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LOT CAM POAN

T6i xin cam doan luén 4n: “Nghién cu thu nhan va dac tinh mot s6
enzyme chuyén hoa lignocellulose tir nAim Viét Nam” 1 cong trinh nghién
ctru cia chinh minh duéi sy huéng din khoa hoc cia tip thé hudng dan.
Nghién ctru ndy bao gbm mét phan két qua clia dé tai cip qudc gia: “Nghién
ctru phat hién va khai thac mot s6 enzyme chuyén hoa hidu qua lignocellulose
tr nAm Viét Nam trén co sé Ung dung genomic va secretomic”
(NDT.45.GER/18) ma t6i la thanh vién tham gia chinh. Luén 4n st dung

théng tin trich din tir nhiu ngudn tham khao khéc nhau va cac théng tin trich

dan dugc ghi rd nguon goc. Cac két qua nghién ciru cla toi duge cong bod

chung v6i céc tac gia khac da duge sy nhét tri ciia dong tac gia khi dua vao
luan 4n. Céc sb liéu, két qua dugc trinh bay trong luan 4n 13 hodn todn trung
thuc va chua timg duoc cong bd trong bét ky mdt cong trinh nao khac ngoai
céc cong trinh cong bd cna tac gia. Ludn 4n duge hoan thanh trong thdi gian
t6i 1lam nghién ctru sinh tai Hoc vién Khoa hoc va Ci‘)‘ng nghé, Vién Han lam
Khoa hoc va Cong nghé Viét Nam.

Ha Néi, ngay 19 thdang 06 niim 2025

Téc gis ludn 4n

-

DPiang Thu Quynh
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LOI CAM ON

T61i xin dugc bay t6 1ong cam on su sic ciia minh t6i PGS.TS. D6 Hitu
Nghi, Vién Héa hoc — Vién Han 14m KHCNVN va TS. Nguyén Ngoc Lan,
Trung tdm nghién ciru Gen-Protein — Pai hoc Y Ha N¢i, di tén tinh dinh
huéng nghién ctru, hudng dan, stra ludn 4n va tao didu kién thuan loi dé t6i
hoan thanh dugce ban ludn an nay.

Téi xin giri 1o cam on t6i tap thé Phong Sinh hoc thuc nghiém — Vién
Hoéa hoc, phong Hé gen hoc chirc ning — Vién Sinh hoc, Vién Han lam
KHCNVN d4 chi bao va gitip d& tén tinh cho t6i trong thuc nghiém va chuyén
mon.

T6i xin gt 161 cAm on téi Ban Giam dbc, tap thé nhitng can bd giang
vién Khoa Cong nghé sinh hoc, phong dao tao Hoc vién, Hoc vién Khoa hoc
- va Cong nghé, Vién Han 1am Khoa hoc va Coéng nghé Viét Nam d& tao nhiéu
diéu kién thuan loi trong qué trinh thuc hién luén an. |

, Noi dung nghién clu cta d& tai luan 4n duge hd tror kmh phi tur Pé tai
Nghi dinh thu Viét Nam - CHLB DPuc, ma sb: NDT.45.GER/18 do PGS.TS.
D5 Hiru Nghi 1am chd nhiém. Téi xin trin trong cam on GS.TS. Martin
Hofrichter, Phé Hiéu truéng Trudng qubc té Zittau - Pai hoc cong nghé
- Dresden, CHLB Durc (TUD-II—I[Z) da gitp do tan tinh trong qua trinh hoc tép
va thyc hién luén an. | |

Cubi clng 13 cam on t6i nguoi than trong gla dinh, ban bé da gitp do
va dong vién t6i trong thoi gian thuc hién luin an.

Ha Ngi, ngayl théng 06 néim 2025

Tac gia luan an

b~

" Ping Thu Quynh
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Asp Aspartic acid Axit aspartic
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bp Base pair Cép bazo nito
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MO DAU

Sinh khéi thuc vat, ngudn carbohydrate tai tao 1on nhat trén trai dat,
duoc quang tong hop khoang 200 ty tin mdi nam, trong dé lignocellulose
chiém t&i 60%. Viét Nam c6 nguodn tai nguyén thuc vat phong phli va san
luong cdy trong doi dao, tao ra lwong 16n phu phdm nong-1am nghiép giau
lignocellulose nhu gd, rom ra, bd mia, mdy tre... Tuy nhién, chi mdt phan nho
trong s6 ndy duoc tai str dung, phan con lai thuong bi dét hodc thai bo, giy
lang phi va 6 nhiém méi truong. Lignocellulose ¢6 cau tric bén vimg va phtc
tap, thanh phan chu yéu 13 cellulose (35-50%), hemicellulose (15-30%) va
lignin (10-25%), nhung c6 thé tan dung lam nguyén liéu cho cic img dung
trong kinh té sinh hoc va kinh té tudn hoan nhu san xuit nhién liéu sinh hoc
va cac hop chit hitu co nén.

Pé khic phuc nhimng han ché ciia phuong phap héa-ly (tiéu ton ning
luong, hoa chat doc hai cho mdi trudng va strc khoé con nguoi), cac phuong
phap sinh hoc str dung vi sinh vat, nim, va cac enzyme cta chung cho chuyén
hoa lignocellulose 12 huéng trién vong, phu hop véi xu thé phat trién xanh.
Nam, dic biét 1a cac loai thudc nhoém Basidiomycota va Ascomycota, c6 kha
ning sinh tong hop nhiéu loai enzyme thuly phan ngoai bao (nhu cellulase,
xylanase, esterase...) va enzyme oxy hoa (nhu peroxidase, peroxygenase,
phenol oxidase...). Khac véi vi khuin, ndm c6 kha ning sinh tong hop cac
enzyme khtr mach, phan huy lignin va chuyén hoa cellulose nhu lignin
peroxidase (Lip), laccase (Lac), acetyl esterase (AE), cellobiose
dehydrogenase (CDH) va unspecific peroxygenase (UPO) cao. Cac enzyme
nay dong vai trd quan trong trong xuc tac phan ung oxy hoa-khwr cellulose
ving tinh thé, phd v& cdu tric lignin, ... gitp cac enzyme khéc c6 thé tiép can
va chuyén hoa lignocellulose giai phong cac don vi cau trac (building blocks)
1a cac chat thom va cac hop chét hiru co nén. Pay 13 ngudn nguyén liéu thiét
yéu cho cac img dung cong nghiép, bao gdm san xut nhién liéu sinh hoc, hoa
chat tinh ché hay vat liéu sinh hoc, dap tmg yéu cau phat trién kinh té tuin
hoan va bao vé méi trudng. Hon nita, enzyme tir ndm thudng c6 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 khé dat dugc. Voi vu thé sinh tong

hop da dang va so lugng 16n cac enzyme ngoai bao, enzyme tir nam cd nhirng
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thuan loi khi tdi wu quy trinh tinh ché, thu nhan cho san xuét & quy mo cong
nghiép. Vi tinh cép thiét, ¥ nghia va tiém ning trén day, dé tai luan 4n
“Nghién ctru thu nhdn va dac tinh mét sé enzyme chuyén héa
lignocellulose tir nam Viét Nam” dugc thuc hién va hoan thanh véi muc ti€u
va nhiing ndi dung nghién clru sau:

+** Muc tiéu nghién ciru:

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

- Tinh sach, x4c dinh dic tinh hoa 1y, dic hiéu co chéat va tdi wu xuc tac
chuyén hoa sinh khéi lignocellulose cac enzyme thu dugc.
+* Noi dung nghién ctru:

1. Phan 1ap va tuyén chon cic ching ndm c6 kha ning sinh tong hop
enzyme tién xir Iy sinh khéi lignocellulose.

2. Nghién ctru tinh sach va xac dinh dac tinh cua cic enzyme tién xu ly
sinh khéi tir nam.

3. Nghién ctru kha ning chuyén héa sinh khoi lignocellulose boi don
enzyme va xuc tac hiép dong (“enzyme cocktail”).

+¢ Nhirng dong gop méi cua luian an:

- Phan 1ap va tao dugc b0 suu tap g@)m 56 chung nam thudc 19 ho nganh
nim dam Basidiomycota va nim tai Ascomycota; trong d6 c6 mot loai
moi  Candolleomyces eurysporus (thudéc ho Psathyrellaceae, b
Agaricales);

- Tinh sach 05 enzyme acetyl esterase (LsAE), lignin peroxidase (LsLiP)
tr nam Lentinus squarrosulus MPN12; cellobiose dehydrogenase
(CauCDH) tur Coprinellus aureogranulatus MPG14; laccase (Pleulac)
tou Pleurotus pulmonarius MPNI18 va unspecific peroxygenase tur
Candolleomyces euryspous CP22 (CeuUPO); X4ac dinh dac tinh 1y-ho4,
dac hiéu co chat va dong hoc xuc tac ciia enzyme;

- Téi wu thanh phan hdn hop enzyme (enzyme cocktail) cho xuc tac
chuyén ho4 sinh khdi lignocellulose (rom) thanh cac don vi duong C-5,

C-6 va axit gluconic.



<Y nghia khoa hoc, thue tién ciia luén an:

Vi h¢ sinh thai, moéi truong va sinh vat da dang, Viét Nam 1a dai dién
vé “diém néng da dang sinh hoc” (biodiversity hotspot) ¢ ¥ nghia toan cu,
tuy nhién, dang bi de doa do cac hoat dong khai théc tai nguyén thién nhién
va su mat mat ngudn gen 1a van dé dang quan tam. Sang loc hoat tinh va thu
nhan cac enzyme tir 56 chung nim dugc phan 1ap tai cac vung sinh thai khac
nhau, két qua nghién ctru cta dé tai luan an déng gdp thém vao co so dir lidu
vé tiém ning xuc tac sinh hoc tir ngudén da dang nim Viét Nam. Y nghia khoa
hoc cta luan an ciing bao gém céc nghién ctru tinh sach va dic tinh enzyme,
trong d6 c6 enzyme con it dugc biét dén nhu unspecific peroxygenase tir loai
nam moi phan 1ap ¢ Viét Nam, Candolleomyces euryspous.

Nhu mét phan ndi dung quan trong cta luén an, nghién ctru danh gia
kha niang xtc tac va tdi wu hdn hop enzyme cocktail trén sinh khéi giau
lignocellulose khé chuyén hoé (rom, lignin) cho thiy tiém ning tmg dung cta
cac eznyme nay trong san xudt cac hop chat hitu co nén (vi du: carbohydrate,

phenolic, alcohol, axit carboxylic...) va nhién li€u sinh hoc (bioethanol).
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CHUONG I. TONG QUAN TAI LIEU

1.1. Tong quan vé lignocellulose va vai tro trong phat trién kinh té sinh

hoc
1.1.1. Céu tric lignocellulose

Lignocellulose 13 mot polymer c6 cau tric phiic tap va bén vimg, dugc
tim thay trong thanh té bao cta thuc vat. Thanh phan cta né bao gom ba hop
phﬁn chinh: cellulose, hemicellulose, va lignin (Hinh 1.1) [1, 2]. Cellulose
chiém khoang 40-50% trong luong kho cua lignocellulose, trong khi
hemicellulose chiém 20-40% va lignin chiém 20-35% [3]. Thanh phan ciu
tric cta lignocellulose thay doi tuy thudc vao ngudn gbc. Vi du, trong gd
ctimg, cellulose chiém khoang 45-47%, trong khi & rom lta mi chi chiém
khoang 30%. Hemicellulose chiém 35-50% & cac loai co, nhung chi chiém
25% trong rom ra. Tuong tu, ham luong lignin ciing ¢ su khac biét 16n: & gb
mém, lignin chiém 30-60%, nhung trong bot gidy, ham luong nay giam
xudng chi con khoang 6-10% (Bang 1.2). Piéu nay cho thiy, su da dang vé
ngudn gdc lignocellulose khong chi anh huéng dén ty 18 cac thanh phan chinh
ma con tac dong dén cac tinh chat vat Iy va hoa hoc ctia chiing. Cac dic diém
ndy dong vai trd quan trong trong viéc lya chon nguyén liéu dau vao va diéu
chinh quy trinh xir 1y dé tan dung hiéu qua lignocellulose trong cac tng dung
khac nhau, chéng han nhu san xudt nhién li¢u sinh hoc, vat li€u composite

hodc héa chét sinh hoc.

Bang 1.1. Thanh phan mot s6 ngudn vt lidu giau lignocellulose [3].

Ngudn Cellulose | Hemicellulose Lignin Thanh
Lignocellulose (%) (%) (%) phin khac

(“o)

Gd ctng 45-47 25-40 20-25 0,8

G6 mém 40-45 25-29 30-36 0,5
Co 25-40 35-50 - -
Ba mia 40 24 25 -
Lo1 ngod 45 35 15 -
Rom ra 35 25 12 -
Bot gidy 50-70 12-20 6-10 -
Rom lua mi 30 50 20 -
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Hinh 1.1. Céu trac lignocellulose [4].

Cellulose 13 mot polymer c6 dang mach thang c6 cong thuc la
(CéH10O05)n, duoc ciu tao tir cac don phan tir duong D-glucose ¢ s6 lugng 1én
t6i hon 8000-12000 don vi, lién két véi nhau boi lién két B-1,4- glucoside
(Hinh 1.2) [5-7]. Mtc d6 tring hop cua cellulose c6 thé dat 10.000-14.000
don vi glucose trén phan tir, dat khoi luong twong tng 1a 1,5 triéu dalton voi
chiéu dai phan tir c6 thé 16n hon hodc bang 5 m [8]. Giita cac chudi cellulose
¢6 nhiéu gdc -OH tao thanh rat nhiéu lién két hydro giup soi cellulose ¢6 ciu
tric chic chan, rat bén va kho thty phén.

Céc soi cellulose két hop véi nhau rat chit ché, hinh thanh nén vung cé
cdu trac tinh thé. Tuy nhién, ciing c6 mot sd soi cellulose két hop v6i nhau
mot cach ngau nhién tao thanh ving c6 ciu trac vo dinh hinh [9]. Do d6, cac
dung mdi héa hoc rat khé dé co thé xam nhdp vao vung tinh thé nay. Mit
khéc, cellulose dugc bao boc bdi hemicellulose va lignin, do vay cellulose
kha bén vig dudi tac dong ctia hoa chat [8].

Hemicellulose 13 mot loai polysaccharide co cdu trac khong dong nhat
va phtic tap, bao gdm cac don vi dudng nhu D-glucose, D-galactose, D-
mannose, D-xylose va L-arabinose [10-12]. Thanh phan chinh cua

hemicellulose 12 B-D-xylopyranose, dugc lién két voi nhau théng qua lién két
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B-1.,4-glucoside. Cu trac ctiia hemicellulose rat da dang va thay di tuy theo
nguoén nguyén liéu. Mach chinh cta hemicellulose hinh thanh tir cac lién két
B-1,4-glucoside, trong d6 xylose déng vai trd thanh phan quan trong nhit.
Nhom thé pho bién nhat 1a nhém acetyl-O, thuong gan vao vi tri 2 hodc 3 trén
mach chinh. Cac mach nhanh cua hemicellulose thuong dugc tao thanh tir cac
don vi disaccharide hodc trisaccharide, giap no6 lién két voi cac
polysaccharide khac va lignin. Hemicellulose c6 cdu trac phian nhanh va vo
dinh hinh, 1am cho né it cimg hon va kém bén vimg hon so véi cellulose,
nhung dic tinh nay lai gitip né dé phan hiy va xir Iy hon trong cac qua trinh
sinh hoc hoac hoa hoc.

Tuy theo ting loai gb (gd cting hay gd mém) ma hemicellulose cua
ching c6 dac diém cAu tao khac nhau. G cung duogc cAu tao béi chu yéu hai
loai hemicellulose. Loai thir nhat 1a acetyl-4-O-methylglucuronoxylan, mot
loai polymer c¢6 mach chinh duoc tao thanh tir B-D xylopyranose lién két voi
nhau bang lién két B-D xylopyranose (1,4). Trong d6 70% cac nhém -OH & vi
tri C2 va C3 bi acetyl hoa, va 10% cac nhom & vi tri C2 lién két véi axit 4-O-
methyl-D-glucuronic. Loai thtr hai ¢6 mach chinh la B-D-galactopyranose,
hinh thanh lién két -O tai nhom OH & vi tri C6 voi a-L-arabinose, p-D-
galactose hodc axit p-D-glucoronic [13]. G6 cting con chira glucomannan,
polymer nay duoc ciu tao boi p-D-glucopyranose va B-D-mannopyranose. GO
mém ciing bao gdm hai loai hemicellulose chinh. Loai quan trong nhat 1a
galactoglucomannan, dugc cdu thanh tir cac phan tir D-mannopyranose lién
két v6i D-glucopyranose bang lién két B-(1,4) véi ti 1& hai monomer tuong
tmg 1a 3:1 (Hinh 1.2). Tuy nhién, ty timg loai gd ma ti 1& ndy c6 thé bi thay
d6i. Loai hemicellulose thir hai 1a arabino-4-O-methylglucuronoxylan, c6 cau
tao tir cac D-xylopyranose. Nhitng monomer nay bi thay thé ¢ vi tri 2 bang
axit 4 O-methyl-glucuronic, & vi tri 3 bang a-larabinofuranose [14].

O ¢, khoang 20-40% hemicellulose ciu tao tir arabinoxylan, ching c6
thanh phan chii yéu tir cac D-xylopyranose, ¢ vi tri C2, OH bj thay thé boi
axit 4-O-methylglucuronic, & vi tri C3 s& tao mach nhanh vé&i a-L-
arabinofuranose. Do vy hemicellulose ¢6 cdu tao phirc tap tao cho cac loai

thue vat ¢6 nhiéu tinh chat hoa sinh va 1y sinh [13].
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Hinh 1.2. Céu trac héa hoc cua galactoglucomannan [15].

Lignin 1a polymer c6 cdu trac bén ving, duoc cau thanh tir cac don vi
phenylpropene: guaiacyl (G), syringly (S) va p-hydroxyphenyl (H) [16, 17].
Lignin 1a mot hop chit cao phén tir cdu tric vo dinh hinh, c6 chtra cac nhom
hydroxyl (-OH), nhom methoxyl (-OCH3) va nhan benzen, bao gdm cac don
vi co ban: coniferyl alcohol, sinapyl alcohol va p-coumaryl alcohol, ti 1¢ ba
nhom alcohol nay la khac nhau trong modi loai thuc vat (Hinh 1.3). Do cAu
thanh tir nhimg phéan tir dugc ndi véi nhau boi cac lién két este va lién két
carbon, tao thanh mot mang ludi lién két ngang bén vitng va rong rii trong
cac té bao cua thuc vat, vay nén lignin dic biét khé phan huy [13]. Cau trac
cta lignin rat da dang, tiy thudc vao loai gb (g0 mém va gb cimg). G6 mém
thanh phan chu yéu 1a guaiacyl, trong khi d6 gd cimg chta chu yéu 1a
syringyl. Nghién ctru chi ra rang guaiacyl han ché sy truong né cua xo soi
hon 1a syringyl, vi vay loai nguyén li¢u nay kho bi phan huy bdi enzyme hon.

Nhiéu nghién ctru gan diy dd chimg minh rang, ciu tric cua lignin
hoan toan khong dong nhat. Lignin bao gdm cac ving v6 dinh hinh, ving ¢
cAu trac hinh thudn hodc hinh cau. Lignin ¢6 lién két héa hoc chit ché véi cac
thanh phan cua hemicellulose va cellulose, d6 bén cua nhitng lién két nay phu
thudc vao nhimg don vi dudng tham gia lién két. C, trong ciu trac phenyl
propane c6 kha ning tao lién két bén chat nhat v6i khdi hemicellulose. Trong
khi d6, cac loai duong nam ¢ mach nhanh cta hemicellulose nhu galactose,
arabinose va axit 4-O-methylglucuronic 1a nhom thuong lién két véi lignin,
tao thanh cac lién két hoa hoc hodc twong tac thong qua ciu ndi hydro hoic

lién két ester voi lignin.
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Hinh 1.3. Céu trac héa hoc cua lignin [18].
Cau trac héa hoc cua lignin d& bi pha v& & nhiét d6 cao va pH thap,
nhu qué trinh xr Iy bang hoi nudc hodc & méi trudng axit va kiém [19]. O
nhiét 6 cao hon 200°C, lignin bi két khdi tao thanh nhitng phan riéng biét va
bi tach ra khéi cellulose [20, 21].

1.1.2. Trir lwgng lignocellulose

Sinh khdi lignocellulose ngay cang déng vai tro quan trong trong viéc
thic day phat trién nén kinh té sinh hoc, ddc biét khi duoc st dung lam
nguyén liéu tho cho cac ung dung trong cong ngh¢ sinh hoc va cong nghiép.
Duya trén ngudn gbc, thanh phan va mic do polymer hoa, lignocellulose co thé
duoc phan loai thanh cic nhom chinh, bao gdm: tir cdy gd climg, gd mém, va
cac loai cay trong (dic biét 1a ciy ngii cbc, cac loai co) cling nhu ciy thao.
Véi loi thé 12 mot qudc gia c6 nén ndéng nghiép va 1am nghiép phat trién tir
lau doi, Viét Nam so hitu ngudn nguyén liéu lignocellulose phong pht. Mdi
nim, hang trim triéu tin sinh khéi ndy duoc tao ra tir cic hoat dong san xuét
noéng-1am nghiép [22, 23]. Cac ngudn sinh khdi lignocellulose chinh ¢ Viét
Nam dugc téng hop trong Bang 1.1 [24].
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Bang 1.2. Sinh khdi lignocellulose tir phu pham néng-lam nghiép tai Viét
Nam nam 2020 [24].

Nguon Khéi lwong (triéu tan/nim)
Rom ra 61,9
Trau 5,6
Loi ngd 4,8
Phé thai trong mia 1,5
Bamia 5,0
La va xo dua 5,8
Than cay mi 4,6
Rurng tu nhién 6,8
Rimg trong 3,7
Dt khong rimg 3,9
Cay trong phan tan 6,1
Cay cong nghiép va 24
cay an qua

Phé ligu gd 1,6

Rom ra 14 ngudn lignocellulose phu pham néng nghiép 16n nhat, udc
tinh dat 61,9 triéu tin moi nam (chiém 54,4%), tiép theo 13 trdu véi 5,6 tridu
tan va bd mia voi 5 triéu tAn (Bang 1.1). Mic du cac ngudn lignocellulose
khac khong doi dao nhu rom ra, chung vin déng gop dang ké. Phan 16n phu
pham néng nghiép sau thu hoach chi duoc tai st dung mot phan, trong khi
phan con lai thudng bi phan huy tu nhién hodc xu 1y bang cac phuong phap
truyén thong nhu lam thirc dn gia stc, U phan compost, hodc dét bo. Nhimg
cach xur 1y nay khong chi hiéu qua thap ma con gy lang phi mot luong 16n
cac chat hiru co c6 gia tri. Tuy nhién, néu duoc khai thac va st dung hop 1y,
cac ngudn phu pham nay c6 thé mang lai loi ich to 16n. Piéu nay dd mo ra y
tuong tan dung cac ngudn tai nguyén tai tao phong phu dé nghién ciru va phat
trién cac san pham sinh hoc, dap tng nhu cau hién tai va twong lai ctia con
nguoi, dong thoi gop phan dam bao an ninh lvong thuc, bao vé moi trudng va
bao ton tai nguyén thién nhién. Vi du, cic phu phim nay co thé dugc str dung

dé san xuat nhién liéu sinh hoc va héa chét [25]. Viéc tmg dung phu pham
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néng nghiép trong cac qua trinh sinh hoc khong chi tao ra cac san pham co gia
tri ma con gop phan giai quyét van dé 6 nhim méi trudng, dic biét quan
trong d6i vai cac quoc gia dang phat trién nhu Viét Nam.

1.1.3. Vai tro ciia lignocellulose trong phat trién kinh té sinh hoc

Chuyén hoa lignocellulose dong vai tro quan trong trong phat trién kinh
té sinh hoc nhd kha ning tan dung cic ngudn tai nguyén sinh hoc tai tao dé
thay thé nhién liéu hoa thach va tao ra cac san pham gia tri gia ting, dudi day
1a nhitng diém noi bat dang ké dén.

Tao ra nguyén liéu tdi tao gid tri cao: Thir nhat phai ké dén d6 1a san
xuat nhién liéu sinh hoc nhu ethanol sinh hoc thé hé tht hai. Lignocellulose tir
cac phu phdm nong nghiép (rom, ba mia, v6 trau...) c6 thé dugc thuy phan
thanh duong don, cac loai duong ndy dugc 1én men chuyén hoa thanh ethanol
sinh hoc, giam phat thai khi nha kinh so véi nhién liéu hoa thach [26, 27].
Gan ddy, nhiéu nghién ctu di tip trung vao viéc thuy phan co chét
lignocellulose. Andreza va cong su (2018) di mé ta chi tiét vé tng dung
chuyén hoa sinh khéi lignocellulose, cung cap co so khoa hoc quan trong cho
su phét trién ctia nganh cong nghiép nhién lidu sinh hoc [28]. Nghién ciru ctia
Marknoah (2021) cho thay hiéu sut tao glucose tir qua trinh thuy phan ba mia
ting dang ké sau 72 gid va co tiém ning tmg dung trong san xuit bioethanol
[29]. Tir cac két qua nghién ctru dd duoc cong bd, co thé thay rang viéc
chuyén hoa sinh khdi lignocellulose dé tao ra ethanol sinh hoc thé hé tht hai
12 mot huéng di dy tiém ning, dic biét trong nganh cong nghiép nhién liéu
sinh hoc. Ngoai ethanol, cic loai nhién li€u sinh hoc khac nhu biodiesel va
biogas cling nhan dugc su quan tam 16n. Biodiesel 1a mot loai nhién li¢u than
thién véi méi trudng, co thé dugce st dung thay thé hodc pha tron véi dau
diesel thong thuong, gop phan giam phat thai khi doc hai nhu SO: va CO:
[30]. Trong khi d6, biogas nhu khi metan (CHa), c6 thé duoc khai thac dé san
xuat dién hodc str dung lam nhién liéu cho cic phuong tién giao thong [31].

Ngoai ra, san pham hoa chat sinh hoc ciing nguyén liéu tai tao quan
trong trong cic nganh cong nghiép. Lignocellulose 12 ngudn nguyén lidu dé
san xuit cdc hoa chat sinh hoc nhu furfural, axit levulinic, xylitol va cac
monomer sinh hoc. Nhimg hoa chat nay 13 cac thanh phan chinh trong san

xuat nhyua sinh hoc, dung moéi, dugc pham va cac san pham cong nghiép khac.
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Gan day, tac gia Yeong Wu va cong su (2020) di nghién ctru va tbi wu hoa
cac diéu kién phan tmg dé chuyén doi sinh khdi lignocellulose thanh furfural
v6i hiéu suét cao va chi phi thip, mé ra tiém ning tro thanh mot giai phap
thay thé bén viing cho cac san pham hoa dau hién nay [32]. Hudng di nay
dugce xem 1a mot bude tién quan trong trong nd luc giam thiéu tac dong moi
truong cia cac nganh cong nghiép dua vao hoa dau, dong thoi tan dung
ngudn nguyén liéu sinh khoi sdn c6 va phong pha. Su két hop gitta nghién
ctru khoa hoc va cong nghé san xuét s& 1 chia khoa dé phat trién cac giai
phéap hoa chit bén vig, dap img nhu cau cta x3 hoi hién dai.

Thiic ddy kinh té tudn hoan: Viéc tai sir dung chat thai nong nghiép va
cong nghi¢p, tan dung phé phém nhu rom ra, ba mia, vo tréu, va mun cua
khong chi gitp giam 6 nhidm moi truong ma con tdi wu hoa viée sir dung tai
nguyén sinh hoc. Ngoai ra, lignocellulose sau qué trinh chuyén héa c6 thé
duoc xu Iy dé san xuat phan bon hiru co, gop phan cai thién do phi nhiéu cua
dat nong nghiép va nang cao hiéu qua sir dung tai nguyén, qua do thuc day
kinh té tudn hoan. Mé&i day, Grzegorz va cong su (2024) di nghién ctru qua
trinh chuyén héa sinh khéi lignocellulose thanh phan bon gidu dinh dudng.
Két qua nghién ctru d3 ching minh tiém ning vuot trdi cia phin bon
lignocellulose so v&i phan bon truyén thdng trong viée thiic ddy ting trudng
cay trong, cai thién dat, va giam thiéu that thoat chat dinh dudng [33].

Pdy manh nghién ciru va doi méi cong nghé: Qua trinh chuyén hoa
lignocellulose doi hoi sy tmg dung cac cong nghé tién tién st dung enzyme
thtly phin va oxy hoa, hodc vi sinh vt tai t6 hop. Diéu nay khong chi thac
day su phét trién cta nganh cong nghé sinh hoc ma con tao viéc 1am va nang
cao nang lyc khoa hoc. Trong nhimng nam gan déy, nhiéu nha khoa hoc da tap
trung nghién ctru phét trién cic enzyme va ching vi sinh vat méi nham téi vu
hoéa qua trinh chuyén hoa lignocellulose. Tai Viét Nam, mot sd nghién ctru
tiéu biéu da dat duoc nhitng két qua dang cha y. Chang han, tic gia Nguyén
Thi Xuan Sam (Pai hoc Bach khoa Ha N¢§i) da tinh sach enzyme p-
glucosidase tir ndm Aspergillus niger dé thuy phan ba mia [34]. Tac gia Pang
Tt Thanh (Vién Cong nghé Thuc phém, Ha N¢i1) da tién hanh phan 1ap va
danh gia dic tinh cua chung A. brunneoviolaceus c6 kha ning sinh tong hop

hé enzyme thity phan lignocellulose [35]. Ngoai ra, trén thé gidi, cac nghién
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ctru vé& enzyme lién quan dén chuyén hoa lignocellulose ciing khong ngimg
mo rong. Vi du, Zhichao Deng va cdng su (2019) da phan tich dac tinh va vai
trd ctia enzyme laccase trong viéc chuyén hoa lignin tir phé thai lua mi [36].
Nghién ctru ctia Raulo va cong su (2021) md ta chi tiét su phdi hop hiéu qua
gilta nhiéu enzyme m&i trong qua trinh thuy phan lignocellulose, véi cac
enzyme quan trong nhu endoglucanases, cellobiohydrolases, va f-glucosidase
dong vai tro then chét trong viée phd v cau tric lignocellulose [37]. Viée dau
tu vao nghién ciu va phat trién cic quy trinh chuyén héa s& mo rong cic
nganh lién quan khéc nhu nong nghiép, nang luong, va hda hoc sinh hoc.

Giam phu thuéc vao tai nguyén khéng tdi tao: Cac san pham tur
lignocellulose c6 kha nang thay thé nguyén li¢u hoa thach, ch.'fmg han nhu
nhura tir ddu mo hodc cac hoa chit cong nghiép truyén théng, qua do giam ap
luc 1én cac tai nguyén khong thé tai tao. Pong thoi, dap (mg xu hudng tiéu
ding bén viing, cac san pham nhu bao bi sinh hoc tir lignocellulose ngay cang
tré nén phu hop véi 16i séng than thién voi méi trudng.

Péng gop vao phdt trién bén viimg: Cac san pham ning luong tai tao va
hoa chat sinh hoc tir lignocellulose khong chi gitp giam luong khi nha kinh
phat thai ma con gép phan vao muc tiéu chdng bién d6i khi hau toan cau. Bén
canh d6, viéc chuyén héa phé pham noéng nghiép nhu rom ra, ba mia va cac
nguyén liéu thai khac thanh san pham c6 gia tri tao co hoi kinh té cho nong
dan, gitp ho ting thém thu nhap thay vi ling phi ngudn tai nguyén nay.

Chuyén hoa lignocellulose khong chi mang lai gia tri kinh té cao ma
con hd trg bao vé mdi trudng, dong vai trd nén tang trong phat trién kinh té
sinh hoc bén ving. Viéc dau tu vao cong nghé va chinh sach khuyén khich st
dung tai nguyén nay 13 hudng di chién luge dé dam bao sy phat trién dai han.
1.2. Mt s6 enzyme chuyén héa lignocellulose va ngudn sinh tong hop

enzyme

CAu triic phirc tap cua lignocellulose 1a mot thach thirc 16n trong viéc
chuyén héa sinh khéi nay, do su lién két chat ché gitra cellulose,
hemicellulose va lignin tao nén mot mang ludi bén vimg va khang lai cac tac
nhan phén giai. Chinh vi vay, cac enzyme chuyén hoa lignocellulose dong vai
trd quan trong trong viéc phan giai cau trac nay. Cac enzyme nay bao gdm hai

nhom chinh: enzyme oxy hoéa va enzyme thuy phan (Hinh 1.4). Cac enzyme
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oxy hda dong vai trd quan trong trong viéc xuc tac cac phan img oxy hoa-khir
dé pha v cac lién két hoa hoc trong lignin, dic biét 1a cac lién két C—C va C—
0, von c6 do bén cao, gitp md dau cho qué trinh pha v& lignin. Qu4 trinh nay
tao diéu kién cho céc enzyme thiy phan dé dang tiép can va phan giai
cellulose ctng hemicellulose. Trong khi d6, enzyme thily phan, bao gdm
cellulase va hemicellulase, xuc tac qua trinh cat dut cac lién két glycosidic
trong cellulose va hemicellulose, gidi phong cac don vi monosaccharide va
oligosaccharide can thiét trong tmg dung cong nghiép. Tuy nhién, sy phdi hop
hiéu qua giira cac enzyme nay 13 yéu td quyét dinh hiéu suit cua qua trinh

phan giai lignocellulose.
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[38].
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1.2.1. Nhém enzyme oxy hoa
1.2.1.1. Laccase
Laccase (EC 1.10.3.2) la enzyme thudc polyphenol oxidase hay

oxidoreductase, chira cic nguyén tir dong trong trung tim xuc tic va hay duoc
goi 1a polyphenol oxidase da ddng [39]. Béi vi trong cau triic co chua 4
nguyén tir dong nén laccase str dung oxy lam chat nhan dién tir khi oxy héa co
chit. Laccase ¢ thé oxy hoa co chét rat da dang, bao gom cac dan xuét
diphenol, polyphenol, phenol, amine thom, diamine, dioxin, benzenethiol va
ca cac hop chat vo co [40].

Co ché tac dung cua enzyme laccase duwa trén phan ung oxy héa-khir,
trong d6 enzyme sir dung oxy phan tir (O,) lam chét nhan electron va chuyén
ddi nd thanh nuéc (H,0). Qua trinh bit dau khi laccase lién két véi co chit,
thuong 1a cac hop chit phenolic, amin thom hodc cac chit c¢6 kha ning cho
electron. Nho cac ion dong trong trung tim hoat dong, enzyme nhan electron
tir co chét, dan dén viéc oxy héa co chéat thanh cac san pham nhu quinon.
Pong thoi, cac electron dugc chuyén téi oxy phan tir tai trung tim hoat dong
ctia enzyme dé tao ra nudc [41]. V6i kha ning xuc tac da dang va khong dic
hiéu, laccase c6 thé xtr 1y nhiéu loai co chat khac nhau, bao gdm céc hop chat
hitu co phire tap nhu lignin, pha v& cac lién két phenolic va ether trong cau
trac lignin, lam giam do bén viig ctia nd. Qua trinh nay khong chi giai phong
cellulose va hemicellulose dé cac enzyme khac tiép tuc xtr Iy, ma con tao ra
cac hop chét gid tri gia ting tir lignin, nhu oligomer va monomer phenolic
[39, 41].

Laccase la enzyme dac biét duoc quan tdm bdi nhitng ing dung hiru ich
trong cac nganh cong nghiép dang phat trién nhu: tdy mau ctia thudc nhuém
vai, tay trang gidy, loai bo hop chat phenol du trong ruou, san xuét nhién liéu
sinh hoc, khir doc méi truong ...[42, 43]. Laccase co thé thu nhan tr vi khuan
nhu Azospirillum lipoferum, Bacillus subtilis... Tuy nhién, laccase tur vi
khuan thuong c6 hoat tinh rat thip va khé c6 kha ning ung dung trong thuc
tién san xudt. So v6i enzyme tong hop tir thuce vat, vi khuan hay con trung, thi
enzyme cO ngudn gdc tir nAm biéu hién nhiéu wu thé hon ca nhu c6 tinh 6n
dinh hon, tinh khong dic hiéu co chit va kha niang oxy hoa cac hop chét

phenol da dang. Laccase thu nhan tir nAm men thuong khong thé hién hoat
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tinh cao nhu laccase tir ndm soi. Piéu nay chu yéu lién quan dén yéu cau
glycosyl hoa dic trung cua laccase tir cic ngudn gdc khac nhau. Do vay,
laccase thu dwoc tir nAm méc dugc quan tim nhiéu hon. Laccase dd duoc phat
hién chu yéu tir cac loai ndm nhu Botrytis cinerea, Chaetomium thmophilum,
Coptius cinereus, Neurospora crassa, Phlebia radiatre, Pleurotus otreatus,

Pycnoporus cinnabarius va Trametes versicolor [41, 44-46].
1.2.1.2. Lignin peroxidase
Lignin peroxidase (LiP, EC 1.11.1.14) la enzyme thudoc nhdém

peroxidase, dugc tim thay chil yéu ¢ cac loai ndm phan giai gd, dic biét 1a
Phanerochaete chrysosporium [47, 48]. Enzyme nay c6 kha nang oxy hoda céc
hop chat phtic tap nhu lignin thong qua viéc sir dung hydrogen peroxide
(H,0,) 1am chat xuc tac dé nhan electron.

Co ché tac dong cua LiP 1én lignocellulose dién ra théng qua qua trinh
oxy hoa céac lién két hoa hoc phirc tap trong lignin. LiP st dung hydrogen
peroxide dé kich hoat trung tdm heme, tao ra cac trang thai oxy hoa cao
(Compound I va Compound II) [49]. Enzyme nay tao ra cac goc tu do, chang
han nhu gbc phenoxy hodc cation radical, tai cac vi tri hoat dong cua lignin.
Cac gbc nay khong 6n dinh va trai qua hang loat phan tmg héa hoc, dan dén
pha v& cac lién két C-C va C-O trong cau tric lignin. Sy phan huay lignin boi
LiP lam gidm tinh khéng phén giai cta lignocellulose, giai phong cellulose va
hemicellulose, gitip cac enzyme khac nhu cellulase va hemicellulase dé dang
tiép can va phan giai. Nho d6, LiP dong vai tro quan trong trong viée xt 1y
sinh khéi thue vat, san xuat nhién liéu sinh hoc va cac tng dung tai ché sinh
hoc khac [50, 51].

Lignin peroxidase thudng duogc tim thay trong céc loai nAm muc trang,
chang han nhu P. chrysosporium, Trametes verscolor, Bjerkandera adusta va
Phlebia radiata [52-54]. Enzyme LiP tir cac loai ndm nay c6 kha ning oxy
hoa-khtr vuot troi hon so voi laccase, vi nd co thé oxy hoa ca cic ciu trac
phenolic va din xuit phenolic ctia lignin ma khéng can sy hd tro cta chat
trung gian. Nho dic diém nay, LiP ¢6 kha ning phan hay lignin hiéu qua hon
laccase, gop phan quan trong vao qud trinh tai ché va chuyén hoa
lignocellulose. Tuy nhién, khong phai tit ca cac loai ndm muc tring déu c6

kha ning sinh tong hop enzyme LiP. Su biéu hién ctia LiP phy thudc vao loai



16

nam, diéu kién moi truong, va nguén carbon ¢6 sin. Mot s6 loai ndm muc
tring chi san xuat mangan peroxidase (MnP) hodc cac enzyme khéc trong qua
trinh phan giai lignin. Piéu nay phan anh sy da dang sinh hoc va tinh chuyén
biét cia cac enzyme trong viéc thich nghi véi moi trudng va phan huy céc
chét hiru co phuc tap [18]. Hon ntra, hiéu suat hoat dong cia LiP con chiu anh
huong boi ndng do hydrogen peroxide, pH, va nhiét d6. Cac nghién ciru hién
dang tap trung vao viéc toi vu hoa diéu kién nudi ciy ndm va thiét ké bién doi
enzyme nham tang cudng tinh on dinh va hiéu qua xuc tac cua LiP, phuc vu
cho cac img dung cong nghiép va moi truong.

Enzyme LiP thuong dugc sir dung trong cac ing dung lam sach ngudn
chat thai c6 ham luong phenol cao, bao gdm cac ddc td phenol halogen va cac
chét gay 0 nhiém c6 kha nang rdi loan noi tiét nhu t-octylphenol, bisphenol A,
estrone, va ethinylestradiol [55]. Nhimng hop chét nay thuong chira cac nhém
hydroxyl phenolic, vén c6 d6 doc cao va kho phan huy. Thong qua phan tng
tring hop, LiP bién d6i cac hop chét phenolic thanh cac san pham it phan tng
hon va kém hoa tan, dan dén két tia va giam dang ké doc tinh cta chung.
Ngoai ra, LiP con duoc tng dung trong qua trinh khir mau cua céac loai thude
nhudém téng hop. Theo nghién ctru cua Ollikka va cong su, peroxidase lignin
tir P. chrysosporium da dugc chimg minh c6 kha nang khtr mau céc loai thudc
nhudm nhu azo, triphenyl methane, heterocyclic, va polymer. Qua trinh nay
c6 thé duogc ting cuong véi sy hién dién cua céc co chat khac nhau déng vai
trd chat trung gian, gitp cai thién hiéu qua phan tng [56]. Bén canh xir 1y chét
thai va thudc nhudm, enzyme LiP cling dugc tmg dung rong rai trong nganh
cong nghiép gidy va bot gidy. N6 duogc sir dung dé khir lignin trong qua trinh
1am trang bot gidy, thay thé cac hoa chat doc hai nhu clo [51]. Viéc nay khong
chi lam giam tic dong xau dén moi truong ma con tiét kiém chi phi xir Iy
nude thai va nang cao chat luong san pham. LiP dang ngay cang khang dinh
vai tro quan trong trong cac nganh cong nghi¢p hién dai, dac biét 1a trong xu
1y méi trudng, san xuat gidy bén vimg va tai ché tai nguyén, gop phan giam
thiéu 6 nhiém va thic day cac giai phap cong nghé xanh.
1.2.1.3. Unspecific peroxygenase

Unspecific peroxygenase (UPO, EC 1.11.2.1) 1a enzyme oxy hoa thudc

nhom heme-thiolate peroxidase, duoc biét dén véi kha niang xtic tac phan tng
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peroxygen hoa. UPO c6 kha nang truc tiép oxy hoa lignin trong lignocellulose
nho st dung hydrogen peroxide 1am chat oxy hoa, khong can dén cac chét
trung gian nhu nhiéu enzyme khac. UPO ¢6 céu trac gidng cytochrome P450
va 12 mot thanh vién trong ho peroxidase chtra heme, vi mot ion sét & trung
tam [57, 58]. Cu tric nay cho phép né thuc hién phan tng oxy héa da dang.
Enzyme ndy c6 thé xuc tac qua trinh oxy hoa khong dic hiéu, nghia 1 né co
thé chuyén héa nhiéu loai co chat khac nhau nhu alkane, alkene, alcohol,
ether, va tham chi cac hop chét thom [59]. UPO thyuc hién cic phan tng
hydroxyl hoa, epoxide hoa, va mot sé phan tmg khac mot cach hiéu qua ma
khong can dén su tham gia cia NADPH nhu cic enzyme cytochrome P450.

Co ché tac dong cua UPO d6i véi lignocellulose chu yéu dya trén kha
ning oxy hoa cac lién két phtic tap trong lignin — thanh phan chinh lam
lignocellulose tr¢ nén khang phan huy. Enzyme nay oxy hda cac nhom chirc
trong lignin, bao gdm céc lién két C-H va C=C, tao ra cic gbc tu do phenoxy
hoic cation radic. Cac gdc tu do nay kich hoat mét chudi phan umg tu do, pha
v& cdu tric polymer cua lignin. Qua trinh nay lam giam su bao boc chit ché
cta lignin quanh cellulose va hemicellulose, giai phong cac polysaccharide dé
cac enzyme khac nhu cellulase va hemicellulase tiép can d& dang hon [60].
Khong chi tac dong dén lignin, UPO con c6 kha ning bién ddi cac cau triic
phtrc tap khac trong lignocellulose thong qua viéc thém oxy vao cac phan tu
hitu co khong no. Piéu nay gitp phan giai lignocellulose hiéu qua hon, mo
duong cho viéc chuyén héa thanh cac san pham c6 gia tri nhu dudng, ethanol
sinh hoc, va cac hoa chat nén tang khac [61].

Nho tinh da dang trong kha nang xuc tac, UPO dugc ing dung rong rai
trong nhiéu linh vyc, bao gdm nhu san xuét cac hop chat oxy hoa quan trong
trong nganh hoéa dugc va héa my pham, ung dung trong qua trinh bién dbi
sinh hoc cta cac hop chat hiru co, xir 1y cac chat gay 6 nhiém hitu co, dic biét
1a cac chat gdy 6 nhiém kho phan huay sinh hoc trong nuéc thai. UPO duoc
tim théy chu yéu trong cac loai nidm moc va nAm soi (fungi), dac biét 1a cac
loai ndm thudc chi Agrocybe, Marasmius va Cylindrobasidium [23, 62]. Céc
nam nay san sinh ra enzyme UPO nhu mét co ché dé phan huy lignocellulose
trong tu nhién. Enzyme unspecific peroxygenase dugc nghién ctru rong rai

khong chi vi tiém nang Umg dung cong nghiép ciia né ma con boi kha nang
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thuc hi¢n cac phan Uimg hdéa hoc mot cach hi¢u qua va than thién vé1 moi
truong.
1.2.1.4. Cellobiose dehydrogenase

Cellobiose dehydrogenase (CDH, EC 1.1.99.18) 1a enzyme thudc nhom

oxidoreductase, c6 kha nang xuc tdc qua trinh oxy hoa cellobiose (mot
disaccharide) thanh cellobionolactone, ddng thdi chuyén dién tir téi cac chat
nhan nhu oxy, quinone, hodc ferrocenium ion [63, 64]. Enzyme nay thuong
duoc tim thay trong cac loai nAm méc va nam soi, chang han nhu Trametes va
Phanerochaet, dong vai trd quan trong trong qua trinh phan huy cellulose
trong ty nhién [65, 66].

CDH c¢6 céu triic gom hai mién chtrc ning chinh: mién FAD (flavin
adenine dinucleotide) va mién heme [67]. Mién FAD (Flavin Adenine
Dinucleotide) thuc hién qua trinh oxy hoéa cellobiose va cac oligosaccharide
tuong tu, chuyén chiing thanh cellobiono-1,5-lactone, qua trinh nay kém theo
viéc giai phong cac electron. Trong khi mién heme thuc hién nhiém vu
chuyén electron tor mién FAD dén cac chat nhan dién tir khac nhu
cytochrome, quinone, va oxy [68]. Su phéi hop giira hai mién ndy tao ra kha
ning twong thich cao voi nhiéu loai chat nhan dién tir, giap CDH linh hoat
trong nhiéu diéu kién moi trudng khac nhau.

CDH c¢ vai tro quan trong trong viéc phan huy lignocellulose nh¢ kha
nang tuong tac voi ca cellulose va lignin (Hinh 1.5). Enzyme nay khong chi
oxy hoa cic 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 13 tic nhan hd tro hoat déng ciia cic enzyme oxy héa khac, bao
gom laccase, lignin peroxidase (LiP), va manganese peroxidase (MnP). Cac
gbc tu do va hydrogen peroxide do CDH tao ra tham gia vao qua trinh pha v&
cau tric lignin, lignin bi phan manh, lam 16 dién cac chudi cellulose va
hemicellulose an bén trong, tao diéu kién dé cic enzyme thiy phin nhu

cellulase va xylanase tiép can dé dang hon.
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Hinh 1.5. M6 ta vai trd cia CDH trong chuyén héa lignocellulose.

Nho vao cac dac tinh xtc tic manh mé, CDH dang dugc nghién clru va
tmg dung trong nhiéu linh vuc khac nhau, bao gom san xuat nhién liéu sinh
hoc, xtr 1y chét thai sinh hoc va tong hop cac hop chat sinh hoc ¢6 gia tri cao.
Trong san xuat nhién liéu sinh hoc, CDH gop phan lam tang hiéu suat chuyén
hoa lignocellulose thanh céic loai duong don, tir do cai thién quy trinh san
xuat bioethanol. Ngoai ra, kha ning tao ra cac gbc tu do va hydrogen peroxide
cling gitp CDH tr¢ thanh mot cong cu hitu ich trong cac quy trinh xtr ly 6
nhiém va phat trién cdc cam bién sinh hoc. Nho hoat dong ctia CDH va céc
enzyme phén giai cellulose khac, cac vi sinh vat c¢6 thé str dung cellulose nhu
mot ngudn carbon va ning lugng. Bén canh d6, CDH con ¢6 nhiéu tiém ning
trong ing dung cong nghiép nhu san xuat nhién liéu sinh hoc, biosensor,
...[69, 70].

1.2.2. Nh6m enzyme thiy phan
1.2.2.1. Ho glycoside hydrolase

Glycoside hydrolase (hay glycosidase, glycosyl hydrolase; EC 3.2.1-)
la mgt nhém enzyme quan trong c6 vai tro trong qua trinh phan giai cac lién
két glycoside giira carbohydrate hodc gitta carbohydrate va cac phan tir khong
phai carbohydrate [71]. Ching phan huy polysaccharide (nhu cellulose, chitin
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va glucan) thanh cac oligosaccharide va monosaccharide. Ho enzyme GH rat
da dang va duoc phan loai thanh nhiéu ho khac nhau dua trén ciu tric va co
ché hoat dong ctia chiing. Cac enzyme trong cing mot ho thuong cé cdu trac
ba chiéu va co ché xtc tac tuong ty nhau, mdc du ching co thé khac nhau vé
do dic hiéu co chat. Hién nay, dua vao co s& dir lieu CAZy (Carbohydrate-
Active enZymes), GH dugc chia thanh hon 170 ho khac nhau.

Enzyme quan trong trong ho glycoside hydrolase 1a cellulase, mot phirc
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) [72]. Cac enzyme nay xuc tac thuc ddy qua trinh
thty phan phan cat mach cellulose thanh nhitng doan ngan (Hinh 1.6) [73,
74].

Endo-1,4-glucanase (EC 3.2.1.4) 1a mot enzyme c6 chirc ning phan cit
ngiu nhién cac lién két B-1,4-glycoside trong chudi cellulose hodc cac
polysaccharide tuong tu. Enzyme nay hoat dong bang cach nhim vao cac vi
tri bat ky trong chudi cellulose, phan cat thanh cac doan ngin hon nhu
oligosaccharide va cellodextrin, dong thoi tao ra cac diém dit gy trén soi
cellulose, giup cac enzyme khac d& dang tiép can va tiép tuc phan giai. Endo-
1,4-glucanase duoc tmg dung rong rai trong nganh cong nghiép gidy dé xir ly
so1 cellulose, tang hi¢u suét san xuat, cling nhu & budc dau cta qué trinh phan
huy cellulose nham san xuat bioethanol [75].

Exo-1,4-glucanase (EC 3.2.1.91), con dugc goi la cellobiohydrolase, 1a
mot enzyme cd chirc ning phan cat cac lién két p-1,4-glycoside tai cac dau
tan cung cua chudi cellulose, tao ra san pham chinh 13 cellobiose. Enzyme nay
hoat dong chu yéu trén cac dau khong khir cua chudi cellulose, phan cit timg
don vi disaccharide (cellobiose) tir chudi cellulose hodc tir cac doan ngan
duoc tao ra boi endoglucanase. Exo-1,4-glucanase phdi hop chit ché véi
endoglucanase dé téi wu héa qua trinh phan giai cellulose. Enzyme nay
thudng dugc ting dung trong phan giai cac soi cellulose dai thanh cac phan dé
xtt Iy hon trong qu4 trinh san xuét ethanol sinh hoc.

B-glucosidase (EC 3.2.1.21) con dugc goi la cellobiase, 1a mot enzyme
thiy phan lién két B-glycoside gitta cac phan tor dudng trong cic
oligosaccharide hodc disaccharide nhu cellobiose, chuyén hoa chung thanh

glucose — dang dudng don dé héap thu va st dung. Enzyme nay hoat dong &
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giai doan cudi ctia qua trinh phan huy cellulose; do d6, hoat tinh ctia nd giam
khi chiéu dai cta chudi cellulose ting 1én. Vai tro chinh cua B-glucosidase 1a
chuyén hoa cellobiose thanh duong don glucose, ngan chin sy tich tu cic san
pham trung gian nhu cellobiose, von co thé tic ché hoat dong cua cac enzyme
phan giai cellulose khic. Enzyme nay ¢6 nhiéu ing dung quan trong, bao gém
san xuat glucose lam nguyén liéu 1én men ethanol trong nganh cong nghiép
ning luong sinh hoc. Trong y hoc, p-glucosidase duoc st dung dé cai thién
tiéu hoa va hd trg diéu tri cac rdi loan lién quan dén chuyén hoa carbohydrate
[76,77].

Tuy thudc vao cac chung vi sinh vét ciing nhu cac diéu kién méi truong
nudi cdy, ty 1& cac thanh phan trong hé enzyme cellulase 1a khac nhau, tuy
nhién dé phan giai hoan toan cellulose can ¢ su tac dung hiép dong cia ca ba
enzyme trong hé cellulase [76]. T cac nghién ctru vé ba enzyme trong hé
cellulase cac nha khoa hoc déu két luan rang cac loai enzyme cellulase co tac
dung hiép dong s& thay phién nhau thiiy phan cellulose dé tao thanh san pham

cudi cung 1a dudng glucose [78].
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Hinh 1.6. Hé cellulase tham gia chuyén héa mach cellulose [78].
1.2.2.2. Ho carbohydrate esterase

Mot mat xich quan trong tham gia vao qué trinh thuy phén cau tric
lignocellulose 1a hé carbohydrate esterase (CE), 1a dai dién cua nhom cac

enzyme hydrolase xuc tdc phan ung cho su hinh thanh cac ester no va ester
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thom [79, 80]. Trong d6, hai enzyme acetyl esterase (EC 3.1.1.6) va feruloyl
esterase (EC 3.1.1.73) hoat dong trén cac chudi nhanh cua céu tric
polysaccharide dé phan cit lién két ndi gitra cac chudi xylan voi lignin dé tach
phan lignin ra khéi cdu tric lignocellulose. Chiing dong mot vai tro quan

trong ¢ giai doan ddu qua trinh thity phan lignocellulose [81, 82].

Acetyl xylan esterase: Acetyl xylan esterase 1a mot enzyme thugc nhom
hydrolase, ¢6 vai tro xtc tac phan ung gidi phong cac nhom acetyl tur cac
polysaccharide acetyl héa nhu xylan hodc pectin trong lignocellulose [83].
Enzyme nay cung voi cac enzyme thuy phan cellulose va xylan gitr vai tro
quan trong trong viéc chuyén hoa vt liéu thanh té bao thuc vat. Cu thé, acetyl
esterase loai bo cac nhdm acetyl ester tai vi tri C2 va C3 cuia D-xylopyranosyl
trong chudi xylan (Hinh 1.7). Qu4 trinh deacetyl hoa nay 1am cho cac don vi
xylopyranosyl trong xylan dé dang bi phan giai hon bdi enzyme endo-B-1,4-
xylanase (EC 3.2.1.8). Cac nhom acetyl nhanh thuong tao tré ngai khong
gian, lam giam kha ning tiép can cua cac enzyme phan cét chudi chinh. Vi
viy, acetyl esterase dong vai trd hd trg bang cach loai bd cac nhom acetyl
nhanh, gitp ting cuong hiéu qua tiép can cla enzyme endoxylanase. Ngoai
ra, enzyme endoxylanase tiép tuc loai bd cic nhém O-acetyl trén B-D-
xylopyranosyl ¢ cac vi tri C2 va C3 cua acetyl xylan, tir 46 thac day qua trinh
phén giai xylan thanh cac don vi dudong don hiéu qua hon.
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Hinh 1.7. Bich tac dong ctiia enzyme acetyl (xylan) esterase va feruloyl
esterase [83].
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Nho tinh didc hiéu cao, acetyl xylan esterase dang ngay cang khang
dinh vai tro quan trong trong nhiéu linh vuc cong nghiép, tir ché bién thuc
pham, ning lugng dén phét trién céng nghé vat liéu sinh hoc tién tién. Vi du
nhu, trong nganh san xuat gidy va bot gidy, enzyme nay hd trg qua trinh tay
trang va 1am sach cellulose, tir d6 giam thiéu nhu ciu st dung hoa chat doc
hai, gop phan bao vé moi trudong va tdi wu hoa hiéu qua san xuit [84]. Trong
linh vuc thuc pham, Acetyl xylan esterase dugc str dung dé cai thién két cdu
va tinh chat ctia cac san pham tir ngii cdc, nho kha ning bién d6i va lam mém
cdu tric hemicellulose, giup ting chit lwong va tinh 6n dinh ctia san pham.
DPong thoi, trong nganh thrc dn chin nudi, enzyme ndy déng vai trd quan
trong trong viéc phan huy xylan va hemicellulose c6 trong ngii cbc, tir d6 ting
kha ning tiéu héa va gia tri dinh dudng cua thic in, gitip nang cao hiéu suat
chan nudi [85].

Acetyl xylan esterase tir cac ngudn sinh vat khac nhau cé dic tinh héa-
1y va hoat dong xuc tac khac nhau. Enzyme c6 ngudn gbc tir chang Bacillus
pumilis ¢6 khdi lugng phan tir 13 40 kDa, nhiét d6 hoat dong t6i uu 1a 45°C
cung v6i pH t6i vu 1a 6,0. Trong khi d6 enzyme c6 ngudn gbc tir ching
Bacillus subtilis ¢ khoi lwong phan tir 1a 31 kDa va hoat dong t6i vu ¢ nhiét
do 50°C va pH 6,5. Hoat tinh ciia enzyme c6 thé bj anh huong béi cac ion kim
loai, vi du nhu Zn**, Ni?>* va Fe?* lam ting hoat tinh cua enzyme, trong khi d6
Mn?", Mg?¥, Ca?*, Cu?*, Fe*" va Co?" trc ché hoat tinh ctia enzyme. Bén canh
nguodn enzyme co tir vi khuan thi enzyme acetyl esterase ciing duoc tim ra ¢
mot s6 ching nim thudc nganh Ascomycota, dién hinh nhu Aspergillus
awamori [86], Aspergillus niger [34] va Fusarium oxysporum [87]. Enzyme
tir nAm Aspergillus awamori c6 khbi lugng phan tir 1a 31 kDa va hoat dong tot
¢ nhi¢t do 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 xtc tdc phan tng
thity phén lién két este giita cac polysaccharide trong thanh té bao va céc axit
hydroxycinnamic lién két v6i lignin [88, 89]. 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& cdu tric phirc tap cua lignocellulose. Diéu nay
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gilp cai thién kha ning tiép can ciia cdc enzyme khac, nhu xylanase va
cellulase, dén polysaccharide, t6i vu hoa qua trinh phan giai lignocellulose va

tang hi¢u qua xu ly sinh hoc.
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Hinh 1.8. Dich tic dong ctia enzyme feruloyl esterase va cac lién két dang

cau noi cua axit ferulic va dimer vdi arabinoxylan va lignin [90].

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

Enzyme feruloyl esterase con hoat dong trén cic chudi nhanh cua
polysaccharide trong thanh té bao thuc vat, pha v lién két este giira cac chudi
xylan va giita xylan v6i lignin. Qué trinh nay gitip tach lignin ra khoi ciu triic
phuc tap cua lignocellulose [91]. Du6i tac dong cua FAE, phuc hop lignin-
carbohydrate (LCC) tré nén dé bi phan giai hon, tao diéu kién thuan loi cho
cac enzyme khéc xtc tac thiy phan lignocellulose. Ngoai ra, FAE con xuc tac
gidi phong cac axit phenolic nhu axit ferulic, axit p-coumaric, axit cinnamic
va cac dimer ctia chung tir vét liéu lignocellulose. Nhiing hop chét phenolic
nay khong chi c¢6 gid tri cao trong nganh thuc pham va my pham nho dic tinh
chéng oxy hda ma con dong vai trd quan trong trong nghién ctru va san xudt

cac hop chat sinh hoc c6 gié tri [91].
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Gan déy, enzyme feruloyl esterase nhan dugc nhiéu sy quan tim boi
vai tro cta chiing trong nhiéu nganh cong nghiép nhu gidy va bot gidy. FAE
c6 thé giup tach cac lignin tir cellulose, lam giam viéc sir dung hoa chét va
ning luong trong qua trinh san xuit gidy va bot gidy. Trong cong nghiép duoc
pham, FAE giup tao ra cac hop chat phenolic, cic hop chét nay ¢ dic tinh
chdng oxy héa, chdng viém, va chdng ung thu, dugc st dung trong san xudt
duoc pham va céc san pham chim soc sire khoe [92]. Trong coéng nghiép sinh
hoc va ning luong sinh hoc, FAE déng vai trd pha v& cc cdu trac phic tap
cua lignocellulose, 1am ting hiéu qua ctia qua trinh san xuat bioethanol tir cac
nguyén liéu sinh khéi. Enzyme nay ciing ciing hd tro trong viéc san xuit cac
loai nhién liéu sinh hoc khéac tir cic ngudn nguyén liéu tai tao. Ngoai ra,
enzyme ndy ciing co6 vai tro trong viéc thu nhdn cac hop chat thom
hydroxycinnamic tir phu pham néng nghiép [93, 94]. Hién nay & Viét Nam co
rit it cac cong bd lién quan toi img dung ciia enzyme feruloyl esterase tir nAm
trong qua trinh phan huy lignocellulose tir phu pham cong-nong nghiép. Trén
thé gidi, mot sd cong bd vé feruloyl esterase lién quan dén su thiy phan
lignocellulose da dugc nghién ctru tinh sach va xac dinh dic tinh, chu yéu la
tr ngudn ndm va vi khuan (Paenibacillus spp., Pseudomonas spp.,
Aspergillus spp va Penicillium spp) [95]. Cac vi sinh vat dugc biét dén véi
kha ning sinh ra feruloyl esterase di duoc dé cap bao gdm: Clostridium sp.,
Pseudomonas sp., Aspergiluss sp., Fusarium sp....) [81].

Cau triic phirc tap va bén viing cta lignocellulose doi hoi su phdi hop
hoat dong cuia nhiéu enzyme, bao gém cic enzyme oxy hoa va thily phan,
hoat dong mot cach hiép dong [96]. Viée st dung enzyme dé xuc tac qua trinh
thuy phan cellulose thanh glucose va hemicellulose thanh xylose tur lau da
duoc xem 1a mot chién lwgc tiém ning va hiéu qua vé chi phi trong cac tng
dung cong nghiép. Do d6, tdi wu hoa cac loai enzyme cocktail 1a mot yéu td
then chét nham ning cao hiéu qua chuyén ddi lignocellulose, bai mdi loai co
chit déu c6 nhitng dic diém riéng va yéu cau cac diéu kién dic thu dé dugc

phan huy hoan toan.
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1.3. Tinh hinh nghién ciru va dic diém enzyme chuyén héa lignocellulose
tir nam
1.3.1. Tinh hinh nghién ciru trong va ngoai nwéc

Gan day, cac phuong phap sinh hoc, dic biét 1a viéc sir dung vi sinh vat
hodc enzyme dic hi¢u, dang dugc chu trong nho tinh than thién véi moi
truong va tiém ning ung dung quy mé 16n. Nhimg sinh vét c6 kha ning phan
huy lignocellulose dong vai trd quan trong trong viéc duy tri vong tuan hoan
carbon, nho kha niang chuyén hoa hiéu qua cac vat liéu thuc vat thong qua hé
enzyme oxy hoa va thuy phan [97]. Trong s d6, cac loai ndm duoc biét dén
1a nhom sinh vat s& hiru hé xac tac sinh hoc (enzyme) hiéu qua nhat. Nam 16n
c¢6 kha nang sinh tong hop nhiéu loai enzyme khac nhau, bao gdm enzyme
thuy phan ngoai bao (nhu cellulase, xylanase, esterase...) va cdc enzyme oxy
héa thudc nhom oxidoreductase (nhu peroxidase, peroxygenase, phenol
oxidase...), giup phan hiy cac polymer thyc vat va giai phong cac don vi cdu
trac (building block) cta ching [74]. Pic biét, cac loai nam soi (filamentous
fungi) ndi bat nhd hé enzyme xtc tic manh mé va kha ning tiét luong 16n
enzyme ngoai bao vao méi truong. Piéu nay khoéng chi gitp ching phan huy
hiéu qua lignocellulose ma con vuot troi so véi vi khuan trong viée tiép cén
va xu ly céc cAu trac thuc vat phtic tap. Nam sgi nhu Trichoderma reesei,
Aspergillus spp., va cac loai thudc nhém nim trang (white-rot fungi) nhu
Phanerochaete chrysosporium da dugc nghién ctru sau rong nho kha nang san
xuét enzyme manh mé&, dic biét 1a cac enzyme oxy hoa c6 kha ning pha v
lignin, mot thanh phan kho phan huy nhét cua lignocellulose [98, 99].

Nghién ciru vé enzyme chuyén hoa lignocellulose tir nAm dang thu hut
su quan tdm 16n trong cac linh vuc cdng nghé sinh hoc va nang lugong tai tao.
Cac enzyme nay giap cai thién kha nang phan huy lignocellulose trong quy
trinh chuyén héa sinh hoc, 1am giam sy can thiét ctia cac phuong phap co hoc
hodc hoa hoc tén kém va doc hai. Ngoai ra, nghién ctru cling tap trung vao
viée toi wu hoa diéu kién méi truong dé san xuit enzyme tir nim, cai thién
hiéu suat chuyén hoa va nghién ctru cac Gng dung cong nghiép. Aarthi
Ravichandran va cdng su (2019) da phan 1ap va chi ra vai trdé cua enzyme
versatile peroxidase tir ching ndm muc tring Lentinus squarrosulus trong

chuyén hoa lignocellulose tir than cdy ké. Két qua thu dugc 13 ham luong
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lignin dwgc xac dinh 13 giam khoang 18% so v&i ban dau sau khi duoc xt Iy
bang enzyme [100]. Zhichao Deng va cong su (2019) da nghién ctru dic tinh
va vai tro cta enzyme laccase trong chuyén hoa lignin c¢6 ngudn goc tir phé
thai [ta mi. Nghién ctru da chi ra dugc su khac nhau trong ciu tric cta lignin
trude va sau khi xir Iy bang enzyme boi phan mém FTIR va XRD. Phuong
phap FTIR di cho thiy cac lién két ete thom d3 bi phan cét va guaiacyl (G) bi
oxy hoa, trong khi d6 phuong phip XRD chi ra ring d6 két tinh cua
lignocellulose ting 1én do thoai hoéa mdt phan lignin [36]. Mot s6 nghién ciru
khac nhu Adarsh va cong su (2020) da chi ra vai trdo cua hé enzyme
ligninolytic tir mot s6 loai ndm muc tring, chang han nhu Termetes
versicolor, Pleurotous ostreatous va Phanerochaete chrysosporium c6 vai tro
dic biét dang chu ¥ trong chuyén hoa phé thai co ngudn gdc tir lignocellulose
[101].

Ngoai ra, viéc cai tién cong nghé enzyme thong qua cac k¥ thuat nhu
tién hoa protein hodc thiét ké enzyme tai t6 hop ciing dong vai trd quan trong
va dang duoc nhiéu nha khoa hoc quan tdm. Tac gia Tatsuki va cong su da
nghién ctru tich dong thanh coéng enzyme lignin peroxidase tir chung nam
muc trang Phanerochaete sordida YK-624 [102]. Hodc enzyme esterase ciing
da duoc tach dong thanh cong tir loai nAm Thermomyces lanuginosus [103]. O
Viét Nam, tac gia Tran Lién Ha (Pai hoc Bach Khoa Ha No6i) da nghién ctiu
tach dong va biéu hién gen ma hoa enzyme xylanase tir nAim Aspergillus niger
dé thuy phan sinh khoi lignocellulose [104]. Tac gia Pang T4t Thanh (Vién
cong nghé thuc pham, Ha Noi) phan 14p va danh gid dic tinh ching A.
brunneoviolaceus sinh tong hop hé enzyme thily phan xylan [35]. Nhin
chung, hién nay da co6 rat nhiéu nghién ctru vé sinh tong hop, thu nhén, va tai
t6 hop enzyme chuyén hoa lignocellulose tir cac loai nam. Nhimng dé tai nay
d3 nghién ctru mot sd enzyme nhét dinh dugc san sinh tir ndm va tng dung
trong cong nghiép, tuy nhién chua di sdu vao nghién ctru hé enzyme chuyén
hoa lignocellulose tir nAm mdt cach toan dién. Mic du cac nghién ctru nay da
mang lai nhiéu két qua quan trong, nhung cho dén nay, sb luong cac nghién
ctru vé ing dung hé enzyme chuyén hoa lignocellulose trén ddi twong nim &
Viét Nam van con han ché. Diéu nay dic biét dang chi ¥ khi Viét Nam so

hiru sy da dang phong phu cac loai vi sinh vat nam song trong cac moi truong
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tu nhién khac nhau, nhu rimg nhiét d6i va ring ngap min, noi tiém ning cta
cac loai ndm nay chua dugc khai thac triét dé. Viéc nghién ctru siu hon vé cac
hé enzyme chuyén héa lignocellulose tir cac loai nim dia phuong s& khong
chi gitp ting cuong hiéu biét vé co ché chuyén héa chit ndy ma con mé ra co
hoi tmg dung trong viéc phét trién cac cong nghé xir Iy va tai ché sinh khdi
lignocellulose, gop phan tao ra cic san pham than thién vi moi truong va bén
vitng cho nganh cong nghiép sinh hoc.

Hién nay, cac enzyme tham gia phin giai lignocellulose da dugc nghién
clru sdu rong trong nhiéu thap ky, chu yéu tap trung vao ba nhom enzyme
chinh. Trong d6, nhém enzyme chiu trach nhiém thuy phan cellulose (thuong
goi chung 1 cellulase) 1a nhém duoc nghién ctru nhiéu nhat va da duoc tng
dung rong rii trong cong nghiép [29, 78]. Pdng thdi, nhom enzyme phan giai
hemicellulose ciing nhan dugc su quan tdm dang ké; dién hinh 14 cac enzyme
thuy phan cac polysaccharide cua hemicellulose nhu endoxylanase va -
xylosidase, a-L-arabinofuranosidase, acetyl xylan esterase va feruloyl esterase
[81, 105]. Nguoc lai, lignin 13 thanh phan di vong phtc tap cua lignocellulose,
c6 cau tric khong dong nhét, gidu cac lién két thom va c6 kha ning khang
phan huy sinh hoc cao; do d6 qua trinh phan giai lignin doi hoi sy tham gia
clia cac enzyme oxy hoa mang co ché xfic tac phtc tap hon. Lignin
peroxidase va laccase 14 hai enzyme oxy héa tiéu biéu c6 kha niang oxy hoa
cac ciu truc lignin phire tap, dong vai trd then chdt trong viéc khoi phat qua
trinh phan giai lignin, tir d6 tao diéu kién thun loi dé cac enzyme thuy phan
tiép can va phan giai cellulose cing hemicellulose [101]. Tuy nhién, cac
enzyme lignin peroxidase va laccase c6 ngudn gdc tir ndm cho dén nay van
chua duoc nghién ctru mét cach day du.

Bén canh cac enzyme da dugc nghién ctru sdu rong, van con mot sb
enzyme it dugc khai thac nhung dang ngay cang thu hat sy quan tam cua
cong dong khoa hoc nhd vao co ché xuc tic doc dao va tiém ning tng dung
vuot troi. Dién hinh trong s nay 1a cellobiose dehydrogenase (CDH),
unspecific peroxygenase (UPQO), va nhom acetyl esterase (ddc biét la
acetylxylan esterase). Nhitng enzyme nay khong chi b sung vao su da dang
vé co ché phan giai lignocellulose ma con hira hen khic phuc nhitng gidi han

ve€ hiéu suat va tinh chon lgc cua h¢ enzyme truyén thong. Trén co s& do, luan
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vin ndy lya chon nghién ctru nim enzyme bao gdém lignin peroxidase,
cellobiose dehydrogenase, laccase va unspecific peroxygenase (thuoc nhém
enzyme oxy hoa), cung voi acetyl esterase (thudc nhom enzyme thuy phan).
1.3.2. Piic diém enzyme tir nAm

Enzyme chuyén hoa lignocellulose tir nAm 1a mot cong nghé tiém ning,
tuy nhién, giong nhu moi cong nghé khac, enzyme nay ciing co nhimg uu va
nhuoc diém riéng. Mot trong nhitng wu diém noi bat 13 kha ning phan giai
lignocellulose hi€u qua. Cac enzyme nhu ligninase, cellulase va xylanase do
nam san xuat c6 thé phan giai lignin, cellulose va hemicellulose, nhitng thanh
phan chinh cau tao nén lignocellulose. Trong khi d6, enzyme tir cac ngudn
khac nhu vi khuan hodc thuc vat tuy ciing c6 kha ning phan giai
lignocellulose, nhung hiéu qua thuong thap hon hoidc yéu cau diéu kién khac
nghi¢t hon. H¢ enzyme cua vi khuan va thuc vat cling han ché hon so véi
nam, dic biét 1a thiéu cac enzyme c6 kha niang phan giai lignin hiéu qua, diéu
nay 1am giam kha ning chuyén hoa lignocellulose thanh cic san pham cé gia
tri. Ndm c6 thé san xuit mot loat cac enzyme lignocellulolytic manh mé hon
nho su da dang va kha ning thich Gmg cao trong viéc phan huy cac cau tric
phtrc tap cua lignocellulose. Nguoc lai, méac du vi khuan c6 thé phat trién
nhanh va san xuit enzyme véi tbc do cao, nhung chung thiéu sy da dang
enzyme can thiét dé xtr 1y lignocellulose mot cach hiéu qua. Gan day, tac gia
Julian Detain va cong sy (2024) di ching minh rang hé enzyme tir nAm mang
lai hiéu qua chuyén hoéa lignocellulose cao hon va phu hop hon véi nganh
cong nghiép so voi enzyme tir vi khudn. Nghién ctru cua ho cho thay céc
enzyme tir nAm khong chi c6 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
cong nghiép, lam ting kha ning Gng dung trong san xuat cic san pham co gia
tri tur lignocellulose [106].

Uu diém tiép theo phai ké dén 1a tinh than thién véi moi trudong. So voi
cac phuong phap hoa hoc, enzyme chuyén hoa lignocellulose 1a phuong phap
sinh hoc, it gdy 6 nhiém mdi truong va khong st dung cac hoa chat doc hai.
Piéu nay gitp giam thiéu tic dong xau dén hé sinh thai va bao vé suc khoe
con ngudi. Hon nita, qué trinh sir dung enzyme dé phan giai lignocellulose co

thé thuc hién trong diéu kién nhe nhang hon, khong yéu ciu nhiét do va ap
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suat cao nhu cac phuong phap hoéa hoc truyén thong, tir d6 tiét kiém ning
luong va giam khi thai gay hi€u irng nha kinh. Nho d6, cong nghé nay khong
chi mang lai hiéu qua kinh té ma con goép phan thuc day phat trién bén viing
trong nganh cong nghiép chuyén hoa sinh hoc. Viéc str dung enzyme tir ndim
c6 thé giam chi phi san xuat so véi cac phuong phap truyén thdng, dong thoi
hd trg phat trién bén ving trong cac nganh cong nghiép tai ché va ning luong
tai tao. Cac enzyme nay khong chi giup t6i wu héa qua trinh phan giai
lignocellulose ma con lam giam nhu cau st dung cac hoéa chat dat tién va
nang luong cao, gop phan vao viéc tiét kiém chi phi trong san xuat. Hon nia,
nho vao tinh than thién véi moéi trudong va kha nang tai su dung, cong nghé
enzyme tir nAm gitp giam luong chét thai va khi thai doc hai, tir 6 thuc day
cac giai phap ning luong tai tao va tmg dung trong viéc chuyén hoa chat thai
hitu co thanh cac san pham c6 gia tri. Piéu nay khong chi mang lai loi ich vé
mit kinh t& ma con hd trg muyc tiéu phét trién bén vimg, giam thiéu tac dong
tiéu cyc dén méi truong.

Bén canh nhiéu vu diém ndi bat tir cac ung dung enzyme tir ndm, van
ton tai mot sé nhuoc diém. Mot trong nhimg van dé 16n 1 chi phi san xuét
enzyme khé cao. Viéc san xuit enzyme tir nim doi hoi diéu kién nudi cay dic
biét va quy trinh tinh sach phirc tap, ddn dén chi phi san xuat van con cao hon
s0 voi cac phuong phap khac. Hon nita, ning suat san xuit enzyme tir nAm
d6i khi khong 6n dinh, va can thoi gian dai dé t6i wu héa quy trinh nudi cay
va thu nhan enzyme. Diéu nay khién cho viéc a4p dung enzyme tir ndm trong
quy mo cong nghiép van gip mot sé thach thirc, dic biét 1a trong cac nganh
yéu cau san luong 16n va chi phi thap. Tuy nhién, cc nghién ctru va cai tién
cong nghé lién tuc dang hudng dén viéc giam thiéu chi phi va ning cao hiéu
quéa clia qué trinh san xuit enzyme, mo ra trién vong cho viéc tmg dung rong
rdi trong twong lai. Mot nhugce diém khac cua enzyme tir ndm 13 ¢ 6n dinh
kém trong cic diéu kién méi truong khong toi wu. Enzyme c6 thé mat hoat
tinh khi tiép xtc voi nhiét do cao hodc moi trudng pH khong phu hop, anh
huong truc tiép dén hiéu qua chuyén hoa lignocellulose trong cac tmg dung
cong nghiép. Piéu nay dit ra thach thirc 16n trong viéc duy tri hiéu qua hoat
dong cua enzyme khi ap dung ¢ quy mé 16n hodc trong cac quy trinh yéu cau

diéu kién khic nghiét. Mic du nhitng han ché nay ton tai, su phat trién cua



31

cong nghé sinh hoc, dic biét 1a ky thuét cai tién enzyme va tbi wu hoa diéu
kién san xuét, dang m& ra co hdi cai thién nhimg nhuoc diém trén, gitp
enzyme tir nam tro thanh giai phap hiéu qua hon trong cong nghiép chuyén
hoéa lignocellulose.

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

Trong hé sinh thai ndm phong phu cta ving nhiét d6i va can nhiét déi,
nhiéu lodi ndm co6 gia tri sinh thai va tiém ning Gng dung cao di dugc phat
hi€én va nghién ctru, trong d6 co6 Lentinus squarrosulus, Coprinellus
aureogranulatus, Pleurotus pulmonarius va Candolleomyces eurysporus. Moi
loai déu mang nhimg dic diém sinh hoc, hinh théi va sinh thai hoc riéng biét,
g6p phan 1am phong phu thém sy da dang ctia gidi nAm.

Lentinus squarrosulus 1a mot loai ndm hoai sinh thudc ho
Polyporaceae, thuong duogc tim thay trén than cdy gd muc trong cac khu rimg
nhiét d4i va can nhiét déi. Mii nAm c6 hinh tron hodc hoi méo, duong kinh tu
3-10 cm, bé mit kho, mau tréng dén tréng nga hoac hoi nau nhat, dugc bao
phu boi cac vay nho, xu xi — dic diém “squarrosulus” (nghia 13 c6 vay gd
ghé) noi bat giup nhan biét loai. Mép mii thuong cong xudng & giai doan non
va trd nén phang hon khi truong thanh. Phién nam day, mau trang, gan chat
vao cudng va khong doi mau khi cham vao. Cudng nam trung tim hoic hoi
léch, dai 3-8 cm, chic va c6 bé mat tuong tu mii, cling phii cic vay nho. cd
hinh tru dén hinh elip hep, kich thudc dao dong trong khoang 6-9 x 2,54 ym
[107].

Hinh 1.9. Loai ndm Lentinus squarrosulus [108].
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Bao tor mdong thanh, khong mau va khong c6 vach ngan. Ngoai gia tri
dinh dudng, loai nAm nay con dugc quan tAm trong nghién ctru dugc hoc nhd
chtra cac hop chat c6 hoat tinh khang khuan va chdng oxy hoa. Su phd bién
ctia nd trong tu nhién cung kha niang phan hity manh mé& chét lignin khién no
tr& thanh mot mat xich quan trong trong hé sinh thai rimg.

Coprinellus aureogranulatus 13 mot lodi ndm nho thudc ho
Psathyrellaceae, duoc biét dén nhd dic diém hinh thai doc dao va mau sic dic
trung. Mil ndm c6 dang hinh chudng hodc hinh tring khi con non, sau d6 mé
rong dan theo tudi, thuong coé dudng kinh nho, khoang 1-2 cm. Bé mat mil
phtu mot 16p hat nho mau vang éng anh nhu bui vang — dic diém ndi bat da
tao nén tén goi “aureogranulatus” (tir tiéng Latinh: aureus = vang, granulatus
= dang hat). Phién ndm ban dau c6 mau tring, sau chuyén dan sang xam rdi
den va phan huy theo kiéu tu tiéu, dién hinh cua cac loai trong chi
Coprinellus. Cuéng ndm manh, mau trang dén hoi vang nhat, rong, thudng
dai hon mii, khong c6 vong. Loai nay thudng moc trén dat giau mun hoic gd
muc, dic biét trong méi trudng am wdt nhu ring mua nhiét déi. Coprinellus
aureogranulatus 13 loai ndm hiém, chu yéu duoc ghi nhan ¢ khu vuc Pong
Nam A, voi rét it tai liéu mo ta chi tiét, lam cho no tré thanh di tuong quan

trong trong nghién ciru da dang sinh hoc va phan loai ndm hoc [109].

Hinh 1.10. Loai ndm Coprinellus aureogranulatus [110].
Pleurotus pulmonarius, thuong duogc goi la nam so tréng hodc nidm soO
phoi, 1a mét loai nAm an duoc phd bién thudc ho Pleurotaceae. Loai nAm nay
c6 mil ndm hinh quat hodc hinh vo so, kich thudc dao dong tir 5-15 cm, mau

trang dén trang nga hodc hoi xam, bé mat min, do1 khi c6 vét nirt nhe khi gia.
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Mép mii thuong cong xudng lic non va dan trd nén phang hodc hoi ubn luon
khi truéng thanh. Phién ndm mau trang, day va sat nhau, kéo dai xudng cudng
(dang phién xép 1&ch). Cubéng nam ngin, d6i khi gan nhu khong co, thuong
moc Iéch mot bén, c6 mau tuong ty mil va bé mat min. Bao tir cta loai nay
khong mau, hinh bau duc, duoc phat tan qua khong khi. Pleurotus
pulmonarius 13 loai nam hoai sinh, thuong moc thanh cum trén than hodc géc
cay gb muc, dic biét 1a gb ctng nhu cay liéu, duong hodc dé. Nam phén b
rong khap thé gidi, tir ving 6n déi dén nhiét d6i. Pay 1a mot loai nAm co gia
trj dinh dudng cao, gidu protein, vitamin va chat chdng oxy héa, dugc nudi
trong phd bién va st dung rong rii trong am thyuc. So véi cac loai khac trong
chi Pleurotus, nam so phoi c¢6 kha ning sinh trudng tot ¢ diéu kién nhiét do
cao hon va thich nghi linh hoat véi nhiéu loai co chat khac nhau [111].

e

S A .

Hinh 1.11. Loai ndm Pleurotus pulmonarius [112].

Cudi cung, Candolleomyces eurysporus 1a mot lodi ndm thudc ho
Psathyrellaceae va sau d6 dugc chuyén sang chi Candolleomyces vao nim
2020. Loai ndm nay c6 mi nim hinh chudng hoic hoi phang khi truéng
thanh, v&i dudng kinh khoang 2—5 cm, mau nau nhat va d& rach véi nhing vét
nut nhé. Cac phién nam tu do, day dac, c6 mau tor xam nau dén nau sdm khi
gia va d6i khi c6 ria trang, con cudng nam dai khoang 5-10 cm, manh, mau
tring dén hoi nau nhat, tron va d& gy, khong c6 vong. Dic diém ndi bat cua
loai nay 1a sy da dang vé kich thuéce va hinh dang cua bao tir, diéu nay dugc
thé hién qua tén “eurysporus” (tir tiéng Hy Lap c6 nghia 12 “bao tir rong”).
Sinh thai hoc cho thdy Candolleomyces eurysporus thudng moc don 1é hoic
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rai rac trén dat gidu mun, thudng gip gan gdc cdy muc hodc 14 muc trong
ring nhiét d6i hodc rimg hon giao [113].

Hinh 1.12. Loai ndm Candolleomyces eurysporus [113].

Bén loai ndm trén dugc xem 13 nhimng Ung vién day trién vong trong
nghién ctru thu nhan enzyme chuyén hoa lignocellulose, nhd kha ning sinh
truong manh mé trén cc loai co chat ty nhién giau lignin va cellulose. Dic
biét, chung ndi bat v6i kha ning tiét ra cac enzyme oxy hoa lignin nhu lignin
peroxidase, manganese peroxidase va laccase,... [109, 114]. Bén canh do, céac
loai ndm ndy con cé thé san sinh hé enzyme cellulase da dang, bao gdém
endoglucanase, exoglucanase va p-glucosidase, gop phan thiic day qua trinh
phan giai cellulose hiéu qua,... [100, 111]. Viéc khai thac va tdi uu héa hoat
tinh enzyme tir cic loai nAm nay hira hen mang lai nhiéu d6t phé trong cong
ngh¢ sinh hoc ung dung lignocellulose.

1.5. So lwge tinh hinh nghién ciru nim lé6n & Viét Nam

Viét Nam duoc biét dén 12 mot trong nhitng quéc gia c6 mic do da
dang sinh hoc cao bac nhét trong khu vuc Péng Nam A, nho vao vi tri dia ly
nam trong vung nhiét d6i gié mua, cung véi dia hinh da dang, khi hau phan
hoa phtrc tap va hé sinh thai phong phu. Trong d6, hé ndm (Fungi) — dic biét
12 nhom ndm 16n (macrofungi) — 1a mot trong nhitng nhom sinh vat quan
trong khong chi vé mit sinh thai ma con vé gia tri kinh té va ung dung thuc
tién. Cac loai ndm 16n dong vai tro thiét yéu trong chu trinh phan giai cht
hitu co, tai tao dinh dudng cho dat rimg, dong thoi nhiéu loai con s& hitu tiém
nang ung dung rong rai trong cac linh vuc nhu y duoc, cong nghiép thuc

pham, cong nghé enzyme va bao vé madi truong [115]. Hién nay, nam 16n
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dugc ghi nhan phan bd rong rai tai nhiéu hé sinh thai khac nhau ¢ Viét Nam,
dac biét phong phu tai cac khu vuc rirng nguyén sinh, rirng thi sinh, rung trén
nti da voi va cac hé sinh thai nai cao. Tuy nhién, sé luong lodi nam thuc sy
hién dién tai Viét Nam dén nay van chua dugc xac dinh mot cach déy du va
chinh x4c. Theo GS.TS. Trinh Tam Kiét, uéc tinh Viét Nam c6 thé s¢ hitu
khoang 14.000 dén 22.000 loai nam 16n, trong d6 khoang 50% la nhiig loai
c6 thé sir dung 1am thuc pham, va gan 7,000 loai dugc ghi nhan c6 hoat tinh
duoc 1y hodc tiém ning lam thudc [116]. Ngoai ra, c6 khoang 2.000 loai ndm
duoc cho 1a c6 kha niang nudi trong voi gia tri kinh té cao. Tuy nhién, con sb
nay moi chi 13 uéc luong dya trén mé hinh théng ké va kinh nghiém thuc dia,
boi trén thuc té, con rat nhiéu loai ndm chua duoc phat hién, dinh danh hay
ghi nhan chinh thitc vao danh myc ndm Viét Nam. Diéu nay cho thiy tiém
ning to 16n cua Viét Nam trong viéc nghién ctru, bao ton va khai thac tai
nguyén nam 1on, dic biét 1a trong bdi canh xu hudng st dung cac hop chat tu
nhién, thyc pham chirc ning va enzyme sinh hoc dang ngdy cang gia ting.
Vuon quéc gia Cic Phuong (Ninh Binh) va Muodng Phiang (Pién Bién)
1 hai khu vuc tiéu bicu véi diéu kién tu nhién thuén lgi, ghi nhan sy hién dién
ctia nhiéu loai ndm 16n, bao gdm ca cac loai co gia tri duoc lidu va enzyme
cao nhu Ganoderma lucidum, Pleurotus ostreatus, Trametes versicolor,
Lentinus squarrosulus...[117]. Tuy nhién, d&én nay, nghién ctu da dang ndm
tai Vuon Qudc gia Clc Phuong van con kha han ché. Duwe va cong su
(2022) d3 téng hop va mo ta chi tiét vé sy da dang nam tai khu vuc nay dua
trén cac nghién ctru trude d6 [117]. Cu thé, VQG Cuc Phuong dugc phat hién
tong cong hon 300 loai ndm. Pic biét, nhom nghién ctru tir Trudng Pai hoc
Su pham Ha Noi, trong qué trinh khao sat ho ndm tai Xylariaceae tai Vuon
Qudc gia Cuc Phuong, di phat hién duoc hai loai ndm thudc chi
Biscogniauxia. Pay 14 nhitng miu nim dau tién thudc chi ndy dugc phat hién,
miéu ta va ghi nhan tai Viét Nam. Két qua nghién ctru ndy di dua tong s chi
nim ti thuéc ho Xylariaceae ¢ Viét Nam 1én 12 chi, trong sd 74 chi d3 cong
bd trén thé gii [118]. Nhiéu loai ndm thu duoc tai khu vuc ndy ciing tip
trung vao tiém nang Gmg dung trong cong nghé sinh hoc, nhu Phanerochaete
chrysosporium, Trametes maxima, Trametes versicolor, Xylaria schweinitzii)

va vi nAm nhu Fusarium proliferatum, Trichoderma reesei [119, 120]. Tai
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rimg Mudng Phing, hién nay c6 rét it nghién ctru vé sy da dang nim tai khu
vue nay. Noi bat trong s6 d6 1a nghién ctru cua tac gia Duong Minh Lam, tip
trung vao su da dang cta cac thanh vién thudoc ho Xylariaceae. Nghién ctru
ndy da ghi nhan cac loai thuoc chi Hypoxylon va mot sd loai trong chi
Annulohypoxylon, gép phan lam phong pha thém hiéu biét vé da dang sinh
hoc ctia rimg Mudng Phing [121]. Nhitng phat hién budc dau tai hai khu vuc
Cuc Phuong va Muong Phang khong chi dong gop vao viéc hoan thién birc
tranh da dang sinh hoc ndm 16n & Viét Nam, ma con mé ra nhitng trién vong
to 16n trong viéc khai thac, tmg dung va phat trién cac gia tri sinh hoc dic thu
ctia nhom sinh vét nay. Trong bbi canh hién nay, khi nhu cau sir dung céc san
pham c6 ngudn gdc tu nhién, than thién véi moi treong ngdy cang ting cao,
nam 16n dang tro thanh mot ngudn tai nguyén sinh hoc xanh day hira hen, c6

thé phuc vu cho nhiéu linh vuc khac nhau.
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CHUONG II. VAT LIEU VA PHUONG PHAP NGHIEN CU'U
2.1. Nguyén vat liéu
2.1.1. Vit liéu va héa chat

Cac mau qua thé nim, thu hoach vao mua mua (thang 10) tir rimg qudc
gia Ctic Phuong (Ninh Binh) va Muong Phang (Pién Bién), duoc luu trir tai
phong Sinh hoc thuc nghiém - Vién Hoa hoc, bao quan ¢ nhiét do 4°C.

Maiu rom duoc thu thap tir Cu Chi, TP. H6 Chi Minh, miu sau thu
hoach dem rtra bang nudc sach, phoi kho dudi nang toi khi do am <15%, bao
quan tai nhiét d6 phong (25-30°C) sau khi cét thanh cac doan ngén 0,5-2 mm.

Lignin dugc tach tir ngudn tir rom kho & trén theo mo ta boi DS Hitu
Nghi va cong su [122].

Hinh 2.1. Mau lignin st dung cho nghién ctru chuyén héa sinh hoc.

Enzyme thwong mai thu nhan tr ngudén ndm Trichoderma reesei
(cellulase va glucuronoxylanase; Cell/Xyl) cung cdp boi AB Enzyme,
Darmstadt, CHLB Dtc, hoat dong t6i wvu & pH 5,0, va nhiét do ¢ 40°C.

Céc hoéa chat da lugng, vi lugng sir dung trong thi nghiém: KH,PO,,
KNO;, MgS0,4.7H,0, KCIl, K,HPO4, CaCl,, CuS04.5H,0O, MnCl,.H0,
H;BOs, NaMo004.2H,0, FeCl;, HCI, glucose, agar, ethanol 96°.

Mot sb hoa chat xac dinh hoat tinh enzyme: 5-nitro-1,3-benzodioxole,
hydro peroxide (H20O,), 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 str dung: Tt 4m nudi cdy vi sinh box—Laminar (D), bé
6n nhiét -Memmert (Piurc), can dién tor AL300 (Thuy S¥), ti lanh Sanyo
(Nhat Ban), ndi thanh tring Lequenx (Phap), méy li tim (Ptc), may votex
(M¥), may lac ngang (Puc), may do pH (Ptc), kinh hién vi Olympus (Puc),
may dién di DNA (i-Mupid - Nhat Ban), may do quang phd Nanodrop (M¥),
May PCR (Mastercycler Nexus, Ditrc), hé thong tinh sach protein AKTA
pure™ (Thuy Dién), Erlenmeyer 2L, 3L, h¢ théng siéu loc 10 kDa cut-off,
amicon Ultra Centrifugal Filters (Millipore, Bedford, USA) ...

2.2. Phuong phap nghién ciru
2.2.1. Phan 1ap nam

Qua thé nAm tuoi dugc rua béng nudc sach, ngdm trong con 70 d6
trong mot phit dé khir trung, sau d6 rira sach bang nude cat vo trung. Dung
dao nhon da duoc khir tring tach bo phan mo phia ngoai, cit 1y phan mé bén
trong thanh nhitng manh nho cé kich thudc khoang 5-10 mm. C4y cdc manh
mo d6 vao moi truong thach malt (maltose 12,5 g/, dextrin 2,5 g/I, glycerol
1,0 g/1, peptocomplex 2,6 g/l va agar 17,0 g/l) trén dia peptri c6 bo sung cac
loai khang sinh (nystatin 40 g/l, chloramphenicol 30 g/l, penicillin 40 g/l,
streptomycin 40 g/l va benomy 50 g/1), u & nhiét do 25°C, sau khoang 24-72
gid hé soi bat dau moc. Tach 1dy hé soi ndm sang 6ng nghiém thach nghiéng
PDA (glucose 20 g/l, khoai tay 200 g/l, agar 20 g/l va pH 7.0), tiép tuc nudi
ciy trong 12 ngay, khi hé soi mau tring bao phu hét bé mit mdi trudng thi c6
thé st dung cho céc thi nghiém tiép theo [123].
2.2.2. Pinh danh nim
2.2.2.1. Dinh danh ném bang phwong phdp hinh thdi gidi phdu

Chung ndm méi s& dugc dinh tén theo hinh thai giai phiu so sanh va
cac tai li¢u cua Roberts & Evans (2011) va Jean Polese (2000) [108, 124].
Hinh dang, kich thudc, mau sic va cau tao ctia ndm dugc xac dinh dua trén
dic diém m, phién va bao tir. Tai ndAm duoc quan sat hinh thai bén ngoai va
hinh thai cat doc. Hinh théi giai phau phién (phién cit ngang) dugc quan sat
duéi kinh hién vi v6i do phong dai 100 1an (X10) va 400 lan (X40). Hinh
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dang va kich thudc bao tir dwoc quan sat dudi kinh hién vi voi d6 phong dai
400 (X40).

2.2.2.2. Pinh danh ném bing phwong phdp sinh hoc phéin tir

a. Tdch chiét va tinh sach DNA tong so

DNA tong sé duoc tach chiét tir hé soi cia nam theo phuong phéap
CTAB ctia Doyle va cong su ¢6 cai tién (1987). Sau d6 DNA duogc kiém tra
boi dién di trén gel agarose 0,8% (80 - 100 V). BJ tinh sach va ham lugng
DNA tong s6 dugc do bang may do quang phd & bude song A = 260 nm va
280 nm. DNA duoc tinh sach béng bo kit Genomic DNA Purification
(Thermo Fisher, M¥) va cac budc duoc thyc hién theo huéng dan ctia nha san
Xuat.

b. Nhin gen ITS bing phwong phdp PCR

Ving ITS duoc khuéch dai tir hé gen ciia ndm bang phuwong phap PCR
boi cip mdi ITS1: 5-TCCGTAGGTGAACCTGCGG-3’; ITS4: 5°-
TCCTCCGCTTATTGATATGC-3’ [125]. Phan tng PCR c¢6 tong thé tich 25
uL bao gém: 13 pL H,0; 1 pL MgCl, 25 mM; 2,5 uL dNTPs 2,5 mM; 1,25
nL mdi xudi (10 pmol/uL); 1,25 pL mdi nguge (10 pmol/uL); 3 pL DNA
(10-20 ng); 0,5 uLL Taq polymerase (5 U p/l); 2,5 uLL dém 10X.

Phan tmg PCR dién ra vé6i chu trinh nhiét nhu sau: 94°C trong 3 phut;
sau d6 13 35 chu ky nbi tiép nhau véi cac bude: 94°C trong 45 gidy, 55°C
trong 45 gidy, 72°C trong 45 gidy; kéo dai ¢ 72°C trong 10 phut, va gitr 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 Prc). San pham tinh
sach duoc st dung lam khudn cho phan tng giai trinh tu truc tiép hai chiéu
v6i moi ITS1/ITS4, st dung BigDye Terminator Cycler v3.1 va két qua duoc
doc trén hé thong ABI 3100 Avant Genetic Analyzer (Applied Biosystems,
USA). Trinh ty DNA sau d6 dugc hiéu chinh boi phan mém ChromasProl.7.6
(Technelysium Pty Ltd., Australia) dé loai bo cac ving tin hiéu bi nhiu.
Trinh ty phan tich duoc sip 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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v6i cac trinh tu di co trén GenBank, str dung phan mén BLAST trong NCBI
[http://www.ncbi.nlm.nih.gov/BLAST].

¢. Xdy dung cdy tién héa di truyén

Cay tién hoa mé ta moi quan hé di truyén gen ITS duoc 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 sé tién hoa (gia
tri ty 1& cac diém khong bién thién, gia thi thong s6 gamma, gia tri mo hinh
tién hoéa...) dugc lay tir phan tich cia mé hinh tién hoa Modeltest v3.7. Tat ca
cay tién hoa déu duoc phan tich bing phan mém PAUP*4.0 b10 (Swofford,
2003) va Mega 6.0.6 [126]. Hiéu chinh hinh anh cay tién héa duoc thuc hién boi
phan mém.
2.2.3. Nghién ctru sinh tong hop enzyme tir nim

Nam duogc nudi cdy trén moi truong thach PDA trén dia petri, sau do
khuan ty dugc nghién dong thé trong nudc mudi sinh 1y (0,9% NaCl). Tiép
theo, dich khuan ty dugc céy chuyén vao binh 1én men chira co chit rom va
cac thanh phan dinh dudng can thiét cho su phat trién cia nam. Thanh phan
dinh dudng nhu sau: MgSO, 0,5 g/L; KH,PO4 1,5 g/L; dich vi luong 0,1 L
(MgS04.7H,O 3 g/L, MnSO4H,O 0.5 g/, NaC | g/L, FeSO4.7H,O 100
mg/L, CaCl, 80 mg/L, ZnSO4.7H,0O 180 mg/L, CuS0O45H,0 10 mg/L va
H;BO; 10 mg/L), cao ndm men hoic peptone (5 g/L), va 2% (w/v). Nhiét d6
va pH duoc diéu chinh thich hop theo timg chung nim.
2.2.4. Anh huéng mot sé6 yéu to dén kha ning sinh truwéng va tong hop
enzyme ciia cic chiing nim chon loc
2.2.4.1. Anh hwéng ciia pH va nhigt dé dén sinh truwéng ciia cdc chiing nim
chon loc

Cac chung ndm duoc nudi long lic trén méi trudong chira cic thanh
phén can thiét cho su phat trién ctia ndm (nhu muc 2.2.3 da néu), tbe do lac
225 vong/phut, tai cac gia tri pH trong khoang 4,0-7,0 va nhi¢t d§ trong
khoang 23-37 °C. Cir 3 ngay tién hanh xac dinh lugng sinh khéi dé danh gia

kha nang sinh trudng cua nam & dai pH va nhiét do nghién ctru.
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2.2.4.2. Anh hwong ciia nguén nito dén sinh truwéng ciia cdc chiing nim
chon loc

Moi trudong nudi céy duge chuén bi theo thanh phén néu tai muc 2.2.3,
v6i pH va nhiét do duy tri ¢ diéu kién thich hop. Ngudn nito duoc thay doi
bao gébm: KNO; 5 g/L, (NH4),SO4 5 g/L, NaNOs 5 g/L, peptone 5 g/L va cao
ndm men 5 g/L. Sinh khdi duoc xac dinh dinh ky 3 ngay/lan nham danh gia
anh huong cua cic ngudn nito dén kha ning sinh truéng ctia nam.
2.2.5. Phuwong phap do hoat d§¢ enzyme
2.2.5.1. Acetyl esterase (EC 3.1.1.6)

Hoat d6 ciia enzyme acetyl esterase dugc 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 ciia 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 d§ acetyl esterase (U/mL) 1a lugng enzyme
can thiét dé giai phong 1 pmol p-nitrophenol trong 1 phut ¢ diéu kién thi
nghiém [127]. Hoat d6 duoc tinh toan duwa trén dudng chuin biéu thi lién hé
giita mat 46 quang va nong do p-nitrophenol (Phu luc 3).

2.2.5.2. Cellobiose dehydrogenase (EC 1.1.99.18)

Hoat do cua enzyme cellobiose dehydrogenase duoc xac dinh bang
phuong phéap oxi hda co chat 2,6-dichlorophenolindophenol (DCIP, sigma).
Phan tGmg duogc thuc hién trong tong thé tich 200 uL bao gdm 20 pL enzyme,
20 pL lactose 300 mM, 20 uLL DCIP 3 mM, 10 pL NaF 80 mM (khr hoat tinh
laccase) va 130 pL dém sodium acetate 100 mM pH 4,0. Hon hop phéan ung
dugc 0 & 37°C trong 5 phut va két qua duoc kiém tra & budc séng 520 nm.
Mot don vi hoat do cellobiose dehydrogenase (U/mL) 13 luong enzyme céan
thiét dé xuc tac oxy hoéa 1 umol lactose mdi phut ¢ diéu kién phan tng [128,
129]. Hoat do dugc tinh toan dua trén duong chuan biéu thi lién hé giita mat
dd quang va néng do lactose (Phu luc 3).

2.2.5.3. Laccase (EC 1.10.3.2)

Hoat d6 cua enzyme laccase duoc xac dinh bang do quang phd véi co
chat duoc str dung 14 ABTS (2,2-azino-di- [3-ethyl-benzothiazoline- (6) -
sulphonic axit], Boehringer). Hon hop phan tng c6 tong thé tich 3 mL bao
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gdém 2.3 mL enzyme dugc pha lodng vao dung dich dém (axit succinic 0,025
M, pH 4,5) va 0,7 mL 0,02 M ABTS. Két qua phan tmg duogc xac dinh ¢ budc
song 415 nm & 25°C trong 2 phut. Mot don vi hoat d§ laccase (U/mL) la
luong enzyme céan thiét dé xtic tic oxy hoa 1 pmol ABTS mdi phut & diéu
kién phan ung [130]. Hoat d§ duoc tinh toan dua trén duong chuén biéu thi
lién hé gitra mat d6 quang va nong d6 ABTS (Phu luc 3).

2.2.5.4. Lignin peroxidase (EC 1.11.1.14)

Hoat d6 lignin peroxidase duoc xac dinh bang sy oxy héa ctia co chat
2,4-dichlorophenol (2,4-DCP). Tong thé tich ctia phan tmg 1a 1 mL trong do
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 tmg dugc bt
dau khi bd sung hydro peroxide va duoc xac dinh & bude song 510 nm trong
5 phut ¢ 25°C. M4t don vi hoat d§ lignin peroxidase (U/mL) 1a lugng enzyme
can thiét dé xtic tac oxy hoéa 1 pmol 2,4-DCP mdi phut ¢ diéu kién phan tng
[131]. Hoat @6 dugc tinh toan dua trén dudng chuan biéu thi lién hé gitta mat
d6 quang va nong do 2,4-DCP (Phu lyc 3).
2.2.5.5. Unspecific peroxygenase (UPO, EC 1.11.2.1)

Hoat d0 UPO duoc xac dinh béng cach st dung ABTS lam co chit.
Thé tich cudi cung 13 1 mL trong hdn hop phan Gng chta dung dich dém
sodium tartrate 100 mM (pH 3,0), 5 mM ABTS, 50 mM hydrogen peroxide
va lugng dich enzyme phu hop. Phan ung duoc bit dau bang cach thém
hydrogen peroxide va su gia ting do hip thu dugc do & budc song 420 nm
trong 1 phat ¢ 30°C [62]. Mgt don vi hoat d0 UPO (U/mL) 1a lugng enzyme
can thiét dé xuc tac oxy hoéa 1 pumol ABTS mdi phut ¢ diéu kién phan tGng
(Phu luc 3).
2.2.6. Tinh sach enzyme tu nhién
2.2.6.1. Tdch chiét dich enzyme thé bang siéu loc

Sau khi d4 nudi cdy ¢ nhing diéu kién thich hop, dich tho enzyme duoc
loc so bo qua vai thd va gidy loc (GF6 va RC 55, Whatman™). Pé loai bo
khuan ty va co chét, dich chiét dugc ly tdm 5.000-10.000 vong/phut bang hé
thong siéu loc 10 va 30 kDa cut-off (hé LongerPump K235 v6i mang UFP
30MW, Amersham BioScience, Westborough, MA, USA) ¢ 11°C.



43

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

Dich enzyme thd dugc tinh sach bang hé théng sic ky AKTA Pure (GE
Healthcare, Dtic), véi qua trinh theo doi1 duge thuc hién tai budc séng 280 nm
bang méy do tich hop. Protein tinh sach thu dugc bao quan ¢ -20°C dé st
dung cho nhing nghién ctru tiép theo.

Tinh sach acetyl esterase tir L. squarrosulus MPN 12 (LsAE)

Dich enzyme thd duoc loai b sinh khdi va khuan ty thong qua qua
trinh ly tdm & toc do 5.000—10.000 vong/phut, sau d6 xt 1y bang siéu loc véi
mang cat phan ttr 10 va 30 kDa. Qua trinh tinh sach enzyme esterase tir dich
enzyme thd cia nAm muc trang L. squarrosulus MPN 12 dugc thuc hién bang
hé théng sic ky long FPLC, qua cic budc trao doi ion va loc gel. Ban dau,
dich enzyme thé dugc tinh sach qua ¢t trao ddi ion DEAE Cellulose, st dung
dém Tris-HC1 20 mM (pH 7,5), va enzyme duoc rira giai bang gradient mudi
tir 0 dén 2,0 M NaCl. Cac phan doan c6 hoat tinh duoc thu gom va tiép tuc
tinh sach béng sdc ky loc gel trén cot Sephadex G100, sir dung dém Tris-HCI
20 mM chtra 100 mM NaCl (pH 7,5). Phan doan chura hoat tinh LsAE dugc
thu thap, tron 13n, c6 dic, va tham tach qua mang loc 10 kDa trong dém Tris-
HCI 10 mM (pH 7,5). Cudi cung, dich enzyme dugc xt Iy trén cot HiTrap™
Q XL v6i dém Tris-HCI 20 mM (pH 7,5) va rira giai bang gradient mudbi tir 0
dén 1,5 M NaCl.

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

Dich enzyme tho dugc loai sinh khéi va khuan ty bang phuong phap ly
tam 5.000-10.000 vong/phut va siéu loc 10 va 30 kDa cut-off. Dich chiét chira
enzyme cellobiose dehydrogenase (CauCDH) dugc tinh sach qua nhiéu budc
sdc ky béng hé théng FPLC. Pau tién, dich enzyme thd duogc xu Iy trén cot
trao ddi ion DEAE Sepharose tai pH 5,5 v&1 dém Na-acetate 50 mM va rira
giai bang gradient mubi 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 chura 100 mM NaCl & pH 5.,5. Phan
doan chura hoat tinh CauCDH dugc thu thap, co dac, va tham tach qua mang
loc 10 kDa trong dém Na-acetate 10 mM (pH 5,5). Cudi cung, dich enzyme
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duoc dua 18n cot sic ky HiTrap™ Q FF va rta giai bang gradient mudi tir 0
dén 0,5 M NaCl dé dat do tinh sach cao nhét.
Tinh sach laccase tur Pleurotus pulmonarius MPN 18 (PleuLac)

Dich enzyme tho dugc loai sinh khéi va khuan ty bang phuong phap ly
tam 5.000-10.000 vong/phut va siéu loc 10 va 30 kDa cut-off. Dich chiét tho
chtra enzyme PleuLac duoc tinh sach qua ba budc sic ky 1an luot sir dung cac
cot DEAE Cellulose, Sephadex G100 va HiTrap™ Q XL. Ban dau, dich chiét
duoc dua 1én cot trao d6i ion DEAE Cellulose tai pH 7,5 v61 dém Tris-HCI 20
mM, sau d6 enzyme duoc rira giai bang gradient mudi tir 0 dén 2,0 M NaCl.
Céc phan doan c6 hoat tinh thu duoc tiép tuc duoc tinh sach béng sic ky loc
gel trén cot Sephadex G100, st dung dém Tris-HCl 20 mM chua 100 mM
NaCl ¢ pH 7,5. Cac phan doan co6 hoat tinh enzyme duogc thu gom, tron 1an,
o dic va tham tach qua mang loc kich thude 10 kDa trong dém Tris-HCI 10
mM (pH 7,5). Cudi cing, dich enzyme thu dugc duoc dua qua cot HiTrap™
Q XL, sir dung dém Tris-HCI 20 mM tai pH 7,5 va rira giai bang gradient
mudi tir 0 ¢én 1,5 M NaCl dé hoan tat qua trinh tinh sach.

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

Dich enzyme thd duoc loai sinh khdi va khuan ty bang phwong phap ly
tam 5.000-10.000 vong/phit va siéu loc 10 va 30 kDa cut-off. Dich chiét tho
duoc tinh sach qua ba budc sic ky lién tiép: trao d6i ion trén c6t DEAE
Cellulose, loc gel trén cot Sephadex G100, va cudi cung la trao ddi ion trén
cot HiTrap™ Q XL. Ban dau, dich chiét duoc xir Iy trén cot trao ddi ion
DEAE Cellulose tai pH 7,5, st dung dém Tris-HCI 20 mM va rira giai bﬁng
gradient mubi tir 0 dén 1,5 M NaCl. Tiép theo, sic ky loc gel dugc thuc hién
trén cdt Sephadex G100, st dung dém Tris-HCl 20 mM chtra 100 mM NaCl ¢
pH 7,5, dé thu nhdn cac phan doan c6 hoat tinh LsLiP. Phan doan chtra hoat
tinh duoc thu gom, tron 1an, co dic va tham tach qua mang loc kich thude 10
kDa trong dém Tris-HCI 10 mM (pH 7,5). Sau do6, dich enzyme dugc xtr ly
trén co6t HiTrap™ Q XL va rira giai bang gradient mudi tir 0 ¢én 1,0 M NaCl
dé hoan tit qua trinh tinh sach.

Tinh sach unspecific peroxygenase tiw Candolleomyces euryspous CP22
(CeuUPO)
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Dich enzyme thoé duoc loai sinh khéi va khuén ty bang phuong phép ly
tam 5.000-10.000 vong/phut va siéu loc 10 va 30 kDa cut-off. Dich chiét c6
hoat tinh unspecific peroxygenase duoc tinh sach bai sic ky qua cac cot trao
ddi ion va sic ky loc gel. Ban dau, dich chiét tho dugc dua 1én cot trao dbi ion
DEAE Cellulose ¢ pH 5,5 véi 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, sir
dung dém Na-acetate 50 mM va NaCl 100 mM ¢ pH 5,5. Phan doan chta
hoat tinh CewUPO sau d6 duge tron 13n, ¢6 dic, va thAm tach qua mang loc
10 kDa véi dém Na-acetate 10 mM (pH 5,5). Tiép theo, dich enzyme duoc
dua 1én cot Mono Q™ va rira giai bang gradient mudi tir 0 dén 0,25 M NaCl.
2.2.6.3. Xdc dinh nong d¢ protein

Nong do protein tong trong dich chiét va cic phan doan tinh sach duoc
xac dinh bang phuong phap Bradforf (1976) va protein chuan BSA (bovine
serum albumin) [132]. Trong d6, 800 uL mau duoc pha lodng trong dém PBS
(50 mM, pH 7.,0) ¢ cac néng d6 khac nhau, bd sung thém 200 pL thudc thir
Bradford 5X, tron déu va dé ¢ nhiét do phong trong vong 5 phut, rdi tién hanh
do mau & A=595 nm.
2.2.6.4. Xdc dinh dp sach ciia enzyme bang dién di gel polyacrylamide
(SDS-PAGE)

Dién di bién tinh SDS-PAGE duogc thuc hién theo phuwong phap cia
Weber va Osborn [133]. Gel tach chira 12% acrylamide trong dém Tris-HCI
pH 8,8, trong khi gel c¢6 chtra 5% acrylamide trong dém Tris-HCI pH 6,8.
Phuong phép dién di nay duogc sir dung dé xac dinh khdi luong phan tir (My,)
va danh gia do tinh sach ctia enzyme protein trong diéu kién bién tinh. Protein
sau khi phan tach dwoc nhudém boi thuéc nhudém 0,1% coomassie brilliant
blue R-250 (w/v) trong dém acetic axit/methanol/water (v/v/v) (1:4:5) va
nhudm bac. Sau do gel dugc rua sach béng dung dich téy nhudm cho dén khi
quan sat duoc 1d rang cac bang protein. Gel dién di dugc 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 cic bing
protein bai phan mém tich hop.
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2.2.7. Xac dinh dic tinh cia enzyme tinh sach
2.2.7.1. Xdc dinh nhi¢t @6 va pH t6i wu ciia enzyme tinh sach

Mbi loai enzyme c6 khoang nhiét do khao sat khac nhau. Enzyme
acetyl esterase, cellobiose dehydrogenase, laccase va lignin peroxidase lan
luot c6 khoang nhiét d¢ khao sat la 20-55°C, 30-70°C, 30-60°C va 20-55°C.
Thi nghiém khéo st nhiét d6 toi vu dugc tién hanh ¢ pH=5,5.

Gia tr1 pH tdi wu ctia cac enzyme dugc 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 duoc tién hanh ¢ nhiét d6 t6i
uu cua tirng enzyme.
2.2.7.2. Xdc dinh d¢ bén nhigt va dp bén pH ciia enzyme tinh sach
Acetyl esterase

D6 bén nhiét cua acetyl esterase dugc xac dinh khi dich enzyme dugc u
& nhiét do trong khoang 4-60°C tai pH tbi wu, G trong 120 phat. P bén pH
duoc xéc dinh tai ba diém pH 3,0; pH 5,0 va pH 7,0; G ¢ nhi¢t do tdi wu trong
khoang 1-6 gio.

Cellobiose dehydrogenase

Do bén nhiét cua cellobiose dehydrogenase dugc xac dinh khi dich
enzyme dugc 0 ¢ nhiét do trong khoang 25-70°C tai pH ti wu, trong khoang
0-12 gio. bo bén pH dugc xac dinh tai ba diém pH4,0; pH 7,0 vapH 8,0; 0 &
nhiét do t6i wu trong khoang 0-12 gio.

Laccase

Do bén nhiét cua laccase dugc xac dinh khi dich enzyme dugc G ¢ nhiét
d6 trong khoang 25-70°C tai pH ti vu, u trong 120 phut. D6 bén pH duogc xéc
dinh tai ba diém pH 5,0; pH 6,0 va pH 7,0; 4 & nhi¢t do tdi uu trong khoang
1-6 gio.

Lignin peroxidase

Do bén nhiét cua lignin peroxidase dugc xac dinh khi dich enzyme
duoc U ¢ nhiét d6 trong khoang 4-60°C tai pH t6i uu, 0 trong 120 phat. Do
bén pH duoc x4c dinh tai ba diém pH 4,0; pH 6,0 va pH 8; 0 & nhiét d tdi wu
trong khoang 1-6 gio.
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2.2.7.3. Xdc dinh héing sé djpng hoc xiic tic

Pong hoc xtic tac cia enzyme tinh sach dugc xac dinh dya vao hang sb
Michaelis-Menten (K,,) va hang s6 xtc tac (ke) v6i dai ndng do co chit phu
hop. K, va keu dugc tinh toan dya trén duong chuan Lineweaver-Burk plot.
Enzyme duoc U trong diéu kién nhiét d6 va pH tbi uu, va x4c dinh & budc
song phit hop cho mdi co chat [134].
2.2.8. Xiic tdc chuyén héa sinh hoc vt liéu lignin

Chuyén hoa vat liéu lignin dugc thuc hién bdi sy oxy hda cua enzyme
lignin peroxidase dugc tinh sach tir ching nAm Lentinus squarrosulus MPN12
(LsLiP). Tong hdn hop phan tmg gdm 10 mL, ¢6 chtra cac thanh phan sau: 0,1
g lignin, 3,3 mL ethanol (96%), 40 mM H,O, va enzyme LsLiP trong 100
mM sodium acetate & pH 5,0, dugc u & nhiét do 37°C trong 72 gio va lic &
tbc do 150 vong/phut. Nhimg thay ddi trong qua trinh phan hiy sinh hoc
lignin dugc xac dinh bang cach sir dung phép phén tich quang phd hong ngoai
fourier transform infrared spectroscopy (FTIR). Trong nghién ctru nay, két
qua do FTIR dugc thuc hién béi truong Pai hoc Bach khoa - Pai hoc Quéc
gia TP.HCM.

2.2.9. Xiic tac chuyén héa sinh hoc vat li¢éu rom bing “enzyme cocktail”

Co chéat rom dugc nghién thanh bot min (kich thude hat 40 x 40 pm, do
bang kinh hién vi). Rom (3%, w/v) dugc U voi enzyme cellobiose
dehydrogenase (CDH, 28,86 U/mg; pHqp 5,0; top: 45°C) xtic tac hiép ddng voi
carboxymethyl cellulase/glucuronoxylanase (Cell/Xyl; hoat d0 riéng 1,6
U/mg; pHopt 5,0-5.5; tope 50°C) va acetyl esterase (AE; 1,3 U/mg; pHopt 5,05 topt
42°C) trong dung dich dém sodium acetate 100 mM & pH 6,0 va 37°C, lic
lién tuc & 200 vong/phit. Pé danh gia tac dong hiép dong va don 1é cia timg
enzyme, qud trinh xtc tac enzyme dugc danh gid véi riéng tirng enzyme va
v6i tat ca cac enzyme di duoc thir nghiém. P6i chimg co chira enzyme bién
tinh bang nhiét (95°C trong 15 phut) dugc sir dung dé so sanh. Sau dé, cac
phan dich duoc 14y va luong carbohydrate giai phong duoc dinh luong bang
sac ky 1ong hiéu ning cao (HPLC) (series 1200, Agilent, Waldbronn, Pirc).
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2.2.10. Sic ki 16ng hi¢u niing cao (HPLC)

Pé xac dinh duoc thanh phan va ham luong cic loai dudong don
(glucose va xylose) va axit gluconic, hdn hop phan ung duoc ly tim & toc do
12000 vong/phut va sau d6 duge chuyén sang cac lo dung mau cho HPLC thé
tich 1,5 mL va tién hanh phan tich trén hé théng sic ky 1ong hiéu ning cao
(HPLC, 1200 series, Agilent, Waldbronn, Purc). Pha dong 1a axit sulfuric 0,01
N. Khi dung mdi rira giai di qua, dua vao kha niang phan b6 khac nhau cac ciu
ttr s& 1an luot duge rira giai ra khoi cot theo thir ty khac nhau. Can ctr vao thoi
gian luu cua timg chit va so sanh véi chit chudn, cd thé két luan vé thanh
phan céc chit co trong dung dich mau. P6i v6i mau phén tich cac duong don
(glucose va xylose), st dung cot sic ky ion-exclusion Rezex™ (RPM-
Monosaccharide Pb* (8%) 7,8 mmx300 mm, Phenomenex ®) va dau do RI
detector ¢ nhiét d6 80°C véi téc do dong 0,6 mL min'. Pé phan tich axit
gluconic, sir dung hé théng HPLC tuong tu, tuy nhién sir dung cot Shim-pack
CLC-NH; (150 mmx6 mm, Shimadzu, CA, U.S.A), mau va chét chuan duoc
chay & nhiét d6 cot 40°C véi dau do ¢ bude song 210 nm.

2.2.11. Phwong phap t6i wu ty 1¢ phdi tron tao hdn hop enzyme cocktail
cho chuyén héa rom bing quy hoach thwe nghiém dip dng bé mit
(RSM)

Xuc tac hiép ddng hdn hop enzyme chuyén hoa vat lidu gidu
lignocellulose trong rom bdi CDH tinh sach, AE va cac enzyme thuong mai
(Cell/Xyl) duogc tdi wu hoa dé cai thién hiéu suit ctia qua trinh. Ty 18 enzyme
so voi co chat sinh khéi (tinh theo don vi enzyme/gram sinh khéi; U /g) cta
mdi loai enzyme duoc thay doi tiy theo bién d6 cta thi nghiém. Phuong phap
t61 wu bé mit dap ng (response surface methodology, RSM) va thiét ké Box-
Behnken duogc str dung dé tinh toan anh hudng cua ba thong sé chinh: nong
dd cua enzyme cellulase/xylanase (Cell/Xyl), acetyl esterase (AE) va
cellobiose dehydrogenase (CDH)] d6i voi hiéu suat san pham [Y] glucose,
xylose va axit gluconic [135, 136]. Xay dung ma tran thiét ké 15 thi nghiém
v6i cac phuong phap xtr Iy théng ké va xac dinh cac diéu kién tdi vu duoc
thue hién bang phan mém Design-Expert 7.0.0 (Stat-Ease, Minneapolis, MN,
USA). Két qua cta cac thir nghiém yéu té don duoc st dung lam dau vao

trong ma tran thiét ké truc giao dé xac dinh pham vi va diém trung tim cia
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cac bién. Cu thé, trong nghién ctru nay, ba tham sb di duoc thay d6i doc 1ap
trong khi cac yéu tb khac duogc giir ¢ dinh. Két qua tinh toan 1y thuyét duoc
kiém tra bang phan tich ANOVA dé xic nhan tinh hop 16 cia mé hinh. Sau
d6, cac diéu kién tbi wu duogc tinh toan tir md hinh cudi va duge xac minh
bé‘mg thyc nghiém thuc té. Cac bién phu thudce (hiéu suit san phém) dudi dang
ham cua cac bién doc 1ap duge biéu thi bang phuong trinh da thirc bac hai sau

(1):

Y=bho+ Z] 10X + Zuj ey Do T Z] 1bJJX}2 )

Trong d6, Y 1a gia tri bién phu thudc (dur bao); by 1a hé s6 bi chan; b; 1a
hé sb tuyén tinh; bj; 1a hé s6 bac hai; b,; 1a hé s6 twong tac; X, va X;1a cac bién
doc lap, XX va X lan luot 1a cac s6 hang bac giao va bac hai.

2.2.12. Phén tich s6 li¢u

MBbi thi nghiém duoc thyuc hién ba lan va dix liéu duoc biéu thi la gia tri
trung binh + SD. Sy khac biét c6 ¥ nghia thong ké véi p <0,05 xac dinh bing
kiém dinh Student’s t-test. Phan tich théng ké duoc thuc hién voi phﬁn mém
JMP Pro. v.13.2.

2.2.13. So' @0 qua trinh nghién ctru

Toan bd qué trinh nghién cru duwoc md ta trong Hinh 2.2. Trude hét,
cac mau nam 16n dugc thu thap tir Vuon Qudc gia Cic Phuong (Ninh Binh)
va Muong Phiang (Dién Bién) duoc dua vé phong thi nghiém dé phan 1ap, 1am
sach, va dinh danh dua trén hinh thai. Sau d6, cdc miu nidm dugc danh gia
kha ning tiét cac enzyme lignin peroxidase, cellobiose dehydrogenase,
laccase, acetyl esterase, va unspecific peroxygenase. Nhitng chung nim co
hoat tinh enzyme cao nhat dugc dinh danh chinh xac bang phuong phép sinh
hoc phén tir va duoc 1én men dé sinh tong hop cac enzyme muc tiéu. Sau do,
cac ching ndm nay dugc nudi cdy va thu nhan enzyme. Cac enzyme tu nhién
duoc tinh sach thong qua cot trao doi ion va sic ky loc gel, dong thoi nghién
ctru mot s6 dic tinh cua chung. Sau do6, cac enzyme tinh sach dugc nghién
ctu téi wu thanh phan dé phéi tron cing hé enzyme thuong mai
cellulase/xylanase (Cell/Xyl) cho thiy phan hiéu qua rom thanh duong. .
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Phén lip nAm
(56 chung)

\4

Tuyén chon & dinh tén
cac chung nam tiém nang
(04 chung)

A 4

Tinh che va xac dinh dac tinh
cua cac enzyme

(05 enzyme ti nhién)

l

Xiuc tac chuyén héa sinh khoi
lignocellulose (LLC)

Chuyén hoéa lignin béi lignin T6i wu hon hop
peroxidase (LsLiP) tur “Enzyme cocktail”
L. squarrosulus Cell/Xyl:AE:CDH

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

3.1. Phin ldp va tuyén chon cdc chiing nim c6 kha ning sinh tong hop
enzyme tién xir Iy lignocellulose c6 hoat tinh cao
3.1.1. Phén 1ap nim

Tir chc mAu qua thé ndm thu thap ¢ ving sinh thai khu vuc Vuon Quéc
gia Ctic Phuong (Ninh Binh) va Mudng Phing (Pién Bién), dé tai da phan lap
va lam thuan duoc 56 ching nam. Trong d6 c6 36 chung thu duoc tir VQG
Ctic Phuong duoc ky hiéu 1a CP va 20 chung nam thu dugc tir Muong Phing
dugc ky hi¢u 1a MP. Nhu vay, $6 luong nam thu dugce & Cuac Phuong cao hon
& Muong Phing 1a 16 ching. Két qua phan 1ap va phan loai théng qua dic
diém hinh thai cta ting chung dugc thé hién & phu luc 1.

Xét vé muc d6 da dang, 56 ching ndm phan 1ap dugc chu yéu thudc hai
nganh nam dam Basidiomycota va nam tai Ascomycota. Nganh nam dam
chiém phan 16n trong s6 chung nAm phan 1ap dugc (50/56 ching chiém 89%)).
Cac chung nam nay phan bd trong 05 bo, bao gdm Agaricales (23 chung),
Auriculariales (01 chung), Polyporales (24 chung), Hymenochaetales (01
chung) va Russulates (01 chung). Trong khi d6, nganh nim tGi Ascomycota
bao gém 06 chung nim (chiém 11%), phan bé trong 04 bd bao goém
Xylariales (03 chung), Helotiales (01 chung), Sordariomycetes (01 chung) va
Hypocreomycetidae (01 chung).

Sy da dang ctia ndm con duoc thé hién qua mau sic cta khuan ty cac
chang nam thu dugc. Phuy luc 1 cho thdy khuan ty ctia 56 chung nidm thu duoc
duogc phan vao 6 nhom mau sic, bao gém tréng, nau, xanh than, vang, xam va
den. Trong d6, khuan ty mau trang chiém s lugng nhiéu nhat (42/56 ching,
chiém 75%), tiép theo 1a cic chung mau nau (5/56 ching, chiém 8,9%), xanh
than (4/56 chung, chiém 7,1%), vang (2/56 chung, chiém 3,6%), xam (2/56
chang, chiém 3,6%) va den (1/56 chung, chiém 1,8%).

Nhu vdy, tir cdc mau qua thé ndm thu duoc di phan 1ap va thuan khiét
dugc 56 ching nam. Két qua xac dinh hinh thai cho thay nhiing chung nim
thu duoc 12 kha da dang. Tir d6 gitp chung ta ¢6 cach nhin tong quan vé sy da

dang nam tir rimg tu nhién ¢ Viét Nam.
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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 ctia 56 chung nim lra chon di duoc danh gia dwa trén kha ning

chuyén hoa co chat pht hop cua mdi enzyme. Dich chiét méi trudng sau khi

nudi cay duoc loai bé cac thanh phan tap va sinh khéi dé xac dinh hoat tinh

enzyme.

Bing 3.1. Hoat tinh enzyme cta nhitng chiing nim nghién ctru.

Hoat tinh enzyme Hoat tinh enzyme
thiy phan oxy hoa
1A O
Khiu | , ! . | o3
STT | mau D ~ Q 85 c 8| E g~
4 7 = S SR =<3 5 g2
nam o= o= 2 o= 5% 8 9 0 g
=2 | 82 | 252 | FES| 25D
D O E‘ 8-‘ ~ 5 5 ~
Q O o
< < a,
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 43 6,0
8 CP9 0 0 0 0 0
9 CPI11 0 2379 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 7,8
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 2.171,5 156,6 12,4 15,2 11,9
23 CP27 2.135,7 0 0 0 0
24 CP28 0 34,7 0 0 0
25 CP29 287.,3 4.562,2 50,8 31,9 32,7
26 CP30 0 0 0 0 0
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Hoat tinh enzyme

Hoat tinh enzyme

thuy phan oxy hoa
Ky hiéu 2 2 )
x 0 < 0} o g
STT mau § ~ 2~ 8 g —~ = < S LE & S
nam g = S = S 24 =REAE S &g
=2 S2 | 252 | FES| g5
2 S o > — 5 B =R B
Q O 5 Q. > 5
< < e
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 1,
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 32
38 MPNI10 2.057,3 0 0 0 0
39 MPNI11 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 MPNI15 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 MPLS8 970,9 1.021,5 23,5 2,8 0
45 MPL13 1.232,4 40,2 18,6 1,8 25,8
46 MPL 14 2.066,7 0 0 0 0
47 MPL15 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 2274 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 MPGS 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 MPGO05 997.4 5.806,2 10,8 32,26 35,4

Sang loc ching sinh acetyl esterase (AE): Két qua & Bang 3.1 cho thay

c6 38/56 (chiém 68%) ching ndm biéu hién hoat tinh sinh tong hop enzyme

AE. Trong d6 ¢6 20 chung duogc thu nhan tir rimg qubc gia Ctc Phuong va 18

ching dugc thu nhan tur rung ty nhién Muong Phang. Hoat do AE cua céac
chung nam dat tir 287,3 U/L dén 3.650,8 U/L. Pic biét, mot s6 ching ndm
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biéu hién hoat tinh tot nhu MPNI12 (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
chung ndm nay déu duoc phan 14p tir ring ty nhién Muong Phing. Trong céc
ching nam nay, ching MPN12 ¢6 hoat tinh AE cao nhét (3.650,8 U/L). Do
vay, chung nim MPN12 dugc lya chon cho nhitng nghién ctru thu nhan AE.

Sang loc chiing sinh lignin peroxidase (LiP): Két qua sang loc hoat tinh
LiP cho thiy c6 25/56 ching (45%) c6 hoat tinh, trong d6 ¢6 12 chung ndm
thu nhan dugc ¢ rung Cuc Phuong va 13 chung thu dugc & rung Muodng
Phing. Hoat d6 enzyme dao dong tir 1,2 d¢én 39,3 U/mL (Bang 3.1). C6 6
chung nidm co6 hoat 46 enzyme 16n hon 30 U/mL, bao gébm MPN12 (39,3
U/mL), CP22 (38,8 U/mL), MPG04 (34,73 U/mL), MPGO0S5 (32,26 U/mL),
CP29 (31,9 U/mL) va MPN18 (31,8 U/mL). Trong cac mau biéu hién hoat
tinh LiP cao, chuing MPN12 véi hoat tinh 1a LiP 39,3 U/mL dugc lya chon
cho nhiing nghién ctru tiép theo.

Sang loc ching sinh cellobiose dehydrogenase (CDH): Két qua sang
loc hoat tinh cellobiose dehydrogenase cho thay su da dang ctia enzyme nay
trong gidi nAm phan 14p v6i s6 mau biéu hién hoat tinh CDH 13 35/56 chung,
tuong duong 62,5 % (Bang 3.1). Trong d6, ¢6 17 ching nam dugc thu nhan &
rung Cac Phuong va 18 chung duoc thu nhan ¢ ring Muong Phang. Hoat tinh
dao dong tir 4,6 dén 74,4 U/L dbi v6i co chét 2,6-dichlorophenolindophenol.
C6 5 ching ndm c6 hoat do > 30 U/L, bao gdbm 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). Chiing
MPG14 sinh téng hop enzyme CDH cao nhat dat 77,4 U/L va duogc lua chon
cho cac nghién ctru sdu hon vé dic tinh enzyme ciing nhu Gng dung trong
chuyén héa sinh khéi lignocellulose.

Sang loc ching sinh laccase (Lac): Két qua sang loc hoat tinh laccase
trén co chat ABTS nhén thdy c6 31/56 chung nam c6 kha ning sinh tong hop
laccase, tuong tng 57% (Bang 3.1). Trong d6 c¢6 14 ching dugc thu nhan &
ring Clc Phuong va 17 chung dugce thu nhan ¢ rimg Muong Phing. Hoat tinh
tr 34,7 U/L dén 7.658,5 U/L. Trong s6 do, c6 7 ching nam biéu hién hoat
tinh cao, bao gom MPNI18 (7.658,5 U/L), CP22 (6.958,5 U/L), MPG04
(5.950,3 U/L), MPN15 (6.551,3 U/L), MPN12 (5.735,3 U/L) va MPGO05
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(5.806,2 U/L). Ching MPN18 14 chung tiém niang cho nghién ciru tiép theo
khi biéu hién hoat tinh cao nhat dat 7.658,5 U/L.

Sang loc ching sinh unspecific peroxygenase (UPO): Két qua cho thay
s6 lugng chung nam sinh UPO chiém 43% (24/56 chung hoat tinh). Trong d6
¢6 11 ching ndm duoc thu nhan ¢ rimg Cac Phuong va 13 chung dugc thu
nhéan ¢ ring Mudng Phing. Hoat do enzyme dao dong tir 1,4 dén 41,2 U/mL
thong qua kha ning oxi hda co chét veratryl alcohol. C6 5 ching ndm c6 hoat
d6 UPO > 30 U/mL, bao gdbm CP22 (41,2 U/mL), MPN12 (36,3 U/mL),
MPGOS5 (35,4 U/mL), CP29 (32,7 U/mL) va MPG04 (30,7 U/mL). Trong
nhitng chung biéu hién hoat d6 enzyme UPO cao thi chung CP22 (41,2
U/mL) duoc lua chon 13 ching tiém ning cho nghién ctru tinh sach UPO.

Tong hop két qua sang loc hoat tinh enzyme cta 56 ching nim nghién
ctru, thi s6 lwong ndm sinh tong hop enzyme AE chiém ty 1& cao nhat (68%),
sau d6 1an luot 13 ching sinh CDH (62,5%), Lac (57%), LiP (45%) va cudi
cung 1a enzyme UPO (43%). Cac chung nam nay phan b6 déu ¢ ca hai ring
Ctic Phuong va Muong Phing. Trong d6 c6 21/56 chiing ndm (chiém 37,5%)
c¢6 kha nang sinh tong hop ca 5 loai enzyme. Cu thé 13 cac ching CP5, CP7,
CP13, CP19, CP21, CP22, CP26, CP29, MPN9, MPN11, MPN12, MPN15,
MPNI18, MPL13, MPN15, MPN25, MPN29, MPG04, MPGO05, MPGO0S8 va
MPGI12. Tir cac két qua nay cho thdy nguon nam thu duoc & rimg tu nhién
Viét Nam, cy thé Cic Phuong va Mudng Phing, 14 ngudn nguyén liéu tiém
ning trong viéc khai thac cic enzyme c6 kha ning chuyén héa sinh khdi
lignocellulose.

Khi so sanh két qua danh gia hoat tinh cho thay ndi trgi 1a chung nam
MPN12 c6 kha ning sinh tong hop tot nhat ca hai enzyme AE va LiP. Bén
canh d6, chung MPG14 va chiung MPN18 14 hai chung c6 kha ning sinh tong
hop 1an luot cac enzyme CDH va Lac t6t nhat. Trong khi d6 enzyme UPO
dugc sinh tong hop tot nhat ¢ ching CP22. Do viy, bon chung MPN12,
MPG14, MPN18 va CP22 dugc lya chon cho cac nghién ctru diéu kién nudi
cdy thu nhan enzyme cho tinh sach va xac dinh dic diém cac enzyme tuong

g va tmg dung ctia enzyme nay trong chuyén hoa sinh khoi lignocellulose.
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3.1.3. Dinh danh cac chiing phan 1ap c6 hoat tinh enzyme cao
3.1.3.1. Tach chiét DNA hé gen va khuéch dai doan gen ITS

Bén ching ndm c6 hoat tinh cao 1a MPN12, MPG14, MPN18 va CP22
duoc dinh danh bang phuong phéap sinh hoc phan tir dua trén phan tich trinh
ti ving ITS. Két qua kiém tra DNA tong sd dugc tach chiét tir 04 chiing nAm
(Hinh 3.1 A) cho thiy DNA hé gen c6 kich thudc 16n hon 10 kb, ¢6 do tinh
sach cao va khong bi dut gay.

Mau DNA sau d6 dugc st dung lam mach khudén cho phan ung PCR
khuéch dai ving ITS v6i cap moi ITS1/ITS4 (Hinh 3.1 B). San pham PCR ¢6
1 bang sang dam co6 kich thudc khoang 700 bp.

AI B!
M 1 2 3 4 M 1 2 3 4
kb kb
10 — 10 —
3 T 3 =
1l — )
0,25— 0,25 —

Hinh 3.1. Dién di do phan tich DNA tong s6 sau tach chiét (A), san pham
PCR khuéch dai ving ITS cta cac chung nam trén gel agarose (B).
1-4: Tuwong ung v&i chung MPN12, MPG14, MPN18 va CP22

3.1.3.2. Giai trinh ty ITS va xay dung cay phat sinh chiing loai

Trinh ty ITS ctia 4 ching nam chon loc duoc phan tich va so sanh véi
cac trinh tu sdn c6 trén ngan hang dir liéu GenBank bang cong cu BLAST va
xay dung cay phat sinh chung loai.
Trinh tw nucleotide viing ITS ciia chiing ndm MPN12:

Trinh tu ITS ctia chung nAm MPN12 cho thdy mirc do twong dong cao,
dat 99,76%, so v&i loai Lentinus squarrosulus (ma sb GU001951). Cay phat
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sinh chung loai dugc xay duyng dua trén trinh tu ITS cua chung MPN12 va
mot s loai thudc chi Lentinus, stt dung phuong phap Maximum Likelihood
(ML) (Hinh 3.2). Két qua phan tich cho thiy chung MPN12 va loai Lentinus
squarrosulus tap hop thanh mot nhom riéng biét vdi gia tri bootstrap trén
98%, khang dinh méi quan hé gan gili giita chung. Ngoai ra, phan tich ty 18
trong dong cho thiy trinh tu ITS cia ching MPN12 ¢6 muc twong dong tir
84,64% dén 100% voi 164 trinh tu ITS cua cac ching thudc lodi Lentinus
squarrosulus d3 duogc cong b trén ngan hang GenBank. Két qua nay chimg
minh rang chung nim MPNI2 c6 chung ngudn gbc voi loai Lentinus
squarrosulus. Tl cac két qua phan loai dua trén phuong phap sinh hoc phan
t, co thé két luan rang miu ndm phan 14p MPNI2 thudc loai Lentinus
squarrosulus, mot loai nim muc tréng thudc ho Polyporaceae. Do do, tén goi

day du ctia miu phan 14p 13 Lentinus squarrosulus MPN12.

100 Lentinus crinitus MH915574

94 “Leminus berteroi MK890046

92|~ Lentinus swartzii KT956124

87
98

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

4 Lentinus squarrosulus GU001951

L Lentinus polychrous KP283486

Lentinus sajor-caju KP283493

Psathyrella pygmaea MG734744

Sy u—
0.50

Hinh 3.2. Cay phat sinh chung loai dua trén trinh ty ITS cta ching ndm
MPN12 véi cac loai trong chi Lentinus xay dung bang phuwong phap
Maximum Likelihood (ML).

Trinh tw nucleotide viing ITS ciia chiing ndm MPNI8:

Trinh ty ITS cua ching nAm MPN18 cho thidy mirc do tuong déng hoan
toan (100%) voi chung Pleurotus pulmonarius (mi s6 MH395979). Cay phat
sinh chung loai dugc xay dung dua trén trinh ty ITS cta chung MPN18 va
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mot s6 loai thudc chi Pleurotus bang phuong phap Maximum Likelihood
(ML) (Hinh 3.3). Két qua phan tich cho thay chung MPN18 va loai Pleurotus
pulmonarius hinh thanh mot nhom riéng biét voi gia tri bootstrap cao, dat
99%, khang dinh mdi quan hé gan giii giita chung. Piéu nay ching to rang
chung nAm MPN18 ¢6 chung ngudn gbc v6i loai Pleurotus pulmonarius. Bén
canh d0, phan tich ty 1& twong dong trinh ty ITS cho thiy ching MPN18 c6
mirc tuong dong dao dong tir 79,32% dén 100% véi 409 trinh tu ITS cla céc
chung thudc loai Pleurotus pulmonarius duoc cong bd trén ngan hang
GenBank. Tur cac két qua phan loai dua trén phuong phap sinh hoc phan t,
c6 thé két luan ring miu ndm phan 1ap ky hiéu MPN18 1a loai Pleurotus
pulmonarius, mdt loai nAm muc trang thudc ho Pleurotaceae. Tén day du cua
mau phan 1ap 1a Pleurotus pulmonarius MPN18.
Pleurotus fuscus var. ferulae MG282459

%9\ pleurotus eryngii var. ferulae KY962437
83| IPleurotus eryngii DQ333235
- LLPIeurotus nebrodensis AB286150

99L Pleurotus nebrodensis AB286149

Pleurotus nebrodensis AY540331
Pleurotus albidus KF280332

Pleurotus ostreatus MH395968
+ Pleurotus sapidus JX429940

64 _lPIeurotus sapidus AY 540327
I8 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 3.3. Cay phat sinh chung loai dwa trén trinh ty ITS cta chung nim
MPN18 véi cac loai/thtr trong chi Pleurotus xdy dung bang phuong phap
Maximum Likelihood (ML).

Trinh tw nucleotide viing ITS ciia chiing ndm MPGI14:

Trinh tu ITS cta ching nim MPG14 tuong ddng cao 100% véi chung
Coprinellus aureogranulatus GQ249274. Cay phat sinh ching loai dua trén
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trinh ty ITS cua ching nadm MPG14 va mot sd loai thudce chi Coprinellus da
duoc xay dung theo phuong phap ML (Hinh 3.4). Ching nAm MPG14 va loai
nam C. aureogranulatus tao thanh mot nhom riéng voi gia tri bootstrap 100%.
Két qua nay cho phép nhan dinh chung nim MPG14 ¢6 chung ngudn gdc véi
loai C. aureogranulatus. Phan tich ty 1& twong dong trinh ty ITS cho thiy
chung MPG14 c¢6 mirc twong dong dao dong tir 97,71% dén 100% voi 36
trinh ty ITS cta cac chung thudc loai C. aureogranulatus dugc cong bd trén
ngan hang GenBank. Nhu viy, tir két qua phan loai bang phuong phap sinh
hoc phén tir c6 thé két luan mau nidm phan 1ap ky hiéu MPG14 14 loai nAm

muc trang Coprinellus aureogranulatus MPG14 thudc ho Psathyrellaceae.

Coprinellus micaceus GU227721
100 |Coprinellus saccharinus MG696612
Coprinellus micaceus JN943115

91 Coprinellus sp. MN105172

60 [Coprinus rufopruinatus FN396104
98 “Coprinellus cf. micaceus KC176281

MPG14
1

00'Coprinellus aureogranulatus GQ249274

Coprinellus flocculosus JN159575
81 {Coprinellus radians MK351750
92 Coprinellus xanthothrix MK513838

Psathyrella pygmaea MG734744

e
0.020

Hinh 3.4. Cay phat sinh chung loai dua trén trinh ty ITS ctia ching ndm
MPG14 véi cac loai trong chi Coprinellus xay dung bang phuong phap
Maximum Likelihood (ML).

Xdc dinh trinh tw nucleotide ciia chiing ndm CP22:

Trinh ty ITS cua chung ndm CP22 tuong ddng cao 100% v&i loai
Candolleomyces euryspous NR172427. Cay phat sinh chung loai dua trén
trinh tu ITS cta ching ndm CP22 va mot sb loai thudc chi Coprinellus da
duoc xay dyng theo phuwong phap ML (Hinh 3.5). Ching ndim CP22 va loai
nam C. euryspous tao thanh mot nhom riéng véi gia tri bootstrap 100%. Két
qua nay cho phép nhan dinh chung nim CP22 ¢6 chung ngudn gdc véi loai C.

euryspous. Nhu vay, tir két qua phéan loai bang phuong phép sinh hoc phén tir
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c6 thé két luan mAu nidm phan 1ap ky hiéu CP22 1a loai nim muc tring
Candolleomyces euryspous CP22 thudc ho Psathyrellacea.

CP22

Candolleomyces eurysporus NR172427
C. subminutisporus NR173318

C. aberdarensis OQ567487
Candolleomyces asiaticus OK392605

C. subsingeri MW301098

98 C. luteopallidus MO506017

— C. subcacao MW301064

l;c. candolleanus OM212963

C. efflarescens KC992941

002 Coprinellus micaceus JN943115 (outgroup)

—

Hinh 3.5. Cay phat sinh chung loai dwa trén trinh tu ITS cta chiing nim
CP22 véi cac loai trong chi Candolleomyces xiy dung bang phuong phap
Maximum Likelihood (ML).

3.1.4. Nghién ctru diéu kién nudi cdy dé thu nhan enzyme tir nim
3.1.4.1. Anh hwéng nhiét @9, pH dén kha niing sinh trwéng ciia nAim

Nhiét do 13 yéu td quan trong anh hudng dén sy sinh trudng va phat
trién cia nam, dic biét nhiét do con anh huong dén sy phat sinh va phat trién
ctia bao tir nam, 1a giai doan sinh san quan trong ctia chiing. Nhiét d§ qua cao,
qua trinh sinh trudng cta ndm c6 thé bi cham lai hodc tham chi nging hoan
toan. Nguoc lai, néu nhiét 46 qua thap, ndm ciing s& gip kho khin trong viée
phat trién. Dé xac dinh nhiét d6 thich hop cho su phat trién sinh khoi. Nam
duoc nuoi céy trong dai nhiét do khac nhau tur 23 td1 37°C. Két qua ¢ Hinh
3.6 cho thay rang tat cic ching ndm c6 kha nang sinh truéng trong khoang tir
23 t6i 37°C. Tuy nhién, nhiét do t6i wu cho sy sinh truéng va phat trién cua
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cac chung MPN12, MPN18 va MPG14 tuong ty nhau ¢ 27°C. Trong khi do,
chung CP22 lai phat trién t6t & 29°C.

- MPN12
2.5 -2 MPN18
Q 2.0~ - MPG14
= -+ CP22
b 1.5
<
= 1.{]-
=
N 0.5-
0.0

T T T T T T 1 T
23 25 27 29 31 33 35 37

Nhiét d6 (°C)

Hinh 3.6. Anh huong nhiét d6 dén kha ning sinh trudngcua cac ching nam.

Két qua khao sat sy anh huong cia pH t6i kha ning sinh trudng va phat
trién cua cac chung nam chon loc dugc thé hién ¢ Hinh 3.7. Ca 4 chung ndm
déu co6 kha nang sinh trudng trong dai pH 4,0-8,0, tuy nhién pH tdi wu cho su
sinh trudng cua cac chung nim MPN18, MPG14 va CP22 1a 6,0. Trong khi
d6, ching MPN12 sinh truong t6t nhat & pH 5,5. O pH 4,0 va 7,0, cac ching
nidm van c6 kha ning sinh truong nhung téc do sinh truong cham hon rd rét
so voi & pH tdi vu.

-o- MPN12
4= -2 MPN18
-+ MPG14
2 3- -+ CP22
=2
-cg 2
R 4
€
B 1
0 I I 1 | I 1
4.0 4.5 5.0 5.5 6.0 6.5 7.0

pH

Hinh 3.7. Anh hudng pH dén kha ning sinh trudng cua cac chung nam.
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3.1.4.2. Anh huwéng ciia ngudn nito dén kha ning sinh truéng va tong hop
enzyme ciia nAm

Dé xac dinh ngudn nito thich hop cho su phat trién sinh khdi va sinh
tong hop enzyme cua cac chung nim, moi trudng nudi cdy di duge bd sung
cac ngudn nito khac nhau (KNOs, (NH4),SO,, NaNOs, peptone, va cao nim
men).

Két qua thi nghiém (Hinh 3.8) cho théy, trong cac moi truong c6 ngudn
nito hitu co (peptone va cao nim men), kha ning sinh truéng cia cac ching
ndm cao hon nhiéu so véi cac méi trudng chira ngudn nito vo co (KNOs,
(NH4)2SO4, NaNOs) (Hinh 3.8).

6300 11 14000 6

S ol ) 13000 MPN18 ) ;
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Z 0o 1 2000 1
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KNO3 (NH4)2504 NaNO3 Peptone Cao nim men KNO3  (NH4)2504 NaNO3  Peptone Cao nam men
A . Hogt @5 AE (UL) = Sinh khéi (g1) B mmmm Hogt do Laccase (UL) = Sinh khdi (gL)
120 Gia 7 30 7
100 3 wd MPNI12 "
60 T
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T — 4 3 3 a
c s Lng L GO Bt KT/ D - Fogt 45 LiP (Usml) = Sinh khéi (21)
80 8
70 4 CP22 7
= 60 " 6
3 50 im
) 4*E
B =
= 30 4 3=
H w
= 20 2
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"TKINO3 (NH4)2504 NaNO3 Peptone Caonim men

E m— Hoat 4 UPO(UmL) = Sinh khoi (gL)

Hinh 3.8. Anh hudng ctia ngudn nito dén kha ning sinh trudng va hoat do
enzyme tir cac chung nam chon loc.
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Chung MPN12: trong méi trudng co ngudn nito tir peptone, hoat do
enzyme AE cao nhat dat 5.221,6 U/L (Hinh 3.8 A). Mic du chung nay c6 kha
ning sinh trudng tot nhat trong méi trudng c¢d cao nAm men, nhung hoat do
enzyme AE lai khong dat mic cao nhat trong méi truong nay. Nguoc lai, dbi
v6i enzyme LiP, hoat d cao nhat ciia enzyme nay dat dugc trong moi truong
¢ cao nam men, v&i gia tri 68,5 U/mL (Hinh 3.8 D). Piéu nay cho thay rang
moi trudng va ngudn nito khac nhau c6 anh hudng rd rét dén kha ning sinh
enzyme cua chung MPN12 va tuy thudc vao loai enzyme dugc quan tam.

Chung MPN18: hoat d6 enzyme laccase khi duoc nudi cdy trén cac loai
moi truong khac nhau c6 khac nhau. Méi trudng chira cac ngudn nito nhu
peptone va cao nam men cho sinh khdi cao nhét (twong tmg 5,02 va 4,98 g/L),
dong thoi hoat do enzyme laccase ciing dat mirc cao (12000,5 va 11112,9
U/L), cao hon so voi hoat d0 enzyme thu dugc tir moi truong cd (NHy4)2SO4
(8999,4 U/L) va KNO3 (10009,4 U/L) (Hinh 3.8 B). Do vdy, cao ndm men la
ngudn nito thich hop déi véi ching nim MPN18,

Chung MPG14: chung ndy phat trién tbt trén méi trudng cd ngudn nito
1a cao nAm men (6,12 g/L), tuy nhién hoat d§ enzyme CDH dat cao nhét trén
moi truong peptone (102,6 U/L). Nguoc lai, kha nang sinh trudng cia chung
MPG14 trén méi trudng (NH4),S04 (5,23 g/L) thap nén hoat 46 enzyme CDH
cling thap (80,3 U/L) (Hinh 3.8 C). Do viy, peptone 1a nguén nito thich hop
d6i v6i chung nAm MPG14.

Chung CP22: ching nay phat trién tét trén moi treong ¢6 ngudn nito 1a
peptone (6,55 g/L), tuy nhién hoat do enzyme UPO dat cao nhét trén moi
truong cao ndm men (70,6 U/mL). O mdi truong cd ngudn nito vo co nhu
KNO3, (NH4),S804, va NaNOj; ¢ hoat do enzyme UPO thap hon twong tng
dat 58,9; 54,3; va 60,7 U/mL (Hinh 3.8 E). Do vay, cao nam men la nguén
nito thich hop d6i véi chung ndm CP22.

Tom lai, anh huéng ctia ngudn nito dén kha ning sinh truong va sinh
enzyme cuia cac ching nam 1a khac nhau, cho thdy mdi chung cé nhu cau dinh
dudng dic thu va ngudn nito t6i wu cling phu thudc vao loai enzyme muc tiéu

dugc quan tam.
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3.2. Nghién ciru tinh sach va xac dinh dic tinh cua cac enzyme tir nam
lwa chon

3.2.1. Nghién ciru tinh sach cac enzyme
3.2.1.1. Tinh sach acetyl esterase twr L. squarrosulus MPN 12 (LsAE)

Qua trinh tinh sach enzyme esterase tir dich enzyme thd ctia nAm muc
trang L. squarrosulus MPN 12 duoc tién hanh bang phuong phap sic ky 1ong
protein nhanh (FPLC). Trudc tién, dich enzyme thé dugc xur Iy qua cot trao
d6i ion DEAE Cellulose va loc gel Sephadex G100, thu dugc 57 mg protein
enzyme/meé voi téng hoat tinh enzyme dat 789 U. Sau dd, cac phan doan co
hoat tinh enzyme duoc gom lai va tiép tuc tinh sach trén cot HiTrap™ Q XL,
stt dung dém Tris-HC1 20 mM (pH 7,5) va rira giai bang gradient mudi tir 0
dén 1,5 M NaCl (Hinh 3.9). Qua trinh rira giai khi ting dan ndng d6 NaCl
XuAt hién 2 dinh protein, trong d6 dinh thur hai cé téng hoat tinh dat 2,55
U/mL. Sau budc tinh sach cudi tong lwong protein enzyme thu duoc 1a 17,0
mg v6i tong hoat tinh 391 U. Hoat tinh riéng cta enzyme ting 1én 23 U/mg,
dat hiéu suét 7,5% va do tinh sach duoc nang cao 12,1 1an so v&i dich tho ban
dau (Bang 3.2).
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Hinh 3.9. Tinh sach enzyme LsAE tur L. squarrosulus MPN 12 qua ¢t
HiTrap™ Q XL. Trong d6: (—) d6 hap thu & A=280 nm va () hoat tinh LsAE.
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Bang 3.2. Tinh sach enzyme LsAE tu dich 1én men L. Squarrosulus MPN12.

Protein  Hoat tinh Hoat tinh  Hiéu Do tinh

Cac budc tinh sach tong tong riéng suat sach
(mg) U) (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 3 4 5 6 a | Z
- 175 o=
t— -
— -
_ - LsAFE
L]
L

Hinh 3.10. Dién di dd protein sau tinh sach LsAE.

(Trong do: (1) protein marker, (3,4,5) phan doan rtra gidi sau cot DEAE
Cellulose, (6) Phan doan rtra giai sau ¢t Sephadex G100, (2) LsAE tinh sach
thu duoc sau cot HiTrap™ Q XL.)

Do tinh sach cua protein thu duge duge kiém tra bang phuong phap
dién di SDS-PAGE. Két qua cho thay vach protein LsAE sau khi nhuém co
khdi luong phén tir (Mw) 1a 41,4 kDa, nhu thé hién ¢ Hinh 3.10. Kich thuéc
tuong d6i cia enzyme dugc tinh dua trén cong thirc twong Gmg cua bing
chuén so voi quing dudng di chuyén cua protein. Kich thudc enzyme LsAE
trong nghién ctru twong tng voi enzyme cung loai thu dugce trong cac nghién
ctru trude day. Vi du nhu enzyme AE tir loai ndm Xylaria polymorpha cb
khdi luong phan tur xdp xi 44 kDa [137], hodc tir loai ndm Penicillium
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purpurogenum c6 khéi lugng phéan tir 48 kDa [138]. Phan doan enzyme tinh
sach nay duoc bao quan & -20°C va st dung cho cac nghién ciru tiép theo vé
dic tinh ciing nhu chuyén héa in vitro vat liéu giau lignocellulose.

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

Dich chiét ¢c6 hoat tinh cellobiose dehydrogenase dugc tinh sach béng
sic ky FPLC qua cac cot trao d6i ion va sic ky loc gel. Bude dau, dich chiét
thd duogc rira 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
mg v6i 28 U/mL (Hinh 3.11). Sau budc sic ky loc gel Superdex G100 tiép
theo da thu duogc 549,2 mg protein vdi téng hoat tinh enzyme dat 25,7 U. Cac
phan doan hoat tinh CDH (CauCDH) duogc tiép tuc tinh sach qua cot sic ky
HiTrap™ Q FF thu duogc tong luong protein enzyme sau budc tinh sach cudi
cung dat 411,8 mg, voi téng hoat tinh enzyme 1a 14,3 U. Hoat tinh riéng cua
enzyme tang 1én 28,86 U/mg, mirc do tinh sach cao hon dang ké so voi dich
thd ban dau (Bang 3.3). Do tinh sach dat duoc sau toan bo quy trinh ting 41,9

lan, voi1 hiéu suat thu hoi enzyme ¢ muc 22,7%.
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Hinh 3.11.Tinh sach enzyme CauCDH tir Coprinellus aureogranulatus

MPG14.

(Tinh sach enzyme trén c6t DEAE Sepharose trong d6 (—): 6 hap thu quang
hoc & budc song 280 nm. (®): Hoat tinh CauCDH (U/mL).)
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Po tinh sach ciia CauCDH sau budc cudi cung trén cot HiTrap Q FF
duoc danh gia bang phan tich dién di gel polyacrylamide 12% SDS, cho thay
mot dai band rd rang véi khéi lugng phan tr 14 109 kDa & Hinh 3.12.
Baminger va cong su di chi ra khéi lwong phan tr cia CDH tir ching
Sclerotium rolfsii 1a 101 kDa [68]. CauCDH & nghién ciru nay c6 khoi luong
phan tir gan giéng v6i nhitng nghién ctru trude d6. Gan day nhat, Vinita va
cong su da tién hanh tinh sach CDH tir chung ndm muc trang Schizophyllum
commune voi khoi lugng phan tir xap xi 100 kDa [139].

9 8 7 4 3 (kDa) 1 2

175

80 CauCDH
58
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30
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Hinh 3.12. Pién di d6 protein sau tinh sach CauCDH
(Trong @06, (1) protein marker, (7,8, 9) phan doan rira giai sau cot DEAE
Sepharose, (3-6) Phin doan rira giai sau cot Superdex™ 75, (2) CauCDH tinh
sach thu dugc sau cot HiTrap™ Q FF.)

Bang 3.3. Tinh sach enzyme CauCDH tur dich 1én men C. aureogranulatus
MPG14.

Cac budc tinh Hoat tinh ?rotein Hoat tinh Hiéu Do tinh
sach tong, U tong, mg riéng, suat, % saph,
U/mg (lan)
Dich chiét thd 1.817,1 2.635,6 0,69 100,0 1,0
Siéu loc 10 kDa 1.687,1 2.2393 0,75 92,8 1,1
DEAE Sepharose 889.,2 231,5 3,84 48,9 5,6
Superdex G100 5492 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 (Pleul.ac)

Dich chiét co hoat tinh PleuLac duogc tinh sach qua ba cot sic ky:
DEAE Cellulose, Sephadex G100 va HiTrap™ Q XL. Budc dau, dich chiét
duoc xir 1y qua cot trao d6i ion DEAE Cellulose va loc gel Sephadex G100,
thu duoc phan doan chira hoat tinh véi tong luong protein dat 54 mg va tong
hoat tinh enzyme 13 889 U. Tiép theo, cac phan doan co hoat tinh duoc dua
1én 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
thr hai (128 U/mL), xuat hién sau khoang 42 mL dung dich rira giai. Sau khi
hoan thanh quy trinh tinh sach, thu duoc tong lugng protein enzyme 1a 19 mg,
twong ng v4i tong hoat tinh enzyme 532 U. Hoat tinh riéng ctia enzyme dat
28 U/mg, hiéu suét tinh sach dat 8,3%, va do tinh sach tang 9,6 1an so voi
dich tho ban dau (Hinh 3.13). Enzyme sau tinh sach dugc bao quan ¢ -20°C,
str dung cho nhitng nghién ciru tiép theo (Bang 3.4).
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Hinh 3.13. Tinh sach enzyme Pleulac tir Pleurotus pulmonarius MPN18 qua
cot HiTrap™ Q XL.

(Trong d6: (—) d6 hip thu & A=280 nm va (e) hoat tinh PleuLac trén co chat
ABTS.)



69

Bang 3.4. Tinh sach enzyme Pleulac tur dich 1én men P. pulmonarius
MPNI18.

Protein  Hoattinh Hoattinh Hiéu Do tinh

Cac budc tinh sach tong tong riéng sut sach
(mg) U) (Umg) (%) (lan)
Dich chiét tho 2.243 6.432 2.9 100,0 1,0
Cot DEAE Cellulose 205 3.011 14,7 46,8 5,1
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 cuia phan doan c6 hoat tinh qua cac budc tinh sach
& trén cho thay vach protein PleuLac sau khi nhom c6 khéi luong phan tir My
= 35 kDa duoc thé hién & Hinh 3.14. Trong khi d6, gin day mot s6 nghién
ctru da chi ra khéi lugng phan tir cua laccase tir mot s6 chung ndm 16n hon
gap d6i so voi PleuLac, nhu laccase tir chung Ganoderma leucocontextum (65
kDa) [140] va Gymnopus luxurians (64 kDa) [141].

5 4 3 kDa 1 2
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Hinh 3.14. Pién di d6 protein sau tinh sach PleuLac

(Trong do, (1) protein marker, (5) phan doan rtra giai sau cot DEAE
Cellulose, (4) phan doan rtra giai sau ¢t Sephadex G100, (3) phan doan rua
giai sau c¢Ot HiTrap™ Q XL, (2) PleuLac tinh sach thu dugc sau c6t HiTrap™
QXL.)
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3.2.1.4. Tinh sach lignin peroxidase tir L. squarrosulus MPN 12 (LsLiP)

Dich chiét c¢6 hoat tinh enzyme LsLiP dugc tinh sach qua ba budc sic
ky lién tiép: DEAE Cellulose, Sephadex G100, va cudi cung HiTrap™ Q XL.
Budc dau, dich chiét dugc xir Iy qua c6t DEAE Cellulose va Sephadex G100,
thu dugc 80 mg protein voi tong hoat tinh enzyme dat 831 U. Sau do, dich
enzyme tiép tuc duoc dua 1én cot HiTrap™ Q XL va rua giai bang gradient
mudi NaCl (0—1,0 M). Hinh 3.18 mé ta hai dinh hoat tinh thu duoc (I va II),
trong d6 dinh II c6 hoat tinh LsLiP cao vuot troi, dat gia tri 16n hon 4,5 U/mL.
Két thuc qué trinh tinh sach, thu dugc 20 mg protein enzyme voi tong 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 d§ -20°C, san sang cho cac nghién ctru va tng
dung tiép theo.

Két qua tinh sach sau 2 cot sic ky trao doi anion va 1 ¢ot sic ky loc gel
duoc thé hién & Hinh 3.16, bang protein (LsLiP) c6 khéi lugng phan tir xap xi
53 kDa. O nhitng loai nAm khéac nhau thi LsLiP ciing c6 khdi luong phan tir
khac nhau, tuy nhién chu yéu & khoang 38-50 kDa, nhu LiP cua ching
Loweporus lividus MTCC-1178 c6 kich thudc 43kDa [142], hay LiP tir ching
Phanerochaete sordida YK-624 c6 kich thudce khoang 50 kDa [143]. Do vay,
LsLiP ciing c6 khdi lugng phan tir tvong tw nhu nhiéu loai ndm khac.

Bang 3.5. Tinh sach enzyme LsLiP tur dich 1én men L. squarrosulus MPN12.

Protein  Hoattinh Hoattinh Hiéu Do tinh

Cac budc tinh sach tong tong riéng sut sach
(mg) U) (Umg) (%) (lan)
Dich chiét tho 5400 3600 0,6 100,0 1,0
Cot DEAE Cellulose 350 1250 4,0 35,0 6,7
Sephadex G100 80 831 10,4 230 17,3

HiTrap™ Q XL 20 566 28,3 15,7 47,1




71

60 745 4
i
o I =
z 2
g 430 E
S 40 =
Q ~
= =
- =]
410 5 301 J15 =
=1 =
B =]
=
=
<o 204
= =)
G 1903 Jdoo
= 10
- 0 1
o 0 1 5 6

T ticki v giai (mL)
Hinh 3.15. Tinh sach LsLiP qua c¢ot HiTrap™ Q XL

(Trong d6: (—) d6 hap thu & A=280nm, (e) hoat tinh LsLiP, (---) ndng do
NaCl.).
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Hinh 3.16. Dién di d6 protein sau tinh sach LsLiP.

(Trong do6: (1) protein marker, (7,8) phan doan rira giai sau c6t DEAE
Cellulose, (3,4,5) phan doan rtra giai sau c0t Sephadex G100, (2) LsLiP tinh
sach thu dugc sau cot HiTrap™ Q XL.)
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3.2.1.5. Tinh sach unspecific peroxygenase tir Candolleomyces euryspous
CP22 (CeuUPO)

Dich chiét thd c6 hoat tinh unspecific peroxygenase (CexUPO) dugc
tinh sach bang phuong phap sic ky 1ong nhanh (FPLC) qua cac budc st dung
cot trao d6i ion va loc gel. Budc dau, dich chiét tho duoc xu 1y qua cot trao
d6i ion DEAE Cellulose va tiép tuc qua cdt loc gel Superdex G-75. Két qua tir
giai doan nay dat tong hoat tinh enzyme dat 787 U, véi luong protein thu
dugc 1a 83 mg. Cac phan doan chtra hoat tinh enzyme sau d6 dugc tiép tuc
tinh sach qua c6t Mono Q™, sir dung dém thich hop va rira giai bang gradient
mudi tir 0 dén 0,25 M NaCl. Két qua sic ky cho thay dinh hoat tinh cao nhat
cua enzyme CeuUPO dat 125 U, xuét hién sau khi thu duogc khoang 75 mL
dung dich rtra giai (Hinh 3.17).

Két thiic qua trinh tinh sach, tong lwong protein enzyme thu dugc 1a 19
mg, tuong duong v4i tong hoat tinh 534 U. Hoat tinh riéng ctia enzyme ting
1én 28,1 U/mg, hiéu suit tinh sach dat 23,2%, va d¢ tinh sach tang 45,3 1an so
v6i dich chiét ban dau (Bang 3.6).
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Hinh 3.17. Tinh sach CeuUPO v6i c6t Mono Q™.

Protein duogc phat hién & A=280 nm (tong protein, mau xanh lam), A=420nm
(nhan heme dac hi¢u UPO, mau do) va phan doan hoat tinh UPO (A).
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Bang 3.6. Tinh sach enzyme CexUPO tur dich 1én men C. euryspous CP22.

Protein  Hoattinh Hoattinh  Hiéu Do tinh

Cac budc tinh sach tong tong riéng sudt sach
(mg) ) (Umg) (%) (lan)

Dich chiét tho 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 28,1 232 453

Qua trinh tinh sach dugc thuc hién trén hé sic ky FPLC-AKTA™ qua
cc budc sic ky trao ddi anion d3 thu duoc enzyme tinh sach CeuUPO. Do
tinh sach cua protein duoc xac dinh bang dién di cho thay mét band protein rd

nét xap xi 40 kDa trén gel SDS-PAGE (Hinh 3.18).
1 T 3 4 5 6

kDa

25

Hinh 3.18. Pién di d protein sau tinh sach CexUPO
(Trong do: (1) protein marker, (2) phan doan rtra giai sau cgt DEAE
Cellulose, (3,4,5) phan doan rtra giai sau ¢t Sephadex G-75, (6) CeuUPO
tinh sach thu dugc sau cot Mono Q™)

3.2.2. Xac dinh dac tinh cia enzyme

3.2.2.1. Pic tinh cia acetyl esterase (LsAE) tir ching nim Lentinus
squarrosulus MPN12
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Nhigt dp va pH t6i uu:

Pé xac dinh pH t6i vu cia LsAE, hoat tinh AE d3 dugc x4c dinh & dai
pH 4.0-8.0, i & 37°C trong 10 phut. Hoat tinh cao nhét caa AE cho thdy ¢ pH
5,5 va giam dan khi pH ting, & pH 8 hoat tinh ctia AE giam xubng con 40%
so voi pH 5,5 (Hinh 3.19). Thém vao d6, hoat tinh AE ciing dat gia tri toi uvu &
35°C khi dugc so sanh véi nhitng nhiét d§ lan can (tur 20-55°C), va giam
manh & nhiét d6 55°C (chi con xap xi 20% so véi hoat tinh ciia AE & 35°C).
Vay nén, & pH 5,5 va 35°C, hoat tinh cua LsAE s€ dat gia tri cao nhét.
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Hinh 3.19. Anh huong ctia nhiét d6 va pH t6i hoat tinh ctia enzyme LsAE.
(A) nhiét do, (B) pH, (C) d6 bén nhiét do, (D) dd bén pH.
Dj bén nhiét va pH ciia LsAE:

Do bén hoat tinh AE phu thudc vao nhiét do dugc xac dinh ¢ pH 5,5 va
35°C trong khoang U enzyme khéac nhau (tir 0 té1 120 pht) & nhitng nhiét do
khac nhau (4, 25, 40 va 60°C). Enzyme hoat dong t6t ¢ 4 va 25°C sau 1 gio 0,
tuy nhién hoat tinh giam dan & 1h tiép theo. Sau 2h 1 thi hoat tinh giam xudng
xap xi 60% so voi ban dau. O 40 va 60°C, hoat tinh bit dau giam sau 40 phut

Ui va sau 2h U thi hoat tinh giam xuéng twong tmg con xap xi 25% so vdi ban
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dau. Enzyme tinh sach cho thay bén hoat tinh & pH axit (pH 5,0), sau 6 gio u
hoat tinh enzyme duong nhu khong giam so véi ban dau. O pH trung tinh (pH
7,0), hoat tinh enzyme giam dan déu tir 1 toi 6 gid .

3.2.2.2. Xac dinh dac tinh cua cellobiose dehydrogenase (CauCDH) tw
Coprinellus aureogranulatus MPG14

Nhigt.dp va pH téi wu:

Tién hanh khao sit sy anh hudng cua nhiét do téi hoat tinh cua
CauCDH, enzyme dugc u ¢ dai nhi¢t d§ 30-70°C & pH 5,0, trong 10 phut.
Hoat tinh ciia CauCDH cao nhit & 50°C khi so véi nhirng nhi¢t do khéac lan
can. O 70°C hoat tinh CauCDH giam xudng chi con xap xi 40% so véi 50°C.
Dé khao sat pH t6i wu, CauCDH duogc u ¢ dai pH (3-8), ¢ nhiét d6 50°C,
trong 10 phat. Hoat tinh CauCDH cao nhét ¢ pH 5,5, chimg t0 CauCDH thich
hop v6i pH axit. O pH trung tinh, hoat tinh CauCDH giam dan dan, & pH 8,0
hoat tinh giam xuéng con x4p xi 25% so voi pH 5,5. CDH tir ching
Schizophyllum commune cling hoat dong t6t & pH 5,5 tuy nhién nhiét do tdi
uu lai thap hon so v6i CauCDH (35°C) [139].
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Hinh 3.20. Khao sat sy anh huong cua nhiét dd va pH téi hoat tinh cua

CauCDH.

(A) nhiét d9, (B) pH, (C) d6 bén nhiét o, 25°C (e), 40°C (4), 70°C (A ), (D)
d6 bén pH, pH 4 (A), pH 7 (@), pH 8 (¢).
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D¢ 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 (tir 0 t&i 120 phut) & nhitng nhiét
d6 khac nhau (25, 40 va 70°C). Enzyme tuong ddi bén & 25°C sau 12 giod o,
tuy nhién hoat tinh giam dan & 70°C, hoat tinh bat dau giam sau 6 gio U, sau
12 gio u thi hoat tinh giam xudng tuong (mg con xap xi 15% so voi ban dau.
Enzyme tinh sach cho thdy bén hoat tinh & pH axit (pH 4.0), sau 12 gid t hoat
tinh enzyme duong nhu khong giam so véi ban dau. O pH trung tinh (pH 8.0),
hoat tinh enzyme giam manh sau 2 gid 1, va sau chi sau 8 gio 1 enzyme hau
nhu khong con hoat tinh (Hinh 3.20).
3.2.2.3. Xac dinh dac tinh cua laccase (PleuLac) tir chung Pleurotus
pulmonarius MPN18
Nhiét dp va pH téi wu:

Dé khao sat sy anh hudng cua nhiét do t6i hoat tinh cua PleuLac, tién
hanh U enzyme ¢ dai nhiét do 30-60°C ¢ pH 5,0, t trong 2 phut. Hoat tinh cua
PleuLac cao nhat & 40°C khi so voi nhitng nhiét d6 khac 1an can. O 60°C hoat
tinh PleuLac giam xudng chi con xap xi 50% so véi 40°C. Khao sat pH tdi uu,
PleulLac duoc u ¢ dai pH (4,5-7,5), & nhiét 40 40°C, trong 2 phut. Hoat tinh
PleuLac cao nhat ¢ pH 5,5, chung to PleuLac thich hop voi pH axit. O pH
trung tinh, hoat tinh PlexLac giam dan dan, & pH 7,5 hoat tinh giam xudng
con xap xi 30% so véi pH 5,5.

Dj bén nhigt dp va pH:

Do bén hoat tinh laccase phu thudc vao nhiét d6 dugce xac dinh & pH
5,5 va 40°C trong khoang U enzyme khéc nhau (tir 0 t61 120 phit) ¢ nhitng
nhiét do khac nhau (25, 40 va 70 °C). Enzyme hoat dong t6t & 25°C sau 120
phut 1, tuy nhién hoat tinh giam dan & 40 °C, va giam manh & nhiét do 70°C,
sau 120 phit U thi hoat tinh giam xubng tuwong tmg con xap xi 20% so voi ban
dau. Bén canh d6, PleuLac cho thdy bén hoat tinh ¢ pH axit (pH 5,0), sau 6h u
hoat tinh enzyme dudng nhu khong giam so voi ban dau. O pH trung tinh (pH
7,0), hoat tinh enzyme giam manh sau 6h, hoat tinh chi con Xé.p x1 25% so véi
ban du (Hinh 3.21).
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Hinh 3.21. Khdo sat sy &nh huong cua nhiét do va pH téi hoat tinh cua
PleulLac.
A: Nhiét do toi wu; B: pH ti wu; C: d6 bén nhiét do; D: do bén pH
3.2.24. Xac dinh dac tinh caa lignin peroxidase (LsLiP) tir chiing
Lentinus squarrosulus MPN12

Nhiét dp va pH téi wu:

bé xéac dinh pH t8i wu ctia LsLiP, hoat tinh peroxidase da duoc xac
dinh & dai pH 4.0-8.0, G & 2 phut, 37°C. Hoat tinh cao nhat ctia LiP cho thy &
pH 5,0 va giam dan khi pH ting, & pH 8 hoat tinh ctia LiP giam xudng con
40% so vo1 pH 5,0 (Hinh 3.22A). Thém vao do6, hoat tinh LiP cling dat gia tri
t6i wu & 35°C khi dugc so sanh véi nhitng nhiét d6 1an can (tir 20-55 °C), va
giam manh & nhiét 46 55 °C (chi con xap xi 10% so véi hoat tinh cta LiP & 35
°C) (Hinh 3.22B). Vay nén, & pH 5,0 va 35°C, hoat tinh ctua LsLiP s€ dat gia
tri cao nhat.
Dé bén nhigt dé va pH:

Do bén hoat tinh LiP phu thudc vao nhiét d6 duoc xac dinh ¢ pH 5,0 va
35 °C trong khoang u enzyme khac nhau (tur 0 téi 120 phut) ¢ nhitng nhiét do



78

khac nhau (4, 25, 40 va 60 °C). Enzyme tuong ddi bén & 4 va 25 °C sau 1 gid
U, tuy nhién hoat tinh giam dan & 1 gio tiép theo. Sau 2 gid U thi hoat tinh
giam xudng xap xi 60% so véi ban dau. O 40 va 60°C, hoat tinh bat dau giam
sau 40 phut @ va sau 2 gio U thi hoat tinh giam xudng tuong tng con 40 va
25% so voi ban dau (Hinh 3.22C). Enzyme tinh sach cho thay bén hoat tinh ¢
pH axit (pH 4.0), sau 1h 0 hoat tinh enzyme duong nhu khong gidm so véi
ban dau, chi bat dau giam nhe sau 3 gid t. O pH trung tinh (pH 6.0), hoat tinh
enzyme giam dan déu tir 1 t6i 6 gio 0. Tuy nhién ¢ diéu kién pH 8.0, LiP mét
xap xi 80% hoat tinh trong thoi gian 1 6 gid (Hinh 3.22D).
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Hinh 3.22. Anh hudng pH va nhiét d6 toi hoat tinh LsLiP.
A: Nhiét do toi uu; B: pH t6i wu; C: d6 bén nhiét do; D: do bén pH
3.2.2.5. Xac dinh dac tinh cia unspecific peroxygenase (CeuUPO) tir
chung Candolleomyces euryspous CP22

bé xac dinh pH tdi wu cta CeuwUPO, hoat tinh enzyme dugc khdo sat
trong dai pH tir 2.0 dén 10.0 ddi véi ba co chat ABTS [2,2'-azino-bis(3-
ethylbenzthiazoline-6-sulfonate)], veratryl alcohol (VA), va 2,6-
dimethoxyphenol (DMP), két qua dugc trinh bay trong Hinh 3.23. Két qua

nghién ctru cho thay enzyme CeuUPO hoat dong t6i wu ¢ cac pH khac nhau
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tuy thudc vao co cht. Cu thé, enzyme CeuUPO cho théy hoat tinh manh mé
nhat dbi véi ABTS & pH axit (5,0), trong khi d6i voi VA va DMP, enzyme
nay lai hoat dong hiéu qua nhét trong khoang pH trung tinh (7,0). Diéu nay
chi ra rang CexUPO c6 kha ning thich nghi tot v6i méi truong pH khac nhau,

va kha ning xuc tac clia enzyme thay doi theo timg co chét cu thé.
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Hinh 3.23. Anh hudng pH t6i hoat tinh CeuUPO d6i v6i ABTS (A), veratryl
alcohol (B) va 2,6-DMP (C).
3.2.3. Dong hoc xic tac cia enzyme
3.2.3.1. Dong hoc xtc tac cia LsAE

Enzyme LsAE tinh sach tir chung L. squarrosulus MPN12 da dugc xac
dinh cac hang sd dong hoc ddi véi co chit p-nitrophenyl acetate thong qua
phuong trinh Lineweaver-Burk (Hinh 3.24). Cac ndéng do p-nitrophenyl
acetate khac nhau, tir 100 dén 500 uM duogc st dung dé xéac dinh van toc
(Vmar). Két qua xac dinh duoc gia tri K, 1a 255,7 uM va gia tri Vi 13 100
uM/phat. Gia tri tbe do xtc tac (k) cua phan tng xtc tac 1a 119,6 s, dan
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dén hiéu suit xtc tac (ke/Kn) 12 0,46 pM™' s'. Giuliano va cong su da xéac
dinh gia tri K,, ctia AE tir chung Bacillus pumilus 1a 500 pM, cao gap 2 1an so
voi K, cia LsAE [144]. Bén canh d0, gia tri K, cia AE tr chung Talaromyces
leycettanus ciing di dugc xac dinh 13 cao hon LsAE gan 3 lan (739 uM)
[145]. Ttr d6, cho thiy LsAE dic hiéu rat tot di v6i co chat p-nitrophenyl
acetate so v&i nhitng nghién ctru trude do.
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Hinh 3.24. Bong hoc xtc tac theo phuong trinh Lineweaver-Burk cua LsAE
d6i véi co chat p-nitrophenyl acetate.
3.2.3.2. Pong hoc xuc tac cia CauCDH

Enzyme CauCDH c6 kha ning xuc tac pho rong cic co chat, trong d6
bao g@)m cellobiose, lactose, cellotriose, cellotetraose, mannose va glucose.
Thuc vy, hang s6 Michaelis-Menten (K,, tir 117,1 dén 1.354.000 uM) va
hiéu suat xuc tac (gia tri ke /K, tir 25,8 x 10* d@én 21,7 M™' 5! twong tng véi
cellobiose va maltose) co thé duge xéac dinh cho tit ca cac co chét thu nghi¢m
(Bang 3.7). Ai luc cao nhét (K,, = 117,1 uM) va hiéu suit xtc tac (kea/Kn =
25,8 x 10* M s!) dd duogc quan sat d6i véi cellobiose, va d6 1a co chat dic
hiéu nhat cia CauCDH (Hinh 3.25).

Trong sb cac carbohydrate khic nhau dugc thir nghiém, di- va oligo-
saccharide véi lién két B-(1,4) glycosidic 1a co chit ma CauCDH thé hién tinh
ddc hiéu nhat, trong khi lién két a-(1,4) co trong monosaccharide c6 ai lyc va
hiéu suét xtc tac thip. Do d6, cac CDH uu tién xdc tac cac saccharide c6 lién
két B- (1,4) hoa tan hon monosaccharide, dudong nhu 1a dic tinh von cé cua

cac enzyme oxy hoa nay tir cic nguon nam [64].
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Hinh 3.25. Dong hoc xtc tac theo phuong trinh Lineweaver-Burk ctia
CauCDH d6i véi co chat cellobiose.

Bang 3.6. Dic hiéu co chat ctia enzyme CauCDH.

Co chat K (uM) keat (5 keat/ K (M's™)
Cellobiose 117,1 30,2 25.8 x 10*
Cellotriose 205,5 26,6 12,9 x 10*
Cellotetraose 232.0 26,8 11,6 x 10*
Lactose 731,1 61,7 84,5 x 10°
Glucose 492 x 10° 8.9 180,3
Maltose 1.354,0x 10° 294 21,7

Hon nita, su kéo dai cac don vi glucosyl cua cello-oligosaccharide dan
dén tang ai luc co chat (gia tri K, cao), nguoc lai s& 1am giam hiéu suét xuc
tac (kea/K,n thap), diéu nay ciing dd duoc quan sat d6i véi cac CDH khac nhu
tu Volvariella volvacea [63], T. clypeatus [67]. Lactose mac du cd su tuong
ddéng vé ciu tric, tuy nhién cellobiose dudng nhu 1a co chat tét nhat cua
CauCDH do thé hién ai lyc cao nhit (K =117,1 uM) va hi¢u suat xdc tac
(kea/Kn = 25,8 x 10* M1 571,

3.2.3.3. Dong hoc xuc tac cia Pleulac

Hing s6 dong hoc cua PleuLac tinh sach di duoc xac dinh bang co chit
ABTS (Hinh 3.26). Cac néng d6 ABTS khac nhau, tir 0,1 mM dén 1 mM
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dugc str dung dé xac dinh van téc (Vo). Két qua xac dinh duoc gia tri K, 1a
1,35 uM, nho hon gia tri K,, cua laccase tir cac chung khac. Theo nghién ctru
ctia Han gié tri K,, cua ching nAm 7. versicolor dat 12,8 uM [146], K, cta Y.
lipolytica 1a 50 uM [147]. Gia tri V., cua laccase dat 30.4 x 10° uM! s71) 16n
hon nhiéu so v6i Vi cia ching T versicolor (1354 pM™ s7) [146], Vipax clia
Y. lipolytica dat 7,1 uM™! s [147]. Gia tri k., cia Pleulac 13 10,39 x 10° (s™)
16n gap nhiéu 14n so véi chung T. versicolor (5865 s) [147] va so vé6i ching
P. pastoris (5899 s) [148]. Trong nghién ctru nay, gia tri k../K,, dat t&i 7,72
x 10° uM's™!, cao hon nhiéu so voi enzyme cac chung ndm khéc, chirg minh
rang hiéu qua xtc tic ctua PleuLac tinh sach tot hon so voi cac nghién ctu

trude do.
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Hinh 3.26. Dong hoc xtic tac theo phuong trinh Lineweaver-Burk cta
PleulLac dbi véi co chat ABTS.

3.2.3.4. Pong hoc xuc tac caa LsLiP

Enzyme LsLiP c6 kha ning xtc tac oxy héa hiéu qua cac co chat nhu
DCP, guaiacol, ferulic axit, veratryl alcohol, wvanillic axit, va
dimethoxyphenol. Két qua ¢ Hinh 3.27 cho thiy enzyme nay dic hiéu cao véi
co chat DCP trong s6 cac hop chit phenolic duoc khao sat. Hoat tinh 1én dén
240% ddi voi DCP va tiép theo 180% db6i vé6i co chét veratryl alcohol. Tuy
nhién, LsLiP c6 hoat tinh thép hon nhiéu so véi céc hop chat thom khéc

(guaiacol, ferulic axit va vanillic axit).
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Hinh 3.27. Dic hiéu co chét cua enzyme LsLiP.

Héng sb dong hoc cua LsLiP tinh sach da dugc xac dinh véi DCP lam
co chat chinh. Céc néng d6 DCP khéac nhau, tir 0,3 mM dén 1,5 mM dugc st
dung dé xac dinh van tc (V,..,) (Hinh 3.28). Két qua xac dinh duoc gi tri K,
13 2,45 uM va gia tri Vi 1a 285 pM/phat. Gia tri tbe do xtc tac (k) cla
phan tng peroxidase LsLiP 1 12 s, ddn dén hiéu suat xuc tac (ke/Kn) 12
4,85 uM! s LsLiP ¢6 i luc vi co chat DCP 16n hon 11 1an (28.5 pM) va
hiéu suat xtic tac (ke/Kn) cao gap 49 1an (0,098 pM' s™) so voi LiP tir ching
nam Pleurotus pulmonarius [149].

0.035 1
y=00087x + 0.0035

0.030 - R*=0.5923

1/V, pmol phat !
[=r]
=
[
=]
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Hinh 3.28. Dong hoc xtc tac theo phuong trinh Lineweaver-Burk ctia LsLiP
ddi véi co chat DCP.
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3.2.3.5. Dong hoc xuc tac cia CeuUPO

Céac hang s6 dong hoc xuc tac cua enzyme CexUPO tinh sach di duoc
xac dinh dbi v6i ba co chat: ABTS [2,2'-azino-bis(3-ethylbenzthiazoline-6-
sulfonate)], veratryl alcohol (VA), va 2,6-dimethoxyphenol (DMP) (Hinh
3.29). Két qua cho thdy enzyme CeuUPO c6 ai luc manh nhat ddi voi co chat
ABTS, véi gia tri K,, thap nhat 1a 39 uM, tiép theo 1a DMP véi K,, = 117 uM,
va VA véi K,, = 693 uM. Piéu nay ching to CewUPO c6 kha ning xtc tic
hiéu qua nhét d8i v&i ABTS, v6i i luc cao va su tuong tac tdt hon so véi cac
co chat con lai (Bang 3.7). Ngoai ra, két qua ciing cho thay rang CeuUPO c6
thé xtic tac hiéu qua trong cac phan tmg oxy hoa khac nhau, v4i kha ning xir
Iy DMP va VA mic du ai luc khong manh bang ABTS. Diéu nay mo ra kha
nang st dung CeuUPO trong cac ung dung xuc tac da dang, tir viéc xur ly céac

hop chat phenolic dén viéc san xuét cac hop chét hitu co ¢o gia tri.
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Hinh 3.29. Bong hoc xtc tac cua CeuUPO.

Theo phuong trinh Michaelis-Menten (trdi) va Lineweaver -Burk (phai), qua
trinh oxy héa ABTS (A), veratrylalcohol (B) va 2,6-DMP (C).
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Bang 3.7. Cac thong s6 dong hoc xtc tac ctia CewUPO

Vmax
. Km kcat kcat/Km
Co chat (umol pH
(uM) s (s'mMT)
min™)
ABTS 39 0,414 270 7,01 x 108 5,0
VA 693 0,106 69 9,98 x 10* 6,5
DMP 117 0,076 50 423 x 10° 6,5

3.3. Nghién ctru irng dung xiic tac sinh hoc enzyme trong chuyén héa sinh
khoi lignocellulose.
3.3.1. Nghién ciru kha niing oxy héa lignin béi LsLiP tir nam L.
squarrosulus MPN12

Lignin c¢6 ngudn gdc tir rom, & dang ran, c6 mau nau sim duoc st dung
lam co chat chuyén hoa sinh hoc xuc tac boi LsLiP tr L. squarrosulus
MPN12. Két qua phan tich phd FTIR cua lignin trudc va sau khi xir Iy LsLiP
dugc thé hién trong Hinh 3.30. Theo d6, ving fingerprint (1600-1000 cm™)
trong phd cua lignin da thay d6i dang ké sau khi xtr Iy enzyme, tuong tng véi
cac dao dong kéo dai ctia cdc nhom khac nhau trong cau trac lignin. Diéu nay
ching t6 rang cau trac tong thé cua lignin da bi pha hily & mot mirc do nhat
dinh, sau khi xt Iy bang enzyme.

Cudng do dinh dao dong kéo dai (1115 cm™) dic trung bién dang
phang cua don vi syringyl cua lignin giam, cho thay dai phin tir cta lignin da
bi phan hay. Sy hinh thanh dinh 1080 va 1039 cm™' cta méu sau xir 1y 1a dau
hiéu cta sy tao thanh lién két C-O trong alcohol bac 1. Cuong do cua dinh tai
1216 cm™', dic trung cho su kéo gidn ctia nhém C-O thay ddi, diéu ndy cho
thdy nhom carbonyl da bi pha v& trong qua trinh xtr Iy. Pinh 1450 cm™ dic
trung dao dong bién dang cua C-H trong mit phang dao dong cua khung vong
thom ciia lignin, c6 cudng do giam, chimg to lién két C-H cua vong thom
trong lignin c6 thé bi thé hodc bi bién doi.

Tuy nhién, cling khong loai trir kha nang sau khi phan huy co6 su trung
hop gitta cac chét hitu co trung gian. Pinh ¢ 1593 cm ', dai dién su kéo gidn

vong aryl d6i ximg trong lignin, cudong do peak giam sau khi thay phan bang
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enzyme, cho thdy co su mé vong hodc thé vao vong thom. Sy xuat hién peak
1622 cm™ chimg t6 mot sd san phadm md vong sau xt 1y ¢o chira cac ndi doi
lién hop. Pinh hap thu & 2930 cm ! biéu thi dao dong kéo gidn dbi xtng cua
nhém CHs- va -CH,- trong lignin. Cuong d6 cia dinh nay giam dang ké sau
khi thily phan bang enzyme, cho thiy lignin d4 bi cit mach. Ving (3200-3400
cm™Y), ddc trung lién két O-H sau khi xir 1y, cuong do ting chimg t6 thu duoc

nhiéu hop chat phenol va alcohol.
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Hinh 3.30. Pho FTIR cta cac mau lignin. Poi chimg (dudng mau d6) va sau
khi xur Iy véi enzyme LsLip (duong mau den).

Theo nghién ctru cta Zhichao Deng (2019) st dung enzyme LiP két
hop véi laccase trong chuyén hoa lignin, phuwong phap FTIR chi ra sy thay d6i
ving (1420, 1640 cm™) trong pho cua lignin, hodc ving 1734 cm™ biéu thi
su dao dong ctia nhém C=0 va nhom p-coumaroyl, chimg té rang nhom este
lién két bi phan cit trong cau trac cua lignin [36].

Nhu vay, két qua phan tich FTIR da chi ra duoc vai tro ctia LsLiP rat
quan trong trong xtc tac chuyén hoa lignin tir sinh khéi thuc vat.

3.3.2. Chuyén héa sinh khéi rom béi hén hop enzyme (“enzyme cocktail”)
3.3.2.1. Khdo sdt yéu té anh hwéng don dén higu qud chuyén héa

Nham cai tién hiéu suat chuyén hoéa, viéc st dung phdi hop hén hop
“enzyme cocktail” c6 tac dung hiép ddng t6t hon so voi don enzyme trong

chuyén hoa lignocellulose giai phong carbohydrat. Do viy, trong nghién ciru
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ndy, co chiat rom (3%, w/v) dugc st dung la ngudn co chat gidu
lignolcellulose cho nghién ctru chuyén hoa giai phong san pham carbohydrate
(glucose, xylose) va axit gluconic boi hdn hop “enzyme cocktail”, bao gom
enzyme cellobiose dehydrogenase (CDH, 28,86 U/mg; pHop 5,0; top 45°C)
xuc tac hiép dong véi carboxymethyl cellulase/glucuronoxylanase (Cell/Xyl:;
hoat d¢ riéng 1.6 U/mg; pHop 5,0-5.5; top: 50°C) va acetyl esterase (AE; 1,3
U/mg; pHopt 5,0; topt 42°C).

Phan Ung chuyén hoa dugc thyc hi¢n trong dém MOPS 100 mM, pH
5,0, nhiét d6 45°C va u 48 gio, hoat do enzyme/co chat (U/g) cia ting
enzyme duoc thay doi theo bién do khdo sat. Vai tro ctia nhém enzyme thiy
phan (AE va Cell/Xyl) hoat dong phdi hop tan cong mach chinh va mach
nhanh cta cau tric polymer, trong khi CDH c¢6 nhiém vu xic tac tao gdc
hydroxyl nhd khir Fe** thanh Fe?* va O, thanh H,0,, qua d6 c6 thé 1am bién
d6i cau triic cellulose, hemicellulose va lignin thong qua phan tmg Fenton. Do
vay, myc dich trong nghién ctru nay st dung phuong phap quy hoach thuc
nghiém dé t6i uu hoat do cia hdn hop enzyme lam ting hiéu suat chuyén hoa
co chat rom thanh carbohydrate.

Trong 5 thi nghiém déu, ty 16 hoat 6 enzyme/co chit ctia Cell/Xyl thay
d6i trong khi ty 18 ndy véi enzyme CDH va AE duoc giir ¢d dinh twong tng 1a
25 va 40 U/g. Hinh 3.31-a thé hién khi Cell/Xyl ting tir 6 dén 24 U/g thi ham
luong glucose ting tir 85,1 dén 142,1 mg /g, xylose ting 18,6 - 48,3 mg/g va
axit gluconic tir 2,55 - 3,63 mg/g. Trong giai doan ndy, san pham sinh ra phu
thudc nhiéu vao tac dong ctia hdn hop enzyme 1én co chat. Do do, cac céu
tric d& bi tan cong ctia co chit con nhiéu va khong c6 chét e ché hoat tinh
nén enzyme bit dau chuyén hoa manh luong cellulose dugc giai phong. Day
1a giai doan cac duong don (glucose, xylose) dugc sinh ra nhanh va nhiéu
nhat trong sudt qua trinh phan tung. Tuy nhién, khi ting hoat d6 enzyme 1én
30 U/g thi san pham chuyén hoa ting khong nhiéu, c6 thé do trong giai doan
ndy san pham glucose tich tu trong dung dich gay tic ché enzyme, dong thoi
luong cellulose dugc giai phong da giam. Mit khac, hoat tinh enzyme c6 thé
giam nhiéu sau khoang thoi gian 0 dai va mot phan enzyme “bi nhét” trong

ciu tric x6p cua cellulose. Nhu vay, ving hoat dong thich hop va tdm thi
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nghiém cho mo hinh téi wu thyc nghiém d6i v6i enzyme Cell/Xyl twong tng
la12 -24 U/gva 18 U/g.

Trong 5 thi nghiém tiép theo, hoat d6 enzyme AE duoc khao sat tir 5-
45 Ulg, khi d6 Cell/Xyl dugc c¢d dinh & tam thi nghiém (18 U/g) va CDH
duoc gitt & 40 U/g. Hinh 3.31-b thé hién khi hoat d6 AE ting tir 5-35 U/g thi
ham lugng glucose tang tir 104,5 — 149,2 U/g, xylose tang tur 29,6 — 62,6 U/g
va axit gluconic tang tir 2,75 — 3,87 U/g. Néu tiép tuc ting hoat 46 AE 1én 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 tdm thi nghiém ddi v6i enzyme AE tir 25 — 45 U/g va 35 U/g.

Trong 5 thi nghiém cudi cing thé hién trén hinh 3.31-c, anh hudng cua
ty 16 enzyme CDH tir 10 dén 50 U duoc khao sat trong khi hai enzyme khac
(Cell/Xyl 18 U/g va AE 35 U/g) duoc giir c¢b dinh. Trong mién khao sat, ting
ty 16 CDH tir 10 d¢én 60 U/g cho hiéu suét chuyén hoa tao san pham glucose,
xylose va axit gluconic ting, va lan luot dat 159,3; 63,6 va 4,96 mg/g & ty 16
50 U/g CDH/co chat. O hoat @6 CDH cao hon (dén 60 U/g), san pham ting
khong déng ké, tuong ung dat 154,7; 59,7 va 4,97 mg/g. Do do, mién khao sat
thich hop va tdm thi nghiém d6i v6i enzyme CDH tuong tng 1a 40 — 60 U/g
va 50 U/g.

Muc dich cua danh gia két qua thuc nghiém nham tim ra céc gia tri tbi
vu nhu ty 18 hoat d6 enzyme/co chat (U/g) cua timg enzyme don trong hdn
hop “enzyme cocktail” tham gia vao phan tng chuyén héa lignocellulose
thanh cac duong don. Két qua thi nghiém di xac dinh ving hoat dong thich
hop va tam thi nghiém cho md hinh tbi wu thuc nghiém ddi voi enzyme
Cell/Xyl tuwong tng 1a 12 — 24 U/g va 18 Ulg, d6i v6i enzyme AE tir 25 —45
U/gva 35 U/g, va d6i voi enzyme CDH tuwong tmg 13 40 — 60 U/g va 50 U/g.
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Hinh 3.31. Két qua nghién ciru anh hudng don yéu 6.

Ty 1¢ hoat do enzyme/co chét (U /g) va san pham tao thanh 1 carbohydrate
[glucose (), xylose (A )] va axit gluconic (®; mg/g). (a) Anh hudng ctia ndng
do Cell/Xyl; (b): Anh huéng ctia ndng d6 AE; (c): Anh hudng ctia nong do
CDH.
3.3.2.2. Téi wu héa nong dp enzyme tham gia chuyén héa bang quy hoach

thuc nghiém

Mirc va pham vi co ban cia cac tham sb phan Gmg tir két qua nghién
clru v6i cac hé sd don, trong d6 ty 1¢ cua ting hoat do cua enzyme/co chét
(Cell/Xyl, AE va CDH; U/g) dugc chon 1a bién doc 1ap. Nhin chung, su gia
ting dang ké nhit cta cic chat chuyén héa duoc quan sat & cac ty 18
enzyme/co chat 18 U/g dbi v6i Cell/Xyl, 35 U/g ddi véi AE va 50 U/g ddi véi
CDH. O ty 1& cao hon din dén két qua chi tang nhe cac chat chuyén hoa duoc
giai phong nhu trinh bay & trén. Theo do, ba ty 1¢ cia mdi loai enzyme duoc

chon 1am ving khao sat cac thong sd dau vao cho ma tran thiét ké thi nghiém,
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do 1a 12, 18, 24 U/g dbi véi Cell/Xyl, 25, 35, 45 U /g @i véi AE va 40, 50, 60
d6i v6i CDH, twong tGng véi mure thap (-1), duong co s¢ (0) va muc cao (+1),
tuong Ung (Bang 3.8).

Bing 3.8. Cac bién doc 1ap va khoang bién thién cta ching.

. Mién bién Mikc
Bien doc 1ap Code R
thién (A) -1 0 1
Z:: CelU/Xyl (hoat do/co chat, A 6 12 18 24
U/g)
Z>: AE (U/g) B 10 25 35 45
Zs: CDH (U/g) C 10 40 50 60

Céac bién phu thudc, hiéu suat/ham luong (Y) cia 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 mé hinh tir phan
tich phuong sai (ANOVA) cho cac ham muc tiéu (luong san pham sau xuc tac
chuyén hoa enzyme) dugc danh gia qua gia tri F, gia tri p va gia tri R> (Bang
3.10). Cac phan hoéi du doan ctia ba ham muc tiéu Y1, Y2 va Y3 va cac bién
doc 1ap lién quan dén phuong trinh da thirc bac hai d3 duoc xac dinh (Bang
3.11). M6 hinh hdi quy bac hai ANOVA di chimg minh ca ba mé hinh tuong
g voi ba ham muc tiéu déu phu hop va c6 ¥ nghia cao. Gia tri F ctia Y1, Ya,
va Y3 lan luot 14 84,44, 110,35 va 38,60 va gia tri p nhé hon 0,05 cho thay tat
ca cac mo hinh déu c6 ¥ nghia thong ké. Cac hé s xac dinh ctia m6 hinh (R?)
lan luot 14 0,9835, 0,9850 va 0,9858, cho thiy hau hét su thay d6i ning suit
c6 thé duoc giai thich bang dit liéu thuc nghiém. Nhimg dit liéu nay hd trg do
chinh x4c ctia mé hinh di thiét 1ap ciing nhu x4c nhan su théng nhat cao giita

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

A B C Y Y: Y3
Run Cel’Xyl AE CDH Glucose Xylose Axit
U (U UB gy (mg/g) ~ gluconic
(mg/g)
1 -1 -1 0 114,12 £3,43 44,14+0,55 2,75+0,12
2 +1 -1 0 125,35 +2,54 51,45+0,85 4,58 +0,20
3 -1 +1 0 147,21 £+421 57,12+1,54 391+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 3,160,116
6 +1 0 -1 144,23 £2,98 5921 +1,12 4,48 +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 6423 +1,23 497 +0,18
9 0 -1 -1 115,34 +£3,10 4538+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 £5,23 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. H¢ s6 hoi quy cua cac mod hinh da thirc bac hai dugc dy dodn cho
ham lugong glucose (Y1), ham luong xylose (Y2) va ham lugng axit gluconic
(Y3)

. Y1 Y: Y3
Nguon

GiatriF Giatrip GiatriF Giatrip GiatriF Gidtrip

Model 84,44  <0,0001* 110,35 <0,0001* 38,60 0,0004*

A 48,41 0,0009* 110,88 0,0001* 165,50  <0,0001*
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 0,8062N5 2,27 0,1919™8 6,89 0,0468*
AC 0,34 0,5833NS 0,53 0,4946N5 0,52 0,5032N8
BC 0,34 0,5833NS 0,53 0,5002N8 0,30 0,6056N
A? 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. M6 hinh phuong trinh da thirc bac hai, ham lugng glucose (Y1),
xylose (Y2) va axit gluconic (Y3).

Dap . . Gia tri
Phuong trinh mo hinh

Gia tri
ung R’ P

Y, =159,54+5,56A+16,48B+6,29C—7,13A?
Y 0,9835 <0,0001
—15,84B2-6,52C?

Y, =63,23+2,95A+6,07B + 2,57C-2,46A?
Y, 0,9850 <0,0001
~7,08B2-1,89C?

Y;=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. Phdn tich ddp irng bé mdt va xdc minh mé hinh

Mo hinh tinh toan bac hai dugc phan tich va vé d6 thi bang phan mém
Design Expert 7,0.0. Truc x va y dap tmg bé mit 3D thé hién su tuong tac ctia
cac tham s quy trinh, bao gdm su twong tac ctia Cell/Xyl va AE (CDH, 50 U
/g); 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 s6 danh gia (Y,-glucose, Y,-xylose va Y-
gluconic axit) va dugc danh riéng cho dap tng dy doan, din dén ba biéu d6
riéng biét. Cac dap ung bé mat 3D dugc xdy dung nhu Hinh 3.32. C6 thé
nhan ra rang twong tac hai chiéu anh hudng dén tat ca cac ham muc tiéu theo
thr tr giam dan AB>BC>AC. Diéu nay phu hop véi anh huong giam dan cia
cac tham sé don 1€ theo thir ty B>A>C (tuwong tmg cac bién dugc mi 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 3.32 a-b, c6 thé dat duoc su cai thién trong cac
ham muc ti€u, tirc 1a Y, va Y, sau khi tang gia tri cia cac tham s6 A, B, C va
nguoc lai. Pic biét, gid tri Y3 dd duoc cai thién dang ké sau khi chi ting cac
tham s6 A va B riéng 1é, va giam khi ting tham sé C. Do d6, c6 mdi twong
quan truc tiép giita cdc ham muc tiéu (nghia 13 Y, Y, va Y3) va cac tham sb
riéng 1¢ (A, B va C) cia cac phuong trinh mo hinh nhu trong Bang 3.14. Trong
d6, mirc d6 anh hudng cta cac tham s6 bac hai A2, B C? 1a khong dang ké so
v6i 1an lugt A, B, C do d6 bién thién ctia chiing nim trong khoang (-1, +1).

Tbi wu hoa va xac minh mo hinh ham mong mudn dugc sir dung dé tbi
uu hoéa ham muc ti€u sau qua trinh xtc tac enzyme véi ky vong Yy, Yo, va Y3
co thé dat gia tri cuc dai. Két qua 1a, 10 tuy chon thtr nghiém da dugc xac
dinh, trong d6 phuong an tot nhat dé toi da héa ham muc tiéu duoc du doan
(nhu trong Bang 3.12 & 3.13). Cac gia tri thir nghiém nay dugc so sanh véi
cac gia tri du doan dé x4c nhan tinh hop I¢ cia md hinh. Sy khac biét gitra cac
gi4 tri ham muc tiéu Iy thuyét va thyc nghiém 1a khong dang ké. Piéu nay mot
1an nita khang dinh moé hinh xay dung phu hop voi diéu kién thi nghiém. Sau
khi toi vu hoa ba bién phu thudc, cac yéu t6 toi wu duoc xéc dinh 14 19,2 U /g
dbi véi Cell/Xyl, 38,8 U/g ddi voi AE va 52,8 U/g d6i voi CDH sau khi 0 co
chét trong 48 gio & diéu kién 45°C va pH 5,0. Theo dd, cac ham muc tiéu
dugc xac dinh la 165,1843,19; 64,21+1,22 va 5,17+0,13 (mg/g) tuwong ung
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v6i luong (san pham/co chit, w/w) 1a cac duong C-5, C-6 (glucose, xylose)

va gluconic axit.

Hinh 3.32. Bi€u d6 tuong tac cta cac thong so cua hiéu suat san pham

(Trong d6 (a): Yi-glucose, (b): Ya-xylose, and (¢): Y3- axit gluconic)

L J L ‘_ @
.00 1.00 1.00 1.00 400 1.00
A=020 82030 C=028
114.12 163,11 44 64.23 275413 612
Y1 = 165689 Y2 = 65 5678
: Y3 = 526435

Hinh 3.33. Diéu kién t6i wu bang giai phap duong déc.

Bang 3.12. Gia tri ctia bién doc 1ap va bién thuc.

Bieén ma Biéen thue

A B C Cell/xyl AE CauCDH (U/g)

0,2 0,38 0,28 19,2 38,8 52,8
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Biang 3. 13. Gi4 tri dap ung va thuc nghiém nghiém thu duoc & diéu kién toi
uu.

] Gia tri t0i wu
Cac bién phu thudc

Thuc nghiém Dy doan ly thuyét

Y, — Glucose (mg/g) 165,18 3,19 165,69
Y, — Xylose (mg/g) 6421 +1,22 65,57
Y3 — Axit gluconic (mg/g) 5,17+0,13 5,26

Ciing lién quan dén hudng nghién ciru ndy, nhém nghién ciru cia
Rossana Liguori va cong su da st dung mo hinh tdi wu thuc nghi¢m dé xac
dinh cac diéu kién t5i uu cho hdn hop gdm 2 enzyme (cellulases, xylanases)
tinh sach tir 7. reesei ATCC26921 sir dung dé chuyén hoa ciy say. Két qua
thi nghiém da xac dinh dugc diéu kién dé chuyén héa hiéu qua dién ra & 45°C,
pH 3.5, sau 96 gio 1, tong duong khir thu duoc dat 480,1 mg/g [150].

Theo nghién ctru cua Badal ciing dd xac dinh dugc cac diéu kién tbi vu
cia hon hop “enzyme cocktail” (cellulase, B-glucosidase, xylanase va
esterase) trén co chat rom ra & 45°C, pH 5,0, sau 72 gio 4. Tong ham lugng
duong khir sinh ra dat 465 mg/g bang phuong phap sir dung mé hinh t6i uu
thuc nghiém [151].

Trong nghién ctru nay, 4p dung mé hinh téi uu thuc nghiém di xac
dinh duoc cac diéu kién tdi wu cta hdn hop “enzyme cocktail” (CDH, AE, va
Cell/Xyl) trong chuyén héa co chit rom ra nham nang cao hiéu qua cho qua
trinh tao thanh cac dudng don C-5, C-6 (glucose, xylose). Mot lan nita khang
dinh “enzyme cocktail” giup cho qué trinh thuy phéan polysaccharide thanh
cac mono va dimer xdy ra dé dang hon, nhé ¢6 cic enzyme tién phong (CDH
& AE) ma enzyme chinh Cell/Xyl dé dang bé gy cac polymer thanh nhiing
phan tur oligosaccharide c6 mirc do trung hop nhdé hon trudc khi Cell/Xyl

hoan tit qua trinh chuyén hoa.
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CHUONG IV: THAO LUAN
4.1. Kha ning sinh tong hop cac enzyme ciia cac chiing nim

Kha ning sinh tong hop nhém enzyme (lignin peroxidase, cellobiose
dehydrogenase, laccase, acetyl esterase va unspecific peroxygenase) cua 56
ching nim lya chon di dugc danh gia, cho thay sy khac biét rd rét gitra cac
chung. Trong s6 56 chung niam, tit ca déu sinh tong hop it nhiat mot loai
enzyme, trong d6 21/56 chung (chiém 37,5%) c6 kha nang dong thoi sinh
tong hop ca 5 loai enzyme. Cac chung tiéu biéu gom CP5, CP7, CP13, CP19,
CP21, CP22, CP26, CP29, MPN9, MPNI11, MPN12, MPN15, MPNI8,
MPL13, MPN25, MPN29, MPG04, MPGO05, MPG08 va MPG12. Tuy nhién,
mdi chung ndm c6 kha ning biéu hién tot ¢ ting loai enzyme khac nhau, cho
thdy su khac biét dang ké phu thudc vao loai, diéu kién nuéi ciy va loai co
chat cam tng. Nhitng két qua nay khang dinh ring ngudn ndm thu thap tir
rimg ty nhién Viét Nam, cy thé 1a Ctic Phuong va Muong Phing, 1a ngudn tai
nguyén tiém ning dé khai thac cac enzyme c6 kha nang chuyén hoa sinh khi
lignocellulose.

Tir két qua dinh tén ndm va danh gia hoat 46 enzyme, c6 thé thiy rang
bon ching MPN12, MPG14, MPN18 va CP22 dugc Iwa chon c6 kha ning
biéu hién tt & timg loai enzyme khac nhau. Ching L. squarrosulus MPN 12
c¢6 kha ning sinh tong hop tot nhat ca hai enzyme lignin peroxidase va acetyl
esterase. Tuy nhién, ching C. aureogranulatus MPG14 va chung P.
pulmonarius MPN18 13 hai chung c6 kha ning sinh téng hop tot 1an luot cic
enzyme cellobiose dehydrogenase va laccase. Trong khi do, enzyme
unspecific peroxygenase dugc sinh téng hop tot nhit & ching C. eurysporus
CP22. Nhiéu loai ndm di dugc chtrng minh ¢6 kha nang sinh tong hop lignin
peroxidase, laccase, acetyl esterase va cellobiose dehydrogenase voi ning suat
cao, dién hinh nhu P. chrysosporium, T. versicolor va P. ostreatus [53, 69,
99, 150]. Céc loai nay thuong dugc sir dung lam md hinh nghién ctru enzyme
lién quan dén phan hily lignin. Enzyme unspecific peroxygenase lai thuong
duoc duoc nghién ctru nhiéu nhat, voi hoat tinh cao tir loai nAm Agrocybe
aegerita, mot loai nam basidiomycete ndi bat trong viéc phan huay lignin va

cac hop chit phenolic nho vao hoat tinh manh mé& cua UPO [62]. Vi vay, bn
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chung nidm duoc lwa chon déu 1a nhimg ching nim tiém nang va can dugc
nghién ctru thém.

Trong nghién ctru ndy, peptone va cao ndm men dugc xac dinh 14 cac
nguon nito hiru co phi hop, hd trg hiéu qua qué trinh sinh téng hop enzyme
ctia cac chung nam, vuot trdi so véi cac ngudn nito vo co. Piéu nay co thé
giai thich do ngudn nito hiru co cung cip amino axit, peptide, va cac yéu tb
ting truong khac hd tro su phat trién toan dién ctia ndm, giup ndm hép thu
nito moét cach hiéu qua hon, din dén su gia ting sinh khéi va ting sinh
enzyme. Nguoc lai, cac ngudn nito vo co chi cung cip nito duéi dang ion, co
thé khong ddy du hoic khong dé hap thu bang ngudn nito hiru co, do do, su
phat trién ciia nAm va sinh enzyme trong méi truong niy kém hon. Trong diéu
kién nhiét d6 va pH t6i wu, chung L. squarrosulus MPN12 tao enzyme AE véi
hoat tinh cao nhét, dat 5.221,6 U/L trong méi trudng chira peptone, trong khi
enzyme LiP ciia chung nay dat muc cao nhét 1 68,5 U/mL trong moi truong
chtra cao ndm men. Ching P. pulmonarius MPN18 va C. aureogranulatus
MPG14 lan luot dat hoat tinh enzyme laccase va CDH cao nhét khi sir dung
peptone lam ngudn nito. Tuy nhién, chung C. eurysporus CP22 dat hoat tinh
enzyme UPO cao nhit trong méi trudng chtra cao nim men. Cac két qua trén
cho thay, loai ngudn nito va diéu kién nudi cdy dong vai trd quan trong trong
viéc toi wu hoa kha ning sinh enzyme ciia cac chiing ndm. Peptone 1a ngudn
nito hitu co wu viét, dic biét phu hop dé thic 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 ctru truéc day da chi ra rang
nguon nito dong vai trd quan trong trong qua trinh sinh tong hop enzyme tir
nim [152, 153]. Levin va cong su di ching minh ring viéc bd sung peptone
vao moi trudng nudi cdy 1am ting dang ké hoat tinh enzyme laccase & céac
chung ndm muc trang Lentinus edodes 1BB 363 va Pleurotus dryinus 1BB
903. Tuy nhién, dang chu y 13 sy thay d6i nong do peptone khong anh hudng
dang ké dén hoat tinh enzyme peroxidase & cac chung ndm nay [154]. Diéu
nay cho thiy rang mdi loai enzyme c6 thé phan tng khac nhau véi cac ngudn
nito va ndng d6 cua ching trong mdi trudng nudi cdy. Nghién ctu cia
Elisashvili va cong su (2008) da ghi nhan rang cac ngudn nito hitu co, nhu

peptone va cao nam men, thudng cé tac dong manh hon so vdi ngudn nito vo
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co trong viéc kich thich sinh tong hop cic enzyme nhu laccase, peroxidase va
esterase ¢ nhiéu loai nAm khac nhau [155]. Mot nghién ctru khac cta Baldrian
(2004) cho thay, viéc két hop ngudn nito hitu co voi cac diéu kién méi truong
t6i wu khong chi thiic day hoat tinh enzyme ma con 1am ting tinh 6n dinh va
thoi gian hoat dong cua ching [156]. Piéu ndy nhdn manh tim quan trong ctia
viéc lua chon loai va néng do nguén nito phu hop trong thiét ké moi truong
nudi cdy, dic biét khi muc tiéu 1a t6i da hoa hiéu suit san xuidt mot loai
enzyme cu thé. Ngoai ra, cac yéu t6 nhu thoi gian nudi cdy va cach bo sung
ngudn nito ciing déng vai trd quan trong trong viée toi wu héa qua trinh sinh
tong hop enzyme.

4.2. Pic tinh cac enzyme tir cic chiing nim tiém ning

Moi enzyme cO cAu tric va co ché hoat dong riéng, do do6 viéc hiéu 16
cach thirc hoat dong cua ting loai enzyme dé tdi wu hoa ching trong tng
dung thuc té khong hé dé dang. Trong nghién ctru nay, két qua da thu dugc 05
enzyme tinh sach tir 4 chung nam tiém nang, moi enzyme lai co diéu kién
nudi va quy trinh tinh sach khac nhau. Enzyme sau khi dugc tinh sach da
duogc phan tich dic diém hoat dong sinh hoc, bao gdm nhiét do ti wu, pH tdi
uu, cling nhu kha nang chiu nhiét va dg 6n dinh trong diéu kién méi truong
khac nhau. Két qua cho thiy, mot s enzyme c6 kha ning hoat dong manh &
nhiét d§ 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 twr L. squarrosulus MPN12 (LsAE)

Hoat tinh ctia LsAE dat gid trj cao nhit & pH 5,5, trong khi d6 & nghién
ctru ctia Linden va cong su da chi ra rang AE tir ching ndm Aspergillus niger
hoat dong t6i uvu & pH trung tinh (7,0) [157]. Su khac biét vé pH t6i wu co thé
1a do su khic biét vé ciu triic phan tir va mdi trudng song tu nhién cia cac
ching ndm san sinh ra enzyme. Ngoai ra, hoat tinh ctia LsAE ciing ¢6 kha
ning bén & pH 5,0, cho thay tinh thich nghi cta enzyme nay trong méi trudng
axit nhe. Pic tinh nay rat quan trong dbi véi cac tng dung trong cong nghiép
va sinh hoc, dic biét 1a trong cac quy trinh cin hoat dong & pH thip nhu:
Cong nghiép thuc pham, enzyme c6 thé dugc str dung trong qua trinh xir 1y
thue pham 18n men, san xuat d6 uéng 1én men (nhu bia, ruou), hoic trong qua

trinh tinh sach c4c sdn pham co6 tinh axit ty nhién, vi du nudc ép trai cay. Hay
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trong san xuét bioethanol, qua trinh thily phan nguyén liéu sinh khéi, pH moi
truong thuong giam do sy 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 1y hodc chuyén hoa lignocellulose. Trong cong nghiép
dét nhudém, enzyme nay cé thé duoc dung dé xir Iy cac chit nén cé chua
acetyl trong moi truong axit, cai thién chét lugng s¢i va lam sach mau. Hodc
xtt Iy chat thai hiru co, voi kha ning hoat dong ¢ pH thap, enzyme phu hop dé
phan hiy cac hop chit hitu co trong cac hé thong xir 1y nudc thai hoic
compost, noi pH moi truong thuong dao dong tur 4,0-6,0 [80, 88]. Kha nang
bén hoat tinh cta enzyme trong mdi trudng axit cling goi y rang cu trac
protein ctia nd c6 kha ning chdng lai sy bién tinh trong diéu kién pH thap,
lam ting tiém ning Gmg dung trong cac mdi truong cong nghiép khac nghiét.
Nguoc lai, cac esterase co nguén géc tir vi khuan, chéng han nhu Bacillus
licheniformis, thudng thé hién hoat tinh toi wu trong moi trudng kiém (pH
8,0) [158]. Nho dac tinh nay, ching dugc trng dung rng rai trong cac linh
vuc cong nghiép yéu cau diéu kién pH cao. Trong nganh cong nghiép chét tay
rira, esterase kiém dugc st dung dé xuc tac qué trinh thiy phan cac lién két
este va lipid, gop phan nang cao hiéu qua lam sach, ddc biét d6i voi cac vét
ban c6 ngudn gdc dau md. Ngoai ra, enzyme nay con déng vai trd quan trong
trong cong nghé xur 1y da va dét nhuém, noi méi truong kiem dugc duy tri dé
thiic day cac phan ing héa hoc dic thu.

Nhiét do t6i vu ctia LsAE va AE c6 ngudn goc tir A. niger déu 1a 35°C
[157]. Nhiét d nay gﬁn véi nhiét do co thé (37°C) cua sinh vat bac cao, cho
thiy cac enzyme nay c6 thé bit ngudn tir sinh vat mesophilic (wa nhiét do
trung binh). Bén canh d6, nhiét 46 35°C twong d6i dé kiém soat trong cac quy
trinh sinh hoc, khong doi hoi cac hé théng gia nhiét hodc 1am lanh qué phuc
tap, gitp t0i wu hoa hiéu qua tng dung trong thuc té. AE tir mot s6 loai ndm
khac nhu Aspergillus Versicolor hoac Candida guilliermondii lai hoat dong
t6t & nhiét do 45-50 °C [159, 160]. Kha ning hoat dong trong cac dai nhiét do
khac nhau con mé ra tiém ning tmg dung da dang cho enzyme AE, tir cac quy
trinh sinh hoc ¢ nhiét do thép dé bao vé cac thanh phén nhay cam v&i nhiét,
dén cac tng dung nhiét do cao dé tang tdc do phan Gmg 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 ning 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 v&i ban dau. Ursula
Baminger va cong sy ciing da chi ra raing CDH tir chung Sclerotium rolfsii
cling c6 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]. Piéu nay cho thiy rang hoat tinh va do bén ctia enzyme CDH ciing c6
thé thay doi tiy thudc vao ngudn gdc ching vi sinh vat. Mot s6 nghién ciu
khéc cling da chi ra réng céc diéu kién mdi truong nhu nhiét do, do am, va su
hién dién cua cac ion kim loai cling c6 thé anh hudng dén hoat tinh va do bén
ciia CDH. Piéu nay mé ra tiém nang cho viéc stir dung CDH trong céc tng
dung cong nghi€p khac nhau, dic biét 1a trong cac quy trinh can moi truong
axit hodc trung tinh, nhu xir 1y sinh hoc chét thai hodc tong hop cac hop chat

hiru co.

Nhiét do t6i vu ctia CauCDH 1a 50°C, cao hon so v6i LsAE va LsLiP.
Su khéc biét nay c6 thé lién quan dén cdu trac va chirc ning dic thu cia
enzyme. Cac enzyme chiu nhiét co cau trac bén viing hon nhd vao céc lién
két hoa hoc manh mé&, chang han nhu lién két hydro, lién két ion, va céc tuong
tac ky nudc gilta cac amino acid. Nhimg lién két nay gitp git cho protein
khong bi bién tinh hodc mat cu trac & nhiét d cao. Céu tric thir cip on dinh,
mot s6 enzyme co ty 18 cac cau trac thir cAp nhu alpha-helix va beta-sheet cao
hon, gitip duy tri hinh dang ctia enzyme khi nhiét do ting. O nhiét d6 cao, cac
phan tir enzyme can c6 tinh linh hoat dé dé dang thay d6i hinh dang, cho phép
enzyme dé dang gan két v4i co chét va thuc hién cac phan tng hoa hoc mot
cach hiéu qua. Cac enzyme hoat dong tot & nhiét do cao thudng it bi bién tinh
nhiét khi tiép xtc v6i nhiét do cao. Nho nhimng dic diém trén, cac enzyme ndy
c6 thé giit dugc hoat tinh va thuc hién cac phan tng sinh hoc hiéu qué trong
moi truong c6 nhiét 6 cao. Piéu ndy gitp chung thich nghi tot véi cac quy
trinh cong nghiép yéu ciu nhiét do cao, chang han nhu trong san xuat gidy,
dét nhudm, hay xtr 1y chét thai. Tuong ty, CDH tir mot sd loai khac nhu

Cerrena unicolor hoac Schizophyllum commune, déu c6 hoat dong téi uu &
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nhiét do 50°C [139, 161]. Kha nang hoat dong & nhiét dd cao cia CDH con
mo ra tiém ning st dung ching trong cic quy trinh sinh hoc nham ting téc do
phan tmg va hiéu suét san xuét.

CDH 1a mét trong nhiing enzyme c6 kha ning chuyén héa carbohydrate
va phan huy lignin. CDH thuéc nhém hemoflavoenzyme va chu yéu duoc tim
thiy & cac loai nAm. Trong nghién ctru cta ching t6i, enzyme CDH tir ching
nim C. aureogranulatus d3 duoc xac dinh c6 kha niang oxy hoa 6 loai dudng
khac nhau, bao g@)m cellobiose, cellotriose, cellotetraose, lactose, glucose va
maltose. Trong sd cac carbohydrate d3 duoc thir nghiém, cac di- va
oligosaccharide c6 lién két B-(1,4) glycosidic 1a co chat ma CauCDH thé hién
tinh ddc hiéu cao nhat, trong khi cdc monosaccharide véi lién két a-(1,4) lai
c6 4i luc va hiéu suat xuc tac thép. Do d6, enzyme CDH c6 xu huéng wu tién
xuc tac cac saccharide c6 lién két B-(1,4) hoa tan hon 1a cac monosaccharide,
didu nay duong nhu 1a ddc tinh vén c6 cia cac enzyme oxy hoa tir ngudn
nam. Gan day, cac nha khoa hoc di chimg minh rang, ngoai kha ning chuyén
hoa carbohydrate, CDH con c6 kha ning khtr tai vi tri C1 ctia nhiéu co chit
khac nhau trong cau trac lignocellulose (LLC). Piéu nay cho phép nd tham
gia vao qua trinh phan huy lignocellulose, 1am tang hiéu qua cua viéc ti€u hoa
cac polymer phirc tap thanh nhitng don vi duong cé thé st dung.

Daniel Kracher va cong sy d3 chi ra rang enzyme CDH c6 hiéu qua xtic
tac cao ddi v6i B-D-cellobiose, mot tiéu don vi dimeric cta cellulose, ciing
nhu lactose, mot epimer cua cellobiose [64]. Kha ning xuc tac ctia CDH dbi
v6i cac hop chat carbohydrate mé ra co hdi cho cic nghién ctru sdu hon nhim
t6i vu hoa qua trinh phan giai sinh hoc cling nhu phat trién cac phuong phap
san xuat nhién liéu sinh hoc tir ngudn tai nguyén tai tao. Cac nghién ctru vé
CDH d4 goi mé tiém nang trong viéc ing dung enzyme nay dé cai thién hiéu
suat trong cac quy trinh cong nghiép lién quan dén viéc xir 1y sinh khoi.

4.2.3. Enzyme laccase tir Pleurotus pulmonarius MPN 18 (Pleul.ac)

Laccase tir ching P. pulmonarius MPN 18 ¢6 nhiét d6 t6i wu 12 40°C va
mat 50% hoat tinh sau 1 gid & 70°C. Piéu nay cho thiy enzyme c6 d6 6n dinh
nhiét tuong d6i tot trong khoang nhiét d6 thap hon 70°C. Kha niang chiu nhiét
ctia laccase ¢ thé phu hop cho cac tmg dung trong cong nghiép véi quy trinh

can hoat dong enzyme & nhiét do trung binh dén cao. Yue Sun va cong sy lai
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chi ra ring laccase tir chung ndm Gymnopus luxurians c6 hoat dong ti wu &
nhiét 46 60°C va bén & 40°C trong 4 gid, cho thy su khac biét vé dic tinh
nhiét ctia laccase gifta cac loai nidm khéac nhau [141]. Tuy nhién, laccase tir
loai vi khuan Bacillus subtilis thudong c6 nhiét do t6i wu thap hon, khoang 30—
40°C, va mét hoat tinh nhanh hon khi tiép xuc véi nhiét do cao, cho théy kha
ning chju nhiét kém hon so véi laccase tir ndm nhu P. pulmonarius hay G.
luxurians [162]. Nhimg khac biét nay c6 thé xuat phat tir sy da dang trong céu
tric protein hodc diéu kién moi trudng séng cua ting loai.

PleuLac cho thdy kha ning duy tri hoat tinh t6t & pH axit yéu (5,0).
Mot sb laccase tir cac loai ndm khac, nhu Ganoderma leucocontextum hoic
Pleurotus sp., lai hoat dong t6i wu ¢ pH thap hon (3,0—4,0) [130, 140]. Nguoc
lai, laccase tur loai Trichoderma harzianum dugc Alshaimaa va cdng sy chiing
minh ¢ kha ning duy tri hoat tinh bén & pH kiém (9,0) [163]. Su khéc biét vé
dai pH tdi wu va d6 bén cua cac laccase phan anh tinh da dang trong cau tric
va chtrc ning cua enzyme tir cac lodi ndm khac nhau. Nhimg dic tinh nay co
thé duoc khai thac dé ung dung laccase trong nhiéu linh vuc khac nhau. Cu
thé, cac laccase hoat dong tot & pH axit (3,0-5,0) thudng phu hop cho cac quy
trinh sinh hoc nhu xir Iy phenol, hop chét thom, hodc tdy mau pham nhudm.
Laccase hoat dong tot & méi trudng trung tinh (6,0-7,0), thudng dugc Ung
dung trong nganh cong nghiép ruou vang va nudc trai cay, laccase loai bd cac
polyphenol du thira, giam thiéu hién tuong két tia va lam duc san pham, hodc
san xuét sinh duoc pham. Trong khi d6, cac laccase bén ¢ pH kiém (8,0-10,0)
c6 tiém nang mg dung trong cic nganh cong nghiép nhu xir Iy nuwdc thai, khir
mui, va san xuét bot gidy. Nho dic tinh cua laccase tir cac ngudn khac nhau,
ngudi ta c¢6 thé két hop cac enzyme nay trong quy trinh xir Iy ¢6 nhiéu budc,
vi du budc dau laccase hoat dong & pH axit dé loai bo phenol [164, 165].
Budc sau, laccase hoat dong ¢ pH kiém dé oxy héa cac amin thom hozc hop
chét phirc tap hon. Viéc tan dung dic tinh hoat dong cua laccase ¢ dai pH
khac nhau khong chi giip mo rong tng dung ma con tang hiéu qua xu ly
trong cac quy trinh cong nghiép va moi truong.
4.2.4. Enzyme lignin peroxidase tir L. squarrosulus MPN 12 (LsLiP)

Hoat tinh ctia LsLiP s& dat gia tri cao nhat & pH 5,0 va 35°C. Khac voi

LsLiP, LiP tir cac loai nAm Pleurotus sajor caju dugc chi ra c6 hoat dong t6i
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wu & pH axit (3,0) [166]. Nhiét d6 tdi wu cta LsLiP cling khic voi mot sb
nghién ctru trude d6, nhu LiP tir ching ndm Penicillium decumbens hoat dong
t6t & nhiét do 45°C [167]. Tuwong tu nhu enzyme laccase, lignin peroxidase
cling 1a mot enzyme duoc danh gia cao trong nhiéu nganh cong nghiép nho
kha ning oxy hoa da dang céc loai chat nén. Trong nghién ciru nay, LsLiP di
ching minh kha niang oxy héa nhiéu co chat vong thom, bao gom DCP,
veratryl alcohol va cac hop chit phenolic khac nhu guaiacol, axit ferulic, axit
vanillic va dimethoxyphenol. Pang cht ¥, két qua cho thdy enzyme nay c6
tinh ddc hiéu cao ddi vdi DCP hon so véi cac hop chit phenolic duoc khao
sat. Trong khi d6, nghién ctru truée d6 cua Vandana va cong su lai cho thiy
rang LiP tir chung P. chrysosporium lai dic hiéu tot nhat voi co chat veratryl
alcohol [99]. Piéu nay cho thay rang dic tinh dic hiéu ctia LiP c6 thé thay ddi
tiy theo chung vi sinh vét va diéu kién phan Gmg. Ngoai ra, dé xac dinh tiém
ning ctia LsLiP, nghién ctru nay da st dung LsLiP dé phan huy lignin dugc
tach tir rom. Két qua phén tich FTIR cho thiy céu trac lignin trudc va sau khi
xir Iy LsLiP da thay doi dang ké, dic biét 1a ¢ ving (1600-1000 cm™). Hon
nita, cuong do cua dinh & 2930 cm™! thay ddi nhe sau khi xur Iy LsLiP, dugc
du doan 1a nguyén nhan chinh giy ra sy phan cat lignin. Diéu nay goi mé
tiém ning tmg dung cta LsLiP trong cac qua trinh cong nghiép nhu phan huy
lignin, x{r Iy chét thai hodc tong hop cac san pham hitu ich tir cac hop chat
phenolic. Viéc hiéu 15 cac yéu td anh hudng dén tinh dic hiéu cua LiP s& giup
cai thién hiéu suét va kha ning ap dung enzyme ndy trong cic tng dung thuc
tién [56, 166].

Dé giai thich dic tinh oxy hoda cao cia enzyme lignin peroxidase, cac
nha khoa hoc da chi ra rang cdu tric khong gian cta LiP ¢6 anh hudng quan
trong [168]. Enzyme LiP c6 mot cau truc ba chiéu phirc tap véi cac yéu td cau
trac quyét dinh kha ning twong tac véi cac co chat va thuc hién qua trinh oxy
hoa. Cac yéu t6 cau trac khong gian chinh cua LiP bao gdm, th&t nhat do cau
tric vung hoat dong (active site), vung hoat dong cua LiP 1a noi enzyme thuc
hién phan tmg oxy hoa cac co chét phenolic hoic lignin. Cac nhém amino axit
quan trong trong vung hoat dong, nhu histidine va tryptophan, tham gia vao
qué trinh oxy hoa, lién két v6i cac nguyén tir oxi dé chuyén electron tir co

chét sang phan tir oxy, tao ra cac gdc 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 tdm hoat dong cua LiP tu loai P.
chrysosporium (PDB: 1LGA), cac amino axit ndy c6 anh huong truc tiép dén

kha ning enzyme nhan va oxy hoa cic co chat khac nhau (Hinh 4.1) [51].

Hinh 4.1. Ciu trac tinh thé ctia LiP tir P. chrysosporium (PDB: 1LGA).

Tht hai, ciu tric bac ba va cic cau ndi disulfide: LiP ¢6 mdt ciu trc
béc ba phirc tap, v6i cac cau ni disulfide (cau ndi giita cac cysteine) dong vai
trd quan trong trong viéc duy tri cdu trac khong gian 6n dinh va dam bao
enzyme cO kha ning hoat dong ¢ diéu kién khic nghiét. Nhimg cau ndi nay
cling c6 thé anh huong dén kha niang enzyme thay dbi hinh dang trong qua
trinh phan mg, tir d6 anh huong dén hiéu suat ciia qua trinh oxy héa. Thir ba,
ving lién két v6i heme: LiP chira nhom heme, mot yéu té quan trong trong
kha ning oxy hoa ctia enzyme. Nhom heme cé thé tao ra cac gdc peroxit va
gbc hydroxyl trong phan tng oxy héa, giup enzyme thyuc hién qua trinh pha
v& cau trac lignin. CAu tric khoéng gian ctia ving lién két heme c6 thé thay do6i
ty thudc vao diéu kién moi truong va anh huong dén kha ning tuong tac cua
enzyme véi co chat. Cudi cung, cac ving khong hoat dong va cdu tric phu,
ngoai ving hoat ddng, cac phan con lai ctia enzyme, nhu cac ving khong hoat
dong va cac ving phu, ciing ¢ thé anh huong dén tinh 6n dinh va kha ning
dic hiéu cta enzyme d6i v6i cac co chat khac nhau [50]. Cau tric phu ¢ thé
anh huong dén sy tuong tac giita enzyme va moi truong xung quanh, ching

han nhu pH, nhiét dJ, va su c6 mat cia céc ion kim loai hodc chat dong van.
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Nhu vy, cdu trac khong gian cua LiP khong chi quyét dinh hoat tinh oxy hoa
ma con anh huong dén tinh dic hidu d6i voi cac co chat khac nhau.

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

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
ndy co6 thé thyc hién cac phan ung hydroxyl hoa trén alkanes, epoxydation
trén alkenes, va oxy hoa cac hop chat c6 cau trac di vong chira nito hodc luu
huynh. Piéu ndy md ra tiém ning Gng dung rong rdi caa UPO trong nhiéu
nganh cong nghiép, tir xtr Iy méi truong dén san xuat hoa chat duoc pham.
Dic biét, UPO ¢6 thé hoat dong ma khong can déng xuc tac kim loai, lam
giam chi phi va d phtic tap trong qua trinh phan tmg, déng thoi han ché tao
ra cac san pham phu khong mong mubn. Bén canh C. euryspous, unspecific
peroxygenase (UPO) con duoc tim thay ¢ nhiéu loai vi sinh vat khac, trong d6
phé bién nhit 1a céc loai thudc chi Agrocybe, Marasmius, Chaetomium, va
Coprinopsis [62, 169, 170]. Tuy cung thuoc nhém UPO nhung dac tinh xtc
tac va mirc d6 da dang co chit ciia enzyme tir cac loai nay c6 thé rat khac
nhau. Chang han, UPO tir Agrocybe aegerita (AaeUPO) dugc biét dén rong
rai voi kha nang xuac tac cac phan ung tuong tu nhu enzyme cytochrome
P450, bao gom hydroxyl hoa, epoxid hoa va tham chi 1a phan Gmg N- hoic S-
oxidation v&i hiéu suat cao. Tuy nhién, 4aeUPO thudng c6 hoat tinh kém hon
dbi voi cac co chat cong kénh hodc co6 nhom thé gay can trd khong gian gan
vi tri phan Uimg. So v&1 AaeUPO, enzyme tur C. euryspous trong nghién cuu
nay cho thdy pho co chit twong d6i rong, c6 kha ning oxy hoa ca hop chat
phenolic nhu ABTS va DMP, 14n nhitng phan tir di vong chira di t6, diéu nay
go1 y mot vung hoat dong linh hoat va kha nang tuong thich cao véi cac co
chat co cdu tric phuc tap. Ngoai ra, mot sb UPO tir vi sinh vat khac nhu
Coprinopsis cinerea hay Chaetomium globosum ciing cho thay kha ning hoat
dong manh trong méi trudong chira hydrogen peroxide, nhung thuong nhay
cam voi ndng do H20: cao va dé bi bat hoat oxy héa [170, 171]. Toém lai, tuy
cing mot nhém enzyme, nhung dic tinh xuc tac, 6n dinh hoa hoc, d6 chon loc

va pho co chat cua unspecific peroxygenase phu thuoc manh mé vao ngudn
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géc vi sinh vat. Viéc khai thac va so sanh cac UPO tir nhiéu loai khac nhau sé&
13 co sO quan trong dé chon loc enzyme pht hop cho tirng muc tiéu tng dung
trong sinh tong hop, xir Iy moi trudng hay cong nghiép dugc pham.

Gan ddy, vao nim 2019, Muniba Faiza va cac cong su di chi ra ring
enzyme UPO 1a dai dién cho mdt phan 16p tiém ning cua oxidoreductase,
thudc nhom céac protein heme c6 hoat tinh peroxygenase va peroxidase [57].
Enzyme nay c6 kha ning oxy hoa hon 300 chit nén di duoc xac dinh, xuc tac
cho nhiéu phan tmg oxy héa khic nhau, bao gdbm oxy hoéa mot hodc hai
electron, cling nhu cac phan tng oxy hoa c6 tinh chon loc cao. Nhitng dac
diém nay khién UPO tré nén dic biét quan trong trong tong hop hitu co va c6
tiém nang tré thanh chét xtc tac sinh hoc cho cac tng dung cong nghiép.
Diéu nay d3 khoi ddy sy quan tdm cua cac nha khoa hoc trong viéc tim kiém
thém cac enzyme UPO tir hé sinh thai ndm. Ngoai viéc tim kiém thém cac
enzyme UPO tir h¢ sinh thai nam, cac nha nghién ctu ciing dang tap trung
vao viéc hiéu 16 hon vé cau tric va co ché hoat dong ctia enzyme nay.

Nhitng nghién ctru siu hon vé UPO ¢6 thé md ra nhitng huéng di méi
trong viéc cai tién va t6i uu hoa cac phan tng oxy hoa. Hinh 4.2 cho thiy
ving trung tAm hoat déng cua enzyme UPO tir chiing A. aegerita bao gom 8
axit amin: Glu-196, Ar/g89, Asp-124, Gly-123, Glu-122, Pro-35, Cys-36 va
Pro-37 [62]. Nghién ctru chi ra rang Cys-36 nim gan nhom heme nhét va
duoc bao ton trong hau hét cac UPO tir nhiéu ngudn khac nhau. Glu-196 va
Ar/g89 dong vai tro 6n dinh dién tich trong vung hoat dong trung tam, hoat
dong nhu mot cip xuc tac axit-bazo. Cip xlc tac nay rat quan trong cho viéc
hinh thanh Hop chat-I, mot yéu t6 thiét yéu trong tat ca cac peroxidase. Mo
tip EGD (Glul122-Gly123-Asp124) tham gia gian tiép vao qué trinh phan cat
lién két peroxide, gitip dinh huéng Glu-196 vao trung tdm heme. Ngoai ra,
Pro-35, Pro-37 va Gly-123 c6 vai trd quan trong trong viéc duy tri ciu trc
khong gian cua vung trung tdm hoat dong, tao diéu kién thuan lgi cho su
tuong tac gilta cac axit amin khac vo1 nhom heme. Cac nghién ctu so sanh
cho thdy rang nhiing vi tri axit amin nay khong chi c¢6 vai trd trong viéc 6n
dinh cAu trac ma con anh huong dén tinh chon loc va hoat tinh xuc tic cla
enzyme. Diéu ndy chimg t6 rang ving trung tim hoat dong cia UPO duoc tbi

uu hoa cao dé thuc hién cac phan tmg oxy hoa lién quan dén peroxide, dong
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thoi cho thiy su thich nghi déng ké cta enzyme véi cac diéu kién méi trudng

va chat nén khac nhau.

,, GLY-123
GLU-122

GLU-196 ARG-189
% ASP-124

PRO-37 CY5-36

Hinh 4.2. C4u trac enzyme UPO (PDB ID: 2YOR tir loai ndm Agrocybe
aegerita (https://www.rcsb.org).

Tom lai, cac enzyme tur nhién da dugc dé cap & trén déu c6 dic tinh va
cAu truc riéng biét, nhung déu déng vai trd quan trong trong qua trinh chuyén
hoa céu tric cua lignocellulose. Dya trén cac dac tinh da dugc xac dinh,
chung c6 thé dugc ung dung vao thuc tién va cac quy trinh cong nghiép lién
quan nham ning cao hiéu qua. Sy hiéu biét siu 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. Xuc tic hiép dong béi hdn hop enzyme (“enzyme cocktail”) trong
chuyén hoa hi¢u qua vt liéu lignocellulose

Xuc tac hiép dong boi hdn hop enzyme (“enzyme cocktail”) trong
chuyén hoa vat liéu lignocellulose 1a mdt phuong phap quan trong trong viéc
san xuét nhién liéu sinh hoc va cac san phém hoa hoc tir nguyén liéu tai tao.
Hon hop enzyme nay thudng bao gém cac enzyme nhu cellulase,
hemicellulase, va ligninase, mdi loai dong vai trd riéng trong viéc phan giai
cac thanh phan cdu trac chinh cua lignocellulose (cellulose, hemicellulose, va
lignin). Su két hop chinh x4c va t6i uu ciia cac enzyme giup cai thién hiéu qua

phan giai sinh hoc, tang cuong kha nang thu nhan duong don tur
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lignocellulose, tr do tao diéu kién thuan loi cho cac qué trinh 1én men tiép
theo. Trong nghién ctru nay, viéc ap dung mo hinh t6i wu thuc nghiém di xéac
dinh duoc cac diéu kién t6t nhat cho hdn hop “enzyme cocktail” (CDH, AE,
va Cell/Xyl) trong qua trinh chuyén hoa co chét tir rom, nhiam nang cao hiéu
qua tao thanh cac duong don C-5 va C-6 (glucose, xylose). Két qua mot lan
nira khang dinh riang “enzyme cocktail” gifp qua trinh thiy phan
polysaccharide thanh cdc mono va dimer dién ra dé dang hon.

Gan day, tac gia Mello Lopes va cong su dd gidi thiéu thém cac loai
enzyme cocktail nham phan hay lignocellulose [28]. Thach thirc 16n nhat
trong qua trinh ndy 1a thanh té bao thuc vat di tién hoa dé chéng lai sy phan
hay bai enzyme. Do d0, cac enzyme ding dé chuyén hoa thanh té bao can co
hiéu suét xtc tac cao va kha nang 6n dinh nhiét tot. Viéc lya chon céc enzyme
pht hop dé xtic tic qua trinh phan hay cellulose thanh glucose va
hemicellulose thanh céac loai duong tu do duoc coi la chién lugc kha thi nhat,
gitp cung cap ngudn co chat hiéu qua vé mat chi phi cho san xuét nguyén liéu
sinh hoc. Raulo va cong su (2021) cling da chting minh tdc dung cua “enzyme
cocktail” trong qua trinh thuy phan lignocellulose, nhitng enzyme chinh tham
gia vao qua trinh pha v& cdu tric cua lignocellulose phai ké dén nhu
endoglucanases, cellobiohydrolases, B-glucosidase,...[37]. Nghién ctru cua
Heidi va cong su (2020) dd két hop cac enzyme cellobiose dehydrogenase
(CDH), lytic polysaccharide monooxygenase (LPMO), S-glucosidase (BG),
va endoglucanase (EG) & nhiét d6 45°C, pH 5,0, sau 72 gid u. Két qua HPLC
cho thay luong dudng C5 va C6 duoc tao ra trong qua trinh thuy phan [172].
Tai trudng Pai hoc Monash ¢ Uc, Eugene va cong sy (2021) da tién hanh két
hop cac enzyme cellulase, hemicellulose, va laccase ¢ diéu kién u téi vu &
40°C, pH 6,0, trong 24 gi¢ tao ra luong duong dat 2,431 mg/mL 16n hon so
v6i vige st dung don enzyme (1,67-1,77 mg/mL). Két qua chi ra su két hop
hiéu qua khi st dung “enzyme cocktail” trong chuyén héa sinh khoi
lignocellulose [173]. Dya trén nhiing phan tich vé két qua nghién ctu cua
nhiéu nhém tac gia da cong bd cho thiy, hién nay viéc sir dung “enzyme
cocktail” trong chuyén hoa sinh khéi lignocellulose 12 huéng di méi rat duoc
quan tdm va nhiéu trién vong, dic biét tng dung trong nganh céng 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 d3 ra mit dong cocktail Spirizyme® véi ba
phién ban, nham muc tiéu chuyén héa toan bd luong dudng trong nganh cong
nghiép nhién liéu sinh hoc. Cocktail nay duoc bd sung enzyme trehalase, gitip
chuyén ddi trehalose thanh cac loai dudng c6 thé 1én men, tir d6 1am ting
dang ké san luong duong thu duoc tir qua trinh thuy phan. Mot cong ty khac
trong linh vuc nhién liéu sinh hoc, DuPont, di gi¢i thiéu Acellerase®, bao
goém hdn hop cellulase va cac enzyme phu tro, voi nhiéu phién ban khac nhau
dé phu hop véi cac phuong phap xir 1y trude va loai sinh khéi khac nhau.

Bén canh viéc lua chon enzyme phu hop, cic nghién ctru gan dy ciling
tap trung vao viée cai tién k¥ thuat dé ting cudng kha ning twong tac giira
enzyme va co chat. Diéu nay bao gém viéc két hop cac enzyme c6 hoat tinh
bo tro, toi wu hoa diéu kién phan tng. Ngoai ra, viéc hiéu 1d co ché phan huy
va vai tro cua ting loai enzyme trong qua trinh nay s€ gitip cdi thién quy trinh
san xuét sinh hoc, tir 46 giam chi phi va nang cao tinh bén virng cta cong
nghé san xuat nhién liéu sinh hoc va céc san pham hoéa sinh. Xu huéng nghién
ctru hién nay con tap trung vao viéc cai tién va phét trién cac enzyme tai to
hop véi kha nang hoat ddng 6n dinh trong diéu kién khic nghiét cua quy trinh
cong nghi¢p, nhu nhiét do cao, pH thay ddi hodc co sy hién dién cta cac chét
trc ché. Nho vao cong nghé sinh hoc hién dai, cac enzyme tai to hop niy co
thé duoc thiét ké dé c6 d6 bén va hiéu suit cao hon, mé ra nhiéu tiém ning
mg dung trong san xuat nhién liéu sinh hoc, vat liéu sinh hoc, va cac hop chat
htru co tai tao.

Hién nay, viéc kham pha va tdi uu héa ngudn enzyme tir cac loai nAm
khac nhau cling dang duoc trién khai manh mg&, véi muc tiéu tim kiém céc
ching ndm méi c6 kha ning san xuit enzyme vi hoat tinh cao hon va chi phi
san xuat thap hon. Tir d6, khong chi nang cao hiéu qua phan hay sinh khéi ma
con giam thiéu tac dong dén moi trudng, huéng dén mot nén cong nghiép
sinh hoc bén virng va than thién hon v6i moi truong. Thanh phan secretome
ctia bat ky loai nAm nao ciing thay doi tiry theo dic diém sinh hoc cua vi sinh
vat va lién tuc bién d6i dé thich tmg véi cac diéu kién méi truong [174]. Hon
nita, cing mot loai nAm khi duoc nudi cdy trén cac sinh khoi lignocellulosic

khéc nhau s€ tao ra cac cau hinh protein khac biét. Day 1a mot yéu t6 quan
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trong trong viéc thiét ké hdn hop enzyme phit hop v6i mot co chat cu thé. Dé
dat duoc diéu nay, c6 thé diéu chinh cac yéu t6 moi trudng nham tao ra su
thay d6i trong secretome. Pon enzyme c6 hoat dong thuy phan rat han ché,
trong khi hdn hop enzyme co thé biéu hién tac dung hiép dong [175]. Hon
hop enzyme 1a Iya chon tdi wu dé thiy phan thanh té bao thuc vat nho tac
dong phdi hop cua cac enzyme véi tinh dic hiéu khac nhau, cho phép mot
enzyme tic dong 1én san pham cta enzyme khac. Ngoai ra, trong hdn hop
enzyme, c6 thé thay thé mot enzyme don 1¢ dé phu hop voi yéu cau cia ting
loai co chét. Do cac twong tac phtic tap c6 thé xay ra giira enzyme va co cht,
cung voi viée cac chit (e ché enzyme co thé dugce tao ra trong qua trinh thuy
phan, viéc nghién ctru co ché hoat dong cta enzyme 14 rat can thiét. Hon nira,
viéc t6i uu hoa cac hdn hop duoc thiét ké 1a didu can thiét dé ting cudng
chuyén ddi lignocellulose, vi mdi chat nén déu co cac dic diém riéng va doi
hoi cac diéu kién riéng biét dé chuyén hoa hoan toan.

Pé xiy dung mot hon hop enzyme hiéu qua, diéu quan trong 13 phai
xac dinh diéu kién nudi cdy ndm trén nhiéu loai sinh khéi khac nhau va xac
minh cic enzyme ma ching tong hop, cing véi trinh tu enzyme can thiét
[176]. Nghién ctru vé secretome ctia Aspergillus niger va Trichoderma reesei
khi nuéi cdy trén ba mia cho thay cac loai ndm nay st dung cac loai enzyme
khac nhau dé phan hity cing mot loai sinh khdi [177]. Hon nita, ¢6 su khéac
biét dang ké trong secretome ctia 7. reesei va A. niger khi st dung hai phuong
phap nudi cdy khac nhau: 1én men két hop méi trudng ran va 1ong, va 1én men
chi trong méi trudng 10ng. Qua trinh 16n men két hop ran-1ong cho thiy luong
enzyme cellulolytic va hemicellulolytic thu dugc cao hon so véi qua trinh 1€n
men long.

Nhitng két qua nay cho thiy ring phuong phap nudi cdy va loai moi
truong nudi cdy cé tic dong manh mé dén kha ning san xuit enzyme cua
nam, tir d6 anh hudng truc tiép dén hiéu suét phan huy sinh khdi. Do d6, viéc
Ira chon chién luoc nudi cdy phu hop 14 yéu t6 quan trong dé t6i wu hoa qua
trinh phan giai sinh khdi nham san xuét bioethanol va cac san pham co gié tri
khac tir nguyén liéu sinh hoc. Ngoai ra, sy hiéu biét sau sic hon vé cac yéu t6
diéu hoa qua trinh biéu hién enzyme ¢ cac loai nAm nhu A. niger va T. reesei

s& mo ra tiém nang phat trién cac hé thong enzyme tuy chinh, tir d6 gia ting
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hiéu qua san xudt cac san pham sinh hoc tai tao. D& tdi wu héa hdn hop
enzyme trong qua trinh thity phan lignocellulose, can xem xét mot loat cac
yéu td, bao gdm ndng d6 enzyme, ti 18 giita cac loai enzyme va diéu kién moi
truong nhu pH, nhiét do va thoi gian 0. Bang cach diéu chinh cac yéu t6 nay,
hiéu suét thily phan c6 thé duoc cai thién dang ké. Bén canh do, viéc bd sung
cac phu gia hoa hoc hodc sinh hoc, chéng han nhu chét hoat hoa hodc chat 6n
dinh enzyme, ciing c6 thé giup ting cuong hoat dong ciia enzyme, giam su {ic
ché va t6i da hoa hiéu qua phén giai lignocellulose.

Trong thuc tién, viéc st dung cic hé thong enzyme da chiic ning, bao
gdm ca enzyme endoglucanase, exoglucanase va B-glucosidase, di dugc
chimg minh 1a hi€u qud trong viéc phan huy cellulose thanh glucose, thanh
phﬁn duong don co thé 1én men dé san xuét bioethanol. Tuong tu, hé théng
enzyme phan giai hemicellulose ciing can phai duoc toi vu hoa véi su két hop
ctia cac loai enzyme nhu xylanase, mannanase va o-L-arabinofuranosidase dé
pha v& chu trac phitc tap ciia polysaccharide nay.Tuy nhién, mot thach thirc
16n 14 cac san pham phu cta qué trinh thiy phan, nhu axit acetic, furfural va
hydroxymethylfurfural, c6 thé trc ché hoat dong ctia enzyme va vi sinh vt 1én
men [178]. Do d6, viéc phét trién cac chién lwoc giam thiéu hodc loai bo cac
chét uc ché nay, chéng han nhu tién xir 1y sinh hoc hodc hoa hoc trudce khi
thiy phan, cling 1a mot budc quan trong trong qua trinh nghién clru va tng
dung thyc tién.

Cubi cung, mic du qua trinh chuyén hoa ignocellulose bing xuc tac
enzyme hién tai di dat duoc nhitng tién bd dang ké, viéc tiép tuc nghién ciru
cac loai enzyme moi, cac phuong phéap t6i wu hoa diéu kién phan tmg, ciing
nhu cac chién luge tién xir Iy va tai st dung enzyme van 1a can thiét dé nang
cao hiéu qua va giam chi phi san xuét trong twong lai.

Nhu ciu ngay cang ting ddi voi mot thé gidi bén vimg da dan dén su
phat trién va cai thién nhidu k¥ thudt khac nhau nham st dung chét thai nong
nghiép. Cac loai enzyme cocktail c6 tiém ning phan hay vat liéu
lignocellulose, vi chiing bao gdm mot nhom cac enzyme véi cac dic tinh khac
nhau va c¢6 kha niang phdi hop dé pha v& cac vat liéu nay. Cac ché pham
enzyme cocktail c6 nhiéu loi thé: chiing than thién véi méi truong hon so véi

cac hoa chit duge st dung dé phan huy lignocellulose, c6 thé cai thién toc do
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thiy phan so v6i cac enzyme don 1é, va c6 thé diéu chinh loai enzyme ciing
nhu tai lugng dé thuy phan hoan toan timg co chit. Xu huéng cho thdy muc
tiéu thu ning luong sinh hoc sé tiép tuc ting dudi anh hudng cua cac chinh
sach nang luong tai tao va bién doi khi hau hién tai. Bioethanol tir sinh khéi
lignocellulose 1a mot trong nhitng linh vuc ndng lugng sinh hoc va ning
luong tai tao phat trién manh mé nhat, véi tiém ning ting trudng cao trong
tuong lai gan. Cac phuong phép tiép cdn mdi can duoc khai thac, chiang han
nhu cic nén tang enzyme tip trung vao dic diém dia hinh va tinh an ninh
lwong thyc (khong canh tranh ngudn ciy ngii cbc...) cua co chét, gitip mo
rong kha ning st dung nhiéu loai sinh khdi lignocellulose. Cac ngudn enzyme
khac nhau van can duoc danh gia dé mo ra nhirng kha ning mai cho viéc thiét
ké mot hon hop enzyme cocktail. Dé kham pha cac ngudn enzyme moi, co thé
ap dung ciac cong cu sinh hoc phan tir va tinh sinh nhu metagenomics,
secretomics cling nhu nghién ctru tiém ning sinh hoc ctia nAm va vi sinh vat.
Viéc phat trién va toi uvu hoa cac hdn hop enzyme méi dé phan huy cac
co chat khac nhau 13 rat can thiét. Hon nita, viéc thiic day nghién ctu vé co
ché hoat dong cua cac enzyme phu tro va cac enzyme khong thuy phén ciing
rit quan trong dé t6i vu hoéa cic hdn hop nay. Tur goc dd tmg dung cong
nghiép, viéc hiéu rd sy két hop t6i uu cho xuc tac hiép ddéng cia hdn hop

nhi€u enzyme hoat tinh khéc nhau hét strc c6 y nghia va can thiét.
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KET LUAN VA KIEN NGHI
KET LUAN

Ttr nhitng két qua nghién ctru cta luan an c6 thé rat ra nhing két luan
sau:

1. Phan 14p 56 ching ndm thudc Basidiomycota va Ascomycota, sang
loc hoat tinh enzyme chuyén hoa lignocellulose: 38 chung biéu hién hoat tinh
acetyl esterase (AE), 25 chung biéu hién hoat tinh lignin peroxidase (LiP), 35
chung biéu hién hoat tinh cellobiose dehydrogenase (CDH), 31 chung biéu
hién hoat tinh enzyme laccase (Lac), 24 ching biéu hién hoat tinh enzyme
unspecific peroxygenase (UPO). Céc chung hoat tinh cao dugc xac dinh dén
loai cho nghién ctru tiép theo, bao gdbm: MPN12 (hoat tinh AE va LiP 1an luot
3.650,8 U/L va 39,3 U/mL), MPG14 (CDH, 77,4 U/L), MPN18 (Lac, 7.659
U/L), va CP22 (UPO, 41,2 U/mL).

2. Tinh sach va xac dinh dic tinh hoa-1y (khdi lugng phan tir, hoat tinh
riéng, do bén, diéu kién xuc tac tbi uu) va dac hiéu co chit cua 5 enzyme,
gom: AE va LiP tir Lentinus squarrosulus MPN12 (ky hiéu LsAE, 41,4 kDa;
va LsLiP, 53 kDa); CDH tu Coprinellus aureogranulatus MPG14 (CauCDH,
109 kDa); Lac tur Pleurotus pulmonarius MPN18 (PleuLac, 35 kDa); va UPO
tur Candolleomyces euryspous CP22 (CeuUPO, 40 kDa).

3. Ung dung enzyme trong chuyén hoa sinh khéi lignocellulose: LsLiP
xuc tac chuyén hoa lignin cho thay thay doi dang ké cau tric ¢ ving 1600—
1000 cm* khi phén tich phd FTIR. Téi wu hoa xtc tac chuyén hoa sinh khéi
rom bang hdn hop enzyme (“enzyme cocktail”: CDH, AE, va Cell/Xyl) thanh
cac san pham chinh gém dudong don C-5, C-6 (glucose, xylose) va axit
gluconic. M6 hinh ti wu c6 do tuong hop cao, voi hoat d§ enzyme t6i wu duge
dé xuat 1a ty 16 (Cell/Xyl : AE : CDH) twong tmg 19,2 : 38,8 : 52,8 (U/g).
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KIEN NGHI

Két qua nghién ctru cho thiy tiém ning rat 16n vé nguodn sinh hoc ndm
& nudc ta cho sinh tong hop cac enzyme chuyén hoa sinh khdi lignocellulose.
Cac ching ndm di duoc phan 14p va dinh danh, mé ra tiém ning khai thac
hoat tinh ctia ching trén cac enzyme dich nhu lignin peroxidase, laccase,
acetyl esterase, cellobiose dehydrogenase, va unspecific peroxygenase. Vi
véy, chung t6i kién nghi tiép tuc hudng nghién ctiru khong chi khai thac cac
enzyme m&i ma con téi vu hoa hdn hop enzyme nham nang cao hiéu qua
chuyén hoa sinh khéi lignocellulose. Piéu ndy s& can duogc thuc hién & quy
mo pilot va 16n hon, gitip danh gia tinh kha thi trong viéc ap dung cong nghé

nay vao san xuat cong nghiép.
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PHU LUC

PL 1. Bic diém hinh thai cua cac chang nAm phan 1ap duoc.

rr| ' Dic diém hinh thai
chiing ’

1 CP1 B§: Agaricales
Ho: Strophariaceae
Chi: Deconica
Loai: D. coprophila
Qua thé dai tr 2-5cm,
mau nau do. Mii nim 10i
o gitra c6 duong kinh tu
0,5-2cm, mau nau doé
hodc nau vang, tron nhan.
Cudng dai tr 0,5-2cm.
Thudng bat gip trén céac
loai gd muc.

2 CP2 B§: Agaricales
Ho: Mycenaceae
Chi: Mycena
Loai: M. anipularis
Qua thé c6 mau xam hoic
nau. C6 kha nang phat
quang sinh hoc va &nh
sang tao ra goi la cao Itra.

3 CP3 Bo§: Agaricales

Ho: Mycenaceae
Chi: Umbelopsis
Loai: U. isabellina

Thé qua nhé. Tan nam

Hinh anh

Pia diém ldy

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




b

0.5-3cm, day 3-5mm,
hinh ban nguyét hoac vo
hén, mau tr’fmg nau, bé
mit c6 van buc xa, nhan,
mép cd giai rdng mau
tring vo trimg. M6 nim
mau tring. Moc thanh
dam trén gd muc cly la

kim hodc 14 rong.

CP4

Bo§: Agaricales

Ho: Psathyrellaceae
Chi: Psathyrella

Loai: P. pygmaea

Thé qua nho6 khoang 0.5-2
cm, dinh tron, mau den,
bé mit nhin; cudng
thuong twong dbi ngin
hodc gan nhu khong co.
Moc trén than va nhanh
cdy gd muc, gdy muc

meém.

CP5

B§: Agaricales

Ho: Xylariaceae

Chi: Xylaria

Loai: X. allantoidea

Thé qua hinh dang giéng
gady boéng chay cao
khoang 2-8 c¢cm, dinh tron.
mau den, bé mit c6 vét
nGt va vay; cudng thuong
tuong ddi dai, nhung ciing

Cuc Phuong,
Ninh Binh:

20°293500°B,
105°667528’D

Cuc Phuong,
Ninh Binh:

20°293500°B,
105°667528’D




C

¢6 thé ngan hodc gan nhu
khong c6. Moc trén than
va nhanh cay gbé muc, gay

muc mém.

CP7

Bo: Helotiales

Ho: Helotiaceae

Chi: Bisporella

Loai: Bisporella sp.

Qua thé hinh cdu hoidc
hinh giot, c6 mau vang
nhat va nhin. Qua thé
nhod, thuong duong kinh
<3mm va cao <Imm va
c6 hinh dia. Mat trong
nhan, vang nhat, trong khi
phia mdt ngoai mau vang
xanh. Cuéng rong, mau
vang xanh va rat ngin.

Qua thé c6 mau nau vang.

Cuc Phuong,
Ninh Binh:

20°293500°B,
105°667528’D

CP8

B0: Sordariomycetes
Ho:Trichosphaeriaceae
Chi: Nigrospora

Loai: N. oryzae

Thé qua moc thanh cum.
Chét 16ng mau nau.
Duong kinh 12-16cm.
Moc trén than va nhanh

cay go muyc.

Cuac Phuong,
Ninh Binh:

20°293500°B,
105°667528’D




8 CP9 B0§: Agaricales Cuc Phuong,
Ho: Physalacriaceae Ninh Binh:
Chi: Flammulina 20°293500°B,
Loai: Flammulina sp. 105%667528°D
Thé qua nho, tin nim
rong 2-3 x 2-5cm, day 1-
2,5cm; mau vang nhat; bé
mat khong c6 van vong,
mép sic ubn cong. Khong
c6 cudng hodc cudng
ngan. Moc trén gd muc
cay la rong va 14 kim.

9 CP11 B0§: Auriculariales Cuc Phuong,
Ho: Auriculariaceae Ninh Binh:
Chi: Auricularia 20°293500°B,
Loai: Auricularia sp. 105%667528°D
Thé qua moc thanh cum,
dang tai hodc la. Chét
long mau nau hodc nau
xam hoi tim. Puong kinh
8-10cm.

10 CP12 Bo: Polyporales Cuc Phuong,

Ninh Binh:

Ho: Ganodermataceae
Chi: Ganoderma

Loai: Ganoderma sp.
Thé qua moc thanh cum,
mau ndu xam, bd vién
hinh ban nguy¢t mau nau
nhat. Puong kinh 6-12

cm.

20°293500°B,
105°667528’D




11 CP13 Bo: Xylariales Cuc Phuong,
Ho: Xylariaceae Ninh Binh:
Chi: Nemania 20°293500°B,
Loai: N. bipapillata 105°667528°D
Qua thé mau nau sim,
dang gb. Phan mi nidm
tron det, c6 duong kinh
0,5-2,0cm. Bé 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 d6 hoic niu
do, dang gd. Mil ndm co
cac van soc dai, duong
kinh tir 4-6cm, ma nau do
dam & gitra va nhat dan vé
ngoai tan. Cubng ngin
0,5-2cm.

13 CP15 Bo: Xylariales Cuc Phuong,
Ho: Xylariaceae Ninh Binh:

20°293500°B,

Chi: Xylaria

Loai:X.xanthinovelutina
Qua thé co6 phan cudng
dai 5-10cm. Phan mil ndm
tron det, 10m c6 dudng
kinh 0,5-2,0cm. Bé mit

¢O6 mau nau sam.

105°667528’D




CP16 Bo: Polyporales Cuc Phuong,

Ninh Binh:

20°293500°B,
105°667528’D

Ho: Polyporaceae
Chi: Trametes
Loai: Trametes sp.

Thé qua to vira, khong

cubng, chit ban. Puong
kinh tdn 5-14cm x 7-
25cm, day 0,5-2,5cm,
hinh ban nguyét, phang;
bé mit co 16ng xam nhat.
M6 ndm mau tring. Ong
nam mot ting, mau gin

tring, dai 1mm.

Cuc Phuong,
Ninh Binh:

20°293500°B,
105°667528’D

CP18 Bo:Hypocreomycetidae
Ho: Cordycipitaceae
Chi: Lecanicillium

Loai: L. fungicola

Thé qua vira kich thude 3-
7 cm; hinh tring dén hinh

chudng, mau tring dén
mau trang duc. M6 nim
mau trang. Phién nim
mau trang xam. Cudng

nam ngan hodc khong co

cubng.

CP19 B§: Agaricales Cuc Phuong,
Ho: Entolomataceae % Ninh Binh:
Chi: Clitopilus L | 20°293500°B,

Loai: C. prunulus 105°667528°D

Phan mu nam ban dau sé

161 khi con nho va phéng




g

ra khi truéng thanh, co
16m ¢ gitta. M nim
thuong ¢6 mau tring,
ngoai ra con c6 mau xam
hodc vang. Kich thudc tu
2-10cm. Phan cuéng co
chiéu dai 2-18cm va day
4-15mm, c6 mau tréng,

xam hodc vang.

17

CP21

Bo: Polyporales

Ho: Polyporaceae

Chi: Trametes

Loai: Trametes sp.

Thé qua to vira, khong
cubng, chit ban. Puong
kinh tdn 5-14cm x 7-
25cm, day 0,5-2,5cm,
hinh ban nguyét, phang;
bé mat c6 10ng xam nhat.
M6 ndm mau tring. Ong
nam mot ting, mau gan
tring, dai lmm. LO nim
mau tring, dang ngoan

ngoeo buc xa.

18

CP22

B§: Agaricales
Ho: Psathyrellaceae
Chi: Candolleomyces

Loai:Candolleomyces
eurysporus

Mii ndm lac non c6 dang
hinh chuéng hodc hinh

Cuc Phuong,
Ninh Binh:

20°293500°B,
105°667528’D

Cuc Phuong,
Ninh Binh:

20°293500°B,
105°667528’D




h

ban cau, sau d6 md rong
gan nhu phang hoic hoi
Idom ¢ trung tam, véi
duong kinh tir 2-5 cm. Bé
mit mi mau tring ngi
dén nau nhat, thuong xuat
hién cac van hodc vét nut
theo hudng tam, mép mi
dé rach va c6 tua nho khi
truong thanh. Cudng ndm
thanh manh, rong, dai
khoang 5-10 cm, mau
trang, khong c6 vong
cudng. Bao tor dam co
dang elip hoac hinh trung
phinh rong [5.5-7,0 x 4—
5(-6) um], khong thay
ving 16 ndy mam (germ
pore). Liét bao dinh
(cheilocystidia) dang tai
hodc truy, li¢t bao cuéng
di hinh, khong 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 nim
rong 2 x 2-10cm, day 2-4

mm, mau nau ho phach

Cuc Phuong,
Ninh Binh:

20°293500°B,
105°667528’D




i

dén thudc 14, dang mai
ngoi, c¢o6 1ong min van
vong day. M6 nam day 1-
2mm, mau nau gi. Ong
nam dai 1-2mm. LS ong
ndm hinh tron, c6 6-7
16/mm. Nhiéu 16ng cimg,
hinh gai nhon dai 20-
30um, gdc rong 2-7pum.

20

CP24

Bo: Polyporales

Ho: Polyporaceae

Chi: Coriolus

Loai: C. unicolor

Thé qua nho, dudng kinh
tan 4-8cm, day 0,5cm,
hinh quat, vé hén hodc
trai, udn nguoc; chit da,
tan ndi lién nhau. B& mit
mau tring va nAu nhat,
mép mong, dang song.
M6 ndm mau tring, day
0,lcm. Nam khong co
cudng, Ong nim mau
trang xam, 16 ong nam
dang ngoan ngoo. Moc
trén gbc chit cay kho, cay
do.

Cuc Phuong,
Ninh Binh:

20°293500°B,
105°667528’D

21

CP25

Bog: Polyporales

Ho: Fomitopsidaceae
Chi: Fomitopsis
Loai: F. feei

Cuc Phuong,
Ninh Binh:

20°293500°B,
105°667528’D




]

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 nhin véi duong kinh
2-5cm. Cubng ngan 1-

2cm.

22

CP26

Bo: Polyporates

Ho: Ganodermataceae
Chi: Ganoderma

Loai: G. oroflavum

Thé qué to, khong cudng,
chat ban dén chat gb. Tan
nam day 1,5-3cm, hinh
ban nguyét, mau nau gi
dén nau. Bé mit 15i 16m
khong déu, c¢6 van vong
dong tam. Ong ndm mau
tring vang, c6 khi mau
nau. Miéng dng ndm hinh
tron, ¢6 3-5 16/mm. Moc
trén gd muc cay 14 rong.

Gay muc trang.

23

CP27

Bo: Polyporates

Ho: Polyporaceae

Chi: Tyromyces

Loai: Tyromyces sp.

Thé qua nho, tin nim
rong 2-3 x 2-5cm, day 1-
2,5c¢m; hinh v6 ngua; mau

tring hodc vang nhat; bé

Cuc Phuong,
Ninh Binh:

20°293500°B,
105°667528’D

Cuc Phuong,
Ninh Binh:

20°293500°B,
105°667528’D




k

mat khong c6 van vong,
mép sic udbn cong. Khong
¢6 cudng. Ong nidm mau
trang, dai 3-10mm, 16 dng
nim hinh nhiéu canh mau
tring va vang nhat, c6 3-5
16/mm. Moc trén gd muc
cay la rong va 14 kim.

anh mau tring va vang
nhat, ¢6 3-5 16/mm. Moc

trén g6 muc cay 14 rong

va la kim.

24 CP28 B§: Agaricales Cuc Phuong,
Ho: Mycenaceae Ninh Binh:
Chi: Mycena 20°293500°B,
Loai: M. galericulata 105%667528'D
Qua thé nho, dudng kinh
2-4cm, hinh chuéng mau
nau nhat. Cudng nam dai
8-12cm, rong 0,2-0,5cm,
hinh éng mau tring duc,
rong va gbc co 1ong to
mau tréng.

25 CP29 B§: Agaricales Cuc Phuong,

Ninh Binh:

Ho: Schizophyllaceae
Chi: Schizophyllum
Loai: S. commune

Qua thé kich thuée 2-
8cm, hinh 16i hay dang
ong nong, thudng udn

cong & mép; mau sac da

20°293500°B,
105°667528’D




dang, tor vang cam toi
vang nau hay nau den.
Cuéng 20-100 x 5-20
mm, thuong rong hon vé
phia gdc va tron tria va ¢
mau vang. NAm moc roi,
hodc dam trén mit dat hay

cay go.

26

CP30

Bo: Polyporales

Ho: Polyporaceae

Chi: Hexagonia

Loai: Hexagonia sp.
Thé qua khong cudng, tan
rong 2-13 x 4-12cm, day
0,4-1cm; hinh ban nguyét,
det, cung, chit ban; géc
mau xam den, phia mép
mau nau gi. C6 van ndi
dang blrc xa va van vong
khong 16. Trén tan co
long thd, mép mong. Mo
ndm mau niu sim day
khoang 0,2cm. L& bng
nam to dang to ong, c6 3-
4 16/cm. Moc trén canh

cay la rong.

27

CP31

Bo: Polyporales
Ho:Polyporaceae
Chi: Tyromyces
Loai: T. Lacteus

Thé qua nho, tan rong 2-

Cuc Phuong,
Ninh Binh:

20°293500°B,
105°667528’D

Cuc Phuong,
Ninh Binh:

20°293500°B,
105°667528’D




m

Scm, day 1-2,5 cm, hinh
vo ngua hay tam giac.
Mau tring hodc vang
nhat. Ong ndm mau trang,
dai 0,3-1 cm, 16 6ng nam
hinh nhiéu canh mau
tréng hoac vang nhat, co
3-5 16/mm. Moc trén gb
muc cady ld rong va la

kim.

28

CP32

Bo: Polyporales

Ho: Ganodermataceae
Chi: Ganoderma

Loai: G. applanatum

Thé qua rit 16n, khong
cuébng hodc gin nhu
khong cudng. Pudng kinh
tan nam 5-35 x 10-50cm,
day 1-12cm; hinh ban
nguyét, hinh ban cau det;
bé mat mau xam; co van
vong ddéng tim, mép
mong. M6 nidm mau hat
dé nhat hodac mau nau
sam. L3 niAm hinh tron, ¢6
4-5 16/mm. Moc trén cay

kho, cay do cay 1a rong.

29

CP33

B§: 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 ndm 0,5-
2,5cm, mau tréng. Phién
ndm mau tring c6 van
dang buc xa. Cuéng nim
ngén, moc bén, bao tu
hinh bau duc. NAm moc

trén go va tre truc.

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. Néam
huong c6 mot chan dinh
vao gilta tai nam. Mit
trén tai nAm mau niu, mat
dudi co6 nhiéu ban mong
xép lai. Trén mit ndm c6
nhitng vay nho mau trang.
Thit nim mau tring,
cuéng hinh tru. Nam moc
ky sinh trén nhiing cay co
14 to va thay 14 moi mua

nhu dé, s6i, phong.

31

CP35

Bo: 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




(o)

Thé qua nho, tin nam
rong 2-3 x 2-5cm, day 1-
2,5c¢m; hinh v6 ngua; mau
tréng hoac vang nhat; bé
mat khong co6 van vong,
méc udn cong. Khéng cd
cuéng. Ong ndm mau
trang, dai 3-10mm, 16 dng
nim hinh nhiéu canh mau
tréng va vang nhat, ¢6 3-5
16/mm. Moc trén gb muc

cay la rong va 14 kim.

32

CP36

B§: Agaricomycetes

Ho: Polyporaceae

Chi: Ganoderma

Loai: Ganoderma sp.
Qua thé mot nim toi
nhiéu niam, co cudng, lie-
gd, mii dang quat, kich
thuoc 3-11 x 5-14 x 2-4
cm. Cudng ngan va day 1-
3cm, hinh chir Y, day 1én
& gbc, dong mau véi mi.
Mat mii duoc tao thanh tir
soi nguyén thuy vach
mong trong subt va soi
cung mau nau vach day
két lai v6i nhau, soi
nguyén thuy hoi nhat,
phan nhanh, do6i khi cang
phong va c6 hinh ban cau

& phan tan cung, duong

Cuc 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 um. Hé
soi nam: soi nguyén thuy
trong sudt hay niu vang
nhat, vaich mdng, c6 vach
ngan, duong kinh 2-4 um;
sQ1 cung ¢6 mau nau do,
vach day, dac, dang cay,
kim, truc chinh cua soi1

cung duong kinh 2-3 um.

33 CP37 Bo¢: Xylariales Cuc Phuong,
Ho: Xylariaceae Ninh Binh:
Chi: Xylaria 20°293500°B,
Loai: X. Polymorpha 105°667528°D
Qua thé cao 3-10cm,
ngang t6i 2,5cm; dai chic
va coO hinh dang chay hay
dang ngén tay va thuong
dang det c6 dau tron. Mau
den, bé mit no6i cuc nho.
Cui nam trang.

34 CP38 B¢: Russulates Cuc Phuong,
Ho: Hericiaceae Ninh Binh:
Chi: Hericium 20°293500°B,

105°667528’D

Loai: H. erinaceus

Qua thé thudng hinh cau
hoac hinh elip, moc riéng
ré hoac thanh chum, co
tua nam day dic, ri

xubng nhu dau khi, luc




q

gia tua dai va chuyén sang
mau vang trong nhu bom
su ttr. Qua thé khi non co
mau tring dén tring nga,
thit mau tring, khi gia
ndm nga sang mau vang
dén vang sam, cac tua
ndm chinh 1a 16p bao
tﬁng, dai tir 0,5-3 cm, trén
bé mit tua ¢ cac thi dam
mau tring mang bao tir
dam hinh cau, giira bao tir

c6 mot giot ndi chét tron.

35

CP39

B§: Agaricales

Ho: Physalacriaceae
Chi: Flammulina

Loai: Flammulina sp.
Thé qua vira, tin nim
rong 2-3 x 2-5cm, day 1-
2,5cm; hinh tron; mau
cam; bé mit khong c6 van
vong, nhin, moc uén
cong. Ong ndm mau cam,
dai 10-30mm. Moc trén
gd muc cdy 14 rong va 14

kim.

36

CP40

Bo: Polyporales
Ho: Polyporaceae
Chi: Hexagonia
Loai: Hexagonia sp.

Thé qua hinh ban nguyét,

Cuc Phuong,
Ninh Binh:

20°293500°B,
105°667528’D

Cuc 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
ndm mau ndu nhat, mat
dudi co6 nhiéu ban mong
xép lai. Thit ndm mau
trang, nam moc ky sinh
trén nhitng cay co6 14 to va
thay 14 moi mua nhu dé,

s0i, phong.

37

MPNO9

Bo: Polyporales

Ho: Polyporaceae

Chi: Tyromyces

Loai: Tyromyces sp.

Thé qua nho, tin nam
rong 2-3 x 2-5cm, day 1-
2,5cm; hinh v6 ngua; mau
tréng hoac vang nhat; bé
mat khong c6 van vong,
moc sit uén cong. Khong
¢6 cudng. Ong nidm mau
trang, dai 3-10mm, 18 éng
nam hinh nhiéu canh mau
tréng va vang nhat, ¢6 3-5
16/mm. Moc trén gb muc

cay la rong va 14 kim.

38

MPNI10

Bo: 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 lgp ngoi, khong
cudng, tan moéng, nho 3 x
Scm day 0,6cm hinh ban
nguyét; chat da, mau vang
h@)ng hoac dé cam, sau
nhat dan thanh tring,
khong c6 1ong, co6 van
vong, mép mong sic. Mo
nam mau trang, dng nam
dai, miéng 6ng nam 1-3
16/mm. Moc trén gd muc

cay la rong.

39

MPN11

B§: Agaricales

Ho: Strophariaceae

Chi: Agrocyb

Loai: A. chaxingu

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

40

MPN12

Bo: Polyporales

Ho: Polyporaceae

Chi: Lentinus

Loai: L. squarrosulus
Mii ndm c6 hinh tron hoac
hoi méo, duong kinh tur
3-10 cm, bé mit kho,
mau trang dén tring nga
hodc hoi nau nhat, duoc
bao phu bdi cac vay nho,

xu xi. Mép mil thuong

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"b




t

cong xudng & giai doan
non va tré nén phang hon
khi truong thanh. Phién
nam day, mau trang, gin
chit vao cudng va khong
doi mau khi cham vao.
Cubng nam trung tam
hoac hoi léch, dai 3-8 cm,
chic va c6 bé mit tuong
ty mil, cling phu cac vay
nhd. Bao tir ctia c¢d hinh
tru dén hinh elip hep, kich
thuoc dao dong trong
khoang 6-9 X 2,54 um.
Bao t¢ moéng thanh,
khong mau (hyaline) va
khong c6 vach ngan (non-
septate). Bé mit bao tu
tron nhan, khong co gai

hay van.

41

MPN15

Bo: Polyporales

Ho: Polyporaceae

Chi: Lentinus

Loai: L. squarrosulus
Mil ctia loai ndm nay 10i,
phia sau phing va hinh
phéu, dai, mau tréng tro
nén kem nhat mau tring
duc theo tudi véi cac vay
nhd, mau nhat dén nau
sam, day dic hon & trung

tam ngay cang nho va lan

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




u

dan vé phia ria va ria.
mong, gon séong va phan
chia theo d6 tudi. Cac
mang c6 mau kem dén
kem sam, doéng duc va
rung trong khi phan mang
c6 nhiéu hodc it 1éch tam,
mau tring, xo va duoc
bao phu béi cac vdy min
huéng xudng phia gbc dot
ngdt. Loai ndm nay co thit
mau tring va dai. NO
thuong dugc tim thiy
moc thanh ting chum trén
gd va gbc cdy di chét
trong rung va ngoai troi.

chum trén gd va gbc cay
da chét trong ring va

ngoai troi.

42

MPNI18

Bo§: Agaricales

Ho: Pleurotaceae

Chi: Pleurotus

Loai: pulmonarius

Than qua thé dang phién
dién hinh v6i mii 16, mau
trang khi non va dan nga
vang theo tudi. M nim
co kich thudc trung binh
tr 5-15 cm, bé mit tron,
mép co thé hoi gon séng
khi truong thanh. Cudng

nam dai khoang 5-20 cm,

L

Muong Phang,
bién Bién:
21°2625.0"B,
103°06'11.8"D
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thuong moc 1éch, mau
tring dén vang nhat, mém
khi non va dai hon khi
gia. Phién nim gan tryc
tiép vao cudng hodc kéo
dai xudng cubng, mau
tring hoic kem, day va
xép sat nhau. Thit nim
mém, mau tréng nga,
khong c6 mui ddc trung
10 rét. H¢ soi cua loai nay
thuéc loai don gian
(monomitic), gdm cac soi
sinh dudng c6 vach ngan,
phan nhanh va déi khi cé
kep ndi. Bao tir hinh bau
duc dn elip, khong mau,
kich thudce khoang 7-10 x
3-S5 pm.
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MPN22

Bo: Polyporales

Ho: Ganodermataceae
Chi: Haddowia

Loai: Haddowia sp.

Thé qua nhd, cuéng ngan.
Puong kinh tan nim 2-5
x 1-5cm, day 1-2cm, bé
mat mau nau; co van vong
dong tam, mép mong. Mo
nam mau trang. L& nam
hinh tron, c¢6 4-5 16/mm.
Moc trén cay kho, ciy d6

cay la rong.

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

Bo§: Agaricales

Ho: Marasmiaceae

Chi: Marasmius

Loai: M. maximus

Tan ndm to vira, dudng
kinh tan 3-10cm, ltc dau
hinh chudng sau hinh ban
cAu; mau niu hong nhat
dén mau vang dat nhat, &
giita sAim hon. Phién nam
cing mau véi tan nim,
moc roi, thua. Cuéng dai
5-10cm, rong 0,2-0,4cm;
bé mat c6 van soc. Thé
dang t0i hinh thoi. Moc

trén canh 14 kho rung.

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

45

MPL13

Bo¢: Xylariales

Ho: Xylariaceae

Chi: Xylaria

Loai: Xylaria sp.

Chéat dém moc thanh cum,
khong phan nhanh, bén
trong mau tring; hinh dng
tron, dinh nhon; dai 5-
25¢cm, rong 1,5-2mm.
Cubng dai ngin khong
déu nhau, gdc c6 16ng. Vo
tai hinh cau vui trong chat
dém, duong kinh 0,4mm.
Tai hinh ng, ¢& 100-120

X 6pum. Moc trén gd muc

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




va qua.
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MPL14

Bo: Polyporales

Ho: Polyporaceae

Chi: Poria

Loai: Poria sp.

Thé qua trai, dinh chat gia
thé, 1uén noi thanh dam,
duong kinh trén 10cm,
day 0,1-12cm; bé mit
mau trang. M6 nim mau
tring, thé day. Ong nim
hoan chinh hoac dang gai,
ngan, khoang 1mm, c6 4-
5 156/mm; phan 16n 18 bi
nat ra thanh dang ngoan
ngoeo. Moc trén g5 muc,

gbc chit cay 14 rong.
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MPL15

Bo: Polyporales

Ho: Polyporaceae

Chi: Lentinus

Loai: L. squarrosulus
Mil ctia loai ndm nay 10i,
phia sau phing va hinh
phéu, dai, mau tréng tro
nén kem nhat mau tring
duc theo tudi véi cac vay
nhd, mau nhat dén niu
sam, day dic hon & trung
tdm ngay cang nho va lan
dan vé phia ria va ra.

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"D
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chia theo do tudi. Cac
mang c¢6 mau kem dén
kem sim, dong duc va
rung trong khi phan mang
c6 nhiéu hodc it 1éch tam,
mau trang, xo va duoc
bao phu béi cac vdy min
hudng xudng phia gbc dot
ngdt. Loai nim nay co thit
mau trang va dai. N6
thuong dugc tim thay
moc thanh ting chum trén
gd va gbc cay di chét
trong rirng va ngoai troi.

chum trén g va gbc cay
dd chét trong riung va

ngoai troi.
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MPL17

Bo: Polyporales
Ho: Polyporaceae
Chi: Trametes
Loai: Trametes sp.

Mil nam kich thuéc 2-8 x
3-15cm, day 13- 20mm,
dang quat xé thuy vén
hop vao nhau, phu long
nhung th6, mau nau vang
da bo. Thit nAm mau vang
nhat, day 3-15mm. Ong
nam to 2-3 éng/mm. Nam
moc hoai sinh hodc ky

sinh trén cay go 14 rong.

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




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 tring; co u
nhé va van vong khong
5, mép mong. Mo ndm
mau tring, day 0,15-
0,8cm. Ong niam clng
mau véi tn nam, dai 2-
5mm. L3 6ng nim dang
ngoén ngoeo, rong 0,3-
0,5mm. Moc trén ciy gb
muc 14 rong.

50 | MPL25 | B¢: Xylariales

Ho: Xylariaceae

Chi: Xylaria

Loai: X. Longipes

Thé qua hinh dang giéng
gdy bong chay cao
khoang 2-8 cm, dinh tron.
mau den, bé mit c6 vét
nut va vay ; cudng thuong
tuong d6i dai, nhung ciing
¢6 thé ngan hoic gin nhu
khong cb6. Moc trén than
va nhanh cay gb muc, giy

muc mém.

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
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MPL29

Bo: Polyporales

Ho: Ganodermataceae
Chi: Ganoderma

Lai: G. australe

Qua thé nam kich thudc
25 x 25cm, v&i mép xanh
va c6 mau nau sam & mat
duéi. Lép 6ng mau tring
va phu day Ién dién tich
qua thé.

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

52

MPGS8

Bo: 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 mit mau vang nau
nhat, khong c6 cuéng. Mo
nam chat ban, 6ng nim
cing mau véi md nam. L
ong nim mau xam khoi
hodc xanh nau co 3

16/mm, moc trén cay keo.

Muong Phang,
bién Bién:
21°26"25.0"B,
103°06'11.8"b
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MPGI12

Bo: Polyporales

Ho: Ganodermataceae
Chi: Haddowia

Loai: Haddowia sp.

Qua thé cb cudng ngin,
day. Mat trén Iom co

duong kinh 2-6¢m, c6 cac

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




bb

van mau nau vang va
vang xen k& thanh hinh

tron dan vao tam.

h hinh tron dan vao tim.

54

MPG14

B§: Agaricales

Ho: Psathyrellaceae
Chi: Coprinellus

Loai: C.aureogranulatus
Qua thé nhd, manh mai,
véi diac diém ndi bat 1a
mil phu 16p hat mau vang

anh kim khi con non. Mu

nam hinh chuoéng hodc [

hinh biu duc thuén dai |

luc non, sau d6 mé rong
dan, duong kinh chi
khoang 1-2 cm. Bé& mit
mu co6 cac hat nho mau
vang ong (aureogranules),
tao vé ong anh dac trung
— day 1a ddu hiéu nhéan
biét quan trong cua loai.
Cudng nim thanh manh,
mau trang, co thé dai tir
4-8 cm, rong bén trong va
khong c6 vong cudng.
Bao tir hinh elip dén hat
dau, mau nau sam, kich
thude khoang 10-12 x 6—
7 um, c6 thanh day va

thuong c6 16 mam. Pay 1a

Muong Phang,
bién Bién:
21°26'25.0"B,
103°06'11.8"b
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loai nam co hinh théi dep,
moc chu yéu trén go muc
hoac mun hitu co trong

moi trudng am.

55

MPG04

B§: Agaricales

Ho: Schizophyllaceae
Chi: Schizophyllum
Loai: S. commune

Thé qua vira dén to, tan
ndm 3,3-8 x 4-17cm day
0,3-1,0cm;  hinh  ban
nguyét, mau trang; c6 van
vong khong 10, mép
moéng. MO nidm mau
trang, day 0,15-0,8cm.
Ong nam cing mau vai
tan nam, dai 2-5mm. Moc

trén cay go muc 14 rong.

56

MPGO5

Bo§: Agaricales

Ho: Schizophyllaceae
Chi: Schizophyllum
Loai: S. commune

Qua thé nam kich thudc 5
x 15cm, voi mép tring va
c6 mau ndu sam & mait
dudi. Lép dng mau tring
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°2625.0"B,
103°06'11.8"D




dd

PL2. Trinh ty ving gen ITS ctia cic chiing ndm 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



€C

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. Puodng chuan cua cac enzyme protein.

(A) Acetyl esterase (EC 3.1.1.6)
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(B) Cellobiose dehydrogenase (EC 1.1.99.18)

0.7

0.6 ¥ =0.0063x - 0.03
R* = 0.9902

0.5 -

0.4 -

0.3 -

0.2 -

Mit d§ quang (OD)

0.1 -

0 20 40 60 80 100 120
Niong ddé Lactose (ug/mL)

DPuong chuan biéu thi lién hé giira mat dd quang va nong dd Lactose

(C) Laccase (EC 1.10.3.2)



gg

-
=

=
=]

¥=0.0079x + 0.1451
R*=10.9963

-
-1

=
=3

0.5 4

Mit d6 quang (OD)

0 1.'0 I.El 3.l] 4.l} 5.[] l.‘:D ’J'.l) 8.0 90
Néng d6 ABTS (uM)
Puong chuan biéu thi lién hé gitra mat d6 quang va nong do ABTS

(D) Lignin peroxidase (EC 1.11.1.14)
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