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SANG LOC VA DANH GIA HOAT TiNH ENZYME THUY PH’IA\N
ACETYL ESTERASE VA FERULOYL ESTERASE TU MOT SO ,
CHUNG NAM PHAN LAP TAI RUNG MUA NHIET DG1 PHIA BAC

SCREENING AND EVALUATION OF ACETYL ESTERASE AND FERULOYL ESTERASE HYDROLYTIC ACTIVITY
FROM SOME FUNGAL STRAINS ISOLATED IN NORTHERN TROPICAL RAIN FOREST
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TOM TAT

Lignocellulose la nguon sinh khi 6 gia tri thuang mai thap nhung c6 vai tro quan trong vé mat
kinh té khi dugc st dung cho cc ting dung trong cdng nghé sinh hoc. Nam dugc biét dén c6 kha néng
sinh tGng hgp nhiéu enzyme thiy phan khac nhau dé tan cong hiéu qua cac cdu tric lignocellulose trong
thanh té bao thuc vat. Carbohydrate esterase (CE), dai dién cho mgt nhom Ién céc hydrolase xic tac sy
phan téch hodc hinh thanh céc ester no va ester thom. Trong d6, hai enzyme acetyl esterase (AE) va
feruloyl esterase (FAE) hoat dong trén cac chui nhanh cla cdu tric polysaccharide dé phan cat lién két
cau ndi gilta céc chudi xylan va gitia xylan vdi lignin dé tach riéng phan lignin ra khéi cdu tric
lignocelluloses. Trong nghién ciu nay, 23 chiing ndm phan lap tai rimg mua nhiét déi phia Bac (Vuon
qudc gia Ctic Phuang) dugc sang loc hoat tinh enzyme FAE va AE. Trong d6, da xac dinh dugc 20/23
chling biéu hién hoat tinh tir 01 dén 02 enzyme. Ching biéu hién hoat tinh enzyme AE va FAE cao nhét
tuang (ng la Lentinus brumalis GNB10 (= 2.353,8U/L), va Xylaria sp. GNB3 (D = 20mm).

Tirkhda: Feruloyl esterase, acetyl esterase, hemicellulose, lignocellulose, enzyme phdn huy.

ABSTRACT

Lignocellulose is the biomass source that has a low commercial value, but it is economically
important when used as a raw material for applications in biotechnology. Fungi are known to be able
to biosynthesize various hydrolytic enzymes to effectively attack lignocellulose structures.
(arbohydrate esterase (CE) hydrolysis enzyme is of role importance in the hydrolysis of the
lignocelluloses, which represents a group of hydrolases enzyme for the separation or formation of
saturated and aromatic esters. In which, acetyl esterase (AE) and feruloyl esterase (FAE) break down
branch chains of the cell wall polysaccharide structure to cut the interaction between xylan chains and
xylan with lignin to separate lignin from the lignocellulosic structure. In this study, 23 fungal strains
which isolated in the Northern Tropical Rain Forest (Cuc Phuong National Park) were screened for FAE
and AE enzyme activity. In which, 20/23 fungal strains have been identified exhibit activity from 01 to
02 enzymes. The strains showed the highest AE and FAE activity were identified as Lentinus brumalis
GNB10 (= 2353.8 U/L), and Xylaria sp. GNB3 (D = 20mm), respectively.

Keywords: Carbohydrate esterase, polymer carbohydrate, hemicellulose, lignocellulose degrading
enzymes
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Vii Pinh Giap"*

1. GIGI THIEU

Phu phdm céng - néng nghiép la mot
dang sinh khéi cé thanh phan lignocellulose
phd bién nhat trong s6 cac phu phdm céng
- néng nghiép & Viét Nam nhu: rom ra, ba ca
phé, mun gé,... Py la thanh phan chinh ciu
tao nén thanh té bao & thuc vat, bao gém
cac polymer carbohydrate (cellulose,
hemicellulose) va mot polymer tham (lignin)
[1]1. Nguén sinh khoi nay c6 gia tri thuong
mai thdp nhung ngay cang c6 vai trd quan
trong vé mat kinh té khi dugcstt dung nhu
vat liéu tho cho cac iing dung trong céng
nghé sinh hoc va céng nghiép. Chuyén ddi
ching thanh nhién liéu sinh hoc mang lai
nhiing Igi thé rd rét vé kinh té&, ciing nhu moi
trudng [2].

Sinh vat phan huy lignocellulose déng
mot vai tro quan trong trong viéc duy tri
vong tudn hoan carbon nhd khd ning
chuyén héa hiéu qud céc vat liéu giau
lignocellulose b&i hé enzyme thay phan va
oxi héa. Chung chiu trach nhiém chinh trong
viec phd v& cdu tric phic tap cla
lignocellulose [3]. Trong s6 cac sinh vat phan
huy lignocellulose, cac loai ndm dugc biét la
c6 hé xic tac sinh hoc hiéu qua nhat. Viét
Nam la moét trong nhitng quéc gia c6 da
dang sinh hoc cao trén thé gidi véi trén
60.000 loai thyc vat bac cao, trong dé cé
khoang 2.100 loai ndm [4]. Nam |6n dugc
biét dén c6 kha nang sinh téng hop nhiéu
enzyme khac nhau nhu enzyme thdy phéan
ngoaibao (cellulase, xylanase,...) va enzyme
oxi hda (laccase, cellobiose
dehydrogenase,...) € tdn conghiéu qua cac
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cdu trac lignocellulose trong thanh té bao thuc vat. Ching
hoat dong phéi hgp véi cac enzyme tan cong mach chinh
[cellulase/xylanase (cell/xyl)] va mach nhanh [feruloyl
esterase(FAE), acetyl esterase (AE)] clia cdu trdc polymer nay.
Trong dd, hai enzyme AE va FAE hoat déng trén cac chubi
nhanh cda ciu truc polysaccharide thanh té bao dé phan cét
lién két cau ndi gilita cac chubi xylan va gilra xylan vdi lignin
dé tach rieng phan lignin ra khoi cdu trac lignocelluloses.
Chang dong mot vai trd quan trong & giai doan dau qua
trinh thay phan lignocelluloses [5, 6]. Tuy nhién, cau tric
phuc tap cua lignocellulose trong thanh t€ bao lam han ché
hoat dong ctia nhiéu loai enzyme thay phan [7].

Trong nghién ctiu nay, tac gia trinh bay moét sé két qua
sang loc hoat tinh enzyme thayphan feruloyl esterase va
acetyl esterase lién quan dén chuyén héa sinh khéi giau
lignocellulose t mét s6 chling ndm phan lap tai riing mua
nhiét déi phia Bac Viét Nam.

2. VAT LIEU VA PHUGNG PHAP
2.1.Vat liéu

Chdng ndm phén lép

23 chling ndm nghién ctu dugc phan lap, tinh sach tu
mau ndm thu thap tai riing mua nhiét déi phia Bac Viét Nam
(Vuon quéc gia Cuc Phuaong). Trong d6, 15 ching da dugc
dinh tén theo phuong phap hinh thai giai phau so sanhva 8
chiing dugc dinh tén dén loai, danh sach chiing thé hién &
bang 1. Nam dugc luu giditai Phong thi nghiém, Vién Céng
nghé HaUl, trudng Pai hoc Cong nghiép Ha Néi.

Méi trudng nhén giéng

N&m phat trién trén moéi trudng thach PDA (khoai tay
200g/L, dextrose 20g/L, agar 179/L, H,0 1 lit), nuéi cdy 6 27°C
va luu gilr 4°C sau khi khuén ty phat trién day bé mat thach.
Dé nhan giéng cho qué trinh sinh téng hop enzyme, khuan
ty ndm tU méi trudng thach dugc cdy chuyén sang cac dia
moi trudng thach mdi, khodng 1 tudn dé ndm phat trién
phuc vu cho cac nghién cuu tiép theo.

2.2. Phuong phap nghién citu

Nuéi cdy n@m cho sang loc hoat tinh enzyme

Nam dugc nudi cdy trén méi trudng co ban bao gom
cac thanh phén can thiét cho su phat trién (MgSO, 0,5g/L;
KH,PO, 1,5g/L; cao ndm men 2,0g/L; pH 7,0) va b8 sung 2%
(W/v) ca chét giau lignocellulose (rom). Sau d6 dugc nudi
cdy trong cac binh Erlenmeyer 250ml chda 75ml moi
trudng trong diéu kién lac lién tuc 200v/ph, & 25°C. Sau 10
ngay lén men, dich I1&én men thé ti moéi trudng nudi cay
I6ng dugc 1dy 3 ngay/lan dé danh gia hoat tinh enzyme.
Hoat tinh cao nhat trong su6t qua trinh nudi cay dugc so
sanh gita cac chiing ndm véi nhau dé Iva chon ching cé
hoat tinh enzyme cao.

Pinh danh ndm bdng phuong phdp hinh thdi gidi phéu

D6i véi cac ching ndm mai phan 1ap sé dugc dinh tén
theo phuong phép hinh thai giai phau so sanh theo tai liéu
clia Roberts [4]. Nam dugc xac dinh tén phan loai dua trén
céc dac diém hinhthai nhu m, phién va bao ti ndm st dung
kinh hién vi & d6 phong dai 100 1an (x10) va 400 lan (x40).
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Binh tén ndm bdng phuong phdp sinh hoc phén ti

Tdchchiétvatinhsach ADNténg sé: ADN t8ng s6 dugc tach
chiét va dién di trén gel agarose 0,9% (80 - 100V) [8]. Kiém tra
doé sach va ham lugng ADN téng s6 bang thiét bi do quang
phé & budc séng A = 260nm va 280nm. Tinh sach ADN bang
b6 KIT Fermentas (Thermo Fisher, Waltham, USA) va tién
hanh quy trinh theo hudng dan cia nha san xuat.

Nhén gen dich bdng ky thudt PCR: Nhan ving gen nhan
(ITS) bang ky thuat PCR vs6i cap moi ITS1:
TCCGTAGGTGAACCTGCGG; ITS4: TCCTCCGCTTATTGATATGC
[9]. Thanh phan méi phén (ing PCR ¢4 thé tich 25 ul gém cac
thanh phan: 13ul d.H,0; 2,5ul buffer 10X; Tul MgCl, 25mM;
2,5ul dNTP2,5mM; 1,25ul méi xudi (10pmol/ul); 1,25ul
moi ngugc (10pmol/ul); 0,5ul Taq polymerase (5UW/I); 3ul
ADN (10 - 20ng).

Chu trinh nhiét ctia phan tng PCR gém: 94°C trong 3
phut; ti€p sau la 35 chu ky néi ti€p nhau véi cac budc: 94°C
trong 45 giay, 55°C trong 45 gidy, 72°C trong 45 gidy; két
thic phan tiing nhan gen 6 72°C trong 10 phut, gilr sén pham
G 4°C.

San pham ctia PCR dugc kiém tra bang cach chay dién di
trén gel agarose 1,5% va tinh sach bang Qiaquick gel
extraction kit (Qiagen, Puic). San pham nay dugc st dung
lam khuén cho phan ing giai trinh ty truc tiép hai chiéu (moi
xudi va méi ngugc) véi moéi ITS1/ITS4, st dung BigDye
terminator cycler v3.1 va doc két qua trén hé théng ABI 3100
Avant Genetic Analyzer (Applied Biosystems, My).

Trinh tu DNA sau khi doc dugc hiéu chinh bang mat vai
sy trg gitup clia phan mén ChromasPro1.7.6 (Technelysium
Pty Ltd., Australia) d€ loai bd cacvung tin hiéu nhiéu. Trinh
tu nucleotide cla cac chling ndm dugc so sanh véi cac trinh
tu da co trén Genbank, st dung phan mém BLAST trong NCBI
[10]. Cac trinh tu phan tich dugc sdp xép thang hang bang
phan mén Bioedit v7.0.5.2 [11], Clustal W, geneDoc 2.7 [12].
Cac vung khéng cé kha nang sap xép bi loai bd trudc khi
phan tich.

Xdc dinh hoat dé acetyl esterase (EC 3.1.1.6)

Hoat d6 acetyl esterase dugc xac dinh bang phuong
phap do quang & A = 405nm dua trén su tao thanh p-
nitrophenol tur p-nitrophenyl acetate. Nong d6 cuéi clia co
chat la TmM trong démphosphate (100mM). Phan tng dién
ra & 37°C trén phién vi lugng 96 giéng trong 10 phat [13].

Xdc dinh hoat tinh feruloyl esterase (EC 3.1.1.73)

Dudi céac diéu kién vo trung, khoanh thach (@ 1cm) dugc
cét tr moi trudng nudi cdy da co su phat trién clia cac sgi ndm
va cdy chuyén Ién dia thach c6 méi trudng Kirk [14] b8 sung
cd chat chi thi ethyl ferulate (0,1%; w/v) cho hoat tinh feruloyl
esterase, thai gian nuéi cdy ti 3 - 7 ngay. Hoat d6 cla esterase
dugc xac dinh dua trén vong phan gidi dugc tao thanh.

3. KET QUA NGHIEN CUU VA THAO LUAN

Sang loc hoat tinh esterase:

Kha nang sinh téng hop enzyme thay phan acetyl esterase
va feruloyl esterase cia 23 chiing ndm phan lap dugc ti cac
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khu vuc VQG Cuc Phuong dugc danh gia qua kha nang phan
gidi co chat ethyl ferulate (ethyl 4-hydroxy-3
methoxycinnamate) trén dia thach déi vsi enzyme feruloyl
esterase va dich Ién men ctia 23 chiing ndm sau khi ly tam dé
loai bo sinh khéi va cac thanh phan tapcho xac dinh hoat tinh
enzyme acetyl esterase qua kha nang thiy phan co chat p-
nitrophenyl acetate. Bang 1 thé hién két qua danh gia hoat
tinh enzyme clia cdc chiing ndm nghién cuu.
Bang 1. Hoat tinh acetyl esterase va feruloyl esterase tir cac chiing ndm

Carbohydrate esterase
m Tén chiing/KH Acetyl esterase™ | Feruloyl esterase®
(U/L) (mm)
1 | Trametes sp. GNB1* 0 3,5+0,13
2 | Coriolus sp. GNB2* 146,6 0,15 0
3 | Xylaria sp. GNB3* 24,3 +0,15 20,0 +0,09
4 | Mycena fuhreri GNB4* 132,5+0,22 2,4+0,12
5 | Tyromyces chioneus GNB5** 0 16,1+0,13
6 | Coprinus micaceus GNB6* 17,2+0,15 45+0,11
7 | Xylaria gracillima GNB7** 27,3+0,18 5,2+0,09
8 | Ganoderma sp. GNB8* 0 2,1+0,05
9 | Trametes sp. GNB9* 269,2+ 0,03 0
10 | Lentinus brumalis GNB10** 2.353,8+0,43 0
11 | Poria sp. GNB11* 0 5,7+0,07
12 | Hexagonia cucullata GNB12** 0 0
13 | Hericium sp. GNB13* 1.068,2 + 0,15 1,4+0,08
14 | Lecanicillium dimorphum GNB14** |~ 923,6 +£0,16 0
15 | Schizophyllum sp. GNB15* 2.213,6 + 1,31 0
16 | Hexagonia sp. GNB16* 0 0
17 | Campanella aeruginea GNB17** 667,3 +0,43 23+0,27
18 | Fomitopsis sp. GNB18* 0 6,0 £0,21
19 | Nigrospora sp. GNB19* 812,1+0,32 0
20 | Deconica sp. GNB20* 1.132,1+0,26 56+0,13
21 | Hexagonia sp. GNB21* 0 0
22 | Bisporella sp. GNB22* 213,4+0,2 0
23 | Nigrospora sp. GNB23* 571,2+0,19 2,0+0,16
Ky hiéu:

*Ndm dutoc dinh danh bang phuong phdp so sdnh hinh thdi gidi phdu.

**Ndm dugc dinh tén bdng phuong phdp sinh hoc phan ti.

MHoagt tinh acetyl esterase (AE) dugc xdc dinh bing phuong phdp quang phd
(\=405 nm) quakhd ndng thiy phdn p-nitrophenyl acetate thanh sdn pham p-
nitrophenol.

@Hoat tinh sinh feruloy! esterase dugc xdc dinh théng qua duong kinh vong
phdn gidi co chdtethyl ferulate cda cdc ching sau 3-5 ngdy phdt trién trén dia thach.

Hoat tinh acetyl esterase (AE):

K&t quéa bang 1 thé hién, 15/23 ching ndm biéu hién
hoat tinh sinh téng hgp enzyme AE, tuong Uing 65% vdi hoat
dé tir 17,2U/L dén 2.353,8U/L trén co chat p-nitrophenyl
acetate. Trong d6, mot s6 chiing biéu hién hoat tinh cao nhu:
Lentinus brumalis GNB10 (= 2.353,8U/L), Schizophyllum sp.
GNB15 (2.213,6U/L) va Deconica sp. GNB20 (1.132,1U/L), cac
chung con lai hoat tinh yéu hodc khong cé hoat tinh. Lién
quan dén hudng nay, nhom nghién cdu cta Cao danh gia
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kha nang sinh t8ng hop hoat tinh AE trén mét s6 chiing ndm
va vi khuan, xac dinh chling Neocallimastix frontalis sinh AE
cao nhat dat 0,165U/mL sau 6 ngay nudi cdy, chiing E. coli
phan lap tU chat 1ong da c6 bo va Neocallimastix sp. YQ2 c6
hoat tinh cao nhat, tuong ting dat 0,59U/mL va 0,027U/mL
[15, 16]. Trong khi, chiing Streptomyces sp. PC22 biéu hién
hoat tinh cao & ngay nudi cdy thi 3 véi hoat d6 enzyme dat
0,3U/mL[17]. Theo Aglaia, 16 chiing ndm dugc sang loc hoat
tinhAE, hoat dé enzyme thu dugc tir 0,29 dén 2,68U/mL trén
mai trudng bé sung xylan va tir 0,33 dén 3,24U/mL trén moi
trudng bé sung xylan & Tween 80, cac chiing dugc chiing
minh cé hoat tinh cao nhu: A. niger UV10, A. brasiliensis UV 5,
A. brasiliensis UV 7 va P. Digitatum UV 11. Trong dé, chiing A.
brasiliensis UV 7 hoat tinh AE cao nhat dat 2,68 va 3,24U/mL
trén mai trudngbd sung xylan va Tween 80 [18].

Hoat tinh AE tU chdng Fusarium oxysporum F3 |én men
trén moi trudng bé sung bap ngd hoat do AE thu dugc cao
nhat dat0,71U/mL, gap 2 lan so v6i méi trudng b sung rom
[Ga mi (0,39U/mL) va ca chua (0,38U/mL) [19]. Khad ndng sinh
téng hgp enzyme AE dugc kich thich bdi cdc nguén carbon
khac nhau. Tuy nhién, chiing phu thudc nhiéu vao nguén co
chat c6 trong moi trudng ca ban, vi du carbon tir cdc nguén
sinh khéi xylan, cellulose, arabinogalactan lam tang kha
nang téng hgp enzyme AE cao hon so v6i nguén carbon tu
xylose, arabinose, arabinan. Nam T. clypeatus dugc |én men
trén moi trudng bé sung cadc ngudn co chat trén va hoat tinh
enzyme AE cao nhat dat 1,64U/mL trén méi trudng bé sung
(1%) xylan va cellulose [20].

Nhu vay, khi so sanh két qua v&i mét sé nghién ciu da
dugc cong b6 nhan thay, chang Lentinus brumalis GNB10,
Schizophyllum sp. GNB15 va Deconica sp. GNB20 sinh téng
hgp enzyme hoat tinh AE tuong ddi cao, c6 uu diém phat
trién nhanh trén méi trudng 1én men dich thé va méi trudng
ran. Do vay, dayla ching ndm tiém nang dé khai thac
enzyme hoat tinh AE st dung trong chuyén hoa sinh khéi
lignocellulose.

Hoat tinh feruloyl esterase (FAE):

Enzyme FAE kha phé bién & nhiéu loai ndm, dac biét la
nam tui Ascomycota va nam dam Basidiomycota, ti I& ndm
¢6 hoat tinh FAE (13/23 chiing, tuong ducong ~ 57%). Budng
kinh vong phan giailén nhattrén co chat ester dugc xac dinh
dugc d6i vGi cac chang Xylaria sp. GNB3 (D = 20mm),
Tyromyces chioneus GNB5 (D = 16,1mm) va Fomitopsis sp.
GNB18 (D =6mm). Trong nghién ctiu ctia Kumar, 150 ching
nam dugc phan lap tir mau dat da sang loc danh gia hoat
tinh FAE trén dia thach vai co chat (ethyl ferulate 1 %) 6 30°C.
Sau 5 ngay nudi cdy da xac dinh dugc 42 ching cé hoat tinh
vGi dudng kinh phan giai ti ti 6 dé€n 27mm. Dac biét, ching
Aspergillus terreus dugc chiing minh c6 hoat d6 enzyme cao
nhat dat 27mm [21].

Tac gid Donaghy nghién ctru trén 130 ching vi khuan
dugc sang loc hoat tinh FAE dua trén dudng kinh vong tron
phan gidi (d, mm) trén co chat ethyl ferulate 0,1% (w/v), xac
dinh 11 chling ¢6 biéu hién hoat tinh. Trong d96, 3 chiing biéu
hién hoat tinh yéu (d < 10mm) la B. subtilis (FMCC 193),
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L. leichmanni (NCIMB 7854) va L. farciminis (NCIMB 11717), hai
chdng biéu hién hoat tinh kha cao (d = 10 - 20mm) Ia
B. sphaericus (ATCC 14577), B. licheniformis (ATCC 14580) va 6
chdng biéu hién hoat tinh cao (d > 20 mm) nhu: B. subtilis
(FMCC 267), B. subtilis (FMCC PL- 1), B. subtilis (FMCC 511) [22].
Két qua trén tuong déng vaGi nghién clu clia Liu, danh gia kha
nang sinh téng hgp enzyme FAE trén dia thach ctia 33 ching
thuéc chi Lactobacillus. Chung L. fermentum (NRRL B-1932)
dugc chiing minh 1a c6 hoat tinh cao nhat véi dusng kinh
vong phan giai dat 38mm, ti€p theo la chang L. amylovorus
(NRRL B-4540) (d = 22mm) va chung L. fermentum (NRRL B-
1840) (d =21mm) [23].

Nhu vdy, ching Xylaria sp. GNB3 (d = 23mm) va
Tyromyces chioneus GNB5 biéu hién hoat tinh FAE cao so véi
mot s6 két qua da dugc cong bo. Do vay, day la chiing ndm
tiém nang dé khai thac enzyme hoat tinh FAE.

4, KET LUAN

Tu 23 chiing ndm nghién cttu ¢6 20 chiing biéu hién hoat
tinh tir01 dén 02 enzyme acetyl esterase va feruloyl esterase.
Trong d6, 15/23 ching ndm biéu hién hoat tinh acetyl
esterase, tuong Ung 65% vdi hoat d6 tu 17,2U/L dén
2.353,8U/L d6i vdi ca chat p- nitrophenyl acetate. Trong dé,
mot s6 chiing biéu hién hoat tinh cao nhu: Lentinus brumalis
GNB10, Schizophyllum sp. GNB15 va Deconica sp. GNB20.

Déi véi hoat tinh feruloyl esterase, xac dinh dugc 13/23
chiing c6 hoat tinh feruloyl esterase, tuong duong ~ 57%.
Pudng kinh vong phan giai [6n nhat trén co chat ester dugc
xac dinh dugc d6i vai cac chiing Xylaria sp. GNB3, Tyromyces
chioneus GNB5 va Fomitopsis sp. GNB18. Cac chling ndm trén
c6 tiém nang cao trong viéc thu nhan enzyme thay phan
hoat tinh AE, FAE dé chuyén héa cac phu phdm céng - néng
nghiép giau lignocellulose thanh cdc monosaccharide hay
oligosaccharide cé nhiéu tng dung khac nhau trong céac
nganh céng nghiép.
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