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TOM TAT

Laccase 1a enzyme c6 ting dung rong rai trong nhiéu linh vuc khac nhau dac biét la
cong nghiép dét, nhudm va x Iy 6 nhiém mai treong. Trong nghién ctu nay,
chung ndm sinh enzyme laccase duwoc phan lap tit mun ba thuc vat trén dia ban
thanh phd Hué. Qua sang loc tuyén chon dugc chung ¢ kha nang sinh tong hop
laccase manh, dat 3,07 U/mL sau 15 ngay lén men. Chung ndm dugc dinh danh la
Aspergillus nidulans HUIBO3 va c6 kha nang sinh tong hgp laccase manh nhat &
diéu kién 1én men dich thé trong méi truong khoang t6i thiéu BSM (Basal Minimal
Medium) ¢6 b8 sung 5% bot rom, & nhiét dd 25°C sau 9 ngay nudi cay. Day la
nghién cttu dau tién phan lap va xac dinh chiing ndm sinh tong hop laccase ti
nguon vat liéu thu ¢ dia ban thanh phé Hué. Két qua nghién cttu cho thay tiém
nang san xudt laccase tir chung A. nidulan HUIB03 cho cac nghién cttu thtr nghiém
tng dung nhuw loai mau thudc nhudém tong hop nham han ché anh huong bat loi

ctia chung 1én hé sinh thai.

Tw khoéa: Aspergillus nidulans, hoat tinh, laccase, ndm soi, phéan lap.

1. MO PAU

Ngay nay, tdc do 6 nhiém moi treong dang gia ting do viéc thai cac chat thai vao
moi treong khoéng duoc kiém soat. Cac phuong phap hoda hoc va sinh hoc théng
thuong ngay cang khé dat duwoc mitc d6 can thiét d€ loai bd cac chét 6 nhiém. Do d6,
can phai trién khai nhitng phwong phap hiéu qua va khong gay & nhiém tht cap.
Nhitng nghién cttu gan day da chiing minh rang enzyme c6 nhiéu kha nang va trién
vong trong van dé x& li & nhiém moi treong. Enzyme cé thé hoat dong trén cac chat 6
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nhiém déc biét khé xtr i d€ loai ching bang cach két ttia, chuyén héa, phan huy cac
chat 6 nhiém thanh dang khac. Ngoai ra, enzyme con c6 thé lam thay ddi cac dac tinh
ctia chat thai dwa ching vé dang dé xt i hodc chuyén thanh cdc san phdm cé gid tri
hon. Phuong phéap xt li bang enzyme véi nhiéu wu diém nhu: duoc ap dung véi
nhitng chit sinh hoc khé xtt li, téc dung ca & ving nong do chat 6 nhiém méi truong
cao, mot sO enzyme riéng biét ¢ tac dung trén pham vi rong vé pH, nhiét do,... ma
khong gay ra nhiing bién d6i bat thuong, khong gay ra cac can tré pha vo can bang
sinh thai. Trong cac loai enzyme, thi enzyme thudc 16p oxidoreductase va hydrolase co
kha ndng phan huy cac hop chat dwgc néu trén rat cao [1].

Laccase (EC 1.10.3.2, p-diphenol oxidase) cung vdi manganese peroxidase
lignin peroxidase va versatile peroxidase thudéc nhom enzyme c6 kha nang phan giai
lignin. Laccase duwoc phan nhdm oxidase véi ion dong ndm & trung tam phan tng, xtic
tac qua trinh oxy hda nhiéu hop chét hiru co bao gobm diphenol, polyphenol, diamine,
amine thom, benzenethiol... Laccase cé tinh oxy héa manh, c6 phé co chat da dang va
stt dung oxygen phan tir lam chat nhan dién t* nén enzyme nay duoc tng dung rong
rai trong cong nghiép thuc pham, x&t ly phu pham ndéng nghiép, cong nghiép dét
nhudm, cam bién sinh hoc, duoc hoc sinh tong hop chét hitu co va phuc hoi sinh hoc
[6], [9]. Laccase duogc sinh tong hop trong qua trinh sinh treong va phat trién cua nhiéu
sinh vat khac nhau t& thuee vat dén vi khudn, con trung. Tuy nhién, laccase chu yéu
dugc tim thdy 6 ndm soi. Trong tw nhién, laccase tham gia vao qud trinh chuyén hoéa
lignin, chéng chiu ngoai canh bat 1oi, xam nhiém vao vat cht va nhiéu qua trinh sinh ly
khac nhu tao bao tit, phan hoa gidi tinh, phat trién qua thé cia ndm. Nhiéu bao cdo cho
thay nhiéu loai ndm khéc nhau c¢6 kha nang sinh tong hop laccase nhu: Melanocarpus,
Cerrena, Magnaporthe, Trametes, Trichoderma, Fusarium va Aspergillus [2-5, 8, 12, 14].

Trong nghién cttu nay, ching toi trinh bay cac két qua phan lap va danh gia
kha nang sinh tong hop laccase tir chung nadm Aspergillus nidulans HUIBO3 phan lap
trén dia ban thanh phé Hué.

2. NGUYEN LIEU VA PHUONG PHAP
2.1. Nguyén liéu
Mun ba thuce vat 1ay tit moét s6 khu vuec trén dia ban thanh phé Hué€.
2.2. Phwong phap
Phan 14p Aspergillus sinh tong hop laccase

Mau mun ba thu nhan trén dia ban thanh ph6 Hué duoc chita trong cac tui
nilon c6 khéa kéo, bao quan lanh khi dem vé phong thi nghiém. Mau duoc can véi
khéi lwong 1 g cho vao binh tam giac chita 9 mL nudc cat vo tring, lac déu va lam 1ang
cén bang cach d€ yén binh tam gidc trong 5 phtt. Sau d6 hit 1 mL dich néi chuyén qua
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binh tam gidc chita 9 mL nudc cat vo trung va tron déu. Tiép tuc nhu vay dé c6 do pha
loang 10+, St dung mau pha loang dé€ cay trai 1én mdi truong PDA (Potato Dextrose
Agar), nudi 6 30°C, trong 3 ngay. Tuyén chon nhitng chung ndm mdc phat trién manh,
cdy chuyén sang mdi truong PDA va lam thuan. Céc khuan lac ¢ hinh thai dac trung
ctia Aspergillus v6i hé khudn ty phan tan déu, bao tr tran khé 16n duoc dinh chudi tron
trén thé binh sé duoc cdy chuyén sang mdi truong chon loc laccase. Nam duoc nudi
cdy trén moi treong khoang toi thiéu BSM (Basal Minimal Medium) ¢6 bd sung 0,01%
guaiacol lam chat chi thi [13]. Hoat tinh laccase dwgc danh gia sau 24 ngay nudi cdy
trén moi treong chon loc voi su xudt hién cua vung mau dé hinh thanh ttr san phdm
oxy hda guaiacol bao quanh khuan lac ndm.

Pinh danh chung Aspergillus phan lap

DNA tong s0 cua chung ndm cho hoat tinh laccase ngoai bao manh nhat duoc
tach chiét dua trén phuong phap tach chiét DNA tong sO dung dém cetyltrimethyl
ammonium bromide (CTAB) nhw mé ta cua Sambrook va cs (2001) [11] véi mot s6
diéu chinh nhé. Sei ndm duoc nudi trong 5 mL moi treong PD (Potato Dextrose) trong
3 ngay ¢ 30°C. Sinh khdi twoi dwoc thu hdi bang ly tam lanh 4°C trong 5 phut véi toc
d6 14.000 vong/phut. Sau d6 rira lai bang nuwdc cat vo trung dé loai bo hoan toan méi
truong nudi cdy va tai huyén phu trong 500 uL dém CTAB (100 mM Tris-HCl, pH §;
1,4 M NaCl; 20 mM EDTA; 2% CTAB; 0,2% B-mercaptoethanol). T€ bao duoc pha vo
bang séng siéu am & tan s& 60 Hz, khoang ngat quang 6 gidy trong 5 phtit bang thiét bi
siéu am VC-130 (Sonics, My) két hop 1 65°C trong 30 phat. Dich chiét t& bao chuita
DNA tong s duwoc thu héi bang ly tdm lanh 4°C trong 5 phut véi tdc do 14.000
vong/phut. DNA tdng s& duoc tach chiét va tinh sach sit dung 500 uL hon hop phenol:
chloroform: isopropanol (ty 1& 25:24:1), tron déu bang vortex va phan tach bang ly tm
lanh 4°C trong 10 phut véi tdc do 14.000 vong/phut. Hat 400 uL hdn hop pha trén,
chuyén sang ong 1,5 mL mdi va DNA tong s6 duoc két tua voi 2 Jan thé tich ethanol
tinh khiét, riva két tia bang ethanol 70% va hoa tan trong 50 pL nudc cit vo trung. D&
dinh danh phan t& chting ndm phan lap, trinh ty nucleotide ctia ving bao thu ITS1-4
dugc khuéch dai va st dung primer ITS1 (TCC GTA GGT GAA CCT GCG G) va ITS4
(TCC TCC GCT TAT TGA TAT GCG G) [10] . Phan ting PCR duoc tién hanh ¢ thé tich
25 pL chita 40 ng DNA tdng s6, 10 pmol ITS1, 10 pmol ITS4, 1X GoTaq® Green Master
Mix (Promega, My). San pham PCR dwgc tinh sach va giai trinh ty nucleotide thong
qua cong ty Firstbase (Malaysia). Trinh tw duoc hoan chinh bang BLAST trén NCBI d&
danh gia mic do tuwong dong ctia vung bao tha ITS1-4, tir d6 tim ra loai twong dong
nhat véi trinh tw can nghién ctru. Cay pha hé di truyén ctia chung ndm dwoc so sanh va
phan tich bang phan mém MEGA X véi d6 1ap lai boostrap 500 Ian [7].

Khéo sat diéu kién sinh tong hgp laccase ngoai bao

Hoat d¢ laccase ngoai bao dwoc khao sat tir chung chon loc thong qua nudi cay
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trén mdi truong t6i thidu BSM c6 bd sung bot rom (kich thudc < 2 mm) hodc bot gb.
Nam duoc nudi cdy giong trong 5 mL mdi treong PD long (2% peptone, 20% dich chiét
khoai tay) & 30°C trong 3 ngay véi tdc d6 lac 180 vong/phut. Dich nudi duoc cdy
chuyén qua binh tam gidc 250 mL chtta 50 mL moi treong c6 0,2 g/L KH2POs, 0,05 g/L
MgS0..7H:0, 0,01 g/L CaCl.2H:0, 0,08 g/L CuSOs5H:0, 0,05 g/l Na:MoO:.2H:z0,
0,033 g/L MnSO+.H:0, 0,043 g/L ZnSO..7H:0, 0,05 g/L FeSO+.7H20 va 10% bot rom
(moi treong ban ran MF1) hodc 10% bot gb (mdi treong ban ran MF2) hodc 5% bot rom
(mdi treong dich thé MF3) hodc 5% bot gS (mdi treong dich thé MF4). Qua trinh nuoi
cay duoc tién hanh & 30°C trong 18 ngay véi toc do lac 180 vong/phit. Sau mdi 3 ngay,
dich nudi cay dwgc thu nhéan va xac dinh hoat d6 enzyme.

Anh huéng ctia nhiét do nudi cdy 1én kha ning sinh téng hop laccase duwoc
khao sat voi cac khoang nhiét do tir 25°C dén 35°C. Soi ndm dwgc nudi sinh khoi trén
méi treong PD trong 3 ngay ¢ 30°C, 1ac 180 vong/phut. Sau d6 sinh khdi duwoc cay
chuyén sang mdi trueong san xuat laccase (mdi treong MF3 va MF4). Dich nudi cdy
duoc thu nhan sau mdi 3 ngay va xac dinh hoat do enzyme.

Xac dinh hoat d¢ enzyme laccase

Hoat d6 laccase duwoc xac dinh dua trén sy oxy héa ABTS (2,2'-azino-bis 3-
ethylbenzothiazoline-6-sulfonic acid) tao thanh hop chat duoc hap thu anh sang manh
tai budc song 420 nm [13]. Mot lwong dung dich chita enzyme dwoc 4 voi 1 mM ABTS
trong dém sodium acetate 100 mM, pH 4,5 trong thé tich phan ¢ing 1 mL. Phan tGng
duoc tién hanh ¢ nhiét d6 u 40°C trong 10 phut. Sau d6, dung dich phan ting duwoc do
& budc séng 420 nm (420 = 360 mM'/cm) bang may quang phd U-2910
spectrophotometer (Hitachi, Nhat Ban). Mot don vi hoat d6 laccase la liong enzyme
can thiét d€ tao thanh 1 puM san pham tit ABTS trong thoi gian 1 phut, ¢ diéu kién thi
nghiém.

Phuwong phap xtt ly thong ké

Cac thi nghiém dwoc lap lai 3 Tan. S6 liéu duoc xi ly béng phan mém Microsoft
Excel 2010.
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3. KET QUA VA THAO LUAN
3.1. Sang loc ching ndm c6 hoat tinh laccase

Tt cdc ngudn mau thu nhan da lya chon duoc chiing ndm c6 cac dac diém hinh
thai dac trung ctia chi Aspergillus va dwoc ki hiéu la chung F8.

-~ . -

Hinh 1. Hinh thai cia chung ndm F8. (A) Sy phat trién trén moi truong PDA dia thach

(B) Hinh théi soi ndm duwdi kinh hién vi v6i d6 phong dai 40 lan.

Sau 3 dén 5 ngay nudi cay trén moi treong PDA, khuan lac chung F8 c6 duong
kinh khoang 4,5 cm, dang soi day, moc dai, bé mat nhung mugt, mép khuan lac mong,
bia ré cay. Khudn ty khi sinh c6 mau trang va chuyén dan sang mau xanh réu khi soi
ndm gia (mau cua bao tir), khudn ty co chat moc sau, c6 mau tréng. Quan sat hién vi
thdy soi nam dai, phan nhanh manh, c6 bao t& boc dang 1én. Cudng sinh bao t phat
sinh tir khuan ty khi sinh khéng phan nhanh, phan phinh ¢ dinh cudng tron, thé binh
so cdp, bao ttr tran dang chudi hat moc tron (hinh 1).

Chung F8 duwoc cay chuyén 1én mdi treong BSM c¢6 bd sung chat chi thi mau
guaiacol (0,01%) sau 24 ngay nuodi cdy cho thay c6 vong oxy hda guaiacol véi mau
chuyén nau do (hinh 2). Syt xudt hién ctia mau oxy hoéa nay ching té chung ndm c6 kha
nang sinh tong hop peroxidase trong do6 cé laccase. Do vay, chiing ndm duoc lwa chon
dé khao sat kha nang sinh tong hop laccase ¢ cac diéu kién nudi cay khac nhau.

Hinh 2. Sang loc chung ndm F8 sinh tong hop laccase trén méi truong chon loc

c6 bd sung guaiacol 0,01%.
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3.2. DPinh danh ching nim phén lap

TCCGTAGGTGAACCTGCGGAAGGATCATTACCGAGTGCGGGCTGCCTCCGGGC
GCCCAACCTCCCACCCGTGACTACCTAACACTGTTGCTTCGGCGGGGAGCCCC
CCAGGGGCGAGCCGCCGGGGACCACTGAACTTCATGCCTGAGAGTGATGCAGT
CTGAGCCTGAATACAAATCAGTCAAAACTITCAACAATGGATCTCTTGGTTCCG
GCATCGATGAAGAACGCAGCGAACTGCGATAAGTAATGTGAATTGCAGAATTC
AGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGCATTCCGGGGGG
CATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCG
TCGTCCCCCCCGGGGGACGGGCCCGAAAGGCAGCGGCGGCACCGTGTCCGGTC
CTCGAGCGTATGGGGCTTTGTCACCCGCTCGATTAGGGCCGGCCGGGCGCCAG
CCGGCGTCTCCAACCTTATTTTITCTCAGGTTGACCTCGGATCAGGTAGGGATAC
CCGCTGAACTTAAGCATATCAATAAGCGGAGGA

Hinh 3. Trinh ty nucleotide doan ITS1-4 cua chung nam F8

Trinh tw nucleotide doan ITS1-4 cua chiung ndm F8 duoc so sanh véi di liéu
trén ngan hang gen GenBank. Két qua so sanh chi ra chung F8 twong dong cao 100%
véi chung nam Aspergillus nidulans nhu chung A. nidulans WM 11.60 (ma so:
KP131596), A. nidulans NRRL 2395 (ma s6: AY373888), A. nidulans RGT-S3 (ma sb:
HQ674655) (hinh 4). Do d6, chung ndm F8 dwoc dat tén la A. nidulans HUIB03, trinh tu
nucleotide da duoc dang ky trén ngan hang Genbank vi ma so: KY425597.

Aspergillus nidulans HUIB03
100 | Aspergillus nidulans QRF373

91 Aspergillus nidulans BPPTCC603835

Aspergillus nidulans WM1160

Aspergillus fruticulosus IFM42202
r Aspergillus niger SCTCC323

100! Aspergillus niger UOAHCPF10153
Aspergillus oryzae FUJX001

Aspergillus oryzae MQ2

A —
0.5

Hinh 4. Cay pha hé di truyén ctia chung ndm Aspergillus nidulans HUIBO3 so v6i mot s6 chiing

nam dang ky trén ngan hang gen GenBank

3.3. Anh hwéng méi tredng va nhiét d6 nudi cdy dén hoat d6 laccase ctia chiing
Aspergillus nidulans HUIB03

Moi treong nuodi cdy la mot trong nhitng yéu t6 rat quan trong trong qua trinh
sinh tong hop laccase. Kha ndng tich lity enzyme laccase duoc khao sat ¢ kién nudi cdy
1én men ban rin (b8 sung 10% co chat) va 1én men dich thé (b8 sung 5% co chat). O mdi
diéu kién thi nghiém, moéi truong BSM duoc bd sung thém co chat cé ngudn goc tir
sinh khéi thuc vat 1a bot rom va bot gd. Két qua khao sat kha néng tich Iy laccase cta
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chung ndm trén 4 loai moi treong 1én men la MF1, MF2, MF3 va MF4 qua 18 ngay nudi
cdy duoc trinh bay ¢ hinh 5.

3.5

3

Hoat dg laccase (U/mL)
= D
— h (3% th

=)
h
L

<

0 3 6 9 12 13 18
Théi gian 1én men (ngay)
—e—MF1 —8—MF2 —aA—MF3 —O—MF4

Hinh 5. Kha nang tich liy laccase ctia ching Aspergillus nidulans HUIBO3 ¢ 4 mo6i truong 1én

men

Qua thi nghiém cho thdy, hoat d¢ enzyme thu nhan dat gia tri cao nhat vao
ngay tht 15 cia qua trinh Ién men vdi gia tri 1,67 U/mL; 0,9 U/mL, 2,92 U/mL va 3,07
U/mL tuwong tng vdi cac moéi treong MF1, MF2, MF3 va MF4. Kha ndng tich lay
laccase cua chung A. nidulans HUIBO3 trong moi treong 1én men MF2 la thap nhat, chi
dat 0,97 U/mL sau 9 ngay 1én men va khong c6 sy thay ddi nhiéu qua 18 ngay lén men.
Moi truong 1én men MF4 1a thich hop nhét cho sinh tong hop laccase ctia ching A.
nidulans HUIB03. Két qua nay cling twong dong véi nghién ctru ctia Xu C. va cong su
(2015) vé n&m muc trang. Khi 1én men san xuat enzyme trong mdi treong bd sung co
chat la rom ltia mach, chang Trametes versicolor BBEL0970 tich 1ty laccase dat cuc dai
10,3 U/mL, tang 58,5% so v6i moi truong bo sung glucose (dat 5,2 U/mL) sau 20 ngay
lén men [13].

Qua khao sat cho thdy, chung A. nidulans HUIB03 c6 kha nang sinh enzyme
laccase ngoai bao trong diéu kién 1én men dich thé cao hon so véi 1én men ban rdn. Vi
vay danh gia kha nang tich Iy laccase ngoai bao duwoc thuc hién ¢ 3 mttc nhiét do
25°C; 30°C va 35°C trong diéu kién lén men dich thé. Két qua khao sat trén chung A.
nidulans HUIB03 véi moi treong MF3 va MF4 cho két qua moi truong 1én men MF3 6
25°C la t6t nhét cho su sinh tdng hop laccase, v6i hoat d6 enzyme thu nhéan dat gia tri
cuc dai 4,8 U/mL sau 9 ngay 1én men. Khi tién hanh nudi cdy ¢ 30°C va 35°C, hoat d¢
enzyme thu nhan duoc cé gia tri thap hon dang ké so véi muc nhiét do 25°C, dat cuc
dai twong tng 2,92 U/mL va 2,62 U/mL (hinh 6).
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6

[ L8] -+ Lh
1 1 1 1

Hoat d¢ laccase (U/mL)

o

3 6 9 12 15 18
Thoi gian 1én men (ngay)
—t—15°C =——3()°C =——db—35°C
Hinh 6. Kha nang tich liy laccase cta chung Aspergillus nidulans HUIB03 & 3 mttc nhiét d¢ trong

moi treong lén men ME3

Véi moi treong 1én men MF4 cho két qua khong ¢ su thay d6i 16n vé kha nang
tich Ity laccase v6i 3 mic nhiét d nuoi cay. O nhiét dd 25°C cho két qua tot nhat véi
hoat dd enzyme laccase thu nhan sau 9 ngay nudi cdy dat gia tri 3,76 U/mL. O mtc
nhiét d¢ 30°C, kha nédng tich lity enzyme tang déu qua cac ngay va kéo dai 1én dén 18
ngay dat 3,17 U/mL (hinh 7).

5

Hoat d¢ laccase (U/mL)

6 9 12 15 18
Théi gian l1én men (ngay)

w

—+—25°C —8—30°C =—&—35°C

Hinh 7. Kha néng tich liiy laccase ctia ching Aspergillus nidulans HUIBO3 ¢ 3 mtec nhiét d6 trong

moi treong lén men MF4
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4. KET LUAN

Da phan lap va sang loc dwgc chung nam thudc chi Aspergillus c6 kha nang sinh

tong hop laccase manh voi hoat d¢ dat 3,07 U/mL. Két qua dinh danh phan t&r xac dinh

chung ndm thudc loai Aspergillus nidulans. Diéu kién thich hop cho ching ndm A.

nidulans HUIB03 sinh tong hop laccase la moi treong 1én men dich thé bd sung 5% co

ch&t bdot rom sau 9 ngay lén men ¢ nhiét 6 25°C.
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13].

8.

[9].
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ASSESSMENT OF LACCASE PRODUCTION FROM
Aspergillus nidulans HUIB03
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Le Thi Dieu Huyen?, Pham Thi Ngoc Lan?

1Faculty of Natural Sciences & Technology, Tay Nguyen University
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ABSTRACT

Laccases have been widely applied in various industries, especially in textile and
bioremediation. In this study, a fungus Aspergillus nidulans HUIBO3 was isolated
from wood decay in Hue city. Strong laccase biosynthesis were selected, reaching
3.07 U/mL after 15 days of fermentation. The isolate exhibited highest laccase
production in BSM (Basal Minimal Medium) was supplemented with 5% rice straw
at temperature of 25°C after 9 days of fermentation. This is the first report on
isolation of the A. nidulan which produces laccase from materials in Hue city. The
results also indicated that the A. nidulans has promising application for synthetics
dye decolouration, reducing the harmful effect of these substances on ecology

system.

Keywords: Aspergillus nidulans, activity, basidomycete, isolation, laccase.

84



TAP CHI KHOA HOC VA CONG NGHE, Truong Pai hoc Khoa hoc, DH Hué Tap 21, S8 2 (2022)

Pang Thi Thanh Ha sinh ngay 08/12/1983. Ba t6t nghiép dai hoc nam
2006 nganh Sinh hoc, tot nghiép thac si chuyén nganh Sinh hoc thuc
nghiém ndm 2009 tai Treong Dai hoc Quy Nhon. Ttr nam 2016 dén 2022
hoc Nghién cttu sinh chuyén nganh Cong nghé sinh hoc tai Truong Khoa
hoc, Pai hoc Hué.

Linh vic nghién ciru: Ung dung cong nghé sinh hoc trong xt i 6 nhiém
moi treong, xit 1i 6 nhiém moi treong bing thuc vat, vi sinh vat, Vi sinh
moi treong.

Nguyén Dtrc Huy t6t nghiép dai hoc ndm 2006, chuyén nganh Cong nghé
sinh hoc tai Pai hoc Bach Khoa Da Nﬁng, thac si ndm 2011 va tién si nam
2014 tai Dai hoc Quéc gia Chonbuk, Han Qudc. Hién nay, 6ng cong tac tai
Vién Cong nghé sinh hoc, Dai hoc Hué.

Linh vwec nghién ciru: Sang loc va ting dung vi sinh vat, enzyme vi sinh vat,
tao dong phan ti va biéu hién tai to hop, diéu hoa biéu hién gen.

Nguyén Thi Bé t6t nghiép dai hoc ndm 2016 tai Truong Pai hoc Khoa
hoc, Dai hoc Hu€, chuyén nganh Céng nghé sinh hoc.

Lé Thi Diéu Huyén sinh ngay 10/10/1983, tot nghiép dai hoc nam 2016 tai
Truong Dai hoc Khoa hoc, Dai hoc Hué, chuyén nganh Cong nghé sinh
hoc.

Pham Thi Ngoc Lan sinh ngay 01/01/1963 tai Ha Tinh. Nam 1984, ba tot
nghiép ct nhan Sinh hoc tai treong Dai hoc Tong hop Hué. Nam 1995, ba
tot nghiép thac si chuyén nganh Hoéa sinh — Sinh ly thuc vat tai Truong
Dai hoc Khoa hoc, Dai hoc Hué. Nam 2004, ba t6t nghiép tién si chuyén
nganh Sinh ly thuc vat tai Dai hoc Hué. Hién nay, ba la giang vién tai
Truong Dai hoc Khoa hoc, DPai hoc Hué.

Linh vwec nghién ciru: Vi sinh vat hoc, Vi sinh moi trieong, Ung dung vi sinh
vat trong san xuat, Phan bén Vi sinh, Enzyme vi sinh vét.

85






