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EgIEU I:IIEN GEN MA HOA PROTEIN HUYNI:| QUANG GFP VA DSR,ed
O CHUNG NAM SQ1 Aspergillus oryzae VS1 SU DUNG PHUONG PHAP

CHUYEN GEN NHO VI KHUAN Agrobacterium tumefaciens

Ho Ngoc Quynh', Nguy&n Thj Khuyén', Tran Thi Phwong®, Tran Vin Tuan'?*

'Phong Genomic, Phong thi nghiém Trong diém Cong nghé Enzym va Protein,
Trudng Pai hoc Khoa hoc Tu nhién, Pai hoc Quéc gia Ha Noi
B mdn Vi sinh vat hoc, Khoa Sinh hoc, Trudng Dai hoc Khoa hoc Ty nhién,
Pai hoc Quéc gia Ha Noi

TOM TAT: Asperglllus oryzae la loai nam soi, dugc sir dung phé bién trong cong nghlep san xuat
thuc pham va d6 uong & nhleu nuéc chau A, trong d6 co Viét Nam. Khai thac loai vi nam nay aé
san xuat cac protein tai t6 hop da dugc thuc hién & mot s6 phong thi nghiém trén thé gisi. Tuy
nhién, viéc chuyén gen vao A. oryzae van chu yéu sir dung phuong phéap thong qua té bao tran
(protoplast) vai quy trinh thuc hién phuc tap, chi phi thi nghiém cao. Gan day, nhém nghién ciu
cua chung toi d& phét trién thanh cong phuong phap chuyén gen vao A. oryzae nho vi khuan
Agrobacterium tumefaciens sut dung ching A. oryzae AUT1-PID trg dudng uridine/uracil do Dai
hoc Tokyo, Nhat Ban cung cip. Bé chimg minh phuong phap chuyén gen nay ciing hoat dong tét
trén cac chung A. oryzae khac, ching t6i dé lya chon chung A. oryzae VS1 ¢6 ngudn géc Viét Nam
cho viéc chuyén gen. Ching VS1 sinh truéng nhanh, khong sinh doc té aflatoxin va c6 kha ning
tiét manh enzym vao méi truong nudi ciy. Sir dung phuong phap chuyén gen nho vi khuan
Agrobacterium tumefaciens véi marker tro dudng pyrG, két qua cho thay hiéu suat chuyén gen vao
chung VSI1 cao hon khoang 100 lan so véi ching A. oryzae AUT1-PID c6 xuét xa Nhat Ban. Véi
phuong phap chuyén gen néu trén, cac gen chi thi huynh quang GFP va DsRed da dugc tich hop
thanh cong vao h¢ gen cua chung A. oryzae VS1 va ca hai gen déu biéu hién manh & ca hé soi ciing
nhu trong toan bd cuéng mang bao tir cua cac thé chuyén gen.

Tur khoa: Aspergillus oryzae, biéu hién gen tai t6 hop, chuyén gen nho vi khuan Agrobacterium

tumefaciens, protein huynh quang xanh (GFP), protein huynh quang do6 (DsRed).

MO PAU
NAm soi A. oryzae d4 dugc thuan héa bai
con ngudi cach ddy hon 1000 nim. Loai nim
nay da va dang dugc st dung rong rdi trong san
xuat thuc phdm va do uong o nhiéu nuéc chau
A nhu Nhat Ban, Han Quéc, Trung Quéc, Thai
Lan va Viét Nam dé 1én men dau nanh, lam
trong va mot s6 d6 udng chira rugu nhu sake,
shochu, makgeolli va huangjiu (Bhumiratana et
al., 1980; Kitamoto, 2015; La Anh, 2015). Loali
nam nay c6 kha nang tiét luong lon enzym vao
mdi trudong nuoi cay va da duoc Cuc Quan ly
Thuc phidm va Duoc pham Hoa Ky (FDA) cong
nhan la an toan (Generally Recognized As Safe,
GRAS) (Machida et al., 2008).

Céac phuong phap chuyén gen pho bién nhat
hi¢n nay ding cho nam soi la chuyen gen théng
qua té bao tran (protoplast) va chuyén gen nho
vi  khuan  Agrobacterium  tumefaciens

(Agrobacterium tumefaciens-mediated
transformation) (de Groot et al., 1998; Meyer et
al. 2003; Michielse et al., 2005). Tuy nhién,
nghién cau cai bién di truyén va biéu hién gen ¢
nam soi Aspergillus oryzae chu yeu van sir dung
phuong phap chuyén gen bing protoplast
(Ward, 2012; Zhu et al., 2013). Phuong phép
ndy yéu cau nguyén |Ieu cho chuyén gen Ia
protoplast v&i quy trinh thuc hién nghiém ngat
va sir dung hdn hop enzym cé gié thanh rat cao.
San pham protoplast thu dugc phai st dung
ngay cho chuyén gen ma khong thé luu giit cho
nhitng 1an chuyén gen tiép theo (Michielse et
al., 2005). Phuong phap chuyén gen nho vi
khuan A. tumefaciens duoc ap dung thanh cong
d6i voi ndm soi vao nam 1998 sir dung nguyén
lieu cho chuyén gen la bao tir nam. Sau d6
phuong phép nay dd duoc ap dung thanh cong
trén nhiéu lodi nam soi khéc nhau, trong d6 cé
cac loai thuoc chi Aspergillus nhu A. niger, A.
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awamori, A. giganteus va A. fumigatus
(Michielse et al., 2005; Sugui et al. 2005).
Chuyén gen vao nim thong qua vi khuian A.
tumefaciens can mot hé théng gom plasmid trg
gitp (vir helper) c6 chua cac gen vir (virulence)
hé trg van chuyén T-DNA (transfer DNA) vao
té bao cha va mot vector nhi thé (binary vector)
mang doan T-DNA d4 duoc cai bién cho myc
dich chuyén gen (Michielse et al., 2005). Vector
nhi thé luén mang gen khang khang sinh dung
dé chon loc vi khuan sau bién nap va ving T-
DNA nam giita bién trai (left border, LB) va
bién phdi (right border, RB) chira cau trac ADN
can chuyén vao té bao nim, cuing véi marker dé
chon loc céac thé chuyén gen (Hoekema et al.,
1983; Park et al. 2000).

Marker dung trong chon loc céc thé chuyén
gen & nam soi gém hai loai la gen khang khang
sinh va cac gen trg dudng lién quan dén sinh
tong hop mot hoac mot sé hop chat can cho quéa
trinh sinh truong cua nam. Do nim sgi A.
oryzae khang tu nhién véi nhiéu loai khang sinh
dung trong chuyén gen, nén viéc sir dung chat
khang sinh trong chon loc thé chuyén gen & A.
oryzae khong hiéu qua (Suzuki et al., 2009).
Do do, st dung gen trg dudng lam marker chon
loc dé chuyén gen vao A. oryzae la phuong
phap thich hop véi chi phi thap. G nam soi, gen

pyrG ma hda orotidine 5’-monophosphate
decarboxylase (OMP decarboxylase) can cho
sinh tong hop uridine (tién chit caa pyrimidine
uracil) (Hartingsveldt et al., 1987). Cac chung
dot bién hong gen pyrG sé khong thé sinh
truong trén moéi truong téi thiéu néu uridine
va/hoic uracil khong dwoc bd sung. Khi gen
pyrG duoc str dung lam marker dé chuyén gen,
céc the chuyen gen thanh cong s& sinh truong
duoc trén moi truong toi thiéu khong chua hai
hop chat trén. Phuong phap chuyén gen vao
nam sgi A. oryzae su dung marker tro dudng
pyrG da dugc nhom nghién ciru caa ching toi
thuc hién thanh cong trén chung A. oryzae
AUT1-PID c6 xuat xir Nhat Ban (Nguyen et al.,
2016). Trong nghién cau nay, ching téi da
ching minh phuong phap chuyén gen sir dung
marker pyrG ciing hoat dong hiéu qua khi ap
dung voi chang A. oryzae khéc, cu thé la
chiang VS1 trg dudng uridine/uracil c6 ngudn
géc Viet Nam.

VAT LIEU VA PHUONG PHAP NGHIEN CUU

Cac chung nam soi va vi khuan dung trong
nghién ctu nay nhan duoc tr Bdo tang gidng
chuan vi sinh vat (VTCC) Pai hoc QUOC gia Ha
Noi (PHQGHN) va tir cac bao tang giong chuan
quéc té (bang 1).

Bang 1. Cac chung vi sinh vat duoc st dung trong nghién ciru nay

STT  Ténchung Phan loai Nguon goc

1 AGL1 A. tumefaciens (Lazo et al. 1991)

2 RIB40 A. oryzae (Machida et al. 2008)

3 VTCCF-032 A oryzae Vién Vi sinh vat hoc va Céng nghé sinh hoc, PHQGHN

4 VTCCF-040 A. oryzae Vién Vi sinh vat hoc va Cong nghé sinh hoc, PHQGHN

5 VTCCF-048 A. oryzae Vién Vi sinh vat hoc va Cong nghé sinh hoc, PHQGHN

6 VTCCF-051 A. oryzae Vién Vi sinh vat hoc va Cong nghé sinh hoc, PHQGHN

7 VTCCF-053 A. oryzae Vién Vi sinh vat hoc va Cong nghé sinh hoc, PHQGHN

8 VTCCF-912 A. oryzae Vién Vi sinh vat hoc va Cong nghé sinh hoc, PHQGHN

9 VSi1 A. oryzae Bo mon Vi sinh vit hoc, Truong Pai hoc Khoa hoc Ty
nhién, PHQGHN

10 VS1ApyrG A. oryzae Phong Genomic, Phong thi nghiém Trong diém Cong

nghé Enzym va Protein

11 NRRL3357 A. flavus

ARS (NRRL) Culture Collection (My)

Madi PCR va cac hoa chét: Cac cap moi st
dung trong nghién ciru gom cap moi ITS1/ITS4
dac hiéu cho vung ITS cua ADN ribosome; cap
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moi AFB-F/AFB-R dic higu cho trinh tu ndi
gitra gen afIR va aflJ thugc nhém gen lién quan
den sinh tong hop aflatoxin; cap moi pyrG-orf-
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F/pyrG-orf-R khuéch dai gen pyrG cua A.
oryzae; cip mdi GFP-F/IGFP-R va DsRed-
F/DsRed-R khuéch dai twong (tng gen GFP va
DsRed (bang 2). Cac moi PCR do Cong ty IDT

(Singapore) tong hop. Céc héa chat véi do tinh
khiét cao dwoc mua tir nhirng hang uy tin nhu
Thermo Scientific, Biobasic, Merck, Sigma,
Biozym, Promega.

Bang 2. Cac moi PCR dugc st dung trong nghién ctiru nay

San pham

Tén moi Trinh tw mdi (5°-3") PCR (bp) Tham khao
ITS1 TCCGTAGGTGAACCTGCGG 595 (White et al.
ITS4 TCCTCCGCTTATTGAATTGC 1990)
AFB-F AAGCAAACCAAGACCAACAAG 116 (Chiba et al.
AFB-R AACAAGTCTTTTCTGGGTTCTA 2013)
pyrG-orf-F ATGTCTTCCAAGTCGCAATT 899 (Nguyen et al.
pyrG-orf-R TATTGCGCACCAACACG 2016)
GFP-F ATGGTGAGCAAGGGCGAG 720 (Nguyen et al.
GFP-R TCACTTGTACAGCTCGTCCATC 2016)
DsRed-F AACTCGAGCACGTGCTTAAGGATATCA

TGGCCTCCTCCGAGG 730 (Nguyen et al.
DsRed-R AAGGATCCCCGCGGGAGCTCGATATCC 2016)

TACAGGAACAGGTGGTGGC

Thu nhan bao tir ndm: Céc ching nim soi
dugc nudi trén moi truong Czapek-Dox (2%
sucrose; 0,2% NaNOs; 0,1% KH,PO,; 0,05%
MgSO,; 0,05% KCI; 0,05% NaCl; 0,002%
FeSO4; 2% agar; pH 5,5). Riéng chang A.
oryzae VS1 trg¢ dudng uridine/uracil
(VS1ApyrG) duoc nudi trén mbi truong
Czapek-Dox bd sung 0,1% uridine va 0,1%
uracil. Sau 3 ngay nudi ciy & 30°C, nudc cat vo
tring dwoc bo sung 1&n bé mit dia nudi ciy va
ding que gat thay tinh vo tring gat nhe dé bao
tar nam roi khoi hé soi va hoa vao nudc. Dung
micropipet hat phan dich va loc qua mang
Miracloth (Calbiochem, Buc). Dich loc dugc ly
tam ¢ toc do 4000 vong/phdt trong 10 phit dé
thu bao ti. Cin bao tir duoc rira bang nudc cit
vo tring 2 lan trude khi hoa tré lai vao nude cit
v tring. Nong do bao tir dwgc didu chinh dén
10° bao tir/ml va dich bao tir dwoc bao quan &
4°C. Pbi véi chung trg dudng uridine/uracil,
dich bao tir can kiém tra dé tranh nhidm bang
cach nho khoang 20-50 ul dich trén dia moi
truong ti thiéu Czapek-Dox (CD) va u dia
khoang 1-2 ngay & 30°C. Néu hé sgi nim khéng
Xuit hién, ching to dich bao tur 1a thuan khiét va
dap tng yéu cau dang cho chuyén gen.

Téch chiét ADN tir hé sgi nAm: Quy trinh
tach chiét ADN tong sé (genomic DNA) dugc

thuc hién theo quy trinh t6i vu da duoc cdng bd
gan day cia nhom nghién ciru (Nguyen et al.,
2016). San phim ADN dugc dién di trén gel
agarose 0,8% dé kiém tra chét luong.

Phéan biét A. oryzae véi A. flavus dwa vao
sw phat quang cia aflatoxin: Cac ching A.
oryzae RIB40, A. oryzae VS1, A. flavus
NRRL3357 dugc nudi trén dia moi truong
CAM (coconut agar medium). Sau 5 ngay nudi
cay trong ti & 28°C, dia dwoc kiém tra dudi
dén tim UVA (budc song 365 nm). Néu khuan
lac ndm phat quang mau xanh 4 cay ching to
nidm sinh doc té aflatoxin. Méi truong CAM
dugc chuan bi nhu sau: 100 g cui dira twoi thai
nho, dun sé6i 15 phat trong 300 ml nudc CAt.
Han hop dugc loc qua mang Miracloth dé loai
bo bd. Phan dich thu duoc bd sung thém 2%
agar va diéu chinh dén pH 7. M6i trudng duoc
kht tring ¢ 121°C, 20 phat (Rodrigues et al.,
2009).

Phan bigt A. oryzae véi A. flavus bang
PCR: Cap méi ITS1/ITS4 duogc su dung dé
khuéch dai viing ITS cia ADN ribosome nham
danh gia chat luong ADN chiét duoc tir hé soi
cua A. oryzae va A. flavus. Cip mdi AFB-
F/AFB-R danh gia sy ¢ mat ciaa nhém gen sinh
t6ng hop aflatoxin. PCR sir dung cip mdi nay s&
khuéch dai trinh ty ADN dic trung va chi xuat
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hien ¢ A. flavus ma khong xuit hién ¢ A.
oryzae. Chu trinh nhiét nhu sau: 94°C (3 phut);
30 chu ki caa 94°C (30 gidy), 58°C (30 giay)va
72°C (20-40 gidy); 72°C (5 phdt). San pham
PCR dugc dién di kiém tra trén gel agarose 1%.
Enzym dung cho PCR la GoTaq® Green Master
Mix cua hdng Promega (Hoa Ky).

Pinh gia khi ning sinh truéong va tiét
amylase caa A. oryzae: 10 ul dich bao tir cua
hai ching RIB40 (Nhat Ban) va VS1 (Viét
Nam) duoc nho lén dia méi truong PDA dé
quan sat sy sinh truong. Kha nang tiét amylase
cua hai chang A. oryzae duoc kiém tra bing
cach nho dich bao tr 1én méi trueong CD + 1%
tinh bét (pH 6,5). Sau 3 ngay sinh truong &
30°C, vong phan giai tinh bot xung quanh khuan
lac ndim duoc nhan biét bang dung dich thubc
thir lugol (Teodoro & Martins, 2000).

Panh gia mirc dd man cam khang sinh
cua cac ching A. oryzae: 10 pl dich bao ta A.
oryzae dugc nho 1én moi truong CD (pH 7)
chia khang sinh (hygromycin, nourseothricin
hodc phleomycin) véi cac nong do 100 mg/l,
150 mg/l va 200 mg/l. Pia nudi cay duoc 0 &
30°C trong 3 ngay dé quan sat sy sinh truéng
cua nam.

Chuyén gen vao chang A. oryzae
VS1ApyrG: Quy trinh chuyén gen vao ching A.
oryzae VS1 trg dudng uridine/uracil st dung
marker pyrG dugc thuc hién theo quy trinh ma
nhém nghién ctu da thiét lap gan day (Nguyen
et al., 2016). Cu thé nhu sau: vector nhi thé
PEX1 hoic pEX2 dugc bién nap vao vi khuan
A. tumefaciens AGL1 bang phuwong phip xung
dién st dung thiét bi Gene Pulser Xcell™
Electroporation System (Bio-Rad, MY). Céac
khuan lac AGL1 mang vector mong mudn duoc
nudi trong méi truong LB l6ng khoang 16-18
gio, & 28°C Vi toe do lac 200 vong/phat. Hat 1
ml dich nuéi vi khuin bé sung vao ong falcon
c6 san 9 ml moi trudng cam tng IM long chaa
200 puM acetosyringone (AS). Mdi truong IM
géom 8 ml MES 1M; 80 ml MM salts 2,5x (2,05
g K,HPOy; 1,45 g KH,PO,; 0,15 g NaCl; 0,5 g
MgSO,.7H,O; 0,1g CaCl,.6H,0; 05 ¢
(NH,):SO,; 0,0025 g FeSO,.7H,0, 1000 ml
H,O cét; 0,36 g glucose; 1 ml glycerol va 200
ml nuée cat. Ong falcon chua dich vi khuan pha
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lodng dwoc tiép tuc nudi trén may lic cho dén
khi ODgg dat 0,6-0,8 (khoang 5-6 gio). Hon
hop gém 100 pul bao tir ndng d6 10° bao tir/ml
va 100 pl dich vi khuan duoc trai déu trén mang
gidy loc loai mong (Sartorius, Pirc) dit sin trén
dia mo6i truong cam ung IM+AS. Sau 60 gio
dong nudi cay ¢ 22°C, mang duoc chuyén sang
moi truong téi thiéu Czapek-Dox c6 bd sung
khéng sinh cefotaxime (200 mg/1) dé loai bo vi
khudn A. tumefaciens tao khoang tréng cho cac
thé chuyén gen sinh truéng. Pia duoc u & nhiét
d6 30°C va sau 5-7 ngay s& thu dwoc cac thé
chuyén gen nguyén dudng.

Xac nhan céac thé chuyén gen: Céc thé
chuyén gen duoc thuan khiét biang phuong phap
phan 1ap bao tir don va dugc sir dung dé nudi
cay cho tach chiét ADN hé gen. Sy c6 mit cua
GFP hoic DsRed trong hé gen vi nim dugc
kiém tra biang PCR sir dung cap méi dic hiéu
cho tung gen la GFP-F/GFP-R hoac DsRed-
F/DsRed-R va cap méi dic hiéu cho marker
pyrG. Chu trinh nhiét sir dung cho ca ba cap
mdi: 94°C (5 phat); 35 chu ky cua 94°C (30
giay), 58°C (30 giay) va 72°C (1 phat); 72°C
(10 phat). Su biéu hién cua gen GFP hoic
DsRed & c4c thé chuyén gen duoc xac nhan truc
tiép dudi kinh hién vi huynh quang Axioplan
(Carl Zeiss, buc) sir dung phuong phap nudi
trén tiéu ban (slide culture).

KET QUA VA THAO LUAN
Pic diém sinh hec ciia chiing A. oryzae VS1
Nam sgi A. oryzae gan nhu giéng hét véi A.
flavus sinh doc td aflatoxin vé hinh thai va ADN
hé gen c6 d6 mirc d6 twong dong 1én dén 99,5%
(Machida et al., 2008). Bé xac nhan chang A.
oryzae VS1 phan lap tai Viét Nam la an toan va
khong sinh doc té aflatoxin, ching toi sir dung
hai chung chuan A. oryzae RIB40 va A. flavus
NRRL3357 lam dbi chirng. Hai chang A. oryzae
(RIB40, VS1) va chuang A. flavus (NRRL3357)
dugc nudi trén modi truong CAM (mdi truong
thach dira) khoang 5-7 ngay, trong tdi & nhiét do
28°C. Su phat quang mau luc cua doc td
aflatoxin trén moi trudng CAM c6 thé quan sat
duoc truc tiép dudi dén tim UVA & budc song
365 nm (Rodrigues et al., 2009; Sudini et al.,
2015). Két qua thi nghiém cho thdy chung A.



Biéu hi¢n gen ma hoa protein huynh quang gfp

flavus NRRL3357 sinh doc t§ aflatoxin co hé
soi phat quang mau lyc, trong khi d6 ¢ ca chung
A. oryzae VS1 va chung chuan A. oryzae RIB40

A. flavus
A NRRL3357

1000 bp

PDA
C

A. oryzae

déu khong thay hi¢n tuong nay (hinh 1A). Do
do, co the so bo ket luan chung VS1 khong sinh
doc to aflatoxin.

A. oryzae

RIB40 VS1

1000 bp

CD + tinh bét

Hinh 1. Panh gia mirc 6 an toan, kha ning sinh truéng va tiét enzym caa chang A. oryzae VS1. A.
Sinh doc té aflatoxin o A. flavus va A. oryzae trén méi truong CAM. B. Phan biét A. oryzae véi A.
flavus bang PCR sir dung cip moi ITS1/ITS4 (trai) va AFB-F/AFB-R (phai). C. Kha ning sinh
truong va tiét amylase cua chung A. oryzae VS1 so véi chiung RIB40. Céc thi nghiém déu dugc lap

lai 3 lan doc lap.

Pé dam bao chic chin chang A. oryzae VS1
khong sinh doc t6 aflatoxin, cip moi AFB-
F/IAFB-R dic hiéu cho trinh ty ndi giira gen
aflR va aflJ lién quan dén sinh tong hop
aflatoxin dwoc st dung. Cap mdi nay co thé s
dung dé phan biét dac hiéu cac chung A. flavus
sinh doc t aflatoxin va cac ching A. oryzae
bang ky thuat PCR (Chiba et al., 2013). Cap
mdi da ndng ITS1/ITS4 duoc st dung dé danh
gi4 chit luong ADN tdng sé dung lam khuén
cho PCR. Ciap mdi ITS1/ITS4 c6 kha ning
khuéch dai ving ITS cia ADN ribosome ¢ hau
hét cac loai nAim (White et al., 1990). Véi cip
moi nay, san pham PCR kich thudc 595 bp xuét

hién & ca hai chang A. oryzae va chang A.
flavus chirng t6 chit lwong ADN dam bao cho
céc phan tich PCR. Véi cap moi AFB-F/AFB-
R, san pham PCR c6 kich thudc 116 bp chi xuat
hién & A. flavus ma khdng xuét hién o A. oryzae
(hinh 1B). Dya vao kha nang sinh aflatoxin trén
dia méi truong CAM va két qua PCR dic hiéu,
chung tdi két luan chung A. oryzae VS1 cua
Viét Nam an toan va phu hgp cho cac nghién
cau biéu hién gen tai t6 hop. Chung A. oryzae
VSI duoc phan lap tir ving lam tuong truyén
thng & mién Bic Viét Nam (bang 1). Trén moi
truong PDA, chung nay sinh truéng nhanh hon
ching chuin quéc té A. oryzae RIB40 voi
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duong kinh khuén lac twong ¢ng 12 3,5 + 0,1 cm
so v6i 3 + 0,08 cm sau 3 ngay nudi ¢ nhiét o
30°C. Ca hai ching déu cho thay kha ning sinh
enzym phan giai tinh bot kha tét (hinh 1C). Kha
ning tiét manh amylase dé phan giai tinh bot ¢
A. oryzae ciing dd dugc bdo céo trong cac
nghién ctru trudce day (te Biesebeke et al., 2005;
Zambare, 2010). Viéc st dung chung A. oryzae
v6i kha nang tiét manh enzym vao méi truong
nudi cdy rat c6 ich cho cac nghién ctiu biéu hién
protein/enzym tai to hop, boi vi qua trinh tinh
ché san pham s& thuan loi hon, chi phi thi
nghiém thap va c6 tiém ning ap dung vao diéu
kién san xuat thuc tién.

Panh gia kha niing min cam khang sinh caa
chiing A. oryzae VS1

Dé danh gia mot cach téng quét vé kha ning
man cam khang sinh cua nam soi A. oryzae,
ching VS1 duoc nudi cidy cung voi mot sé
ching A. oryzae khac trén moéi truong c6 bd
sung khadng sinh  hygromycin  (Hyg),
nourseothricin (Nat) hoac phleomycin (Phleo)
Vai cac ndng do khac nhau. Ca ba khéng sinh
nay déu la nhitng khang sinh dwoc st dung phéd
bién trong nghién ciu chuyén gen (Punt et al.,
1992; De Groot et al., 1998; Kochupurakkal et
al., 2013; Mora-Lugo et al., 2014; Wang et al.,
2014). Sau 3 ngay nubi ¢ nhiét d6 30°C, 8
chiing A. oryzae dugc kiém tra déu khang lai ca
ba loai khang sinh ¢ néng d6 100, 150 va 200
mg/l (hinh 2). Tat ca cac chung A. oryzae déu
khang vai khang sinh hygromycin (hinh 2A) va
chi bi tc ché mét phan boi nourseothricin hoic
phleomycin (hinh 2B, C). Pay la nhitng khang
sinh c6 gi4 thanh rat cao va nong do dung cho
chuyén gen ¢ vi nam thong thuong khoang 50-
100 mg/l. Nhu vay, ca ba loai khang sinh trén
déu khong thé sir dung cho chuyén gen & A.
oryzae, tham chi & ndng d6 cao 200 mg/I.
Biéu hién gen ma hoa protein huynh quang
GFP va DsRed & A. oryzae VS1

Do A. oryzae VS1 khang ty nhién véi cac
khang sinh théng dung dung trong chuyen gen
nén glal phéap duy nhat dé chuyén gen vao
ching nay la st dung marker trg dudng dé chon
loc cac thé chuyén gen. Nhém nghién ctu cua
chung t6i da loai bo thanh céng gen pyrG khoi
hé gen cua chiung VS1 dé tao ra chung trg
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dudng uridine/uracil. Két qua vé xda gen pyrG
s& duoc chung tbi bao cdo trong mot cong trinh
khdc. Chung dot bién xdéa gen pyrG
(VS1ApyrG) mit kha nang tu tong hop uridine
va uracil nén khdng thé sinh truong trén moi
truong toi thiéu Czapek-Dox. Hai vector nhj thé
mang marker pyrG la pEX1 cho biéu hién
protein huynh quang xanh (GFP) va pEX2 cho
biéu hien protein huynh quang do (DsRed) dugc
st dung dé chuyén gen vao chung VS1ApyrG
theo quy trinh da thuc hién thanh céng trén
chang trog dudng AUTL-PID (Nguyen et al.,
2016). Hiéu qua chuyén gen & ching A. oryzae
VS1ApyrG trung binh dat 15-20 thé chuyén
gen/dia, twong ng v&i 150-200 thé chuyén
gen/10° bao tir (hinh 3A, 4A). Cho dén nay,
phuong phap chuyén gen sir dung vi khuan A.
tumefaciens st dung marker tro dudng pyrG
méi chi 4p dung thanh cong trén Trichoderma
reesei véi hiéu suit trung binh 13 10-20 thé
chuyén gen/10° bao tir va trén Aspergillus
aculeatus v&i 100-200 thé chuyén gen/10’ bao
tr (Kunitake et al., 2011; Zhong et al., 2011).
Nhu vay, chuyén gen vao A. oryzae VS1 nho vi
khuan A. tumefaciens dat hiéu suat tuong doi
cao. Két qua chuyén gen caa ching toi ciing cho
thy, hiéu suat chuyén gen vao chung VS1 trg
dudng c6 ngudn goc Viét Nam cao hon khoang
100 lan so v&i chuyén gen vao chung AUT1-
PID xuit xi Nhat Ban (18-20 thé chuyén
gen/10’ bao tir) (Nguyen et al., 2016).

Viéc chuyén thanh céng gen GFP vao
ching VS1 trg dudng duoc xac nhan bing PCR
voi cac cdp moi dac hiéu la pyrG-orf-F/pyrG-
orf-R va GFP-F/GFP-R (bang 2). Két qua kiém
tra hé gen cua 4 thé chuyén gen ngau nhién
(X1- X4) déu cho thy xuat hién cac bang ADN
¢ kich thude tuong rng véi gen pyrG (899 bp)
va GFP (720 bp) (hinh 3B, C). Piéu nay da
ching minh gen pyrG va GFP da duoc tich hgp
vao hé gen cua vi ndm. Bén canh viéc xac nhan
bing PCR, sy biéu hién cua gene GFP ciing
duogc kiém tra tryc tiép dudi kinh hién vi huynh
quang. Hé soi nAm va cudng sinh bao tur cua ca
4 thé chuyén gen déu phat tin hiéu huynh quang
xanh GFP kha tét (hinh 3D). Ttr cac két qua thu
duoc, chang t6i két luan gen GFP da duoc biéu
hién thanh c6ng & chiang A. oryzae VSL1.
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iy

VTCCF-048 \'

CD* Phieo 100 mgll CD*+ Phieo 150 mg/l CD+ Phleo 200 mg/l
Hinh 2. Kiém tra sy man cam véi khang sinh cia cac ching A. oryzae
A. Sinh trudng cua cac chung trén méi truong CD bd sung hygromycin (Hyg). B. Sinh truéng cua cac chung

trén moi truong CD bo sung nourseothricin (Nat). C. Sinh truéng cua cac chung trén méi truong CD bd sung
phleomycin (Phleo).

Bién nap vi ndm
dot bién tro duwéng
A. oryzae ApyrG
st dung vi khuan
A. tumefaciens

B M ApyrG pEX1 X1 X2 X3 X4 C M ApyrG pEX1 X1 X2 X3 X4
6 kb 6 kb
kb 3 kb

1kb

D X1 X2 X3 X4
Hinh 3. I§iéu hién protein huynh quang xanh GFP ¢ chung A. oryzae VS1 trg dudng uridine/uracil.
A. Chuyen vector nhi thé pEX1 chira marker pyrG va gen chi thi GFP vao chung nam A. oryzae
VS1ApyrG su dung vi khuan A. tumefaciens. B. Xac nhan thé chuyén gen véi cap moi pyrG-orf-

F/pyrG-orf-R. C. Xac nhan thé chuyén gen véi cap moi GFP-F/GFP-R. D. Hinh théi soi ndm va
cuong sinh bao tar caa cac thé chuyén gen khi quan sat dudi kinh hién vi huynh quang.
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Két qua tueong tu cling nhan duoc khi thuc
hién viéc chuyén gen DsRed vao chung A.
oryzae VS1 trg dudng uridine/uracil. Cac thé
chuyén gen nhan dugc marker pyrG déa phuc hoi
kha ning tong hop uridine/uracil va sinh truéng
dugc trén moi truong toi thiéu Czapek-Dox
(CD) (hinh 4A, B). Sau 3 ngay nudi & 30°C, hai
chung chuyén gen duoc chon ngau nhién (P1,
D2) thé hién kha ning sinh truong binh thuong
trén moi truong téi thiéu CD véi hinh thai va
mau sic tuong ty nhu chung tu nhién VS1 (hinh
4B). Cac thé chuyén gen sinh truéng dwoc trén
moi truong toi thiéu ma khoéng can bd sung
uridine/uracil déng nghia véi viéc chirc ning
gen pyrG & cac ching nay da dugc phuc hoi.

Céc thé chuyén gen DsRed ciing duoc xac nhan
bing PCR st dung cap mdi pyrG-orf-F/pyrG-
orf-R va DsRed-F/DsRed-R. San phim PCR
dugc tron cung nhau va dién di trén gel agarose
0,8%. Két qua cho thdy ca chung D1 va D2 déu
Xuét hién 2 bang ADN twong tng voi gen pyrG
(899 bp) va DsRed (730 bp) (hinh 4C). Khi
quan sat dudi kinh hién vi huynh quang, su biéu
hién caa gen DsRed & ching chuyén gen dai
dién (chung D1) rat manh véi toan bo hé soi va
cuéng mang bao tir déu c6 mau do thim (hinh
4D). Tir cac két qua thu duogc, ching tdi két
luan gen DsRed d4 duoc biéu hién thanh cong &
chang A. oryzae VS1.

Bién nap vi ndm
dot bién tro duwdng
A. oryzae ApyrG
st dung vi khuan
A. tumefaciens

M  VS1 ApyrG DP1 D2

6 kb
3 kb

1kb

D1 (dwoi kinh hién vi huynh quang)

Hinh 4. Biéu hién gen huynh quang DsRed ¢ ching A. oryzae VS1 trg dudng uridine/uracil

A. Chuyén vector pEX1 chira marker pyrG va gen huynh quang DsRed vao chung A. oryzae VS1ApyrG sir
dung vi khuan A. tumefaciens. B. Sinh truong cua ching A. oryzae VS1 tu nhién, chung trg dudng VS1ApyrG
va 2 chang chuyén gen (B1, D2) trén méi truong CD va CD + 0,1% uridine + 0,1% uracil. C. Xac nhan thé
chuyén gen biang PCR sir dung cip mdi pyrG-orf-F/pyrG-orf-R va DsRed-F/DsRed-R véi chung tu nhién
VS1 va chang trg dudng VS1ApyrG lam d6i chimg. D. Biéu hién cua gen huynh quang do DsRed & ching
chuyén gen dai dién (chung B1) dudi kinh hién vi huynh quang.
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Ca hai vector nhi thé (pEX1, PEX2) ding
cho chuyén gen vao A. oryzae c6 cau trac twong
tu nhau va sy biéu hién cua gen huynh quang
GFP ciing nhu DsRed dugc diéu hda boi cung
promoter gpdA cé ngudn gdc tir A. nidulans
(Nguyen et al., 2016). Do d6, hiéu qua chuyén
gen va muc do biéu hién cua hai gen huynh
quang ¢ A. oryzae twong doi giéng nhau (hinh
3, 4). Vi cac két qua thu duoc trong nghién
cau nay, ching toi khang dinh quy trinh chuyen
gen vao nim soi A. oryzae nho vi khuin
Agrobacterium tumefaciens sir dung marker
pyrG c6 thé ap dung véi cac ching A. oryzae trg
dudng uridine/uracil khac nhau. Bac biét, viéc
chuyén gen thanh céng vao chang A. oryzae
VS1 c6 nguon géc Viét Nam s& gidp chi dong
vé chung giéng phuc vu cho cac nghlen cau
biéu hién gen tai to hop ¢ trong nudce ma khdng
phu thugc vao ngudn cung cap gidng tir nuée
ngoai.

KET LUAN

Trong nghién ctu nay chung t6i d8 lua
chon dwgc chung A. oryzae VS1 ¢ ngudn gdc
Viét Nam véi dac tinh sinh truéng nhanh, an
toan va tiét enzym ngoai bao manh dé phuc vu
cho nghién ciu chuyén gen. St dung phuong
phép chuyén gen vao A. oryzae nho vi khuan A.
tumefaciens sir dung marker tro dudng pyrG,
hai gen chi thi huynh quang GFP va DsRed da
dugc biéu hién thanh coéng ¢ chang VSLI.
Chuyén gen vao chang A. oryzae VS1 theo
phuong phap néu trén cling dat dugc hiéu qua
cao hon khoang 100 lan so véi chung AUT1-
PID c6 xuat xi Nhat Ban dd cong bd trude day.
Loi cdm on: Cong trinh duoc hd tro vé kinh phi
tir dé tai cp DPai hoc Québc gia Ha Noi, ma sb
KLEPT.14.01. C&c tac gia cling xin cam on
Vién Vi sinh vat hoc va Cong nghé Sinh hoc,
Pai hoc Qudc gia Ha Noi da cung cap mot sé
chiung Aspergillus oryzae dung trong nghién
cau nay.
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EXPRESSION OF THE FLUORESCENT REPORTER GENES GFP AND DsRed in
Aspergillus oryzae VS1 STRAIN USING Agrobacterium tumefaciens-MEDIATED
TRANSFORMATION

Ho Ngoc Quynh', Nguyen Thi Khuyen', Tran Thi Phuong®, Tran Van Tuan™**

'Genomics Unit, National Key Laboratory of Enzyme and Protein Technology, VNU University of
Science, Vietnam National University Hanoi
Department of Microbiology, Faculty of Biology, VNU University of Science, Vietnam National
University Hanoi

SUMMARY

Aspergillus oryzae is a filamentous fungus commonly used in industrial production of food and beverages
in Vietnam and other Asian countries. Due to its safety and high secretion ability, this fungus has been widely
exploited for production of recombinant proteins and enzymes. However, A. oryzae transformation is still
mainly performed via fungal protoplasts using a complicated and costly procedure. Recently, using the
auxotrophic AUT1-PID strain provided by the University of Tokyo, Japan, our research group has
successfully developed an optimized procedure of Agrobacterium tumefaciens-mediated transformation
(ATMT) for A. oryzae. In this study, we have confirmed that this ATMT method with the pyrG marker is
working well for another A. oryzae strain (VS1) isolated in Vietnam. This strain is non-aflatoxigenic, fast-
growing and represents a good capacity of extracellular enzyme secretion. Our results indicated that the
transformation efficiency of the auxotrophic VS1 strain is approximately 100 times higher than that of the
AUT1-PID strain originated from Japan. With this transformation method, the fluorescent reporter genes GFP
and DsRed have been successfully integrated into the genome of the VS1 strain resulting in their strong
expression in the fungal mycelia and conidiophores.

Keywords: Aspergillus oryzae, Agrobacterium-mediated transformation, recombinant gene expression, green
fluorescent protein (GFP), red fluorescent protein (DsRed)
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