruloyl
esterases in industry, Biotechnology and Molecular Biology Reviews,
3(5), pp. 95-110.

Adiphol Dilokpimol, Miia R Mékeld, Maria Victoria Aguilar-Pontes,
Isabelle Benoit-Gelber, Kristiina S Hildén,Ronald P de Vries, 2016,
Diversity of fungal feruloyl esterases: updated phylogenetic
classification, properties, and industrial applications, Biotechnology for
biofuels, 9(1), pp. 1-18.

Yan-Ling Liang, Zheng Zhang, Min Wu, Yuan Wu,Jia-Xun Feng,
2014, Isolation, screening, and identification of cellulolytic bacteria
from natural reserves in the subtropical region of China and
optimization of cellulase production by Paenibacillus terrae ME27-1,
BioMed research international, 2014.

Saritha Mohanram, Dolamani Amat, Jairam Choudhary, Anju
Arora,Lata Nain, 2013, Novel perspectives for evolving enzyme
cocktails for lignocellulose hydrolysis in biorefineries, Sustainable
Chemical Processes, 1(1), pp. 1-12.

Michael E Himmel, Shi-You Ding, David K Johnson, William S
Adney, Mark R Nimlos, John W Brady,Thomas D Foust, 2007,
Biomass recalcitrance: engineering plants and enzymes for biofuels
production, science, 315(5813), pp. 804-807.

Mukund Adsul, Simranjeet Kaur Sandhu, Reeta Rani Singhania, Ravi
Gupta, Suresh K Puri,Anshu Mathur, 2020, Designing a cellulolytic
enzyme cocktail for the efficient and economical conversion of
lignocellulosic biomass to biofuels, Enzyme and microbial technology,
133, pp. 109442.



103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

125

Yi-Heng Percival Zhang ,Lee R Lynd, 2004, Toward an aggregated
understanding of enzymatic hydrolysis of cellulose: noncomplexed
cellulase systems, Biotechnology and bioengineering, 88(7), pp. 797-
824,

Petr Baldrian, 2006, Fungal laccases—occurrence and properties, FEMS
microbiology reviews, 30(2), pp. 215-242.

R Jason Quinlan, Matt D Sweeney, Leila Lo Leggio, Harm Otten, Jens-
Christian N Poulsen, Katja Salomon Johansen, Kristian BRM Krogh,
Christian Isak Jgrgensen, Morten Tovborg,Annika Anthonsen, 2011,
Insights into the oxidative degradation of cellulose by a copper
metalloenzyme that exploits biomass components, Proceedings of the
National Academy of Sciences, 108(37), pp. 15079-15084.

Katja S Johansen, 2016, Discovery and industrial applications of lytic
polysaccharide mono-oxygenases, Biochemical Society Transactions,
44(1), pp. 143-149.

Svein Jarle Horn, Gustav Vaaje-Kolstad, Bjgrge Westereng,VincentGH
Eijsink, 2012, Novel enzymes for the degradation of cellulose,
Biotechnology for biofuels, 5(1), pp. 45.

Veera Gnaneswar Gude, Nagamany Nirmalakhandan,Shuguang Deng,
2010, Renewable and sustainable approaches for desalination,
Renewable and sustainable energy reviews, 14(9), pp. 2641-2654.

Rajeev Kumar ,Charles E Wyman, 2009, Effects of cellulase and
xylanase enzymes on the deconstruction of solids from pretreatment of
poplar by leading technologies, Biotechnology progress, 25(2), pp.
302-314.

Vanessa J Melino, Mark A Tester,Mamoru Okamoto, 2022, Strategies
for engineering improved nitrogen use efficiency in crop plants via
redistribution and recycling of organic nitrogen, Current Opinion in
Biotechnology, 73, pp. 263-269.

Herman Suryadi, Jessica J Judono, Merianda R Putri, Alma D Eclessia,
Jilhan M Ulhag, Dinar N Agustina,Triyani Sumiati, 2022,
Biodelignification of lignocellulose using ligninolytic enzymes from
white-rot fungi, Heliyon, pp. e08865.

Wagner Rodrigo De Souza, 2013, Microbial Degradation of
Lignocellulosic Biomass. InTech.

Thammaiah Vandana, Samanta Ashish Kumar, Senani Swaraj,Sridhar
Manpal, 2019, Purification, characterization, and biodelignification
potential of lignin peroxidase from immobilized Phanerochaete
chrysosporium, BioResources, 14(3), pp. 5380-5399.

A Ravichandran, RG Rao, MS Gopinath,M Sridhar, 2019, Purification
and characterization of versatile peroxidase from Lentinus squarrosulus



115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

126

and its application in biodegradation of lignocellulosics, J Appl
Biotechnol Bioeng, 6(6), pp. 280-286.

Adarsh Kumar ,Ram Chandra, 2020, Ligninolytic enzymes and its
mechanisms for degradation of lignocellulosic waste in environment,
Heliyon, 6(2), pp. e03170.

Tatsuki Sugiura, Kenji Yamagishi, Toshiyuki Kimura, Tomoaki
Nishida, Hirokazu Kawagishi,Hirofumi Hirai, 2009, Cloning and
homologous expression of novel lignin peroxidase genes in the white-
rot fungus Phanerochaete sordida YK-624, Bioscience, biotechnology,
and biochemistry, 73(8), pp. 1793-1798.

Xiao-Jun Li, Ren-Chao Zheng, Zhe-Ming Wu, Xu Ding,Yu-Guo
Zheng, 2014, Thermophilic esterase from Thermomyces lanuginosus:
molecular  cloning, functional expression and biochemical
characterization, Protein expression and purification, 101, pp. 1-7.
Tran Lién Ha ,Nguyén Thi Ngoc Nga, 2013, Tach dong va biéu hién
gene ma hoa enzyme xylanase tir nam méc Aspergillus niger C1 vao E.
coli BL21, Vietnam Journal of Science and Technology, 51(1), pp. 73-
73.

Miia R Mékeld, Adiphol Dilokpimol, Salla M Koskela, Jaana Kuusker,
Ronald P de Vries,Kristiina Hilden, 2018, Characterization of a
feruloyl esterase from Aspergillus terreus facilitates the division of
fungal enzymes from Carbohydrate Esterase family 1 of the
carbohydrate-active ~ enzymes (CAZy) database,  Microbial
biotechnology, 11(5), pp. 869-880.

Oyindamola Olajumoke Abiodun, Adenike Martha Alege, Precious
Ulomma Ezurike, Abraham Nkumah, Oluwatosin Adelowo,Tolulope
Aderinola Oke, 2022, Lentinus squarrosulus Mont. Mushroom:
molecular identification, in vitro anti-diabetic, anti-obesity, and
cytotoxicity assessment, Turkish Journal of Pharmaceutical Sciences,
19(6), pp. 642.

Jean-Marie Polése, 2000, Le mini-guide des champignons. HF Ullmann
Editions, 560.

Mei Huang ,Tolgor Bau, 2018, New findings of Coprinellus species
(Psathyrellaceae, Agaricales) in China.

DE Desjardin ,BA Perry, 2016, Dark-spored species of agaricineae
from Republic of Sdo Tomé and Principe, West Africa, Mycosphere,
7(3), pp. 359-391.

Jegadeesh Raman, Kab-Yeul Jang, Youn-Lee Oh, Minji Oh, Ji-Hoon
Im, Hariprasath Lakshmanan,Vikineswary Sabaratnam, 2021,
Cultivation and nutritional value of prominent Pleurotus spp.: an
overview, Mycobiology, 49(1), pp. 1-14.



125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

127

Hao Jiang, Lei Gao, Xin Hu, Junsheng Fu,Junli Zhang, 2025,
Identification and Nutrient Composition of a Wild Pleurotus
pulmonarius Strain from Tibet, and the Antioxidant and Cytotoxic
Activities of Polysaccharides from This Fungus, Foods, 14(7), pp.
1198.

Muhammad Hagnawaz, Muhammad Usman, Nadia Fatima, Abdul
Rehman Niazi,Abdul Nasir Khalid, 2024, Three new species of the
genus Candolleomyces (Psathyrellaceae) from Pakistan, Plant
Systematics and Evolution, 310(6), pp. 42.

Mainak Mukhopadhyay ,Rintu Banerjee, 2015, Purification and
biochemical characterization of a newly produced yellow laccase from
Lentinus squarrosulus MR13, 3 Biotech, 5(3), pp. 227-236.

Nadezhda V Psurtseva, Anna A Kiyashko, Svetlana V Senik,Thi Ha
Giang Pham, 2025, Ex Situ Conservation, DNA Barcoding and
Enzymatic Potential Evaluation of Macrofungi (Basidiomycota,
Ascomycota) from Vietnam, Journal of Fungi, 11(1), pp. 34.

Trinh Tam Kiet, 2012, Macrofungi of Vietnam, Natural Science and
Technology Publishing House, Hanoi (in Vietnamese).

Virginia K Duwe, Lien Van Vu, Thomas von Rintelen, Eckhard von
Raab-Straube, Stefan Schmidt, Sinh Van Nguyen, Thong Dinh Vu, Tu
Van Do, Truong Hong Luu,Vuong Ba Truong, 2022, Contributions to
the biodiversity of Vietnam—Results of VIETBIO inventory work and
field training in Cuc Phuong National Park, Biodiversity Data Journal,
10.

Db Puc Qué, Duong Minh Lam,Vuong Trong Hao, Ghi nhan méi chi
nim ti Biscogniauxia thuéc ho Xylariaceae & Viét Nam.

Duong Minh Lam ,Truong Thi Chien, 2013, Characteristics of laccase
producing Trametes maxima CPB30 and its application in
decolorization of dye polluted water, Academia Journal of Biology,
35(4), pp. 477-483.

Doan Thi Phuong Linh, Bui Thi Thu Hien, Do Due Que, Duong Minh
Lam, Norbert Arnold, Jirgen Schmidt, Andrea Porzel,Dang Ngoc
Quang, 2014, Cytotoxic constituents from the Vietnamese fungus
Xylaria schweinitzii, Natural product communications, 9(5), pp.
1934578X1400900518.

Duong Minh Lam ,Vu Thi Thanh Tam, 2009, Three new records of
Xylariaceous fungi in Muong Phang, Dien Bien, Journal of Science of
HNUE, 54(1), pp. 105-111.

Nghi H Do, Hieu H Pham, Tan M Le, Jeroen Lauwaert, Ludo Diels, An
Verberckmoes, Nga HN Do, Viet T Tran,Phung K Le, 2020, The novel



136.

137.

138.

139.

140.

141.

142.

143.

144,

145.

146.

128

method to reduce the silica content in lignin recovered from black
liquor originating from rice straw, Scientific reports, 10(1), pp. 1-11.

ELIZABETH N Bannerman ,J Nicolet, 1976, Isolation and
characterization of an enzyme with esterase activity from
Micropolyspora faeni, Applied and Environmental Microbiology,
32(1), pp. 138-144.

Peter Roberts ,Shelley Evans, 2014, The book of fungi: a life-size guide
to six hundred species from around the world.

Thomas J White, Thomas Bruns, SIWT Lee,John Taylor, 1990,
Amplification and direct sequencing of fungal ribosomal RNA genes
for phylogenetics, PCR protocols: a guide to methods and applications,
18(1), pp. 315-322.

Koichiro Tamura, Glen Stecher, Daniel Peterson, Alan Filipski,Sudhir
Kumar, 2013, MEGAG6: molecular evolutionary genetics analysis
version 6.0, Molecular biology and evolution, 30(12), pp. 2725-2729.

Claude Dupont, Nicole Daigneault, Francois Shareck, Rolf
Morosoli,Dieter Kluepfel, 1996, Purification and characterization of an
acetyl xylan esterase produced by Streptomyces lividans, Biochemical
journal, 319(3), pp. 881-886.

Ursula Baminger, Bernd Nidetzky, Klaus D Kulbe,Dietmar Haltrich,
1999, A simple assay for measuring cellobiose dehydrogenase activity
in the presence of laccase, Journal of microbiological methods, 35(3),
pp. 253-259.

Wolfgang Harreither, Christoph Sygmund, Evelyn Diinhofen, Rafael
Vicuna, Dietmar Haltrich,Roland Ludwig, 2009, Cellobiose
dehydrogenase from the ligninolytic basidiomycete Ceriporiopsis
subvermispora, Applied and Environmental Microbiology, 75(9), pp.
2750-2757.

Sunil S More, Renuka PS, S Malini,Veena SM, 2011, Isolation,
purification, and characterization of fungal laccase from Pleurotus sp,
Enzyme Research, 2011.

Dennis C Yee ,Thomas K Wood, 1997, 2, 4-Dichlorophenol
degradation using Streptomyces viridosporus T7A lignin peroxidase,
Biotechnology progress, 13(1), pp. 53-59.

Marion M Bradford, 1976, A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing the principle of
protein-dye binding, Analytical biochemistry, 72(1-2), pp. 248-254.

Klaus Weber ,Mary Osborn, 1969, The reliability of molecular weight
determinations by dodecyl sulfate-polyacrylamide gel electrophoresis,
Journal of Biological Chemistry, 244(16), pp. 4406-4412.



147.

148.

149.

150.

151.

129

Jakub M Tomczak ,Ewelina Weglarz-Tomczak, 2019, Estimating
kinetic constants in the Michaelis—Menten model from one enzymatic
assay using Approximate Bayesian Computation, FEBS letters,
593(19), pp. 2742-2750.

Tharaka Ruwan Bandara ,Gregory John Griffin, 2022, Transport of
sugars contained in an ionic liquid medium via a supported liquid
membrane, Journal of lonic Liquids, 2(1), pp. 100026.

Jack PC Kleijnen, 2014, Response surface methodology, Handbook of
simulation optimization. Springer. pp. 81-104.

Meega Reji ,Rupak Kumar, 2022, Response surface methodology
(RSM): An overview to analyze multivariate data, Indian J. Microbiol.
Res, 9, pp. 241-248.

Vu Dinh Giap, Nghién cuzu phoi hop esterase va h¢ enzyme thiy phan
ter nam trong chuyén héa phu pham céng-néng

nghiép dé thu nhdn bioethanol, Hoc vién
Khoa hoc va Céng nghé. 2018.

152.

153.

154.

155.

156.

157.

Loreto Egafia, Rodrigo Gutiérrez, Valentina Caputo, Alessandra
Peirano, Jeannette Steiner,Jaime Eyzaguirre, 1996, Purification and
characterization of two acetyl xylan esterases from Penicillium
purpurogenum, Biotechnology and applied biochemistry, 24(1), pp. 33-
99.

Vinita Yadav ,Sadhana Nighojkar, 2023, Cellobiose Dehydrogenase
from  Schizophyllum commune Bcc26414: Purification And
Characterization, Biosciences Biotechnology Research Asia, 20(3).

Aisha Umar ,Shakil Ahmed, 2022, Optimization, purification and
characterization of laccase from Ganoderma leucocontextum along
with its phylogenetic relationship, Scientific Reports, 12(1), pp. 2416.

Yue Sun, Zi-Lu Liu, Bo-Yang Hu, Qing-Jun Chen, Ai-Zhen Yang, Qiu-
Ying Wang, Xiao-Feng Li, Jia-Yan Zhang, Guo-Qing Zhang,Yong-
Chang Zhao, 2021, Purification and characterization of a thermo-and
pH-stable laccase from the litter-decomposing fungus Gymnopus
luxurians and laccase mediator systems for dye decolorization,
Frontiers in Microbiology, 12, pp. 672620.

Meera Yadav, Pratibha Yadav,Kapil Deo Singh Yadav, 2009,
Purification and characterization of lignin peroxidase from Loweporus
lividus MTCC-1178, Engineering in Life Sciences, 9(2), pp. 124-129.

Mutsumi Sugiura, Hirofumi Hirai,Tomoaki Nishida, 2003, Purification
and characterization of a novel lignin peroxidase from white-rot fungus
Phanerochaete sordida YK-624, FEMS microbiology letters, 224(2),
pp. 285-290.



158.

159.

160.

161.

162.

163.

164.

165.

166.

130

Giuliano Degrassi, Milan Kojic, Goran Ljubijankic,Vittorio Venturi,
2000, The acetyl xylan esterase of Bacillus pumilus belongs to a family
of esterases with broad substrate specificity, Microbiology, 146(7), pp.
1585-1591.

Yueqi Zhang, Hong Yang, Xinrui Yu, Haiyang Kong, Jiaming Chen,
Huiying Luo, Yingguo Bai,Bin Yao, 2019, Synergistic effect of acetyl
xylan esterase from Talaromyces leycettanus JCM12802 and xylanase
from  Neocallimastix  patriciarum achieved by introducing
carbohydrate-binding module-1, AMB Express, 9(1), pp. 1-12.

Moon-Jeong Han, Hyoung-Tae Choi,Hong-Gyu Song, 2005,
Purification and characterization of laccase from the white rot fungus
Trametes versicolor, The Journal of Microbiology, 43(6), pp. 555-560.

Catherine Madzak, MC Mimmi, E Caminade, A Brault, S Baumberger,
P Briozzo, C Mougin,C Jolivalt, 2006, Shifting the optimal pH of
activity for a laccase from the fungus Trametes versicolor by structure-
based mutagenesis, Protein Engineering Design and Selection, 19(2),
pp. 77-84.

Maria Chiara Colao, Stefania Lupino, Anna Maria Garzillo, Vincenzo
Buonocore,Maurizio Ruzzi, 2006, Heterologous expression of lccl
gene from Trametes trogii in Pichia pastoris and characterization of the
recombinant enzyme, Microbial Cell Factories, 5(1), pp. 1-11.

Vu Dinh Giap, Hoang Thanh Duc, Pham Thi Mai Huong, DT Hanh,
DH Nghi, Vu Dinh Duy,Dang Thu Quynh, 2022, Purification and
characterization of lignin peroxidase from white-rot fungi Pleurotus
pulmonarius CPG6 and its application in decolorization of synthetic
textile dyes, The Journal of General and Applied Microbiology.

Rossana Liguori, Elena lonata, Loredana Marcolongo, Luciana Porto
de Souza Vandenberghe, Francesco La Cara,Vincenza Faraco, 2015,
Optimization of Arundo donax Saccharification by (Hemi) cellulolytic
Enzymes from Pleurotus ostreatus, BioMed Research International,
2015.

Badal C Saha, Loren B Iten, Michael A Cotta,Y Victor Wu, 2005,
Dilute acid pretreatment, enzymatic saccharification and fermentation
of wheat straw to ethanol, Process biochemistry, 40(12), pp. 3693-
3700.

Jinjing Zhang, Xinyi Zhuo, Qian Wang, Hao Ji, Hui Chen,Haibo Hao,
2023, Effects of different nitrogen levels on lignocellulolytic enzyme
production and gene expression under straw-state cultivation in
Stropharia rugosoannulata, International Journal of Molecular
Sciences, 24(12), pp. 10089.



167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

131

Laura Levin, Eliana Melignani,Araceli Marcela Ramos, 2010, Effect of
nitrogen sources and vitamins on ligninolytic enzyme production by
some white-rot fungi. Dye decolorization by selected culture filtrates,
Bioresource technology, 101(12), pp. 4554-4563.

Eva Kachlishvili, Michel J Penninckx, Nino Tsiklauri,Vladimir
Elisashvili, 2006, Effect of nitrogen source on lignocellulolytic enzyme
production by white-rot basidiomycetes under solid-state cultivation,
World Journal of Microbiology and Biotechnology, 22, pp. 391-397.

Vladimir Elisashvili, Eva Kachlishvili,Michel Penninckx, 2008, Effect
of growth substrate, method of fermentation, and nitrogen source on
lignocellulose-degrading  enzymes  production by  white-rot
basidiomycetes, Journal of Industrial Microbiology and Biotechnology,
35(11), pp. 1531-1538.

Petr Baldrian, 2004, Increase of laccase activity during interspecific
interactions of white-rot fungi, FEMS microbiology ecology, 50(3), pp.
245-253.

James Linden, Meropi Samara, Stephen Decker, Ellen Johnson,
Michele Boyer, Mlklos Pecs, William Adney,Michael Himmel, 1994,
Purification and characterization of an acetyl esterase from Aspergillus
niger, Applied biochemistry and biotechnology, 45, pp. 383-393.

Kamal K Bhardwaj, Adarsh Dogra, Smita Kapoor, Akshita
Mehta,Reena Gupta, 2020, Purification and Properties of an Esterase
from Bacillus licheniformis and it’s Application in Synthesis of Octyl
Acetate, The Open Microbiology Journal, 14(1), pp. 113-121.

Pervin Basaran ,YD Hang, 2000, Purification and characterization of
acetyl esterase from Candida guilliermondii, Letters in applied
microbiology, 30(2), pp. 167-171.

Aiswarya Rajan ,Vijayalakshmi Shankar, 2023, Purification and
Characterization of Esterase enzyme from Aspergillus versicolor, Iran.
J. Chem. Chem. Eng. Research Article Vol, 42(5).

Justyna Sulej, Grzegorz Janusz, Monika Osinska-Jaroszuk, Patrycja
Rachubik, Andrzej Mazur, Iwona Komaniecka, Adam Choma,Jerzy
Rogalski, 2015, Characterization of cellobiose dehydrogenase from a
biotechnologically important Cerrena unicolor strain, Applied
biochemistry and biotechnology, 176, pp. 1638-1658.

Narayanan P Muthukumarasamy, Beenie Jackson, Antony Joseph
Raj,Murugan Sevanan, 2015, Production of extracellular laccase from
Bacillus subtilis MTCC 2414 using agroresidues as a potential
substrate, Biochemistry research international, 2015(1), pp. 765190.

Alshaimaa M Elsayed, Mohamed Mahmoud, Ghada SA Abdel Karim,
Mohamed Abdelraof,Abdelmageed M Othman, 2023, Purification and



178.

179.

180.

181.

182.

183.

184.

185.

186.

132

biochemical characterization of two laccase isoenzymes isolated from
Trichoderma harzianum S7113 and its application for bisphenol A
degradation, Microbial Cell Factories, 22(1), pp. 1-12.

Kana Puspita, Williams Chiari, Syahrun N Abdulmadjid, Rinaldi
Idroes,Muhammad Ighrammullah, 2022, Four Decades of Laccase
Research for Wastewater Treatment: Insights from Bibliometric
Analysis, International Journal of Environmental Research and Public
Health, 20(1), pp. 308.

Josée-Anne Majeau, Satinder K Brar,Rajeshwar Dayal Tyagi, 2010,
Laccases for removal of recalcitrant and emerging pollutants,
Bioresource technology, 101(7), pp. 2331-2350.

M Yadav, SK Singh,KDS Yadav, 2009, Purification and
Characterization of Lignin Peroxidase from Pleurotus sajor caju
MTCC-141, Journal of wood chemistry and technology, 29(1), pp. 59-
73.

JinShui Yang, HongLi Yuan, HeXiang Wang,WenXin Chen, 2005,
Purification and characterization of lignin peroxidases from Penicillium
decumbens P6, World Journal of microbiology and Biotechnology, 21,
pp. 435-440.

Ayodeji O Falade, Uchechukwu U Nwodo, Benson C Iweriebor,
Ezekiel Green, Leonard V Mabinya,Anthony | Okoh, 2017, Lignin
peroxidase functionalities and prospective applications,
MicrobiologyOpen, 6(1), pp. e00394.

Xin Fu, Kexin Lin, Xiaodong Zhang, Zhiyong Guo, Lixin Kang,Aitao
Li, 2024, lIdentification, heterologous expression and characterization
of a new unspecific peroxygenase from Marasmius fiardii PR-910,
Bioresources and Bioprocessing, 11(1), pp. 33.

Esteban D Babot, Jose C del Rio, Lisbeth Kalum, Angel T
Martinez,Ana Gutiérrez, 2013, Oxyfunctionalization of aliphatic
compounds by a recombinant peroxygenase from Coprinopsis cinerea,
Biotechnology and Bioengineering, 110(9), pp. 2323-2332.

Jan Kiebist, Kai-Uwe Schmidtke, Jorg Zimmermann, Harald Kellner,
Nico Jehmlich, René Ullrich, Daniel Zander, Martin Hofrichter,Katrin
Scheibner, 2017, A peroxygenase from Chaetomium globosum
catalyzes the selective oxygenation of testosterone, ChemBioChem,
18(6), pp. 563-5609.

Heidi @stby, Line Degn Hansen, Svein J Horn, Vincent GH
Eijsink,Anikd Varnai, 2020, Enzymatic processing of lignocellulosic
biomass: principles, recent advances and perspectives, Journal of
Industrial Microbiology & Biotechnology: Official Journal of the



187.

188.

189.

190.

191.

192.

133

Society for Industrial Microbiology and Biotechnology, 47(9-10), pp.
623-657.

Eugene Marfo Obeng ,Clarence M Ongkudon, 2021, Development of
Lignocellulase Enzyme Cocktail—A Logical Use of Statistical
Experimental Design Techniques.

Maria Papagianni, 2004, Fungal morphology and metabolite production
in submerged mycelial processes, Biotechnology advances, 22(3), pp.
189-259.

Jin Zhou, Yong-Hong Wang, Ju Chu, Ling-Zhi Luo, Ying-Ping
Zhuang,Si-Liang Zhang, 2009, Optimization of cellulase mixture for
efficient hydrolysis of steam-exploded corn stover by statistically
designed experiments, Bioresource Technology, 100(2), pp. 819-825.

Maria de Lourdes TM Polizeli, Alexandre Favarin Somera, Rosymar
Coutinho de Lucas, Monica Stropa Ferreira Nozawa,Michele Michelin,
2017, Enzymes involved in the biodegradation of sugarcane biomass:
challenges and perspectives, Advances of basic science for second
generation bioethanol from sugarcane, pp. 55-79.

Gustavo Pagotto Borin, Camila Cristina Sanchez, Amanda Pereira de
Souza, Eliane Silva de Santana, Aline Tieppo de Souza, Adriana
Franco Paes Leme, Fabio Marcio Squina, Marcos Buckeridge, Gustavo
Henrigue Goldman,Juliana Velasco de Castro Oliveira, 2015,
Comparative secretome analysis of Trichoderma reesei and Aspergillus
niger during growth on sugarcane biomass, PLoS One, 10(6), pp.
e0129275.

Leif J Jonsson ,Carlos Martin, 2016, Pretreatment of lignocellulose:
formation of inhibitory by-products and strategies for minimizing their
effects, Bioresource technology, 199, pp. 103-112.



PHU LUC

PL 1. DPic diém hinh thai cua cac chung nam phan Iap duoc.

T en Dic diém hinh thai
ching )

1 CP1 B§: Agaricales
Ho: Strophariaceae
Chi: Deconica
Loai: D. coprophila
Qua thé dai tx 2-5cm,
mau nau do. Mil nam 16i
¢ gitra c6 duong Kinh tur
0,5-2cm, mau nau do
hoic nau vang, tron nhan.
Cudng dai tr 0,5-2cm.
Thuong bat gap trén céac
loai gd muc.

2 CP2 Bo: Agaricales
Ho: Mycenaceae
Chi: Mycena
Loai: M. anipularis
Qua thé c6 mau xam hoic
nau. Co kha nang phat
quang sinh hoc va anh
sang tao ra goi la céo lua.

3 CP3 Bo: Agaricales

Ho: Mycenaceae
Chi: Umbelopsis
Loai: U. isabellina

Thé qua nho. Tan nam

Hinh anh

Dia diém lay
mau

Cuc Phuong,
Ninh Binh:

20°293500°B,
105°667528’D

Cuc Phuong,
Ninh Binh:

20°293500°B,
105°667528’D

Cuc Phuong,
Ninh Binh:

20°293500°B,
105°667528’D



https://vi.wikipedia.org/wiki/Agaricales

0.5-3cm, day 3-5mm,
hinh ban nguyét hoac vo
hén, mau tring nau, bé
mit cé van bic xa, nhan,
mép cO giali rong mau
tring vo trang. M6 nam
mau tring. Moc thanh
dam trén gd muc cay la
kim hodc la rong.

CP4 Bo: Agaricales
Ho: Psathyrellaceae
Chi: Psathyrella
Loai: P. pygmaea
Thé qua nho khoang 0.5-2
cm, dinh tron, mau den,
bé mat nhan; cudng
thuong twong d6i ngan
hoic gan nhu khong co.
Moc trén than va nhanh
cay g6 muc, gay muc
mém.

CP5 Bo: Agaricales

Ho: Xylariaceae

Chi: Xylaria

Loai: X. allantoidea

Thé qua hinh dang gidng
gady bong chay cao
khoang 2-8 cm, dinh tron.
mau den, bé mat co vét
nat va vay; cudng thuong

tuong d6i dai, nhung ciing

Cuc Phuong,
Ninh Binh:

20°293500°B,
105°667528’D

Cuc Phuong,
Ninh Binh:

20°293500°B,
105°667528’D
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C

c6 thé ngan hoic gan nhu
khong cd. Moc trén than
va nhanh cay gé muc, gay
muc mém.

CP7

B§: Helotiales

Ho: Helotiaceae

Chi: Bisporella

Loai: Bisporella sp.

Qua thé hinh cau hoic
hinh giot, c6 mau vang
nhat va nhin. Qua thé
nho, thuong duong kinh
<3mm va cao <lmm va
cd hinh dia. Mat trong
nhan, vang nhat, trong khi
phia mat ngoai mau vang
xanh. Cudng rong, mau
vang xanh va rat ngan.
Qua thé c6 mau nau vang.

Cuc Phuong,
Ninh Binh:

20°293500°B,
105°667528’D

CP8

B§: Sordariomycetes
Ho:Trichosphaeriaceae
Chi: Nigrospora

Loai: N. oryzae

Thé qua moc thanh cum.
Chat 16ng mau nau.
buong kinh 12-16¢cm.

Moc trén than va nhanh
cay g6 muc.

Cuac Phuong,
Ninh Binh:

20°293500°B,
105°667528’D




8 CP9 Bo: Agaricales Cuc Phuong,
He: Physalacriaceae Ninh Binh:
Chi: Flammulina 20°293500°B,
Loai: Flammulina sp. 1057667528°D
Thé qua nho, tan nam
rong 2-3 x 2-5cm, day 1-
2,5cm; mau vang nhat; bé
mat khdng cd van vong,
mép sic ubn cong. Khéng
c6 cuong hoic cudng
ngan. Moc trén gd muc
cay larong va la kim.

9 CP11 Bé: Auriculariales Cuc Phuong,
He: Auriculariaceae Ninh Binh:
Chi: Auricularia 20°293500°B,
Loai: Auricularia sp. 1057667528°D
Thé qua moc thanh cum,
dang tai hoic l4. Chat
I6ng mau nau hoac nau
xam hoi tim. Duong kinh
8-10cm.

10 CP12 B§: Polyporales Cuc Phuong,

Ninh Binh:

Ho: Ganodermataceae
Chi: Ganoderma

Loai: Ganoderma sp.
Thé qua moc thanh cum,
mau nau xam, bo vién
hinh ban nguyét mau nau
nhat. Buong kinh 6-12
cm.

20°293500°B,
105°667528’D




11 CP13 Bo: Xylariales Cuc Phuong,
He: Xylariaceae Ninh Binh:
Chi: Nemania 20°293500°B,
Loai: N. bipapillata 1057667528°D
Qua thé mau nau sam,
dang 6. Phian mii nim
tron det, c6 duong kinh
0,5-2,0cm. B& mat c6 mau
nau sam.

12 CP14 Bo: Xylariales Cuc Phuong,
Ho: Xylariaceae Ninh Binh:
Chi: Nemania 20°293500°B,
Loai: N. bipapillata 105°667528°D
Qua thé mau do hodc nau
d6, dang gb. Mii nam c6
cac van soc dai, duong
kinh tir 4-6cm, ma nau do
dam ¢ gitra va nhat dan vé
ngoai tan. Cudng ngin
0,5-2cm.

13 CP15 Bo: Xylariales Cuc Phuong,

Ninh Binh:

Ho: Xylariaceae

Chi: Xylaria
Loai:X.xanthinovelutina
Qua thé c6 phan cubng
dai 5-10cm. Phan mil nam
tron det, 1om c6 duong
kinh 0,5-2,0cm. Bé mat
cO mau nau sam.

20°293500°B,
105°667528’D




14

CP16

Bo: Polyporales

Ho: Polyporaceae

Chi: Trametes

Loai: Trametes sp.

Thé qua to vira, khong
cubng, chat ban. Puong
kinh tan 5-14cm x 7-
25cm, day 0,5-2,5cm,
hinh ban nguyét, phang;
bé mit c6 16ng xam nhat.
M6 nam mau trang. Ong
nim mot ting, mau gan
tring, dai 1mm.

15

CP18

B§:Hypocreomycetidae
Ho: Cordycipitaceae
Chi: Lecanicillium

Loai: L. fungicola

Thé qua vira kich thuéc 3-
7 cm; hinh trimg dén hinh
chudng, mau trang dén
mau trang duc. M8 nam
trang. Phién nam
trang xam. Cudng
nam ngan hoic khéng co6
cubng.

mau
mau

Cuc Phuong,
Ninh Binh:

20°293500°B,
105°667528’D

Cuac Phuong,
Ninh Binh:

20°293500°B,
105°667528’D

16

CP19

Bo: Agaricales

Ho: Entolomataceae
Chi: Clitopilus

Loai: C. prunulus

Phan mil nAm ban dau s&
16i khi con nhé va phang

la

|

Cuac Phuong,
Ninh Binh:

20°293500°B,
105°667528°D
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g

ra khi truéng thanh, co
I6m & gita. M@ nam
thuong c6 mau trang,

ngoai ra con c6 mau xam

hoac vang. Kich thudc tu
2-10cm. Phan cubng c6
chiéu dai 2-18cm va day
4-15mm, c6 mau trang,
xam hoac vang.

17

CP21

B§: Polyporales

Ho: Polyporaceae

Chi: Trametes

Loai: Trametes sp.

Thé qua to vira, khong
cubng, chat ban. Puong
kinh tan 5-14cm x 7-
25cm, day 0,5-2,5cm,
hinh ban nguyét, phang;
bé mat ¢ 16ng xam nhat.
M6 nim mau trang. Ong
nim maot tang, mau gan
trang, dai 1mm. L& nam
mau tring, dang ngoan
NQoeo buc Xa.

18

CP22

Bo: Agaricales
Ho: Psathyrellaceae
Chi: Candolleomyces

Loai:Candolleomyces
eurysporus

Mii nam lic non c6 dang
hinh chudng hoac hinh

Cuc Phuong,
Ninh Binh:

20°293500°B,
105°667528’D

Cuac Phuong,
Ninh Binh:

20°293500°B,
105°667528’D




h

ban cau, sau d6 mo rong
gan nhu phang hoic hoi
Ibm ¢ trung tam, voi
duong kinh tir 2-5 cm. Bé
mit mi mau tring nga
dén nau nhat, thudng xuat
hién cac van hoic vét nut
theo hudng tam, mép mi
dé rach va cé tua nho khi
truong thanh. Cudng ndm
thanh manh, rdng, dai
khoang 5-10 cm, mau
tring, khong c6 vong
cubng. Bao tir dam co
dang elip hoac hinh tring
phinh réng [5.5-7,0 x 4—
5(-6) pm], khoéng thay
ving 16 nay mam (germ
pore). Liét bao dinh
(cheilocystidia) dang tdi
hozc truy, liét bao cudng
di hinh, khéng c6 liét bao
canh (pleurocystidia) va
liét bao mi
(pileocystidia).

19

CP23

B6: Hymenochaetales
Ho: Hymernochaetaceae
Chi: Inonotus

Loai: I. substygius

Thé qua nho, tan nam
rong 2 x 2-10cm, day 2-4
mm, mau nau hé phach

Cuac Phuong,
Ninh Binh:

20°293500°B,
105°667528°D




dén thudc 14, dang mai
ngoéi, co 1éng min véan
vong day. M6 nam day 1-
2mm, mau nau gi. Ong
nam dai 1-2mm. L3 6ng
nim hinh tron, c6 6-7
16/mm. Nhiéu 16ng cung,
hinh gai nhon dai 20-
30pm, gdc rong 2-7pm.

20

CP24

B§: Polyporales

Ho: Polyporaceae

Chi: Coriolus

Loai: C. unicolor

Thé qua nho, duong kinh
tan 4-8cm, day 0,5cm,
hinh quat, vo hén hoic
trai, udn nguoc; chat da,
tan ndi lién nhau. B&é mat
mau tring va nau nhat,
mép mong, dang song.
M6 nim mau trang, day
0,1cm. Nam khéng c6
cubng, 6ng nim mau
trang xam, 16 ong nam
dang ngoan ngoéo. Moc
trén goc chat cay kho, cay
do.

Cuc Phuong,
Ninh Binh:

20°293500°B,
105°667528’D

21

CP25

B§: Polyporales
Ho: Fomitopsidaceae
Chi: Fomitopsis

Loai: F. feei

Cuc Phuong,
Ninh Binh:

20°293500°B,
105°667528°D
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j

Qua thé nim kha day 0,5-
2cm. Mat trén ¢6 mau nau
hodc nau do, mat dudi co
mau tring. B& mat phia
trén nhan véi duong kinh
2-5cm. Cudng ngan 1-
2cm.

22

CP26

B§: Polyporates

Ho: Ganodermataceae
Chi: Ganoderma

Loai: G. oroflavum

Thé qua to, khdng cubng,
chat ban dén chat gd. Tan
nim day 1,5-3cm, hinh
ban nguyét, mau nau gi
dén nau. Bé mat 15i 16m
khong déu, co van vong
ddng tam. Ong nidm mau
tring vang, c6 khi mau
nau. Miéng 6ng nam hinh
tron, ¢é 3-5 16/mm. Moc
trén go muc cay la rong.
Gay muc trang.

23

CpP27

B§: Polyporates

Ho: Polyporaceae

Chi: Tyromyces

Loai: Tyromyces sp.

Thé qua nho, tan nam
rong 2-3 x 2-5cm, day 1-
2,5cm; hinh vé ngua; mau
trang hoic vang nhat; bé

Cuc Phuong,
Ninh Binh:

20°293500°B,
105°667528’D

Cuac Phuong,
Ninh Binh:

20°293500°B,
105°667528’D




mat khong cd van vong,
mép sac ubn cong. Khéng
c6 cudng. Ong ndm mau
trang, dai 3-10mm, 16 4ng
nam hinh nhiéu canh mau
trang va vang nhat, c6 3-5
16/mm. Moc trén gd muc
cay larong va la kim.,

anh mau tring va vang
nhat, c6 3-5 16/mm. Moc
trén gd muc cay la rong
va la kim.

24 CP28 Bg: Agaricales Cuc Phuong,
He: Mycenaceae Ninh Binh:
Chi: Mycena 20°293500’B,
Loai: M. galericulata 105%667528'D
Qua thé nho, duong kinh
2-4cm, hinh chuéng mau
nau nhat. Cuong nam dai
8-12cm, rong 0,2-0,5cm,
hinh 6ng mau tring duc,
rdng va goc co long to
mau trang.

25 CP29 Bo: Agaricales Cuc Phuong,

Ninh Binh:

Ho: Schizophyllaceae
Chi: Schizophyllum
Loai: S. commune

Qua thé kich thudc 2-
8cm, hinh 16i hay dang
6ng noéng, thuong udn

cong & mép; mau sac da

20°293500°B,
105°667528’D




dang, tor vang cam téi
vang nau hay nau den.
Cubng 20-100 x 5-20
mm, thuong rong hon vé
phia gbc va tron tria va co
mau vang. N4im moc 10,
hodc dam trén mat dat hay

cay go.

26

CP30

B§: Polyporales

Ho: Polyporaceae

Chi: Hexagonia

Loai: Hexagonia sp.
Thé qua khéng cudng, tan
rong 2-13 x 4-12cm, day
0,4-1cm; hinh ban nguyét,
det, ciing, chat ban; gdc
mau xam den, phia mép
mau nau gi. C6 van ndi
dang buc xa va van vong
khong rb6. Trén tan cé
I6ng thd, mép mong. Mo
nim mau nau sam day
khoang 0,2cm. L& 6ng
nim to dang t6 ong, c6 3-
4 15/cm. Moc trén canh
cay la rong.

Cuc Phuong,
Ninh Binh:

20°293500°B,
105°667528’D

27

CP31

B§: Polyporales
Ho:Polyporaceae
Chi: Tyromyces
Loai: T. Lacteus

Thé qua nho, tan rong 2-

Culc Phuong,
Ninh Binh:

20°293500°B,
105°667528’D




m

5cm, day 1-2,5 cm, hinh
vO ngua hay tam giac.
Mau tring hoic vang
nhat. Ong nam mau trang,
dai 0,3-1 cm, 15 6ng nam
hinh nhiéu canh mau
tring hoic vang nhat, c6
3-5 16/mm. Moc trén gb
muc cay la réng va la
Kim.

28

CP32

B§: Polyporales

Ho: Ganodermataceae
Chi: Ganoderma

Loai: G. applanatum

Thé qua rat Ion, khong
cubng hoic gan nhu
khong cubng. Puong kinh
tan nam 5-35 x 10-50cm,
day 1-12cm; hinh béan
nguyét, hinh ban cau det;
bé mit mau xam; cé van
vong dong tam, mép
mong. M6 nim mau hat
dé nhat hoac mau nau
sam. L3 nam hinh tron, c6
4-5 156/mm. Moc trén cay
kho, cay do cay la rong.

29

CP33

Bo: Agaricales
Ho: Marasmiaceae
Chi: Campanella

Loai: C. junghuhnii

Cuc Phuong,
Ninh Binh:

20°293500°B,
105°667528’D

Cuc Phuong,
Ninh Binh:

20°293500°B,
105°667528’D




n

Qua thé moc dam nho,
duong kinh tan nim 0,5-
2,5cm, mau trang. Phién
nim mau tring cd van
dang bic xa. Cubng nam
ngan, moc bén, bao tu
hinh bau duc. Nam moc
trén go va tre tric.

30

CP34

B§: Agaricales

Ho: Marasmiaceae

Chi: Lentinula

Loai: L. edodes

Hinh dang nhu cai o,
duong kinh 4-10cm, mau
nau nhat, khi chin chuyén
thanh nau sam. Nam
huong c¢6 mot chan dinh
vao giita tai nam. Mt
trén tai nAm mau nau, mat
dudi c6 nhiéu ban mong
xép lai. Trén mat nam c6
nhitng vay nho mau trang.
Thit nim mau tring,
cudng hinh tru. Nam moc
ky sinh trén nhitng cay cé
la to va thay la mdi mla
nhu dé, sbi, phong.

31

CP35

B§: Polyporales
Ho: Polyporaceae
Chi: Tyromyces

Loai: T. lacteus

Cuc Phuong,
Ninh Binh:

20°293500°B,
105°667528’D

Cuc Phuong,
Ninh Binh:

20°293500°B,
105°667528’D




0

Thé qua nho, tan nam
rong 2-3 x 2-5cm, day 1-
2,5cm; hinh vé ngua; mau
trang hoic vang nhat; bé
mat khdng cd van vong,
maéc ubn cong. Khéng co
cubng. Ong nim mau
trang, dai 3-10mm, 16 4ng
nam hinh nhiéu canh mau
trang va vang nhat, c6 3-5
16/mm. Moc trén gd muc
cay larong va la kim.,

32

CP36

Bo: Agaricomycetes

Ho: Polyporaceae

Chi: Ganoderma

Loai: Ganoderma sp.
Qua thé mot nam toi
nhiéu nam, c cuéng, lie-
g6, mii dang quat, kich
thudc 3-11 x 5-14 x 2-4
cm. Cuéng ngan va day 1-
3cm, hinh chir Y, day Ién
& gdc, dong mau véi mil.
Mat mi duoc tao thanh tir
soi nguyén thuy véach
mong trong subt va soi
caeng mau nau vach day
két lai v&i nhau, soi
nguyén thuy hoi nhat,
phan nhanh, d6i khi cang
phong va cé hinh ban cau
& phan tan cung, duong

Cuac Phuong,
Ninh Binh:

20°293500°B,
105°667528’D




p

kinh  4,5-6cm,  phan
nhanh, dai 80-100 pm;
duong kinh 4-7,5 pm. Hé
soi ndm: sgi nguyén thuy
trong sudt hay nau vang
nhat, vach mong, c6 vach
ngan, duong kinh 2-4 pum;
sgi cirng ¢6 mau nau do,
vach day, dac, dang cay,
kim, truc chinh cua soi
ctng duong kinh 2-3 pm.

33 CP37 Bg: Xylariales Cuc Phuong,
Ho: Xylariaceae Ninh Binh:
Chi: Xylaria 20°293500°B,
Loai: X. Polymorpha 105%667528°D
Qua thé cao 3-10cm,
ngang tai 2,5cm; dai chac
va c0 hinh dang chay hay
dang ngon tay va thuong
dang det c6 dau tron. Mau
den, bé mit ndi cuc nho.
CUi nam trang.

34 CP38 Bo: Russulates Cuc Phuong,

Ninh Binh:

Ho: Hericiaceae

Chi: Hericium

Loai: H. erinaceus

Qua thé thuong hinh cau
hoac hinh elip, moc riéng
ré hoac thanh chum, co
tua nam day dac, ri
Xuéng nhu dau khi, lic

20°293500°B,
105°667528’D




q

gia tua dai va chuyén sang
mau vang trong nhu bom
su tir. Qua thé khi non ¢
mau tring dén tring nga,
thit mau tring, khi gia
nim nga sang mau vang
dén vang sam, céac tua
nim chinh 1a 16p bao
tang, dai tir 0,5-3 cm, trén
bé mat tua c6 cac thi dam
mau trang mang bao tu
dam hinh cau, gitra bao tu
c6 mét giot noi chat tron.
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CP39

Bo: Agaricales

Ho: Physalacriaceae
Chi: Flammulina

Loai: Flammulina sp.
Thé qua vira, tan nam
rong 2-3 x 2-5cm, day 1-
2,5cm; hinh tron; mau
cam; bé mat khong cé van
vong, nhan, mdc udn
cong. Ong nAm mau cam,
dai 10-30mm. Moc trén
gd muc cay la rong va la
Kim.

36

CP40

B§: Polyporales
Ho: Polyporaceae
Chi: Hexagonia
Loai: Hexagonia sp.

Thé qua hinh ban nguyét,

Culc Phuong,
Ninh Binh:

20°293500’B,
105°667528’D

Cuac Phuong,
Ninh Binh:

20°293500°B,
105°667528’D




duong kinh 4-6 cm, mau
nau nhat, khi chin chuyén
thanh nau sam. Vién tai
nAm mau nau nhat, mat
dudi c6 nhiéu ban mong
xép lai. Thit nim mau
trang, ndm moc Ky sinh
trén nhirng cay co 14 to va
thay 14 mdi mua nhu dé,
s6i, phong.
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MPN9

B§: Polyporales

Ho: Polyporaceae

Chi: Tyromyces

Loai: Tyromyces sp.

Thé qua nho, tan nam
rong 2-3 x 2-5cm, day 1-
2,5cm; hinh vé ngua; mau
tring hodc vang nhat; bé
mat khéng cd van vong,
moc sit udn cong. Khéng
c6 cudng. Ong nam mau
trang, dai 3-10mm, 15 6ng
nam hinh nhiéu canh mau
tring va vang nhat, c6 3-5
16/mm. Moc trén gd muc
cay la rong va la kim.
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MPN10

B§: Polyporales
Ho: Polyporaceae
Chi: Trametes
Loai: Trametes sp.

Thé qua moc thanh dam,

Muong Phang,
bién Bién:
21°26'25.0"B,
103°06'11.8"b

Muong Phang,
bién Bién:
21°26'25.0"B,
103°06'11.8"D




dang lop ngodi, khong
cubng, tdn mong, nho 3 x
5cm day 0,6cm hinh ban
nguyét; chat da, mau vang
hong hoac do cam, sau
nhat dan thanh tring,
khéng c6 long, c6 véan
vong, mép mong sic. Mo
nim mau trang, dng nim
dai, miéng 6ng nam 1-3
16/mm. Moc trén gé muc
cay la rong.
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MPN11

Bo: Agaricales

Ho: Strophariaceae

Chi: Agrocyb

Loai: A. chaxingu

Qua thé dai 5-10cm. Mil
16i, mau nau & gitta va
trang dan vé vién, duong
kinh 1-2cm. Cudng trang,
dai 4-6¢cm.

40

MPN12

B§: Polyporales

Ho: Polyporaceae

Chi: Lentinus

Loai: L. squarrosulus
Mii nAm c6 hinh tron hoac
hoi méo, duong kinh tu
3-10 cm, bé mat khd,
mau tring dén trang nga
hodc hoi nau nhat, dugc
bao phu bai cac vay nho,
XU Xi. Mép mi thuong

Muong Phang,
bién Bién:
21°26'25.0"B,
103°06'11.8"D

Muong Phang,
bién Bién:
21°26'25.0"B,
103°06'11.8"D
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t

cong xudng & giai doan
non va tré nén phang hon
khi truong thanh. Phién
nam day, mau tring, gin
chat vao cudng va khong
ddi mau khi cham vao.
Cuéng nam trung tam
hoac hoi 1éch, dai 3-8 cm,
chic va c6 bé mit twong
tu mi, ciing phu cac vay
nho. Bao tor cua ¢ hinh
tru dén hinh elip hep, kich
thuéc dao dong trong
khoang 6-9 x 2,5-4 um.
Bao tor mong thanh,
khéng mau (hyaline) va
khong c6 vach ngan (non-
septate). Bé mit bao tir
tron nhan, khéng cé gai
hay van.

41

MPN15

B§: Polyporales

Ho: Polyporaceae

Chi: Lentinus

Loai: L. squarrosulus
Mii cta loai nAm nay 16i,
phia sau phang va hinh
phéu, dai, mau trang tro
nén kem nhat mau tring
duc theo tudi véi cac vay
nhé, mau nhat dén nau
sam, day dic hon & trung
tdm ngay cang nho va lan

Muong Phang,
bién Bién:
21°26'25.0"B,
103°06'11.8"D
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dan vé phia ria va ria.
mong, gon séng va phan
chia theo do tudi. Céc
mang c6 mau kem dén
kem sim, dong duc va
rung trong khi phan mang
c6 nhiéu hoic it léch tam,
mau tring, xo va dugc
bao phu baoi cadc vay min
hudng xuéng phia gbe dot
ngot. Loai ndm nay co thit
mau trang va dai. NO
thuong dugc tim thay
moc thanh tirng chum trén
gd va goc cay da chét
trong ring va ngoai troi.
chum trén g va gbc cay
d3a chét trong rung va
ngoai troi.

42

MPN18

Bo: Agaricales

Ho: Pleurotaceae

Chi: Pleurotus

Loai: pulmonarius

Than qua thé dang phién
dién hinh véi mii 16i, mau
trang khi non va dan nga
vang theo tudi. Mi ndm
c6d kich thudc trung binh
tir 5-15 cm, bé mit tron,
mép c6 thé hoi gon song
khi truong thanh. Cudng
nam dai khoang 5-20 cm,

-

Muong Phang,
bién Bién:
21°26'25.0"B,
103°06'11.8"D
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thwong moc Iéch, mau
trang dén vang nhat, mém
khi non va dai hon khi
gid. Phién nim gin tryc
tiép vao cudng hoic kéo
dai xudng cudng, mau
trang hoic kem, day va
xép sat nhau. Thit niam
mém, mau tring nga,
kKhong c6 mui dac trung
rd rét. Hé soi cua loai nay
thuoc loai don gian
(monomitic), gom Ccéc soi
sinh dudng c6 vach ngan,
phan nhanh va doi khi co
kep ndi. Bao tir hinh bau
duc dén elip, khdng mau,
kich thuéc khoang 7-10 x
3-5 pum.

43

MPN22

B§: Polyporales

Ho: Ganodermataceae
Chi: Haddowia

Loai: Haddowia sp.

Thé qua nho, cudng ngan.
Puong kinh tan nam 2-5
x 1-5cm, day 1-2cm, bé
mat mau nau; co6 van vong
ddng tm, mép mong. Mo
nam mau trang. L5 ndm
hinh tron, cé 4-5 16/mm.
Moc trén cdy kho, cay do
cay la rong.

Muong Phang,
bién Bién:
21°26'25.0"B,
103°06'11.8"b
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MPLS

Bg: Agaricales

Ho: Marasmiaceae
Chi: Marasmius
Loai: M. maximus

Téan ndm to vira, duong
kinh tan 3-10cm, lac dau
hinh chubng sau hinh ban
cau; mau nau hong nhat
dén mau vang dat nhat, &
gitta sdm hon. Phién nam
clng mau voi tan nam,
moc roi, thua. Cudng dai
5-10cm, rong 0,2-0,4cm;
bé mat c6 van soc. Thé
dang tai hinh thoi. Moc
trén canh 1& kho rung.

Muong Phang,
bién Bién:
21°26'25.0"B,
103°06'11.8"D
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MPL13

Bo: Xylariales

Ho: Xylariaceae

Chi: Xylaria

Loai: Xylaria sp.

Chéat dém moc thanh cum,
khéng phan nhanh, bén
trong mau trang; hinh ong
tron, dinh nhon; dai 5-
25cm, rong 1,5-2mm.
Cubdng dai ngin khong
déu nhau, géc co 16ng. Vo
tdi hinh cau vui trong chat
dém, duong kinh 0,4mm.
Tai hinh éng, ¢& 100-120
X 6um. Moc trén goé muc

Muong Phang,
bién Bién:
21°26'25.0"B,
103°06'11.8"D
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va qua.
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MPL14

B¢: Polyporales

Ho: Polyporaceae

Chi: Poria

Loai: Poria sp.

Thé qua trai, dinh chat gia
thé, lubn noi thanh dam,
duong Kkinh trén 10cm,
day 0,1-1,2cm; bé mit
mau tring. M nam mau
trang, thé day. Ong nam
hoan chinh hoac dang gali,
ngan, khoang 1mm, c6 4-
5 15/mm; phan I6n 16 bi
nat ra thanh dang ngoan
ngoo. Moc trén gdé muc,
goc chat cy 14 rong.

47

MPL15

B§: Polyporales

Ho: Polyporaceae

Chi: Lentinus

Loai: L. squarrosulus
Mil cta loai nAm nay 19i,
phia sau phang va hinh
phéu, dai, mau trang tro
nén kem nhat mau trang
duc theo tudi véi céc vay
nhé, mau nhat dén nau
sam, day dic hon & trung
tdm ngay cang nho va lan
dan vé phia ria va ria.
mong, gon song va phan

Muong Phang,
bién Bién:
21°26'25.0"B,
103°06'11.8"D

Muong Phang,
bién Bién:
21°26'25.0"B,
103°06'11.8"b
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chia theo dd tudi. Cac
mang c6 mau kem dén
kem sim, dong duc va
rung trong khi phan mang
c6 nhiéu hoic it léch tam,
mau tring, xo va dugc
bao phu baoi cac vay min
huéng xudng phia gbc dot
ngot. Loai nAm nay c6 thit
mau trang va dai. NO
thuong dugc tim  thiy
moc thanh tirng chum trén
gd va goc cay di chét
trong rieng va ngoai troi.
chum trén gé va goc cay
da chét trong rung va
ngoai troi.

48

MPL17

B§: Polyporales
Ho: Polyporaceae
Chi: Trametes
Loai: Trametes sp.

Mii ndm kich thuéc 2-8 x
3-15cm, day 13- 20mm,
dang quat xé thly van
hop vao nhau, pha 16ng
nhung thé, mau nau vang
da bo. Thit nAm mau vang
nhat, day 3-15mm. Ong
nam to 2-3 dng/mm. Nam
moc hoai sinh hoac ky
sinh trén cay go la rong.

Muong Phang,
bién Bién:
21°26'25.0"B,
103°06'11.8"b




49 | MPL21 |B¢: Polyporales
Ho: Polyporaceae
Chi: Trametes
Loai: Trametes sp.
Thé qua vira dén to, tan
nam 3,5-10 x 4-17cm day
0,5-1,2cm;  hinh  ban
nguyét, mau trang: c6 u
nhé va van vong khong
rd, mép mong. MO nam
mau trang, day 0,15-
0,8cm. Ong ndm culng
mau voi tan nam, dai 2-
5mm. L6 ong nam dang
ngoan ngoéo, rong 0,3-
0,5mm. Moc trén cay go
muc la rong.

50 | MPL25 |Bg: Xylariales

Ho: Xylariaceae

Chi: Xylaria

Loai: X. Longipes

Thé qua hinh dang gidng
gady bong chay cao
khoang 2-8 cm, dinh tron.
mau den, bé mat co vét
nat va vay ; cudng thuong
tuong dbi dai, nhung ciing
c6 thé ngan hoic gan nhu
khong cd. Moc trén than
va nhanh cay gé muc, gay
muc mém.

Muong Phang,
bién Bién:
21°26'25.0"B,
103°06'11.8"D

Muong Phang,
bién Bién:
21°26'25.0"B,
103°06'11.8"b
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MPL29

Bo: Polyporales

Ho: Ganodermataceae
Chi: Ganoderma

Lai: G. australe

Qua thé nam kich thudc
25 x 25cm, véi meép xanh
va ¢ mau nau sam & mat
dudi. Lép dng mau trang
va phu day Ién dién tich
qua thé.

Muong Phang,
bién Bién:
21°26'25.0"B,
103°06'11.8"D
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MPGS8

B§: Polyporales

Ho: Polyporaceae

Chi: Lentinus

Loai: L. Squarrosulus
Thé qua to, duong kinh
tan 5-8 cm, day 0,5-1,2
cm, hinh ban nguyét, det,
bé mat mau vang nau
nhat, khéng c6 cuéng. Mo
nim chat ban, éng nam
cling mau véi md nam. L&
6ng nam mau xam khoi
hoac xanh nau cé 3
16/mm, moc trén cay keo.

Muong Phang,
bién Bién:
21°26'25.0"B,
103°06'11.8"D
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MPG12

B§: Polyporales

Ho: Ganodermataceae
Chi: Haddowia

Loai: Haddowia sp.

Qua thé c6 cudng ngan,
day. Mat trén I6m co
duong kinh 2-6¢cm, ¢0 cac

Muong Phang,
bién Bién:
21°26'25.0"B,
103°06'11.8"b




bb

van mau nau vang va
vang xen k& thanh hinh
tron dan vao tam.

h hinh tron dan vao tam.

54

MPG14

Bo: Agaricales

Ho: Psathyrellaceae
Chi: Coprinellus

Loai: C.aureogranulatus
Qua thé nho, manh mai,
V6i dic diém noi bat la
mi phu I6p hat mau vang
anh kim khi con non. Mi

nam hinh chudng hoac [-
hinh bau duc thudn dai k

luc non, sau d6 mé rong
dan, duwong Kinh chi
khoang 1-2 cm. Bé mat
mil ¢6 cac hat nho mau
vang ong (aureogranules),
tao vé Ong anh dic trung
— day 1a dau hiéu nhan
biét quan trong cua loai.
Cudng nam thanh manh,
mau trang, c6 thé dai tur
4-8 cm, rong bén trong va
khéng c6 vong cudng.
Bao tur hinh elip dén hat
dau, mau nau sam, kich
thudc khoang 10-12 x 6—
7 um, c6 thanh day va
thuong ¢6 16 mam. Pay 1a

Muong Phang,
bién Bién:
21°26'25.0"B,
103°06'11.8"D
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loai nAm c6 hinh thai dep,
moc chu yéu trén gé muc
hoic mun hru co trong

moi trudng am.

55

MPG04

B§: Agaricales

Ho: Schizophyllaceae
Chi: Schizophyllum
Loai: S. commune

Thé qua vira dén to, tan
nim 3,3-8 x 4-17cm day
0,3-1,0cm;  hinh  béan
nguyét, mau trang; c6 van
vong khong rd, mép
mong. MO niam mau
tring, day 0,15-0,8cm.
Ong nim clng mau Voi
tan nam, dai 2-5mm. Moc
trén cay gé muc l4 rong.

56

MPGO05

Bo: Agaricales

Ho: Schizophyllaceae
Chi: Schizophyllum
Loai: S. commune

Qua thé nim kich thudc 5
x 15cm, voi mép trang va
cO mau nau sam ¢ mat
dudi. Lép dng mau trang
va phu day Ién dién tich
qua thé.

Muong Phang,
bién Bién:
21°26'25.0"B,
103°06'11.8"D

Muong Phang,
bién Bién:
21°26'25.0"B,
103°06'11.8"b
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PL2. Trinh tu viing gen ITS cta cac chang nam chon loc.
>MPN12

TTCCGTAGGTGAACCTGCGGAAGGATCATTATCGAGTTTTGAAACG
GGTTGTAGCTGGCCTTCCGAGGCATGTGCACGCCCTGCTCATCCAC
TCTACACCTGTGCACTTACTGTGGGTTTCAGGAGCTTCGAAAGCGA
GAAAGGGGCCTTCACGGGCTTTTTCTTGCCTAGTTGTTACTGGGCC
TACGTTTCACTACAAACACTTATAAAGTATCAGAATGTGTATTGCG
ATGTAACGCATCTATATACAACTTTCAGCAACGGATCTCTTGGCTC
TCGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAAT
TGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACCTTGCGCTC
CTTGGTATTCCGAGGAGCATGCCTGTTTGAGTGTCATGAAATTCTC
AACCTAACGGGTTCTTAACGGGACTTGCTTAGGCTTGGACTTGGAG
GTTCTTGTCGGCTTGCTTCAATGTCAGGTCGGCTCCTCTCAAATGC
ATTAGCTTGGTTCCTGTGCGGATCGGCTCACGGTGTGATAATTGTC
TACGCCGCGACCGTTGAAGCGTTTTATAGGCCAGCTTCTAGTCGTC
TCTTTACGAGACAATAATCATCGAACTCTGACCTCAAATCAGGTAG
GACTACCCGCTGAACTTAAGCATATCAATAAGCGGAGGAA

>MPN18

CTTGGTCATTTAGAGGAAGTAAAAGTCGTAACAAGGTTTCCGTAG
GTGAACCTGCGGAAGGATCATTAATGAATTCACTATGGAGTTGTTG
CTGGCCTCTAGGGGCATGTGCACGCTTCACTAGTCTTTCAACCACC
TGTGAACTTTTGATAGATCTGTGAAGTCGTCCTTCAAGTCGTCAGA
CTTGGTTTGCTGGGATTTAAACGTCTCGGTGTGACAACGCAGTCTA
TTTACTTAACACACCCCAAATGTATGTCTACGAATGTCATTTAATG
GGCCTTGTGCCTATAAACCATAATACAACTTTCAACAACGGATCTC
TTGGCTCTCGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAA
TGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACCT
TGCGCCCCTTGGTATTCCGAGGGGCATGCCTGTTTGAGTGTCATTA
AATTCTCAAACTCACATTTATTTGTGATGTTTGGATTGTTGGGGGTT
GCTGGCTGTAACAAGTCGGCTCCTCTTAAATGCATTAGCAGGACTT
CTCATTGCCTCTGCGCATGATGTGATAATTATCACTCATCAATAGC
ACGCATGAATAGAGTCCAGCTCTCTAATCGTCCGCAAGGACAATTT



ee

GACAATTTGACCTCAAATCAGGTAGGACTACCCGCTGAACTTAAG
CATATCAATAAGCGG

>MPG14

TTCCCTTTAGGGGTGACTGCGGAAGGATCATTAACGAATAACTATG
GTGGGCTGTCGCTGCCTCTTCGGAGGAATGTGCACGTCCACCATTT
TTATCTATCCACCTGTGCACCGACTGTAGGTCTGGATAACTCTCGT
CTTCACCTCGCAAGGGGCTGTTGGCGGATGCGAGGATTGCTCTCTC
GGGCGCTCTCCTCGAATTTCCAGGTCTACGTCTTTTACACACCCCA
AAAGTATGATATAGAATGTAGTCAATGGGCTTCTCAGCCTATAAA
ACACTATACAACTTTCAGCAACGGATCTCTTGGCTCTCGCATCGAT
GAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTC
AGTGAATCATCGAATCTTTGAACGCACCTTGCGCTCCTTGGTATTC
CGAGGAGCATGCCTGTTTGAGTGTCATTAAATTCTCAACCTCACCC
ATTTTCTGAATGGGACCGAGGCTTGGATGTGGGGGTTTGTGCAGGC
TGCCTTCTTGTGCGGTCTGCTCCCCTGAAATGCATTAGCGAGTTCA
TACTGAACTTCCGTCTATTGGTGTGATAATTATCTACGCCGTGGAC
GAGGTTTAGACTTGCTTCTAACCGTCCGCAAGGACAATACCTTGAC
AATTTGACCTCAAATCAGGTAGGACTACCCGCTGAACTTAAGCAT
ATCATAAAGCCGGAAGGAAA

>CP22

CTTGGTCATTTAGAGGAAGTAAAAGTCGTAACAAGGTTTCCGTAG
GTGAACCTGCGGAAGGATCATTAACGAATATCTATGGCGTTGGTT
GTAGCTGGCTTCTAGGAGCATTTGTGCACACCCGTCATTTATATCA
TCTTTCCACCTGTGAACTATGTGTAGATCTGGATACCTCTCGCTTTG
GTGACAAGGCGGATGCAAGGATTGCCTCCTCGGCTCTCTTTGAATT
TCCAGGTCTATGTTTTTTACACACTCCATTTGAATGATGTAGAATG
TAGTCAATGGGCTTTCAAGCCTATAAAAAACTATACAACTTTCAGC
AACGGATCTCTTGGCTCTCGCATCGATGAAGAACGCAGCGAAATG
CGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTT
GAACGCACCTTGCGCTCCTTGGTATTCCGAGGAGCATGCCTGTTTG
AGTGTCATTAAATTCTCAACCTCACCAGTTTTGTAATGAGACAGGT
GAAGGCTTGGACGTGGGGGTTTTGCAGGCTGCCTCAGTGCTGGTCT
GCTCCTCTGAAATGCATTAGCGAGCTTATACTGAGCTTCCGTCTAT



ff

TGGTGTGATAATTATCTACGCCGTGGATTTGACTCGTGCTTGCTGC
TAACCGTCTGCAAGGACAATTTACTTGACCAATTTGACCTCAAATC
AGGTAGGACTACCCGCTGAACTTAAGCATATCAATAAGCGG

PL 3. Puong chuan cia cac enzyme protein.
(A) Acetyl esterase (EC 3.1.1.6)
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(B) Cellobiose dehydrogenase (EC 1.1.99.18)
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(C) Laccase (EC 1.10.3.2)
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(D) Lignin peroxidase (EC 1.11.1.14)
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PL 4. Nghién ctu diéu kién nubi cay dé thu nhan enzyme tir nim
PL 4.1. Anh huong nhiét d6, pH dén kha nang sinh truéng ciia nim

Nhiét do 1a yéu t6 quan trong anh hudng dén sy sinh truong va phéat
trién caua nam, dic biét nhiét do con anh hudng dén su phét sinh va phéat trién
ctia bao tir ndm, 1a giai doan sinh san quan trong cua ching. Nhiét d6 qua cao,
qua trinh sinh truéng cia nAm co thé bi cham lai hoic tham chi nging hoan
toan. Nguoc lai, néu nhiét do qua thap, ndm ciing s& gap khé khan trong viéc
phat trién. Dé x4c dinh nhiét do thich hop cho su phét trién sinh khéi. Nam
dugc nudi cdy trong dai nhiét do khac nhau tir 23 téi 37°C. Két qua cho thay



hh

rang tat cac chung ndm c6 kha ning sinh truang trong khoang tir 23 téi 37°C.
Tuy nhién, nhiét do téi vu cho su sinh truéng va phét trién caa cac chang
MPN12, MPN18 va MPG14 tuong tu nhau ¢ 27°C. Trong khi d6, chung
CP22 lai phét trién tot  29°C.
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Anh hudng nhiét do dén kha nang sinh trudngcaa cac chung nam.

Két qua khao sét sy anh hudng ctia pH téi kha ning sinh truong va phat
trién cua cac chung nam chon. Ca 4 chung nam déu c6 kha nang sinh truong
trong dai pH 4,0-8,0, tuy nhién pH tbi uu cho su sinh trudong cia cac chang
nam MPN18, MPG14 va CP22 la 6,0. Trong khi d6, chuing MPN12 sinh
truong tét nhat & pH 5,5. O pH 4,0 va 7,0, cac chiang nam van cé kha ning

sinh truong nhung téc do sinh truéng cham hon rd rét so voi ¢ pH tdi uu.
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Anh huong pH dén kha ning sinh truéng ciia cac ching nam.



PL.4.2. Anh huong cia ngudn nito dén kha nang sinh truong va téng hop
enzyme cia nim

DPé xac dinh ngudn nito thich hgp cho su phat trién sinh khéi va sinh
tong hop enzyme cua cac ching nam, moi truong nudi cdy da duoc bod sung
cac ngudn nito khac nhau (KNOs, (NH4).SO4, NaNOs, peptone, va cao nim
men).

Két qua thi nghiém cho thiy, trong cac méi truong ¢6 nguodn nito hitu
co (peptone va cao nAm men), kha ning sinh truéng cua cac ching nim cao
hon nhiéu so Véi cac mdi truong chira nguén nito v co (KNOs, (NH4),SOs,
NaNO:s).
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Anh hudng ciia ngudn nito dén kha ning sinh truéng va hoat do enzyme tir
cac chung nam chon loc.
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Chung MPN12: trong méi truong ¢6 nguon nito tir peptone, hoat do
enzyme AE cao nhit dat 5.221,6 U/L (A). Mic du ching nay cé kha ning
sinh trudng tdt nhit trong méi tredng c6 cao Nndm men, nhung hoat d6 enzyme
AE lai khong dat mac cao nhét trong méi truong nay. Nguoc lai, ddi voi
enzyme LiP, hoat d6 cao nhit cua enzyme nay dat dugc trong méi truong co
cao nam men, véi gia tri 68,5 U/mL (D). Piéu nay cho thy rang méi truong
va nguon nito khac nhau c6 anh huong rd rét dén kha ning sinh enzyme cta
chung MPN12 va tuy thudc vao loai enzyme dugc quan tam.

Chung MPN18: hoat d6 enzyme laccase khi dwgc nudi cay trén cac loai
moi truong khéc nhau ¢ khéc nhau. Moéi trudng chira cAc ngudn nito nhu
peptone va cao nam men cho sinh khéi cao nhét (tuwong wng 5,02 va 4,98 g/L),
d6ng thoi hoat d6 enzyme laccase ciing dat mac cao (12000,5 va 111129
U/L), cao hon so vdi hoat d6 enzyme thu duoc tir méi truong ¢6 (NH,4)2SO,
(8999,4 U/L) va KNOs (10009,4 U/L) (B). Do vay, cao nam men la ngudn
nito thich hop ddi véi ching nam MPN18.

Chung MPG14: chung nay phat trién tét trén méi truong ¢6 nguon nito
la cao nAm men (6,12 g/L), tuy nhién hoat do enzyme CDH dat cao nhat trén
moi truong peptone (102,6 U/L). Nguoc lai, kha nang sinh truong cua chung
MPG14 trén méi truong (NH4).S04 (5,23 g/L) thap nén hoat d6 enzyme CDH
cling thap (80,3 U/L) (C). Do vay, peptone 1a ngudn nito thich hop ddi véi
chang nim MPG14.

Chung CP22: chung nay phat trién tét trén méi trudng cd ngudn nito 13
peptone (6,55 g/L), tuy nhién hoat d6 enzyme UPO dat cao nhat trén moi
truong cao nam men (70,6 U/mL). O moi trudng ¢d ngudn nito vo co nhu
KNO3, (NH4)2SO4, va NaNO; ¢6 hoat d6 enzyme UPO thap hon twong ¢ng
dat 58,9; 54,3; va 60,7 U/mL (E). Do vay, cao nim men la ngudn nito thich
hop ddi véi chiung nam CP22.

TOm lai, anh huong cua ngudn nito dén kha ning sinh truéng va sinh
enzyme cua cac chung nam la khac nhau, cho thay mdi chung c6 nhu cau dinh
dudng dac thi va ngudn nito toi vu ciing phu thudc vao loai enzyme muc tiéu
duoc quan tam.
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PL 5. Pién di d6 protein sau tinh sach
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Pién di @6 protein sau tinh sach LsAE

(Trong do: (1) protein marker, (3,4,5) phan doan rira giai sau cot DEAE
Cellulose, (6) Phan doan rua giai sau cot Sephadex G100, (2) LSAE tinh sach
thu duoc sau cot HiTrap™ Q XL.)
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CauCDH

Pién di d6 protein sau tinh sach CauCDH

(Trong d6, (1) protein marker, (7,8, 9) phan doan rira giai sau cot DEAE
Sepharose, (3-6) Phan doan ria giai sau cot Superdex™ 75, (2) CauCDH tinh
sach thu duoc sau cot HiTrap™ Q FF.)
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Pién di d6 protein sau tinh sach PleuLac

(Trong do, (1) protein marker, (5) phan doan rua giai sau cot DEAE
Cellulose, (4) phan doan rira giai sau cot Sephadex G100, (3) phan doan ria
giai sau cot HiTrap™ Q XL, (2) PleuLac tinh sach thu duoc sau cot HiTrap™

Q XL.)
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Pién di do protein sau tinh sach LsLiP

(Trong d6: (1) protein marker, (7,8) phan doan rira giai sau cot DEAE
Cellulose, (3,4,5) phan doan rira giai sau cot Sephadex G100, (2) LsLiP tinh
sach thu duoc sau cot HiTrap™ Q XL.)



