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TOM TAT

Dé€ c6 co so khoa hoc cho ting dung pectinase vao doi séng ndi chung va linh vuc
cong nghé thiee pham ndi riéng, ching to6i tién hanh phan 14p va tuyén chon mot
s0 chung ndm mdc c6 kha ndng phan giai pectin. Két qua cho thdy, sd luong nam
mdc phan giai pectin trong cdc mau vé trai cdy dao dong tir 4,02 x 10° dén 22,08 x
10° CFU/g. Pa phan lap dugc 118 chiing ndm mdc va tuyén chon duoc 2 ching
MP55 va MP104 c6 hoat tinh pectinase manh nhat. Két qua giai trinh tw gen vung
ITS chung MP55twong dong voi Aspergillus niger va chiung MP104 véi Aspergillus

tamarii.

Tw khoéa: Phan 1ap, tuyén chon, ndm mdc, pectinase, Aspergillus.

1. MO PAU

Tt lau, enzyme da duwoc sit dung rong rai trong nhiéu nganh cong nghiép,
nong nghiép, y hoc va nghién cttu khoa hoc. Viéc nghién cttu va st dung rong rai cac
ché& pham enzyme c6 y nghia rat 1én. Mot trong cac ch€ pham enzyme duoc ting dung
nhiéu nhat la pectinase, enzyme nay dwgc tng dung rong rai trong cong nghiép ché
bién thyc pham, cong nghiép dét, y duwoc va nong nghiép. Véi kha nang phat trién
nhanh trén nhiéu loai co chat khac nhau, déc biét 1a trén cac phé liéu nong nghiép giau
pectin, ndm moc phan giai pectin ludén thu hit duoc sy quan tim ctua nhiéu nha nghién
ctu.

Bai bao nay trinh bay budc dau nghién ctru mot s6 chting ndm mdc cé hoat tinh
pectinase manh ttr cac loai vo trai cay.
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2. PHUONG PHAP, NOI DUNG NGHIEN CUU
2.1. D6i twgng nghién ctiru

- Mau vo qua giau pectin nhu: cam sanh, buoi do, quyt duong, buoi da xanh,
A \ 2. v .
chudi ba Iun, bwoi ndm roi.

- Chung nam mdc c6 kha nang phan giai pectin.

- Méi truong Czapek-pectin (g/l): K2HPO: 0,2 g; MgS04.7H20 0,1 g; NaNOs 2,0
g; KC10,5 g; FeSO4.7H20 0,1 g; pectin 5,0 g; agar 20 g; pH 6,5.

- Méi treong tuyén chon (g/1): pectin 5,0 g; agar 20 g; pH 6,5.
2.2. Phuwong phap nghién ctru

- Phwong phdp phéan ldp va dém so lugng té bao: st dung phuong phap Koch dé
phén 1dp ndm maoc trén méi treong Czapek cb bd sung co chat 1a pectin. Cac dia thach
duoc G & nhiét d6 30°C trong 4 ngay. SS leong t& bao ndm mdc dugc xac dinh bang
phuong phap dém gian ti€p thong qua khuan lac moc trén moi treong thach dia [2].

- So tuyén truc tiép cdc ching ndm moc sinh pectinase: tién hanh cay truc tiép
chung trén méi truong Czapek thach dia chi bd sung nguén carbon duy nhat la pectin.
Dit cac dia da cay vao ti &m & nhiét do 30°C. Sau 4 ngay nhudm mau bang thudc thir
Lugol [2].

- So tuyén gidn tiép cic chimg ndm moc c6 khd ning sinh pectinase: Nudi cdy lac cac
chiing ndm mdc trong moi truong Czapek-pectin dich thé. Sau 4 ngay, thu enzyme
ngoai bao. 100 ul dich enzyme ngoai bao dwoc cho vao 16 da duc trén dia thach pectin
r6i dem 1 & 37°C, sau 24 nhudém béang thudc thit Lugol. Xac dinh hoat tinh pectinase
dwa vao duong kinh vong thuy phan pectin [2].

- Xdc dinh hoat dg pectinase: Hoat d¢ pectinase dwgc xac dinh bz“ing cach do lugong
duong khtr giai phong tir hoat dong cua pectinase trén co chét pectin véi thude thie 3,5-
dinitrosalicylic acid (DNS).

Lay 3 ml hon hop phan ting bao gom 0,8 ml dung dich pectin va 0,2 ml dich
enzyme duwoc pha loang thich hop trong 2 ml dung dich sodium acetate 0,1 M; pH 5.
Hon hop phan ting duoc t ¢ 40°C trong 10 phit. Sau d6 thém vao 1 ml NaOH va 1 ml
DNS, ditng phan tng bang cach dun s6i 10 phtt. Tinh lwong duong khir giai phéng
boi sy thuy phan enzyme. Mot don vi hoat d¢ enzyme 1a luong enzyme can thiét dé
giai phong 1 umol ctia cdc nhom khr trong mot phut véi galacturonic acid la tiéu
chuan trong cac diéu kién thi nghiém [4].

- Xdc dinh mét s6’ddc diém hinh thdi: quan sat khuin lac ndm mdoc trén moi truong
Czapek thach dia, nudi cdy 14 kinh d€ quan sat vi thé [2].

- Dinh danh cdc ching nidm moc: chung ndm mdc ¢ hoat tinh pectinase manh
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duoc tach chiét DNA tong sd cua nam mdc [5]; Khuéch dai trinh ti gene vung ITS
bang ki thuat PCR réi xac dinh trinh ty gen vung ITS theo nguyén ly ctia phuong
phap Sanger cai tién, sit dung may doc trinh tw ty ddng ABI 3130XL. Phan tich két qua
bang phan mém Sequencing Analysis 5.3 va so sanh véi cac trinh tw ITS trén ngan
hang di liéu NCBI bang cong cu BLAST dé phan loai chting nAm méc [6].

- Phuong phap xac dinh sinh khoi kho cia ndim mdéc: Thu sinh khéi twoi ndm
mdc tir nudi cdy dich thé véi tdc d6 14120 vong/phit. Sau d6 cho vao dia petri c6 16t
gidy loc tién hanh sdy kho tuyét doi [2].

- Xt ly s6 liéu: thi nghiém 13p lai ba Ian, s& liéu dwoc xit i bang thdng ké mo ta
(Microsoft Excel 2010) va phan tich ANOVA (Duncan’s test p <0,05) bang chuwong trinh
SPSS 20.0.

3.KET QUA VA THAO LUAN
3.1. Phan 14p va xac dinh s6 lugng t€ bao nAim mdc phan giai pectin

Ttr 22 mau vo trai cay khéac nhau, chiing to6i da phan lap dwoc 118 chiing ndm
moc ¢6 hoat tinh phéan giai pectin, dwoc ki hiéu la MP1, MP2 .., MP118. Dong thoi
cling danh gia dwoc s& lrgng ndm mdc phan giai pectin cé trong cac mau phan lap. Két
qua dugc thé hién 6 bang 1.

Bdng 1. SG luong ndm mdc phan giai pectin trong cac mau phan lap

Ky v o, CFU/g

’ mau (x103)
1 Chudi cau MA1 6,02 5 5,12
Dot 1 2 Thanh long MA2 6,08 2 4,02
17/10/2018 3 Cam dong MA3 5,38 3 10,84
4 Quyt duong MA4 5,02 4 10,26

5 Thanh tra MAD5 5,58 6 18,23

Dot 2 6 Cam Nam Dong MAG6 5,29 7 10,42
31/10/2018 7 Tao Ninh Thuan MA7 6,12 3 4,17
8 Buoi do MAS 6,04 4 12,84

9 Cam xoan MA9 5,41 8 19,07

Dot 3 10 Chanh giay MA10 5,22 5 14,45
9/11/2018 11 Chudi va huong MA11 5,98 6 8,05
12 Cam Vinh MA12 5,32 5 16,18
13 Cam dong Hué MA13 5,43 4 7,32
Dot 4 14 Cam sanh MA14 5,62 3 5,28
14/11/2018 | 15 Quyt Huong Can MA15 5,76 7 17,19
16 Cam vang Trung MA16 5,82 5 12,47
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Qudc
17 Tédo My MA17 6,03 6 6,84
Dot 5 18 Quyt Nam Dong MA18 5,18 14 18,45
24/11/2018 | 19 Hong MA19 6,42 4 8,02
20 Chudi tiéu MA20 5,94 1 4,94
Dot 6 21 Buoi da xanh MA21 6,05 9 22,08
28/12 22 Bwoi nam roi MA22 6,21 8 18,12

O bang 1 cho théy, s6 lwong n&m mdc c6 kha ning phan giai pectin trong cac
loai vo trai cay twong ddi thap va voi mat do phan bo khong giong nhau. SO luong
ndm maoc ¢ sg phan bd dao dong trong khoang 4,02 x 10° CFU/g - 22,08 x 10° CFU/g
mau; Cao nhat 1a & Budi da xanh (MA21) c6 22,08 x 10° CFU/g mau. S& lugng n&m mdc
thap nhat 12 & mau thanh long (MA?2) 4,02 x 10° CFU/g mau. Nhin chung, s lwong ndm
mdc & cdc mau budi, quyt, cam cao hon so véi cdc mau chudi, téo, hong. Trong dé, cac
mau cam sanh sd legng ndm mdc phan giai pectin ciing thap hon nhiéu so véi cac mau
cam, quyt khac. Nguyén nhan c6 thé 1a do cdc mau thu nhan khéng dong déu vé do
chin, d6 hu héng va ciing cé thé do ham lwong co chat pectin & cdc mau khac nhau,
hodc c6 sy tham gia ctia chat bao quan & cac mau cam sanh.

Két qua nay ciing phtt hop véi nghién ctru cia Phan Thi Thanh Diém va cong
sw (2018), s6 luong nam mdc dao dong twr 6,3 x 10° dén 35,1 CFU/g mau va so chung
nam moc phan 1ap & cac loai vo qua giau pectin ¢ cac loai cay c6 mui nhiéu hon ¢ cac
loai vé qua khac [1].

3.2. Kha ning sinh truéng, phat trién va hoat tinh pectinase ctia cic chiing nim méc

Kha nang phan giai pectin ctia cac ching ndm mdc phan 1ap dwgc thé hién trén
moi treong Czapeck-pectin. Thong qua kich thuedce va bé day khuan lac 6 thé danh gia
duwoc muc do sinh trudng cua ching. Kich thudc khuadn lac phan anh so bo kha nang
phén giai pectin ctia cac chung ndm mdc va dwgc phan chia ¢ cac mirc d¢ yéu, trung
binh, manh va rat manh. Két qua duoc trinh bay ¢ bang 2.

Bang 2. Kha néang sinh trudng, phét trién va phan giai pectin cua cac ching ndim mdc

trén moi treong thach Czapek — pectin

Kha ning sinh treong, phat trién Ki hiéu S6 chung Ty 18 (%)
Yéu + 88 74,58
Trung binh ++ 20 16,95
Manh +++ 8 6,78
RAt manh 4+ 2 1,69

Tl bang 2 nhén thdy, cdc chung ndm mdc phan lap duoc déu c6 kha nang phan
giai pectin nhung ¢ cac mirc d6 khac nhau. Trong d9, cac ching nam mdc ¢ kha nang
phan giai pectin rat manh chiém ty 1é rat thap (chi 1,69%). Cac ching ndm mdc c6 kha
nang phan giai pectin yéu chiém ty 1é cao nhat (74,58%). Chung c6 kha nang phan giai
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trung binh chiém 16,95% va chung c6 kha nang phan giai manh chiém 6,78%. Chinh vi
vay, két qua nuodi cdy tryc ti€p trén moi treong Czapek voi nguon carbon 1a pectin chi
xac dinh so bd cac chung ndm mdc ¢ hoat tinh pectinase ma chua danh gia chinh xac
kha nang sinh pectinase ctia chung.

3.3. Xéac dinh hoat d¢ pectinase ctia cic chting nAim mdc tuyén chon

Dua trén kha nang sinh truwong, phat trién va hoat tinh pectinase ctia cac chung
nam mdc phan lap, chung t6i chon 10 chung: MP3, MP13, MP29, MP38, MP43, MP52,
MP54, MP55, MP104 va MP113 véi cac ddc diém nhu kich thude vung phan giai pectin
16n, khuan lac day, sinh tredng phat trién manh dé€ lya chon chung cé hoat tinh manh.
Két qua duoc trinh bay ¢ bang 3.

Can ct vao két qua ¢ bang 3 cho thay, hai chung MP55, MP104 c6 hoat tinh
pectinase manh duwgc thé hién qua duwong kinh vong phan giai va hoat d¢ cao hon
trong cac chung duoc phan lap. Chung MP55 c6 hoat do pectinase dat 35,16 U/mL voi
duong kinh vong phéan giai pectin 1a 34,33 mm, sinh khéi kho la 17,76 mg/mL. Trong
khi d6 chung MP104 c6 hoat d pectinase cao nhat dat 41,95 U/mL, duwong kinh vong
phan giai pectin dat 36,33 mm va sinh kh6i kho la 17,86 mg/mL (hinh 1).

Bang 3. Sinh khoi kho, duong kinh vong phén giai pectin va hoat d6 pectinase

cua cac chung ndm mdc tuyén chon

STT | Chungnim mdc SKK (mg/mL) PKVPGP (mm) HD (U/mL)
1 MP3 10,14¢ 39,33 15,89¢
2 MP13 16,820 31,674 28,05
3 MP29 15,18¢ 26,67" 15,92¢
4 MP38 9,148 40,672 13,49«
5 MP43 15,33¢ 41,3320 14,40cd
6 MP52 11,27¢ 43,672 16,20¢
7 MP54 12,404 41,002 7,384
8 MP55 17,762 34,33 35,162
9 MP104 17,862 36,33¢ 41,952
10 MP113 10,13¢ 29,33¢f 15,28¢

Ghi chii: cdc chir cdi khdc nhau trén cing mot cdt biéu thi sw sai khdc trung binh madu
c6 iy nghia thong ké véi p <0,05 (Duncan’s Test)
Két qua nay teong dong voi mot s6 nghién ctru vé ndm mdc phan giai pectin.
Theo Pham Thi Ngoc Lan va cdng su (2017), trong s6 77 chung ndm mdc phéan lap,
chung M4 — Penicillium citrinium, véi duong kinh vong phan giai pectin dat 27,67 mm
va hoat d¢ pectinase dat 12,99 U/mL. Chung M75 — Aspergillus oryzae vdi duong kinh
vong phan giai pectin dat 30,33 mm va hoat do pectinase dat 8,69 U/mL [3].
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Hinh 1. Vong phan giai pectin ctia dich enzyme tach tir 2 chiung ndm méc MP55 va MP104
3.4. Dic diém sinh hoc ctia cac ching tuyén chon
3.4.1. D4c diém hinh thai

Nuébi cay 2 chung ndm moc MP55 va MP104 trén thach dia pectin ¢ 30°C. Sau 5
ngay, cac chung nam mdc MP55 va MP104 c6 ddc diém hinh théi khuan lac thé hién &
hinh 2.

Hinh 2. Hinh thai khudn lac cua chiing ndim m&c MP55 va MP104

Chang MP55: khuan lac moc dang tron, mau den, xung quanh khuén lac c6
vién trang, hé soi n&m min, bé mat khong cé giot tiét va khong tiét sic t& ra moi
treeong.

Chtung MP104: khuan lac dang tron, phat trién theo kiéu phong xa manh, hé s¢i
nam dang bong, toi, cdu trac khong chat, c6 mau co ta, trén bé mat khong co giot tiét
va khong tiét sac t8 ra mdi treong.

3.4.2. Ddc diém hién vi

Sau khi nudi cdy nam mdc trén tiéu ban la kinh, sau 2 ngay tién hanh quan sat

su tao thanh khuan ti, cudng sinh bao tk, bao tw,... (hinh 3).
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Hinh 3. Anh chup hién vi ctia chting MP55 va MP104 (x40)

Chung ndm md&c MP55: khuan ti da phan hoéa thanh vach ngan, phan nhanh
manh, thé binh th cdp mang bao tt tran, cuéng bao tt hinh hoa huéng duong.

Chung ndm mdc MP104: khuan ti da phan hda thanh vach ngan, phan nhanh,
thé binh thit cap, bao t& tran c6 hinh cau, cudng bao t phinh to hinh hoa hudéng

dwong.

3.4.3. Binh danh

Két qua giai trinh ty gen vung ITS chiing ndm m&c MP55 va tra cttu trén Blast
search tuwong dong 99,68% voi trinh ty gen vung ITS loai Aspergillus niger, ma so truy
cap MG675233.1. Chung ndm mdc MP55 dwgc xép vao chi Aspergillus, loai Aspergillus

niger (hinh 4).

AGGAGCTTTACACGGGCACGGACACCCCGCCCAAGACGGGATTCTCACCCTCTCT
GACGGCCCGTTCCAGGGCACTTAGACGGGGGCCGCACCCAAAGCATCCTCTGCAA
ATTACAATGCGGACTCCGAAGGAGCCAGCTTTCAAATTTGAGCTCTTGCCGCTTCAC
TCGCCGTTACTGAGGCAATCCCGGTTGGTTTCTTTTCCTCCGCTTATTGATATGCTT
AAGTTCAGCGGGTATCCCTACCTGATCCGAGGTCAACCTGGAAAAAATGGTTGGAA
AACGTCGGCAGGCGCCGGCCAATCCTACAGAGCATGTGACAAAGCCCCATACGCT
CGAGGATCGGACGCGGTGCCGCCGCTGCCTTTCGGGCCCGTCCCCCCGGAGAGG
GGGACGGCGACCCAACACACAAGCCGGGCTTCGAGGGCAGCAATGACGCTCGGACA
GGCATGCCCCCCGGAATACCAGGGGGCGCAATGTGCGTTCAAAGACTCGATGATT
CACTGAATTCTGCAATTCACATTAGTTATCGCATTTCGCTGCGTTCTTCATCGATGCC
GGAACCAAGAGATCCATTGTTGAAAGTTTTAACTGATTGCATTCAATCAACTCAGACT
GCACGCTTTCAGACAGTGTTCGTGTTGGGGTCTCCGGCGGGCACGGGCCCGGGG
GGCAAAGGCGCCCCCCCGGCGGCCGACAAGCGGCGGGCCCGCCGAAGCAACAG
GGTATAATAGACACGGATGGGAGGTTGGGCCCAAAGGACCCGCACTCGGTAATGAT
CCTTCCGCAGGTTCACCTACGGAAACCTTGTTACGACTTTTACTTCCTCTAAATGAC
CGGGTTTGACCAACTTTCCGGCTCTGGGGGGTCGTTGCCAACCCTCCTGAGCCAGT
CCGAAGGCCTCACCCAGCCATTCAATCGGTAGTAGCGACGGGGCCGGTGTG

Results for
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Hinh 4. Két qua giai trinh tu gen vung ITS va tra ctu trén Blast search

ctua chung ndim mdoc MP55
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Két qua giai trinh ty gen vung ITS chiing ndm md&c MP104 va tra cttu trén Blast
search twong dong 99,55% voi trinh tu gen vung ITS loai Aspergillus tamarii, ma so truy
cap MH279435.1. Chtiing ndim md&c MP104 duoc x€p vao chi Aspergillus, loai Aspergillus
tamari (hinh 5).

CCCCATCCCAGACGGGATTCTCACCCTCTCTGACGGCCCGTTCCAGGGCACTTAGA
CAGGGGCCGCACCCGAAGCATCCTCTGCAAATTACAATGCGGACCCCGAAGGAGC
CAGCTTTCAAATTTGAGCTCTTGCCGCTTCACTCGCCGTTACTGAGGCAATCCCGGT
TGGTTTCTTTTCCTCCGCTTATTGATATGCTTAAGTTCAGCGGGTATCCCTACCTGAT
CCGAGGTCAACCTGGAAAGAATGGTTGTTTTGCGTTCGGCAAGCGCCGGCCGGGC
CTACAGAGCGGGTGACAAAGCCCCATACGCTCGAGGATCGGACGCGGTGCCGCCG
CTGCCTTTGGGGCCCGTCCCCCCCGAAGAGGGGACGACGACCCAACACACAAGCC
GTGCTTGATGGGCAGCAATGACGCTCGGACAGGCATGCCCCCCGGAATACCAGGG
GGCGCAATGTGCGTTCAAAGACTCGATGATTCACGGAATTCTGCAATTCACACTAGT
TATCGCATTTCGCTGCGTTCTTCATCGATGCCGGAACCAAGAGATCCATTGTTGAAA
GTTTTAACTGATTGCGATACAATCAACTCAGACTTCACTAGATCAGACAGAGTTCGT
GGTGTCTCCGGCGGGCGCGGGCCCGGGGGCTGATGCCCCCCGGCGGCCTTAAAG
GCGGGCCCGCCGAAGCAACTAAGGTTACAGTAAACACGGGTGGGAGGTTGGGCTC
GCTAGGAACCCTACACTCGGTAATGATCCTTCCGCAGGTTCACCTACGGAAACCTT
GTTACGACTTTTACTTCCTCTAAATGACCGGGTTTGACCAACTTTCCGGCCCTGGGG

Results for: | 11ciQuery_13352 106717-51180%85) + | 44
RID &
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Query Length &

Database Name
Descriptiol
Program B

Color key for alignment scores

Hinh 5. Két qua giai trinh ty gen vung ITS va tra cttu trén Blast search

cua chung ndim md&c MP104

4. KET LUAN

1. S8 Iwong ndm mdc phan giai pectin phan 1ap dwoc trong cdc mau vé trai cay
hong ¢ cac dot thu mau, dao dong twr 4,02 x 10% dén 22,08 x 103 CFU/g.

2. Phéan lap dwoc 118 ching ndm mdc c6 kha nang phan giai pectin. Trong do,
chting ndm mdc ¢6 kha ndng phan giai pectin yéu chiém ty 1é cao nhat 74,58%, phan
giai rdt manh chiém ty 1é rat thap 1,69%, phan giai trung binh chiém 16,95% va phan
giai manh chiém 6,78%.

3. Tuyén chon duoc 2 chung MP55 va MP104 c6 kha nang phan giai pectin
manbh:

- Chung MP55 c6 duong kinh vong phan giai pectin dat 34,33 mm, hoat do
pectinase la 35,16 U/mL, sinh khoi kho la 17,76 mg/mL. Chung MP55 duoc dinh danh
la Aspergillus niger.

- Chung MP104 c6 duong kinh vong phan giai pectin dat 36,33 mm, hoat d6
pectinase 1a 41,95 U/mL, sinh kh6i kho la 17,86 mg/mL. Chung MP104 duwgc dinh danh
la Aspergillus tamarii.
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ISOLATION AND SELECTION OF MOLD STRAINS
WITH STRONG PECTINASE ACTIVITY

Ngo Thi Bao Chau', Nguyen Duc Tuan?', Phan Thi Thanh Diem?
1 University of Sciences, Hue University
2 Quang Nam University
*Email: baochaul601@gmail.com
ABSTRACT

To contribute the scientific basis for applying the pectinase in life in general and in
food technology in particular, we isolated and selected mold strains capable of
pectin decompoisition. The results showed that the number of molds hydrolize
pectin in the samples were unstable, rangingfrom 4,03 x 10° to 22,08 x 103 CFU/g.
One hundred and eighteen mold strains were isolated, of which two strains
namely MP55 and MP104 were selected; they showed the strongest pectinase
activity. The ITS sequencing method revealed that the MP55 strain was identified
as Aspergillus niger and the MP104 strain as Aspergillus tamarii.

Keywords: Isolation, selection, mold, Aspergillus, pectinase.
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Phin Idp va tuyén chon chiing ndm moc ¢ hoat tinh pectinase manh

Ngo Thi Bao Chéu sinh ngay 16/01/1987 tai Hu€. Nam 2009, cd t&t nghiép
ctr nhan nganh Sinh hoc tai Truong Dai hoc Khoa hoc, Dai hoc Hué. Nam
2017, ¢ t6t nghiép thac si chuyén nganh Sinh hoc thye nghiém tai Truong
Dai hoc Khoa hoc, Pai hoc Hué. Ttr nam 2012 dén nay, cd la nghién cttu
vién tai Khoa Sinh hoc, Trueong Dai hoc Khoa hoc, Dai hoc Hué.

Phan Thi Thanh Diém sinh ngay 25/11/1978 tai Gia Lai. Nam 2001, ba t6t
nghiép cit nhan nganh Sinh hoc tai Truong Pai hoc Khoa hoc, Dai hoc
Hué. Nam 2005, ba t6t nghiép thac si chuyén nganh Vi sinh hoc tai Dai
hoc Su pham I Ha Néi. Ttr nam 2005 dén nay, ba giang day tai Truong Dai
hoc Quang Nam. Ttr nam 2016 dén nay, ba la nghién cttu sinh chuyén

nganh Cong nghé sinh hoc tai Truong Pai hoc Khoa hoc, Pai hoc Hué.

Linh vwec nghién ciru: Sinh hoc, vi sinh hoc va cac linh vyec lién quan.
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