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Xay dung mé hinh chuyén gen
thong qua vi khuan Agrobacterium tumefaciens
cho nam dwgc lieu Cordyceps militaris G12

Vit Xuéin Tao>?

!Khoa Sinh hoc, Truong Dai hoc Khoa hoc Ty nhién, Pai hoc Quéc gia Ha N¢i
2Phong thi nghiém Trong diém Cong nghé Enzym va Protein,
Truong Pai hoc Khoa hoc Ty nhién, Dai hoc Quéc gia Ha Ngi
3Trung tam Sinh hoc Thyc nghiém, Vién Ung dung Cong nghé, Bo KH&CN
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Tom tiit:

Cordyceps militaris 12 mdt loai nim dwoc liéu quy va di duwge chirng minh 1a c6 chira nhiéu hoat chfit ¢6 lgi cho sure
khée, nhw adenosme, cordycepin, pentostatm, polysaccharide, carotenoid. Do do, loai nAm nay gan day dwoc coi la
md hinh trién vong dé nghlen ciru co ché phan tir ciia qua trinh hinh thanh qua thé va sinh tong hop cac chit c6 hoat
tinh sinh hgc. Phat trién cac hé thong chuyen gen hiéu qua & C. militaris s€ gop phan quan trong trong viéc thyc hién
cAc nghién ctru cai bién di truyén loai nAm dwgc liéu nay. Trong nghién ciru hién tai, mdt chiing C. militaris thu thap
tai Viét Nam dwoc dinh danh chinh xic vé mit phén loai dwa trén cac dic diém hinh thai va giai trinh tw cing ITS
cia rDNA. Chiing nz‘ly dugec dat tén 1a C. militaris G12 va dugc sir dung aé nghién ciru chuyén gen. Ching C. militaris
G12 dwoc danh gia vé mirc d0 min cam v6i ba loai khang sinh pho bién dung trong chuyen gen la hygromycm,
nourseothricin va phleomycm Két qua cho thay ching C. militaris G12 chi bij wc ché boi hygromycin ¢ nong d¢
200 pg/ml. Hiéu qua chuyén gen vao chiing C. militaris G12 nho vi khuin Agrobacterium tumefaciens véi marker
chon loc 1a gen khing hygromycin dat trung binh 800 thé chuyén gen/10¢ bao tir. Viéc chuyén thanh cong gen chi thi
DsRed va GFP vao hé gen cia C. militaris G12 dia dwoc xac nhan bing PCR véi cac cip moi dic hiéu.

Tir khda: chuyén gen thong qua vi khuin Agrobacterium tumefaciens, Cordyceps militaris, marker khang hygromycin,
vector nhi thé.

Chi sé phén loai: 4.6

nam bang k¥ thuat di truyén co6 thé gitip ting hiéu suat sinh
téng hop cac chét c6 hoat tinh sinh hoc mong mudn. Mot
trong nhling phuong phéap chuyén gen phd bién hd trg cho
ky thudt chinh stra hé gen o nam la phwong phap chuyén
thong qua vi khuan Agrobacterium tumefaciens. Phuong
phép nay di dugc chimg minh 1a rat hi¢u qua d6i voi nhiéu
loai nim soi khac nhau [8]. Cho dén nay, mot s6 nghién ciru
vé chuyén gen vao nim C. militaris st dung vi khuan A.
tumefaciens da dwoc thuc hién thanh cong ¢ Trung Qudc.
Tuy nhién, hiéu qua chuyén gen vao C. militaris chua cao va
con tiy thude vao ching nim dugce sir dung [9, 10]. Trong
nghién ctru nay, ching nam C. militaris G12 phéan lap tai

Pat van de

Cordyceps militaris 1a mot loai ndm ky sinh, duoc sir
dung nhiéu trong y hoc ) truyén nhu mot loai duoc liéu
quy. C6 hon 400 loai Cordyceps di duoc tim thdy va mo
ta. Tuy nhién chi mét s6 loai nhat dinh dugc nubi tréng phé
bién & diéu kién nhéan tao dé san xudt sinh khbi qua thé [1-
3]. Nam C. miliratis &3 dugc chimg minh 14 c6 kha ning
khang khuén, khang nim, khang ung thu, khang viém, didu
hoa mién dich, chéng oxy hoa... [1-6]. Diéu d6 mo ra nhiéu
tiém nang img dung cho loai ndm nay phuc vu cham soc sirc
khoe con ngudi. Gan day, hai hop chat ¢ hoat tinh khang

ung thu 1a cordycepin va pentostatin do mot nhdm cac gen
chuyén biét chiu trach nhiém sinh tong hop da duoc phat
hién c6 mat trong hé gen cia C. militaris [7]. Tuy nhién,
nang lyc sinh tong hop cac chit ¢ lgi cua cac chung tu
nhién thuong tuong ddi thip. Viéc can thiép vao hé gen
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Viét Nam dugce xac nhan chinh xac vé mat phan loai dé phuc
vu cho nghién ctru chuyén gen. Viéc chuyén gen vio chiing
C. militaris G12 da thanh céng véi phuong phap chuyén
gen nho vi khuén 4. tumefaciens st dung marker chon loc
1a gen khang khang sinh hygromycin.
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Abstract:

Cordyceps militaris is a valuable edible and medicinal
mushroom, which has been demonstrated to possess
beneficial ingredients such as adenosine, cordycepin,
pentostatin,  polysaccharides, and  carotenoids.
Therefore, this fungus represents a promising cell
factory for investigating the molecular mechanism of
fruiting body formation and biosynthesis of bioactive
metabolites. The development of efficient transformation
systems in C. militaris plays an important role in the
genetic manipulation of this fungus. In the present study,
a commercial strain of C. militaris isolated in Vietnam
has been identified on the basis of morphological
characteristics and the ITS (internal transcribed spacer)
sequence of ribosomal DNA. This strain was designated
as G12 and employed for the genetic transformation.
Assays for antifungal sensitivity of the C. militaris G12
strain towards three antifungal compounds including
hygromycin, nourseothricin, and phleomycin revealed
that this C. militaris strain was inhibited only by
hygromycin at the concentration of 200 pg/ml. Under
optimised conditions for the genetic transformation of the
strain G12 using the hygromycin resistance marker and
Agrobacterium tumefaciens-mediated transformation
method, the transformation efficiency could reach about
800 transformants per 10° spores. Further, the transfer
of the DsRed and GFP reporter genes into the genome of
C. militaris G12 has been demonstrated to be successful
by PCR analyses with the gene-specific primers.

Keywords: Agrobacterium tumefaciens-mediated
transformation, binary vectors, Cordyceps militaris,
hygromycin resistance marker.

Classification number: 4.6
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Vat liéu va phuong phap
Vit liéu nghién ciru

Mau qua thé nam (ky hiéu G12) thu thap tir co s nudi
trong nam C. militaris & Ha N§i dugc dung dé phan lap
chung nam thuan khiét dung cho nghién ctru.

Vector nhj thé pPK2-Red [11] va pGreen2 [12] mang ciu
triic gen khang hygromycin va gen chi thi DsRed hoac GFP
dudi sy didu hoa cua promoter gpdA tir nAm Aspergillus
nidulans dugc cung cap bdi 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.

Céc cip mdi sir dung trong nghién ciru nay dugc liét ké
chi tiét trong bang 1.

Bang 1. Cac méi str dung trong nghién ciru.

Tén mdi  Trinh ty (5°-3°) Kich Ngudn
thuée tham
san phdm  khéo
(bp)

ITSI1 TCCGTAGGTGAACCTGCGG ~550 [13]

ITS4 TCCTCCGCTTATTGATATGC

GFP-F ATGGTGAGCAAGGGCGAG 720 [14]

GFP-R TCACTTGTACAGCTCGTCCATGC

DsRed-F ~ AACTCGAGCACGTGCTTAAGGAT 729 [14]

ATCATGGCCTCCTCCGAGG
DsRed-R  AAGGATCCCCGCGGGAGCTCGAT
ATCCTACAGGAACAGGTGGTGGC
HPH-F CCGGTGACTCTTTCTGGC 1890 [11]
HPH-R CTATTCCTTTGCCCTCGG

Phdan lap va quan sat hinh thai

Tach 1 phz‘in sQi qua thé ndm, lam sach so bd b?mg
nude cat va khir tring bé mat qua thé bang con. Sau do
phan soi qua thé dugc cit bo ¢ hai dau, phan giita duoc
cit thanh cac lat nho va dat 1én moi truong PDA (potatose
dextrose agar) chtta chloramphenicol (100 pg/ml). Khang
sinh chloramphenicol c6 tac dung trc ché sinh truong cta
vi khuén. Pia duoc 0 & 23°C trong tdi 5 ngdy. Hé sgi ndm
mau tring xudt hién tir céc 1t qua the dugc thuan khiét bang
phuong phap tach bao tu don va cay chuyén sang dia moi
truong PDA méi. Chung thuan khiét dugc nudi cdy truc t1ep
trén tiéu ban hién vi vo tring c6 chira moi truong PDA dé
quan sat hinh thai cta hé sgi nAm va cudng sinh bao tir duéi
kinh hién vi quang hoc [11].

Xdc nhdn ching G12 bcing gidi trinh tw vang ITS

Chung nim G12 dugc nudi trong méi trudng dich thé
PDB (potato dextrose broth) dé thu hé soi dung cho tach
chiét DNA téng s6. Viée tach chiét DNA tf)ng s6 duoc thuc
hién theo quy trinh nhém nghién ctru da cong bd trude day
[14]. DNA tong s6 duoc dung lam khuon dé khuéch dai
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ving ITS cta rDNA bang PCR véi cip mdi da niang ITS1/
ITS4 (bang 1). San pham PCR tinh sach duoc giai trinh tur
boi cong ty 1st BASE (Singapore). Trinh ty ITS duoc so
sanh v6i dit liéu trong Ngan hang gen qudc té (GenBank)
su dung chuong trinh BLAST va phéan tich v€ cay phat sinh
chung loai bang phan mém MEGA7.

Ddnh gid mivc dp man cim khéng sinh ciia chiing G12

Moi truong PDA dugc bd sung khang sinh hygromycin
(50, 100, 150, 200 pg/ml), nourseothricin (50, 100, 200 va
300 pg/ml) hodc phleomycin (50, 100, 200, 300 pg/ml).
Nho 10 pl dich bao tir nim (10° bao tir/ml) 1én méi truong
va dia dugc 0 ¢ 23°C trong 7 ngay. Nong do khang sinh trc
ché hoan toan su sinh trudng cua chung G12 s& dugc st
dung dé chuyén gen.

Chuyén gen va xdc nhdn cdc thé chuyén gen

Quy trinh chuyén gen vao C. militaris G12 nhd vi
khuan A. tumefaciens dugc tién hanh theo Zheng va cong
su (2011) [9] voi su didu chinh vé thoi gian déng nuoi
cdy 1a 2,5 ngay. Cu thé nhu sau: vector nhi thé pPK2-Red
(hodc pGreen2) dugc bién nap vao chung vi khuén A.
tumefaciens AGL1 bang xung dién sir dung hé thong Bio-
Rad Gene Pulse Xcell™ Electroporation System. Vi khuan
A. tumefaciens AGL1 mang vector pPK2-Red duoc st dung
cho chuyén gen vao C. militaris G12. Dich vi khudn AGL1
dugc pha loang va nudi cam l'rng trong moi truong co bd
sung acetosyringone (200 puM) dé dat mat do quang (OD)
khoang 0,6-0,8. Vi khuén sau dé duoc tron voi bao tir nam
(10° bao tir/ml) theo ty 18 1:1 va duogc trai déu 1én mang gidy
loc cellulose phu san trén dia moi trudng cam ung. Pia duoc
U trong t6i & 23°C trong 2,5 ngay dé kich hoat qué trinh
chuyén gen tir A. tumefaciens sang chung C. militaris G12.
Mang gidy loc sau d6 dugc chuyén sang moéi truong PDA
¢6 bd sung khang smh hygromycm (200 png/ml) dé chon
loc céc khuan lac ndm chuyen gen va bd sung khang sinh
cefotaxime (300 pg/ml) dé diét vi khuan A. umefaciens.
bia dugc ¢ nhiét do 23-25°C trong 7 ngay.

Céc thé chuyén gen sau d6 dugc thuan khiét va DNA
téng sb duoc tach chiét phuc vu cho xac nhan thé chuyén
gen bang PCR véi cap mdi dic hiéu HPH-F/HPH-R va
DsRed-F/DsRed-R hodac GFP-F/GFP-R (bang 1).

Két qua va thao luan
Chung GI12 dwgc xdc nhdn thupc loai C. militaris

Tir mau qua thé (hinh 1A), chung G12 da duoc phan lap
& dang thuan khlet Sau 5 ngay nudi cdy trén moi trudng
PDA, chung ném sinh truong tao hé soi mau trang. Quan
sat dudi kinh hién vi, hé sgi bao gém céu trac phan dét
boi cac vach ngin (hinh 1B, C, D). Sau 7 ngay nudi cdy,
ching G12 hinh thanh bao tir dang tring (hinh 1E). Dya
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trén miu qua thé mau vang dién hinh va cac dic diém hinh
thai quan sat dugc co thé khang dinh chung G12 thudc chi
Cordyceps [15, 16], Pé dam bao d6 chinh xac ctia ching
G12 dung cho nghién ciru chuyén gen, chung t6i tién hanh
giai trinh ty vung ITS ctia rDNA. So véi cac gen 18S rRNA
va 28S rRNA ciia rDNA thi ving ITS (gém ITSI; 5,8S
rRNA; ITS2) & ndm c6 mirc d6 bién dbi cao hon giita cac
loai c6 quan hé gan giii v6i nhau. Do d6, ving trinh ty nay
duogc st dung phd bién trong phan loai ndm [17]. Khuéch
dai viing ITS véi cap mdi ITS1/ITS4 (bang 1) tir DNA tong
s6 ctia chiing G12 chi cho mdt bang DNA duy nhat véi kich
thudec khoang 550 bp (hinh 1F). Trinh ty ITS cta chiung G12
tuong dong 100% voi cac trinh ty ITS cta C. militaris co
trong co s¢ dit liéu GenBank. Phan tich m6 phong cay phat
sinh chung loai v&i phin mém MEGA7 xac nhan ching
thudc loai C. militaris (hinh 1G).

Cordyceps militaris strain G12
G o Cordyceps militaris strain CBS 178.59 (MH857839.1)
100 || Cordyceps militaris strain CBS 108.70 (MH859511.1)
Cordyceps militaris strain NBRC 30377 (JN943300.1)
70 | Cordyceps militaris isolate CM01 (KP721246.1)

g6 [ Cordyceps cicadae isolate GZU-BCECW122 (GU194182.1)

Cordyceps cicadae strain 4646 (JX488475.1)

Cordyceps takaomontana voucher ANDES-F 1334 (MF361954.1)
100 | Cordyceps takaomontana isolate VNGB (KY081458.1)

Isaria fumosorosea strain CO8 (KT368166.1)

99 | Isaria fumosorosea strain AMEF089 (MG923831.1)

93 Lecanicillium lecanii strain 6543 (EU284720.1)
Lecanicillium lecanii isolate CBS122175 (DQ449654.1)
54 Beauveria bassiana strain GA-1 (KF772868.1
o8 iana strain CBS 127413 (MH864579.1)
99 - Beauveria bassiana strain 6811-S2 (KC009105.1)

IPurpureociIlium lilacinum isolate 001JFC (KR025540.1)
100 'Pumu.reocilllum lilacinum strain SPF14 (KY082755.1)

—
0,02

Hinh 1. Phan lap va dinh danh ching C. militaris G12. (A)
Qua thé ndm; (B, C) Ching G12 trén moi trwong PDA,; (D, E)
CAu trac hé soi va bao tir; (F, G) Phan tich phat sinh chiing loai
chling G12 dwa trén trinh tw ITS clia rDNA.

Chiing C. militaris G12 mdn cim véi khing sinh
hygromycin

Dé lwa chon dugc loai khéng sinh cling nhu néng do
khang sinh thich hop st dung trong sang loc cc thé chuyén
gen, chung C. miliraris G12 dugc nudi cdy trén moi trudng
¢6 bo sung khang sinh hygromycin, nourseothricin hoic
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phleomycin véi cac nong d6 khac nhau. Ca ba khang sinh
nay déu 1a nhimg khang sinh dwoc sir dung phd bién trong
nghién ciru chuyén gen ¢ ndm [8, 9, 11, 12, 18, 19]. Sau 7
ngay nudi ¢ nhi¢t do 25°C, chung C. militaris G12 khang
v6i nourseothricin va phleomycin & cac ndng do twong
ddi cao 1a 50, 100, 200 va 300 pug/ml. Tuy nhién, sy sinh
truong ciia ching G12 bi tre ché hoan toan bai hygromycin
& nong d6 200 pg/ml (hinh 2). Cac nghién ciru gan day cho
thdy nhiéu ching thudc loai C. militaris khang v&i khang
sinh hygromycin, nhung mét sé ching lai man cam véi
hygromycm [9, 10]. Trong nghlen ctru nay, chung toi chi
ra rang ching C. militaris G12 man cam voi hygromycm o
nong d6 200 pg/ml va khang sinh nay phu hgp dé str dung
cho céc thi nghiém chuyén gen vao ching G12.

Hygromycin
100 pg/ml

50 uglml 200 pg/ml

pg/ml

Nourseothricin

100 pg/ml 200 pg/ml

300 pg/ml

Phleomycin
100 pg/ml 200 pg/ml

300 pg/ml

Hinh 2. Kha nang man cam khang sinh ctia chiing C. militaris G12.

Chuyén gen vao chiing C. militaris G12 sir dung vi
khuan A. tumefaciens

Dé thir nghiém chuyén gen vao chiung G12 nho A.
tumefaciens, vector nhi thé pPK2-Red dugc st dung. Sau
quy trinh chuyén gen, chung toi di thu dugc rat nhicu
khuén lac xuét hién trén méi truong chon loc PDA c6 bd
sung khang sinh hygromycin (hinh 3A). Sau khuan lac ngiu
nhién (ky hiéu CM-R1 d&én CM-R6) dugc chon dé thuan
khiét, xac nhan lai kha nang khang hygromycin. DNA téng
s6 cua 6 chung dugc tach chiét @& dung cho PCR xac nhan
su chuyén gen thanh cong. Hai cip mdi HPH-R/HPH-F
dac hi€u cho gen khang hygromycin va DsRed-F/DsRed-R
dac hi€u cho gen chi thi DsRed (bang 1) dugc st dung cho
PCR. Két qua nudi ciy trén moi trudng chon loc xac nhan
ca 6 chung chuyén gen déu khang véi hygromycm (hinh
3A). Thém vao d6, két qua PCR ciing chi ra ring gen khang
hygromycin 1a HPH va gen chi thi DsRed tir vi khuan A.
tumefaciens di dwoc chuyén va tich hop thanh cong vao
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hé gen clia ca 6 chung véi sy xudt hién cua cac bang DNA
c6 kich thudc tuong ting (hinh 3B). Nhu vay, chung t61 da
thanh cong trong viéc chuyén gen vao chung C. militaris
G12 st dung vi khuén 4. tumefaciens voi marker chon loc la
gen khang hygromycin. Hiéu qua chuyén gen trong nghién
clru ndy dat trung binh 800 thé chuyén gen cho 10° bao tir
va cao hon 1,3 1an so véi cong bd ciia Zheng va cong su
(201 1) [9]. Két qua dat dugc cao hon nghién ctru trudc day
c6 thé 1a do thoi gian dong nudi cy trong quy trinh chuyén
gen nay kéo dai hon 0,5 ngay va chung G12 c6 I cho hi¢u
qua chuyén gen tét hon. Mot vu diém nita ctia chung Gl21a
ndng d6 hygromycin str dung cho chuyén gen thap hon 2 lan
so v6i chung C. militaris JM4 trong nghién ctru ciia Zheng
va cong su (2011).

PDA+Hygromycin

HPH cassette

Hinh 3. Xac nhan thé chuyén gen DsRed. (A) Két qua chuyén
gen DsRed vao ching C. militaris G12 s dung vi khudn A.
tumefaciens; (B) Xac nhan chuyé&n gen thanh céng bang PCR
véi cap mdi HPH-R/HPH-F va DsRed-F/DsRed-R, trong dé (-)
la dbi chirng am, (+) la dbi chirng dwong.

Két qua tuong tu cling nhan duoc khi thyc hién chuyén
gen GFP vao chung C. militaris G12 sit dung vector nhi
thé pGreen2 (hinh 4A). Céac ching (ky hiéu CM-G1 dén
CM-G6) dugc x4c nhan chuyén gen thanh cong bang PCR
sir dung cap moi HPH-F/HPH-R va GFP-F/GFP-R. Két
qué chi ra rang, ca 6 ching chuyén gen dugc lwa chon ngiu
nhién déu xuét hién 2 bang DNA tuong tng v6i gen khang
hygromycin HPH va gen chi thi GFP (hinh 4B). Nhu vay,
két qua di khang dinh viéc chuyén gen thanh cong vao
chung C. militaris G12 khi su dung gen khang khang sinh
hygromycin. M6 hinh chuyén gen thiét lap cho chung C.
militaris G12 ¢ ngudn gbc Viét Nam s& 14 co s& quan trong
hd trg cho cac nghién ctru tiép theo nham kich hoat kha
nang sinh téng hop cac hoat chét ¢6 1oi & loai nAm duoc lidu
quan trong nay.
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HPH cassette

Hinh 4. Xac nhan thé chuyén gen GFP. (A) Két qua chuyen
gen GFP vao chiing C. militaris G12 s dung vi khuan A.
tumefaciens; (B) Xac nhan chuyén gen thanh céng bang PCR
v&i cap moéi HPH-F/HPH-R va GFP-F/GFP-R.

Ching G12 phan 18p tai Viét Nam duoc xac nhan chinh
xac thudc loai Cordyceps militaris dwa trén dic diém hinh
thai va giai trinh ty vung ITS ctia rtDNA. Chiung C. militaris
G12 bi @c ché hoan toan boi khang sinh hygromycin
& ndng d6 200 pg/ml va khong man cam véi khang sinh
nourseothricin va phleomycin. Nghién ctru nay da chung
minh viéc chuyén gen thanh cong vao ching G12 ¢6 ngudn
gbc Viét Nam nho vi khudn 4. tumefaciens véi marker
chon loc 1a gen khang hygromycin. Hiéu qua chuyén gen
vao chung C. militaris G12 dat trung binh 800 thé chuyén
gen/10° bao tur.

LGOI CAM ON

Nghién ciru nay duoc hd trg kinh phi bai Pai hoc Qubc
gia Ha Noi thong qua dé tai ma sb QG.20.19 “Nghién ciru
phat trién cong nghé méi dé lai tao, phuc hdi va duy tri cac
chiung ndm dugc liéu Cordyceps militaris ¢6 hiéu suat cao
vé hinh thanh qua thé va sinh téng hop cordycepin”. Céc tac
gia xin trdn trong cam on.
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